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Abstract

Background Current recommendations support guiding fluid resuscitation through the assessment of fluid respon-
siveness. Recently, the concept of fluid tolerance and the prevention of venous congestion (VC) have emerged

as relevant aspects to be considered to avoid potentially deleterious side effects of fluid resuscitation. However,
there is paucity of data on the relationship of fluid responsiveness and VC. This study aims to compare the preva-
lence of venous congestion in fluid responsive and fluid unresponsive critically ill patients after intensive care (ICU)
admission.

Methods Multicenter, prospective cross-sectional observational study conducted in three medical-surgical ICUs

in Chile. Consecutive mechanically ventilated patients that required vasopressors and admitted < 24 h to ICU were
included between November 2022 and June 2023. Patients were assessed simultaneously for fluid responsiveness
and VC at a single timepoint. Fluid responsiveness status, VC signals such as central venous pressure, estimation

of left ventricular filling pressures, lung, and abdominal ultrasound congestion indexes and relevant clinical data were
collected.

Results Ninety patients were included. Median age was 63 [45-71] years old, and median SOFA score was 9 [7-11].
Thirty-eight percent of the patients were fluid responsive (FR+), while 62% were fluid unresponsive (FR—). The most
prevalent diagnosis was sepsis (41%) followed by respiratory failure (22%). The prevalence of at least one VC sig-

nal was not significantly different between FR+and FR—groups (53% vs. 57%, p=0.69), as well as the proportion

of patients with 2 or 3 VC signals (15% vs. 21%, p=0.4). We found no association between fluid balance, CRT status,
or diagnostic group and the presence of VC signals.

Conclusions Venous congestion signals were prevalent in both fluid responsive and unresponsive critically ill
patients. The presence of venous congestion was not associated with fluid balance or diagnostic group. Further
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studies should assess the clinical relevance of these results and their potential impact on resuscitation and monitoring

practices.
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Introduction

Current practice guidelines recommend dynamic test-
ing to guide fluid resuscitation [1, 2]. In this context, fluid
responsiveness has been defined as a significant increase
in cardiac output after a fluid challenge [3]. Approxi-
mately, half of the patients admitted to the ICU are fluid
responsive (FR+) [4]. Integrating fluid responsiveness
assessment into clinical practice is safe [5], avoids inef-
fective fluid administration to fluid unresponsive patients
(FR-) patients [5], and may improve outcomes [6].

However, predicting fluid responsiveness presents cer-
tain clinical challenges. First, there are complex technical
aspects that may affect the diagnostic accuracy provided
by specific tests in different clinical contexts [7]. Second,
a common misconception emerges around the objectives
of fluid resuscitation that may result in administering flu-
ids until the patient becomes FR- [8]. Finally, there is a
general belief that FR+ patients do not develop venous
congestion (VC). Recent expert recommendations have
stressed the integration of both the concept of fluid
responsiveness and prevention of VC, or fluid tolerance,
during the early steps of resuscitation (salvage and opti-
mization phases) [9—11]. The final goal is to improve tis-
sue perfusion without increasing the risk of fluid-induced
harm, as the presence of VC has been associated with
impairment of organ perfusion and organ dysfunction
[12-14].

Signals of left- or right-sided VC, such as those
obtained from hemodynamic monitoring or bedside
ultrasound assessments, could further aid in tailoring this
process [15]. These include parameters such as central
venous pressure (CVP) measurement [12], estimation of
left ventricular filling pressures (such as E/e’ [16]), and
abdominal organs venous congestion indexes [17]. In the
same line, VC of the lung parenchyma could be estimated
by extravascular lung water (EVLW) indexes [18-20] or
noninvasively by lung ultrasound [21-23]. Abnormal val-
ues of these parameters have been associated with both
organ dysfunction and mortality [12, 14, 24—26].

