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Abstract. Background/Aim: Multiple organ dysfunction
syndrome (MODS) is the leading cause of late posttraumatic
mortality. This study analyzed the prognostic values of
osteoprotegerin (OPG) and neutrophil gelatinase-associated
lipocalin (NGAL/lipocalin 2) compared to interleukin-6 (IL-
6) in multiply injured patients. Patients and Methods: A
retrospective observational cohort study on multiply injured
patients with an injury severity score (ISS) of =216 was
performed. OPG, NGAL and IL-6 blood concentrations were
measured. Statistical analysis comprised receiver-operating-
characteristic (ROC) analysis with the corresponding area
under the curve (AUC). Results: Thirty-nine patients with a
mean ISS of 34+11 were included. Fourteen patients (36%)
developed MODS and 8 patients (21%) died. Plasma levels
of NGAL, OPG, and IL-6 were significantly elevated in the
MODS+ group. Each biomarker positively correlated with
MODS score and diagnosis of MODS. Conclusion: NGAL
and OPG might be indicative of MODS and could have the
potential to be biomarkers in the early detection of patients
at risk of posttraumatic MODS.

Multiple organ dysfunction syndrome (MODS) is the leading
cause of late posttraumatic mortality and accounts for up to
50% of deaths beyond the first 48 h (1, 2). Although the
incidence has remained stable or decreased slightly, it still
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ranges from 25 to 40% (1, 3-7). Moreover, the mortality risk
among patients with MODS is still high (approx. 33%),
despite the fact that it has decreased in recent years (42.6%
in 2002 vs. 33.3% in 2011 in the German trauma registry)
(7, 8). Since the lack of striking outcome improvements
indicates that reversing MODS is difficult, prevention might
be the best option. Thus, early detection of patients with an
increased risk of developing MODS is crucial to help avoid
lethal consequences.

Severe traumata induce massive secretion of pro-
inflammatory cytokines (“cytokine storm”) and a subsequent
increase in anti-inflammatory cytokines. Thus, imbalance
between the early systemic inflammatory response and the
later compensatory anti-inflammatory response may be
accountable for organ dysfunction and increased
susceptibility to infections (9-11). Based on these findings,
biomarkers should have the potential to estimate the
individual risk profile and detect imminent multiple organ
failure, therefore scoring systems like the MODS score
according to Marshall or sequential organ failure assessment
score (SOFA score) have been adapted for identification of
disease manifestations (12, 13). Interleukin (IL)-6 is, due to
its central role in the regulation of posttraumatic
inflammation, the most commonly, but certainly not
routinely used parameter for the laboratory prediction of
MODS (11, 14-18). However, IL-6 is a rather global
biomarker and its release is susceptible to a broad range of
external influences like surgeries.

Paracrine osteoprotegerin (OPG) is a member of the TNF-
receptor superfamily. OPG expression is broadly distributed
over a variety of tissues. Its best-understood effect is to
mediate a decrease in bone resorption via the RANK-
RANKL pathway (19-22). However, OPG also acts as a
soluble decoy receptor for TNF-related apoptosis-inducing
ligand (TRAIL), which is capable of inducing tumor cell
apoptosis (23, 24). But there are also hints that OPG plays a
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role in immune regulation. It inhibits increased T-cell and
dendritic cell survival and thereby may downregulate the
immune response (25-28). Additionally, there are hints that
OPG could also play a role in the regulation of B-cell
development (29-31). The potential role of OPG in multiple
trauma and posttraumatic MODS is largely unknown.

Neutrophil gelatinase-associated lipocalin (NGAL) is also
known as lipocalin-2 (LCN2) or oncogene 24p3. It is derived
from the distal tubule and has been shown to be a marker of
impaired renal glomerular function and structural tubular
injury. Various studies have demonstrated the potential utility
of NGAL as a biomarker of acute kidney injury (AKI) (32-
37). Plasma NGAL has been shown to be as good as urinary
NGAL in predicting AKI (33). However, there remain
important issues. A reliable cut-off value does not yet exist.
There are no reliable data on NGAL in multiple trauma
except for a study that demonstrated an association with death
in patients with combat casualties (37). Nevertheless, AKI is
frequently part of MODS, and severely injured patients are at
particular risk of developing AKI as well as MODS.

