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Abstract: Objective: To investigate the effects of early restrictive fluid resuscitation (RFR) on the clinical outcomes in
sepsis patients. Methods: A total of 122 sepsis patients admitted to our hospital were recruited for this study and
divided into a study group (the SG, n=56) and a control group (the CG, n=66) according to the treatment method
each patient was administered. The SG was administered early RFR, and the CG was administered adequate fluid
resuscitation. The clinical data were analyzed retrospectively in both groups. The total infusion volumes, the hem-
orrhage amounts, the urine outputs, and the Acute Physiology and Chronic Health Evaluation (APACHE 1) scores
were compared between the two groups. In addition, the heart rates, the mean arterial pressure levels, the central
venous pressure levels, and the cardiac function indices were compared between the two groups at 1-7 days after
the procedures. The survival and the complication incidence rates were followed up. Results: The SG showed sig-
nificantly lower heart rates and mean arterial pressure levels and higher central venous pressure levels than the
CG at 1-7 days after the procedures (P<0.05). The cardiac troponin, N-terminal brain pro-natriuretic peptide, and
C-reactive protein levels at 3-7 days after the procedures in the SG were significantly lower than the levels in the CG
(P<0.05). The cardiac output, stroke volume, and left ventricular ejection fraction scores in the SG were significantly
higher than they were in the CG (P<0.05). The survival rate in the SG was significantly higher than it was in the CG
at 16, 32, and 64 days after the procedures (P<0.05). The incidence of complications in the SG was lower than it
was in the CG (P<0.05). Conclusion: Early RFR can remarkably improve the clinical outcomes, the myocardial injury
and survival rates, and the multiple complications incidence rate in sepsis patients.
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Introduction show that even if some patients with neonatal
sepsis can survive after treatment, their motor

Sepsis is a systemic response caused by the skills, memory, and attention are still greatly

presence of pathogenic microorganisms and/
or their toxins (superantigens) in the blood [1].
Sepsis is a leading cause of neonatal death
and is common in the neonatal period. A study
has indicated that the high incidence of neona-
tal sepsis may be related to the immature neo-
natal immune system, the fragile skin and
mucous membrane barrier, long-term mechani-
cal ventilation, and the improper operation of
indwelling needles [2]. One epidemiological
study indicated that sepsis is the third leading
cause of neonatal death. Early-onset sepsis
(EOS) has a high mortality rate of 10%-17%,
while late-onset sepsis (LOS) has a low mortal-
ity rate of about 9% [3]. The clinical findings

affected. Therefore, aggressive interventions
are recommended for sepsis patients to
improve their prognoses and mortality rate [4].

Fluid resuscitation is the basic technique of the
clinical treatment in the intensive care unit (ICU)
and is also an effective option for the treatment
of sepsis. Fluid resuscitation can quickly restore
the effective circulating blood volume (ECBV),
improve the microcirculation and organ perfu-
sion state of individuals, and help alleviate sys-
temic inflammatory responses and shock symp-
toms [5]. At present, fluid resuscitation can be
divided into adequate fluid resuscitation (AFR)
and restrictive fluid resuscitation (RFR). AFR is


http://www.ajtr.org

The effects of early RFR

commonly used for the treatment of hemor-
rhagic and septic shocks in traditional clinical
settings. A previous study suggested that AFR
can quickly restore patients’ blood volumes
and blood pressure levels, ensure the perfu-
sion of organs and tissues, and prevent further
shock progression [6]. However, some recent
studies have found that large volume fluid
resuscitation may lead to blood loss, induce
diluted coagulation dysfunction, and aggravate
the symptoms of tissue hypoxia, and thus
increase the possibility of metabolic acidosis.
In addition, an investigation has shown that
excessive fluid supplementation may change
the microcirculation state of the body, promote
plasma extravasation, cause capillary dilation,
induce edema of tissues and organs, and fur-
ther aggravate metabolic injury and hypoxia [7].
RFR is used to conduct fluid replacement
through a reasonable control of the fluid vol-
ume and infusion speed to find the balance
point of resuscitation and ensure the effective
recovery of tissue perfusion without affecting
the compensatory mechanism of the body [8].
Clinical practice has proved that restrictive fluid
therapy can effectively improve the clinical
symptoms and mortality rates of sepsis
patients [8]. The purpose of this study was to
investigate the efficacy of early RFR in the treat-
ment of sepsis patients, so as to provide clini-
cal references for improving the prognosis of
sepsis patients.

