
RESEARCH ARTICLE Open Access

The impact of polytrauma on sRAGE levels:
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Abstract

Background: According to recently published findings, levels of the soluble receptor of advanced glycation end
products (sRAGE) and its clearance from the blood may reflect the evolution of lung damage during hospitalization.
Thus, the objective of this study was to reveal the course of sRAGE levels over the first three posttraumatic weeks,
focusing on the severity of thoracic trauma and the development of acute respiratory distress syndrome (ARDS)
and/or pneumonia.

Methods: Twenty-eight consecutive surviving polytraumatized patients suffering thoracic trauma, age ≥ 18 years,
Injury Severity Score ≥ 16, and directly admitted to our level I trauma center were enrolled in this prospective study.
Blood samples were taken initially and on days 1, 3, 5, 7, 10, 14, and 21 during hospitalization. Luminex multi-
analyte-technology was used for biomarker analysis.

Results: Common to all our patients was an almost continuous decline of sRAGE levels within the first five
posttraumatic days. Day 0 levels in polytrauma victims with severe thoracic trauma were more than twice as high
than in those suffering mild thoracic trauma (p = 0.035), whereas the difference between the two groups did not
reach significance from day 1. Neither the development of ARDS and/or pneumonia nor the necessity of secondary
surgery did result in significant differences in sRAGE levels between the subgroups with and without the particular
complication at any time point.

Conclusions: sRAGE levels assessed immediately after hospital admission might serve as a diagnostic marker for
the vehemence of impacts against the chest and thus might be applied as an additional tool in diagnosis, risk
evaluation, and choice of the appropriate treatment strategy of polytraumatized patients in routine clinical practice.

Keywords: Polytrauma, Thoracic trauma, Soluble receptor of advanced glycation end products, sRAGE, Biomarker

Background
The receptor of advanced glycation end products (RAGE)
is a multiligand cell-surface protein belonging to the im-
munoglobulin (Ig) superfamily [1]. RAGE is composed of
a single hydrophobic transmembrane domain, a highly
charged cytosolic intracellular tail, and a large extracellular
ligand-binding region comprising three Ig-like domains
[2]. This membrane-bound form of RAGE is termed
full-length RAGE (flRAGE) [3]. In the circulation of
humans, soluble RAGE (sRAGE) has been identified,

having the same extracellular domain and thus the same
ligand-binding specificity as flRAGE but lacking the trans-
membrane and cytoplasmic domains [4]. sRAGE is com-
prised of two distinct isoforms. Cleaved RAGE (cRAGE) is
produced via proteolytic cleavage of flRAGE at the cell
surface by matrix metalloproteases and endogenous
secretory RAGE (esRAGE) results from alternative spli-
cing from a truncated RAGE pre-mRNA [3, 5, 6]. In the
majority of healthy adult tissues, RAGE is expressed at a
low basal level, whereas pulmonary tissues express re-
markably high basal levels of RAGE [7], particularly on al-
veolar type I epithelial [8] and endothelial cells [9].
Recently, we identified sRAGE levels, measured shortly

after the trauma occurred, as a promising diagnostic tool
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for assessing the severity of parenchymal lung injury in
polytraumatized patients [10]. Our findings led us
hypothesize that sRAGE levels might also indicate the
evolution of lung damage during hospitalization. Thus,
the objective of this study was to reveal the
time-dependent course of sRAGE levels over the first
three posttraumatic weeks, focusing on the severity of
thoracic trauma and the development of acute respiratory
distress syndrome (ARDS) and/or pneumonia, which both
have a great impact on the treatment regimen of polytrau-
matized patients.

