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Cervical Spinal Cord Injury Shows Markedly
Lower than Predicted Mortality (>72 Hours
After Multiple Trauma) From Sepsis and
Multiple Organ Failure
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Abstract
Background: Sepsis and multiple organ failure (MOF) remain one of the main causes of death after multiple trauma.
Trauma- and infection-associated immune reactions play an important role in the pathomechanism of MOF, but the exact
pathways remain unknown. Spinal cord injury (SCI) may lead to an altered immune response, and some studies suggest a
prognostic advantage for such patients having sepsis or multiple trauma. Yet these findings need to be evaluated in larger
cohorts of trauma patients. Methods: Retrospective, multicenter study, using the data of the TraumaRegister DGU. Patients
with and without SCI surviving the initial first 72 hours after trauma were matched according to injury pattern and age. Com-
parative analysis considered morbidity (sepsis, MOF) and hospital mortality. Results: The study population included 800 matched
pairs. As intended by the matching process, patients with cervical SCI had an otherwise comparable injury pattern but a higher
severity of trauma (mean Injury Severity Score: 36 vs 29, mean number of diagnosis: 5.6 vs 4.4). They had a higher rate of sepsis
(15.9% vs 10.9%, P ¼ .005) and MOF (35.9% vs 24.1%, P < .001) while mortality revealed no significant difference (9.5% vs 9.9%,
P ¼ .866). Conclusions: Cervical SCI leads to an increased rate of sepsis and MOF but appears to be favorable with respect to
outcome of sepsis and MOF following multiple trauma. Further research should focus on the pathomechanisms and the possible
arising therapeutic options.
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Introduction

Sepsis is defined as a life-threatening organ dysfunction caused

by a dysregulated host immune response to an infectious

cause.1 Multiple studies showed that sepsis is a main cause for

hospital and intensive care unit (ICU) admission and hospital

mortality.2,3 Fleischmann et al showed that in Germany alone

the incidence of sepsis rose to 335/100 000 cases per annum in

2013. Meanwhile, the mortality rate decreased from 27% to

24.3%.3 Estimated costs for intensive care treatment are about

€1.7 billion and indirect health costs and consecutive costs for

the social systems rise to about €6.3 billion per year.4

Despite major research in the field, the pathophysiology of

sepsis and trauma-induced multiple organ failure (MOF) is yet

not precisely understood.

The changes in microcirculation and the abnormalities of

coagulation may lead to multiple organ dysfunction syndrome

(MODS). In an editorial published by Baue in 1975, MODS has

been described for the first time.5 After several adjustments, the

term MODS is currently used to describe a clinical syndrome

characterized by the development of progressive and poten-

tially reversible physiologic dysfunctions in 2 or more organs
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or organ systems, induced by a variety of acute insults, includ-

ing sepsis.6 Despite all efforts, MODS-related mortality

remains high. Lobo et al7 identified MODS as the primary

cause of death in high-risk patients after surgery. Risk factors,

according to several studies, include high severity of illness,

2 or more acute organ failures, shock, and acidosis.

There is evidence that sepsis and MODS are induced by

various pathways including spinal cord structures, especially

the sympathetic nerve system. In spinal cord injury (SCI), sti-

mulus conduction is impaired or completely interrupted and a

spinal cord injury–induced immune deficiency syndrome (SCI-

IDS) may occur.8 The SCI-IDS could lead to altered reactions

of immune cells, for example, macrophages, natural killer cells,

and T and B lymphocytes.9-13 This may ultimately result in an

increased rate of infection and mortality following multiple

trauma. However, a recent study by Bertling et al14 revealed

a lower mortality rate for patients with SCI compared to a

control group of multiple injured patients without SCI.

Different study groups tried to evaluate the influence of the

sympathetic nervous system on the outcome after trauma and

trauma-related sepsis or systemic inflammatory response syn-

drome (SIRS). Sympathetic mediators such as epinephrine and

norepinephrine may induce increased cytokine release of immune

cells15 and enhance migration of immune cells to inflammation

sites as well as the degree of plasma extravasation.16

Sympathetic blockage of the adrenal medulla by thoracic

epidural anesthesia (TEA) decreases the plasma concentration

of epinephrine17,18 and therefore may modulate the inflamma-

tion cascade, whereas effects on mortality remain unambiguous.

The aim of this study was to evaluate the impact of cervical SCI

on mortality rate, sepsis, and MODS in patients with cervical SCI.