Materials and methods
General data

A total of 122 sepsis patients admitted to our
hospital from January 2019 to January 2020
were recruited as the study cohort and divided
into a study group (the SG, n=56) and a control
group (the CG, n=66) according to the treat-
ment method each patient was administered.
The clinical data of the patients were analyzed
retrospectively. This study was approved by the
Medical Ethics Committee of Ruijin Hospital,
Shanghai Jiao Tong University School of
Medicine [No. 2020 (120)].

Inclusion criteria: (1) patients with a clinical
diagnosis of sepsis [9]; (2) patients with com-
plete clinical medical records; (3) investigations
submitted to Hospital Ethics Committee for
approval and implementation; (4) patients or
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their families who voluntarily signed the
informed consent form.

Exclusion criteria: (1) patients comorbid with
mental illness; (2) patients with poor compli-
ance; (3) patients comorbid with severe hepatic
and renal dysfunctions; (4) patients comorbid
with malignant tumors; (5) patients also suffer-
ing from systemic inflammatory responses; (6)
drug or alcohol addicts; (7) patients also suffer-
ing from abnormal blood potassium levels or
metabolic acidosis.

Intervention methods

All the patients had deep venous pathways
after admission, mainly responsible for the
infusion of antibiotics and vasoactive drugs
[Hydroxyethyl starch 130/0.4 sodium chloride
injection (Approval No. H20103246, Beijing
Fresenius Kabi Pharmaceutical Company
Limited) and Ringer’s Solution (approval No.
H20055488, Sichuan Kelun Pharmaceutical
Co., Ltd.)]. Meanwhile, the patients’ vital signs
were continuously monitored. The CG was
administered AFR, namely, the patients were
administered fast and adequate fluid replace-
ment at the early stage, and 1000-1500 mL of
hydroxyethyl starch 130/0.4 sodium chloride
injection (approval No. H20103246, Beijing
Fresenius Kabi Pharmaceutical Company
Limited) within 1 h after resuscitation. Their
mean arterial pressure (MAP) was maintained
at about 70 mmHg and their urine output was
maintained at 1-1.5 mL/(kg:h). The SG was
administered RFR, namely, the patients were
administered 500-1000 mL of hydroxyethyl
starch 130/0.4 sodium chloride injections
(@approval No. H20103246, Beijing Fresenius
Kabi Pharmaceutical Company Limited) within
1 h after resuscitation. When the patients’ MAP
levels increased to 50-60 mmHg, the infusion
speed was slowed down, and the volume of
fluid replacement was restricted kept below
3000 mL/d.

Observational indices and assessment criteria

Primary observation indices

Comparison of the hemodynamic and labora-
tory indices between the two groups after the
procedures: An electrocardiogram (ECG) moni-
tor was used to record the hemodynamic indi-
ces, including the heart rate (HR), MAP, and
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central venous pressure (CVP) after the proce-
dures, and the differences between the two
groups were compared. Meanwhile, fasting
venous blood samples were collected from
both groups. After centrifugation, the serum
cardiac troponin (cTnl), N-terminal brain pro-
natriuretic peptide (NT-proBNP), and C-reactive
protein (CRP) levels were measured in both
groups using a Synchion fully automatic bio-
chemical analyzer, and the differences between
the two groups were compared.

Assessment of the cardiac function indices in
the two groups after the procedures: A ZXG-F
detector for cardiac function indices was used
to determine the cardiac function, such as the
cardiac output (CO), the stroke volumes (SV),
and the left ventricular ejection fractions (LVEF)
in the two groups after the procedures. Each
index was tested three consecutive times, and
the average values were taken as the final
result to compare the differences between the
two groups.

Comparison of the two groups’ clinical thera-
peutic outcomes: The prognoses of both groups
were followed up, the two groups’ clinical thera-
peutic outcomes were recorded, and the differ-
ences in the mortality rates were compared
between the two groups.

Secondary observation indices

Comparison of the general clinical indices: The
total infusion volumes, the hemorrhage
amounts, the urine outputs, and the Acute
Physiology and Chronic Health Evaluation
(APACHE 1) scores were recorded in both
groups, and the differences were compared
between the two groups, among which the infu-
sion volumes, the hemorrhage amounts, and
the urine outputs were recorded by the nursing
staff, and the APACHE Il scale was used by the
physicians based on the patients’ conditions.
The APACHE Il scale is commonly used for the
assessment of clinical symptoms, including the
acute physiological score, the age score, and
the chronic health score. The theoretical maxi-
mum score of the scale is 71 points, with high-
er scores indicating more serious clinical
symptoms.

