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ABSTRACT

BACKGROUND Venous excess ultrasound score (VExUS) is an emerging point-of-care ultrasound tool to evaluate
venous congestion using inferior vena cava (IVC) diameter and hepatic vein pulse-wave Doppler. The utility of VExUS to
detect changes in intravascular volume is not well established.

OBJECTIVES The objective of the study was to investigate the ability of a standardized point-of-care ultrasound exam
to capture dynamic changes in volume status.

METHODS This was a prospective observational study of inpatients with end-stage renal disease. Patients underwent
VEXUS exams before and after hemodialysis (HD). Patient with an IVC diameter <2 cm had a VExUS score of O. For
patients with an IVC diameter >2 cm, the scores of the component were totaled for a composite score. The primary
outcome was change in composite VExUS score. A univariate linear regression analysis was used to evaluate for a linear
relationship between the volume of fluid removed and change in composite VExUS score.

RESULTS Forty-six patients (92 paired ultrasound exams) were included. The median volume of fluid removed with HD
was 2,000 mL (IQR: 985-2,500 mL). Wilcoxon signed-rank test of pre-HD and post-HD VExUS scores revealed a median
score decrease of 1.5 (95% Cl: 1-2; P < 0.001) on a VExUS scale ranging from O to 4. There was not a significant linear
relationship between volume removed and change in VExXUS score.

CONCLUSIONS Fluid removal with HD was associated with changes in the VExUS score, highlighting the utility of VExUS
to capture dynamic shifts in intravascular volume in patients with end-stage renal disease. (JACC Adv. 2026;5:102538)

© 2026 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBREVIATIONS
AND ACRONYMS

AKI = acute kidney injury

ASE = American society of

echocardiography

AUC = area under the curve

ESRD = end-stage renal
disease

HD = hemodialysis

IVC = inferior vena cava

ICI = IVC collapsibility index

RAP = right atrial pressure

RHC = right heart
catheterization

VEXUS = venous excess
ultrasounds score

he evaluation of volume status is
essential to clinical decision-

making in the cardiac intensive
care unit, yet multiple studies have shown
that physical exam does not reliably estimate
a patient’s volume. Bedside assessments
of intravascular volume remain subjective
and often vary significantly between pro-
viders.'® Invasive methods (ie, the direct
measurement of central venous pressure via
right heart catheterization [RHC]) remain
the gold standard for the evaluation of intra-
vascular congestion, but these approaches
carry risk and additional expense and are

not universally available. More importantly,

such procedures cannot be performed seri-
ally at the bedside to inform clinical deci-
sions such as the initiation or discontinuation of

®7 Even

diuresis or renal replacement therapy.
indwelling pulmonary artery catheters, which can
be used for serial monitoring over time, are associ-
ated with added cost and risk of complications.®?°
As we move toward the personalization of care for
critically ill patients with conditions such as decom-
pensated heart failure, it is increasingly pressing to
develop a standardized point-of-care method for
evaluating volume status that can inform clinical
decision-making in real time.'?"”

Venous excess ultrasound score (VExUS) is an
emerging volume assessment tool that uses inferior
vena cava (IVC) diameter and pulse-wave Doppler
waveforms of the portal, hepatic, and renal veins to
evaluate venous congestion (Figure 1). A point-of-
care ultrasound exam initially developed by
Beaubien-Souligny et al,’® VExUS represents a
reproducible, noninvasive, and accurate means of
assessing venous congestion. This four-point exami-
nation has been shown to surpass the limits of other
bedside ultrasound exams (eg, measurement of IVC
diameter alone) and to correlate with clinically rele-
vant outcomes, such as the development of acute
kidney injury (AKI) in postcardiac surgery patients
and patients with acute coronary syndrome.'®*'

More recently, VExUS has been validated against
RHC.?"** Although VExXUS scores were shown to
correlate with elevated cardiac filling pressures (ie,
right atrial pressure [RAP] and pulmonary capillary
wedge pressure) at a static point in time, the ability
of VExUS to capture dynamic changes in volume
status is less established, particularly in patients with
end-stage kidney disease.

The objective of this analysis was to evaluate the
ability of the VExUS exam to appraise rapid changes
in a patient’s hemodynamic state, particularly
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venous congestion. We hypothesized that paired
VExUS examinations performed before and after he-
modialysis (HD) would reflect changes in venous
congestion in an inpatient population.

METHODS

ENROLLMENT AND IMAGE ACQUISITION. This study
received ethical approval from the local Colorado
Multiple Institutional Review Board (#22-2024). In-
patients with end-stage renal disease (ESRD) sched-
uled to undergo intermittent HD at 2 tertiary medical
centers near Denver, Colorado, were screened for
enrollment in this study from May to December 2023.
Inclusion criteria were inpatient admission, age
>18 years, scheduled HD, and ability to provide
informed consent. Exclusion criteria included preg-
nancy, continuous renal replacement therapy, pres-
ence of an open abdominal wound, incarceration,
and inability to provide informed consent. Patients
undergoing invasive mechanical ventilation were
also excluded for this analysis so as to eliminate the
confounding effect of positive pressure ventilation.
Clinical characteristics of enrolled patients were
obtained via chart review and stored in a secure
database. ESRD etiology was determined by review-
ing clinical documentation from nephrology
advanced practice providers, fellow physicians, or
attending physicians. Etiologies were not considered
mutually exclusive, and more than one etiology was
recorded for patients with multiple contributors to
their renal disease. Left ventricular ejection fraction
was determined from transthoracic echocardiogram
reports, considering only echocardiograms obtained
within the past 5 years. If more than 1 transthoracic
echocardiogram report was available, the left ven-
tricular ejection fraction value from the most recent
report was used. Given that this was historical clin-
ical data, the method of left ventricular ejection
fraction estimation was at the discretion of the
interpreting cardiologist. Left ventricular ejection
fraction was estimated by Simpson’s biplane, Simp-
son’s single plane, or visual estimation. Echocardio-
grams and ejection fraction data were available for
93% of patients included in the final analysis. Image
graders were blinded to recorded clinical character-
istics, as images were assigned a unique identifier.
Enrolled patients were evaluated with 2 trans-
abdominal VExUS and lung ultrasonography exams—
1 before and 1 after same-day HD. Exams were per-
formed in the patient’s hospital room, either in the
intensive care unit or on the inpatient ward. VExUS
exams were performed using the standardized pro-
tocol previously described.'®*" In patients who had
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FIGURE 1 Representative Pulse-Wave Doppler Waveforms for Each Venous Excess Ultrasound Component
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Any patient whose IVC diameter is <2 cm is assigned a VExUS score of 0, indicating no venous congestion. For any patient who has an IVC diameter >2 cm, the scores
of the component parts are totaled to compute a composite score. Any combination of normal and mildly abnormal scores is assigned a VExUS score of 1, indicating
mild venous congestion. Any patient with 1 severely abnormal waveform is assigned a VExXUS score of 2, indicating moderate congestion. Two or more severely

