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Abstract
Introduction: This study evaluates the impact of Fluid Balance (FB) patterns on outcomes after
Orthotopic Liver Transplantation (OLT). It hypothesizes that deviations from optimal FB increase
morbidity.
Methods: In a single-center cohort post hoc analysis of 73 post-OLT patients, FB was categorized
into three groups based on cumulative FB at 72 hours: Lowest (negative FB), Intermediate (0-
2000 mL), and Highest (> 2000 mL). We analyzed Sequential Organ Failure Assessment (SOFA)
scores, mortality rates, and causes of death. Logistic regression identified mortality predictors.
Results: The Highest FB group had the highest SOFA scores and mortality (Group “Lo”: 18.2%,
Group “In”: 8.6%, Group “Hi”: 40.5%, p = 0.009). A U-shaped relationship between FB and hospi-
tal mortality was observed, with extremes of FB associated with higher mortality. Cumulative FB
independently predicted all-cause mortality with a 29.5% increase in the risk of death. FB on day
3 also predicted all-cause mortality, increasing the risk by 83.9%. Furthermore, FB on day 1 was
linked to a 134.5% increase in the risk of death due to primary non-function of the liver. SOFALIVER
score strongly predicted all-cause mortality, with a one-point increase associated with a 98.8% to
114.7% increase in mortality risk.
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Discussion: These findings suggest that both negative and positive extremes of FB are associated
with worse outcomes after OLT, reinforcing the U-shaped relationship between FB and mortality.
Our results underscore the importance of balanced fluid management, particularly in the early
postoperative period. The study highlights the need for individualized FB strategies to optimize
organ function and reduce mortality. The use of SOFALIVER scores as a predictor of mortality fur-
ther emphasizes the importance of liver function monitoring in post-OLT patients. However, the
single-centre design and convenience sample limit the generalizability of our findings, necessi-
tating validation through multicenter studies.
Conclusion: Our study provides valuable insights into the relationship between FB patterns and
mortality in OLT patients. Both negative and positive extremes of FB are associated with higher
mortality, suggesting the need for a balanced and individualized fluid management approach.
The strong predictive value of SOFALIVER scores for all-cause mortality highlights the importance
of early and continuous monitoring of liver function. Future multicenter randomized controlled
trials are needed to validate these findings and develop optimized fluid management protocols
for OLT patients.
© 2025 Sociedade Brasileira de Anestesiologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Liver transplantation is a life-saving procedure for patients
with end-stage liver disease, offering a chance for improved
quality of life and survival.1 However, the perioperative
period poses significant challenges, including managing Fluid
Balance (FB), which can profoundly affect patient out-
comes.2 Fluid overload, in particular, has emerged as a rec-
ognized risk factor in critically ill patients, contributing to
organ dysfunction and mortality.3-6 While the detrimental
effects of fluid overload are well-documented in various
clinical settings, such as sepsis,7-9 trauma,10,11 and gastroin-
testinal surgeries,1-3 its implications in the context of Ortho-
topic Liver Transplantation (OLT) remain less explored.15

Studies in major surgeries have shown that both hypovo-
lemia and hypervolemia can lead to worse outcomes and
more complications, potentially due to inadequate hemody-
namic optimization during the perioperative period.16 Evi-
dence suggests a U- or J-shaped relationship between risk
and volume loading, where perioperative risk decreases
with increasing volume load until a critical point, beyond
which further volume loading escalates the risk of morbidity
and mortality.13,17 However, few studies have examined the
impact of volume loading in the early postoperative period
of OLT in adults (OLT).15,18-20 Abrupt shifts in vascular tone,
volume status, and inflammatory responses characterize this
period, significantly affecting organ perfusion and recovery.
It is particularly relevant to study this period because it
coincides with the first phases of fluid resuscitation, which
typically unfold within the first 48 to 72 hours: resuscitation
(rapid fluid administration for stability), optimization (fine-
tuning for perfusion) and stabilization (maintaining balance
and preventing overload).13 Careful fluid management dur-
ing this window may help avoid fluid overload, potentially
facilitating a more efficient transition through these phases
and improving overall recovery.