Unfortunately, VC and fluid responsiveness have
mainly been studied as separate entities without con-
sidering that they may interrelate and share a common
ultimate goal, which is a safe and effective fluid resus-
citation [27, 28]. There is a paucity of data studying the
coexistence of fluid responsiveness and VC in critically
ill patients. Understanding this relationship could fur-
ther aid clinicians in personalizing fluid resuscitation

by integrating the benefits and side effects of intrave-
nous fluids into the decision-making process. This could
become particularly relevant to the subgroup of patients
who are both FR+and have signals of VC (i.e., fluid intol-
erant), as in this case, fluid resuscitation could produce
more harm than benefit [15].

The main objective of this clinical study was to compare
the prevalence of venous congestion signals in critically
ill FR+and FR- critically ill patients after ICU admission.
We hypothesized that FR+ patients would present signifi-
cantly fewer VC signals than FR- patients.

Materials and methods

We designed a multicenter, prospective, cross-sectional
observational study in three medical-surgical ICUs in
Chile (Hospital Clinico UC-Christus, Santiago; Hospital
de Quilpue, Quilpue, and Hospital Las Higueras, Talca-
huano). This study was conducted in accordance with the
1964 Declaration of Helsinki. The ethical review board of
each participating site approved this study (CEA-UC No:
220923006, CEC-HGF-SSVQ No: 02/2023; UAIB-HLH-
SST No: 3288). The requirement for informed consent
was waived owing the observational nature of the study.
This report followed the STROBE guidelines for observa-
tional studies.

Between November 2022 and June 2023, we included
consecutive patients aged > 18 years who required inva-
sive mechanical ventilation and vasopressor support.
The exclusion criteria were as follows: a) more than 24 h
after ICU admission, b) inadequate echographic window
precluding adequate ultrasound assessment, ¢) mechani-
cal circulatory support, d) pregnancy, e) chronic dialysis
[29], ) Child-Pugh C cirrhosis [30], g) prone position-
ing, and h) any limitation of life support at ICU admis-
sion. Eligible patients were assessed at a single time point
during the first 24 h after ICU admission, in which fluid
responsiveness status and VC signals were measured
simultaneously.

Clinical data registered included demographic varia-
bles, macrohemodynamic variables, vasoactive drug use,
mechanical ventilation parameters, severity scoring such
as admission SOFA and APACHE-II, baseline creatinine
and tissue perfusion-related variables such as arterial
lactate and capillary refill time (CRT), our hierarchical
endpoint for resuscitation [31-34]. Central venous pres-
sure (CVP) was measured depending on the presence of
a central venous catheter. Clinically relevant outcomes
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such as ICU length of stay (LOS), hospital LOS, vasopres-
sor infusion, mechanical ventilation, renal replacement
therapy duration, development of acute kidney injury
(AKI) at day 7, and 28-day mortality were also recorded.

The registered fluid balance (FB) was determined on
the basis of the ICU admission pathway. In patients arriv-
ing from the emergency room, FB was registered from ER
admission to the time point at which the study measure-
ments were performed. In patients who arrived from the
operating theater, FB was considered from the induction
of anesthesia until the study measurements. Finally, in
patients who arrived from the wards, step-down units, or
were already in the ICU for other clinical reasons, FB was
considered from the initial hemodynamic deterioration
until study measurements. Fluid boluses administered in
the 6 h after the study measurements and 24 h FB after
the study measurements were also registered.

Fluid responsiveness assessment

Fluid responsiveness was assessed using a pragmatic
approach according to the clinical context of the patient,
as described in previous studies [35, 36]. The physi-
cian could thus decide which was the most suitable test
choosing from either pulse pressure variation, stroke
volume variation, passive leg raising, or end expiratory
occlusion test, considering the presence of arrhythmias,
spontaneous ventilation, and the availability of monitor-
ing devices. The cut-off values for each test were defined
according to current recommendations [7], and compli-
ance with referred validity criteria was sought actively.
Whenever clinical doubts emerged either on the results
or applicability of a particular test, a second test was per-
formed to avoid inaccurate measurements.

