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Abstract

Background Venous congestion is associated with adverse clinical outcomes in critically ill patients, yet its assess-
ment remains challenging. Recently, the Venous Excess Ultrasound (VExUS) score has shown great potential as a non-
invasive tool for assessing venous congestion in cardiac patients. However, the relationship between VExUS and clini-
cal outcomes in patients with sepsis remains understudied. This study aims to evaluate the incidence of venous
congestion based on VEXUS assessment within the first 5 days of intensive care unit (ICU) admission in critically ill
patients with sepsis, and to investigate the association between VExUS and clinical outcomes.

Methods We conducted a prospective, observational study in four ICUs, enrolling adult patients with sepsis who
stayed in the ICU for at least 24 h. VExUS assessments were performed on days 1 (within 24 h), 3 (48-72 h), and 5
(96-120 h) following ICU admission. Patients were classified according to VExUS score >2 or < 2. The primary outcome
was the prevalence of acute kidney injury (AKI) during ICU stay, while secondary outcomes included 30-day mortality,
ICU mortality, and requirement for renal replacement therapy (RRT).

Results Among the 108 patients included, 18% (19 patients) showed VExUS score>2 on day 1 of ICU admission,

and the prevalence progressively decreased to 15% (15 patients) by day 3 and 6% (6 patients) by day 5. The VEXUS score >2
was not associated with AKI (OR 1.82,95% C1 0.62-5.31, p=0.274), 30-day mortality (OR 0.82,95% Cl 0.28-2.4, p=0.711),ICU
mortality (OR 1.12,95% Cl 0.41-3.04, p=0.82), or requirement for RRT (OR 2.29, 95% Cl 0.68-7.64, p=0.179). There was no sig-
nificant correlation between VEXUS and central venous pressure (coefficient:—0.019, 95% Cl —0.01 to 0.05, p=0.204).

Conclusion In critically ill patients with sepsis, approximately 20% exhibit early (within 24 h of ICU admission) venous
congestion, with the prevalence progressively decreasing over the subsequent 5 days. Venous congestion assessed
by VExUS was not associated with the occurrence of AKI or with mortality.

Trial registration: Chinese Clinical Trial Registry, ChiCTR2200066987. Registered 22 December 2022, https://www.chictr.
org.cn/

Keywords ICU, Sepsis, Ultrasound, Venous congestion, VExUS, Acute kidney injury, Mortality

*Correspondence:

Shijin Gong

gsj801@126.com

Qiancheng Luo

luogiancheng19@163.com

Full list of author information is available at the end of the article

. ©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13613-025-01529-w&domain=pdf
http://orcid.org/0000-0002-0968-8441
https://www.chictr.org.cn/
https://www.chictr.org.cn/

Song et al. Annals of Intensive Care (2025) 15:105

Background

Sepsis remains a major challenge to clinicians in inten-
sive care unit (ICU), with high morbidity and mortality
[1]. Fluid resuscitation is one of the cornerstones of sep-
sis management. However, fluid resuscitation is a double-
edged sword: while it improves tissue perfusion, it also
carries the potential risk of fluid overload [2, 3]. Several
studies have suggested an association between fluid over-
load and an increased incidence of acute kidney injury
(AKI) and mortality in patients with sepsis [4—6].

Recent studies have suggested that venous congestion
is one of the potential pathophysiological mechanisms
for the harmful effects of fluid overload on end-organ
function [7, 8], prompting a greater attention to the
assessment of venous congestion, despite certain clini-
cal challenges. Clinically, several methods are available to
evaluate venous congestion, each with its inherent limita-
tions. These limitations highlight the need for a reliable,
economical, and non-invasive method to assess venous
congestion. Recently, Beaubien-Souligy and colleagues
developed a novel “Venous Excess Ultrasound (VExUS)”
scoring system in a post-cardiac surgery cohort [9]. This
four-point ultrasound examination technique integrates
the inferior vena cava (IVC) diameter analysis with the
Doppler flow patterns of the hepatic, portal, and intrare-
nal venous to provide a quantifiable assessment of venous
congestion, and showed an association with AKI devel-
opment in post-cardiac surgery patients. This pioneer-
ing study has sparked great interest in using VExUS as a
non-invasive method for evaluating venous congestion
in different clinical settings. however, the results remain
debated. The discrepancy in results between studies
underscores the necessity for expanded validation before
implementing VExUS in diverse patient cohorts, such as
those with sepsis, acute respiratory distress syndrome
(ARDS), and AKI, where precise and individualized fluid
management strategies are crucial. Notably, information
concerning the utility of the VExUS in the context of sep-
sis is limited. Determining whether VExUS is associated
with clinical outcomes in patients with sepsis could pro-
vide a valuable bedside tool to guide therapeutic strate-
gies that optimize fluid management.