Methods
Twenty-eight consecutive polytraumatized patients (1)
not less than 18 years of age, (2) with an Injury Severity
Score (ISS) of at least 16, (3) who suffered blunt thoracic
trauma (Abbreviated Injury Scale (AIS) thorax ≥ 1), (4)
who were directly admitted to our level I trauma center,
(5) who were transferred to the intensive care unit (ICU)
after initial treatment, and (6) who survived their injury
were enrolled in this prospective study, which was ap-
proved by the local ethics committee. Burn victims and
patients with known history of malignancies, asthma
(stages 3/4), pulmonary fibrosis, pneumonitis, COPD Gold
III/IV, auto-immune disorders, previous organ transplant-
ation, or ongoing immunosuppressive therapy were ex-
cluded. Ten healthy adults, who had responded our call
for volunteers, were combined to our control group. Only
one blood sample was taken from them.
During the initial assessment and diagnostics, together

with the routine venous blood samples, one separating
gel tube (Vacuette® 8 ml; Greiner Bio-One International)
was withdrawn from each polytraumatized patient for
biomarker level measurement. Immediately afterwards,
this additional sample was centrifuged at 3000g for 15
min at room temperature. After this procedure, serum
was removed and stored at − 80 °C until assayed. Blood
samples for biomarker level measurement were taken
again on day 1, day 3, day 5, day 7, day 10, day 14, and
day 21 during hospitalization as long as the patient
consented. For biomarker analyses, we used Luminex
multi-analyte technology (R & D systems Magnetic
Luminex® Screening Assay – human Premixed
Multi-Analyze Kit Number LXSAHM). We performed
all measurements in technical duplicates and calculated
the respective mean values. Our patients were informed
about blood sampling at the earliest time point possible.
In case written consent was refused, no further blood
samples were taken and the already acquired material
was destroyed if requested by the patient.
ARDS was diagnosed according to the Berlin definition

[11] that characterizes ARDS by timing, chest imaging,
origin of edema, and oxygenation. Clinical evidence for
the diagnosis of pneumonia included an abnormal

temperature (> 38 °C or < 35.5 °C); either leukocytosis
(white cell count > 10,000/mm3 or > 10% immature
forms) or leucopenia (white cell count < 4000/mm3); a
macroscopically purulent sputum; the presence of a new
cough, dyspnea, and/or tachypnea (in the case of spon-
taneous breathing patients); and a new or changing infil-
trate on chest radiograph.
Statistical analysis was performed using the statistical

software R 3.5. [12]. Demographic data are presented as
mean and range in square brackets. sRAGE levels in text
and graphics are displayed as mean ± standard error of
the mean (SEM). If two SEM error bars did not overlap
in the diagram when comparing two groups, a t test was
used to determine if the means were significantly differ-
ent at this specific time point. To test the null hypoth-
esis of overall equality of the time trajectories in the first
week from admission, comprising days 0, 1, 3, 5, and 7
with completely observed data for all subjects, the minP
permutation test by Westfall and Young [13] was used
with 20,000 random permutations. The test takes the
correlation of repeated measurements within each sub-
ject into account and is appropriate for small sample
sizes. The within-subject correlation of sRAGE levels
across time was assessed by means of Pearson’s correl-
ation coefficient. The Mann-Whitney U test was applied
to compare continuous variables, whereas categorical
data were analyzed by means of the chi-square test. The
Spearman’s rank correlation coefficient was used to test
the association between day 0 levels of sRAGE and se-
lected parameters. In general, a p value of < 0.05 was
considered significant.

Results
Twenty-one males and seven females (age, 38.4 [18–85]
years; ISS, 35.1 [21–50]) formed our study group. Their
demographic data are presented in Table 1. Of interest, a
moderate negative correlation between the day 0 levels of
sRAGE and the base excess at admission could be calcu-
lated (Spearman’s ρ = − 0.466; p = 0.012), whereas no sig-
nificant associations between the day 0 levels of sRAGE
and the parameters shock index (ρ = 0.298; p = 0.124),
lactate (ρ = 0.329; p = 0.087), and hemoglobin (ρ = − 0.315;
p = 0.102) at admission could be revealed. ARDS was diag-
nosed in ten of the 11 affected patients within the first
three posttraumatic days, whereas it developed in patient
nine on day 10. First signs of pneumonia were clearly dis-
tinct not earlier than on day 4 after admission. Secondary
surgery was performed in nine polytrauma victims
(Table 2). No significant differences in ISS, length of stay
in the ICU, number of ventilation days, and the incidence
of pneumonia could be observed between patients
undergoing and not undergoing subsequent surgeries
(p ≥ 0.332), whereas the length of inpatient stay until

Negrin et al. World Journal of Emergency Surgery           (2019) 14:13 Page 2 of 9