We postulate that similar patterns of worse outcomes
associated with extremes of FB may occur after liver trans-
plants. This study aims to evaluate FB patterns in the early
postoperative period and their correlation with organ dys-
function/failure and mortality following liver transplanta-
tion. We hypothesize that deviations from optimal FB may
2

contribute to adverse outcomes, including organ dysfunction
and mortality. Furthermore, we aim to identify potential
predictors of mortality, including cumulative FB and its tem-
poral evolution in the early post-transplant period.
Material and methods

Study design

This is an exploratory post hoc analysis of an observational
cohort study4 in a convenience sample of adult patients con-
secutively admitted to an ICU from a university public ter-
tiary hospital.

Ethics

The study was approved by the institutional review board
and the local institutional ethics committee (approval num-
ber CAAE 51448015.8.0000.5415). Before inclusion, written
informed consent was obtained from the patient or the next
of kin. In reporting, we followed the STROBE guidelines.21

Participants

All consecutive adult patients (> 18 years) admitted postop-
eratively after OLT in the ICU of S~ao Jos�e do Rio Preto, S~ao
Paulo, Brazil, from December 1st, 2015, to December 31st,
2016, were considered for inclusion in the study. Exclusion
criteria included acute or chronic kidney disease, hepatore-
nal syndrome, reoperation, and ICU LOS lower than 48h.

Outcomes

The primary outcome was cumulative FB in the first three
days after Orthotopic Liver Transplantation (OLT) and its
relation to organ dysfunction/failure and hospital all-cause
mortality. Secondary endpoints included evaluating Sequen-
tial Organ Failure Assessment (SOFA) scores as a measure of
organ dysfunction concerning accumulated FB and compar-
ing SOFA scores between survivors and non-survivors to
assess the impact of FB on organ function and mortality.

http://creativecommons.org/licenses/by/4.0/


Figure 1 Flowchart, depicting the selection and stratification
process of the study’s patients. AKI, Acute Kidney Injury; FB,
Fluid Balance; ICU, Intensive Care Unit.
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Data collection

The primary study20 describes data collection and management,
and we prospectively collected all data, ensuring no missing
data. In brief, we gathered various parameters related to FB,
organ function, and clinical outcomes in patients admitted to
the ICU after OLT. This included age, comorbidities, type of sur-
gery, American Society of Anesthesiologists Physical Status
(ASA-PS) classification,22 MELD Score,23 Simplified Acute Physiol-
ogy Score III scores (SAPS3)24 on admission, daily use of vasoac-
tive drugs and mechanical ventilation. We also calculated the
cumulative FB over 3 days. Parameters such as serum creatinine
levels, urine output, and SOFA scores25 (assessing Cardiovascular
[CV], Respiratory [RESP], coagulation, liver, neurologic, and
renal systems) were also monitored daily. Based on predefined
criteria, we defined Intra-Abdominal Hypertension (IAH),
Abdominal Compartment Syndrome (ACS), Acute Kidney Injury
(AKI), and organ failure. We recorded admission data from the
day of ICU admission until 23:59 hours as Day 1 (D1), Day 2 (D2),
and Day 3 (D3) referred to the subsequent two days.

Daily FB was the daily sum of all intakes (such as crystal-
loids, colloids, drugs in solution, blood derivatives, and fluids
via nasogastric tube) minus the output (diuresis, bleeding, dial-
ysis, and drainage). The cumulative FB was the sum of daily FB
over 3 days.20,26 Furthermore, we assessed intra-abdominal
pressure values concerning different FB groups. Patients were
stratified into three distinct groups according to their patterns
of accumulated FB after 72 hours of liver transplantation:
Group Lowest (“Lo”) ‒ negative FB, Group Intermediate (“In”)
‒ FB: 0−2000 mL; Group Highest (“Hi”) ‒ FB > 2000 mL.

SOFA scores were determined on D1, D2 and D3. Hi and
mean SOFA scores were calculated using the 3-day FB val-
ues.27 Delta SOFA D2 was SOFA D2 minus SOFA D1. Delta SOFA
D3 was SOFA D3 minus SOFA D1. We followed patients until
discharge or death, monitoring parameters and outcomes
throughout their hospital stay.