Comparison of the complication incidence
rates between the two groups: The multiple
complication incidence rates (e.g., acute renal
failure, acute respiratory distress syndrome,
multiple organ failure, and disseminated intra-
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vascular coagulation) were measured in both
groups, and the differences were compared
between the two groups.

Statistical analysis

The collected data were input into an EXCEL
table, and SPSS 22.0 was used for the statisti-
cal analysis. The collected data were analyzed
using a normal distribution. The data conform-
ing to a normal distribution were represented
by [n (%)]. The differences between groups were
compared using Chi-square tests. The mea-
surement data were expressed as the means *
standard deviations (means + SD). The differ-
ences between groups were analyzed using t
tests. The graphics software GraphPad Prism 8
was used to plot the figures. P<0.05 indicated
a statistically significant difference.

Results

Comparison of the general data between the
two groups

There were no significant differences in terms
of gender, age, mean weight, mean course of
the disease, the APACHE Il scale scores before
the procedures, or the causes of the injuries
between the two groups (P>0.05), which were
comparable (Table 1).

Comparison of the general clinical indices be-
tween the two groups

After the procedures, the total infusion vol-
umes, the hemorrhage amounts, the urine out-
puts, and the APACHE Il scores in the SG were
significantly lower than they were in the CG
(P<0.05) (Figure 1).

Analysis of the changes in the hemodynamic
indices in the two groups after the intervention

Before the intervention, there was no signifi-
cant difference in the hemodynamic indices
between the two groups (P>0.05). The HR and
MAP levels in the SG were markedly lower than
they were in the CG at 1-7 days after the proce-
dures, but the CVP level in the SG was signifi-
cantly higher than it was in the CG (P<0.05)
(Figure 2).

Analysis of the changes in the laboratory indi-
ces in the two groups after the intervention

There was no marked difference in the serum
cTnl, NT-proBNP, or CRP levels between the two
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Table 1. Comparison of the general data between the two groups (X + s)/[n (%)]

General data Study group (n=56) Control group (n=66) t/X? P
Gender M 30 40 0.613 0.434
F 26 26
Mean age (year) 40.19+3.22 39.98+3.35 0.351 0.726
Mean weight (kg) 60.19+2.39 60.28+2.31 0.211 0.833
APACHE Il scores 20.19+2.22 19.98+2.41 0.497 0.62
Cause of injury Post-traumatic infection 12 16 0.891 0.431
Severe pneumonia 20 23
Burn infection 14 13
Others 10 14

mEm Study Group

Comparison of the clinical out-

L]
Total infusion(L) Bleeding volume(ml) Urine volume( ml)

Figure 1. Comparison of the general clinical indices between the two
groups after the procedures. The total infusion volumes, the hemorrhage
amounts, the urine outputs, and the APACHE Il scores in the study group
were lower than they were in the control group (P<0.05). “indicates a sta-
tistically significant difference in the same index between the two groups.

groups before the intervention (P>0.05). After
the intervention, the levels of the above-men-
tioned serum factors were significantly reduced
in both groups, and there were significant dif-
ferences between the two groups before and
after the intervention (P<0.05). At 3-7 days
after the intervention, the cTnl, NT-proBNP, and
CRP levels in the SG were remarkably lower
than the corresponding levels in the CG
(P<0.05) (Figure 3).

Analysis of the changes in cardiac function
between the two groups after the procedures

There were no significant differences in the
cardiac function indices, including CO, SV,
and LVEF between the two groups before the
intervention (P>0.05). At 7 days after the
intervention, the CO, SV and LVEF levels in
the SG were significantly higher than they
were in the CG (P<0.05). After the intervention,
the aforementioned indices in both groups
were significantly higher than they were
before the procedures (P<0.05) (Figure 4).
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The patients in both groups
were followed up for 64 days,
and the survival rates of both
groups were recorded. The lon-
gitudinal observation showed
that the survival rates of the
patients in both groups showed
a downward trend with time,
and the late mortality rate
decreased significantly. The
horizontal comparison between
the groups suggested that the
survival rate of patients in the SG was basically
higher than the rate in the CG during the obser-
vation period (only slightly lower than it was in
the CG at 40-60 days). The differences in the
survival rates between the two groups were
statistically significant at 16, 32, and 64 days
of follow-up (Figure 5).

Comparison of the complication incidence
rates between the two groups

According to our data, there was 1 case of
acute renal failure in the SG, for a total compli-
cation incidence rate of 1.79%, and there were
2 cases of acute renal failure, 3 cases of acute
distress syndrome, 2 cases of multiple organ
failure, and 1 case of disseminated intravascu-
lar coagulation in the CG, for a total complica-
tion incidence rate of 12.12%. The differences
in the complication rates between the two
groups were significant (P<0.05) (Table 2).

