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Abstract: Objective: To explore the correlation between the hemodynamics monitoring indexes of global end-diastol-
ic volume index (GEDVI) and central venous pressure (CVP) indicated by pulse induced continuous cardiac output
(PiCCO) in severe sepsis patients during fluid resuscitation, as well as its clinical application value. Methods: Twenty
patients in our hospital who met the diagnostic criteria of sepsis were recruited for retrospective analysis. All the
patients were treated with fluid resuscitation, which was strictly in accordance with the International Guidelines for
Management of Sepsis and Septic Shock: 2016. The GEDVI and CVP hemodynamic parameters were measured and
recorded at 0, 6, 12, 24, 48 and 72 h during the treatment; their correlations at different time points were assessed
by single-factor linear analysis; the correlations between different CVP ranges and GEDVI after treated for 6 h were
analyzed by rank test. Results: There was correlation between GEDVI and CVP after patients being treated for 6 h
(r=-0.712, P=0.021), but no significant correlation between the two was found after them being treated for 12, 24,
48 and 72 h (r=-0.243, r=-0.167, r=-0.106, r=-0.138 respectively, all P>0.05). Hierarchical comparison showed that
when the CVP was at ranges of 0-8 mmHg or greater than 12 mmHg, it has no correlation with the GEVDI (r=-0.534,
-0.075 respectively, both P>0.05); while the CVP was within 8-12 mmHg, there was an obvious negative correla-
tion between GEDVI and CVP (r=-0.889, P=0.001). Conclusion: GEDVI can accurately reflect the cardiac preload of
patients with sepsis, while the CVP, as a severe sepsis patients’ therapeutic index during fluid resuscitation, cannot
truly reflect the volume status of patients.
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Introduction volume load. They thought that the global end-
diastolic volume index (GEDVI), monitored by
PiCCO, could reflect the cardiac preload more

accurate [3]. However, until now, the study of

Sepsis and septic shock are common causes of
death in critical care medicine; their incidences

increased year by year recently [1]. Fluid resus-
citation is one of the important treatment
methods for sepsis, but it is easy to develop
congestive heart failure, therefore, monitoring
the cardiac preload in patients with septic
shock effectively and timely has critical clinical
significance in guiding the fluid resuscitation
[2]. At present, the traditional clinical therapeu-
tic index for the guidance of fluid resuscitation
is still the central venous pressure (CVP), but
with the development of pulse induced continu-
ous cardiac output (PiCCO) monitoring tech-
nique, many scholars have proposed that CVP
can’t objectively reflect the status of the effec-
tive circulating blood volume and the cardiac

volume treatment guided by GEDVI rather than
CVP in sepsis patients is rare. So, in this study,
correlation analysis between GEDVI and CVP in
sepsis patients was conducted to assess the
clinical value of GEDVI-guided volume treat-
ment of sepsis, in the hope of providing evi-
dence for more reliable clinical test indexes in
sepsis treatment.

Material and methods
Subjects

A total of 20 patients who met the diagnostic
criteria of sepsis and treated in our hospital
from April 2013 to April 2017 were enrolled in
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the study. There were 10 males and 10 females
with an average age of 64.3+11.7 years. The
written informed consents were obtained from
all patients/their families, and the study was
approved by the Ethics Committee of our
hospital.

Inclusion criteria: The sepsis diagnosis was in
accordance with the International Guidelines
for Management of Sepsis and Septic Shock:
2016 [4]; patients with acute physiology and
chronic health evaluation Il score >18 points;
patients who accepted PiCCO monitoring and
with complete clinical material. Exclusion crite-
ria: Patients with diseases that would affect
the monitoring of PiCCO, such as massive pul-
monary embolism, severe arrhythmia, intracar-
diac shunt, severe valvular heart disease and
acute coronary syndrome; patients with condi-
tion that would affect the accuracy of CVP,
including pneumothorax, intra-abdominal hy-
pertension, high positive end-expiratory pres-
sure and so on; patients combined with hemor-
rhagic shock and cardiogenic shock, etc.

Therapeutic methods

The fluid resuscitation indications and fluid
resuscitation end point were in accordance
with the International Guidelines for Manage-
ment of Sepsis and Septic Shock: 2016; all
patients in this study accepted early fluid resus-
citation; fluid infusion was performed according
to the CVP and GEDVI. The CVP were recorded
atOh,6h,12 h, 24 h, 48 h and 72 h respec-
tively during the treatment; the value of GEDVI
at each corresponding time point was obtained
by PiCCO monitor; meanwhile, all patients were
given constant electrocardiograph monitoring.
The endpoint of fluid resuscitation was main-
taining the CVP within 8-12 mmHg and GEDVI
within 650-800 ml/m?; All patients were in hori-
zontal position, and the application of vasoac-
tive drugs and anti-infective agents were per-
formed according to the requirements in Inter-
national Guidelines for Management of Sepsis
and Septic Shock: 2016.

