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ABSTRACT

The aim of the present study is to evaluate the value of hyaluronan (HA) as a biomarker of sepsis in patients not showing sepsis-
associated liver dysfunction and to investigate the relationship between HA level and disease severity.

Sepsis patients that had been followed-up between 2015 and 2016 in intensive care units (ICU) of Erciyes University Hospital were
included in this prospective study. Sepsis was defined according to the 2013 Sepsis Survival Campaign Guidelines. The patients were
classified as sepsis, severe sepsis, and septic shock. Blood samples were collected from the patients on the first and the third days to
measure the HA level. The demographic characteristics, the duration of intensive care unit stay, and mortality data of the patient and

the control groups were analyzed.

A total of 46 patients and 30 control subjects were evaluated. HA levels were found to be higher in the sepsis group than the others.
HA was neither a predictor of the disease mortality, nor was it correlated with the inflammatory markers, C-reactive protein (CRP),

and procalcitonin (PCT).

HA is not a sepsis biomarker in the patients with sepsis who do not show sepsis-associated liver dysfunction.
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Introduction

Sepsis affects millions of people around the world
every year and kills more than one in four of them
(1). Its mortality rates are still high, despite the
technical advances (2). One of the most important
components of sepsis treatment is early and
adequate fluid administration (3). It has been
demonstrated that %50 of the cases are fluid-
responsive and the other half are not (4). The
pathophysiologic mechanism underlying why fluid
therapy is not effective in all cases is not clear,
excess fluid may result in tissue edema (5,6). Some
authors have attempted to explain the intra
vascular fluid regulation processes through the
glycocalyx (GCX) structures residing on the
endothelial surfaces instead of Frank-Starling
principles (4). HA, which provides stability to the
GCX structures on the endothelial surface, is
disrupted as a result of inflammation.

Consequently, the glycocalyx layers heds away
(7,8) and the endothelial surface becomes exposed
to the shear forces (9), which may then lead to the
extravasation of fluid. HA is one of the most
important components in terms of the integrity of
the endothelial layer through GCX modulation

(10) HA acts as a regulator of intra cellular and
extra cellular fluid balance (10,11). In a previous
study, the large molecular weight HA treatment
used in lung injury. HA s
predominantly eliminated by the liver (12). It has
been suggested as a marker of hepatic fibrosis
(13). Since previous studies have not excluded
liver failure, it is not clear whether the high HA
levels observed have been due to the global organ
failure secondaty to sepsis, or to liver failure only
(14).

We aimed to investigate the effects of global
inflammation on HA in sepsis.

was acute

Materials and Methods

Study Area: This study was conducted in the various
ICUs of Erciyes University Hospital (the general
tertiary-level ICU, Anesthesia ICU, Surgical ICU and
Internal Medicine ICU). Ethical approval was
obtained from the Erciyes University Medical School
Ethics Board (2014/388).

Study Design: The patients who had been diagnosed
with sepsis between 2015 and 2016 according to the
2012 Sepsis Guideline were included in the study (15).
Two blood samples were obtained from each patient,
one at the time of sepsis diagnosis hyaluronan1 (HAT)

*Corresponding Author: Ilhan Bahar, Atatiirk Egitim ve Arastirma Hastanesi Basin Sitesi-Izmir, University of Katip Celebi Ataturk
Education Hospital, Department of Internal Intensive Care, Izmir, Turkey
E-mail: inb2001 @gmail.com, Phone: 0 (232) 243 43 43, Fax: 0 (232) 243 15 30
Received: 09.01.2019, Accepted: 08.05.2019


https://orcid.org/0000-0003-3928-7486
https://orcid.org/0000-0003-2166-0545
https://orcid.org/0000-0002-6700-8301

Bahar et al / Is hyaluronan sepsis biomarker?