Ta
b
le

1
D
em

og
ra
ph

ic
da
ta

Pa
tie
nt

nu
m
be

r
G
en

de
r

A
ge

C
au
se

of
in
ju
ry

Tr
an
sf
er

Sh
oc
k
in
de

x
at

ad
m
is
si
on

D
ay

0
le
ve
ls
of

sR
A
G
E
(p
g/
m
L)

La
ct
at
e
(m

m
ol
/L
)

at
ad
m
is
si
on

Ba
se

ex
ce
ss

(m
m
ol
/L
)

at
ad
m
is
si
on

H
em

og
lo
bi
n
(g
/d
L)

at
ad
m
is
si
on

In
tu
ba
tio

n
on

si
te

C
he

st
dr
ai
n

EC
M
O

H
em

of
ilt
ra
tio

n
Ve
nt
ila
tio

n
da
ys

St
ay

at
th
e

IC
U
(d
ay
s)

1
m

41
F

A
1.
04

37
06

2.
3

−
2.
6

14
.5

41
44

2
m

18
P

A
0.
7

42
67

1.
2

−
3.
1

11
.7

y
11

14

3
m

20
P

A
0.
6

63
60

2.
5

−
2.
9

13
.4

10
16

4
f

26
V

H
0.
8

40
,4
47

3.
0

−
5.
7

10
.2

y
y

y
11

21

5
f

61
P

A
1.
1

72
27

3.
0

−
7.
7

9.
4

y
6

13

6
f

39
P

H
0.
6

28
23

0.
8

−
1.
6

9.
4

y
31

40

7
m

21
F

A
0.
8

20
04

4.
1

−
7.
4

8.
2

y
14

21

8
f

21
V

H
0.
8

30
66

3.
8

−
13
.4

5.
8

y
15

31

9
m

27
O

H
0.
9

12
,9
40

5.
3

−
14
.1

6.
7

y
12

28

10
m

51
P

A
0.
7

15
77

2.
6

−
4.
1

13
.2

y
9

12

11
f

32
P

A
0.
78

16
,3
99

1.
2

−
2.
1

10
.9

y
16

19

12
m

43
V

H
0.
7

52
20

2.
1

−
4.
0

13
.1

y
y

8
16

13
m

48
V

H
0.
9

47
63

2.
4

−
1.
4

13
.4

y
42

49

14
f

40
V

H
0.
7

27
43

2.
1

−
4.
8

10
.3

y
y

2
8

15
m

65
F

H
0.
5

12
,6
96

2.
3

−
0.
4

13
.1

4
8

16
m

18
P

A
0.
9

75
18

3.
8

−
6.
2

9.
2

12
18

17
m

20
P

A
0.
5

10
,6
42

4.
8

−
6.
1

10
.6

y
y

24
33

18
m

79
V

A
1.
0

69
63

1.
2

−
4.
0

10
.8

y
10

15

19
m

49
V

A
0.
8

30
86

4.
0

−
2.
9

13
.0

y
1

10

20
m

22
V

H
1.
0

30
66

3.
9

−
4.
6

7.
2

y
6

9

21
m

23
V

H
1.
3

12
39

4.
1

−
8.
0

11
.6

y
y

30
43

22
m

25
V

A
0.
8

50
20

2.
5

−
3.
4

11
.5

1
9

23
m

75
F

H
0.
7

27
87

2.
6

−
3.
2

13
.4

y
7

24

24
f

35
P

A
0.
6

34
51

1.
7

−
5.
7

10
.6

y
9

17

25
m

41
V

H
0.
9

68
72

7.
5

−
18
.0

11
.8

y
y

16
25

26
m

32
F

A
1.
3

48
48

1.
6

−
4.
0

13
.3

y
9

18

27
m

85
F

H
0.
48

25
53

0.
8

−
2.
5

15
.7

18
42

28
m

18
R

A
1.
0

12
,6
25

13
.7

−
19
.1

10
.2

y
y

y
9

21

“N
o”

