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Abstract

Objectives: The present study was conducted to investigate the value of Pleth Variability Index (PVI) to
guide fluid resuscitation in children with sepsis.
Materials and methods: 60 patients with sepsis undergoing Early Goal-Directed Therapy (EGDT) were
included as subjects of the present study, and randomly divided into two groups by drawing lots. There
were 30 cases in each group. The observation group received PVI-guided fluid resuscitation while the
control group received transthoracic echocardiography-guided fluid resuscitation. The mortality was
recorded in two groups. The oxygen saturation of central vein (ScvO2), oxygenation index (PaO2/FiO2),
APACHE II score and clearance rate of lactic acid were compared between two groups. The Intensive
Care Unit (ICU) stay and total volume of fluid input were compared between two groups.
Results: Death occurred in 3 cases (10% mortality) in the observation group and in 7 cases in the control
group (23.33% mortality). There was no significant difference in mortality between the two groups
(χ2=1.920, P=0.166). The remaining patients attained the criteria for resuscitation. PaO2/FiO2 after
treatment in the observation group was significantly lower than that before treatment and that in the
control group (P<0.05). The APACHE II score was significantly lower than that before treatment and
that in the control group (P<0.05). The clearance rate of lactic acid in the observation group was
significantly higher than that in the control group (P<0.05). The duration of stay in ICU and the volume
of fluid input in the observation group were significantly lower than those in the control group (P<0.05).
Conclusion: PVI-guided early fluid resuscitation can achieve satisfactory results, reduce complications
and help to improve prognosis.
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Introduction
Sepsis is systemic infection caused by pathogenic bacteria that
invades the blood, which occurs frequently in children [1]. If
not effectively controlled, it may induce meningitis,
endocarditis and osteomyelitis [2], and seriously affect the
growth and development of children. Early Goal Directed
Therapy (EGDT) is an important method for clinical volume
management and fluid resuscitation in recent years [3]. It has
been used to reduce organ failure and improve survival rate of
critically ill patients by individual rehydration [4]. Ultrasound
is an important tool to guide fluid resuscitation, which is
noninvasive, but affected by human factors [5]. Pleth
Variability Index (PVI) allows continuously noninvasive
dynamic monitoring of circulating blood volume, and recently
has been reported to guide fluid resuscitation [6]. Thus, 60
children with sepsis were included as subjects in the present
study to explore the value of PVI, which was reported as
below.

Materials and Methods

General information
60 patients with sepsis undergoing EGDT between October
2013 and March 2017 in our hospital were included in the
present study, and randomly divided into two groups by
drawing lots. There were 30 cases in each group. In the
observation group, there were 19 males and 11 females at the
age of 6.28 ± 1.48 y old, with heart rate of 108.15 ± 10.32 beat
per min (bpm) and systolic blood pressure of 72.32 ± 10.21
mmHg. There were 17 males and 13 females in the control
group at the age of 7.03 ± 1.62 years, with heart rate of 110.23
± 9.87 bpm and SBP of 68.95 ± 9.79 mmHg. There were no
significant differences in sex, age, heart rate and blood pressure
between the two groups (P>0.05).

Inclusion criteria were as follows [7]: (1) The blood samples
were positive for pathogenic antigen or DNA detection; (2)
The family members had signed the informed consent form.
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Exclusion criteria were as follows: (1) patients complicated
with malignant tumors; (2) patients complicated with
malignant arrhythmia, acute cerebral infarction and cerebral
hemorrhage; (3) patients with severe cardiac insufficiency.

Monitoring method
All children in the observation group were administered with
mechanical ventilation by tracheal intubation, oxygen uptake
and sedatives, and were connected to the Radical-7 type
oxygen saturation monitor from United States, continuously
monitored for PVI. The control group was measured for Left
Ventricular End-Diastolic Volume (LVEDV) by SSI-5000 color
Doppler ultrasonography, and was calculated for the dilatation
index of Inferior Vena Cava (dIVC) according to the diameter
of the inferior vena cava at the end of inspiration and
expiration below the xiphoid process.

Liquid resuscitation protocol
The first dose of 20 ml/kg saline was given by bolus injection
over 10-20 min, to a total of 40-60ml/kg within 1h, followed
by 1/3 solution maintaining at 5-10 ml/kg/h, and the amount
was adjusted according to blood pressure. In the event of
shock, 5-10 μg/kg/min dopamine was given by continuously
intravenous pumping.

Resuscitation standards [8] were as follows: (1) PVI<14%,
SBP ≥ 90 mmHg, ScvO2 ≥ 70% in observation group; (2)
LVEDV>60 ml or dIVC<15.5%, SBP ≥ 90 mmHg, ScvO2 ≥
70% in control group.

Statistical analysis
The data were analysed by SPSS19.0 statistical software. The
measurement data were expressed as mean ± standard. The
comparison between the two groups was conducted with the t-

test. The enumeration data were expressed as (%). The
comparison between the two groups was conducted with the χ2

test. P<0.05 indicated significant difference.

Results

Comparison regarding fluid resuscitation between
two groups
Death occurred in 3 cases (10% mortality) in the observation
group and in 7 cases in the control group (23.33% mortality).
There was no significant difference in mortality between the
two groups (χ2=1.920, P=0.166). The remaining patients
attained the criteria for resuscitation. PaO2/FiO2 after treatment
in the observation group was significantly lower than that
before treatment and that in the control group (P<0.05). The
APACHE II score was significantly lower than that before
treatment and that in the control group (P<0.05), as provided in
Table 1.