Taking the current literature into consideration, biomarkers
have the potential to improve the prediction of MODS although
there is no commonly accepted standard parameter yet.
However, IL-6 is so far the most widely used but yet a not very
specific biomarker. The purpose of this study was to analyze the
prognostic values of OPG and NGAL for the development of
posttraumatic MODS compared to IL-6 in multiply injured
patients. We hypothesized that OPG as well as NGAL are at least
comparable in predicting MODS in multiply injured patients.

Patients and Methods

A retrospective observational cohort study was performed at the
Hannover Medical School, a level I trauma center in a metropolitan
area. Multiply injured patients with an injury severity score (ISS)
of =16, who had an accident between 01/2009 and 12/2012 were
included. Participants had to have a minimum age of 16 years and
be admitted primarily within 6 h after trauma. Participants took part
in a larger central plasma databank project (“Serothek”). Written
consent was obtained from the nearest relatives in cases where the
patient was unconscious or unable to consent. Once the patient was
able to consent, written consent was acquired as soon as possible.
Data gathering included a blood sample, genotyping, and
documentation of clinical data. The study was approved by the
institutional review board (application number 4980).

A standardized arterial blood sample for plasma cytokine
measurements was taken at day 1, 2, 3,5,7, 10, and 14. A 10 ml
sample was immediately centrifuged at 500 g for 10 min. The
plasma was extracted and preserved at —80°C. Cytokine analysis
was performed with cytometric bead arrays. The analysis of NGAL
was performed with a human Lipocalin-2/NGAL Quantikine ELISA
kit (R&D Systems Europe Ltd., Abingdon, United Kingdom) with
a sensitivity of 0.04 ng/ml and a standard range of 0.2-10 ng/ml.
Measurement of OPG was performed with a human OPG
FlowCytomix™ simplex kit (eBioscience, Frankfurt, Germany) with
a sensitivity of 7.9 pg/ml and a standard range of 27-20.000 pg/ml
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and IL-6 with a human inflammation 20plex FlowCytomix™
multiplex kit with a sensitivity of 1.2 pg/ml and a standard range of
27-20.000 pg/ml. All analyses were performed in a timely manner
in a specialized traumatology research lab at the Hannover Medical
School. Patients with incomplete plasma samples prior to decease
or discharge were excluded.

Demographic and clinical data acquisition was performed parallel
to blood collection. The data included age, sex, mortality, initial
Glasgow coma scale (GCS), length of intensive care stay as well as
hospital stay, and transfusion requirements [packed red blood cells
(PRBC), fresh frozen plasma (FFP) and platelet concentrate (PC)].
Injury pattern was classified according to the Abbreviated Injury
Scale (AIS) using the AIS 2005 update 2008 (38). Total injury
severity was calculated according to the ISS (39). The final analysis
was performed between 11/2017 and 03/2018 as a part of the
superior central plasma databank project.

The primary endpoint of this study was the development of
MODS diagnosed on the basis of MODS score by Marshall et al., a
generally accepted indicator: MODS was deemed present if the sum
of single organ dysfunctions was >8 on at least one day, representing
a severe multiple organ failure with a considerably increased
mortality (12). Secondary endpoints were mortality as well as other
posttraumatic complications, namely systemic inflammatory
response syndrome (SIRS), sepsis, and acute respiratory distress
syndrome (ARDS). Diagnoses of SIRS and sepsis were made using
the 2010 revised criteria of S-2k guidelines of the German Sepsis
Society and the German Interdisciplinary Association of Intensive
Care and Emergency Medicine (40). ARDS was diagnosed according
to the Berlin definition (41). Manifestations of ARDS were present
in cases of occurrence within 1 week, with bilateral radiographic
infiltration of the lung, and reduced oxygenation (< 300 mmHg)
according to the Horovitz score (PaO,/FiO,).