Therefore, we analyzed the data of the TraumaRegister DGU.

Materials and Methods

The TraumaRegister DGU of the German Trauma Society

(Deutsche Gesellschaft für Unfallchirurgie [DGU]) was

founded in 1993. The aim of this multicenter database is a

pseudonymized and standardized documentation of severely

injured patients.

Data are collected prospectively in 4 consecutive time phases

from the site of the accident until discharge from hospital: (1)

prehospital phase, (2) emergency department and initial surgery,

(3) ICU, and (4) discharge. The documentation includes detailed

information on demographics, injury pattern, comorbidities, pre-

and in-hospital management, course on ICU, and relevant

laboratory findings including data on transfusion and outcome

of each individual. The inclusion criterion is admission to hos-

pital via emergency department with subsequent intensive care

unit or intermediate care station (ICU/IMC) care or reach the

hospital with vital signs and die before admission to ICU.

The infrastructure of documentation, data management, and

data analysis is provided by AUC—Academy for Trauma Sur-

gery (AUC—Akademie der Unfallchirurgie GmbH), a company

affiliated to the German Trauma Society. The scientific leader-

ship is provided by the Committee on Emergency Medicine,

Intensive Care, and Trauma Management (Sektion NIS) of the

German Trauma Society. The participating hospitals submit their

pseudonymized data into a central database via a web-based

application. Scientific data analysis is approved according to a

peer-review procedure established by Sektion NIS.

The participating hospitals are primarily located in Germany

(90%), but a rising number of hospitals of other countries contrib-

ute data as well (at the moment from Austria, Belgium, China,

Finland, Luxembourg, Slovenia, Switzerland, the Netherlands, and

the United Arab Emirates). Currently, approximately 25 000 cases

from more than 600 hospitals are entered into the database per year.

Participation in TraumaRegister DGU is voluntary. For hos-

pitals associated with TraumaNetzwerk DGU, however, the

entry of at least a basic data set is obligatory for the reasons

of quality assurance.

The present study is in line with the publication guidelines

of the TraumaRegister DGU and registered as TR-DGU project

ID 2015-040. It has been approved by the ethics committee of

the University of Bochum (Ruhr-Universität Bochum; approval

number 16-5731-BR).

Patients

The present study includes patients from Germany with an Injury

Severity Score (ISS) �16 and a maximum abbreviated injury

scale (AIS) �4 which were entered into the TR-DGU between

2002 and 2014. In the TraumaRegister DGU, sepsis is defined as a

SIRS with a positive blood culture. Multiple organ failure is

defined as organ failure of 2 or more organs described by a score

of 2 or more points per organ system using the Sequential Organ

Failure Assessment score.19 Patients with isolated traumatic brain

injury or isolated cervical spine injury and AIS of 6 were

excluded. Furthermore, death within the initial 72 hours postad-

mission was defined as an additional exclusion criterion.

In order to determine the effect of an additional cervical

SCI, patients with and without SCI were matched according

to the following criteria:

1. Age group: 0 to 59, 60 to 69, 70 to 79, older than 79 years.

2. Head injury (without SCI): AIS 0 to 2/3/4/5 to 6

3. Thoracic injury: AIS 0 to 2/3/4/5 to 6

4. Abdominal injury: AIS 0 to 2/3/4/5 to 6

5. Injuries of the extremities: AIS 0 to 1/2 to 3/4 to 5

A matching that relies on total ISS only would disregard the

injury pattern. Since cases with SCI receive points from that

injury (when ISS is calculated), whereas the partner case needs

to have more severe injuries in the rest of the body. This

reduces the comparability of the pairs. The present matching

considered 4 body regions and matches according to 4 severity

levels in each region. However, SCIs were disregarded in the

matching. This creates pairs of patients with a similar pattern of

injury, except for cervical SCI. Thus, cervical SCI patients who

did not have an additional head injury tend to have a higher

ISS than their partner case. Table 1 shows the results of the

matching process.
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Primary outcome measures were hospital mortality, sepsis,

and MOF. Secondary outcome was the length of ICU stay.

Statistical Analysis

Statistical analysis was carried out using SPSS (version 22,

IBM, Armonk, New York). Categorical data were presented

as percentage, and continuous data were presented as mean

with standard deviation and median. The w2 test was used for

comparing frequencies, and the Mann-Whitney U test was used

for ordinal and continuous data. The level of significance was

set to 5% (P < .05).