abnormal waveforms results in a VExUS grade of 3, indicating severe congestion.'®

received a prior renal transplant, either of the native
kidneys was scanned, but the transplanted kidney
was not given that the anastomosis of the renal vein
of a transplanted kidney to the iliac vein (rather than
the IVC) is likely to confound the interpretation of
renal Doppler waveforms. Lung ultrasonography was
performed using a standardized protocol that
involved ultrasonographic examination of 8 lung
zones—4 anterior zones and 2 lateral zones on each
side—to evaluate for the presence of B-lines (ie, ver-
tical sonographic lines that can indicate the presence
of interstitial edema).”® A lung zone that contained
>3 B-lines was considered positive for B-lines.**
Sonographers recorded the number and distribution
of lung zones with positive B-lines while performing
both pre-HD and post-HD ultrasound exams. Each
patient was asked to report the severity of their
dyspnea on a numeric rating scale ranging from 1
(“no shortness of breath”) to 5 (“difficult to breath at
all”). Patient-reported dyspnea scores were recorded
by sonographers as they were conducting the ultra-
sound exam.

The sonographers were internal medicine resident
physicians who had undergone a 4-h online training

course in VExUS, followed by at least 2 in-person
training sessions with physicians with experience
performing the VExXUS exam. There were 7 sonogra-
phers in total, and the same sonographer did not
necessarily perform both the pre-HD and the post-HD
VExUS exam for each patient, given that our group
recently demonstrated that the VExUS exam has a
high degree of interuser reproducibility (high level of
consistency between exams performed by different
sonographers) when sonographers are trained in this
manner (intraclass correlation coefficient 0.8 and
Light’s Kappa Statistic 0.63 for overall VExUS grade,
indicating substantial agreement between sonogra-
phers).”> Members of the research team were not part
of the patients’ clinical team, and study data were
not made available to enrolled patients or to clinical
team members. Acquired images were anonymized
and uploaded to a secure database.

IMAGE INTERPRETATION. VEXUS
graded by readers blinded to the patient’s clinical

exams were
status. Images were each assigned a unique identi-
fier. Image readers were able to identify patients only
by this identifier and did not have a way to associate
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the images with the patient’s clinical record. The
interpretation team was comprised of internal med-
icine resident physicians who were proficient in the
VEXUS exam and had completed a 4-video imaging
course on VExUS interpretation. In a recent study of
the inter-rater reliability, (degree of consistency in
grade assigned between exam readers) of VExUS, our
group found a high level of agreement when image
interpreters were trained in this manner (intraclass
correlation coefficient 0.83 and Light’s Kappa Sta-
tistic 0.71 for overall VEXUS grade).”> The interpre-
tation team did not participate in image acquisition.
Images were interpreted and scored according to the
standardized protocol previously described by
Beaubien-Souligny et al'® and used in the RHC vali-
dation study by Longino et al*' Graders assigned a
score to each component of the VExUS exam in
addition to determining a composite score and an
image quality score.

OUTCOMES. The primary outcome was change in
composite VExUS score before and after HD, termed
delta VExUS. Delta VExUS grade was calculated as
pre-HD VExUS score minus post-HD VExUS score, so
that a positive delta VExUS grade represents a
decrease in composite VExUS score after HD. The
secondary outcomes were change in any of the
components of the VExUS score. Components of the
VExUS score include IVC diameter, hepatic vein
pulse-wave Doppler waveform, portal vein pulse-
wave Doppler waveform, and renal vein pulse-wave
Doppler waveform. Pulse-wave Doppler waveforms
were determined to be normal, mildly abnormal, or
severely abnormal based on the directionality and
relative height of the systolic and diastolic waves
(Figure 1) as detailed in the seminal publication of
Beaubien-Souligny et al, originally describing the
VExUS method. For the hepatic vein, a normal
waveform (indicating no vascular congestion) is
negative (away from the probe) in both systole and
diastole, with the velocity of the systolic waveform
exceeding that of the diastolic waveform. Systolic
flow reversal in the hepatic vein indicates a severely
abnormal waveform. A normal portal vein waveform
(indicating lack of vascular congestion) is continuous
and nonpulsatile, whereas increasing degrees of
pulsatility indicate increasingly abnormal wave-
forms. A normal renal vein waveform is characterized
by continuous flow throughout the cardiac cycle with
only a brief interruption of venous flow during atrial
contraction. Discontinuous flow in the renal vein is
abnormal, with discontinuous biphasic flow (with
distinct systolic and diastolic components)
representing a pattern and

mildly abnormal
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predominantly diastolic flow representing a severely
abnormal pattern (severe venous congestion).

Any patient whose IVC diameter is <2 cm was
assigned a VExUS score of 0, indicating no venous
congestion. For any patient who has an IVC diameter
>2 cm, the scores of the component parts are totaled
to compute a composite score. Any combination of
normal and mildly abnormal scores is assigned a
VExUS score of 1, indicating mild venous congestion.
Any patient with 1 severely abnormal waveform is
assigned a VExUS score of 2, indicating moderate
congestion. Two or more severely abnormal wave-
forms results in a VExXUS grade of 3, indicating severe
congestion. Image quality was assessed using an
ordinal scale from 1 (“uninterpretable”) to 5
(“unambiguously high quality”). Images with a
quality score <3 were excluded from the analysis. A
sample of images was reviewed and interpreted by 2
graders to ensure consistency in image scoring.

STATISTICAL ANALYSES. Descriptive characteristics
of the study cohort were summarized as median and
IQR for continuous variables. For categorical vari-
ables, descriptive statistics were summarized as fre-
quency and percentage. The minimum IVC diameter
(IVCpin) (ie, IVC diameter measured on inspiration)
and maximum IVC diameter (IVCyax) Were measured
as part of each VExUS exam and used to calculate IVC
collapsibility indices (ICIs) using the formula
ICI = (IVCmax — IVCmin)/IVCmax.2® The Shapiro-Wilk
test was used to assess normality of VExUS grade
results. The Wilcoxon signed-rank test was then used
to detect differences between pre-HD and post-HD
VExUS
component scores), B-line scores, patient-reported
dyspnea scores, and pre-HD and post-HD IVC di-
ameters and ICIs. A univariate linear regression
analysis was used to evaluate for a linear relationship

scores (including both composite and

between the volume of fluid removed and change
in composite VExXUS score. All calculations were
performed in R (version 4.3.2, R Foundation for
Statistical Computing) and RStudio (version
2023.12.1 + 402, RStudio, Inc). A predetermined
P value of <0.05 was considered statistically signifi-
cant for all calculations.

