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Abstract
Introduction:  Variations in the expression of vascular endothelial growth factor (VEGF) could be used as a bio-
marker in critically ill patients with sepsis and septic shock. Inflammation potently upregulates VEGF-C expression 
via macrophages with an unpredictable response. This study aimed to assess one of the newer biomarkers (VEGF-C) 
in patients with sepsis or septic shock and its clinical value as a diagnostic and prognostic tool. Material and meth-
ods: The study involved 142 persons divided into three groups. Group A consisted of fifty-eight patients with sepsis; 
Group B consisted of forty-nine patients diagnosed as having septic shock according to the Sepsis -3 criteria. A control 
group of thirty-five healthy volunteers comprised Group C. Severity scores, prognostic score and organ dysfunction 
score, were recorded at the time of enrolment in the study. The analysis included specificity and sensitivity of plasma 
VEGF-C for diagnosis of septic shock. Circulating plasma VEGF-C levels were correlated with the APACHE II, MODS 
and severity scores and mortality. Results: The mean (SD) plasma VEGF-C levels in septic shock patients (1374(789) 
pg./m),  on vasopressors at the time of admission to the  ICU,  were significantly higher 1374(789)pg./mL, compared 
the mean (SD) plasma VEGF-C levels in sepsis patients (934(468) pg./mL); (p = 0.0005, Student’s t-test.) Plasma VEGF-
C levels in groups A and B were shown to be significantly correlated with the APACHE II (r = 0.21, p = 0.02; r = 0.45, p 
= 0.0009) and MODS score (r = 0.29, p = 0.03; r = 0.4, p = 0.003). There was no association between plasma VEGF-C 
levels and mortality [p = 0.1]. The cut-off value for septic shock was 1010 pg./ml. Conclusions: VEGF-C may be used 
as a prognostic marker in sepsis and septic shock due to its correlation with APACHE II values and as an early marker 
to determine the likelihood of developing MODS. It could be used as an early biomarker for diagnosing patients with 
septic shock.
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 �Introduction
Due to the life-threatening potential of sepsis, early 
diagnosis and treatment are the keys in the successful 
management of the illness. This is the reason why, in 
the last years, a panel of new biomarkers have been de-
veloped, to facilitate a better approach in sepsis man-
agement [1,2]. Some of these markers are important for 

diagnosis and prognosis, likewise with respect to their 
genetic variability [3,4]. 

C reactive protein (CRP), procalcitonin (PCT) and 
pro-inflammatory cytokines (interleukin six and inter-
leukin eight) are biomarkers routinely utilized in the 
diagnosis and prognostic stratification [3]. Although 
the biomarkers mentioned above have an important di-
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agnostic and prognostic role, their specificity is low and 
have not been proved to have an appreciable impact 
on patient outcome or mortality [5]. As such, identi-
fication of a biomarker with a strong early predictive 
value in sepsis would have significant therapeutic value 
in managing patients with sepsis and improving their 
clinical evolution. 

The current literature supports the hypothesis that 
vascular endothelial growth factor (VEGF) could be 
used as a prognostic marker in critically ill patients 
with sepsis and septic shock. Leung (1989) described 
VEGF as a factor related to hypoxic stress [6]. 

Sepsis and septic shock are two pathological condi-
tions arising due to an exaggerated immune response 
to pathogens. Inflammation impairs tissue perfusion 
secondary to micro-thrombosis, vascular leakage lead-
ing to oedema, increased interstitial fluid pressure, and 
compression of vessels resulting in impaired tissue 
oxygenation [7]. Hypoxia-inducible factor (HIF) plays 
a significant role in the transactivation of target genes 
such as VEGF [7]. Nitric oxide and cytokines influence 
VEGF expression, thus, elevated circulating concentra-
tions of VEGF were noticed in sepsis, inducing lym-
phatic endothelial cell proliferation and survival [7,8].

Three major classes of VEGF receptors are expressed 
in vascular and extravascular tissues [7]. All family 
members of VEGF receptors are tyrosine kinase recep-
tors. 

Previous studies have suggested that VEGF recep-
tor-1 and VEGF receptor-2 on vascular endothelial 
cells mediate angiogenesis, whereas VEGF-3 regulates 
lymphangiogenesis [8,9,10]. Type C VEGF belongs to 
an angiogenic regulator family, alongside VEGF-A, 
VEGF-B, VEGF-D and placental growth factor (PIGF) 
[8,10]. 

