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ABSTRACT

Severe trauma remains the leading cause of mortality and disability among young adults. Trauma-related Acute
Kidney Injury (TrAKI) has been associated with worse outcomes, increased healthcare costs, and higher morbidity
among survivors. The review aims to evaluate, from a pathophysiological perspective, the risk factors for TrAKI at
different time points of trauma treatment, highlighting the need for early diagnosis of the syndrome and the imple-
mentation of preventive measures.

TrAKl is triggered at the time the injury occurs and further worsened by factors related to resuscitation process and
potential complications. Severe trauma, due to hemorrhagic shock, is considered to act as the first hit. All subsequent
necessary lifesaving procedures applied in trauma management, such as fluid resuscitation, massive transfusion and
emergency surgery, could act as second hit, triggering “early” TrAKI, within 24-72 hours, due to renal hypoperfusion,
hypoxia and reperfusion injury (R/1). The following critical care treatment, seems to act as the final third hit, resulting
in “late” TrAKI appeared in 5-7 days or even later, caused by distal complications.

The incidence of TrAKI shows a biphasic pattern, with an “early “peak within 2-3 days after trauma, and a “delayed”

occurring a week or later. This distinction could be of clinical importance because of its disparate pathophysiology
and outcome. Early recognition of risk factors and diagnosis of TrAKI could improve the application of preventive

measures and therapeutic treatment, reducing its prevalence.
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HINTRODUCTION

Major trauma remains a considerable reason of admis-
sions in surgical departments and Intensive Care Units
(ICUs), and the principal cause of mortality and dis-
ability among young adults [1-4]. However, prehospi-
tal advanced life support, damage control surgery and
evidence-based protocols for acute care of injuries have
improved the trauma-related survival throughout the
so-called “Golden hour”, while the progress in criti-
cal care medicine have suppressed its early mortality
[3,5,6]. Consequently, an increasing number of delayed
complications occur weeks or months later among pol-
ytrauma survivors of early effects of traumatic injury,
due to severe critical illness and prolonged ICU and
hospital stay [3,4,7].

The onset of Trauma-related Acute Kidney Injury
(TrAKI) emerges as an independent risk factor for an

almost threefold raise in mortality [3], extending ICU
and hospital stay and enlarging healthcare costs [8],
while the survivors are at substantial risk of chronic
kidney disease (CKD) [9]. In contrast to medical ill-
nesses Acute Kidney Injury (AKI), post-traumatic
renal impairment has a clearly defined time of insult,
making it an attractive target for potential prevention
interventions [3]. Trauma patients experience specific
exposures to a combination of AKI risk factors in dif-
ferent time points of trauma treatment, such as hemor-
rhagic and hypovolemic shock, aggressive resuscitation
with massive transfusion and fluid infusion, systemic
inflammation, rhabdomyolysis (RM), abdominal com-
partment syndrome (ACS) and major and/or multiple
surgeries [3].

In particular, severe trauma constitutes the first hit,
triggering initial AKI due to hemorrhage, hypovolemia,
hypotension, renal hypoperfusion and hypoxia. After
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these, the continued hemorrhage, the resuscitation
process, including aggressive fluid infusion, massive
transfusion and major abdominal or orthopedic surgi-
cal interventions, and their direct consequences, such
as intrabdominal hypertension (IAH), ACS, RM and
post-traumatic inflammatory response, seem to act as
the second hit. The following prolonged critical care
treatment, that includes mechanical ventilation sup-
port and need for vasoconstrictive drugs and possible
nephrotoxic antibiotic agents, and its potential compli-
cations, such as RM, ACS and sepsis, could act as the
third hit, deteriorating the fragile renal homeostasis
(Figure 1).