The primary objective of this study is to investigate the
association between moderate to severe venous conges-
tion, as assessed by VExUS, and the development of AKI
in patients with sepsis. The secondary objectives are to
assess the association between VExUS and other out-
comes (30-day mortality, ICU mortality, and requirement
for renal replacement therapy (RRT)), and to describe the
prevalence of venous congestion within the first week of
sepsis onset.
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Methods

Patients and study design

This prospective observational study was conducted
at ICUs of four tertiary care hospitals in China from
April 2023 to August 2024. The study protocol received
approval from an independent ethics committee, and
written informed consent was obtained from all par-
ticipants or their legally authorized representatives. The
study was conducted in accordance with the 1964 Decla-
ration of Helsinki.

Adult patients were eligible if they were diagnosed
with sepsis and stayed in the ICU for at least 24 h after
the diagnosis. Sepsis was defined based on Sepsis-3
criteria [10], which requires the evidence of infection
and sequential organ failure assessment (SOFA) scores
of >2 from baseline. Septic shock was a subset of sepsis,
which was defined as sepsis with persisting hypotension
requiring vasopressors to maintain MAP>65 mmHg
and having a serum lactate level>2 mmol/L despite
adequate fluid resuscitation. The exclusion criteria were:
(1) age <18 years; (2) pregnant; (3) poor quality of ultra-
sound images unsuitable for analysis; (4) end-stage renal
disease requiring maintenance dialysis; (5) atrial fibril-
lation; (6) hepatic cirrhosis; (7) portal vein or hepatic
vein thrombosis; (8) history of liver transplant or kidney
transplant, and (9) inability to consent without a proxy
decision maker.

Measurements and data collection

Baseline demographic and clinical characteristics were
collected at inclusion, including age, sex, acute physiol-
ogy and chronic health evaluation (APACHE) II score,
SOFA score, comorbidities, primary admission diagno-
sis, primary infectious source, invasive mechanical ven-
tilation use, and vasoactive drug use. The hemodynamic
parameters included: heart rate (HR), mean blood pres-
sure (MAP) and CVP. CVP was measured through a
central venous catheter indwelling in the internal jugu-
lar or subclavian vein. Measurements were taken at the
end-expiratory phase with patients in the supine position
after zeroing at one-third of the anteroposterior diam-
eter of the chest [11]. The CVP values were averaged
over three cardiac cycles. For analysis, each CVP meas-
urement was performed immediately before the VExUS
assessment. The biological parameters included: arterial
lactate, serum creatinine, blood urea nitrogen (BUN),
estimated glomerular filtration rate (eGFR) and total
bilirubin. Fluid balance was recorded daily over the first
5 days of ICU admission. Cumulative fluid balance was
computed by the addition of daily fluid balances. Echo-
cardiographic, and VExUS examinations were performed
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at the following time intervals: within 24 h of ICU admis-
sion (day 1), 48-72 h following ICU admission (day 3),
and 96—120 h following ICU admission (day 5). Clinically
relevant outcomes such as 30-day mortality, ICU mor-
tality, ICU length of stay (LOS), AKI during ICU stay,
staging of AKI according to Kidney Disease Improving
Global Outcomes (KDIGO), and requirement for renal
replacement therapy (RRT) were also recorded.

Ultrasound measurements

Fours fully trained operators (GZC, DTL, LZ and HZF),
who were not involved in the management of patients
performed ultrasound examinations. Before this study,
all operators completed a 4-h online training course and
independently performed a minimum of 50 echocardio-
graphic and VExUS examinations to ensure proficiency.
All ultrasound images were reviewed off-line by two
independent operators (JS and QCL) who experienced
in critical care echography and blinded to the study
outcomes.