VEGF-A is commonly known for its involvement 
in blood vessel morphogenesis. Conversely, VEGF-C 
interacts predominantly with VEGF receptor 3 (VEG-
FR-3) on lymphatic endothelial cells and is responsible 
for lymphangiogenesis [8,10].

This study aimed to assess plasma VEGF-C levels as 
a diagnostic and prognostic tool for sepsis and septic 
shock states. 

The Null hypotheses are:
1.  There is no difference between plasma vascular 

endothelial growth factor- C (VEGF-C) levels in 
the sepsis and control groups.

2.  There is no difference between plasma vascular 
endothelial growth factor- C (VEGF-C) levels in 
the septic shock and control groups.

3.  There is no difference between plasma vascular 
endothelial growth factor- C (VEGF-C) levels in 
the sepsis and septic shock groups.

4.  There is no difference in endothelial growth fac-
tor- C (VEGF-C) levels between the sepsis and 
septic shock groups in relationship to qSOFA, 
SOFA scores or APACHE II and MODS, scores.

 �Material and Methods 

The study was conducted from Feb 1, 2018, to Jul 30 
2018, in the Intensive Care Unit of the County Emer-
gency Clinical Hospital, Targu Mures, Romania.  

Written informed consent was obtained before the 
patients being enrolled in the study. The same proce-
dure was applied to healthy volunteers included as con-
trols. 

The regional ethics committees approval (no 
19248/2017) was obtained.

For patients unable to give consent, their legal repre-
sentatives gave consent on their behalf.  

One hundred and forty-two patients were enrolled 
and divided into three groups. Group A consisted of 
fifty-eight patients with sepsis, Group B comprised of 
forty-nine patients with septic shock, diagnosed ac-
cording to the Sepsis -3 criteria.  Group C (Controls) 
consisted of thirty-five healthy volunteers. 

All patients in Groups A and B were enrolled on the 
day when sepsis or septic shock onset was first diag-
nosed and recorded.  

Inclusion criteria: Adult patients aged 18-80 years, 
with sepsis or septic shock.  In accordance to the Sep-
sis-3 definition, diagnosis of sepsis and septic shock 
was determined by clinical criteria of infection using 
the  Quick Sequential Organ Failure Assessment (qSO-
FA) score ≥ 2, and a Sequential Organ Failure Assess-
ment (SOFA) score ≥ 2 [2]. 

Exclusion criteria were: Known malignancy or ne-
oplasm, history of recent surgery, hematologic disor-
ders, cardiopulmonary resuscitation and patients with 
autoimmune diseases that could cause expression of 
high plasma VEGF-C levels. 

Once enrolled, a medical history was taken, and the 
patient underwent a clinical examination.
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The obtained data and parameters were recorded 
as well as the vasoactive treatment and dosage, before 
enrolment. Regardless of whether vasopressor therapy 
was initiated before ICU admission or during ICU stay, 
plasma samples for VEGF-C levels were obtained after 
vasopressor treatment. 

The length of stay in the ICU was recorded either at 
time of death or on discharge from the unit. 

Acute Physiology and Chronic Health Evaluation 
(APACHE II) prognostic score and Multiple Organ 
Dysfunction Syndrome (MODS) scores were recorded 
during the first twenty-four hours after sepsis or septic 
shock onset and diagnosis. 

Blood cultures and bacteriological determinations 
were performed on the day of enrolment to confirm the 
diagnosis. The SOFA and qSOFA severity scores were 
recorded. 

Analysis of the samples  

Blood samples to determine plasma VEGF-C levels 
were collected via vein puncture from the antecubital 
fossa and were collected in ethylenediaminetetraacetic 
acid (EDTA) plasma tubes. The samples were centri-
fuged within thirty minutes of collection and stored 
at -30°C before processing. Enzyme-Linked Immuno 
Sorbent Assay (ELISA) test (R&D Systems, Minneapo-
lis, USA) was used and were processed with the Dynex 
DSX® ELISA System in the  Centre for Advanced Medi-
cal and Pharmaceutical Research, Targu Mures.

The sensitivity of the  VEGF-C analysis kit was 13.3 
pg./ml. 

Routine blood tests were performed daily. Due to the 
lack of laboratory reagents, CRP and PCT were not as-
sessed in every patient. 

Plasma lactate levels were assessed daily using an 
arterial blood gas analyzer (Stat Profile Prime Plus by 
Nova Biomedical UK).