Results

Eight hundred multiple and severe injured cervical spinal

cord injury (cSCI) patients were matched to 800 multiple

injured non-SCI patients using data sets from TraumaReg-

ister DGU. The SCI subgroup included 263 patients with

neck AIS 4 (32.9%) and 537 patients with neck AIS 5

(67.1%). Details are provided in Table 2.

The mean age was slightly higher in cSCI group (45.7 vs 47.7

years). Mean ISS and the mean number of diagnoses were higher

in cSCI group as expected by the matching process. The mean

number of days on ICU was also higher in the cSCI group (13.9 vs

18.2 days), whereas the median days in hospital were comparable.

The incidence of sepsis was significantly higher in the cSCI

group (10.9% vs 15.6%, P < .001) as well as the rate of MOF

(24.1% vs 35.9%, P < .001). However, cSCI showed no effect on

mortality as 79 patients died in the cSCI group versus 76 patients

in the non-cSCI group. The average length of stay until death

was 16.9 days (mean, median: 11 days) in the non-cSCI group

and 23.6 days (mean, median: 13.5 days) in the cSCI patients.

Pulmonary organ failure (23.4% vs 36.8%) and duration of

ventilation (8.6 vs 12.6 days) were significantly increased in

the cSCI group. Details on other organ failure are shown in

Table 3.

Discussion

After surviving the first 72 hours after trauma, patients with

cSCI showed an increased severity of injury as well as a higher

incidence of sepsis and MOF. Patients were homogenous with

respect to the matching criteria. Mean age was even higher in

the cSCI patients, a factor predisposing to adverse outcome

compared to controls. However, mortality rate of the cSCI

patients was similar as in the control group. We hypothesized

this apparent prognostic advantage for cSCI patients having

sepsis and MOF to be partly explained by an impaired systemic

inflammatory response after trauma or consecutive sepsis.

Several other studies already had assumed a prognostic advan-

tage of SCI patients in severe trauma and inflammation. Bertling

et al14 were able to show that patients with thoracic trauma and

SCI had a lower mortality rate as compared to patients without

SCI. In this single-center retrospective, matched pair analysis

including age, ISS, and comorbidity index, 6 (11.1%) of 54 SCI

patients died during the hospital stay, whereas 19 (31.5%) of 61

Table 2. Characteristics of Patients.

Group
Control
Group cSCI

P
Value

N 800 800
Mean age 45.7 (20.6),

median 43
47.7 (20.2),
median 47

.038

Male sex 75.1% 79.8% .023
Penetrating trauma 2.9% 1.9% .20
Road traffic accident 46.5% 60.4% <.001
High fall (>3 m) 30.4% 20.4% <.001
Low fall (<3 m) 11.8% 14.2% .15
Mean ISS 28.7 (9.6),

median 29
35.9 (10.2),
median 34

<.001

Mean number of injuries/diagnoses 4.4 (2.7),
median 4

5.6 (3.2),
median 5

<.001

Treated in a level 1 trauma center 87.5% 92.1% .002
Primary admitted from scene 75.8% 74.5% .56
Transportation to hospital with

helicopter
46.8% 48.0% .70

Risk of death at hospital admission
(based on RISC II; primary
admitted cases only)

12.0% 23.9% <.001

Blood transfusion before ICU
admission

21.4% 19.0% .24

Length of stay on ICU, days 13.9 (18.3),
median 8

18.2 (16.7),
median 14

<.001

Length of stay in hospital, days 40.8 (43.2),
median 25

41.2 (48.2),
median 23

.24

Sepsis 10.9% 15.6% .005
MOF 24.1% 35.9% <.001
Hospital mortality 9.9% 9.5% .87

Abbreviations: ISS, Injury Severity Score; MOF, multiple organ failure.

Table 1. Results of Matching Regarding Injury Pattern.

AIS Body Region Control Group SCI

No. of patients 800 800
Head injury (without SCI)

AIS 0-2 71.6% 71.6%
AIS 3 11.3% 11.3%
AIS 4 9.6% 9.6%
AIS 5,6 7.5% 7.5%

Thoracic injuries
AIS 0-2 50.5% 50.5%
AIS 3 29.3% 29.3%
AIS 4 15.4% 15.4%
AIS 5,6 4.9% 4.9%

Abdominal injuries
AIS 0-2 93.8% 93.8%
AIS 3 2.6% 2.6%
AIS 4 2.9% 2.9%
AIS 5,6 0.8% 0.8%

Injuries of the extremities
AIS 0-1 56.4% 56.4%
AIS 2-3 39.9% 39.9%
AIS 4-5 3.8% 3.8%

Abbreviation: SCI, spinal cord injury.
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non-SCI patients deceased during hospitalization. Citak et al20

reported a lower mortality rate in patients with SCI and Fournier

gangrene compared to the literature.