RESULTS

STUDY POPULATION. Fifty-six  patients
screened for inclusion in the study, and 10 were
excluded due to insufficient image quality or
incomplete exams. Ninety-two paired VExXUS exams
were included in the final analysis. The mean age of
all subjects was 60 + 14.87 years. Twenty-six (57%)

were
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TABLE 1 Clinical and Demographic Characteristics of the Study
Population (N = 46)

Sex
Male 26 (57%)
Female 20 (43%)
Age 60 (49-65)

Body mass index 25.9 (23.5-28.6)

ESRD etiology

Hypertension 2 (4.3%)
Diabetes 15 (33%)
Autoimmune 6 (13%)
Other 13 (28%)
Unknown 13 (28%)
Comorbidities
History heart failure with reduced ejection 10 (22%)
fraction
History of myocardial infarction 6 (13%)
History of chronic obstructive pulmonary 6 (13%)
disease
History of pulmonary hypertension 12 (26%)
History of cirrhosis 4 (8.7%)
Charlson Comorbidity Index 5 (3-7)

Values are n (%) or median (IQR). ESRD etiologies were determined based on
documentation by the nephrology fellow or attending physician. Etiologies were
not mutually exclusive, and more than one etiology was recorded for patients
with multiple contributors to their renal disease.

ESRD = end-stage renal disease.

were males, and 20 (43%) were females. The most
common comorbidity was pulmonary hypertension
(26%), followed by heart failure with reduced ejec-
tion fraction (22%). Patients with both AKI with
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unknown renal recovery and diagnosed ESRD were
screened for inclusion in this study. All 46 patients
included in the final analysis carried a diagnosis of
ESRD, and the most common ESRD etiology was
diabetes mellitus (32.6%). The mean Charlson Co-
morbidity Index for all included patients was 5 (range
3-7) (Table 1). None of the patients enrolled in this
study were undergoing positive pressure ventilation.

PAIRED PRE-HD AND POST-HD VExUS SCORES. The
volume of fluid removed with HD ranged from zero to
4,000 mL, with a median fluid removal of 2,000 mL
(IQR: 985-2500 mL). The median VExXUS score before
HD was 1 (IQR: 0-2), and the mean VExUS score after
HD was 0 (IQR: 0-0) (Figure 2). Nearly half of patients
(46% or n = 21) had a VExXUS grade of 0 before HD,
indicating an absence of venous congestion. A
smaller portion of patients demonstrated mild or
moderate congestion, with 17% having a pre-HD
VExUS grade of 1 and 20% having a pre-HD VExUS
grade of 2. Only 17% of patients had severe venous
congestion (as indicated by a VExUS grade of 3)
before HD. After HD, 76% of patients had a VExUS
grade of 0, 20% had a VExXUS grade of 1, and 4.3% had
a VExUS grade of 2. There were no patients with a
VExUS grade of 3 (ie, severe venous congestion)
following HD (Table 2).

The distribution of delta VExUS scores (change in
VExUS score before and after HD) is presented in
Table 3 and was assessed for normality using a
Shapiro-Wilk test. The Shapiro-Wilk test was signifi-
cant with a p value of <0.05, suggesting a

VExUS Grade Before and After Hemodialysis

Hemodialysis Status
Pre-HD
B postivo

VEXUS Grade

Post-HD
Hemodialvsis Status

Pre-HD

FIGURE 2 Venous Excess Ultrasound Grades Before and After Hemodialysis
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Matched pre-HD and post-HD VEXUS grades. Wilcoxon signed-rank analysis of pre-HD and post-HD VExUS scores revealed a significant change in VExUS scores
(estimated shift of 1.5 (95% Cl: 1-2; P < 0.001). HD = hemodialysis; VEXUS = venous excess ultrasound.
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TABLE 2 Distribution of Pre-HD and Post-HD VEXUS Scores
(N = 46)

Pre-HD Post-HD
Maximum IVC diameter 2.01 (1.57-2.27) 1.88 (1.43-1.99)
Minimum IVC diameter 1.55 (0.94-1.87) 1.22 (0.74-1.75)
Hepatic vein status

Normal 16 (35%) 30 (65%)

Mildly abnormal 10 (22%) 9 (20%)

Severely abnormal 15 (33%) 4 (8.7%)

Unable to assess 5 (11%) 3 (6.5%)
Portal vein status

Normal 18 (39%) 30 (65%)

Mildly abnormal 8 (17%) 10 (22%)

Severely abnormal 16 (35%) 2 (4.3%)

Unable to assess 4 (8.7%) 4 (8.7%)
Renal vein status

Normal 18 (39%) 26 (57%)

Mildly abnormal 7 (15%) 2 (4.3%)

Severely abnormal 4 (8.7%) 18 (39%)

Unable to assess 17 (37%) 0 (0%)
VEXUS grade

0 21 (46%) 35 (76%)

1 8 (17%) 9 (20%)

2 9 (20%) 2 (4.3%)

3 8 (17%) 0 (0%)
Values are median (IQR) or n (%). Including both component scores and com-
posite VExUS scores. None of the subjects were severely congested (VExUS grade
3) after HD.

HD = hemodialysis; IVC = inferior vena cava; VEXUS = venous excess
ultrasound.

non-normal distribution. The Wilcoxon signed-rank
testing of pre-HD and post-HD VExUS scores
revealed a statistically significant difference in
VExUS grade before and after HD, with an estimated
shift of 1.5 (95% CI: 1-2; P < 0.001) (Central
Illustration). Although there were significant differ-
ences in IVC diameter before and after HD, there was
no significant change in ICI. The median pre-HD

TABLE 3 Delta VExUS Grade (N = 46)

-1 2 (4.3%)
0 23 (50%)
1 9 (20%)
2 6 (13%)
3 6 (13%)

Values are n (%). Delta VExUS grade was calculated as pre-HD VExUS score minus
post-HD VEXUS score, so that a positive delta VExUS grade represents a decrease
in composite VExUS score after HD.

Abbreviations as in Table 2.

IVCpmin was 1.55 cm (IQR: 0.94-1.87 c¢cm) compared
to a median post-HD IVCpy, of 1.22 cm (IQR: 0.74-
1.75 cm), and the median pre-HD IVCy.x Wwas
2.00 cm (IQR: 1.57-2.27 cm) compared to a median
post-HD IVCpax of 1.88 ¢cm (IQR: 1.43-1.99 cm)

(P = 0.048). The estimated shift in IVCn;, and
IVChax were 0.23 cm (P = 0.016; 95% CI: 0.06-
0.41 c¢cm) and 0.21 cm (P = 0.04; 95% CI: 0.01-

0.38 cm), respectively. The median ICI was similar
pre-HD (0.28, IQR: 0.15-0.41) and post-HD (0.35,
IQR: 0.17-0.49). The estimated ICI shift was —0.05
(P = 0.26; 95% CI: -0.130 to 0.03).