Statistical analysis was performed with IBM SPSS (Version 22,
IBM, Armonk, NY, USA). For the comparison of plasma
concentrations and other continuous variables (length of intensive
care stay, efc.) of the different study groups (MODS+ vs. MODS-)
one-way or repeated measures analysis of variance (ANOVA) was
performed. The Greenhouse-Geisser adjustment was used to correct
for violations of sphericity. After testing the Gaussian distribution
with the Shapiro-Wilk-test, the statistical analysis included
parametric tests (Student’s r-test). For non-Gaussian distributed data,
we used non-parametric tests (Mann-Whitney test for independent
data and Wilcoxon test for dependent data). Fisher’s exact test
(exact chi-squared-test) was used for the analysis of contingency
tables. Evaluation of the diagnostic values of IL-6, NGAL and OPG
as MODS predictors was performed with receiver-operating-
characteristic (ROC) analysis and the area under the curve (AUC).
Odds ratios and 95% confidence intervals (95%CI) were calculated
as well. Cut-off points were defined on the basis of the Youden
index (J) and the optimal cut-off point (c*) is the one that optimizes
the differentiating ability of the biomarker when equal weight is
given to sensitivity and specificity (42). The significance level was
set at p<0.05. The updated STARD 2015 reporting guideline for
diagnostic accuracy studies was used (43).

Results

Demographic and outcome data. Thirty-nine patients with a
mean age of 41.4+20.2 years were included. The mean
follow-up time was 35+24 days (median follow-up time 28
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Table 1. Demographic and clinical data of study population as well as of MODS+ and MODS- subgroups.

Total MODS+ MODS- p-Value
Age [years], mean+SD 41.4+20.2 42.9+21.6 40.6+20.1 0.72
Male sex, n (%) 32 (82) 11 (79) 21 (84) 0.7!
Injure Severity Score (ISS), median (IQR), mean+SD 33 (18) 37,5 (15) 27 (11) *0.005!
34.0+11.0 40.5+£10.9 30.6+9.2

Abbreviated Injury Scale

AISHeaq, meantSD 29+1.8 34«15 2.6+1.9 0.3!

AlISE,¢e, mean+SD 0.8+1.0 0.6+0.8 0.9+1.1 0.5!

AlSThorax> meanxSD 3.0+1.8 3.4+1.7 2.8+1.9 0.21

AIS Apdomen> mean=SD 1.1x1.3 1.6+1.2 0.8+1.2 0.1!

AISExtremities> mean+SD 2.6x14 3.0x+1.4 2.3+14 02!

AlISExternal>» mean+SD 0.2+0.6 0.3+0.8 0.2+0.5 0.8!
Initial GCS, median (IQR), mean+SD 9 (12) 5(6) 14 (12) #0021

8.9+52 6.4+39 10.1£54

Duration of intensive care [days], mean+SD 24.0+13.0 24.8+18.1 24.1£9.0 0.5!
Duration of in-patient care [days], mean+SD 35+24 30.1+29.9 38.2+20.3 #0.041
Duration of mechanical ventilation [hours], mean+SD 497+288 531+364 478+242 0.9!
Transfusion requirement

PRBC [units], mean+SD 19.3+£12.7 21+14 18+12 0.6!

FFP [units], mean+SD 10.8+£10.2 1249 10£11 0.31

PC [units], mean+SD 1.843.5 3+5 1+2 0.1!
Mortality, n (%) 8 (21) 6 (43) 2 (8) *0.022
SIRS, n (%) 20 (51) 5(36) 15 (60) 0.22
Sepsis, n (%) 11 (28) 4(29) 7 (28) 1.02
ARDS, n (%) 16 (41) 7 (50) 9 (36) 0.52

p means significance level of differences between MODS+ and MODS- patients; *significance by means of Mann-Whitney-U-test and 2Fisher’s

exact test.

days). Seven (18%) patients were female and 32 (82%) were
male. The mean ISS was 34+11. The thorax was the most
severely injured body region with a mean AIS of 3.0+1.8,
followed by the head with 2.9+1.8. The mean duration of
intensive care was 24+13 days with a mean duration of
mechanical ventilation of 497+288 hours. Fourteen patients
(36%) developed MODS and eight patients (21%) died
within in-patient care, although the mean expected mortality
added up to 36+19%. Moreover, 15 patients (39%)
developed SIRS, 10 patients (26%) sepsis, and 15 patients
(39%) ARDS. For a concise overview of the demographic
and outcome data within the MODS+ (n=14) and MODS-
(n=25) groups, please refer to Table I. Patients that
developed MODS were injured more severely (median ISS
37.5 vs. 27, p=0.005), presented with a lower Glasgow
Coma Scale score (median GCS 5 vs. 14, p=0.02) and had
increased mortality (43 vs. 8%, p=0.02). Except for the
duration of overall in-patient care (30.1+29.9 vs. 38.2+20.3
days, p=0.04), there were no more statistically significant
differences between the two groups. In the binomial logistic
regression with a model comprising dichotomized ISS (<33
vs. >33) and dichotomized GCS (=9 vs. <9) with a correct
predicted occurrence of MODS in 74% of cases and a
Nagelkerke’s pseudo-R? of 0.26, neither ISS [odds ratio 4.0

95%C1=0.9-17.9), p=0.07] nor GCS [odds ratio 3.2
(95%CI1=0.7-14.3), p=0.1] could be verified as independent
risk factors for the development of MODS.