Discussion

Clinically, sepsis is a common and critical dis-
ease. Patients with sepsis are prone to organ
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Figure 2. Comparison of the changes in the hemodynamic indices in the two groups after the procedures. There was
no marked difference in HR (A), MAP (B), or CVP (C) between the two groups at O days after the procedures (P>0.05).
After the procedures, the HR and MAP in study group were higher than they were in the control group, while the CVP
in the study group was lower than it was in the control group at 1-7 days after the intervention (P<0.05). *indicates
a statistically significant difference in the same index between the two groups.
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Figure 3. Comparison of the changes in the laboratory indices in the two groups after the intervention. There was no
significant difference in the cTnl (A), NT-proBNP (B), or CRP (C) levels between the two groups before the intervention
and at 1-2 days after the intervention (P>0.05). At 3-7 days after the intervention, the levels of the above-mentioned
factors in the study group were markedly lower than they were in the control group (P<0.05). ¢indicates a statistically

significant difference in the same index between the two groups at the same time point.
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Figure 4. Analysis of the changes in the cardiac function in the two groups before and after the intervention. There
was no significant difference in CO (A), SV (B), or LVEF (C) between the two groups before the intervention (P>0.05).
After the intervention, the above-mentioned indices in the study group were significantly higher than they were in the
control group (P<0.05). *indicates a statistically significant difference in the same index between the two groups.

failure, shock, and other symptoms [10]. Late implementation of the above-mentioned proce-
and ineffective interventions in sepsis patients dures may lead to a sudden increase in blood
can lead to very high mortality rates [11]. The volume, increasing the burden on the heart and
European Society of Intensive Care Medicine kidneys, and further aggravating organ damage
(ESICM) recommends that all patients with sep- in sepsis patients with cardiac or renal failure.
tic shock should be rapidly injected with at On the other hand, physicians rarely have time
least 30 mL/kg of crystal liquid to improve the to assess and calculate the amount of liquid for
decreased blood volume and the insufficient sepsis patients experiencing acute septic
perfusion of the visceral organs induced by shock. As a result, it is difficult to get an accu-
shock. However, clinical findings prove that rate amount of liquid [13]. Previous clinical
there are some issues regarding this recom- studies have indicated that the causes of sep-
mendation [12]. On the one hand, a strict sis-induced organ hypoperfusion include ele-
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Figure 5. Comparison of the survival rates at the follow-ups between the two groups. The survival rates were sig-
nificantly decreased in both groups during the 64-day follow-up (A), and the survival rate in the study group was
markedly higher than it was in the control group at 16, 32, and 64 days of follow-up (P<0.05) (B). *indicates marked
differences in the same index between the two groups.

Table 2. Comparison of the complication incidence rates between the two groups [n (%)]

Number Acute renal Acute distress

Multiple Disseminated intravascular Total incidence

Group of cases failure syndrome  organ failure coagulation rate
Study group 56 1(1.79) 0 (0.00) 0 (0.00) 0 (0.00) 1(1.79)
Control group 66 2(3.03) 3(4.55) 2(3.03) 1(1.52) 8(12.12)
X2 - - - 4.736
P - - - 0.03

vated blood lactic acid levels, a decreased
urine output, hepatic dysfunction, and mental
state changes. Fluid resuscitation can increase
the cardiac output and improve the aforemen-
tioned symptoms. However, recent studies
have suggested that the dysfunctions of the
brain, heart, kidneys, and liver are caused by a
bioenergy failure rather than by a microcircula-
tion dysfunction and organ perfusion injury.
Meanwhile, the hearts of sepsis patients are
less responsive to fluid load, and excessive
fluid resuscitation may further impair cardiac
function [14, 15]. An investigation has shown
that overload of fluid will damage the central,
respiratory, renal and gastrointestinal systems
and lead to several complications, such as cog-
nitive impairment, pulmonary edema, uremia
and indigestion [16]. Therefore, exceptional
caution should be exercised when AFR is
intended for clinical use.