The individual components of hepatic vein VExUS
score and portal vein VEXUS score significantly
decreased after HD, with median pre-HD scores of 1
(IQR: 0-2) and 1 (IQR: 0-1) for both components. The
median post-HD scores were 0 (IQR: 0-1) (P = 0.002
by Wilcoxon signed-rank test with estimated shift
1.0, 95% CI: 0.99-1.5) and 0 (IQR: 0-0.75) (P < 0.001
by Wilcoxon signed-rank test with estimated shift
0.5, 95% CI 2-0.5), for hepatic vein and portal vein
VExUS scores, respectively. There was a statistically
significant increase in renal venous VExUS score
before and after HD. The median renal venous score
before HD was 0 (IQR: 0-0), and the median score
after HD was 0 (IQR: 0-2), with an estimated shift
of —0.5 (95% CI: -2 to —0.5) by Wilcoxon signed-rank
test (P = 0.005). Pre-HD and post-HD component and
composite VExXUS scores are further outlined in
Table 2. There was no significant linear relationship
between the volume of fluid removed and change in
composite VExUS score assessed via a univariate
linear regression analysis (P = 0.25; slope —194.7;
95% CI: -529.4 to 140.0). The mean difference in B-
line score following HD was 0.8 (P = 0.001). There
was no statistically significant difference in subjec-
tive dyspnea score before and after HD (P = 0.410).

Given the incongruency of the renal component of
the VExUS score with composite VExUS score—as
well as the precedent of excluding renal venous
Doppler assessments in prior studies of patients with
ESRD given the strong potential for dampened and
unreliable waveforms in atrophic kidneys—we con-
ducted a post hoc sensitivity analysis by calculating a
modified VExXUS score, which was a combination of
the hepatic vein and portal vein scores only to assess
for pre-HD and post-HD change.”’”*° Renal images
were excluded from this modified VExUS score. We
compared pre-HD and post-HD modified VExUS
scores using the nonparametric Wilcoxon signed-
rank test. The mean modified VExXUS score before
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CENTRAL ILLUSTRATION Venous Excess Ultrasound Score Changes With Volume Removal
During Hemodialysis

Study Population: Inpatients With ESRD Undergoing HD (N = 46)
Mean Age: 60 + 14 Years, Male: n = 26 (57%), Charlson Comorbidity Index Range:

Before Hemodialysis

Hepatic vein PW Doppler: Systolic flow reversal signals venous congestion,

3-7 (Mean 5)

After Hemodialysis

Hepatic vein PW Doppler: An S-dominant waveform signals lack of venous

VEXUS grade 22. : congestion, VExUS grade 0-1.
O o

L]
O b

N

AP

S

Hemodialysis
Median volume removed: * Repeat Doppler ultrasound

2,000 mL (IQR: 985-2,500 mL)  ° Blinded graders calculate a post-
« Blinded graders calculate a pre- HD VEXUS score

HD VEXUS score, estimating « A Wilcoxon signed-rank analysis
venous congestion Delta VEXUS score = J Y

re-HD VExUS) - (post-HD VExus)  Was used to detect differences in
P )-(p ) paired pre-HD and post-HD exams

 Doppler ultrasound assessment
of patients with ESRD

Median VExUS score: 1 Delta VExUS score: 1.5 Median VExUS score: O
(IQR: 0-2) (95% Cl: 1-2, P < 0.001) (IQR: 0-0)

Leyba K, et al. JACC Adv. 2026;5(3):102538.

The VEXUS exam is a point-of-care ultrasound exam that objectively measures venous congestion using pulse-wave (PW) Doppler. In this investigation,
we performed VExUS exams before and after patients with end-stage renal disease (ESRD) received hemodialysis (HD), demonstrating that VExUS score
dynamically changes with volume removal. Delta VEXUS score was statistically significant as determined by Wilcoxon signed-rank testing.

ESRD = end-stage renal disease; HD = intermittent hemodialysis; PW = pulse-wave Doppler; VExUS = venous excess ultrasound.

HD was 1.07 + 1.14, and the mean modified VExUS standard echocardiogram protocols—in the estima-
score after HD was 0.28 + 0.54. This difference was tion of RAP.?"3°3' Our group recently published a

found to be statistically significant (P < 0.001). study validating VExUS against RHC, an analysis that
found that the area under the curve (AUC) for VExUS
DISCUSSION grade as a predictor of RAP >10 mm Hg was 0.9,

whereas the AUC for ICI and IVC diameter as pre-
Large-volume fluid removal with HD was represented  dictors of RAP >10 mm Hg were 0.65 and 0.77,
by changes in VExUS score, highlighting the utility of respectively. Similarly, the AUC for VExUS grade as
the VExUS exam to capture dynamic shifts in volume predictor of RAP <7 mm Hg was 0.79, whereas the
status in patients with ESRD. This study builds ona AUC for ICI and IVC diameter as predictors of
growing body of evidence suggesting that the VExUS RAP <7 mm Hg were 0.62 and 0.74, respectively,
exam can augment traditional measures of volume highlighting the fact that VExUS was superior to ICI
status and venous congestion in patients undergoing or IVC diameter for the detection of euvolemia or
HD.?7:28 hypovolemia in addition to venous congestion. These

The VExUS exam has previously been shown to findings hold true in the current study as well.
outperform both ICI and the measurement of IVC Although the VExUS exam was able to detect signif-
diameter—two metrics routinely incorporated into icant changes in volume status, ICI was not. There
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was no statistically significant change in paired ICI
scores before and after HD, underscoring the limita-
tions of this unidimensional metric.>?-*' The Amer-
ican Society of Echocardiography’s (ASE) guidelines
for the estimation of RAP include both ICI and IVC
diameter. A combination of IVC diameter >2.1 cm and
ICI <50% is indicative of an RAP 10 to 20 mm Hg,
whereas a combination of IVC diameter <2.1 cm and
ICI >50% suggests RAP <3 mmHg. In the current
analysis, the mean pre-HD IVC,,x was 2.01 cm, and
the mean post-HD IVCp,,x was 1.88 cm. According to
ASE criteria, an IVC diameter of <2.1 cm is suggestive
of a RAP <5 mm Hg.?” Using this schema, both the
pre-HD and post-HD cohorts would have been
considered to be uncongested, but there would have
been no indication that a significant volume loss
occurred between paired pre-HD and post-HD exams,
as an IVC diameter of 2.01 cm and an IVC diameter of
1.88 cm both signal a low RAP. Similarly, an appraisal
of ICI would suggest that both the pre-HD and post-
HD cohort trended toward hypervolemia given their
ICIs of 0.30 and 0.33, respectively.?* This interpre-
tation does not reflect the fact that a mean volume
change of nearly negative 2 L occurred between
paired pre-HD and post-HD ultrasound exams.
Although there was a statistically significant differ-
ence in pre-HD and post-HD IVC diameter, an inter-
pretation of IVC diameter using ASE guidelines
would yield a misleadingly static conclusion.
Overall, these findings underscore the previously
described constraints of binary metrics (eg, IVC size
>2.1 cm vs <2.1 ¢cm or ICI >50% vs <50%) for the
estimation of a patient’s degree of venous congestion
and highlight an opportunity to expand on the IVC
evaluation that is integrated into current echocar-
3336 VEXUS
objective, validated, multidimensional, and more
nuanced appraisal of hemodynamic status that
moves beyond the assessment of IVC alone to incor-
porate data from multiple encapsulated abdominal