PiCCO monitoring

The PiCCO monitor (PULSION Medical Systems)
was applied. Patients were in horizontal posi-
tion; the right subclavian or internal jugular
venous dual-lumen catheter was placed; then
femoral artery puncture was performed; a cath-
eter with thermistor wire on the tip was placed.
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The PiCCO monitor connected the deep vein
catheter, the femoral artery catheter and the
PiCCO module. While monitoring, PiCCO mod-
ule would calculate the body surface area and
the injection volume of ice-cold saline through
the general information of patients; normal
saline at 0-4°C was injected within 5 s via cen-
tral venous catheter, 3 times in a row, calculat-
ing the mean value of three test results. The
techniques of transpulmonary thermal dilution
and arterial pulse profile analysis were used for
thermal dilution curve detection; then the
GEDVI value was calculated [5].

CVP monitoring

Patients were in horizontal position; right cervi-
cal or subclavian vein puncture was performed,
and a double central venous catheter was
placed. The intersection point of the right
midaxillary line and the fourth intercostal was
regarded as the zero point; the CVP value was
read at the end-expiratory of the whole respira-
tory cycle [6].

Statistical analysis

SPSS 19.0 was used for statistical analysis.
The measurement data were expressed as
mean * standard deviation (X + sd); the corre-
lation between GEDVI and CVP at different time
points was evaluated by Pearson linear correla-
tion analysis; the correlation between different
CVP ranges and GEDVI was analyzed by rank
test. All statistical analyses were based on the
inspection level of a=0.05.

Results

Correlation analysis between GEDVI and CVP
at different time points

The results of Pearson correlation analysis
showed that CVP level was correlated with
GEDVI level after treated for 6 h (r=-0.712,
P=0.021). There was no significant correlation
between CVP and GEDVI after patients being
treated for 12 h, 24 h, 48 hand 72 h (r=-0.243,
r=-0.167, r=-0.106 and r=-0.138 respectively,
all P>0.05). See Table 1.

Hierarchical comparison between CVP and
GEDVI

The rank test results of CVP and GEDVI levels
after treated for 6 h showed that when CVP was
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Table 1. Correlation analysis between GEDVI and CVP at different

[9-11]. Consequently, many

time points scholars have questioned
Time points ~ CVP (mmHg)  GEDVI (ml/m?)  rvalue  Pvalue the guiding significance and
Oh 7.242.2 709.4112.4 -0.325 0.078 clinical value of CVP in the
6h 11.5+3.1 725.0+14.1 0.712 0.021 treatment of sepsis [12]. In
12 h 15.242.6 731.4+11.9 -0.243 0.089 recent years, clinical studies

have confirmed that PiCCO
24 h 8.242.5 719.3+10.5 0.167 0.154 technology applied to moni-
48 h 7.7+1.7 694.2+8.2 -0.106 0.218 tor GEDVI indicator can di-
72h 13.142.7 754.8+9.3 .0.138 0177

rectly reflect the cardiac pre-

Note: GEDVI, global end-diastolic volume index; CVP, central venous pressure.

Table 2. Comparison of rank test results between CVP and GEDVI

load and the status of
effective circulating blood
volume, accurately know the

Stratification

CVP (mmHg) GEDVI (ml/m2)

rvalue P value

patients’ fluid distribution
and extravascular lung wa-

All patients 7.943.3 729.4+13.4 -0.170 0.165 ter, and detect pulmonary
0 mmHg<CVP<8 mmHg 6.5+2.4 715.04¢81 -0.534 0.056 edema in the early stage;
8 mMmMHg<CVP<12 mmHg  11.7+2.6 727.8+10.9 -0.889 0.001 meanwhile, this method was
CVP>12 mmHg 14.8+35  746.6+14.6 -0.075 0.289 not affected by catheter

Note: GEDVI, global end-diastolic volume index; CVP, central venous pressure.

at ranges of 0-8 mmHg or greater than 12
mmHg, it has no correlation with GEDVI (r=-
0.534, r=-0.075 respectively, both P>0.05);
while CVP was 8-12 mmHg, CVP and GEDVI had
a significantly negative correlation (r=-0.889,
P=0.001), see Table 2.

