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ABSTRACT 
BACKGROUND: The evaluation of the predictive value of the neutrophil gelatinase-associated lipocalin 
(NGAL) for an early acute kidney injury (AKI) development in severely injured patients. Determination of the 
time-dependent roles of trauma-related physiologic markers of tissue hypoxia, systemic infl ammation and 
rhabdomyolysis in AKI development. 
METHODS: 81 adult patients were screened for the presence of AKI for eight consecutive days following the 
injury. Arterial levels of plasma NGAL, lactate, interleukin-6, procalcitonin, and myoglobin were investigated at 
24 hours (T1), 48 hours (T2), and 96 hours (T3) after the injury. 
RESULTS: The incidence of AKI was 32.1 %. Patients with AKI were older, but no signifi cant difference 
in injury severity was observed. NGAL levels were signifi cantly higher in the AKI group at T1, T2, and T3 
when compared to the non-AKI group. Lactate levels were signifi cantly higher in the AKI group at T2 only, 
and IL-6 levels were signifi cantly higher in the AKI group at T2 and T3. Procalcitonin and myoglobin levels 
were signifi cantly higher in the AKI group at T1, T2, and T3, when compared to the non-AKI group. Positive 
correlations were found between plasma NGAL and all screened physiological factors at all defi ned time points. 
CONCLUSION: Development of AKI after blunt trauma is very complex and multifactorial. Activation of 
the systemic infl ammatory response and rhabdomyolysis (high concentration of myoglobin) were strongly 
involved in AKI development. Blood NGAL levels after injury were signifi cantly higher in patients, who 
developed posttraumatic AKI. Plasma NGAL, lactate, procalcitonin, interleukin-6, and myoglobin had potential 
to be useful parameters for risk stratifi cation and prediction of AKI after trauma (Tab. 6, Ref. 40). Text in PDF 
www.elis.sk
KEY WORDS: severe injury, acute kidney injury, neutrophil gelatinase-associated lipocalin, tissue hypoxia, 
infl ammatory response, rhabdomyolysis.
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Introduction

Trauma is the main cause of mortality in developed coun-
tries for individuals aged 1–45 years (1). Most injuries leading 
to death occur immediately following an accident, but late deaths 
are primarily associated with multiple organ dysfunction syn-
drome (MODS), which frequently includes acute kidney injury 
(AKI) (2). AKI development in injured patients is associated with 
adverse outcomes, surpassing other organ dysfunctions for the 
prediction of both multi-organ failure and death (3). In victims 
of trauma, mortality risk increases 1.83 times for each 1 mg/dL 
(88.4 μmol/L) elevation from the initial serum creatinine (sCr) 
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level, and diagnosis of renal failure increases the mortality risk 
7.19 times (4). 

In past, scoring systems describing severe renal dysfunction as 
a component of multiorgan dysfunction syndrome (MODS) have 
been used for AKI defi nition in studies examining the incidence 
of kidney dysfunction in severely injured patients. However, these 
defi nitions require sCr increase over a relatively high cut-off point 
(sCr > 132 μmol/l–182 μmol/l), so they may underestimate signifi -
cant alterations in renal function in trauma patients (5). Because 
even a moderate decrease in kidney function has been associated 
with adverse outcomes, modern criteria based on sCr dynamics 
and urine output have recently been proposed for earlier detec-
tion of acute kidney injury in critically ill patients (6). Although 
these defi nitions are more sensitive than previous criteria, both 
signifi cantly elevated sCr and oliguria still could represent rela-
tively late signs of serious deterioration of kidney function (7). 
The need for AKI identifi cation at a stage, when functional and 
morphologic kidney changes are still reversible, led to the search 
for novel AKI biomarkers. Among these, both plasma and urine 
levels of neutrophil gelatinase-associated lipocalin (NGAL) of-
fered an acceptable profi le for the detection of subtle changes in 
kidney function and the prediction of subsequent AKI development 
in critically ill patients (8). The validity of urine NGAL to predict 
AKI development in victims of injury has been demonstrated, but 
data elucidating the role of the plasma NGAL for early diagnosis 
of posttraumatic AKI are lacking (9).