In recent years, RFR has been extensively
implemented in clinical studies as an early
resuscitation treatment. Investigations have
shown that although the volume of fluid replace-
ment is relatively reduced when RFR is imple-
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mented, RFR can significantly affect such indi-
ces as MAP and CVP, greatly improve insuffi-
cient organ perfusion in patients with septic
shock, save organs or tissues on the verge of
necrosis as much as possible, and improve the
prognosis of sepsis patients [17, 18]. In addi-
tion, comparative investigations have revealed
that restrictive fluid therapy can markedly alle-
viate the myocardial injury, and the mechanism
may be related to the increased blood supply to
the coronary arteries by RFR [19, 20]. Finally,
statistics show that RFR can effectively reduce
the complication incidence rate including renal
failure and disseminated blood coagulation.
Hence, RFR has a positive significance in
improving the prognoses of sepsis patients
[24].

The aforementioned investigations provide the-
oretical references for this study. Our retro-
spective study was conducted to analyze the
feasibility of early RFR in the treatment of sep-
sis patients. The results show that there are
certain differences in the total infusion vol-
umes, the hemorrhage amounts, the urine out-
puts, and the APACHE Il scores between the
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two groups. The SG was superior to the CG
regarding the total infusion volume, the urine
output, and the APACHE Il scores, indicating
that the clinical symptoms in the SG improve
more significantly after the procedures. After a
further comparison of the hemodynamic and
laboratory indices between the two groups, the
HR, MAP, cTnl, NT-proBNP, and CRP in the SG
were significantly decreased after the proce-
dures, and there were marked differences
between the two groups. A retrospective analy-
sis of 90 sepsis patients grouped according to
the adequacy of the early fluid resuscitation
found that the mortality rate was significantly
lower in the patients with fluid restrictions after
resuscitation than in the other group [22]. In a
large study, sepsis patients were randomized to
an RFR group and a liberal fluid group, and the
intervention results showed that the durations
of the treatment in the ICU and mechanical ven-
tilation times were shorter in the RFR group
than in the liberal fluid group, although there
was no difference in the mortality rate at 60
days [23]. The authors of this study believe that
AFR can maintain appropriate preload and
organ perfusion, and it is a convenient and
effective option for the treatment of sepsis.
However, when a large volume of fluid resusci-
tation is carried out in sepsis patients, it will
cause excessive fluid accumulation in the inter-
stitial spaces, resulting in fluid overload and
edema of the tissues and organs, an increase
in oxygen diffusion distance, and microcircula-
tion disorder. These are also specifically reflect-
ed in the hemodynamic and laboratory indices,
i.e., increased HR and blood pressure, and sig-
nificant inflammatory responses. The compari-
son of the cardiac function indices (e.g., CO, SV
and LVEF) between the two groups also con-
firmed this view, revealing that excessive fluid
infusion can increase the cardiac load instead
of improving the cardiac function, and leading
to a decrease in cardiac output power [24].

The clinical outcomes and complication inci-
dence rates were compared between the two
groups. The results showed that the survival
rate in the SG was remarkably higher than it
was in the CG at 16, 32, and 64 days of follow-
up. European scholars conducted a multi-cen-
ter prospective study on sepsis patients in the
ICU to explore the prognoses of the patients
with fluid balance, sepsis and critical sepsis,
and the results showed that the 60-day mortal-
ity rate of sepsis patients was 36%, while that
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of patients with fluid balance was 16%; in addi-
tion to advanced age, capacity overload is also
an independent risk factor for mortality out-
come prediction, so the scholars proposed that
the mortality rate of sepsis patients could be
effectively reduced by restricting fluid, which is
similar to the results of this study [25]. Finally,
the incidence of complications was compared
between the two groups. The results suggested
that the incidence of complications (e.g., acute
renal failure and multiple organ dysfunctions)
in the SG were lower than those in CG. This may
be due to the reason that the restrictive fluid
therapy can elevate the intravascular pressure
and reduce acidosis from a microscopic per-
spective, and thus avoid further damages to
important tissues and organs (e.g., heart and
kidney), resulting in relatively lower incidence
rates of multiple complications.

The innovation of this study is its exploration of
the feasibility of RFR in the treatment of sepsis
patients through a comparative study, and to
illustrate the effectiveness of RFR from multi-
ple perspectives through a follow-up compari-
son of cardiac functions, the inflammatory indi-
ces, and the hemodynamic indices, thereby
providing detailed data references for the
scholars conducting subsequent studies. The
shortcomings of this study are its lack of
assessment of the survival and quality of life of
patients, and the lack of a detailed analysis of
the adverse reactions of treatment. Therefore,
improved studies should be performed in the
future.

In summary, early RFR can remarkably amelio-
rate the clinical outcomes, the myocardial inju-
ry rate, the survival rate, and the incidence rate
of multiple complications of sepsis patients.
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