The causes of mortality, such as sepsis, Multiple Organ
Failure (MOF), and Primary Non-Function (PNF) of the liver,
were retrieved from the case record forms.20

Statistics

We presented categorical variables as frequencies and percen-
tages and quantitative variables as medians and Interquartile
Ranges (IQR). We analyzed categorical variables using Pearson’s
Chi-squared test (x2) or Fisher’s exact test. We analyzed contin-
uous variables using the Kruskal-Wallis test adjusted for ties or
using General Linear Model (GLM) with random effects for data
with a non-Gaussian distribution. Univariate and multivariate
logistic regression (forward stepwise) analyses were performed
to determine the independent predictors of all-cause mortality
and mortality due to PNF of the liver (dependent variables).
The independent variables selected for entering the binary
logistic regression analysis were chosen by a p-value < 0.25 in
the univariate analysis for all-cause mortality and death to PNF
(Table S1). The variables tested were age, SOFALIVER, SOFARESP,
FB D1, FB d3 and accumulated FB. MELD was forced in the
model despite p > 0.25. We evaluated the variables separately,
first for accumulated FB (Model 1) and then for FB on D1 and D3
(Model 2) as independent predictors of death in the logistic
regression to determine when fluid use became more deleteri-
ous. We conducted Variance Inflation Factor (VIF) analysis to
3

test multicollinearity for all covariates. VIF < 1.5 suggests no
multicollinearity. While for multivariate analysis, a ratio of 1
covariate per 10 to 20 outcomes is usually preferred, we fol-
lowed the recommendations from van Smeden et al.,28 which
indicates no rigid justification for the ratio of 1 covariate per 10
events for binary logistic regression analysis. The adjusted Odds
Ratio (OR) and 95% Confidence Intervals (95% CIs) were calcu-
lated for the predictors. We considered a p-value < 0.05 statis-
tically significant. The software packages used for statistical
analyses included IBM SPSS Statistics (version 25.0), R (version
3.4.1) and Minitab 17 Statistical Software.
Results

During the study period, we admitted 108 patients to the ICU
after OLTand enrolled 73 of them. Twenty-five patients were
excluded, including those with acute or chronic kidney dis-
ease (n = 15), length-of-stay lower than 48h (n = 12), hepa-
torenal syndrome (n = 12), reoperation (n = 2), and liver and
kidney transplant (n = 1) (Fig. 1).

Among the 73 patients included in the study, the mean
age was 51.5 § 12 years and the median [IQR] MELD 177-37

(Table 1). A total of 11 patients (15%) were included in Group
“Lo” with a median [IQR] accumulated FB of -184 mL [-992,
-144 mL], 25 patients (34.2%) in Group “In” with 1167 mL
[784,1167 mL] and 35 patients (50.7%) in Group “Hi” with
3726 mL [3144‒5729 mL]. Groups “In” and “Hi” presented
greater intra-abdominal pressure values with a trend toward
statistical significance in comparison to the “Lo” Group.

SOFA scores according to accumulated fluid balance

Median [IQR] SOFA scores for the 3 groups on days 1, 2, and 3
are shown in Table 1 and Figure 2. Group “Hi” had higher



Table 1 Baseline clinical characteristics, SOFA scores and mortality in the groups according to accumulated fluid balance.

All (n = 73) Group
Lowest “Li” (n = 11)

Group
Intermediate “In”
(n = 25)

Group
Highest “Hi”
(n = 37)