The pathophysiology of AKI in critically ill trauma patients 
is multifactorial, but the roles for various pathophysiologic fac-
tors associated directly with trauma have not been fully described 
yet. Hemorrhagic shock resulting in kidney hypoperfusion was 
considered the main cause of posttraumatic AKI in the past. Fur-
thermore, severe injury causes muscle tissue destruction, lead-
ing to rhabdomyolysis and the release of myoglobin, a molecule 
with a direct nephrotoxic activity. Mechanisms accompanying the 
systemic infl ammatory response to various insults have been also 
identifi ed as relevant factors contributing to AKI development in 
critically ill, but their role in the development of posttraumatic 
AKI has not yet been explained in detail. Moreover, all of these 
injury-induced physiologic pathways are evolving early after in-
jury and could determine kidney injury development with a various
intensity during the time. 

The main goal of this study was to evaluate the validity of 
the plasma NGAL for AKI prediction in severely injured patients. 
The secondary goals were to determine the time-dependent role of 
injury-related physiologic risk factors (tissue hypoxia, systemic 
infl ammatory response, rhabdomyolysis) in AKI development.

Methods

The Medical Ethics Committee of the University Hospital of 
Ostrava approved the study (reference number: 219/b/2013IRB) 
on May 30, 2013, which conformed to the tenets of the Declara-
tion of Helsinki. Each awake and conscious participant signed the 
Informed Consent Form approved by the Ethics Committee of the 
University Hospital Ostrava. Approval by two physicians not in-

volved in the study was needed for the enrollment of unconscious 
study subjects, who were unable to sign an informed consent. In 
accordance with the Czech law and the Ethics Committee of the 
University Hospital Ostrava, no informed consent to participate 
was needed from their legal guardians or next of kins.

All severely injured adult patients defi ned by ISS ≥ 25 were 
enrolled between June 2013 and December 2016 in this mono-
centric (Department of Anesthesiology and Critical Care of the 
University Hospital of Ostrava; Level 1 Trauma Center), prospec-
tive, observational study. The exclusion criteria included age < 18 
years, history of chronic kidney dysfunction, pregnancy, expected 
death within 24 hours of injury. 

We collected basic demographic parameters including age, 
gender, ISS, and mechanism of injury. Laboratory parameters in-
cluded arterial NGAL, lactate level, IL-6 and PCT were obtained at 
24 hours (T1), 48 hours (T2), and 96 hours (T3) following injury. 
Serum creatinine level as measured daily at 6.00 a.m. and urine 
output counted hourly from the admission on ICU (Day 0) to Day 
8 were the basis for AKI evaluation. Because recent pre-injury 
creatinine values were unknown for almost all subjects, the fi rst 
serum creatinine level (sCr) taken at admission to the emergency 
room was considered the baseline reference value. Patients were 
screened for the evidence of early AKI for eight days following 
injury, and patients were divided into the AKI group and non-
AKI group defi ned by AKI development during Day 0 to Day 8 
for further analysis. 

According to the KDIGO criteria, AKI was defi ned as any of 
the following: sCr increase of 0.3 mg/dL (≥ 26.5 μmol/L) within 
48 hours, or sCr increase to ≥ 1.5 times baseline (known or pre-
sumed to have occurred within the preceeding 7 days) or urine 
volume < 0.5 mL/kg/h for 6 hours. KDIGO criteria were also used 
for further AKI staging (26). 