Cytokine concentration. Plasma levels of NGAL, OPG and
IL-6 were significantly elevated in the MODS+ group
[NGAL 210.3+93.9 ng/ml vs. 145.4+92.3 ng/ml, p<0.001;
OPG 250.4+251.3 ng/ml vs. 128.5+90.3 ng/ml, p<0.001; IL-
6 310.9+454.6 pg/ml vs. 204.6+414.8 pg/ml, p=0.001]. For
detailed information about plasma levels at different times
please refer to Figure 1 and Tables II-IV. A repeated
measures ANOVA with a Greenhouse-Geisser correction
determined that mean performance levels showed a
statistically ~ significant difference between NGAL
measurements, F(3.45, 106.91)=3.65, p=0.01, nZ:O.ll, OPG
measurements, F(1.80, 55.77)=11.93, p<0.001, n2:0.28 and
IL-6 measurements, F(1.43, 44.44)=11.09, p=0.001,
1?=0.26. To ensure that this was not attributable to the
significantly increased ISS, the patient population was
dichotomized into two groups according to the median ISS
(33). There were no significant differences in plasma
chemokine levels. Cytokine levels correlated with MODS
significantly (Spearman-Rho: NGAL: 0.35, p<0.001; OPG:
0.35, p<0.001; IL-6: 0.21, p=0.001), but only OPG
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400 ng/mi- . Table III. Plasma levels of OPG in MODS+ and MODS- groups at
300 ng/mi- * Mons: different times.
?5: 200 ng/mil - Day OPG [ng/ml], mean+SD p-Value
=
100 ng/mi+
MODS+ MODS-
0 ng/mi -
1 309.0+£295.8 174.0+150.2 0.01
600 ng/mi 2 343.4+320.9 185.4+100.9 0.17
500 ng/mi 3 342.1+£371.4 144.6+65 4 0.006
© 400 ng/mi- 5 250.0+144.6 123.6+75.6 0.01
% 300 ng/mi- 7 152.5+67.9 95.3+46.2 0.02
200 ng/ml 10 127.9+£56.7 90.1+49.1 0.03
100 ng/mi- 14 128.1£654 84.8+33.4 0.17
0 ng/ml-
OPG: Osteoprotegerin.
1000 pg/mi4
800 ng/mi+
g 600 ng/ml- Table 1V. Plasma levels of IL-6 in MODS+ and MODS- groups at
~ 400 ng/mi- different times.
200 ng/mi+
0 pg/mH . . . : . : | Day IL-6 [pg/ml], mean+SD p-Value
1 2 3 5 7 10 14
Day MODS+ MODS-
Figure 1. Plasma levels of NGAL, OPG and IL-6 in patients with (MODS+) 1 553.7+686.9 560.0+807.8 0.7
and without (MODS-) multiple organ dysfunction syndrome. NGAL: 2 565.3+600.6 388.1+487.9 0.2
Neutrophil gelatinase-associated lipocalin; OPG: osteoprotegerin; IL: 3 336.7+333.7 250.8+218.0 0.2
interleukin; MODS: multiple-organ dysfunction syndrome; mean and 95 5 255.8+357.2 104.2+136.3 0.03
percent confidence interval; significant differences between measurements 7 120.8+130.9 52.2+58.7 0.04
according to repeated measures ANOVA with Greenhouse-Geisser 10 62.1£71.9 66.7+109.2 03
correction [NGAL F(3.45, 106.91)=3.65, p=0.01, n?=0.11, OPG F(1.80, 14 84.4+100.7 35.9+56.5 0.054

55.77)=11.93, p<0.001, n?=0.28 and IL-6 F(1 43, 44.44)=1.09, p=0.001,
7?2=0.26]; *p<0.05 at the respective time (Mann-Whitney-U-test).

Table II. Plasma levels of NGAL in MODS+ and MODS—- groups at
different times.