Discussion

One of the important circulation supports in the
treatment of sepsis is to offer appropriate lig-
uid resuscitation, through which the circulating
blood volume can be effectively increased and
the tissue perfusion can be improved [2].
However, too much or too quick liquid infusion
will further aggravate the cardiac preload, tis-
sue edema and capillary leak, resulting in pul-
monary edema, heart failure, brain edema and
other complications, and even increasing the
fatality rate [7]. Therefore, in the clinical prac-
tice of critical care medicine, there is a need for
an accurate and sensitive hemodynamics mon-
itoring indicator to guide fluid resuscitation [8].

Previously, the pressure of the junction of vena
cava and right atrium (the CVP value) was often
used to indirectly reflect the cardiac preload in
clinic. However, this method had a disadvan-
tage of poor accuracy and it was easily inter-
fered by mechanical ventilation, position of
catheter tip, cardiac compliance, application of
vasoactive drugs, thrombosis and other factors
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position, mechanical ventila-
tion, myocardial contractility
and other factors [13-16]. As
a result, some clinical researchers put forward
to use GEDVI as an indicator to guide fluid
resuscitation in the treatment of sepsis
patients, but this viewpoint was still controver-
sial. Therefore, this study retrospectively ana-
lyzed the clinical data of sepsis patients admit-
ted to our hospital in order to evaluate the
correlation and accuracy of CVP and GEDVI
indicators during the fluid resuscitation treat-
ment in sepsis patients.

The results of this study showed that CVP value
had a correlation with GEDVI value in the early
6 h of liquid resuscitation, indicating that CVP
could be used as a reliable index for fluid resus-
citation in the early 6 h treatment of sepsis
patients. However, it was noteworthy that there
was no correlation between CVP and GEDVI lev-
els at the beginning of the treatment and other
time points after 6 h, which was indicating that
CVP value could hardly accurately reflect the
effective capacity status of severe sepsis
patients after treated for 6 h. The reasons
might be the significant increase of vascular
permeability, the decrease of vascular tension,
the suppression of myocardial contractility and
other pathological changes in the early stages
of sepsis, which would lead less blood flow
back to heart, and accordingly, less cardiac
output [17]. When patients received timely
fluid resuscitation in the early stage, with the
gradually increasing of effective circulating
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blood volume, CVP also increased gradually;
accordingly, cardiac preload and cardiac output
were improved little by little. So, there was a
certain correlation between the changes of
CVP and GEDVI values in sepsis patients treat-
ed within 6 hours, which was consistent with
the existing research reports [18].

However, pathophysiology studies confirmed
that the pressure and volume showed a curvi-
linear relationship rather than a linear relation-
ship in cardiac function curve; after the early
stage of the treatment, initial recovery goal had
achieved in sepsis patients, whose cardiac
function was in the plateau phase, and a small
increase of circulation volume would lead to a
significant increase of CVP; therefore, there
was no correlation between the two at this
moment [19, 20]. Namely, CPV could not accu-
rately reflect effective circulation volume status
of body after 6 h fluid resuscitation in sepsis
patients. This illustrated that CVP only had
good monitoring values in the early treatment,
and it could not objectively reflect the effective
blood volume status in the later treatment.

This study also showed no significant linear cor-
relation between CVP and GEDVI in the evalua-
tion of all patients. Further stratification analy-
sis showed that there was a linear correlation
between CVP and GEDVI in the condition of
8 mmHg<CVP<12 mmHg (defined by the Gui-
delines), which indicated that in the above
range, adjusting fluid intake and output in
accordance with GEDVI had the same clinical
value as adjusting CVP index in the evaluation
of effective circulating blood volume. Never-
theless, there was no significant linear correla-
tion between CVP and GEDVI when CVP at rang-
es of 0-8 mmHg and greater than 12 mmHg.
When the CVP value was more than 12 mmHg,
it suggested that sepsis patients would no lon-
ger make effectively response to the volume;
when CVP value was between O and 8 mmHg, it
indicated that patients needed fluid resuscita-
tion, and CVP and GEDVI appeared a weak lin-
ear correlation; those showed that the two
indexes did not have similar assessment value,
which was consistent with the research results
of Wang et al. [6].

In conclusion, compared with CVP, GEDVI can
more accurately reflect the cardiac volume load
status of sepsis patients for the whole course,
and there is no significant linear dependence
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between the two. CVP cannot accurately
assess the effective circulating blood volume,
and cannot serve as a reliable indicator for
guiding fluid resuscitation. Meanwhile, there
was a linear correlation between CVP and
GEDVI in the condition of 8 mmHg<CVP<12
mmHg. However, for this study used retrospec-
tive method and the number of selected cases
was relatively small, there were some limita-
tions. Hence, the correlation between CVP and
GEDVI in the treatment of sepsis still requires
prospective, multicenter, randomized, con-
trolled clinical trials to verify.
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