All investigated laboratory parameters were analyzed accord-
ing to the manufacturer´s instructions provided in the respective 
assay kits. Arterial NGAL, lactate and sCr concentration were de-
termined by AU 5811 analyzer (Beckman Coulter, Inc., Brea, CA). 
IL-6 concentrations were assayed by solid-phase, two-site chemi-
luminescent enzyme immunoassay (Immulite 2000XPi, Siemens 
Medical Solutions Diagnostics, NY, USA), which detects levels 
up to 1000 ng/L. Levels greater than 1000 ng/L were reported as 
such. Procalcitonin was determined by CentaurXP instrument 
(Siemens Medical Solutions Diagnostics, NY, USA). Myoglobin 
concentrations were determined by a solid-phase, two-site che-
miluminescent immunoanalytic assay (Unicel Dxi 800, Beckman 
Coulter, Inc., Brea, CA)

Mechanism of injury Number %
Vehicle accident 34 42.0
Pedestrian 20 24.7
Fall 22 27.2
Explosion 2 2.45
Cave-in at coal mine 2 2.45
Unknown 1 1.20
Total 81 100.00

Tab. 1. Mechanism of injury.
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The authors used Stata software version 
13 for all statistical analyses. A Shapiro–
Wilks test was used for testing the normality 
of the distribution. Normally or near nor-
mally distributed variables were reported 
as the means with standard deviations (SD) 
and compared by Student’s t-tests. Non-
normally distributed continuous data were 
reported as the medians with inter-quartile 
ranges (IQR) and compared by Mann-Whit-
ney U tests or Kruskal-Wallis tests. Pear-
son’s chi-square test, Spearman’s rank-order 
correlation, or Fisher’s exact test were used 
to analyze categorical data as appropriate. p-
value of < 0.05 was considered statistically 
signifi cant for all comparisons. Receiver op-
erator characteristic (ROC) curves and areas 
under the curve (AUC) were determined to 
evaluate the accuracy of NGAL for AKI 
prediction. Youden´s index was used for 
the determination of NGAL cut-off points. 

Results

Demographic data. 82 consecutive pa-
tients with ISS ≥ 25 fulfi lled the enrollment 
criteria for the study. One patient was ex-
cluded due to technical problems (inability 

to measure NGAL at T1 and T2), therefore 81 patients (68 males 
and 13 females) were included in the analysis. The mean age of 
the population was 43.6 ± 15.9 years and the mean ISS was 32.8 
± 7.6. There were no signifi cant differences between genders 
in age (males 43.0 ± 15.7 years, females 46.9 ± 16.9 years; p = 
0.448) or ISS (males 32.5 ± 7.5, females 34.3 ± 8.5; p = 0.416). 
All patients with ISS ≥ 25 during the study period suffered from 
blunt injury (Tab. 1). 

Incidence and risk factors of AKI. Crude AKI incidence was 
32.1% (n = 26). Eleven patients (13.6 %) developed KDIGO stage 
1 acute kidney injury, seven patients (8.6 %) developed KDIGO 
stage 2, and eight patients (9.9 %) developed KDIGO stage 3. 
Five (6.2 %) subjects required renal replacement therapy (RRT), 
and all were classifi ed as KDIGO stage 3 at the time of RRT ini-
tiation. Patients with AKI were signifi cantly older than patients 
without AKI (non-AKI group 40.3 ± 14.3, AKI group 50.6 ± 17.1; 
p = 0.006). There was no signifi cant difference in the mean ISS 
between the groups (non-AKI group 32.6 ± 7.1, AKI group 33.2 
± 8.9; p = 0.733), and there was no difference in AKI incidence 
between the genders (males 30.9 % (21/68), females 38.5 %
(5/13); p = 0.706). 

Trauma-related physiological risk factors. Lactate levels in 
AKI group differed signifi cantly at T2, but neither at T1 nor T3. 
The values of IL-6 were signifi cantly higher in AKI group at T2 
and T3 but not at T1. Procalcitonin levels were signifi cantly higher 
in AKI group at all defi ned time points. Myoglobin levels were 
signifi cantly higher in AKI group at all time points too (Tab. 2).

