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(Abstract

~

Objective: Resistin plays a crucial role in the development of diabetes and several other internal diseases. Lately it was
discovered as a predictor of septic and SIRS events in neonatal and paediatric ICU treatments as well. Regarding patients
suffering a multiple trauma it was not considered yet even though it is expressed by macrophages and therefore might be one
of the first proteins to be identified after a multiple trauma.

Method: We used serum samples of patients with multiple trauma we collected and stored before. The patients were selected
into three groups: ISS<25 for less severe traumatized patients, ISS>25 for severe traumatized patients and death during
treatment.

Results and Conclusion: With these samples we performed an ELISA to look for Resistin and IL-6. Resistin was highest in
the ISS<25 group and slightly lower in the ISS>25 group with an increase in both. In the third group Resistin almost did not
show any change in concentration. These findings show an unexpected result after performing an ANOVA test with statistically
significant differences in the levels we measured but could as well lead to the goal of finding a new early marker for the severity

of trauma and maybe an outcome parameter.
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Introduction

A multiple trauma, also called a polytrauma in Europe, is per
definition a combination of two or more injuries that are greater or
equal to 3 on the Abbreviated Injury Score (AIS) and one or more
additional diagnoses (pathologic condition), that is hypotension
(systolic blood pressure < 90 mm Hg,), unconsciousness (GCS
score < 8), acidosis (base deficit < —6.0), coagulopathy (PTT > 40
seconds or INR > 1.4), and age (=70 years). [1] In most definitions
an Injury Severity Score (ISS) of 16 and more is considered as
multiple trauma. [2,3] Until today it is the leading cause of death
in the population below the age of 50. [4] Current knowledge
states that there are multiple hits after a multiple trauma that are

life-threatening. The first hit is at the accident site with hypoxia,
haemorrhagic shock and direct organ injuries. [5] The second hit
occurs due to reperfusion, operative intervention and infections
in the early posttraumatic phase with the liberation of cytokines
[5], both pro- and anti-inflammatory, which can lead to a Systemic
Inflammatory Response Syndrome (SIRS), resulting in multiple
organ failure. [6] If the anti-inflammatory cytokines predominate
[6] or macrophage activation is over induced as a response to an
infection which is common in multiply injured patients [7,8].

Therefore, it is of particular interest to find a sufficient and
reliable laboratory parameter which helps to assess the likelihood
of complications individually in every patient, to treat patients more
efficiently at an early stage. Besides the established parameters
and scoring systems such as ISS and the SOFA score treating
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physicians are looking for specific blood parameters which help
to evaluate the severity of a multiply injured patient. This might
help to get more certainty in the initial phase of what to expect
as an outcome and whether the SIRS could hit harder. Being able
to respond to it as soon as possible or to find a way in preventing
a SIRS would be a huge benefit in multiple trauma treatment.
[8] This is the reason why the search for markers that allow an
assessment of complications or severe courses of multiple trauma
in the later course has been going on since the uprising of infection
markers began. With every new discovery of a marker the hope
began to rise anew. Whether it was the C-Reactive Protein (CRP)
[9], Interleukin (IL) -6 [10] or Procalcitonin (PCT) [11], the results
were promising but never matched the expectations.

Another promising candidate was adiponectin, as it is
already known that adiponectin levels are increased during the
course of sepsis, and here especially in the preseptic phase. [12]
On top of that an organ-protective character in septic situations
was found for adiponectin. [13] Another hormone secreted by
adipocytes is Resistin, which was then tested as an indicator for
septic events in children [14] and especially in neonates. [15,16]
Resistin was first introduced in 2001 by the group of Steppan et
al. from the University of Pennsylvania. [17] Originally detected
in rodents, it was later found in the human blood samples as well.
The first scientific achievement was the link between Resistin
and diabetes mellitus type II, thus giving it the name it has today
consisting of the two words “resistance to insulin”. The secretion
of this hormone is different in various animal groups. In rodent
it is mainly produced by adipose tissue making it an adipokines,
whereas in humans it is secreted mostly by cells of the immune
system such as macrophages [18].