IL: Interleukin.

Table V. Area under the curve and 95 percent confidence interval for
predicting MODS at different times

Day NGAL [ng/ml], mean+SD p-Value
MODS+ MODS-
1 224.7+80.2 175.8+81.3 0.04
2 226.7+85.3 164.9+95.2 0.01
3 226.0+98.2 152.8+103.0 0.02
5 258.4+123.2 162.4+134.6 0.07
7 208.1+£70.2 130.3£71.9 0.04
10 153.4+64.0 125.4+66.2 0.20
14 140.0+79.2 104.9+59.9 0.13

Day AUC (95%CT)

NGAL OPG IL-6
1 0.71 (0.52-0.9) 0.72 (0.55-0.89) 0.5 (0.27-0.72)
2 0.75 (0.57-0.92) 0.63 (0.43-0.84) 0.63 (0.44-0.82)
3 0.73 (0.56-0.9) 0.75 (0.55-0.95) 0.6 (0.4-0.8)
5 0.77 (0.62-0.93) 0.74 (0.55-0.93) 0.7 (0.53-0.87)
7 0.81 (0.66-0.96) 0.75 (0.55-0.94) 0.7 (0.52-0.89)
10 0.65 (0.42-0.88) 0.71 (0.54-0.89) 0.6 (0.4-0.81)
14 0.68 (0.46-0.89) 0.66 (0.45-0.87) 0.72 (0.53-0.91)

NGAL: Neutrophil gelatinase-associated lipocalin.

correlated with ISS (Spearman-Rho: 0.18, p=0.004). To define
the maximum potential effectiveness of the biomarkers, we
observed the AUC and calculated the Youden index (J) with
the optimal cut-off point (c*) for each significantly increased
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NGAL: Neutrophil gelatinase-associated lipocalin; OPG: osteoprotegerin;
IL: interleukin.

biomarker at different times (days 1, 2, 3,5, 7, 10 and 14).
Table V shows the AUC for NGAL, OPG and IL-6. Detailed
information about the optimal cut-off points according to
Youden’s index are shown in Table VI.
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Table VI. Cut-off values according to Youden'’s index (J) for predicting MODS at different times

Day NGAL OPG IL-6

PL [ng/ml] Se Sp J PL [ng/ml] Sp J PL [pg/ml] Se Sp J
1 209.7 0.58 0.88 0.46 187.1 0.58 0.8 0.38 332.0 0.58 0.56 0.14
2 219.3 0.56 0.88 043 410.1 0.33 0.96 0.29 350.1 0.67 0.71 0.38
3 148.5 0.67 0.67 0.33 217.0 0.56 0.88 043 306.5 0.33 0.83 0.17
5 954 1.0 0.5 0.5 168.5 0.56 0.88 043 435 0.89 0.5 0.39
7 154.7 0.78 0.79 0.57 176.0 0.44 0.96 04 37.6 0.89 0.63 0.51
10 123.9 0.78 0.71 0.49 72.5 0.54 0.54 27.1 0.78 0.63 04
14 106.9 0.67 0.75 0.42 181.8 0.33 10 0.33 16.6 0.78 0.58 0.36

PL: Plasma levels; Se: sensitivity; Sp: specificity; J: Youden’s J; NGAL: neutrophil gelatinase-associated lipocalin; OPG: osteoprotegerin; IL:

interleukin.

Discussion

Multiply injured patients are at particular risk of
posttraumatic MODS. In the present study, 36% of the
patients developed MODS. NGAL as well as OPG appeared
to indicate MODS earlier compared to IL-6.

The incidence of MODS in the current study population
is in accordance with the literature that reports an incidence
from 25 to 40% (1, 3-7). Froehlich et al. reported an
incidence of 32.7% in a comparable study population from
the German trauma registry. Although the mean injury
severity was lower compared to our own patients (ISS 28+12
vs. 34+11), patients that developed MODS had been injured
significantly more severely in that study as well (7).
Mortality fluctuates considerably among different studies.
However, each study supports the assumption that patients
with manifest MODS are more likely to die within in-patient
care (7, 14-17, 44). Thus, due to higher mortality during the
course of treatment in the MODS+ group, mean duration of
in-patient care is decreased.