p-value

Age, years 53 (48-61) 57 (48-60) 52 (43-58) 0.341
Weight, Kg 75.6 § 17.3 70.9 § 17.3 79.1 § 17.4 0.847
FB cumulative (L) -0.2 [-1.0‒0.1] 1.2 [0.8‒1.4] 3.7 [3.1‒5.7] < 0.001
MELD 16 [10-21] 15.9 [12-20] 17.4 [11-21] 0.47
Child A (n, %) 3 (27%) 9 (36%) 11 (29%) 0.046
Child B (n, %) 3 (27%) 4 (16%) 16 (43%) 0.385
Child C (n, %) 5 (45%) 12 (48%) 10 (27%) 0.929
IAP D1 9.0 § 3.4 11.0 § 3.9 12.3 § 4.1 0.054
IAP D2 10 § 1.6 11 § 3.7 12.6 § 4.1 0.073
IAP D3 11 § 6.9 11.6 § 4.1 12.6 § 4.4 0.489
SOFA scores and outcomes
SOFA D1 8 [6; 11] 6 [5,8] 8 [6,10] 10 [5,12] 0.113
SOFA D2 7 [5,11] 6 [4,10] 6 [4.5, 9] 9 [5,12] 0.061
SOFA D3 7 [5,10] 6 [5,8] 5 [5,7.5] 7 [6,11] 0.021
SOFA mean 7.3 [5.7, 10.0] 6.0 [4.7, 9.3] 6.3 [5.7, 8.7] 8.3 [5.8, 12.0] < 0.001
SOFA max* 8 [5.5, 9.0] 6 [6,10] 8 [6,10] 10 [7,13] 0.013
Delta SOFA D2 0 [-2, 1] 0 [0; 2] -1 [-2;1] 0 [-2, 1] 0.193
Delta SOFA D3 0 [-3; 1.5] 0 [-2; 1] -1 [-3; 0.5] 0 [-3; 2] 0.281
SOFA CV D1 3 [0,4] 0 [0,3] 4 [0,4] 3 [2,4] 0.026
SOFA CV D2 0 [0,3] 0 [0,0] 0 [0,3] 3 [0,3, 5] 0.067
SOFA CV D3 0 [0; 1, 5] 0 [0,0] 0 [0,0] 0 [0,3] 0.060
SOFA RESP D1 1 [0,1] 1 [0,1] 1 [0,1] 1 [0,2] 0.126
SOFA RESP D2 1 [0,1] 0 [0,1] 0 [0,1] 1 [0,1] 0.585
SOFA RESP D3 1 [0,1] 0 [0,1] 0 [0,1] 1 [0,1] 0.348
SOFA RENAL D1 1 [0,1] 0 [0,1] 1 [0,1] 1 [0,2] 0.446
SOFA RENAL D2 1 [0,2] 1 [0,2] 1 [0,2] 1 [0,5; 2] 0.390
SOFA RENAL D3 1 [0,2] 1 [0,2] 1 [0,2] 1 [1,2] 0.208
LOS ICU, (Days) 3 [2,6] 3 [2,6] 2 [1,5] 5 [2,6] 0.129
Mortality rate (%) 19 (26.0) 2 (18.2) 2 (8.6] 15 (40.5) 0.009
Death due to PNF (%) 8 (11.0) 1 (9.1) 0 (0) 7 (18.9) 0.023

MELD, Model for End-Stage Liver Disease; IAP, Intra-Abdominal Pressure; SOFA, Sequential Organ Failure Assessment; FB, Fluid Balance.
Liter, L; LOS, Length of Stay; PNF, Primary Non-Function of the liver. Numbers are presented as n (%) or median and 25%; 75% IQR.
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SOFA score values on days 1, 2 and 3. Group “In” had decreas-
ing SOFA scores on days 2 and 3 relative to Day 1 and negative
values for delta SOFA D2 and delta SOFA D3. Group “Hi” had
the highest value of mean SOFA score (Group “Lo”: 6 [4.7,
9.3], Group “In”: 6.3 [5.7, 8.7], Group “Hi”: 8.3 [5.8, 12.0]; p
< 0.001). Group “Hi” had a significantly higher SOFAmax on
day 3 (7 [6‒11]) in comparison to groups “Lo” (6 [6,10]) and
“In” (5 [5‒7.5]) (p = 0.021). On day 1, the cardiovascular
SOFA score was significantly higher in groups “In” (4 [0‒4] and
“Hi” (3 [2‒4] than in Group “Lo” (0 [0‒3]) (p = 0.026) but
declined from a median of 4 to 0 in Group “In”, but not in
Group “Hi” (Table 1). There were no significant differences
between the respiratory and renal components of the SOFA
score.