Transthoracic echocardiography was performed using
CX-50 (Philips Healthcare, Amsterdam, The Nether-
lands), Venue Go" (GE Healthcare, Wuxi City, China)
and M9 (Mindray, Shenzhen, China) ultrasound devices
with concomitant electrocardiogram measurements.
The left ventricular ejection fraction (LVEF) was evalu-
ated visually from apical four-chamber view, and divided
into four grades (< 30%; 30—50%; 50—70%; >70%). The left
ventricular outflow tract velocity time integral (VTI) was
obtained by placing the pulse-wave Doppler gate at the
left ventricular outflow tract in the apical five-chamber
view. Right ventricular (RV) function was assessed quali-
tatively by the ratio between the RV and LV end-diastolic
areas, and classified into three grades [12]: normal size
(right ventricular end-diastolic area [RVEDA]/left ven-
tricular end-diastolic area [LVEDA]<0.6), moderately
enlarged (RVEDA/LVEDA>0.6 to<1), and severely
enlarged (RVEDA/LVEDA >1). The global systolic func-
tion of the RV was assessed by measuring the M-mode-
derived tricuspid annular plane systolic excursion
(TAPSE) from RV-focused apical four-chamber view.

The VExUS scoring system is composed of evaluations
of the IVC as well as the pulsed-wave Doppler ultrasound
evaluations of the hepatic, portal, and intrarenal venous
flow patterns. The analysis of its independent compo-
nents and calculation of the grading system were con-
ducted as described by Beaubien—Souligny et al. [9]. Their
seminal study demonstrated an association between AKI
and VExUS (type C) >2. Accordingly, patients were cate-
gorized into two groups: non-congested (VExUS < 2) and
congested (VExUS > 2) for further analysis.
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Definitions and outcomes

The primary endpoint was the occurrence of AKI dur-
ing the ICU stay, as defined by the KDIGO criteria [13].
Baseline serum creatinine was determined by the lowest
value recorded within the 12 months before ICU admis-
sion; if unavailable, the lowest value measured within the
first 24 h of ICU admission was used. To assess the onset
of AKI, serum creatinine levels were measured daily, and
urinary output was monitored every 6 h during the ICU
stay.

The secondary endpoints included 30-day mortal-
ity, ICU mortality, and requirement for RRT during the
ICU stay. For patients discharged from the ICU within
30 days, telephone follow-up was conducted at 30 days
after enrollment to assess clinical outcomes.

Statistical analyses

Based on a previous study [14], we assumed a prevalence
of venous congestion to be 25%. The estimated incidence
of AKI in patients with sepsis is 30% [15]. During the
study design phase, there were limited prior data quan-
tifying the effect of venous congestion on AKI in sepsis;
we set a 30% absolute difference in AKI between patients
with venous congestion and without venous congestion
to ensure feasibility of enrollment. Therefore, we calcu-
lated that a sample of 108 patients would provide a statis-
tical power of 80% and an a-error of 0.05.

Descriptive statistics were calculated to describe the
cohort. Quantitative variables are expressed as medians
with interquartile ranges (IQR), while categorical vari-
ables are presented as frequencies and percentages (%).
Patients were stratified into two groups based on VExUS
scores (<2 vs.>2) and compared across three different
time points (days 1, 3, and 5). Quantitative variables were
compared using the Mann—Whitney U test, and cate-
gorical variables were compared using the chi-square or
Fisher’s exact test, as appropriate. To evaluate the associ-
ation between repeated VExUS measurements (coded as
a dichotomous variable: <2 vs.>2) and clinical outcomes
(AKI, 30-day mortality, ICU mortality, and require-
ment for RRT), generalized estimating equation (GEE)
models were employed. GEE models were developed as
an extension of the general linear model to analyze lon-
gitudinal and other correlated data. The independent
variables incorporated into the model included group,
assessment time, and the interaction between group and
assessment time. An additional model adjusting for age,
sex, chronic kidney disease (CKD) and APACHE II score
was constructed to account for baseline risk factors and
illness severity. These covariates were chosen a priori
to minimize overfitting given the sample size. Linear
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regression analyses were performed to explore the poten-
tial associations between VExUS grade and CVP as well
as cumulative fluid balance. Furthermore, to examine
the robustness of the estimation, the post hoc sensitivity
analyses were conducted using GEE models and logistic
regression models to analyze the relationship between
VEXUS grade (coded as categorical variable: 0, 1, 2, and
3) and all endpoints. A two-tailed p-value of<0.05 was
considered statistically significant. All analyses were per-
formed using R version 4.0.2 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Baseline characteristics of the study cohort