Consequently, TrAKI emerges a biphasic distribu-
tion, since a first peak of “early” AKI appears within
24-72 hours, related to trauma itself and instant life-
saving interventions at trauma scene, during transfer
and upon emergency (ER) or operation room (OR)
treatment [10]. A second peak of “late” AKI occurred
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in 5-7 days or even later due to distal complications
of trauma or intensive treatment and critical illness
[11] (Figure 2). This discrimination could be crucial,
as it seems to reflect individual pathophysiology and
unique prognosis [12]. Enlarge upon individual patho-
physiology, recognize various risk factors for TrAKI,
that emerge throughout the management of trauma,
highlighting proper early TrAKI diagnostic biomarkers
and feature targeted prevention measures [13]. Moreo-
ver, acknowledge the unique prognosis, since “early”
TrAKI usually has complete renal recovery [14-16],
while “late” TrAKI more often develop CKD, reflects
different possible outcome [10] and economic encum-
brance, since prolonged renal replacement therapies
(RRTs) increase distal morbidity and mortality and en-
large health-care costs [17].

The primary objective of this review is to evaluate
the etiopathophysiologic risk factors of TrAKI in dif-
ferent time points of trauma treatment, identifying pol-

ICU

Days to weeks

Third Hit

> APACHE I, Ill score upon admission

SAPS Il score upon admission
Ischemia/Reperfusion
injury

SOFA score

Mechanical ventilation

> Vasoconstrictives
Massive transfusion Renal toxicity
Fluid resuscitation ) o

Nephrotoxic drugs
Nephrotoxic contrasts

Systemic inflammatory
response

> Sepsis

> Fluid overload
» Rhabdomyolysis

> ACS

Renal hypoperfusion

Fig. 1. Potential risk factors of TrAKI in different timepoints of trauma treatment: Severe trauma triggers initial AKI due
to hemorrhage, hypovolemia and hypoxia, resulting in renal hypoperfusion. After these, the second hit due to fluid
resuscitation, massive transfusion, emergency abdominal surgery, abdominal compartment syndrome and diagnostic
processes with nephrotoxic contrast agents could further deteriorate renal hypoperfusion, cause ischemia/reperfusion
injury, oxidative stress and renal toxicity. The third hit, due to critical care treatment or late complications, may cause ad-
ditional disorders resulting in renal function impairment. ACS: Abdominal Compartment Syndrome, APACHE score: Acute
Physiology and Chronic Health Evaluation score, ER: Emergency Room, IAH: Intrabdominal Hypertension, ICU: Intensive Care
Unit, SAPS score: Simplified Acute Physiology Score, SOFA score: Sequential Organ Failure Assessment score, TrAKI: Trauma
related Acute Kidney Injury
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Fig. 2. Bimodal distribution of Trauma — related Acute Kidney Injury (TrAKIl): In line with trimodal distribution of deaths
in trauma (red lines) [3], a bimodal distribution of TrAKI is observed (yellow lines). A first peak occurs approximately

at 48-72 hours after trauma (time 0), is referred as “Early AKI” and is a direct consequence of trauma itself as well as
prehospital and upon admission in the hospital trauma management. A second peak occurs >7 days or week, is referred
as “Late AKI” and it is related to critical care and the delayed complications of critical iliness. The latter AKI may exist
as long as 90 days, hence called AKD (Acute Kidney Disease) (continuous yellow line) or rarely even longer, hence called

CKD (chronic kidney disease) (dashed yellow line).

ytrauma patients, likely to develop AKI. Secondarily,
this could highlight potential diagnostic biomarkers of
AKI and preventive interventions capable to intercept
worsening of the syndrome.

H EPIDEMIOLOGY OF TRAUMA — INDUCED
AKI

There is wide variability in the published incidence
rates of TrAKI, ranging from 0.54% [9] to 37% [11]
(Table 1). This variation is partly attributed to the dif-
ferent terminology used, such as “renal insufficiency’,
“renal dysfunction”, or “acute renal failure”, all of which
in latest publications have been substituted to the term
“AKI” [9]. Moreover, the disparity in time of AKI di-
agnosis [10,16,18], the applied diagnostic criteria
[19-21], and the known limitations of AKI definition,
impinge on prevalence [22]. Besides, this discrepancy
can be explained by the heterogeneity of studied popu-
lations. Cohorts that included only ICU-trauma pa-
tients reported higher prevalence of TrAKI [9,12,23],
while others that contained more specific population,

like traumatic brain injury patients [14,15,18], or only
survivors trauma patients [15] presented lower inci-
dences.