Table 1. The laboratory results and mortality rates of the patients

Sepsis Severe sepsis Septic shock p
(n=8) (n12) (n=26)
Age, Years (mean T sd) 74.6 £ 4.9 69.9 = 4.0 635 %27 0.125
Weight, kg (mean * sd) 81.2+£6.7 86.6%5.5 713 £3.7 0.067
Height, cm (mean * sd) 160.0 £5.9 154.1 £ 438 166.3 £3.3 0.121
Hyaluronan, median (Q1-Q3) 141.6 (67.1-150.1)  50.5 (24.6-117.0) 70.4(24.1-183.0)  <.0001
Admission SOFA score, Median (Q1- 3(1.2- 6) 8(4.2- 9.75) 8.5(6-11) 0.002
Q)
Apache II, Median (Q1-Q53) 15(11.5-18.5) 24(15-28) 24.5(20-28) 0.003
ICU Stay duration, Days Median (Q1- 6.5(3- 20.5) 12(7- 31) 13.5(8- 22.5) 0.530
Q3)
ICU Mortality, %, Median (Q1-Q3) 50.0% 75% 92.3% 0.023
30-day Mortality, %, Median (Q1-Q3) 50.0% 66.7% 92.3% 0.019
90-day Mortality, %, Median (Q1-Q3) 62.5% 83.3% 96.2% 0.033
and one on the 3 day hyaluronan2 (HA2). Being Physiologic ~ Assessment and  Chronic  Health

older than 18 years old was the inclusion criteria on
for the sepsis patients. The exclusion critetia included
the presence of immunosuppression, the presence of
liver and/or kidney failure and being in the
postoperative period. Patients showing international
normalized ratios (INR) above 1.5, activated partial
thromboplastin times (aPTT), longer than 60 seconds,
or bilirubin levels higher than 4 mg/dl were excluded
to exclude liver failure during severe sepsis/septic
shock, according to the Sepsis Guidelines (15). A
written informed consent was obtained from each
patient or a first-degree relative. All patients were
followed-up in an ICU environment.

Collection of the blood samples: On the day of sepsis
diagnosis according to the Sepsis Guidelines, 3 ml
blood samples were collected through an antecubital
venous puncture or via arterial line and centrifuged at
1500 Revolutions per minute (rpm) at room
temperature. The samples were then transferred into
Eppendotf tubes and stored at—80 'C, until the day of
analysis. As for the control group subjects, following
the signature of their written informed consent forms,
3 ml blood samples were taken from antecubital
veins, were centrifuged at 1500 rpm at room
temperature, and were transferred into Eppendorf
tubes to be stored at — 80 'C until the day of analysis.

Collection of Data: Data regarding patient age,
gender, primary diagnosis, infection site, and
physiological scores were recorded. HA levels were
measured from each blood sample obtained. Acute

Evaluation (APACHE 1I) score was calculated using
the worst values of the parameters that occurred
during first 24 h of ICU admission. Sequential Organ
Failure Assessment (SOFA) scores were calculated on
the day of the blood sample collection.

Plasma hyaluronat measurement: Plasma HA levels
were assessed using a commercial ELISA kit (Cat no:
DY3614; R&D Systems). The lowest detectable level
of HA by this kit was 1.15 ng/ml. Experiments were
performed following the procedures as described by
the manufacturer. The fluorometric microplates were
read by a spectrophotometer (Gemini XPS, Molecular
Devices), and the raw data were analyzed using a
dedicated data analysis software (Fluorometric
Microplate Spectrophotometer Soft Max PRO).

Statistical Analysis: The data were evaluated using
Statistical Package for the Social Sciences (IBM SPSS)
Statistics 22.0 (IBM Corp., Armonk, New York, USA)
software  package. Descriptive  statistics
represented as unit numbers (n), percentages (%),
means T standard deviation (x*sd) and median (Qs-
Q3) values. The normality of the distribution for the
numerical variables was assessed with Shapiro-Wilk
test and Q-Q charts. Patient and control group
comparisons were analyzed using the Student’s t- and
Mann-Whitney U tests for the variables showing and
not showing normal distribution, respectively. One
way ANOVA and Kruskal-Wallis tests were used to
compare the sepsis groups where the variables
showed and did not show normal distributions,

were
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Table 2. The correlation analysis in the patient group