an
d
“n
on

ex
is
te
nt
”
ar
e
in
di
ca
te
d
by

bl
an

k
fie

ld
sm

m
al
e,

f
fe
m
al
e,

F
fa
ll
fr
om

a
he

ig
ht

≥
2
m
,P

ve
hi
cl
e-
,s
tr
ee
tc
ar
-,
or

tr
ai
n-
pe

de
st
ria

n
co
lli
si
on

,V
ve
hi
cl
e
ac
ci
de

nt
,O

ov
er
ru
n
by

w
he

el
lo
ad

er
,R

ra
id
,A

am
bu

la
nc
e,

H
em

er
ge

nc
y
re
sc
ue

he
lic
op

te
r,
u
un

ila
te
ra
l,
b
bi
la
te
ra
l,
y
ye
s

Negrin et al. World Journal of Emergency Surgery           (2019) 14:13 Page 3 of 9



Ta
b
le

1
D
em

og
ra
ph

ic
da
ta

(C
on

tin
ue
d)

Pa
tie
nt

nu
m
be

r
In
pa
tie
nt

st
ay

(d
ay
s)

IS
S

A
IS
H
ea
d

≥
3

A
IS
Th
o
ra
x

Ri
b

fra
ct
ur
es

Fl
ai
l

ch
es
t

St
er
nu

m
fra
ct
ur
e

Th
or
ac
ic

sp
in
e
fra
ct
ur
e

D
ia
ph

ra
gm

at
ic

ru
pt
ur
e

A
or
tic

di
ss
ec
tio

n
Lu
ng

co
nt
us
io
n

Lu
ng

l
ac
er
at
io
n

Pn
eu
m
o/

he
m
ot
ho

ra
x

Pn
eu
m
om

ed
ia
st
in
um

H
yp
ot
he

rm
ia

(<
32

°C
)

A
RD

S
Pn

eu
m
on

ia

1
97

29
y

2
u

y
y

2
37

30
y

1
y

3
19

26
y

2
u

4
21

43
y

5
≥
3
u

y
b

u
b

y
y

5
28

34
5

≥
3
b

y
b

u
y

6
55

34
y

1
y

7
97

34
2

u
y

8
92

50
5

≥
3
b

u
u

y

9
72

34
1

y
y

10
23

21
y

2
u

y

11
50

34
3

≥
3
u

y
y

u
u

12
30

33
5

≥
3
b

y
y

y
b

y
y

13
59

33
y

4
b

y
y

14
24

50
5

≥
3
b

y
y

y
b

u
b

15
62

41
y

4
y

u

16
22

41
y

4
1

b
u

u
y

17
60

45
y

4
y

u
u

y

18
16

22
2

y
u

19
21

22
3

≥
3
u

u

20
9

48
y

4
2
u

b

21
85

45
5

≥
3
u

y
b

u
y

y

22
46

34
3

1
y

b

23
38

27
y

3
≥
3
u

b
u

u

24
45

34
y

2
1

u

25
62

34
4

1
y

b
u

y
y

26
18

41
3

≥
3
u

u
u

27
43

30
y

1
y

28
42

35
5

b
b

y
y

y

Negrin et al. World Journal of Emergency Surgery           (2019) 14:13 Page 4 of 9



Ta
b
le

2
Su
bs
eq

ue
nt

su
rg
er
ie
s

Pa
tie
nt

nu
m
be

r
D
ay

1
2

3
4

5
7

9
10

11
12

14
15

20
21

7
So
ft
tis
su
e

re
vi
si
on

Ex
te
rn
al
fix
at
or

pe
lv
is
an
d
fo
ot

So
ft
tis
su
e

re
vi
si
on

H
um

er
al
fra
ct
ur
e

pl
at
in
g

Sp
in
e
st
ab
ili
za
tio

n

8
So
ft
tis
su
e

re
vi
si
on

So
ft
tis
su
e

re
vi
si
on

So
ft
tis
su
e

re
vi
si
on

9
So
ft
tis
su
e

re
vi
si
on

So
ft
tis
su
e

re
vi
si
on

So
ft
tis
su
e

re
vi
si
on

So
ft
tis
su
e

re
vi
si
on

So
ft
tis
su
e

re
vi
si
on

So
ft
tis
su
e

re
vi
si
on

11
La
pa
ro
to
m
y,

sp
le
ne

ct
om

y

12
Bi
la
te
ra
lh

um
er
al

fra
ct
ur
e
pl
at
in
g

22
Sy
m
ph

ys
ea
l

pl
at
in
g

25
So
ft
tis
su
e

re
vi
si
on

So
ft
tis
su
e

re
vi
si
on

27
Tr
ac
he

os
to
m
y

28
H
em

at
om

a
ev
ac
ua
tio

n
or
bi
ta
lc
av
ity

Negrin et al. World Journal of Emergency Surgery           (2019) 14:13 Page 5 of 9