FB and SOFA scores in survivors and non-survivors

A total of 19 patients (26%) died (Group “Lo”: two patients
(18.2%), Group “In”: two patients (8.6%), Group “Hi”: 15
patients (40.5%), p = 0.009) (Table 1, Fig. 3). The leading
cause of death was sepsis and MOF in 11 patients (one
patient in Group “Lo”, two patients in Group “In” and eight
patients in Group “Hi”). Primary non-function was the cause
4

of death in 8 patients (9%), [one patient in Group “Lo” and
seven patients in Group “Hi” (19%), p = 0.023, Fig. 4].
Table S1 show the clinical characteristics, FB, and SOFA
score in patients who were discharged alive versus those
who experienced all-cause mortality or death due to PNF of
the liver. Patients who died had a significantly higher accu-
mulated three days FB with 3542 mL [2018‒5847 mL] vs.
1467 mL [513‒3409 mL] (p = 0.013). Total SOFA scores were
significantly higher in non-survivors than in survivors (day 1:
11 [8‒13] vs. 8 [5-8], p = 0.009, day 2: 12 [7-12] vs. 6 [5‒9],
p = 0.006, day 3: 8 [6‒13] vs. 6 [5‒9], p = 0.013, survivors vs.
non-survivors, respectively). Mean SOFA score (9.7 [7‒12]
vs. 6.1 [5.7‒13.7], p = 0.005) and SOFAmax score (12 [9-14]
vs. 8 [6-10], p = 0.003) were also significantly higher in non-
survivors (Table 1).

Independent predictors of mortality

To determine predictive relationships, binary logistic regres-
sion analysis was performed. Cumulative FB was an indepen-
dent predictor of all-cause mortality (OR = 1.295, 95% CI
1.024; 1.638, p = 0.026). FB-D3 predicted all-cause mortality
(OR = 1.839, 95% CI 1.0003‒3.509; p = 0.046) (Table 2). FB-



Figure 2 Boxplot of SOFAD1_1; SOFAD2_1; SOFAD3 in the
groups ‘Lowest”, ‘Intermediate’ and ‘Highest’ FB. The image is
a box plot that compares SOFA scores across three different
time points: D1, D2, and D3. The box plots for each group show
the median SOFA score (the line inside the box), the Interquar-
tile Range (IQR, represented by the length of the box), and the
range (the “whiskers” extending from the top and bottom of the
box). Asterisks indicate outliers. The small circles within the
boxes represent the mean SOFA scores. The SOFA score is plot-
ted on the y-axis, ranging from 0 to 18. For each time point (D1,
D2, D3), the plot labeled ‘1’ correspond to group Lowest, ‘2’ to
Group Intermediate, ‘3’ group Highest. D1: Day 1; D2: Day 2;
D3: Day 3; SOFA, Sequential Organ Failure Assessment.

Figure 4 Box plot of SOFA scores in survivors and non-survi-
vors. Image of a box plot comparing SOFA scores over time
between survivors (White) and non-survivors (Gray). This plot
includes several boxes that represent different time points (D1,
D2, D3), along with an aggregate measure of the mean and the
maximum values. Each box plot shows the median SOFA score
(indicated by the line inside the box), the interquartile range
(the box itself), and the overall range excluding outliers (the
“whiskers” extending from the top and bottom of the box). Out-
liers are marked with asterisks. The circles inside represent the
median [25%‒75%] SOFA scores for each category. D1: Day 1; D2:
Day 2; D3: Day 3; SOFA, Sequential Organ Failure Assessment.
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D1 was predictive of death due to primary-non function of
the liver (OR = 2.345, 95% CI 1.132; 4.860, p = 0.014). SOFA-
LIVER predicted all-cause mortality (Model 1: OR = 1.988, 95%
CI 1.181; 3.345; p = 0.006; Model 2: OR = 2.147, 95% CI
1.239; 3.7215, p = 0.003).

Post-hoc power analysis

As our study was based on a convenience sample, a post-hoc
power analysis was conducted to evaluate its ability to
Figure 3 Hospital mortality rates of OLT patients after ICU
admission. The image is a bar chart with an overlaid line graph
that illustrates the mortality rates for three different groups of
patients. Each bar represents a group, labeled as Group 1
(“Lo”), Group 2 (“In”), and Group 3 (“Hi”). The mortality rates
are indicated by the height of the bars as well as by percentages
labelled on the corresponding points on the line graph, which
connects these percentages across the groups. The y-axis of the
chart indicates the mortality rate percentages, ranging from 0%
to 45%.