During the study period, 185 patients were enrolled, of
whom 77 (42%) met the exclusion criteria. The primary
reasons for exclusion were the inability to obtain analyz-
able intrarenal venous Doppler waveforms (n=26) and
the presence of atrial fibrillation (n=22) (Additional
file: Supplementary Fig. 1). Of the 108 patients included
in the study, a prior creatinine value (within 12 months)
was available in 90 patients (83%), whereas for 18 patients
(17%) the admission value had to serve as baseline. The
demographic characteristics of patients are presented in
Table 1. The median age was 74 [61-84] years. The SOFA
score at admission was 8 [6-11]. The most frequent
ICU admission diagnoses were: respiratory failure (44
patients, 41%), infection of unknown origin (25 patients,
23%) and post-surgical conditions (17 patients, 16%). The
primary sources of infection were the respiratory tract
(88 patients, 81%) and the intra-abdominal (19 patients,
18%). Eighty-six (80%) patients required mechanical ven-
tilation (MV). Eighty-one (75%) patients presented with
septic shock and, 61 patients (56%) received norepineph-
rine at enrollment.

During ICU stay, a total of 58 (54%) patients developed
AKI. Of them, 28 (26%) patients were classified as stage
3, 17 (16%) patients as stage 2, and 13 (12%) patients as
stage 1. Twenty-three (21%) patients required RRT. Of
the 108 patients, 30 (28%) died within 30 days of enroll-
ment, while 38 (35%) died in the ICU. The median ICU
LOS was 12 [7-25] days.

Assessment of VExUS scores

Of the 108 patients analyzed, 18% (19 patients) showed a
VEXUS score>2 on day 1 of ICU admission, which pro-
gressively decreased to 15% (15 patients) by day 3 and 6%
(6 patients) by day 5. Detailed VExUS assessments, and
relevant clinical and ultrasound parameters on days 1, 3,
and 5 following ICU admission are described in Table 2.
The temporal trajectory of VExUS scores on days 1, 3,
and 5 following ICU admission is shown in Fig. 1.

Page 4 of 10
Table 1 Baseline characteristics of the study cohort
Variables Overall
cohort
(n=108)
Age (years), median (IQR) 74 (61-84)
Male, n (%) 77 (71)
APACHE II, median (IQR) 23 (19-28)
SOFA score, median (IQR) 8(6-11)
Comorbidities, n (%)
Hypertension 62 (57)
Diabetes 33(317)
Stroke 21(19)
Coronary artery disease 17 (16)
Heart failure 14 (13)
Chronic kidney disease 12(11)
Chronic obstructive pulmonary disease 8(7)
Main admission diagnosis, n (%)
Respiratory failure 44 (41)
Infection of unknown origin 25 (23)
Surgical 17 (16)
Neurological 6 (6)
Decompensated heart failure 5(5)
Trauma 30)
Cardiac arrest 3(3)
Others 5(5)
Primary site of infection, n (%)
Pulmonary 88 (81)
Intra-abdominal 19 (18)
Bloodstream 7(6)
Urinary 5(5)
Skin and soft tissue 2(2)
Central nervous system 1(1)
Septic shock, n (%) 81 (75)
Invasive MV, n (%) 86 (80)
Vasopressors, n (%)
Norepinephrine 61 (56)
Epinephrine 6 (6)
Metaraminol 6(6)
Dopamine 4(4)
Outcomes
30-day mortality, n (%) 30 (28)
ICU mortality, n (%) 38(35)
ICU LOS (days), median (IQR) 12 (7-25)
AKI during ICU stay, n (%) 58 (54)
Staging of AKI according to KDIGO, n (%)
Stage 1 13(12)
Stage 2 17 (16)
Stage 3 28 (26)
Requirement for RRT, n (%) 23(21)

IQR interquartile ranges, APACHE acute physiology and chronic health
evaluation, SOFA sequential organ failure assessment, MV mechanical
ventilation, ICU intensive care unit, LOS length of stay, AKl acute kidney injury,
KDIGO Kidney Disease Improving Global Outcomes, RRT renal replacement