Sepsis tho(p) Severe sepsis rho(p) Septic shock rho(p)
Age 0.48(0.91) 0.77(0.03) -0.22(0.91)
Weight 0.70(0.05) 0.16(0.60) -0.02(0.91)
Height -0.61(0.10) 0.18(0.56) 0.85(0.68)
Apachee 11 0.40(0.32) -0.18(0.55) -0.10(0.60)
Sofa score -0.64(0.88) 0.33(0.28) -0.13(0.95)
Cumulative fluids 0.86(0.84) -0.21(0.50) -0.18(0.37)
CRP -0.17(0.68) 0.33(0.28) 0.11(0.58)
PCT 0.14(0.72) 0.55(0.60) -0.26(0.19)
Lactate -0.45(0.26) 0.18(0.57) 0.23(0.91)
Chlorine -0.27(0.04) 0.16(0.60) 0.16(0.60)
Osmolality 0.96(0.82) -0.34(0.26) -0.34(0.26)
Albumin 0.27(0.50) 0.50(0.87) 0.50(0.87)
AST -0.31(0.45) 0.02(0.93) 0.25(0.93)
ALT -0.56(0.14) 0.14(0.64) 0.14(0.64)
Bilirubin -0.62(0.96) -0.91(0.77) -0.91(0.77)
Creatinine 0.20(0.62) 0.17(0.58) 0.17(0.58)
Na -0.45(0.25) 0.40(0.19) 0.40(0.19)
Glucose 0.18(0.67) -0.22(0.49) -0.22(0.49)
pH 0.27(0.50) 0.95(0.77) -0.37(0.12)
Table 3. Demographic Characteristics of the Patient Group and the Control Group
Patient Group (n=:406) Control Group (n=30) p

Age, Years, mean £ SE 68.0(60.0-71.0) 59.0(54.7-62.0) 0.067

Weight, Kg, (Mean * SE) 70.0(70.0-80.0) 63.0(56.0-71.2) 0.001

Height, cm + SE 160.0(155.0-170.0) 168.0(163.7-173.2) 0.068

Gender, M, % 25(54.3%) 10(34.4%) 0.10

respectively. For the cases with significant Kruskal-
Wallis test results, Dunn-Bonferroni test was
recruited to conduct multiple comparisons. The
relationships between the numerical variables were
evaluated with Spearman correlation test. Kaplan-
Meier analysis was used to evaluate the survival rates,
and their comparisons were run with Log-Rank test.
A Receiver Operating Characteristic (ROC), ROC
curve study was performed to establish the optimum
HA cut-off values for both the patients and the

control subjects. The relationships between the
categorical variables were evaluated with chi-square
exact test. P values lower than 0.05 were accepted to
show statistical significance.

Results

The demogtaphical characteristics of the patients and
the control subjects were found to be similar. The
SOFA scores at the time of the first blood collection,
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Fig. 3.Hyaluronan %25-75 median (%95 Confidence
interval(CI)), 12.0(9.3-14.6), p=0.389)

and the APACHE 1II scores significantly differed
between the patients (p= 0.003 and p= 0.002,
respectively). The difference in the body weights of
patients and control subjects was statistically
significant (p= 0.01) as shown in Table 1.

Regarding correlation analysis among patient groups,
the negative correlation with Chlorine was significant
(tho, p= -0.27(0.041). When correlation tests were
conducted according to vatrious possible factors that
can affect HA levels in the patient subgroups, only
chlorine levels were found to be negatively correlated
with HA in the sepsis patients (p=0.04) as it is in
table 2.
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Fig. 2. Hyaluronan %25-75 median (%95 Confidence
interval(CI)), 12.0(9.4-14.5), p=0.480)
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Fig. 4. Hyaluronan %25-75 median (%95 Confidence
interval(CI)), 12.0(8.6-15.3), p=0.924)