Venous congestion assessment

For this study, we included assessments of venous con-
gestion that were noninvasive in nature and readily avail-
able at the bedside. Thus, we pragmatically considered
two signals of systemic venous congestion, namely CVP
and Venous EXcess UltraSound (VExUS) score, and two
signals of left-sided venous congestion, the ratio between
left ventricular E and lateral ¢’ Doppler waves (E/e’), and
lung ultrasound score [15, 37].

Trained operators performed ultrasound measure-
ments using Mindray M9 (Bio-Medical Electronics Co.,
Shenzhen, China) and SonoSite Edge II (Fyjifilm Sonosite
Inc., Bothell, WA, USA) ultrasound machines with con-
comitant electrocardiogram measurement. Before start-
ing the protocol, all ultrasound operators underwent a
training course on the VExUS grading system. Whenever
clinical doubts emerged on the ultrasound data inter-
pretation, videos were analyzed by two other independ-
ent operators, and consensus was sought. Data obtained
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from ultrasound measurements were available upon
request from the attending physicians.

Transthoracic cardiac ultrasound variables were
measured using a phased-array probe. They included
the left ventricular outflow tract velocity time integral
(VTI-LVOT), shortening fraction acquired from a short
parasternal axis, the ratio between the right and left ven-
tricular end-diastolic areas (RV/LV), tricuspid annular
plane systolic excursion (TAPSE), E/e, and inferior vena
cava (IVC) maximum diameter.

The VExXUS grading system with its independent com-
ponents (hepatic, portal, and renal veins) was recorded
using an abdominal convex probe according to the rec-
ommendations by Beaubien-Souligny et al. [17]. An eight-
quadrant lung ultrasound score (LUS) was measured. We
considered the selected LUS protocol to be both feasible
and safe, avoiding potentially hazardous mobilization
[38]. Each of the eight anterior quadrants was scanned
using a convex probe. Scores were assigned according to
the following criteria: 0, A-lines or fewer than two iso-
lated B-lines; 1, multiple well-defined B-lines; 2, multiple
coalescent B-lines; and 3, tissue pattern with dynamic air
bronchogram [21].

According to previously published cut-off values
related to prognostic values, the following were con-
sidered as VC criteria: CVP>12 mmHg [4, 12, 14, 39],
LUS>10 [40, 41], VExUS >1 [17], and lateral E/e’> 10 [16,
26]. For study purposes, VC was considered to be present
if at least one of these signals was positive. We also com-
pared the prevalence of FR and VC in patients who were
categorized as adequately resuscitated or not (accord-
ing to normal or abnormal CRT status at measurement
time).

Statistical analysis

Based on previous data from general ICU studies report-
ing fluid responsiveness status and any of the criteria
for VC [33, 42], we estimated the prevalence of at least
one VC signal in FR- to be 60% and 30% in FR+ patients,
respectively. Thus, we calculated the required sample size
of at least 84 patients for the trial to provide a statistical
power of 80% and an a-error of 0.05.

Data normality was assessed using the Kolmogo-
rov—Smirnov test. Descriptive statistics are presented
as median [interquartile range] or percentages. Mann—
Whitney U, Student’s t test, chi-square, Fisher’s exact,
and z-proportion tests were used when appropriate. Data
were analyzed with Prism 10.0 (GraphPad Software, La
Joya, CA) statistical package. Two-tailed p-value<0.05
was considered statistically significant.

As exploratory analyses, we compared the clinical char-
acteristics, fluid administration, and organ support dura-
tion of the four groups according to fluid responsiveness
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and VC status, namely FR+VC+, FR+VC-, FR-VC+and
FR-VC-. We calculated both univariate and multivariate
logistic regressions for 7-day AKI, including risk factors
with positive univariate associations, such as baseline
AKI, SOFA score, and previous fluid balance. Finally,
we also assessed the correlation between left- and right-
sided signals of venous congestion, namely LUS with E/e’
and VExUS with CVP.