therapy
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Table 2 VExUS scores, clinical parameters, and echocardiographic variables at different timepoints
Variables D1(n=108) D3 (n=104) D5 (n=95)
VEXUS grades, n (%)
0 53 (49) 49 (47) 59 (62)
1 36 (33) 40 (38) 30(32)
2 16 (15) 13(13) 5(5)
3 3(3) 2(2) 1(1)
Hepatic vein pattern, n (%)
Normal 86 (80) 83 (80) 78 (82)
Mildly abnormal 12(11) 16 (15) 12(13)
Severely abnormal 10 (9) 5(5) 5(0)
Portal vein pattern, n (%)
Normal 60 (56) 43 (41) 48 (51)
Mildly abnormal 35(32) 54(52) 43 (45)
Severely abnormal 13(12) 7(7) 4 (4)
Intrarenal venous pattern, n (%)
Normal 55(51) 49 (47) 52 (55)
Mildly abnormal 50 (46) 49 (47) 39 (41)
Severely abnormal 3(3) 6 (6) 4(4)
HR (bpm), median (IQR) 96 (77-112) 90 (78-109) 95 (81-108)
MAP (mmHg), median (IQR) 79 (69— 92) 82 (75-94) 83 (75-94)
Creatinine (Lmol/L), median (IQR) 91.5 (61.5-140.3) 83 (59.8-141.5) 81 (60-146.5)
Cumulative fluid balance (mL), median (IQR) 692 (—79-1618) 1529 (=226-3057) 2666 (476- 4189)
Maximum IVC diameter (cm), median (IQR) (1 6-2.1) (1 7-2.2) (1 2.1)
IVC diameter=2 cm, n (%) 5(51) 5(53) 6(38)
PI (%), median (IQR) 8 (20— 39) 2 (21-40) 0(21-38)
LVOT-VTI (cm), median (IQR) 218 ( -249) 218 (W 74-257) 219 (W 7.8-25.7)
TAPSE (cm), median (IQR) 9(01.7- 22) 9(1.7-2.3) 9(1.7-23)
RVEDA/LVEDA > 0.6, n (%) 1(10) 2(12) 1(12)
Visual LVEF, n (%)
<30% (1) 22 2(2)
30-50% 18(17) 19(18) 18 (19)
50-70% 79 (73) 76 (73) 67 (71)
>70% 10 (9) 7(7) 8(8)

VExUS Venous Excess Ultrasound, HR heart rate, bmp beat per minute, /QR interquartile ranges, MAP mean arterial pressure, /VC inferior vena cava, Pl pulsatility index,
LVOT left ventricular outflow tract, VTl velocity time integral, TAPSE tricuspid annular plane systolic excursion, RVEDA right ventricular end-diastolic area, LVEDA left

ventricular end-diastolic area, LVEF left ventricular ejection fraction

Clinical and ultrasound parameters for patients with
VExUS<2 and VExUS>2 on days 1, 3, and 5 following
ICU admission are presented in the Additional file: Sup-
plementary Table 1.

Due to the absence of central venous catheters in the
subclavian or jugular veins, 75 CVP measurements
were unavailable, with 232 CVP measurements avail-
able for the final analysis. There were no significant dif-
ferences in CVP between patients with different VExUS
scores (p=0.922) (Fig. 2), and no significant correla-
tion was found between CVP and VExUS scores (coef-
ficient: —0.019, 95% confidence interval (CI) —0.01 to
0.05, p=0.204). Similarly, we did not observe a significant

relationship between cumulative fluid balance and
VExUS (coefficient: 9.59, 95% CI —390.65 to 409.83,
p=0.963).

Association between VExUS scores and clinical outcomes

Table 3 showed the association between VExUS >2 and
clinical outcomes. After adjusting for age, sex, CKD
and APACHE II score, the GEE model did not show sta-
tistically significant association between VExUS >2 and
AKI (adjusted odds ratio (OR) 1.82, 95% CI 0.62-5.31,
p=0.274). The secondary endpoint analyses gave simi-
lar results to those obtained in the primary endpoint
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Day 1

Page 6 of 10

Day 3 Day 5

Fig. 1 Alluvial diagram showing the temporal trajectory of VExUS scores on days 1, 3, and 5 following ICU admission. The blue color represents
patients with VEXUS scores < 2. The red color represents patients with VExUS scores = 2

34

26

18+

104

Central venous pressure (cmH:0)

6
0

VExUS 0 VExUS 1

VExUS 2 VExUS 3

Fig. 2 Violin plot depicting the distribution of CVP across different VEXUS grades

analysis (Table 3). In post-hoc sensitivity analyses, we
applied GEE models and logistic regression models
respectively, confirming the lack of significant associa-
tion between VExUS and clinical outcomes (Additional

file: Supplementary Table 2 and Supplementary
Table 3). Results of the septic shock subgroup analyses
were similar to those from the analysis of the overall
cohort (Additional file: Supplementary Table 4).
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Table 3 Association between VExUS > 2 and clinical outcomes
Outcomes Generalized estimating equation model