Variable Non-AKI group
Median (IQR 25% – 75%)

AKI group
Median (IQR 25% –75%) p 

Myoglobin (μg/L)
T1 609.0 (346.0–1251.0) 2552.0 (940.9–4419.8) < 0.001 
T2 286.0 (153.0–673,1) 1162.9 (594.6–3104.6) < 0.001 
T3 177.5 (88.4–345.3) 425.8 (157.7–861.8)  0.002 

Lactate (mmol/L)
T1 1.89 (1.28–2.36) 1.96 (1.39–2.76)  0.379
T2 1.30 (0.98–1.90) 1.76 (1.39–2.37)  0.005 
T3 1.28 (0.84–1.63) 1.56 (1.17–1.88)  0.065

IL-6 (ng/L)
T1 238.0 (124.0 –525.0) 445.5 (147.0–721.0)  0.176
T2 126.0 (53.2–303.0) 210.5 (111.3–581.5)  0.028 
T3 48.8 (27.2–90.0) 89.4 ( 48.6–167.3)  0.027 

PCT (μg/L)
T1 1.15 (0.59–5.11) 3.89 (1.19–10.65) 0.017 
T2 0.88 (0.47–3.00) 2.38 (0.79–8.50) 0.008
T3 0.50 (0.22–1.10) 1.69 (0.47–5.20) 0.001 

AKI – acute kidney injury; SD – standard deviation; IQR – inter-quantile range; IL-6 – interleukin 6; PCT – 
procalcitonin.

Tab. 2. Differences for myoglobin, lactate, interleukin-6 and procalcitonin between non-AKI 
and AKI groups.

NGAL (ng/mL) Non-AKI group
Median (IQR 25%–75%)

AKI group
 Median (IQR 25%–75%) p

T1 110.1 (78.8–174.0) 216.0 (147.0–396.5) < 0.001 
T2 75.5 (44.3–125.0)  202.9 (114.0–311.0) < 0.001 
T3 69.2 (40.7–122.7) 158.7 (57.2–232.4)  0.003 

NGAL – neutrophil gelatinase-associated lipocalin; AKI – acute kidney injury; IQR – inter-quantile range.

Tab. 3. Plasma NGAL in the non-AKI and AKI groups.

KDIGO stage (n) Median NGAL (ng/mL)
(IQR 25%–75%) rs

T1

non-AKI (55) 110.1 ( 82.3–174.0)

0.435*1 (11) 147.1 (149.5–304.4)
2 (7) 155.0 (122.0–421.8)
3 (8) 454.7 (200.6–607.3)

T2

non-AKI 0 (55) 78.5 ( 49.3–125.0)

0.523*1 (11) 120.0 ( 91.0–204.0)
2 (7) 148.0 ( 84.0–306.0)
3 (8) 498.5 (253.3–583.1)

T3

non-AKI 0 (55) 69.3 ( 43.9–122.7)

0.377*1 (11) 85.3 ( 37.0–163.0)
2 (7) 159.6 ( 57.0–231.8)
3 (8) 417.7 (159.8–834.1)

NGAL – neutrophil gelatinase-associated lipocalin; AKI – acute kidney injury; KDI-
GO – Kidney Disease: Improving Global Outcomes; rs – Spearman´s coeffi cient; 
* p < 0.05.

Tab. 4. Correlation between NGAL and AKI severity (defi ned by KDI-
GO stage).

RRT (n) Median NGAL (ng/mL)
(IQR 25%–75%) p

T1 No (76) 125.3 (84.8–208.3) p = 0.008Yes (5) 379.5 (238.9–548.9)

T2 No (76) 92.5 (61.8–155.5) p = 0.002Yes (5) 524.5 (241.2–631.5)

T3 No (76) 73.5 (47.0–151.8) p = 0.013Yes (5) 163.0 (157.7–958.3)
NGAL – neutrophil gelatinase-associated lipocalin; RRT – renal replacement therapy; 
IQR – inter-quantile range.