In this present study the correlation between Resistin levels
in blood samples of multiply injured patients in the early onset
after multiple trauma were correlated with the development of
septic complications as well as SIRS and Multi Organ Failure
(MOF) in the later posttraumatic course. Since every multiple
trauma has an inflammatory component the question which came
to mind is, whether Resistin would increase in the early state

of multiple trauma and how it would change in the following
days? The hypothesis is that the Resistin levels in the early state
after multiple trauma are higher in more severe injured patients
compared to less injured ones.

Method
Sample Collection

All Samples were acquired from multiply injured patients
with an ISS of 16 or more who were admitted to our intensive
care unit. Written informed consent was obtained from all
patients or in case of a patients inability to consent it was given
by a legal representative.[19] Samples were collected in serum
tubes on the day of admission as well as on day 1,2,4,7 and 10
after the admission. Samples were immediately cooled down in
a 4°C refrigerator until further processing. All probes were then
centrifuged to separate blood cells from serum. Afterwards the
supernatant was transferred into an Eppendorf tube. These were
stored at -80°C until further investigation. The study protocol
and process of sample donation comply with the Declaration of
Helsinki and were approved by the institutional review board
(Hannover Medical School - Votum No. 4980).

Group Distribution

The samples were separated into three categories by their ISS
and the outcome (Table 1). The first category (a) comprised four
patients with an ISS<25, since it is a good cut for a severe trauma
which was first published for children [20], and samples collected
before 2014. We choose these relatively early samples due to the
fact that we started to use a cytosorb dialysis since 2015 in case
of severly injured patients. It is unclear whether cytosorb dialysis
changes resistin levels or alters the underlying mechanisms. The
second group (b) included four patients with an ISS>25 and the
third group (c) consisted of four patients who did not survive (non-
survival group) the treatment on our Intensive Care Unit (ICU). As
it can be seen in table 1 the distribution of the sex is strongly in
favour of male since these were nine and only three female patient
samples tested. The mean age at the accident was 28 years without
a mismatch between groups.
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Table 1: Group distribution. An overview of the baseline characteristics is given for every group. The last column describes the main
diagnoses. In the group (b) with an ISS>25 nearly everyone had a brain injury whereas only 2/4 of the third group (c) had a brain injury.
Other relevant diagnoses were blunt thoracic and/or abdominal traumata. We included 9 males and 3 females. This phenomenon is due
to the fact, that far more multiple injured patients treated on our ICU were males.

Elisa

Undiluted serum samples were evaluated with R&D®
quanitkine test kits for human Resistin (Human Resistin Quantikine
ELISA Kit) as well as IL-6 (Human IL-6 Quantikine ELISA Kit)
according to the manufacturer’s instructions. The results were
delivered by the ELISA Reader as absorption measurements.

Statistics

Statistical evaluation was performed using SigmaPlot™ 13.
Evaluation of Gaussian distribution was performed by a Shapiro-
Wilk test and showed parametric data. Therefore, evaluation was
performed with a Normality pre-test (Shapiro-Wilk) and ANOVA
supported by a Student-Newman or a Dunn’s post-hoc test for
the comparing examination of the mean groups. Furthermore an
additional examination with the RM-ANOVA was performed
for the comparison of the serial blood levels in each patient. In
addition, the mean calculated results were evaluated with a paired
t-test. A value of p<0.05 was considered as significant difference.

Patient and Public Involvement’ (PPI) Statement

--How were the research question(s) and outcome measures
developed and informed by their priorities, experience, and

preferences?

There was no information about the outcome measures and the
priorities etc. since there was no active involvement of the patients
in the execution of this study.

-How were patients involved in the design of this study?

Since the study was performed in some cases 10 years after the
samples were taken and some patients have died during the therapy
there was no involvement for the patients in the study.

-How were they involved in the recruitment to and conduct of the
study?

There was no patient involvement in the recruitment and conduct
of the study since there was no active patient involvement.