5

detect observed mortality differences between groups. The
power is low (19%−32%) for detecting differences between
Group 1 and Group 2, indicating a high risk of a Type II error.
It increased to moderate (55%−69%) for comparisons
between Group 1 and Group 3, but remained insufficient
for strong conclusions. In contrast, the power was high
(97%−99%) for Group 2 vs. Group 3, suggesting a reliable
detection of differences.
Discussion

This exploratory study’s main findings indicate that lower
and higher extremes of FB were associated with a greater
degree of organ failure over time and increased mortality
rates. Cumulative FB emerged as an independent predictor
of all-cause mortality, as well as mortality specifically due
to PNF of the liver. Additionally, FB on day 3 was indepen-
dently associated with all-cause mortality. In contrast, FB on
days 1 and 3 was independently linked to primary liver dys-
function or failure as a cause of death.

Higher values of SOFA score mean SOFA and SOFAmax in
patients from Group “Hi” clearly indicated an association
between a higher degree of organ dysfunction/failure over
time and FB. The mean SOFA score indicates the average
degree of organ failure over time. SOFAmax is related to a
critical point at which patients exhibit more organ dysfunc-
tion during their ICU stay. Calculations of delta SOFA D2 and
delta SOFA D3 can point to improvements in organ func-
tion.27 Therefore, the negative values for delta SOFA in
Group “In” on days 2 and 3 may indicate a quicker resolution
of organ dysfunction/failure in this group and better out-
comes. In addition, SOFACV declined from a median of 4 to 0



Table 2 Logistic regression analysis with all-cause mortality and mortality due to primary non-function of the liver as dependent
variables.

Univariate Multivariate

Variables OR 95% CI p-value OR 95% CI p-value

All-cause mortality
Model 1
Cum FB 1.289 1.005; 1.654 0.039 1.295 1.0248; 1.6381 0.026
SOFARESP 1.041 0.492; 2.149 0.916
SOFAHEPA 2.054 1.171; 3; 603 0.007 1.988 1.181; 3.345 0.006
MELD 0.979 0.891; 1.077 0.676
Model 2
FB D1 1.353 0.789; 2.319 0.275
FB D3 1.919 0.979; 3.762 0.039 1.839 1.0003; 3.509 0.046
SOFARESP 1.00594 0.4593; 2.4440 0.892
SOFAHEPA 2.2510 1.2305; 4.1178 0.039 2.1479 1.2397; 3.7215 0.003
MELD 0.9746 0.8784; 1.0814 0.628
Primary non-function
Model 2
FB D1 1.853 0.778; 4.409 0.168 2.345 1.132; 4.860 0.014
FB D3 2.655 0.858; 7.665 0.059
Age 0.9312 0.8634; 1.0043 0.059
SOFARESP 1.9162 0.5256; 6.9861 0.352
MELD 0.9336 0.7960; 1.0950 0.398

All VIF values were close to 1, indicating that multicollinearity is not a concern in the regression model, and there is no strong linear asso-
ciation among the independent variables. Model 1 included Cumulative Fluid balance (Cum FB) and Model 2 daily Fluid Balance (FB D1 and
FB D3). SOFA total, mean or max were not entered in the model due to multicollinearity (high VIF).

S.M. Lobo, P.S. Paulucci, L.M. Tavares et al.
in Group “In” but not in Group “Hi”, which points to the fast-
est resolution of shock. Of relevance, the SOFA score is help-
ful in predicting adverse outcomes in high-risk liver
recipients.29-31 Our study underscores the importance of
closely monitoring and managing the liver function in the
early post-transplant period SOFALIVER score was a strong
predictor of all-cause mortality with one-point increase in
SOFALIVER associated with a 98.8% to 114.7% increase in mor-
tality risk. Accordingly, Hao-Chien Hung et al. investigated
the predictive value of the SOFA score among high-risk
patients post-living donor liver transplantation.32 Multivari-
ate analysis identified elevated liver (HR = 10.4) and cardio-
vascular components (13.3) of SOFA score as predictors of
death. By identifying patients with elevated SOFA scores,
especially in these components, clinicians can implement
targeted interventions to potentially improve outcomes
after LDLT.