Tab. 5. Plasma NGAL in the patients with and without indication for 
renal replacement therapy.
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NGAL and AKI. NGAL plasma levels were signifi cantly high-
er in AKI group at all defi ned time points and at maximal recorded 
level during the fi rst 96 hours following injury (Tab. 3). 

Cut-off values of NGAL for AKI development were 149.5 
ng/mL at T1 with area under receiving operator curve (AUROC) 
0.693, sensitivity 73.1 % (95 % (CI) 52.0 %–87.7 %), specifi ty 
65.5 % (95 % (CI) 51.3 %–77.4 %), positive predictive value 50.0 
% (95 % (CI) 33.7 %–66.3 %), negative predictive value 83.7 % 
(95 % (CI) 68.7 %–92.7 %). Cut-off values of NGAL for AKI 
development were 111.0 ng/mL at T2 with AUROC 0.73, sensi-
tivity 76.9 % (95 % (CI) 55.9 %–90.2 %), specifi ty 69.1 % (95 % 
(CI) 55.0 %–80.5 %), positive predictive value 54.1 % (95 % (CI) 
37.1 %–70.5 %), negative predictive value 86.4 % (95 % (CI) 72.0 
%–94.3 %). Cut-off values of NGAL for AKI development were 
d 154.6 ng/mL at T3 with AUROC 0.73, sensitivity 57.7 % (95 % 
(CI) 37.2 %–76.0 %), specifi ty 87.3 % (95 % (CI) 74.9 %–94.3 
%), positive predictive value 68.2 % (95 % (CI) 45.1 %–85.3 %), 
negative predictive value 81.4 % (95 % (CI) 68.7 %–89.9 %). 

Weak to moderate correlations were found between NGAL and 
AKI severity at all defi ned time points (Tab. 4). Plasma NGAL 
levels were signifi cantly higher in patients, who subsequently re-
quired RRT at all defi ned time points too (Tab. 5).

Correlations between NGAL and trauma-related physiologic 
risk factors. A weak, but signifi cant positive correlation (rs = 0.224; 
p = 0.045) was found between ISS and maximal recorded level of 
NGAL (NGALmax) the fi rst 96 hours after injury. Signifi cant weak 
to moderate positive correlations were found between NGALmax 

and all screened laboratory parameters at all defi ned time points 
too (Tab. 6). 

Discussion

Acute kidney injury as defi ned by KDIGO occurs in more than 
50 % of all critically ill patients, and AKI development is associ-
ated with adverse outcomes including an increased mortality (10). 
Severe injury is considered a signifi cant risk factor in predictive 
models for AKI development in critically ill patients (11). In our 
study, the incidence of early AKI as defi ned by KDIGO criteria 
was 32.1 % in the patients with ISS ≥ 25. This is in consent with 
papers reporting AKI incidence defi ned by currently generally ac-
cepted criteria (AKIN, RIFLE, and KDIGO) in the range 15–74.2 
% in severely injured patients (12). 

Urine output and serum creatinine levels represented the basis 
for all AKIN, RIFLE, and KDIGO criteria. However, both oliguria 
and sCr increase could represent relatively late signs of an already 

serious deterioration of kidney function. 
Current research in AKI diagnostics is fo-
cused on the identifi cation of clinical and 
laboratory biomarkers correlating with AKI 
development during the earliest possible 
time window before the onset of oliguria 
and sCr elevation. Among a wide range of 
reported AKI biomarkers, NGAL levels in 
both plasma and urine offered an acceptable 
profi le for the detection of subtle changes 