-Were they asked to assess the burden of the intervention and time
required to participate in the research?

No assessment of the burden of the intervention and time
required was performed since the patients were not actively
participating in the study and the samples were taken as part of
their daily routine blood controls.
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-How were (or will) they be involved in your plans to disseminate the study results to participants and relevant wider patient communities?
The results of the study will be disseminated with the participants and wider communities after the manuscript is accepted and published.
-How were (or will) they be involved in your plans to disseminate the study results to participants and relevant wider patient communities?

The results of the study will be disseminated with the participants and wider communities after the manuscript is accepted and
published.

Result
Individual and Grouped Mean Comparison of IL-6

First we analysed each group individually for IL-6. Figure 1 a-c depicts the IL-6 values on each time point for every patient of
all groups. Additionally, the mean values for each time point were calculated. The comparison of the different patients in each group
shows a huge inconsistency regarding the IL-6 values. Comparing the mean values of each group (Figure 1) a slight but not significant
difference was noticed. Mean values of group (a) were slightly higher compared to group (b) whereas group (c) showed the highest IL-6
levels on the day of admission. Despite the slightly higher I1-6 values, group (a) and (b) showed a comparable course of mean IL-6 values
in the study period, with an inclination in the beginning, a drop on day 4 and afterwards an inclination again. In group (c) the mean IL-6
level reached a maximum on the day of admission and decreased continuously until day 4. By analysing the results in this group, it has
to be taken into account, that the measurement at day 7 on the right only includes one person due to the fact that all other patients died
before the seventh blood sample could be taken leaving one sample on day 7.

Figure 1: Individual course of IL-6 in the different groups. IL-6 concentrations over the first 10 days after admission. (a) ISS<25, (b)
ISS>25 and (c¢) non-survival. The red marked lines show the calculated mean for every single group.

To get a better understanding of the 11-6 value course we compared the mean values (Figure 2) of each group. We saw an I1-6 value
of 2.6 in the non-survival group (c) at the day of hospital admission whereas the survival groups (a) and (b) showed values below 1.
Values of group (c) declined until day 4 whereas values of group (b) and (¢) increased until day 4. The bread even point is at day three
where the dead patients at 1.8. The more serious injured (b) have a concentration around 1. In the end the concentration of the ISS< 25
(a) are 1.5 and ISS>25 (b) are 2.2. No statistical difference were found when comparing the mean values of all groups at each time point.
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Figure 2: Mean IL-6 Comparison of groups (A)-(C). Comparison of the mean trends for the IL-6 groups as mentioned. In this Graph the
red marked lines of Figure 1 is delineated.

Individual and Grouped Mean Comparison of Resistin

We performed all Resistin measurements analogue to the IL-6 protocol. Most obvious is that the measurements (Figure 3) of the
non-surviving patients have a constant course compared to those with an ISS<25 (a). The patients of the non-survival group showed
a constant decrease of the Resistin levels whereas the patients in group (a) and (b) showed undulating Resistin levels during the study
period. Comparing the mean Resistin levels (Figure 4) of all 3 groups we found increasing Resistin levels in group (a) and (b) and a
nearly steady Resistin level until day 4 in group (c). There was a statistical significance among all treatment groups of p<0,001 in an
ANOVA that compared the different courses of the parameters. The comparison of the mean values had a significance of p<0,001 and a
significance of p<0,05 in the multiple pairwise comparison (Student-Newman) of all three mean courses against each other.

