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Positive cumulative fluid balance is a risk factor of mortality in criti-

cally septic patients

V. Linardi', SE Handrawan’, P. Liand’, Mayang Indah Lestari®’

Abstract

Objective: Excessive fluid administration may in-
crease septic patient mortality. Cumulative fluid
balance is an easy, cheap, and non-invasive
method of monitoring fluid therapy. Our study
aimed to analyze the association between cumu-
lative fluid balance and mortality in critically
septic patient.

Design: This was an observational analytic study
with a retrospective cohort design.

Setting: This study was conducted in intensive
care unit of Mohammad Hoesin Hospital in 2017.
Patients and participants: All adult septic patients
from January to December 2017 were included.
All patients who did not have completed medical
record data were excluded.

Interventions: Data on the mortality and cumu-
lative fluid balance of septic patients were ob-
tained through secondary medical record data
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and were analyzed using SPSS Statistics version
22.0 (IBM, New York, US).

Measurement and results: Positive cumulative
fluid has a very significant association with mor-
tality (relative risk [RR] 3.41; 95% confidence
interval [CI] 1.98-5.87; p<0.001). Mean cumula-
tive fluid balance (ml) were greater in non-survi-
vor than survivor group (1937.5+1692.6 vs
877.2+1228). The probability of survival in 28
days was affected by cumulative fluid balance
(p=0.001) after being tested with Mantel
Haenszel log-rank test. This cumulative fluid
balance had a sensitivity of 81.8% and specificity
of 89.2% as a predictor of mortality in septic pa-
tients.

Conclusions: Positive cumulative fluid balance
can be considered as the risk factor to septic pa-
tient mortality.

Introduction

Sepsis is one of the most often diagnosis in the In-
tensive Care Unit (ICU). (1) European studies have
found that septic patient have 1.15 times more risk
for death than non-septic patients. (2) Epidemiolog-
ical data from hospitals in Indonesia also show high
septic mortality rates. The mortality rate of septic
patients in Dr. Soetomo Surabaya Hospital was
16.7%. (3) Studies in Prof. Dr. RD Kandou Manado
Hospital showed 65.7% mortality rate. (4)

The main cause of death in sepsis is hypoperfusion
and shock. Fluid resuscitation is the first-line ther-
apy in sepsis and septic shock to maintain hemody-
namic stability. (5) Previous fluid strategies, that
was early goal directed therapy (EGDT), had a ten-
dency to overly aggressive fluid resuscitation. (6)
Three recent randomized controlled trial (RCT)
studies from ARISE, PRoCESS, and ProMISE
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found that this strategy could not reduce mortality,
so those studies made fluid therapy strategy contro-
versial. (7-9) The latest guideline from Sepsis Bun-
dle 2018 recommends giving crystalloid 30 ml/kg in
the first one hour. (10) This amount of fluid differs
only slightly from the median amount of fluid given
by EGDT strategy.

Excessive fluid can cause interstitial, intravascular,
and intercellular fluid accumulation, which results
in tissues edema. (11) In septic patients there can be
impaired fluid mobilization, a condition of global
increased permeability syndrome (GIPS), and mul-
tiorgan dysfunction. (12) Therefore, excess fluid
can cause increased mortality in septic patients. (13)
One easiest technique for monitoring interstitial
fluid accumulation is cumulative fluid balance. (12)
This study was a continuation of the previous one.
Various studies showed that cumulative fluid bal-
ance had an important role in determining the prog-
nosis of septic patients. Septic patients with positive
fluid balance had a higher mortality rate. (14,15)
The patient’s cumulative fluid balance is easy,
cheap, and non-invasive tools for monitoring fluid
therapy. This study aimed to assess the relationship
of cumulative fluid balance and septic patients mor-
tality treated in the ICU.

Materials and methods

This was a single center retrospective analytic ob-
servational cohort study conducted at Mohammad
Hoesin Hospital Palembang, Indonesia. This study
samples were all septic patients treated in ICU and
recorded in the medical record for the period Janu-
ary to December 2017. The sampling technique in
this study was total sampling, which took all medi-
cal records of septic patients treated at ICU during
the period of time. In this study, 103 septic patient
data were obtained that met the inclusion critera (18
years old or above). All patients who did not have
complete medical record data were not included in
the study. The study was approved by the Health
Research Ethics Committee of Mohammad Hoesin
Hospital and the Faculty of Medicine Universitas
Sriwijaya, Palembang, Indonesia (No.
191/kepkrsmhfkunsri/2018).

All study data were taken from secondary data in the
form of medical records in physical form that were
recorded by nurse or doctor at the ICU. Variables
taken included sex, age, diagnosis of sepsis, patient
outcome, cumulative fluid balance, and sequential
organ failure assessment (SOFA) score.