in kidney function and the prediction of subsequent AKI develop-
ment, and NGAL plasma levels between 97–150 ng/mL were 
found to be the predictive cut-off values for AKI development in 
critically ill patients (13). In victims of trauma, elevated plasma 
levels of NGAL were associated with a risk of the development 
of posttraumatic multiorgan dysfunction syndrome (14). Plasma 
levels of NGAL were superior to traditional AKI biomarkers 
such as: creatinine and UOP in AKI prediction both in burn and 
non-burned trauma patients and NGAL-based algorithm helped 
predict AKI 61.8 (32.5) hours faster than the Kidney Disease and 
Improving Global Disease Outcomes (KDIGO) criteria (15). In 
victims of trauma, urinary levels of AKI biomarkers (including 
NGAL) were associated with the injury severity, and early uri-
nary NGAL levels correlated with subsequent AKI development, 
a need for renal replacement therapy, and mortality (9, 16, 17). 
Because urine NGAL monitoring is problematic in patients with 
oliguria or direct injury of the urine tract, we investigated plasma 
NGAL levels only. We found a signifi cant difference between the 
AKI and non-AKI groups at all defi ned time points as well as in 
NGALmax value during the fi rst 96 hours after injury. The plasma 
NGAL cut-off values for AKI prediction identifi ed in our study 
(149.5 ng/mL, 111.0 ng/mL, and 154.6 ng/mL at T1, T2, and T3, 
respectively) correlated well with the plasma NGAL cut-off values 
defi ned for the mixed groups of patients in studies reported above. 
Moreover, we showed the correlation of plasma NGAL levels at 
all defi ned time points with AKI severity (defi ned by KDIGO) as 
well as with subsequent requirement of renal replacement therapy. 
These results are in accordance with papers reporting the concept 
of “subclinical AKI”, where patients without AKI, but presenting 
elevated NGAL levels reached a higher mortality and RRT need-
ing in comparison to patients with normal NGAL (18, 19). Based 
on our results we suggest that plasma NGAL level monitoring 
could be a useful additional tool in both diagnostics of early AKI 
and a prediction of RRT necessity in critically ill trauma patients.

Although injury severity represents the crucial factor for the 
development of posttraumatic complications, the correlation be-
tween the injury severity and AKI development varied in pre-
vious reports (5). In the retrospective analysis of the data of 78,345 
adult trauma patients, the incidence of severe AKI requiring renal 
replacement therapy was 0.5 % for all the patients admitted to the 
hospital, but 8.3 % in a subpopulation of severely injured patients 
requiring an admission to the intensive care unit (ICU) (20). We 
screened injured patients with a median ISS of 29 (mean: 32.8), 
which is higher than the ISS reported in most studies mentioned 
above. We did not fi nd the correlation between the injury severity 

Time/variable
rs (for NGALmax)

Lactate IL-6 PCT Myoglobin
T1 0.2998* 0.4789* 0.5100* 0.2484*
T2 0.3657* 0.3772* 0.5365* 0.2796*
T3 0.3821* 0.2406* 0.5992* 0.2363*
Maximal 0.3486* 0.4909* 0.5486* 0.2644*

NGAL – neutrophil gelatinase-associated lipocalin; IL-6 – interleukin 6; PCT – procalcitonin; rs – Spearman´s 
coeffi cient; * p < 0.05.

Tab. 6. Correlation of NGALmax with lactate, IL-6, PCT, and myoglobin.
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as defi ned by ISS and AKI development. However, the correla-
tion between ISS and AKI could be hidden in our study due to the 
relative homogeneity in our population, since ISS of 25 represents 
the cut-off point for predicting major complications and mortality 
in injured patients (21, 22). ISS level of 25 was recognized as a 
signifi cant cut-off point for AKI development in the subpopula-
tion of injured patients too (9, 16). Moreover, all the patients in 
our study suffered from a blunt injury, which was established as 
an independent risk factor for AKI development in the victims 
of injury (23). At the last, ISS is based strictly on the degree of 
anatomic injury, but does not contain relevant physiologic factors 
contributing to AKI development in the victims of trauma. Com-
bined scoring systems, which include both anatomic and physio-
logic variables indicated a higher effi ciency of these systems in 
predicting mortality compared to ISS (24). The positive correlation 
between NGALmax and ISS without a difference in ISS between 
the AKI and non-AKI groups could be explained by the fact that 
the injury severity represents a signifi cant insult for kidney func-
tion, but other factors resulting from the injury are involved in the 
development of clinically signifi cant AKI too. 