Comparison regarding hospitalization between two
groups
The clearance rate of lactic acid in the observation group was
significantly higher than that in the control group (P<0.05).
The duration of stay in Intensive Care Unit (ICU) and the
volume of fluid input in the observation group were
significantly lower than those in the control group (P<0.05), as
provided in Table 2.

Comparison regarding complications between two
groups
The overall incidence of complications in the observation
group was significantly lower than that in the control group
(P<0.05), as provided in Table 3.

Table 1. Comparison regarding fluid resuscitation between two groups.

Group Time ScvO2 (%) PaO2/FiO2 (mmHg) APACHE II (score)

Observation group (n=27) Before treatment 58.53 ± 3.12 209.36 ± 22.58 22.03 ± 6.52

After treatment 74.15 ± 3.26# 295.63 ± 27.73# 16.18 ± 5.02#

Control group (n=23) Before treatment 59.03 ± 2.97 205.21 ± 20.71 22.86 ± 6.39

After treatment 73.56 ± 3.11# 274.47 ± 25.31*# 19.12 ± 5.18*#

Note: compared with that before treatment, #P<0.05. Compared with that in the observation group, *P <0.05.

Table 2. Comparison regarding hospitalization between two groups.

Group Clearance rate of
lactic acid (%)

ICU stay (d) Volume of fluid
input (ml)

Observation group
(27)

30.24 ± 9.12 10.37 ± 1.64 1938.56 ± 30.07

Control group (n=23) 19.36 ± 5.67 14.52 ± 2.35 2050.23 ± 48.51

t 4.959 7.324 9.938

P 0 0 0

Table 3. Comparison regarding complications between two groups (n (%)).
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Group n Coagulation disorder Multiple organ failure Bleeding Reduced oxygen diffusion Overall incidence

Observation group 27 2 (7.41) 0 1 (3.70) 1 (3.70) 4 (14.81)

Control group 23 4 (17.39) 1 (4.35) 3 (13.04) 2 (8.70) 10 (43.48)

χ2      5.062

P      0.024

Discussion
Liquid resuscitation is an important measure in the acute phase
of sepsis, which plays an important role in saving children's
life and improving prognosis [9]. EGDT emphasizes individual
rehydration to reduce heart load and reduce complications [10].
PVI mainly reflects the interaction between intra-thoracic
pressure and venous return [11]. Peripheral Perfusion Index
(PI) can reflect the peripheral tissue perfusion [12]. However,
the pulsatile blood flow of finger-tip changes cyclically with
heart beat [8]. Therefore, PVI can reflect the body liquid state
and the reactivity after liquid infusion. This provides the basis
for PVI-guided EGDT. In addition, compared with ultrasound,
PVI has the advantage of continuous monitoring. Based on the
study of Cannesson et al. [13], the present study regarded
PVI>14% as the threshold of resuscitation for EGDT in
children with sepsis. The results showed that children in the
observation group had significantly shorter ICU stay and lower
mortality than the control group, suggesting that PVI-guided
EGDT was of higher application value.

A study showed that PVI was sensitive to microcirculation.
When the microcirculation was disturbed and the blood flow
reduced, the visceral vascular smooth muscle was strongly
contracted under stimulation by catecholamines, which
increased the amount of peripheral blood and venous return
[14], and also changed PVI. In the present study, PVI was used
as the resuscitation standard. When PVI met the target, fluid
therapy was immediately discontinued to achieve satisfactory
volume of fluid input, and hence avoid excessive volume due
to the inability of continuous ultrasound monitoring. In the
present study, the results also showed that the total volume of
fluid input in the observation group was less than that in the
control group, which was consistent with the above. Lactic
acid is a metabolite of anaerobic glycolysis, which shows a
significant change at the early stage of low perfusion or
hypoxia in tissues, which can better reflect the tissue
oxygenation and metabolism and viscera function. Studies
have shown that lactate waters and CVP are significantly
negatively correlated with complications [15,16]. The present
study showed that the observation group had better the
clearance rate of lactic acid and APACHE II than the control
group after treatment, suggesting that PVI-guided fluid
resuscitation could achieve satisfactory outcomes in children
with sepsis and help to improve the prognosis. The present
study also showed that the ICU stay in the observation group
was also lower than that in the control group, which might be
due to the excessive retention of the liquid in the tissue space
in the control group, causing edema of the peripheral tissue,

damage of the oxygenation function of tissue, and prolongation
of the recovery.

Additionally, in the present study, the overall incidence of
complications in the observation group was significantly lower
than that in the control group. EGIT under the guidance of PVI
avoids excessive fluid, reduce the possibility of pulmonary
edema and pulmonary interstitial edema, contributes to oxygen
dispersion, helps to improve the oxygen supply to tissues, and
prevent the destruction of body compensatory mechanism and
the inner environment [17]. Furthermore, the ideal volume
state also reduces the possibility of dilution-induced
hypoprothrombinemia.

Conclusion
In summary, PVI-guided early fluid resuscitation can achieve
satisfactory results, and reduce complications and mortality in
children with sepsis, which is of high application value.
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