Risk factors of TrAKI emerged in different time
points of trauma treatment

1. Demographic factors and comorbidities

Demographic characteristics and previous medical his-
tory are distinguished contributors to critical illness’s
outcome (Table 2). Besides, advancing age and comor-
bidities, such as diabetes, hypertension and coronary
disease, is known to be associated to subclinical renal
dysfunction or coexisted nephropathy [8,25] and high-
er AKI incidents upon critical illness [16]. In studies
including more comparable and younger population,
the age didn’t aggravate the AKI rate [10,23,26,27] (Ta-
ble 1).

Moreover, there are studies were obesity predisposed
AKI in trauma patients [11]. A pathophysiologic con-
tribution of adiposity to AKI is logical, since excess adi-
pose tissue results in a chronic systemic inflammation,
linking to AKI [30], while obesity has known associa-
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(Continued from page 9)
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128/1232

(1/2007-31/2016)

Vasopressors,
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Abbreviations: ABP: Arterial Blood Pressure, AlS: Abbreviated Injury Scale, AKI: Acute Kidney Injury, APACHE Il score: Acute Physiologic Assessment and Chronic Health Evaluation Il score, BE: Base excess, BMI: Body Mass Index, CKD: Chronic Kidney Disease, ER: emergency

room, GCS: Glasgow Coma Scale, ISS: Injury Severity Score, MV: Mechanical Ventilation, NISS: New Injury Severity Score, OR: operating theatre, PRBC: packs of red blood cell, RM: Rhabdomyolysis, SAPS Il score: Simplified Acute Physiology Il score, SBP: Systolic Blood Pressure,

SOFA score: Sequential Organ Failure Assessment score
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tions with chronic glomerulopathy [30,31]. However, it
is not clear yet, whether the BMI-AKI (Body Mass In-
dex) association reflects a pathogenetic role of obesity
or an artifact driven by the method of defining AKI,
considering the existed definition limitations, using
only KDIGO criteria [32], in obese patients [11].

2. Pre-hospital related AKI factors (from the time of
injury to hospital arrival)

This period includes the first hit, i.e. the major trauma
itself, minimal or no effort to stabilize under prehos-
pital conditions and transferred time to trauma center
(Figure 1) (Table 2). It can last a few minutes to sev-
eral hours [23,26,27]. Factors that contributed to AKI
are markers of hypoperfusion, hypoxia and metabolic
aggression upon ER arrival, such as admission lactate
value, hemorrhagic shock, minimum prehospital mean
arterial pressure (MAP) and maximal prehospital heart
rate (HR), injury severity (ISS), renal trauma, abdomi-
nal or pelvic trauma and delayed hospital admission
[13]. The main AKI pathophysiologic mechanism dur-
ing this period is renal hypoperfusion, hypoxia, hypo-
thermia and acidosis [33].

Although the kidneys receive an arterial blood sup-
ply that highly exceeds the oxygenation needs of the
renal tissue, there is an intra-renal system of arterio-
venous (AV) oxygen shunting that results in renal vein
having higher partial oxygen pressure than intra-renal
microvasculature, thus protecting renal tissue from
hyperoxia-associated injury [34]. However, this AV-
shunting may put kidney oxygen delivery at risk of re-
nal hypoperfusion [10].

The transfer time from trauma scene to ER seems
to be related with the possibility of renal impairment
[23,26,27]. Patients directly admitted to a trauma cent-
er were less likely to experience TrAKI, than those who
were secondarily transferred to the appropriate hos-
pital, due to earlier hemorrhage control and hemody-
namic stabilization [1,9,13,27] (Table 1).