Unadjusted OR (95% Cl) Adjusted* OR (95% Cl)

OR 95% Cl p-value OR 95% Cl p-value
AKI 212 0.74-6.07 0.162 1.82 0.62-5.31 0274
30-day mortality 091 0.3-2.81 0.875 0.82 0.28-24 0.711
ICU mortality 143 0.52-3.93 0.488 1.12 0.41-3.04 0.82
Requirement for RRT 2.66 0.91-7.82 0.075 2.29 0.68-7.64 0.179

OR odds ratio, CI confidence interval, AKl acute kidney injury, ICU intensive care unit, RRT renal replacement therapy

" adjusted for age, sex, CKD and APACHE Il score. The reference level was VExUS < 2

Discussion

The key findings of the present study can be summa-
rized as follows: (1) Approximately 20% of sepsis patients
who underwent VExXUS assessments within 24 h of ICU
admission had an elevated VExUS score (grade >2) indi-
cating significant venous congestion, with the prevalence
progressively decreasing over the first 5 days. (2) No sig-
nificant correlation was found between VExUS scores
and CVP. (3) VExUS scores was not associated with AKI
or mortality (30-day and ICU mortality) in critically ill
patients with sepsis.

Our study showed that venous congestion assessed by
VExUS was present in less than 20% of sepsis patients
within the first 24 h of ICU admission. Specifically, mod-
erate and severe venous congestion was observed in 15%
and 3% of patients, respectively. This finding is consist-
ent with existing research involving non-cardiac patients.
Andrei et al. reported a 22% prevalence of abnormal
VEXUS scores in a cohort of general critically ill patients
at ICU admission [14]. Similarly, in another study involv-
ing 75 patients with septic shock, Prager et al. found that
the incidence of severe venous congestion (VExUS >2)
was 19% [16]. Indeed, VExUS scores were not associated
with cumulative fluid balance in our study. Although this
result may seem unexpected, it is consistent with pub-
lished studies that indicate there is no clear link between
VExUS and net fluid balance [16, 17]. VExUS do not sim-
ply reflect the volume of fluid administered; rather, it is
influenced by several factors in the sepsis patients, such
as systemic inflammation, cardiac function, vasodila-
tion, and capillary leak syndrome, which may contrib-
ute to the relative depletion of intravascular volume [18,
19]. Additionally, sepsis patients may exhibit different
cardiovascular phenotypes [20]. VExUS only identifies
the intravascular venous congestion (elevated CVP), but
it does not directly capture interstitial congestion (tis-
sue edema), which is common in sepsis. For example, a
patient may have a normal VExUS score (no signs of high
venous pressure) yet still suffer severe peripheral edema

and organ dysfunction from capillary leak. This discrep-
ancy underscores the challenges in evaluating fluid toler-
ance in sepsis, as venous congestion is affected by various
factors. Interestingly, recent studies have shown VExUS
correlating well with invasive right atrial pressures (RAP)
measurements. Longino et al. assessed associations
between VExUS grade and RAP, as measured by right
heart catheterization (RHC), in a cohort of 51 patients.
They found a significant positive association between
RAP and VExUS grade (p<0.001, R*=0.68) [21]. Addi-
tionally, their follow-up study among 81 patients showed
similar correlations between VExUS grade and RAP [22].
However, in our sepsis cohort, we observed no correla-
tion between VExUS grade and CVP. In the ICU, CVP
measurements are affected by several factors, including
thoracic, pericardial, and abdominal pressures, as well as
ventilator settings, complicating their interpretation. Fur-
thermore, in our study, the ultrasound parameters assess-
ing left- and right-sided cardiac function (such as LVEEF,
TAPSE, and the RVEDA/LVEDA ratio) were within nor-
mal ranges for the majority of patients, which may partly
explain the absence of correlation between VExUS and
CVP. Previous research has shown that a higher VExUS
grade (VExUS>2) is primarily associated with cardiac
comorbidities and cardiac function [23]. Therefore, chal-
lenges remain in evaluating and interpreting venous con-
gestion in complex clinical contexts. Although VExUS is
a valuable tool, it should be used alongside clinical and
other hemodynamic assessments to optimize fluid man-
agement strategies for patients with sepsis.