Severe trauma is frequently associated with tissue hypoxia 
resulting from trauma-related circulatory shock. According to 
previous reports, trauma patients, who repaid oxygen debt within 
the fi rst 24 hours had a lower morbidity and mortality, and blood 
lactate levels represented a marker of severity and serious clinical 
course (25, 26). Previous reports of the correlation between shock 
parameters and AKI incidence are heterogeneous because different
criteria (systolic blood pressure, mean arterial pressure, base defi -
cit, serum lactate, amount of applied transfusion, vasoactive drug 
administration, and many other parameters) were used as the cri-
teria for the shock. Serum lactate is the most relevant marker of 
tissue hypoxia resulting from the circulatory shock, and serum 
lactate dynamics were considered as reliable end-points for the 
effi cacy of hemodynamic resuscitation in the prevention of early 
multiorgan dysfunction syndrome (27). We found a signifi cant dif-
ference in arterial lactate between the AKI group and the non-AKI 
group at T2, but not at T1 or T3. These results are in contradiction 
with the traditional concept of hypoxia-induced etiology of acute 
kidney injury in the victims of severe injury. However, lactate 
levels were relatively low in our study as early as 24 hours after 
injury due to the routine application of the therapeutic protocols 
aimed at early hemodynamic stabilization, hemostatic resuscita-
tion, and the early elimination of oxygen debt in our critically in-
jured patients. These results indicate that current evidence-based 
resuscitation protocols could reduce tissue hypoxia-related risk of 
acute kidney injury in the victims of trauma.

Pathways related to systemic infl ammation are involved in AKI 
pathophysiology in critically ill (28). Severe trauma induces the 
activation of the innate immune response, primarily through the 
release of Damage-Associated Molecular Patterns (DAMPs; alar-
mins) from injured tissue (29). Although the pro-infl ammatory and 
anti-infl ammatory immune response develops simultaneously im-
mediately after the injury, an excessive pro-infl ammatory response 
is a hallmark of the early post-injury organ dysfunctions, while a 
later overwhelming anti-infl ammatory response is crucial for late 

organ dysfunction typically resulting from a suppressed host im-
munity and recurrent infections (2, 30). Excessive activation of 
the pro-infl ammatory pathway during the fi rst 24 hours of injury 
has been reported as a predictive factor for AKI development too 
(31). We investigated the correlation between AKI development 
and arterial levels of the early pro-infl ammatory cytokines inter-
leukin-6 and procalcitonin. IL-6 levels early after injury correlated 
with the degree of anatomic injury as defi ned by ISS and predict 
subsequent complications including multiple organ dysfunction 
syndromes (including AKI) and mortality in previous reports (32, 
33). In our study, IL-6 was signifi cantly higher in the AKI-group 
at T2 and T3 but not at T1. PCT is a marker of bacterial infection, 
but it is also rapidly elevated in various non-infectious forms of 
systemic infl ammation including injury. Elevated PCT levels im-
mediately after trauma are predictive of both infectious and non-
infectious complications and correlate with the development of 
organ dysfunctions and increased mortality (34, 35). We found a 
signifi cant difference between the AKI-group and non-AKI group 
in serum PCT at all of T1, T2, and T3. These results suggest that 
while the activation of the innate immune response immediately 
after trauma represents a physiological response to severe injury, 
the excessive or persistent activation of the systemic infl amma-
tory pathway are relevant risk factors for the development of AKI. 