diographic protocols. represents an

organs in addition to the IVC. The tiered scoring
system used by VEXUS (ie, scores 0-3, representing
no venous congestion, mild congestion, moderate
congestion and severe congestion, respectively) ex-
pands on current schema for the estimation of
venous hypertension and allows for more gradation
in the valuation of a patient’s volume status. The
supplement of 3 additional views (ie, the hepatic
vein, portal vein, and intralobar renal vasculature)
with pulse-wave Doppler wave forms has the poten-
tial to augment the already marked clinical utility of
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volume assessment via ultrasound exam, either as
part of full echocardiographic exam or a stand-alone
limited protocol.

Beyond the integration of VExUS into formal
sonographic procedures, there also lies an opportu-
nity to incorporate VExUS into routine clinical care as
an easily accessible, point-of-care exam. Although
there are certain challenges to pulse-wave Doppler
assessments (eg, difficulty obtaining images and ac-
curate velocity measurements, especially in patients
who are unable to participate in the exam), VExUS
offers the unique advantage of being a noninvasive,
inexpensive, and reproducible ultrasound protocol,
making it highly accessible to bedside clinicians. As
such, the VExUS exam can be used to serially assess
changes in a patient’s volume status over time,
marking it as an ideal tool for evaluating rapid
changes in a patient’s hemodynamic status in real
time, such as diuresis in hypervolemic states (eg,
decompensated heart failure). Together with the
utilization of lung ultrasonography, which detected a
significant decrease in pulmonary edema before and
after HD, VExUS can provide a comprehensive rep-
resentation of a patient’s volume status that can
inform clinical decision-making. Future studies
should evaluate change in VExUS grade with intra-
venous diuretic administration in various patient
populations, with the ultimate goal of evaluating the
capacity of a standardized bedside ultrasound pro-
tocol to guide inpatient volume optimization.

The VExXUS exam was validated in diverse patient
populations with multiple compounding comorbid-
ities and is intended as a tool to interrogate venous
congestion across a spectrum of critical illness.***
The seminal study by Beaubien-Souligny et al, for
instance, investigated the ability of VExUS to predict
AKI in patients who had recently undergone cardiac
surgery with the use of cardiopulmonary bypass, and
the recent analyses by Longino et al investigated the
utility of VExUS to estimate RAP occurred in patients
undergoing RHC, overall suggesting that the multi-
variate nature of the exam confers robustness and
validity even in the setting of chronic disease.'®*"**
In the current analysis, the renal vasculature score
did not decrease between paired pre-HD and post-HD
exams, but the composite VEXUS score decreased
concordantly with the remaining component scores,
suggesting that the redundancy of the overall VExUS
exam is effective at mitigating variation between
patients and disease states. The inclusion of renal
Doppler waveforms in this analysis of patients with
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ESRD is novel. This portion of the VExUS exam has
long been excluded in investigations of patients with
ESRD, with the thought renal vein assessment is too
unreliable to even be worthy of assessment in this
patient population. Here, we demonstrate objec-
tively that the renal vasculature score deviated from
the other component scores and the composite
VExUS score before and after HD. Furthermore, the
change in renal VExUS scores did not correlate at all
with fluid removal, reinforcing the supposition that
renal vein Doppler assessment does not add value in
patients with ESRD. Future studies are warranted to
expressly validate VExUS in specific subpopulations,
including patients with ESRD, cirrhosis or undergo-
ing positive pressure ventilation. Although the utility
of components of the VExUS exam in these pop-
ulations has been previously evaluated, and our
group’s recent analysis comparing venous congestion
as assessed by VExUS to RAP as assessed by RHC
included a diverse patient population; the analysis
included relatively few patients with ESRD or
cirrhosis and did not include any patients undergoing
positive pressure ventilation.”>37"4*> As the VExUS
further
vestigations explicitly: 1) evaluating the accuracy of
the composite VExUS score in approximating RAP;
and 2) assessing the utility of VExUS to guide clinical
decision-making in these patient populations will
help to further define the role of VExUS in clinical
practice.

exam continues to gain traction, in-

STUDY LIMITATIONS. Although this analysis dem-
onstrates the ability of the VExXUS exam to capture
changes in venous congestion that occur in the
setting of large-volume fluid removal in patients
undergoing HD, it does not assess the ability of the
VExUS exam to detect volume loss in other clinical
settings (eg,
hemorrhage), nor does it assess the ability of the
VExUS exam to detect rapid volume expansion.
Moreover, this investigation was conducted entirely
by novice sonographers who had undergone dedi-
cated training. Although the acquisition of images by
novice sonographers may replicate clinical practice,
it also has the potential add variability. Of the 56
patients screened for inclusion in this study, 10
(17.9%) were excluded due to image quality.
Although this degree of exclusion for image quality is
not necessarily unexpected for an ultrasound study,

diuresis, gastrointestinal losses or
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it does underscore a potential limitation of this study
and highlight challenges to the practical application
of the VExUS technique serially for the assessment of
volume status. VExUS has been broadly studied in a
vast array of clinical settings in recent years, but not
all studies have been positive, and several studies
have failed to find significant added clinical utility in
the incorporation of the VExUS exam, further high-
lighting this limitation.**%* Image graders were not
blinded to the sequence of image acquisition. CIs
were not adjusted for multiple comparisons and thus
should be interpreted with caution. Finally, this
study included only patients with ESRD, and the ef-
fect of chronic renal disease on the renal component
of the VExUS exam has not been directly investi-
gated, leaving open the possibility that ESRD neces-
sitating HD may impair the interpretation of renal
vein pulse-wave Doppler waveforms. In fact, chronic
diabetic nephropathy has been shown to impede the
interpretation of interlobar renal venous waveforms
even before to progression to ESRD, and prior studies
have deferred Doppler assessment of the intrarenal
vein when assessing populations with ESRD.?7 2945

CONCLUSIONS

Large-volume fluid removal with HD was represented
by changes in VExUS score, highlighting the utility of
the VExUS exam to capture dynamic shifts in volume
status. VExUS holds potential as an addition to
formal sonographic protocols and as a point-of-care
bedside tool that can be used to detect changes in
venous congestion in real-time. Future studies
should evaluate change in VExXUS grade with intra-
venous diuretic administration in various patient
populations, with the ultimate goal of evaluating the
capacity of a standardized bedside ultrasound pro-
tocol to guide inpatient volume optimization.
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PERSPECTIVES

IVC diameter.