Statistical analysis was performed using Microsoft 
Excel [Microsoft, Washington, USA], Graphpad Prism 
[Graphpad Software, Inc., California, USA] and the 
Statistical Package for Social Sciences (SPSS version 17, 
Chicago, IL, USA].

All quantitative variables were tested for normality 
using the D’Agostino test. Non-Gaussian data were an-
alyzed using the Mann-Whitney non-parametric test.  

For normal distributed data, the Student’s t-test and 
ANOVA analysis were used.

Correlations were tested using Spearman test, for 
non-Gaussian distributed data.

Chi-squared test and Fisher’s exact test were used for 
comparing the distribution of nominal values. Correla-
tions were tested using Spearman test, for non-Gauss-
ian distributed data. In order to assess the influence of 
noradrenaline dose and mean arterial pressure value 
on the determined plasma VEGF-C level, a linear re-
gression model, using VEGF-C level as the dependent 
variable was constructed.

The analysis included specificity and sensitivity of 
plasma VEGF-C levels in patients diagnosed with sep-
tic shock.

Graphic representation of receiver-operating-char-
acteristic (ROC) was used, with the determination of 
area under the curve (AUC).

The significance level was set at α = 0.05. 

 �Results
The demographic data and length of stay in ICU for 
Group A (sepsis) and Group B (septic shock) are given 
in Table 1. Age and gender were not significantly differ-
ent between Groups A and B. (p >0.05, Student’s t-test). 

Differences between septic and septic shock patients 
regarding their severity scores are shown in Table 2. 
There were significant differences between the two 

Table 1. Demographic data and length of stay in ICU for 
Group A (sepsis) and Group B (septic shock)

Variables Group A Group B P-value
Age(years)
median (range)

65(68) 69(56) 0.17**

Gender, male (n, %) 35(60%) 22(44%)
0.12*

Gender, female (n, %) 23(40%) 27(56%)
* Chi-square test; ** Mann-Whitney test

Table 2. qSOFA, SOFA, MODS, APACHE II scores in Groups 
A and B

Variables Group A Group B P value
qSOFA score (median) 2 2 >0.999
SOFA score  
(median, range) 5 (0-16) 8 (0-18) <0.0001

MODS score  
(median, range) 4.9 (0-10) 9.2 (2-18) <0.0001

APACHE II score  
(median, range) 17 (6-39) 23 (5-39) <0.0001

* Mann-Whitney test; ** Fisher’s exact test; QSOFA Quick Sequential Organ Failure Assessment; 
SOFA Sequential Organ Failure Assessment; MODS Multiple Organ Dysfunction Syndrome; APACHE 
II Acute Physiology and Chronic Health Evaluation.
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groups with regard to SOFA, APACHE 11 and MODS, 
(p < 0.001) but not qSOFA. (p> 0.999).

No statistically significant difference was observed 
between plasma VEGF-C levels in Group A (sepsis) 
and Group C (controls) (p=0.9, Student’s test). Null hy-
pothesis 1. is therefore upheld.

The mean (SD) of plasma VEGF-C levels in Group 
B (septic shock) was significantly higher than plasma 
VEGF-C levels in  Group C (controls) (p = 0.001, Stu-
dent’s t-test). Null hypothesis 2. is therefore rejected.

The mean (SD) of plasma VEGF-C levels in Group 
A (sepsis) 934(468) pg./mL were significantly lower 
than  Group B (septic shock) 1374(789) (p = 0.0005, 
Student’s t-test).

Null hypothesis 3. is therefore rejected.
There was a significant difference between the plas-

ma VEGF-C levels in Group A & Group B in respect 
to SOFA, MODS and APACE II scores (p <0.001 in 
all three cases, Mann-Whitney test) but not to qSOFA 
scores.(p >0.999, Mann-Whitney test) Null hypothesis 
4. is therefore partially rejected. 

There was no significant correlation between plas-
ma VEGF-C levels in group A and SOFA (r = 0.14, p 
= 0.12) or qSOFA (r = 0.11, p = 0.2), respectively be-
tween plasma VEGF-C levels in group B and SOFA (r 
= 0.11, p = 0.4) or qSOFA (r = 0.17, p = 0.2) severity 
scores. [Spearman rank test]. Plasma VEGF-C levels in 
groups A and B were shown to be significantly corre-
lated with the APACHE II (r = 0.21, p = 0.02; r = 0.45, 
p = 0.0009) and MODS score (r = 0.29, p = 0.03; r = 0.4, 
p = 0.003). The statistical power for these correlations 
with APACHE II are 0.63 and 0.92, respectively 0.58 
and 0.84 with MODS scores.