We observed no significant association between VExUS
and AKI, which is in line with previous studies in septic
shock or mixed ICU patients [14, 16]. Venous conges-
tion is a well-established risk factor for AKI in patients
with cardiac dysfunction [24]. In these patients, elevated
venous pressures lead to impaired renal perfusion, trig-
gering kidney damage via mechanisms such as a reduced
GFR and increased tubular cell injury due to stasis of
venous blood [25-27]. However, the pathophysiology
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of sepsis-related AKI is considerably more complex. It
involves a complex interplay of multifactorial patho-
physiological mechanisms, including hemodynamic
alterations, ischemia-reperfusion injury, inflammatory
responses, endothelial dysfunction, and microcircula-
tory dysfunction [15, 28]. These mechanisms are likely
the primary drivers of sepsis-related AKI [29]. It is also
important to acknowledge that the relationship between
venous congestion and AKI may be bidirectional. Ele-
vated venous pressures can worsen kidney function, but
conversely, early AKI (from other sepsis-related mecha-
nisms) could lead to fluid retention and venous conges-
tion. In our observational study, association does not
prove causation. Therefore, VExUS has limited utility
in predicting AKI in sepsis or mixed ICU settings, as
opposed to its established value in cardiac patients.

Our study explores the association between VExUS
and clinical outcomes in patients with sepsis, while also
providing important insights for its broader applica-
tion in different patient populations. Given the harm-
ful effects of fluid overload, clinicians are eager to find
a tool, preferably a non-invasive, that can objectively
quantifying fluid overload and guiding the optimization
of volume management. VExUS represents a promising
advancement in the non-invasive assessment of right-
sided venous flow. However, the interpretation of VExUS
findings in the complex ICU setting may be challenging
due to the heterogeneous pathophysiological mecha-
nisms underlying venous congestion across different
patient subgroups, such as those with cirrhosis, signifi-
cant tricuspid regurgitation, chronic kidney disease, or
those receiving positive pressure ventilation. The find-
ings of the present study may prompt us to reconsider
the clinical utility of VExUS in specific ICU populations,
while also encourage more high-quality studies to explore
the pathophysiological mechanism of venous congestion
in different patient populations.

This study has several limitations. First, the high
selectivity of the study population limits the generaliz-
ability of the findings. Second, we did not evaluate the
intra- and inter-operator variability for the ultrasound
examinations. However, all operators were trained
in a standardized VExXUS protocol and all ultrasound
examinations were confirmed offline by two independ-
ent operators, which may reduce the intra- and inter-
operator variability to some extent. Third, although all
patients underwent an initial VExUS assessment within
24 h of ICU admission, the timing of the assessments
varied (e.g., some were assessed early during fluid
resuscitation, while others were assessed later). This
variability may underestimate the incidence of early
venous congestion in patients with sepsis. However,
serial VExUS assessments were conducted at multiple
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time points to minimize the limitations of single time
point assessments. Fourth, 30 patients were excluded
due to incomplete VExXUS assessments, primarily
because analyzable intrarenal venous flow Doppler
waveforms could not be obtained. However, this is con-
sistent with the real-world clinical scenarios, as Spiegel
et al. reported that 25.4% of general ICU patients were
unable to obtain analyzable intrarenal venous Doppler
signals [30]. Finally, the low proportion of patients with
venous congestion (only 18% had VExUS>2) likely
reduced the statistical power of the study to detect
meaningful associations. Due to the limited prior data
quantifying the effect of venous congestion on AKI in
sepsis patients, our sample size was calculated based on
an expected 25% congestion prevalence, which we over-
estimated. As a result, our negative findings could be
due in part to the small number of congested patients.
Given the limitations in sample size, larger-scale multi-
center studies are needed to further clarify the role of
VEXUS in predicting clinical outcomes in patients with
sepsis.

Conclusion

In critically ill patients with sepsis, approximately 20%
exhibit venous congestion assessed by VExUS within
the first 24 h of ICU admission, with the proportion
progressively decreasing over the subsequent 5 days.
Moderate to severe venous congestion is not associ-
ated with AKI or mortality (30-day and ICU mortality).
Further studies with larger and more diverse ICU pop-
ulations are needed to validate the utility of VExUS in
assessing venous congestion.
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