COMPETENCY IN MEDICAL KNOWLEDGE: VExUS is
a point-of-care ultrasound exam that has previously been
shown to correlate with RAP as assessed by RHC and thus
represents a valuable tool for assessing venous conges-
tion at the bedside. This analysis determined that VExUS
is also effective at detecting dynamic changes in volume
status, outperforming widely used metrics such as ICl and
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congestion on pulse-wave Doppler waveforms in encap-
sulated organs, while further clinical studies are war-
ranted to expressly validate VExUS in specific
subpopulations, such as patients with ESRD or advanced
heart failure. Future studies should also evaluate change
in VExUS grade with intravenous diuretic administration
in various patient populations, with the ultimate goal of

evaluating the capacity of a standardized bedside ultra-
sound protocol to guide inpatient volume optimization.

TRANSLATIONAL OUTLOOK: Future basic science
studies should interrogate the impact of chronic venous

REFERENCES

1. Kearney D, Reisinger N, Lohani S. Integrative
volume status assessment. POCUS J. 2022;7:65-
77.  https://doi.org/10.24908/pocus.v7iKidney.
15023

2. Elhassan MG, Chao PW, Curiel A. The conun-
drum of volume status assessment: revisiting
current and future tools available for physicians at
the bedside. Cureus. 2021;13(5):e15253. https://
doi.org/10.7759/cureus.15253

3. Chung HM, Kluge R, Schrier RW, Anderson RJ.
Clinical assessment of extracellular fluid volume in
hyponatremia. Am J Med. 1987;83(5):905-908.
https://doi.org/10.1016/0002-9343(87)90649-8

4. Mackenzie DC, Noble VE. Assessing volume
status and fluid responsiveness in the emergency
department. Clin Exp Emerg Med. 2014;1(2):67-
77. https://doi.org/10.15441/ceem.14.040

5. Stein JH, Neumann A, Marcus RH. Comparison
of estimates of right atrial pressure by physical
examination and echocardiography in patients with
congestive heart failure and reasons for discrep-
ancies. Am J Cardiol. 1997;80(12):1615-1618.
https://doi.org/10.1016/s0002-9149(97)00776-5

6. Del Rio-Pertuz G, Nugent K, Argueta-Sosa E.
Right heart catheterization in clinical practice: a
review of basic physiology and important issues
relevant to interpretation. Am J Cardiovasc Dis.
2023;13(3):122-137.

7. ChenY, Shlofmitz E, Khalid N, et al. Right heart
catheterization-related complications: a review of
the literature and best practices. Cardiol Rev.
2020;28(1):36-41. https://doi.org/10.1097/CRD.
0000000000000270

8. Bossert T, Gummert JF, Bittner HB, et al.
Swan-Ganz catheter-induced severe complica-
tions in cardiac surgery: right ventricular perfo-
ration, knotting, and rupture of a pulmonary

artery. J Card Surg. 2006;21(3):292-295. https://
doi.org/10.1111/j.1540-8191.2006.00235.x

9. Hadian M, Pinsky MR. Evidence-based review
of the use of the pulmonary artery catheter:
impact data and complications. Crit Care.
2006;10(Suppl  3):S8. https://doi.org/10.1186/
cc4834

10. Micek ST, McEvoy C, McKenzie M, Hampton N,
Doherty JA, Kollef MH. Fluid balance and cardiac
function in septic shock as predictors of hospital
mortality. Crit Care. 2013;17(5):R246. https://doi.
org/10.1186/cc13072

11. Boyd JH, Forbes J, Nakada TA, Walley KR,
Russell JA. Fluid resuscitation in septic shock: a
positive fluid balance and elevated central venous
pressure are associated with increased mortality.
Crit Care Med. 2011;39(2):259-265. https://doi.
0rg/10.1097/CCM.0b013e3181feeb15

12. Legrand M, Dupuis C, Simon C, et al. Associ-
ation between systemic hemodynamics and septic
acute kidney injury in critically ill patients: a
retrospective observational study. Crit Care.
2013;17(6):R278. https://doi.org/10.1186/cc13133

13. Kanji HD, McCallum J, Sirounis D,
MacRedmond R, Moss R, Boyd JH. Limited
echocardiography-guided therapy in subacute
shock is associated with change in management
and improved outcomes. J Crit Care. 2014;29(5):
700-705. https://doi.org/10.1016/j.jcrc.2014.04.
008

14. Mekontso Dessap A, Roche-Campo F,
Kouatchet A, et al. Natriuretic peptide-driven
fluid management during ventilator weaning: a
randomized controlled trial. Am J Respir Crit Care
Med. 2012;186(12):1256-1263. https://doi.org/10.
1164/rccm.201205-09390C

15. Myburgh JA. Fluid resuscitation in acute
illness-time to reappraise the basics. N Engl J

Med. 2011;364(26):2543-2544. https://doi.org/
10.1056/NEJMe1105490

16. Caille V, Amiel JB, Charron C, Belliard G,
Vieillard-Baron A, Vignon P. Echocardiography: a
help in the weaning process. Crit Care.
2010;14(3):R120. https://doi.org/10.1186/cc9076

17. Porapakkham P, Porapakkham P, Zimmet H,
Billah B, Krum H. B-type natriuretic peptide-
guided heart failure therapy: a meta-analysis.
Arch Intern Med. 2010;170(6):507-514. https://
doi.org/10.1001/archinternmed.2010.35

18. Longino AA, Martin KC, Douglas IS. Moni-
toring the venous circulation: novel techniques
and applications. Curr Opin Crit Care. 2024;30(3):
260-267. https://doi.org/10.1097/MCC.000000
0000001155

19. Beaubien-Souligny W, Rola P, Haycock K,
et al. Quantifying systemic congestion with point-
of-care ultrasound: development of the venous
excess ultrasound grading system. Ultrasound J.
2020;12(1):16.  https://doi.org/10.1186/s13089-
020-00163-w