discharge home or to another health care facility
(59.3 [30–97] versus 38.9 [9–97]) and the incidence
of ARDS (6 versus 5) were higher in those patients,
who had to experience repetitive surgical treatment
(p = 0.028; p = 0.041).th=tlb=
To investigate the natural history of sRAGE levels dur-

ing the first 3 weeks following polytrauma, 28 samples
were available up to and including day 7, whereas only
25, 17, and 13 samples, respectively, could be analyzed
on days 10, 14, and 21, determined by the date of dis-
charge from hospital and/or the patient’s willingness.
Figure 1 shows the mean time course of sRAGE levels
(black bold line) within the first 21 posttraumatic days.
The mean sRAGE level of the healthy control group
(3404 ± 237 pg/mL) is used as a reference value, indicated
by the dotted line, whereas its range (2245–4292 pg/mL)
is displayed by the two dashed lines. In the study group,
the mean day 0 level amounts to 7032 ± 1443 pg/mL, be-
ing twice as high than the reference value, falling into its
range within 3 days, where it remains for the entire study
period. Additionally, Fig. 1 provides the sRAGE levels of
each individual over time. Their time courses seem to be
largely consistent from day 0 to day 5. This assumption is
confirmed by the fact that any two sRAGE levels are
highly correlated within this period (Table 3).
According to our objective, we subdivided our patients

into two groups, “Thorax 0”, combining 10 patients with

mild thoracic trauma (AISThorax < 3), and “Thorax 1”,
comprising 18 patients with severe thoracic trauma
(AISThorax ≥ 3). “Thorax 1” versus “Thorax 0” did not differ
in length of stay in the ICU (20.8 [8–49] days versus 24.9
[12–44] days; p = 0.494), in inpatient stay (42.7 [9–92]
days versus 50.4 [16–97] days; p = 0.654), in ventilation
time (12.2 [1–42] days versus 16.3 [9–41] days; p = 0.146)
and in the incidence of ARDS (8 versus 3, p = 0.453) and
pneumonia (6 versus 6; p = 0.172). Not surprisingly, the
number of lung contusions (18 versus 6; p = 0.001) and
the ISS (38.3 [22–50] versus 29.4 [21–34]; p = 0.004) were
higher in the “Thorax 1” group.
The time courses of “Thorax 1” and “Thorax 0” are pre-

sented in Fig. 2. At admission, the mean sRAGE level was
significantly higher in “Thorax 1” compared to “Thorax 0”
(8812 ± 2134 pg/mL versus 3829 ± 1559 pg/mL; p = 0.035),
whereas no significant difference was revealed for the
day 1 levels (5842 ± 1348 pg/mL versus 3712 ± 329 pg/mL;
p = 0.1412). The minP test provided p = 0.0759 for the first
week from admission.
“ARDS 1” combined all patients developing ARDS,

whereas “ARDS 0” referred to those without ARDS. The
relevant time courses are shown in Fig. 3; p = 0.7053 was
computed for the minP test.
Furthermore, group comparisons by means of the minP

test were calculated with regard to the occurrence of
pneumonia (p = 0.1588) and the necessity of secondary

Fig. 1 Individual and mean time-dependent courses of sRAGE. Thin gray lines represent the individual courses, whereas the mean course is
shown as black bold line. The dotted line refers to the mean sRAGE level of the healthy control group, and its range is displayed by the two
dashed lines
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surgery (p = 0.2697). Of interest, no distinct changes in
sRAGE levels after subsequent surgery could be observed.