Our results suggest the presence of different pheno-
types for FB associated to various outcomes, which could
be identified early after ICU admission. A significantly
higher proportion of patients died in the two extremes of
FB. Tacker et al. reported similar results in a large cohort
of GI and orthopedic surgeries with increased morbidity
and costs for the highest and the lowest 25 percentile of
the fluid volume received.33 They showed significant asso-
ciations between high fluid volume on the day of surgery
and increased length of stay and total costs. Stepwise
increases in the hazard of complications or death with
higher cumulative FB were reported in different popula-
tions of critically ill patients.3,4,9,11,34 In a prospective
cohort study, Bennet-Guerrero et al. reported age and
6

total intraoperative fluids as predictors of adverse out-
comes in patients undergoing OLT.35 In their study, for
each 1 L of fluids, the risk of adverse outcomes increased
by 7%. In our study, excessive postoperative fluid adminis-
tration increased the risk of PNF. Accordingly, Jiang et al.
investigated the impact of individualized peri-operative
fluid therapy on early-phase recovery following OLT in a
retrospective analysis of 102 patients.36 They reported
that achieving a negative FB of at least -14 mL.kg�1 on
the first and second or third post-operative days was
linked to fewer pulmonary complications, earlier extuba-
tion, and a quicker return of bowel function.

Patients who died had a significantly higher accumulated
three days FB. In the logistic regression analysis, a more pos-
itive accumulated FB on D3 was an independent predictor of
deaths. Excess fluids can generate a cycle of hepatic conges-
tion, impaired microcirculation, intra-abdominal hyperten-
sion, and organ dysfunctions that, in turn, can affect their
elimination and create a worsening of hypervolemia and
MOF.13,26 Indeed, the SOFALIVER score strongly predicted all-
cause mortality, with a one-point increase in SOFALIVER asso-
ciated with a 98.8% to 114.7% increase in mortality risk. In a
study by Larivi�ere et al. involving 562 liver transplant
patients, 3.2% developed PNF.37 A higher intraoperative FB
was non-linearly associated with the harmful effect of a
higher FB on primary graft non-function and survival. We
observed a 29.5% increase in the risk of all-cause mortality
for each 1 L of accumulated FB, an 84% increase in risk asso-
ciated with FB on day 3, and more than twofold.

Our findings indicate that very early positive FB after ICU
admission (days 1 and 3) is associated with death. In contrast,
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higher fluid use later on, appears more related to death from
sepsis and MOF. Adopting a more restrictive fluid approach can
lower postoperative complications in colorectal surgery
patients,38,39 but this strategy isn’t universally agreed upon in
all surgeries. Froghi et al.40 demonstrated in a small random-
ized trial of fluid therapy post-liver transplant Goal-Directed
Fluid Therapy (GDFT) was associated with an increased vol-
ume of crystalloids administered but did not alter early post-
operative pulmonary or renal function when compared with
standard care. This underscores the importance of focusing on
blood flow stability to improve outcomes after surgery.

An important consideration in this study is the rationale
behind the arbitrary definition of the three groups. While no
universal consensus exists on the optimal FB thresholds, pre-
vious studies have underscored both the detrimental effects
of fluid overload and the risks associated with excessive
restriction. The negative FB group represents patients with
a more restrictive fluid strategy. The intermediate group (0-
2 L) was chosen as a plausible “neutral” range, avoiding sig-
nificant depletion and excessive accumulation. The highest
FB group (> 2 L) encompasses patients with notable fluid
accumulation, a threshold frequently associated with
adverse postoperative outcomes. Given our sample size,
employing more granular stratifications, such as terciles or
quartiles, was not statistically feasible. Instead, we selected
cutoff points that provided meaningful distinctions and
aligned with clinical practice and real-world decision-mak-
ing. Another consideration is the rationale behind using
actual weight instead of weight-adjusted measures for FB.
In cirrhotic patients with ascites/edema, weight-adjusted
measures such as ideal or dry weight are preferable to avoid
overestimating FB. Using BMI for FB calculations is unreliable
in end-stage liver disease, where ascites, peripheral edema,
and malnutrition distort actual body composition, making
BMI-based adjustments inaccurate and potentially biased
results.41 If weight-adjusted values are unavailable, abso-
lute cumulative FB may be a more practical metric, with
acknowledgement of its limitations.