Elevated initial lactate, as an index of tissue hy-
poxia, has also been correlated with the development
of AKI in several cohorts [9,10,23,28]. Its value upon
ER arrival indicates a cumulated metabolic debt due
to tissue hypoperfusion and underresuscitation, all of
which can trigger AKI. Moreover, kidney contributes
to the removal of up to 25-30% of lactate load, mostly
through its metabolism rather than excretion, especial-
ly by acidosis, where kidney’s ability to remove lactate
is increased. Consequently, renal hypoperfusion could
impair lactate removal [35].
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Apparently, minimizing the severity and duration of
kidney hypoperfusion and hypoxia, in prehospital con-
ditions, could be beneficial to prevent TrAKI. Moreo-
ver, hemodynamic parameters, such as minimum pre-
hospital MAP or maximum HR [8,13], and biomarkers
indicating hypoperfusion and tissue hypoxia, such as
lactate [8,13,23], Neutrophil Gelatinase-Associated
Lipocalin (NGAL) [19] or Liver fatty acid-binding pro-
tein (L-FABP) [20] during transportation and upon ER
admission, could have predictive value.

3. Pre-ICU related AKI factors

This period could last a few minutes to several hours
and includes the second hit, due to continual hemor-
rhage, resuscitation process, diagnostic procedures,
and major surgical operations (Figure 1) (Table 2).
Various stabilizing interventions that ensure oxygen
transport to body cell can be lifesaving, while might
also promote TrAKI, which manifests within the first
post-traumatic 72 hours (Figure 2). The main patho-
physiologic mechanism during this period except
prolonged renal hypoperfusion and hypoxia, due to
uncontrolled shock, seems to be ischemia-reperfusion
injury due to aggressive resuscitation, nephrotoxicity
and systemic inflammation response due to antibiotics
or radiographic contrast agents and emergent surgery
or the major trauma itself, respectively [33].

Severity of trauma injury

The severity of trauma injury has been associated with
AKI [8,9,11,13,16,23-29] (Table 1). Injury severity
score (ISS), as an established grading score, has been
correlated with morbidity and mortality [1,9,10,36,37].
To be mentioned that the basic limitation is that ISS
appraises only injuries and not their physiological con-
sequences [1,9,10,36,37]. For example, a patient with
severe brain injury and spinal cord trauma has a high
ISS but not necessarily hemorrhagic shock or severe
systemic inflammatory syndrome, that could both lead
to organ dysfunction. On the other hand, a patient with
long bone fractures, although has a low ISS, is likely
to need massive transfusion and multiple surgical in-
terventions, leading to severe RM and inflammatory
response. However, even though ISS may not be an ac-
curate AKI risk factor, it has been related to renal dys-
function [8,11,16,18,23-29].

Furthermore, direct renal trauma has also been as-
sociated with higher AKI prevalence, since kidney pa-
renchyma and vessel injury reflect functional nephron
loss, leading to glomerular filtration inability [12,13].
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Abdominal injury and increased abbreviated injury
scale (AIS), have also reported as risk factors for AKI,
since they may indicate the severity of retroperitoneal
or intraperitoneal hemorrhage, leading to hypovolemia,
renal hypoperfusion and possible ACS [1,11-13]. Be-
sides, damage control surgery packing in such cases
could further deteriorate the existed intra-abdominal
hypertension (IAH), worsening [17,38].

Brain injury severity

There is increasing evidence for the association
between TrAKI and the severity of brain injury
[9,12,14,15,18,24], since a low Glasgow Coma Scale
(GCS) score has been related to hypoventilation, hy-
poxemia and secondly to necessity of critical care treat-
ment [17] (Table 1). Moreover, routinely treatment with
mannitol in intracranial hypertension has been associ-
ated with renal deficiency, while adequate intravascular
volume maintenance and low-dose (0.3 g/kg) mannitol
infusion, intracranial pressure (ICP)-directed, seems to
be beneficial on the occurrence of AKI [15]. The use of
antihypertensive agents or an aggressive systolic blood
pressure (SBP) reduction in patients with intracerebral
hemorrhage have, also, been associated to trigger AKI
[9]. Furthermore, severe traumatic brain injury pa-
tients, that usually need prolonged ventilatory support,
ICU and hospital stay, are exposed to a great number of
delayed complications, triggering “late” AKI [24].