The data of this study indicate slight advantages of NGAL
and OPG compared to IL-6 as predictors of MODS with an
increased AUC. However, the sensitivity and specificity
leave a lot to be desired. Neither NGAL nor OPG alone are
yet applicable to identify patients at risk of MODS to a high
degree.

IL-6 is certainly a key cytokine in posttraumatic
inflammation. Different studies have reported a correlation
between elevated IL-6 levels and the incidence of MODS
(14-17, 44). Usually, an early increase in IL-6 is found and
associated with an increased risk of subsequent MODS (16,
17, 44). To some extent, this is in accordance with our own
results. IL-6 levels are most elevated in the early phase of
posttraumatic inflammation. This is likely to be due to its
role as a pro-inflammatory cytokine that stimulates the
immune response after trauma. In contrast to the results of
Frink et al., who reported a marked difference in IL-6 from

the very beginning, we found considerably elevated IL-6
levels even in patients without MODS (44). On the contrary,
if MODS became present, IL-6 remained elevated for a
longer time compared to patients without MODS, who
showed a rapid decrease in IL-6 after the initial peak (44).
However, Maier et al. reported a secondary increase in IL-6
in patients with late onset MODS. In this study, IL-6 had an
AUC of 0.70 for the prediction of late onset MODS (14).
This is comparable to the AUC of NGAL and OPG but not
IL-6 in the early post-traumatic phase in our own study
population. AUC of IL-6 is slightly lower especially during
the first three days after trauma. One consideration might be
that the markedly higher injury severity of our patients
induced increased cytokine production and equalized the
differences between patients with and without MODS to
some extent, but this remains speculative (17, 45). Even
more speculative appears the critical assessment of OPG’s
role in multiple injuries. According to the available literature,
OPG is not yet established as a predictor of MODS. If we
take into consideration that OPG may downregulate the
immune response, the increase in OPG levels up to the third
day in the MODS+ group perhaps might reflect a counter
reaction against pro-inflammatory immune response. Since
MODS is associated with intensified immune system
activity, could elevated OPG levels be regarded as an
indication of a pro-inflammatory immune response (25-28)?
On the other hand, increased OPG could be attributed to a
greater injury severity, since ISS was significantly increased
in the MODS+ group. There is also the possibility that the
increase in OPG in patients with MODS is due to additional,
still insufficiently understood, functions of OPG. However,
this is just a conjecture that cannot be supported by the
present data and is highly speculative. The available data is
somewhat better for NGAL. Neutrophil gelatinase-associated
lipocalin has been shown to be a predictor of acute kidney
injury in burn patients as well as combat casualties (37, 46-
48). Moreover, Stewart et al. have associated NGAL with
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increased mortality in severely injured patients (37). Acute
kidney injury is often an inherent part of MODS. In the
present study population, each patient with AKI
manifestations (n=7) developed MODS. Looking at it the
other way around, not every patient with MODS
manifestations had an AKI, though. Whether increased
NGAL is mainly attributable to renal dysfunction or is a
predictor of MODS independent of AKI cannot be verified
by the present data due to the limited sample size. Moreover,
the coinciding outcomes of AKI and reduced renal function
as part of MODS impairs the utility of NGAL to predict
MODS since it already includes the former.

There are several limitations of this study that have to be
considered. Elevated levels of NGAL as well as OPG are to
a certain extent attributable to a generally increased cytokine
expression. However, both NGAL and OPG demonstrated
the potential to be useful in laboratory diagnosis of MODS
compared to IL-6, which has been examined most frequent
in literature. Apart from that, there is no standardized method
for NGAL and OPG measurement yet. The performance of
available assays is relatively variable (49). Moreover, the
impact of NGAL and OPG might be overestimated due to
the limited number of patients, since outliers could exert a
greater influence. Comparable data are lacking almost
completely. In addition, we failed to demonstrate reliable
cut-off values, since values are fluctuating and are time-
dependent and sensitivity and specificity are dissatisfying.
Comparable, commonly accepted values are lacking too.
Therefore, the generalizability of the study results is limited.

Conclusion

The incidence of MODS in severely injured patients is still
high and associated with an increased risk of death. In
conclusion, both NGAL and OPG might be indicative of
MODS and could have the potential to be biomarkers in the
early detection of patients that are at particular risk of
posttraumatic MODS. Further research is necessary to
analyze the prognostic value of NGAL and OPG in the
diagnosis of MODS and determine reliable cut-off values
with acceptable sensitivity and specificity.
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