20. Viana-Rojas JA, Argaiz E, Robles-Ledesma M,
et al. Venous excess ultrasound score and acute
kidney injury in patients with acute coronary
syndrome. Eur Heart J Acute Cardiovasc Care.
2023;12(7):413-419. https://doi.org/10.1093/
ehjacc/zuad048

21. Longino A, Martin K, Leyba K, et al. Prospec-
tive evaluation of venous excess ultrasound
(VExUS) for estimation of venous congestion.
Chest. 2024;165(3):590-600. https://doi.org/10.
1016/j.chest.2023.09.029

22, Longino A, Martin K, Leyba K, et al. Correla-
tion between the VEXUS score and right atrial
pressure: a pilot prospective observational study.
Crit Care. 2023;27(1):205. https://doi.org/10.
1186/s13054-023-04471-0


https://doi.org/10.24908/pocus.v7iKidney.15023
https://doi.org/10.24908/pocus.v7iKidney.15023
https://doi.org/10.7759/cureus.15253
https://doi.org/10.7759/cureus.15253
https://doi.org/10.1016/0002%2D9343%2887%2990649%2D8
https://doi.org/10.15441/ceem.14.040
https://doi.org/10.1016/s0002%2D9149%2897%2900776%2D5
http://refhub.elsevier.com/S2772-963X(25)00967-6/sref6
http://refhub.elsevier.com/S2772-963X(25)00967-6/sref6
http://refhub.elsevier.com/S2772-963X(25)00967-6/sref6
http://refhub.elsevier.com/S2772-963X(25)00967-6/sref6
http://refhub.elsevier.com/S2772-963X(25)00967-6/sref6
https://doi.org/10.1097/CRD.0000000000000270
https://doi.org/10.1097/CRD.0000000000000270
https://doi.org/10.1111/j.1540%2D8191.2006.00235.x
https://doi.org/10.1111/j.1540%2D8191.2006.00235.x
https://doi.org/10.1186/cc4834
https://doi.org/10.1186/cc4834
https://doi.org/10.1186/cc13072
https://doi.org/10.1186/cc13072
https://doi.org/10.1097/CCM.0b013e3181feeb15
https://doi.org/10.1097/CCM.0b013e3181feeb15
https://doi.org/10.1186/cc13133
https://doi.org/10.1016/j.jcrc.2014.04.008
https://doi.org/10.1016/j.jcrc.2014.04.008
https://doi.org/10.1164/rccm.201205%2D0939OC
https://doi.org/10.1164/rccm.201205%2D0939OC
https://doi.org/10.1056/NEJMe1105490
https://doi.org/10.1056/NEJMe1105490
https://doi.org/10.1186/cc9076
https://doi.org/10.1001/archinternmed.2010.35
https://doi.org/10.1001/archinternmed.2010.35
https://doi.org/10.1097/MCC.0000000000001155
https://doi.org/10.1097/MCC.0000000000001155
https://doi.org/10.1186/s13089%2D020%2D00163%2Dw
https://doi.org/10.1186/s13089%2D020%2D00163%2Dw
https://doi.org/10.1093/ehjacc/zuad048
https://doi.org/10.1093/ehjacc/zuad048
https://doi.org/10.1016/j.chest.2023.09.029
https://doi.org/10.1016/j.chest.2023.09.029
https://doi.org/10.1186/s13054%2D023%2D04471%2D0
https://doi.org/10.1186/s13054%2D023%2D04471%2D0

JACC: ADVANCES, VOL. 5, NO. 3, 2026
MARCH 2026:102538

23, Bhoil R, Ahluwalia A, Chopra R, Surya M,
Bhoil S. Signs and lines in lung ultrasound.
J Ultrason. 2021;21(86):e225-e233. https://doi.
org/10.15557/J0U.2021.0036

24. Murali A, Prakash A, Dixit R, Juneja M,
Kumar N. Lung ultrasound for evaluation of dys-
pnea: a pictorial review. Acute Crit Care.
2022;37(4):502-515. https://doi.org/10.4266/
acc.2022.00780

25. Longino AA, Martin KC, Leyba KR, et al. Reli-
ability and reproducibility of the venous excess
ultrasound (VExUS) score, a multi-site prospec-
tive study: validating a novel ultrasound tech-
nique for comprehensive assessment of venous
congestion. Crit Care. 2024;28(1):197. https://doi.
0rg/10.1186/513054-024-04961-9

26. Kaptein MJ, Kaptein EM. Inferior vena cava
collapsibility index: clinical validation and appli-
cation for assessment of relative intravascular
volume. Adv Chronic Kidney Dis. 2021;28(3):218-
226. https://doi.org/10.1053/j.ackd.2021.02.003

27. Wong A, Olusanya O, Watchorn J, Bramham K,
Hutchings S. Utility of the venous excess ultra-
sound (VEXUS) score to track dynamic change in
volume status in patients undergoing fluid
removal during haemodialysis - the ACUVEX
study. Ultrasound J. 2024;16(1):23. https://doi.
0rg/10.1186/s13089-024-00370-9

28. Tonelli MM, Argaiz ER, Pare JR, et al. Portal
vein Doppler is a sensitive marker for evaluating
venous congestion in end-stage kidney disease.
Cardiorenal Med. 2024;14(1):375-384. https://
doi.org/10.1159/000539901

29, Koratala A, Ibrahim M, Gudlawar S. VEXUS to
guide ultrafiltration in hemodialysis: exploring a
novel dimension of point of care ultrasound.
POCUS J. 2024;9(1):16-19. https://doi.org/10.
24908/pocus.v9i1.16985

30. Di Nicolo P, Tavazzi G, Nannoni L, Corradi F.
Inferior vena cava ultrasonography for volume
status evaluation: an intriguing promise never
fulfilled. J Clin Med. 2023;12(6):2217. https://doi.
0rg/10.3390/jcm12062217

31. Via G, Tavazzi G, Price S. Ten situations where
inferior vena cava ultrasound may fail to accu-

rately predict fluid responsiveness: a physiologi-
cally based point of view. Intensive Care Med.
2016;42(7):1164-1167.  https://doi.org/10.1007/
s00134-016-4357-9

32, Porter TR, Shillcutt SK, Adams MS, et al.
Guidelines for the use of echocardiography as a
monitor for therapeutic intervention in adults: a
report from the American society of echocardi-
ography. J Am Soc Echocardiogr. 2015;28(1):40-
56. https://doi.org/10.1016/j.echo0.2014.09.009

33. Jue J, Chung W, Schiller NB. Does inferior
vena cava size predict right atrial pressures in
patients receiving mechanical ventilation? J Am
Soc Echocardiogr. 1992;5(6):613-619. https://doi.
org/10.1016/s0894-7317(14)80327-1