Brommer et al21 gave some insight in the interaction between

the level of SCI and the systemic immune response. In a mouse

model for SCIs, they investigated the differences in immune

response according to the level of spinal cord lesion (Th3 vs

Th9) to infections with Streptococcus pneumoniae. They were

able to provide evidence that a higher level of lesion is associ-

ated with significantly higher bacterial load 24 hours after infec-

tion. They concluded that the sympathetic immune system

innervation based on their differential impact on secondary lym-

phoid organs, including the spleen is interrupted in mice with a

higher lesion level. They described an SCI-associated immune

deficiency syndrome which might also be responsible for the

increased rate of sepsis and MOF in cSCI in the present study.

These findings would help to explain, in addition to the higher

overall injury severity of our cSCI patients, the higher rate of

sepsis and MOF in this group of patients.

In our study, we could observe, however, that patients who

became septic or developed MOF appeared to have a prognos-

tic advantage. It can be hypothesized that this favorable course

may also be caused by an altered immune response in the later

phase after the trauma. Several studies focused on evaluating

this effect either by medication or by TEA.

Animal studies (mice models) reported positive effects of

propranolol, a b-adrenergic blocker, on systemic inflammation

reaction in sepsis.22,23 Thus far, human studies of traumatic

brain-injured patients suggest a positive effect of b blockage

regarding mortality.24-26

Thoracic epidural anesthesia mimics the effects of SCI. In

various experimental setups of systemic inflammation, TEA

has shown beneficial effects on microvascular perfusion,27,28

regional blood flow17 and intestinal function.17,29-31

Regarding trauma patients, TEA is well recommended in

thoracic trauma to achieve analgesia and therefore improve

prophylaxis of pneumonia and delir.32,33 Yet the general effects

of TEA after multiple injury remain not well investigated.

Limitation

This is a retrospective, matched pair analysis using homoge-

neous groups of patients. Nevertheless, there is a wide variety

of factors that may influence our findings. First, we used the

data of the TraumaRegister DGU, and as a general limitation,

data quality of registries is considered less reliable to the data

of prospective clinical trials. Furthermore, diagnoses are only

identified by their AIS codes. Thus, no strict description of

each individual patient’s injuries is provided. Sepsis is

described according to the definition of 1992. In order to

exclude patients who deceased early from hemorrhage or trau-

matic brain injury, only survivors of the first 72 hours were

considered for analysis. Therefore, we were unable to provide

standardized mortality ratios as there would have been a high

level of confounding, considering only the survivors of the

initial 72 hours posttrauma. However, the study was designed

in order to reveal the effect of a systemic response to injury,

sepsis, and MODS, which usually occurs later than 72 hours. In

addition, we excluded all patients with cervical SCIs AIS 6 as

the registry provides no data on end-of-life decision and dis-

continuation/interruption of therapy, which might be a large

confounder regarding AIS 6 cSCI.

Still, the strength of our study is the large number of patients

from multiple centers with a high level of matching in order to

determine the influence of cSCI.

Conclusion

This is a study of 800 matched pairs, extracted from a large

multicenter database, comparing 2 subgroups of multiple

injured patients with or without cervical SCI. After surviving

the first 72 hours after trauma, patients with cSCI showed an

equal mortality rate, although severity of trauma, incidence of

sepsis, and MOF were significantly higher. Further experimen-

tal and clinical studies are required to investigate the distinct

impact of spinal cord signal conduction, especially the effects

on the sympathetic immune system during trauma or SIRS.
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Table 3. Incidence of Organ Failure.

Organ System
Control

Group, n ¼ 800 SCI, n ¼ 800 P Value

Central nervous system 16.9% 22.0% .010
Pulmonary 23.4% 36.8% <.001
Renal 6.1% 5.0% .33
Hepatic 2.9% 2.0% .26
Coagulation 9.0% 10.6% .28
Cardiovascular 24.5% 39.6% <.001

Abbreviation: SCI, spinal cord injury.