Results

During the study, 90 critically ill patients were included
and followed-up for 28 days. The flow of the study is
shown in Additional file 1. Clinical characteristics and
outcomes are shown in Table 1. The median patient age
was 63 [45-71] years, and the SOFA score at admission
was 9 [7-11]. Fluid balance was 1200 [100-2637] ml,
norepinephrine dose was 0.11 [0.07-0.25] mcg/kg/min,
and 22% required a second vasoactive drug at the time
of the study. Forty-one percent of the patients had sep-
sis as the primary diagnosis on ICU admission, and 22%
presented with respiratory failure. Study measurements
were performed 7 [1-16] hours after ICU admission.

The following tests were used to assess fluid respon-
siveness: pulse pressure variation (65%), stroke volume
variation (18%), passive leg-raising maneuver with car-
diac output assessment (14%), and end expiratory occlu-
sion test (3%). Thirty-eight percent of the patients were
FR+, while 62% were FR-. 11% of patients required a
second test to confirm FR status. At the time of assess-
ment, 18 patients (20%) did not have a central venous
catheter in the subclavian or jugular position; therefore,
no CVP measurements were available. Patients without
CVP measurements were distributed equally between the
FR+ (8) and FR- groups (10). All patients had a complete
set of cardiac, lung and VexUS ultrasound measurements.

The proportion of patients with at least one VC sig-
nal was not significantly different between FR+and FR-
groups, as shown in Fig. 1 (53% vs. 57%, p=0.69). The
proportion of patients with two or three VC signals was
distributed similarly, as well (15% vs. 21%, p=0.4). Addi-
tional file 2 shows the prevalence of individual altered VC
signals in the FR+and FR- groups.

Table 2 compares FR+and FR- patients in terms of key
clinical, echocardiographic, and venous congestion vari-
ables. Notably, no difference in fluid balance was found
among the patients with 0, 1 or 2-3 VC signals (Fig. 2).
There were no other statistically significant differences
in the key clinical and echocardiographic characteristics
between patients with and without venous congestion, as
shown in Additional files 3 and 4.

Additional file 5 shows the distribution of FR and VC
signals on patients with normal and abnormal CRT at
measurement, with similar trends than those of the
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Table 1 Baseline demographic variables, severity scoring, and
outcomes of patients included

28-day mortality (%)

Variable Value
Baseline
Age (years) 63 [45-71]
Sex (Female/Male) 49/51%
Weight (kg) 71.5[64.2-82.5]
APACHE-II score 17 [12-22]
Baseline SOFA score 9[7-11]
Main admission diagnosis %(n)
- Sepsis 41% (37)
- Respiratory failure 22% (20)
- Surgical 13% (12)
- Neurological 9% (8)
- Hemorrhagic shock 7% (6)
- Decompensated heart failure 2% (2)
- Other 6% (5)
Fluid balance (mL) 1200 [100-2637]
Baseline creatinine (mmol/L) 1.2 [0.8-1.76]
AKI at admission (KDIGO 1-3) (%) 48% (43/90)
Norepinephrine dose (mcg/kg/min) 0.11[0.07-0.25]
2nd vasoactive drug use (%) 22% (20/90)
Arterial Lactate (mmol/L) 1.93[1.3-5.2]
Capillary Refill Time (secs) 3[2-5]
Pa0O2/FiO2 ratio 251 [175-335]
PEEP (cmH20) 6 [5-8]
Outcomes
AKl day 7 (KDIGO 1-3) (%) 49% (44/90)
Renal replacement therapy 18% (16/90)
Vasopressor duration (days) 42-7]
MV duration (days) 7[3-13]
ICU LOS (days) 13 [6-25]
Hospital LOS (days) 25 [14-40]

21% (19/90)

PEEP Positive end expiratory pressure; AKI Acute kidney injury; KDIGO Kidney
disease improving global outcomes; MV Mechanical ventilation; ICU Intensive
care unit; LOS Length of stay

whole cohort. No significant differences were found on
the prevalence of FR+status (33% vs 44%, p=0.27), any
VC signals (53% vs 56%, p=0.83) or 2-3 signals (26% vs
11%, p=0.1) among patients with normal and abnormal
CRT.