34. Magnino C, Omede P, Avenatti E, et al. Inac-
curacy of right atrial pressure estimates through
inferior vena cava indices. Am J Cardiol.
2017;120(9):1667-1673. https://doi.org/10.1016/
j.amjcard.2017.07.069

35. Goldhammer E, Mesnick N, Abinader EG, Sagiv M.
Dilated inferior vena cava: a common echocardio-
graphic finding in highly trained elite athletes. J Am
Soc Echocardiogr. 1999;12(11):988-993. https://doi.
0org/10.1016/s0894-7317(99)70153-7

36. Wachsberg RH, Sebastiano LL, Levine CD.
Narrowing of the upper abdominal inferior vena
cava in patients with elevated intraabdominal
pressure. Abdom Imaging. 1998;23(1):99-102.
https://doi.org/10.1007/s002619900295

37. Hosoki T, Arisawa J, Marukawa T, et al. Portal
blood flow in congestive heart failure: pulsed
duplex  sonographic  findings.  Radiology.
1990;174(3 Pt 1):733-736. https://doi.org/10.
1148/radiology.174.3.2406781

38. Wachsberg RH, Needleman L, Wilson DJ.
Portal vein pulsatility in normal and cirrhotic
adults without cardiac disease. J Clin Ultrasound.
1995;23(1):3-15. https://doi.org/10.1002/jcu.
1870230103

39. Beaubien-Souligny W, Eljaiek R, Fortier A,
et al. The association between pulsatile portal
flow and acute kidney injury after cardiac surgery:
a retrospective cohort study. J Cardiothorac Vasc

Leyba et al

VEXUS Captures Dynamic Changes in Volume Status

Anesth. 2018;32(4):1780-1787. https://doi.org/
10.1053/j.jvca.2017.11.030

40. Eljaiek R, Cavayas YA, Rodrigue E, et al. High
postoperative portal venous flow pulsatility in-
dicates right ventricular dysfunction and predicts
complications in cardiac surgery patients. Br J
Anaesth. 2019;122(2):206-214. https://doi.org/
10.1016/j.bja.2018.09.028

41. Beaubien-Souligny w, Benkreira A,
Robillard P, et al. Alterations in portal vein flow
and intrarenal venous flow are associated with
acute kidney injury after cardiac surgery: a pro-
spective observational cohort study. J Am Heart
Assoc. 2018;7(19):e009961. https://doi.org/10.
1161/JAHA.118.009961

42. Bajaj D, Koratala A. Utility of portal venous
Doppler in the assessment of fluid status in end-
stage kidney disease: think beyond IVC ultra-
sound. CEN Case Rep. 2022;11(2):285-287.
https://doi.org/10.1007/513730-021-00661-3

43. Andrei S, Bahr PA, Nguyen M, Bouhemad B,
Guinot PG. 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.
2023;27(1):224. https://doi.org/10.1186/s13054-
023-04524-4

44. Aslaner MA, Helvaci O, Cerit MN, Sendur HN.
The value of venous system ultrasound in pre-
dicting the need for emergency haemodialysis in
haemodialysis patients. J Ultrasound. 2024;27(1):
67-71. https://doi.org/10.1007/s40477-023-
00802-7

45. Jeong SH, Jung DC, Kim SH, Kim SH. Renal
venous Doppler ultrasonography in normal sub-
jects and patients with diabetic nephropathy:
value of venous impedance index measurements.
J Clin Ultrasound. 2011;39(9):512-518. https://
doi.org/10.1002/jcu.20835

KEY WORDS Doppler ultrasound, end-
stage renal disease (ESRD), hemodialysis
(HD), point-of-care ultrasonography
(POCUS), venous congestion


https://doi.org/10.15557/JoU.2021.0036
https://doi.org/10.15557/JoU.2021.0036
https://doi.org/10.4266/acc.2022.00780
https://doi.org/10.4266/acc.2022.00780
https://doi.org/10.1186/s13054%2D024%2D04961%2D9
https://doi.org/10.1186/s13054%2D024%2D04961%2D9
https://doi.org/10.1053/j.ackd.2021.02.003
https://doi.org/10.1186/s13089%2D024%2D00370%2D9
https://doi.org/10.1186/s13089%2D024%2D00370%2D9
https://doi.org/10.1159/000539901
https://doi.org/10.1159/000539901
https://doi.org/10.24908/pocus.v9i1.16985
https://doi.org/10.24908/pocus.v9i1.16985
https://doi.org/10.3390/jcm12062217
https://doi.org/10.3390/jcm12062217
https://doi.org/10.1007/s00134%2D016%2D4357%2D9
https://doi.org/10.1007/s00134%2D016%2D4357%2D9
https://doi.org/10.1016/j.echo.2014.09.009
https://doi.org/10.1016/s0894%2D7317%2814%2980327%2D1
https://doi.org/10.1016/s0894%2D7317%2814%2980327%2D1
https://doi.org/10.1016/j.amjcard.2017.07.069
https://doi.org/10.1016/j.amjcard.2017.07.069
https://doi.org/10.1016/s0894%2D7317%2899%2970153%2D7
https://doi.org/10.1016/s0894%2D7317%2899%2970153%2D7
https://doi.org/10.1007/s002619900295
https://doi.org/10.1148/radiology.174.3.2406781
https://doi.org/10.1148/radiology.174.3.2406781
https://doi.org/10.1002/jcu.1870230103
https://doi.org/10.1002/jcu.1870230103
https://doi.org/10.1053/j.jvca.2017.11.030
https://doi.org/10.1053/j.jvca.2017.11.030
https://doi.org/10.1016/j.bja.2018.09.028
https://doi.org/10.1016/j.bja.2018.09.028
https://doi.org/10.1161/JAHA.118.009961
https://doi.org/10.1161/JAHA.118.009961
https://doi.org/10.1007/s13730%2D021%2D00661%2D3
https://doi.org/10.1186/s13054%2D023%2D04524%2D4
https://doi.org/10.1186/s13054%2D023%2D04524%2D4
https://doi.org/10.1007/s40477%2D023%2D00802%2D7
https://doi.org/10.1007/s40477%2D023%2D00802%2D7
https://doi.org/10.1002/jcu.20835
https://doi.org/10.1002/jcu.20835

	VExUS Point-of-Care Ultrasound Tool to Detect Changes in Volume Status
	Methods
	Enrollment and image acquisition
	Image interpretation
	Outcomes
	Statistical analyses

	Results
	Study population
	Paired pre-HD and post-HD VExUS scores

	Discussion
	Study Limitations

	Conclusions
	Funding support and author disclosures
	References