Kamp et al 381

https://orcid.org/0000-0001-7593-4471
https://orcid.org/0000-0001-7593-4471
https://orcid.org/0000-0001-7593-4471


References

1. Singer M, Deutschman CS, Seymour CW, et al. The third inter-

national consensus definitions for sepsis and septic shock (Sepsis-

3). JAMA. 2016;315(8):801-810.

2. Engel C, Brunkhorst FM, Bone HG, et al. Epidemiology of sepsis

in germany: results from a national prospective multicenter study.

Intensive Care Med. 2007;33(4):606-618.

3. Fleischmann C, Thomas-Rueddel DO, Hartmann M, et al. Hospi-

tal incidence and mortality rates of sepsis. Dtsch Arztebl Int. 2016;

113(10):159-166.

4. SepNet Critical Care Trials Group. Incidence of severe sepsis and

septic shock in German intensive care units: the prospective, multi-

centre INSEP study. Intensive Care Med. 2016;42(12):1980-1989.

5. Baue AE. Multiple, progressive, or sequential systems failure.

A syndrome of the 1970s. Arch Surg. 1975;110(7):779-781.

6. Gustot T. Multiple organ failure in sepsis: prognosis and role of

systemic inflammatory response. Curr Opin Crit Care. 2011;

17(2):153-159.

7. Lobo SM, Rezende E, Knibel MF, et al. Early determinants of

death due to multiple organ failure after noncardiac surgery in

high-risk patients. Anesth Analg. 2011;112(4):877-883.

8. Riegger T, Conrad S, Liu K, Schluesener HJ, Adibzahdeh M,

Schwab JM. Spinal cord injury-induced immune depression syn-

drome (SCI-IDS). Eur J Neurosci. 2007;25(6):1743-1747.

9. Cruse JM, Lewis RE, Bishop GR, Kliesch WF, Gaitan E.

Neuroendocrine-immune interactions associated with loss and

restoration of immune system function in spinal cord injury and

stroke patients. Immunol Res. 1992;11(2):104-116.

10. Furlan JC, Krassioukov AV, Fehlings MG. Hematologic abnorm-

alities within the first week after acute isolated traumatic cervical

spinal cord injury: a case-control cohort study. Spine (Phila Pa

1976). 2006;31(23):2674-2683.

11. Lucin KM, Sanders VM, Jones TB, Malarkey WB, Popovich PG.

Impaired antibody synthesis after spinal cord injury is level

dependent and is due to sympathetic nervous system dysregula-

tion. Exp Neurol. 2007;207(1):75-84.

12. Lucin KM, Sanders VM, Popovich PG. Stress hormones collabo-

rate to induce lymphocyte apoptosis after high level spinal cord

injury. J Neurochem. 2009;110(5):1409-1421.

13. Riegger T, Conrad S, Schluesener HJ, et al. Immune depression

syndrome following human spinal cord injury (SCI): a pilot study.

Neuroscience. 2009;158(3):1194-1199.

14. Bertling M, Suero E, Aach M, Schildhauer T, Meindl R, Citak M.

Patients with thoracic trauma and concomitant spinal cord injury

have a markedly decreased mortality rate compared to patients

without spinal cord injury. Int Orthop. 2016;40(1):155-159.

15. Flierl MA, Rittirsch D, Nadeau BA, et al. Phagocyte-derived

catecholamines enhance acute inflammatory injury. Nature.

2007;449(7163):721-725.

16. Straub RH, Wiest R, Strauch UG, Harle P, Scholmerich J. The

role of the sympathetic nervous system in intestinal inflammation.

Gut. 2006;55(11):1640-1649.

17. Schaper J, Ahmed R, Perschel FH, Schafer M, Habazettl H, Welte

M. Thoracic epidural anesthesia attenuates endotoxin-induced

impairment of gastrointestinal organ perfusion. Anesthesiology.

2010;113(1):126-133.

18. Stevens RA, Lineberry PJ, Arcario TJ, Bacon GS, Cress LW.

Epidural anaesthesia attenuates the catecholamine response to

hypoventilation. Can J Anaesth. 1990;37(8):867-872.

19. Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related

Organ Failure Assessment) score to describe organ dysfunction/

failure. on behalf of the working group on sepsis-related problems

of the European society of intensive care medicine. Intensive Care

Med. 1996;22(7):707-710.