Figure 3: Individual course of Resistin in the different groups. The graph (a) describes the trend of the Resistin measurements in the
patients with an ISS<25. The single measurements of every patient will not provide a clear trend since they are alternating. By looking
at the mean line painted in red you can see an increase until day 4 and a dip in day 7 until the measurement increases again. The graph
(b) shows a steady trend in every individual patient. The mean line has an increase and a small decrease at day 4. Afterwards it increases
again. The graph (c) on the right shows that the trends are steady as well. In contrast to the measurements before there is neither a visible
increase nor is there a clear decrease at day 4. Day 7 is a measurement which was only performed in one patient since the other patients
died previously.
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Figure 4: Mean Resistin Comparison of groups (a)-(c). This graph shows the comparison of the mean trends of Patients with an ISS<25,
ISS>25 and non-surviving patients. The highest level of Resistin can be seen in the patients with an ISS<25 with a dip at day 7. The
level of Resistin was nearly the same in the group of patients with an ISS>25 and those who died. But unlike the group of non-surviving
patients, the ISS group had an increase at day 2 and a light dip at day 4.

Direct Comparison of Resistin and IL-6 for Every Single Group

The direct comparison of Resistin and IL-6 levels (Figure 5) show similar trends in group (a) and (b). The ISS<25 (a) group had
a significance of p=0,006. The ISS>25 (b) group had a significance of p=0,007 and the last group one of p=0,027. The mean courses of
Resistin and I1-6 levels in group (a) were ascending in a comparable manner. The dip was noticed on day 4 for IL-6 and on the seventh
day for Resistin. In case of group (b) the courses showed similar qualities until day 4 but afterwards the Resistin course flattened in
comparison to I1-6. The comparison in the non-survival group showed a decrease in IL-6 levels after an initially high, whereas Resistin
has an equal initial value compared to group (b) but has a steady trend. Furthermore, it is noticeable that the Resistin values are higher
in the ISS<25 (a) and ISS>25 (b) whereas in the non-survival group (c) were lower.

Figure 5: Individual comparison of the mean Resistin/IL-6 in the different groups. The graphs above are showing the direct comparisons
of IL-6 and Resistin between the three already known groups. Resistin is shown by the dotted line appearing grey and IL-6 is displayed
as the solid black line.
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Discussion and Conclusion

Looking into previous studies in which Resistin was
examined it was described as a pro-inflammatory protein [21],
which is why we expected high levels in severely injured patients.
With our findings it is impossible to hold that presumption, since
we found out that there is a significantly lower level of Resistin
in non-surviving group. Another astonishing result was the
significantly lower Resistin level for the serious injured patients
(ISS>25) compared to the less serious injured (ISS<25). It has
been shown before, that high Resistin levels are associated with
multiple organ dysfunction and SIRS even without a septic
component. By that, it can help to predict the course of patients
admitted to the ICU. [22] Our results cannot fully support this
theory for multiply injured patients. It is known that IL-6 values
and the injury severity correlate [23], which can help to assess and
predict the organ functions. [24] High IL-6 values as one aspect of
the so called “cytokine storm” contribute to the development of a
multi organ failure. [8] Therefore “cytokine dialysis” e.g. with a
cytosorb filter can be an option to attenuate the course of SIRS and
by that it might help to prevent irreparable organ damage. [25] It is
obvious that if a “cytokine dialysis” is used, IL-6 values cannot be
utilized to assess the course of the SIRS.

Therefore we were looking for other parameters and
identified Resistin as a parameter which might play a role in severe
trauma. The initial idea was that Resistin should be more increased
in severely injured patients since it is secreted by macrophages.
Considering the results of our study there is no clear evidence that
can fulfil these expectations. In contrary to our initial hypothesis,
the patients with an ISS<25 showed higher Resistin values at
the time of admission compared to the group with an ISS>25.
Additionally, the Resistin values in the non-survival group, which
we expected to be the highest or at least as high as in the ISS>25
group, were even lower than those of the two comparative groups.
Notable is that none of the examined patients went through a septic
event. This is an interesting fact, since previous clinical interest
focused on the detection of septic events. [26-28] In contrast to
our initial hypothesis, our data suggests that patients with lower
Resistin levels have a worse outcome.

Our study has several limitations. First of all we have small
group sizes and in case of the non-survival group only 1 data set
for day 7 was available. Another problem is that there is no clear
normal Resistin value in Blood samples which makes it hard to
interpret our data as high or low levels. Therefore a bigger study is
needed and already planned.
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