The cumulative ICU mortality rates and the 30-day
mortality rates were also significantly different
between the patient groups. Regarding hyaluronanl,
the mean * SD values of all three patient groups were
significantly different when compared to the control
group, sepsis and control group (148.42 * 74.69,
20.63 £ 19.95, p=0.01), severe sepsis and control
group (104.13 = 111.09, 20.63 £ 19.95, p=0.01),
septic shock and control group (128.77 + 112.36,
20.63 £ 19.95, p=0.01). Regarding hyaluronan2, the
mean * SD values of three patient groups were as
follows sepsis group (121.27 £63.37, p=0.01), severe
sepsis group (84.2418.09, p=0.01), septic shock
group (102.50 £ 93.34, p=0.01). Among the three
patient subgroups, sepsis group showed significantly
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Fig. 5. HA1 and HA2 values of patients with sepsis, severe
sepsis and septic shock

higher levels of HA (p<0.001). In ROC analysis, the
value with 80% specificity and sensitivity was 33.72
ng/dL

As for the demographical data, the control group
subjects had significantly lower body weights than the
patients (p=0.001), as shown in Table 3.

No significant differences were determined between
the three groups regarding the %25-75 and median
values of HYA1 and HYA2, ICU and 30-day
mortality as shown figurel-2-3-4.

HYA1 and HYAZ2 levels were significantly higher in
the patient group when compared with the control
subjects. In the sepsis subgroup, HYA1 levels were
statistically significantly higher than the severe sepsis
and the septic shock groups (p=0.01); however,
HYAZ2 levels were similar between the patients as
shown Figure 5.

ROC curve analysis revealed a specificity and
sensitivity of 80% at the mean HA level of 33.72
ng/dl is showed Figure 6.

Discussion

In our study, HA was found to be higher in patients
with sepsis than in healthy control subjects; however,
no significant difference was determined between the
patients with sepsis and the patients with severe sepsis
or septic shock. Previous studies have reported higher
HA levels in the sepsis patients than the patients
without sepsis (16,17). These higher levels have been
suggested to be attributable to several reasons such as
increased HA production and turnover, increased
lymphatic outflow and organ failure (16). The
relationship between HA levels and severity of sepsis
has been evaluated and established previously (14,18).
On the other hand, other studies have failed to
demonstrate any correlation between disease severity
and glycosaminoglycan levels (19,20). Yagmur et al.
reported that septic patients with cirrhosis showed

ROC Curve
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Curve
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T T T
04 06 08

1 - Specificity

T
00 0,2 10

Fig. 6. ROC curve analysis revealed a specificity and
sensitivity of 80% at the mean hyaluronan level of 33.72
ng/dl

high levels of HA, and that HA level was not a good
predictor of mortality (14). Gudowska M. et al. have
reported a close correlation between the HA levels
and the presence of liver failure (21). Thus, the high
HA levels found by Yagmur et al. might have been
due to hepatic dysfunction. Although the patients
with liver failure were excluded from this study, the
HA levels were still found to be higher in the patients
than the control subjects. On the other hand, HA
levels wete not correlated with the SOFA scores
among the patients. In parallel with our findings, Berg
et al. also suggested that HA levels might have been
affected by the liver functions and that its level might
rather be indicative of the liver damage in the patients
with sepsis (16). In previous studies, correlations were
determined to be present between HA,
proinflammatory markers, IL-6, IL-10, and disease
severity (22). In the study conducted by Yagmur et al.,
a correlation was found with PCT and CRP (14). In
another study by Kohler et al., correlations were
determined between Apache 1I, SOFA score, and
CRP (20). However, we determined no correlation
between CRP, PCT, and SOFA score. Also, we were
unable to find any relationship of HA with mortality.
Jensen et al. suggested that HA might be a marker of
sepsis-related liver failure (22). We did not include
any patient with liver failure and determined that HA
was not a marker in patients with sepsis. The
limitation of our study was related to the duration of
the study itself; we should have conducted the study
in longer durations in the patient groups and should
investigate the changes in HA levels during recovery
of the patients. Another limitation was the number of
the patients; it would be necessary to conduct the
study in a larger number of patients.
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