Discussion
Our prospective study revealed an almost continuous de-
cline of individual sRAGE levels within the first five post-
traumatic days in all of our patients. Day 0 levels in
polytrauma victims with severe thoracic trauma were
more than twice as high than in those suffering mild thor-
acic trauma. However, the very next day, a significant dif-
ference in sRAGE levels between the two groups could
not be detected anymore. Neither the development of
ARDS and/or pneumonia nor the necessity of secondary
surgery did result in significant differences in sRAGE
levels between the subgroups, combining patients with
and without the particular complication, at any time point.
All of our patients sustained blunt thoracic trauma, in-

cluding lung contusions in 24 and concomitant lung

lacerations in four patients. Lung contusions and lacera-
tions are caused by a strong direct force to the thoracic
cage [14], which is immediately transmitted to the lung
parenchyma, resulting in the disruption of the epithelial
and endothelial cell lining of the lung, alveolar
hemorrhage, and interstitial extravasations of red cells
and plasma [15, 16]. The damaged tissue activates sys-
temic innate immune mechanisms with high local con-
centrations of proinflammatory mediators that stimulate
chemotaxis and recruit neutrophils to the injured lung
[17] resulting in an increase in cell membrane perme-
ability and protein-rich alveolar edema [16] that might
lead to the development of ARDS [18], more specifically
to direct ARDS, as it is caused by direct injury to the
lung epithelium [19]. Contrarily, in indirect ARDS, the
vascular endothelium of the lung is diffusely damaged by
circulating inflammatory mediators released in the set-
ting of systemic disorders [19]. ARDS evolved in 11 pa-
tients of our study population. Whereas indirect ARDS
may be assumed in patient 9 due to his injury pattern and
his medical history, each of the ten remaining patients suf-
fered a lung contusion, a trigger for direct ARDS.
The strength of the direct mechanical impact to the

chest determines the severity of the thoracic injury,
which is reflected in the AISThorax value. Initial sRAGE
levels are higher in patients suffering severe thoracic
trauma than in patients with mild thoracic trauma, they

Table 3 Correlation coefficients between sRAGE levels

Day 0 Day 1 Day 3 Day 5

Day 0 1 0.942** 0.697** 0.738**

Day 1 0.942** 1 0.742** 0.766**

Day 3 0.697** 0.742** 1 0.861**

Day 5 0.738** 0.766** 0.861** 1

**A significant correlation at a level of 0.01 (two-sided)

Fig. 2 Mean time courses with standard error of the mean of the subgroups “Thorax 1” and “Thorax 0.” The dotted line refers to the mean sRAGE
level of the healthy control group, and its range is displayed by the two dashed lines.
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respond rapidly after lung injury, and they indicate a
clear temporal course within the first five posttraumatic
days, with a significant decline from day 0 to day 1.
Then, individual variations within the range of the refer-
ence value are observed. In our opinion, these findings
suggest that it is the mechanical deterioration of the epi-
thelium and endothelium that triggers the release of an
abundant amount of sRAGE for a short period. sRAGE
seems to be promptly cleared by the kidneys, as indi-
cated by the rapid decline of its levels, especially in poly-
traumatized patients suffering severe thoracic trauma.
Alternatively, stimuli generated during the subsequent
pulmonary inflammatory response might trigger the
sRAGE release. In this scenario, the development of
ARDS should greatly affect sRAGE levels, as a profound
role in the pathophysiology of ARDS is played by the in-
nate immune response [20]. Although ARDS developed
no later than the third posttraumatic day in 91% of the
affected patients, its presence had neither an effect on
value nor course of sRAGE levels within the first 5 days
after the polytrauma occurred. Noteworthy, our findings
are in line with the results of a recently published pro-
spective study focusing on 103 polytraumatized patients
with severe thoracic trauma, which did not reveal signifi-
cant differences in sRAGE levels in individuals develop-
ing/not developing ARDS as well as in individuals
suffering/not suffering pneumonia either [21].

Conclusions
sRAGE levels assessed immediately after hospital admis-
sion seem to be a potential marker for the vehemence of
impacts against the chest. If implemented in routine
clinical practice, they might serve as an additional tool
in diagnosis and risk evaluation and thus might help the
trauma team in their decision-making on the appropri-
ate treatment strategy in polytrauma victims. Hopefully,
further research in large multicenter studies will verify
our results and provide reliable cutoff values for quanti-
fying the level of thoracic destruction.
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