No significant correlation between plasma VEGF-C 
levels and plasma lactate level was found in groups A 
and B (r = 0.08 p = 0.3; r = 0.05, p = 0.6). [Spearman 
rank test]

Multivariate analysis revealed a positive significant 
correlation between plasma VEGF-C levels, and vaso-
active medication dose for Group B (septic shock) (r = 
0.975, p = <0.0001, Student’s t-test)

The mean arterial pressure and mortality were both 
significantly higher in Group B (septic shock) than in 

Fig. 1. Mean values of plasma VEGF-C levels in Group A (sepsis), Group B (septic shock) and Group C (healthy controls)
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Group A (Sepsis) (p=0.0002, Mann-Whitney test).
The length of stay in the ICU was significantly higher 

in patients in Group A (Sepsis) than in Group B (septic 
shock). (p=0.0002, Mann-Whitney test)

No significant correlation with plasma lactate level 
was found (p=0.3. test)  

There was a significant difference between the mean 
(SD) values of plasma VEGF-C levels from the sepsis 
group (Group A), the septic shock group (Group B) 
and the controls (Group C). (p = 0.0001, ANOVA) . 
An F coefficient of 10.73 was obtained.  The maximum 
plasma VEGF-C levels for all three groups were 3268 
pg./mL, 3988 pg./mL, and 1439pg/mL, respectively. 
The horizontal bolded line on the box-plots represents 
the median value, the 50th percentile. The upper limit of 
the box-plot represents the 75th percentile, and the infe-
rior limit of the box-plot represents the 25th percentile.  
The horizontal lines that extend out of the box-plots 
represent the maximal and minimal plasma VEGF-C 
level in that group that are not extremes or outliers.

Figure 2 indicates that the plasma VEGF-C level was 
71.43% for specificity and 61.22% for sensitivity; both 
“specific” and “sensitive” for the diagnosis of septic 
shock.

The cut-off plasma VEGF-C level for diagnosis of 
septic shock was established at 1010 pg/mL. 

In order to assess the influence of noradrenaline and 
mean arterial pressure over plasma VEGF-C levels, a 
linear regression model was constructed. 

A significant influence of noradrenaline and mean 
arterial pressure over plasma VEGF-C levels (R square 
= 0.601, Beta = 0.787, 0.130) was observed. 

The analysis showed no correlation between meas-
ured plasma VEGF-C levels in Groups A & B and hos-
pital mortality (p=0.1).

In the two subgroups, there was a significantly high-
er in-hospital mortality rate in Group B. (p=<0.0001). 
[Fisher’s exact test]

 �Discussion
Sepsis is a pathological condition that can occur in crit-
ically ill patients admitted to an intensive care unit re-
gardless of the underlying condition. The onset, course 
and development of septic shock or MODS are related 
to the virulence of the pathogen(s), to the comorbidi-
ties of the patient and their response to infection [1,2].

Regarding the life-threatening potential of sepsis 
and septic shock, the development of newer and faster 
diagnostic biomarkers is mandatory. 

Despite years of research, morbidity and mortality 
from sepsis remain unacceptably high [11].

The medical literature indicates a role of vascular en-
dothelial growth factor in the systemic inflammatory 
response syndrome, a common feature of critically ill 
patients regardless of the underlying pathology, and in 
sepsis [10,12,13].

Consecutively, endothelial dysfunction can be influ-
enced by the drugs that septic patients receive during 
therapy, not only directed related to sepsis, but also 
with other associated dysfunctions: anticoagulants, 
vasoactive, antihypertensives, calcium channel block-
ers, so endothelial alteration should be evaluated not 
only in the context of the underlying disease but as well 
as for the applied therapy [14,15]. Equally important is 
not only the proper administration but also the biologi-
cal properties, pharmacokinetics and plasma levels of 
each of these drugs [16,17].

The diagnostic and prognostic value of C type VEGF 
in sepsis, which promotes lymphangiogenesis, remains 
unclear, and its role in this requires further investiga-
tion.

In our study, no correlation between plasma VEGF-
C levels and the patients’ age was observed in agree-
ment with other published studies [13,18].