An exploratory analysis comparing clinical characteris-
tics, fluid therapy, and organ support of the four groups
according to fluid responsiveness and VC status is shown
in Additional file 6. The FR+VC+group had an OR of
AKI on day 7 of 4.33 [1.21-17.4], which was confirmed
in the multivariate analysis (Additional file 7). Figure 3
depicts the incidence of AKI on day 7 in the four study
groups. Additional file 8 shows that there is a statistically
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90 patients
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Fig. 1 Prevalence of venous congestion signals in fluid responsive and unresponsive patients

significant difference on CVP readings between patients
with normal and abnormal VExUS score, while no differ-
ence was found between E/e’ measurements in patients
with LUS score higher or lower than 10.

There was no significant difference in the proportion
of VC signals between FR+and FR- patients in the two
most prevalent diagnostic groups: sepsis (62% vs. 67%,
p=0.75) and respiratory failure (60% vs. 50%, p=0.7)
(Additional file 9).

Discussion
The main results of this study can be summarized as fol-
lows: In a cohort of mechanically ventilated patients
with acute circulatory dysfunction assessed within 24 h
of ICU admission, the prevalence of venous congestion
signals was high and independent of fluid responsiveness
status. We found no association between fluid balance or
diagnosis and the presence of venous congestion signals.
This proof-of-concept study highlights the importance
of early assessment of both fluid responsiveness and
(fluid) tolerance in acute critically ill patients. Potential
fluid intolerance could be identified by early venous con-
gestion signals, such as those used in this study. In fact,

different authors have suggested pondering both the ben-
eficial and detrimental effects of fluids in a wide variety
of clinical contexts [9, 11, 27, 28]. This becomes particu-
larly relevant in FR+ patients as they are more likely to
receive higher amounts of resuscitation fluids because of
the common belief that this state precludes fluid-induced
harm. In our cohort, unexpectedly, more than half of
the FR+ patients could be considered as potentially fluid
intolerant as they had at least one VC signal and approxi-
mately one-quarter had two or more. Moreover, this sub-
set of patients presented with higher odds of developing
AKI at seven days. If confirmed, our results may prompt
clinicians to increase their awareness of the potential
dangers of fluid administration even in fluid responsive
patients.

Even though all patients were assessed during the first
24 h of ICU admission, relying on the temporary frame-
work might provide a rather linear view of the resuscita-
tion process, especially in septic patients or respiratory
failure patients, in which the start of the clinical insult
is usually unknown and highly variable. Thus, the com-
plementary analysis FR and VC under the optics of the
adequacy of resuscitation, according to tissue perfusion
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Table 2 Key hemodynamic, echocardiographic variables, and venous congestion signals according to fluid responsiveness status

FR+ FR— p-value

Number 34 56
Fluid Balance (mL) 1664 [400-3212] 1015 [50-2110] 0.14
Norepinephrine dose (mcg/kg/min) 0.14[0.09-0.31] 0.1[0.07-0.22] 0.049
Lactate (mmol/L) 1.8[1.4-538] 24[1.2-4.5] 0.91
CRT (secs) 4 [2-5] 3[2-4] 0.18
PEEP (cmH20) 6 [5-8] 7 [5-8] 06
Fluid boluses after study measurement (mL) 250 [0-500] 0[0-0] 0.02
24 h Fluid balance after study measurement (mL) 1100 [-200—2260] 480 [-950—900] 0.046
Baseline creatinine (mg/dL) 1.42[0.81-2.25] 1.1[0.8-1.6] 0.24
AKI at admission (KDIGO 1-3) (%) 56% (19) 43% (24) 0.22
Echocardiographic variables