The diagnosis of sepsis was divided into two
groups. If the patient was diagnosed with sepsis due
to a previous disease, then the patient was catego-
rized as medical, and if the patient was diagnosed
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with sepsis due to the operation carried out, it was
categorized as surgical. The patient outcome was
recorded within 28 days, whether they survived or
not survived. The cumulative fluid balance was the
sum of daily fluid balance (the amount of fluid
given per day minus the amount of fluid output per
day) of septic patients treated in the ICU during
treatment day (at most 28 days) and categorized as
positive or negative. The SOFA score was recorded
on the last day in the ICU and grouped into >12 or
<12.

The study data was presented in tabular form to be
processed and analyzed by SPSS version 22. Data
analysis was carried out in two stages, univariate
and bivariate analyses. Categorical variables were
presented in the form of absolute and relative fre-
quencies. Data normality was tested using the Kol-
mogorov-Smirnov test. If the data was normally dis-
tributed then mean value + 2 standard deviation
(SD) would be used, otherwise we used the median
value (min-max).

The collected data was processed and analyzed to
determine the relationship between cumulative fluid
balance and septic patient mortality using the chi-
square test. In addition, the 28-day survival proba-
bility of septic patients affected by cumulative fluid
balance were analyzed using the Kaplan Meier
method with the Mantel-Haenszel log-rank test
analysis. Finally, the cumulative fluid balance vari-
able was analyzed with the receiver operating curve
(ROC) curve to obtain the sensitivity and specificity
of cumulative fluid balance to the risk of mortality
for septic patients.

Results

After excluding 29 patients due to incomplete med-
ical record data or under the age of 18 years, 103
patients were included in the analyses. The majority
of septic patients in Mohammad Hoesin Hospital
had positive fluid balance (62.1%) and only 39 pa-
tients (37.9%) had negative fluid balance (Figure
1).

The mortality rate of septic patient during 28 days
of ICU treatment was still relatively high at 64.1%.
Non-survivor tended to be older with an average age
of 55.1 years compared to 47.7 years in the survivor
group. Most patients in the study were male, surgi-
cal diagnosis, positive cumulative fluid balance, and
had SOFA score <12 (Table 1). Non-survivor pa-
tient tended to have more positive cumulative fluid
balance (ml). Although both groups had positive
fluid cumulative balance, non-survivor group had
more higher fluid cumulative balance than survivor
group (1937.5+£1692.6 vs 877.2+1228). The same
thing was found in the group of patients with nega-
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tive cumulative fluid balance. In non-survivor
group, they had a greater cumulative fluid balance
than the survivor group (-2067£1605.7 vs
2438.7£2865.4) (Table 1).

The results of bivariate analyses found that positive
cumulative fluid balance was significantly associ-
ated with septic patient mortality (relative risk
[RR]=3.41; p=0.001) and SOFA score (RR=2.23;
p=0.036) (Table 2). Cumulative fluid balance had a
significant effect on the 28-day survival probability.
Figure 2 shows the survival of septic patients who
had a positive cumulative fluid balance having a
much lower 28-day survival rate than patients who
had a negative fluid balance. After being analyzed
statistically using the Mantel-Haenszel log-rank
test, the cumulative fluid balance could be used as
septic mortality predictor (p=0.001). A figure model
with area under the curve (AUC) (95% CI) =0.863
with a significance of 0.0001 obtained a cumulative
fluid balance with 81.8% sensitivity and 89.2%
specificity value as a sepsis mortality predictor
(Figure 3).

Discussion

This study showed that septic patients with positive
cumulative fluid balance had a higher mortality risk
compared with patients with negative cumulative
fluid balance. The results of this study found that
there were significant differences in the amount of
fluid balance between the groups of patients with
positive cumulative fluid balance and negative cu-
mulative fluid balance (1804.9+1671.5 ml vs -
2343.6+£2586 ml; p=0.004). After being analyzed,
positive cumulative fluid balance could increase
mortality risk of septic patients by 3.41 times. The
results of this study were in line with several previ-
ous studies, which stated that the more positive the
cumulative fluid balance, the higher the mortality
risk of septic patients. (15-17) Even though the pa-
tients had the same fluid intake, positive cumulative
fluid balance could still increase the mortality risk.
(18) Study from Shen et al. showed that positive
fluid balance in the first 24-hour was not related to
mortality, but the second 24-hour fluid balance dur-
ing treatment could increase the risk of patient
death. They concluded that negative fluid balance
could reduce mortality if the patient’s hemody-
namic condition was stable. (19)

In septic shock, capillary leakage and pathological
vasoplegia cause fluid deficiency. However, contin-
uing fluid administration can cause intravascular
fluid to move into the interstitial space, causing tis-
sue edema and interfering oxygenation. (5) This oc-
curs because of an imbalance between the total fil-
tration of transcapillary fluid and the fluid released
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from the tissue through the lymphatic system. In
multiorgan dysfunction syndrome, edema often oc-
curs in severe sepsis with or without acute kidney
injury. The reason is due to the release of comple-
ment factors, cytokines, and prostaglandin, which
alter microcirculation in various organs. (17,20)
Positive fluid balance can also increase the amount
of water in the extravascular lung, prolonged use of
ventilators, and contribute to the incidence of venti-
lator acquired pneumonia (VAP). (17)