20. Citak M, Fehmer T, Backhaus M, et al. Does spinal cord injury

influence the mortality rate in patients with necrotizing fasciitis?

Spinal Cord. 2012;50(4):338-340.

21. Brommer B, Engel O, Kopp MA, et al. Spinal cord injury-induced

immune deficiency syndrome enhances infection susceptibility

dependent on lesion level. Brain. 2016;139(pt 3):692-707.

22. Schmitz D, Wilsenack K, Lendemanns S, Schedlowski M, Ober-

beck R. Beta-adrenergic blockade during systemic inflammation:

impact on cellular immune functions and survival in a murine

model of sepsis. Resuscitation. 2007;72(2):286-294.

23. Oberbeck R, Schmitz D, Wilsenack K, et al. Adrenergic modula-

tion of survival and cellular immune functions during polymicro-

bial sepsis. Neuroimmunomodulation. 2004;11(4):214-223.

24. Mohseni S, Talving P, Wallin G, Ljungqvist O, Riddez L. Pre-

injury beta-blockade is protective in isolated severe traumatic

brain injury. J Trauma Acute Care Surg. 2014;76(3):804-808.

25. Mohseni S, Talving P, Thelin EP, Wallin G, Ljungqvist O, Riddez

L. The effect of beta-blockade on survival after isolated severe

traumatic brain injury. World J Surg. 2015;39(8):2076-2083.

26. Ko A, Harada MY, Barmparas G, et al. Early propranolol after

traumatic brain injury is associated with lower mortality. J

Trauma Acute Care Surg. 2016;80(4):637-642.

27. Adolphs J, Schmidt DK, Korsukewitz I, et al. Effects of thoracic

epidural anaesthesia on intestinal microvascular perfusion in a

rodent model of normotensive endotoxaemia. Intensive Care

Med. 2004;30(11):2094-2101.

28. Freise H, Lauer S, Anthonsen S, et al. Thoracic epidural analgesia

augments ileal mucosal capillary perfusion and improves survival

in severe acute pancreatitis in rats. Anesthesiology. 2006;105(2):

354-359.

29. Kosugi S, Morisaki H, Satoh T, et al. Epidural analgesia prevents

endotoxin-induced gut mucosal injury in rabbits. Anesth Analg.

2005;101(1):265-272, table of contents.

30. Ai K, Kotake Y, Satoh T, Serita R, Takeda J, Morisaki H. Epi-

dural anesthesia retards intestinal acidosis and reduces portal vein

endotoxin concentrations during progressive hypoxia in rabbits.

Anesthesiology. 2001;94(2):263-269.

31. Freise H, Fischer LG. Intestinal effects of thoracic epidural

anesthesia. Curr Opin Anaesthesiol. 2009;22(5):644-648.

32. Galvagno SM Jr, Smith CE, Varon AJ, et al. Pain management for

blunt thoracic trauma: a joint practice management guideline from

the eastern association for the surgery of trauma and trauma anesthe-

siology society. J Trauma Acute Care Surg. 2016;81(5):936-951.

33. DAS-Taskforce 2015, Baron R, Binder A, et al. Evidence and

consensus based guideline for the management of delirium,

analgesia, and sedation in intensive care medicine. Revision

2015 (DAS-Guideline 2015) – short version. Ger Med Sci.

2015;13:Doc19.

382 Journal of Intensive Care Medicine 35(4)



This text is made available via DuEPublico, the institutional repository of the University of
Duisburg-Essen. This version may eventually differ from another version distributed by a
commercial publisher.

DOI: 10.1177/0885066617753356
URN: urn:nbn:de:hbz:465-20220328-161207-3

 
Kamp, O., et al. (2020). Cervical Spinal Cord Injury Shows Markedly Lower than Predicted Mortality (>72 
Hours After Multiple  Trauma) From Sepsis and Multiple Organ Failure. Journal of Intensive Care Medicine,
35(4), 378–382. https://doi.org/10.1177/0885066617753356

All rights reserved.

This publication is with permission of the rights owner freely accessible due to an Alliance licence 
and a national  licence (funded by the DFG, German Research Foundation) respectively.

https://duepublico2.uni-due.de/
https://duepublico2.uni-due.de/
https://doi.org/10.1177/0885066617753356
https://nbn-resolving.org/urn:nbn:de:hbz:465-20220328-161207-3
https://doi.org/10.1177/0885066617753356