VTI-LVOT 18 [15-20] 21[16.6-23] 0.03

LV-FAC (%) 60 [50-70] 61 [46-89] 0.68

TAPSE (mm) 19.5[17.3-23] 20 [18-24] 052

RV/LV area > 0.6 (%) 15% 29% 02
Venous congestion signals

CVP (mmHag) 9[4-12] 10 [7-13] 0.45

LUS (n) 2 [0-6] 2 [0-8] 0.5

VExUS (n) 0[0-1] 1[0-1] 0.006

E/e'ratio 7.1 [5.6-8.7] 6.5[5.1-8.1] 038

CRT capillary refill time; PEEP positive end expiratory pressure; VTI-LVOT velocity time integral of the left ventricular outflow tract; LV-FAC left ventricular fractional area
change; TAPSE tricuspid annular plane systolic excursion; RV right ventricle; LV left ventricle; CVP central venous pressure: LUS lung ultrasound score; VeXUS Venous

excess ultrasound score; E/e ratio ratio between early mitral inflow velocity and mitral annular early diastolic velocity

15000 *
. 100-
’JE\ .
10000-
: . . ~ 754
g : : g_
s 5000 SS so-
m —
T, <
E . : 25-
™ : :
p-value: 0.41
-5000 T T T 0- T T
0 1 2-3 FR+VC+ FR+VC- FR-VC+ FR-VC-

Venous congestion signals (n)

Fig. 2 Fluid balance distribution according to the number of venous
congestion signals present

signals, could provide an alternative and interesting lec-
ture on the data. Of remark, while the prevalence of FR
and VC signals distributed similarly among patients with
normal and abnormal CRT (Additional file 5), the clinical
interpretation of these results could be divergent. In the
former group, the presence of FR- state or the presence
of VC signals could trigger clinicians to prompt de-esca-
lation of fluid therapy [2], while on patient still hypoper-
fused with FR+and VC signals, deployment of alternative

*p=0.026, X? for trend

Fig. 3 Incidence of acute kidney injury at day 7 according to fluid
responsiveness and venous congestion state. FR+: Fluid Responsive;
FR-: fluid unresponsive; VC: venous congestion; AKI: acute kidney
injury

resuscitation strategies could provide a safer resuscita-
tion framework.

Although there is no consensus on how to comprehen-
sively assess systemic or pulmonary congestion, diverse
methods have been proposed [37], each with their inher-
ent limitations. In this study, we chose different tech-
niques which had in common that they were readily
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available and noninvasive, to address the presence of VC.
The VExUS score was originally described in postopera-
tive cardiovascular patients and showed strong prognos-
tic significance [17]. However, its use in other scenarios
has scant and divergent evidence [43]. Andrei et al. found
a prevalence of abnormal VExUS score of 22% in a cohort
of general critically ill patients at ICU admission without
any correlation with AKI or mortality [44]. In contrast,
ultrasound patterns of hepato-splanchnic venous con-
gestion correlated with worse clinical outcomes in acute
coronary [45] and septic patients [46]. Even though we
found a positive association between altered VExUS and
CVP, a known signal of VC and risk factor for adverse
outcomes [12, 47], and in line with previous reports [43],
future studies should help to determine the best sensi-
tivity, specificity and prognostic values of VexUS com-
ponents in other high-risk critically ill patients, such as
those with septic shock, RV failure or ARDS [48].

Surrogates of ventricular filling pressures, such as lat-
eral E/e’, could aid in identifying left-sided venous con-
gestion. However, this assessment may require advanced
technical skills hindering its external applicability [49].
LUS, on the other hand, is a much simpler and accessi-
ble technique that correlates well with other signals of
VC such as high CVP, high fluid balance and ventricular
dysfunction [23, 24]. In our study, even though 20% of
patients had altered LUS patterns, median left ventricular
filling pressures as assessed by E/e’ values were relatively
low, with no association between them (Additional file 8).
Thus, the relationship between VC and altered LUS could
be impacted by other factors, such as intrinsic respiratory
diseases that alter lung permeability or consolidates lung
parenchyma [38].