Some septic patients do not reach the flow phase
(fluid mobilization), which is characterized by no
increase in diuresis and no improvement in edema,
and will experience global increased permeability
syndrome (GIPS) and multiorgan dysfunction. The
abdomen is a vital part of GIPS and compartment
syndrome. Positive fluid balance has been recog-
nized as one of the risk factor for intra abdominal
hypertension (IAH), which will have an impact on
organ dysfunction. (11) IAH will lead to the devel-
opment of organ hypoperfusion, which will result in
the final complication of multiorgan dysfunction.
1)

Fluid overload alone contributes to the deterioration
of organ function due to various mechanisms. First,
edema-affected tissue can interfere with absorption
in the digestive tract or excretion by the kidneys.
Fluid overload can also lead to increased abdominal
pressure and renal vein congestion. Abdominal
compartment syndrome is increased due to exces-
sive fluid resuscitation, causing ascites and visceral
edema. (17,20)

Several studies stated that there were various mech-
anisms that caused mortality in critically ill patients
who had a positive fluid balance. Positive fluid bal-
ance affects various organ function in the body.
Volume overload in the heart can cause a decrease
in right ventricular function due to over stretched
ventricles and increased left ventricular work due to
increased preload. In the kidney, it can increase re-
nal venous pressure and decrease glomerular filtra-
tion. In the lung fluid overload can induce pleural
effusion and pulmonary edema. Increased extracel-
lular fluid volume will be distributed directly to in-
travascular and interstitial. This causes multiorgan
dysfunction, which is a predictor of mortality in sep-
tic patients. (22) Positive fluid balance can cause ve-
nous congestion that characterized by peripheral
edema and increase in central venous pressure
(CVP). (23) High CVP can increase hydrostatic
pressure, thereby worsening edema. (20)

Evidence of excessive fluid balance can cause mul-
tiorgan dysfunction is shown by the patient’s SOFA
score. SOFA scores can be used as a septic patient
mortality predictor. (24) Medam et al. found that
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SOFA scores >12 increased the mortality risk in
septic patients. (25) Recent study found that patients
with fluid overload would have less improvement in
SOFA scores during ICU treatment. (26) This study
found a significant relationship between positive
cumulative fluid balance and SOFA score
(p=0.036). It can be concluded that a positive cumu-
lative fluid balance can cause multiorgan dysfunc-
tion, which results in increased mortality of septic
patients.

Limitations in this study were confounding factors
that could cause bias in this study, including previ-
ous patient comorbid disease (heart disease, meta-
bolic disease, cancer), pharmacology therapy (espe-
cially diuretic), fluid resuscitation that was not rec-
orded before ICU admission, and other intervention
by the healthcare workers. Further study can be con-
ducted, which includes an analysis of variable that
can affect the relationship (confounder) between cu-
mulative fluid balance and septic patient mortality,
so that the relationship can be stronger.
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Conclusions

Positive cumulative fluid balance can increase the
mortality risk by 3.41 times and significantly related
to septic patient mortality. Cumulative fluid balance
monitoring is important to reduce the mortality rate
of septic patients in the ICU.
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Tablel. Patient characteristic

Characteristic Survivor Non-survivor p
Patients, n (%) 37(35.9) 66 (64.1)
Age (year), mean (SD) 47.7 (14.9) 55.1(16.5) 0.026*
Gender 0.971%*
- Male, n (%) 22 (21.4) 39 (37.9)
- Female, n (%) 15 (14.5) 27 (26.2)
Diagnosis 0.962%*
- Medical, n (%) 17 (16.5) 30 (29.1)
- Surgical, n (%) 20 (19.4) 36 (35.0)
Cumulative fluid balance (ml) 0.000*
- Positive, mean+SD 877.2+1228 1937.5£1692.6
- Negative, meantSD -2438.7£2865.4 -2067£1605.7
SOFA score 0.000**
-<12,1n (%) 35(34.0) 40 (38.8)
->12,n (%) 2 (2.0) 26 (25.2)
Legend: SD=standard deviation; SOFA=sequential organ failure assessment.
*Independent t-test; **Chi-square test; ***Man-Whitney test.
Table 2. Cumulative fluid balance with outcome and SOFA score
Outcome p* RR (95% |SOFA score p* RR (95%
Not sur- |Survived CI) >12 <12 I
vived
Cumulative |Positive |56 (54.4)|8(7.8) |0.001 |3.41 22 (21.4) |42 (40.8) |0.036 |2.23
fluid bal- n (%) (1.98- (0.994-
ance Negative |10 (9.7) |29 (28.2) 5.87) 6 (5.8) 33 (32) 5.023)
n (%)
Total 66 (64.1)|37 (35.9) 28 (27.2) |75 (72.8)
n (%)

Legend: SOFA=sequential organ failure assessment; RR=relative risk; CI=confidence interval.

*Chi-square test.
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Figurel. Sample recruitment chart
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Figure 3. Cumulative fluid balance ROC and sepsis mortality
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