Rhabdomyolysis is a clinical condition characterized by dam-
age of skeletal muscle mass with a subsequent release of myoglo-
bin to the extracellular fl uid. Circulating myoglobin causes renal 
vasoconstriction, induces membrane lipide peroxidation in kid-
ney tubular cells, and forms intraluminal precipitates in proximal 
tubules. Severe injury causes a varying degree of rhabdomyoly-
sis in almost 85 % of the patients and rhabdomyolysis increases 
the risk of AKI development 4.67 times (36, 37). Interestingly, 
rhabdomyolysis-induced AKI occurs less frequently in combina-
tion with other organ dysfunctions and is associated with better 
outcomes than AKI induced predominantly by other causes (23). 
The diagnosis of rhabdomyolysis is based on laboratory fi ndings 
of elevated serum levels of both creatine kinase (sCk) and myo-
globin. We investigated serum levels of myoglobin only because 
myoglobin exerts a direct nephrotoxic effect, and serum myoglobin 
levels were reported to be superior to sCK for AKI prediction (38, 
39). Moreover, peak sCk occurs relatively late after injury (40). 
We found signifi cantly higher serum myoglobin levels in the AKI-
group at all investigated periods. Thus, rhabdomyolysis defi ned 
by elevated serum myoglobin levels during the fi rst 96 hours after 
injury represented a signifi cant risk factor for posttraumatic AKI.

Various predictive factors, models, and equations have been 
reported to predict posttraumatic AKI (5). However, data were col-
lected mostly at the time of admission to the emergency department 
or ICU in most clinical studies evaluating risk factors for post-
traumatic AKI. To our best knowledge, our paper represents the 
fi rst study reporting the time-dependent impact of relevant physi-
ologic factors on AKI development in the victims of severe injury 
as well as their correlations with a biomarker of kidney injury. We 
found a weak to moderate signifi cant correlations between NGAL-
max and all screened laboratory parameters (arterial lactate, IL-6, 
PCT, myoglobin) at all defi ned time points. Although we did not 
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fi nd a correlation between ISS and AKI, we did fi nd a weak, but 
signifi cant positive correlation between ISS and NGALmax. Our 
results suggest that the development of posttraumatic AKI could 
not be viewed as a “single-shot” event emerging at the time of 
injury, but rather as a continuous process involving various risks 
with varying intensity over the course of illness. 

We are aware of several limitations of this study. First, the 
number of subjects included in the study does not allow us to 
identify independent predictors of AKI at different time points. 
We also did not investigate the infl uence of various other factors 
affecting kidney function (such as the application of intravenous 
contrast agents, application of starches, amount of transfusion ap-
plied, number and type of surgery, intraabdominal hypertension, 
serum chloride level, coincidence with additional organ dysfunc-
tions, and many others). Third, the time intervals for scheduled 
blood sampling may not suffi ciently refl ect the exact dynamics of 
the blood concentrations of NGAL and the other screened factors. 
Despite the limitations mentioned above, we believe that this pa-
per provides notable data in the fi eld of the pathophysiology of 
AKI development in severely injured patients and could serve as 
a basis for further research. 

Conclusion

Early acute kidney injury occurs frequently in severely injured 
patients. Development of AKI after blunt trauma is a very com-
plex and multifactorial pathophysiological process. Many factors 
are involved in the development of posttraumatic AKI including 
older age, excessive or prolonged activation of the systemic infl am-
matory response, and rhabdomyolysis. The levels of the plasma 
NGAL in the fi rst 96 hours after the injury are signifi cantly higher 
in patients, who develop AKI and correlate with subsequent AKI 
severity and renal replacement need. The results of our study con-
fi rmed the validity of plasma NGAL for AKI prediction, but also 
the key role of other risk factors, including blood lactate, procal-
citonin, interleukin-6, and myoglobin. All these parameters may 
be useful for risk stratifi cation, and prediction of AKI after blunt 
trauma in the critical care. 

Acute kidney injury in the victims of trauma represents a 
continuous process involving various risks with varying intensity 
over the course of illness.
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