Nevertheless, evidence of lung ultrasounds’ usefulness
as a monitoring technique for the resuscitation period
could be obtained by the data derived from studies from
Caltabeloti et al. In a cohort of patients with septic shock
and respiratory failure with relatively low left ventricu-
lar filling pressures (similar to our results), they dem-
onstrated the ability of LUS to track rapid changes on
lung aeration during resuscitation [50]. LUS increased
significantly after 1000 ml of saline were administered
in 30 min, a similar pattern as found by Aman et al. who
assessed EVLWi kinetics during fluid loading [19]. Thus,
dynamic changes could provide valuable insights of
potential fluid intolerance.

The high prevalence of VC in FR+ patients at ICU
admission could be viewed as a paradox, especially in
the current context of moderate positive fluid balances,
nonetheless, recent reports from emergency medicine
and early ICU admission have shown similar trends [44,
51]. Elucidating why some patients develop early con-
gestion signals, even though they are FR+, remains
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challenging. Potential factors include specific disease
processes, diastolic or systolic cardiac dysfunction,
endothelial and glycocalyx integrity, inflammatory phe-
nomena, and baseline clinical and demographic char-
acteristics [15].This could partly explain why arithmetic
fluid balance was not correlated with the presence of
VC signals. The fluid tolerance concept [11, 15, 27] pro-
vides a novel framework that intends to identify and raise
awareness of patients at risk of fluid-induced end—organ
damage during the salvage and optimization phases of
resuscitation, through available and complementary tools
at the bedside [15], which go beyond from relying only on
accumulated fluid balance.

There are many limitations that should be mentioned
in our study design. First, fluid responsiveness and VC
assessments were performed at a single timepoint, with-
out addressing temporal evolution of these parameters.
Second, the dichotomization of variables of VC and fluid
responsiveness (along with their proposed cut-off values)
could be criticized, since they are biological processes
with continuous risk distribution; however, this was per-
formed intentionally to answer the research question
with a pragmatic approach, and cut-offs were selected
based on the association with relevant clinical outcomes,
while multiple precautions were taken in both the assess-
ment of FR and VC to increase precision. In the same
line, it could be criticized that we did not perform fluid
challenges with direct cardiac output assessment to diag-
nose FR, a highly accurate technique to assess the posi-
tion of the patient on the Frank Starling curve. Moreover,
the observational nature of our study precluded this
diagnostic alternative, since the administration of fluids
in FR- patients as a diagnostic test could have potential
deleterious effects, like inducing or exacerbating fluid-
induced harm. In the same line, contemporary research
endeavors have used alternative approaches that avoid
ineffective fluid administration for diagnostic accuracy
studies of fluid responsiveness, diverging as well from
these technique [52]. Fourth, other invasive techniques
such as continuous cardiac output monitoring, EVLW
indexes or quantification of lung aeration through CT
scans were not considered as they were not part of rou-
tine care in our context.

This study opens the opportunity to better under-
stand the complexities of fluid resuscitation in critically
ill patients. Future studies should assess the evolution
of fluid responsiveness and VC throughout the resusci-
tation process, especially in high-risk contexts, such as
septic shock, RV failure or ARDS. In the same line, other
monitoring variables, either metabolic (i.e., pro-BNP) or
derived from advanced cardiovascular monitoring (i.e.,
EVLWI) could provide relevant information. Finally, inte-
gration of these concepts into resuscitation algorithms
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could provide new tools for the personalization of resus-
citation, avoid adverse events, and should be tested in
prospective interventional trials.

Conclusions

Venous congestion signals were prevalent in both fluid
responsive and unresponsive critically ill patients. The
presence of venous congestion was not associated
with fluid balance or diagnostic group. Further studies
should assess the clinical relevance of these results and
their potential impact on resuscitation and monitoring
practices.

Abbreviations

FR+ Fluid responsive

FR— Fluid unresponsive

ICU Intensive care unit

VC Venous congestion

Cvp Central venous pressure
EVLW Extravascular lung water

EVLWi Extravascular lung water index
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