Significantly higher values of circulating plasma 
VEGF-C levels were found in the group with sepsis 
than in the non-infected healthy controls, regardless 
of the demographic data. This observation is in agree-
ment with Zhang et al. (2014), who provided evidence 

Fig. 2. ROC curve for plasma VEGF-C levels for septic shock 
(AUC = 0.709, p = 0.001)
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that plasma VEGF-C level is increased in patients with 
sepsis [10].

An important finding in the present study was that 
higher plasma VEGF-C levels were found in patients in 
the septic shock group who were undergoing vasoac-
tive treatment. Only two other reports have described 
a significantly increased plasma VEGF-C level during 
septic shock [10,18]. 

Patients who had increased plasma VEGF-C levels 
needed increased amounts of vasoactive medication.

A positive significant correlation between plasma 
VEGF-C levels and vasoactive medication doses were 
noticed. The severe hypotension occurring in septic 
shock is related to large amounts of bradykinin and his-
tamine release by a systemic inflammatory response to 
a bacterial injury, then an aggressive vasoactive medi-
cation was required. 

Histamine and VEGF induced vascular leakage 
leads to plasma exudation with increased interstitial 
fluid pressure, decreased peripheral blood flow and 
impaired tissue oxygenation. 

The hypoxic injury will stimulate an inflammatory 
response, which induces VEGF-C expression [7]. All 
patients enrolled in the study received oxygen therapy. 
In Group B (septic shock), the early introduction of 
vasopressors diminished hypoxia at tissue level, and 
plasma lactate levels did not vary significantly from 
baseline levels. This may explain why a statistically 
significant correlation between plasma VEGF-C levels 
and plasma lactate levels was not obtained.

In the current study, it was noticed that increased 
amounts of noradrenaline and the mean arterial pres-
sure values influence plasma VEGF-C levels in 60% of 
cases.

There is a vicious circle maintaining the inflamma-
tory response and leading to multisystem organ failure.

The septic shock group had higher mortality rates 
compared to the group with sepsis; however, we were 
unable to find a significant correlation between plasma 
VEGF-C levels and mortality [18]. 

Above the established calculated cut-off value, the 
likelihood ratio of developing septic shock was two 
times higher. Even if increased plasma VEGF-C levels 
were found in septic shock patients, VEGF-C cannot 
be considered as a specific marker due to its relatively 
low sensitivity and specificity. Therefore, its utility in 
diagnosing septic shock is limited. 

Above a level of 1055 pg/mL, the likelihood occur-
rence of septic shock was three times higher, with a 
specificity of 82%. However, in this case, the sensitivity 
was found to be low at 57,14%. 

Several other studies have reported a decrease in 
circulating VEGF level for non-survivors. Two studies 
indicated an increase in C-type VEGF levels in patients 
who subsequently died. These results are not consist-
ent with our study, which reveals that increased plasma 
VEGF-C levels were not related to mortality [13,18].

In the septic shock group, there were fewer ventila-
tor-free days and length of stay in ICU. These findings 
may be attributed to high mortality rates and a shorter 
duration of survival.

Related to prognostic scores, Shapiro et al. (2008) 
concluded that a positive correlation exists between 
VEGF and APACHE II scores [19]. Our study also sup-
ports this finding.

There is a lack of evidence regarding the correla-
tion between plasma VEGF-C levels, APACHE II 
and MODS scores in the literature. The present study 
showed a positive correlation between these variables.

No significant correlation was found between plasma 
VEGF-C levels and SOFA severity score. This finding 
can be explained by the fact that critically ill patients 
with sepsis did not possess high SOFA scores second-
ary to sepsis alone, but rather as a result of chronic re-
nal or hepatic pathologies, chronic obstructive bron-
chopulmonary disease or heart failure [20].

Zhang et al. (2014) suggested that the vascular en-
dothelial growth factor receptor-3 (VEGFR-3) and its 
ligand VEGF-C are protective during sepsis by attenu-
ating pro-inflammatory processes [21].

The inflammation process effectively upregulates 
VEGF-C expression via macrophages, promoting reso-
lution in some cases or exacerbating response in others.

Evolution may be unpredictable depending on the 
patient’s immune status and degree of hypoxia, which, 
if too severe, will impair VEGF-C production [6]. 

 �Conclusions
VEGF-C may be used as a prognostic marker in sepsis 
and septic shock due to its correlation with APACHE II 
values and as an early marker to determine the likeli-
hood of developing MODS. It could be used as an early 
biomarker for diagnosing patients with septic shock. 
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