Effective postoperative fluid management in the ICU is
crucial for recovery, with protocols varying by institution
and patient needs. In the ICU, GDFT optimizes perfusion by
tailoring fluids based on hemodynamic parameters. Ideally,
fluid management should follow the four phases ‒ resuscita-
tion, optimization, and stabilization ‒ to prevent fluid over-
load after 48h and minimize the need for the fourth phase,
de-escalation, which involves removing excess fluid.13 This
structured approach ensures systematic and individualized
fluid therapy in critically ill patients and may help prevent
complications, warranting further investigation in RCT.
Based on our findings and other studies, we recommend this
approach for OLT to optimize postoperative outcomes. Con-
tinuous monitoring of hemodynamic parameters, urine out-
put, and laboratory values is essential, with fluid therapy
individualized according to the patient’s evolving clinical
status, underlying conditions, and treatment response.42,43

Several limitations must be acknowledged. First, our study
was based on a convenience sample from a single center, lim-
iting the generalizability of our findings. This may introduce
selection bias and restrict the applicability of our conclusions
to other transplant centers with different perioperative prac-
tices. Additionally, the small sample size reduces the statisti-
cal power of subgroup analyses and increases the risk of Type
7

II errors, potentially underestimating the effect sizes. Our FB
thresholds were arbitrarily chosen, as finer stratifications
were not feasible due to the limited sample size. Using abso-
lute cumulative FB rather than weight-adjusted measures
may not account for body composition differences, particu-
larly in cirrhotic patients with ascites or edema. This could
lead to potential misclassification of FB categories. Further-
more, the observational study design precludes definitive
conclusions about causal relationships between FB patterns
and clinical outcomes. We did not include intraoperative vari-
ables, such as blood loss and hemodynamic instability, which
may have influenced postoperative FB and outcomes. More-
over, the study primarily focused on short-term outcomes,
leaving long-term consequences unexplored. These limita-
tions highlight the need for caution when interpreting the
results and underscore the necessity for further multicenter
Randomized Controlled Trials (RCTs) to validate our findings
in more diverse populations.

Our study possesses several strengths. A major strength is
the prospective data collection, which ensured the complete-
ness and accuracy of clinical parameters. The study design
allowed for a detailed analysis of FB patterns and their tempo-
ral evolution in the critical early postoperative period, provid-
ing valuable insights into the dynamic nature of FB and its
impact on organ dysfunction and mortality. Our work addresses
a significant gap in the literature by exploring the effects of FB
on outcomes in OLT patients. This population remains under-
studied in the context of postoperative fluid management. By
categorizing FB patterns and assessing their association with
Sequential Organ Failure Assessment (SOFA) scores, we provide
a more nuanced understanding of how FB extremes influence
organ dysfunction and mortality. Additionally, our study is the
first to identify SOFALIVER scores as a strong predictor of all-
cause mortality, emphasizing the importance of liver function
monitoring in the early postoperative phase.

Future research should focus on validating these findings
through multicenter RCTs that incorporate intraoperative vari-
ables and long-term outcomes. Investigating the impact of
weight-adjusted FB measures and exploring the role of
dynamic hemodynamic monitoring in guiding FB strategies are
also essential. Further studies should examine the underlying
mechanisms driving the U-shaped relationship and evaluate
the potential of personalized fluid management protocols tai-
lored to individual patient characteristics. Our results provide
a foundation for hypothesis generation and underscore the
necessity for more robust clinical evidence to guide FB man-
agement in OLT patients. Ultimately, by optimizing fluid man-
agement strategies, we aim to improve postoperative
outcomes and reduce mortality in this high-risk population.
Conclusion

This study suggests that negative FB and fluid overload are
associated with worse outcomes after OLT. Optimal fluid
management in the early postoperative period is one of the
most essential tasks of those caring for postoperative
patients. The anesthesiologist and the intensivist should
adequately manage the different phases of fluid therapy,
starting with individualized strategies in the intraoperative
period in patients and surgeries at higher risk and followed
quickly by the other phases in the ICU. Multicenter
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collaborations are essential to validate our findings in
broader and more diverse patient populations, including
long-term follow-ups. Our findings should be considered
hypothesis-generating rather than definitive, but they pro-
vide valuable insights into a population that remains under-
studied in the context of postoperative fluid management.
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