Hemorrhagic shock

Traumatic hemorrhagic shock is a state of inadequate
cellular energy production and a major cause of trauma
mortality and serious complications among survivors,
such as AKI [39]. Acute, severe hemorrhage, by de-
creasing intravascular blood volume, can cause hypo-
volemia, hemodynamic instability, cardiac output re-
duction, inadequate tissue perfusion, cellular hypoxia,
organ dysfunction and ultimately death [40].

Consequently, it can affect kidney homeostasis mini-
mizing oxygen delivery through multiple mechanisms.
Firstly, hypotension and reduced cardiac output due to
hypovolemia directly decreases renal arterial blood sup-
ply, when arterial pressure level reaches the inferior limit
of autoregulation [37]. Further, the recruitment of mech-
anisms aiming at stabilizing circulation, such as the acti-
vation of the sympathetic system and the renin/ angioten-
sin axis leads to intra-renal vasoconstriction, particular
at the efferent limb creating post-glomerular tubular
blood hypoperfusion [41]. This is, additionally, aggra-
vated by post-hemorrhagic anemia, which decreases
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the absolute amount of oxygen delivered to tissues [42].
Indeed, histological studies of hemorrhage-induced AKI
demonstrated evidence of acute tubular necrosis, such as
loss of tubular brush border, epithelial cell vacuolation
up to epithelial desquamation, while hypoxia-inducible
factor-1a (HIF-1a) is detected early [42].

On the other side, while hemorrhage itself seems to
induce inflammation, resuscitation leads to renal oxi-
dative stress, since the amount of produced superoxide
anion can trigger cell apoptosis [37]. Experimental ev-
idence show that 90 minutes of hemorrhagic shock are
enough to raise the renal expression of Tumor Necrosis
Factor-a (TNFa) and interleukin-6 (IL-6). Adhesion
molecules, such as, intercellular adhesion molecule-1
(ICAM-1) and E-selectin are upregulated in endotheli-
al cells, promoting leukocyte deceleration and transmi-
gration into the renal parenchyma [43]. Interestingly,
mere ischemia is not capable to induce those altera-
tions, since reperfusion is essential for them to fully de-
velop. Other potent pro-inflammatory mediators, like
high-mobility-group-box 1 (HMGB-1) or the receptor
for advanced glycation endproducts (RAGE) have also
been reported to rise in the renal tissue following hem-
orrhage, while the role of mediators released from the
ischemic gut is also to be taken into account [44].

Fluid resuscitation

Severe hemorrhage treatment includes primarily the
blood lose minimize, and at the same time monitoring-
guided fluid infusion and coagulopathy management,
aiming to restore intravascular volume, hemodynamic
stability and tissue perfusion [33,39]. Therefore, fluid
resuscitation is a cornerstone of pre- and in-hospital
trauma care [40]. However, aggressive fluid resuscita-
tion has been associated with exacerbating acute bleed-
ing by increasing hydrostatic pressure and decreasing
clot firmness [40].

Permissive hypotension based on maintaining blood
pressure at a lower-than-normal level, that ensure an
adequate organ perfusion, has been reported to reduce
bleeding, minimize blood transfusion and improve
mortality [45,46]. Current recommendations suggest
for traumatic hemorrhagic shock without severe head
injury, to titrate fluids and use early vasopressors to
maintain permissive hypotension (target SAP 80-90
mm Hg or MAP 60-65 mm Hg), until hemorrhage
control [47]. If traumatic brain injury is associated to
severe hemorrhage, guidelines recommend targeting a
SBP above 110 mm Hg [47].
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Hypotensive resuscitation, in traumatic hemorrhagic
shock, aims to minimize the resuscitation volume and
blood product transfusion avoiding further bleeding
and sustaining organ perfusion, since surgical treat-
ment [45,46,48]. Although hypotensive resuscitation
has been correlated with better outcome and non-sig-
nificant AKI incidence [45,46,48], no study indicates
the optimal level of MAP in hemorrhagic shock, in or-
der to prevent renal disfunction [37]. Therefore, a short-
term hypotension could be acceptably tolerated, while
in case of patient’s deterioration, adequate fluid volume
should be infused [49]. To be mentioned that retrospec-
tive data indicate an association between prolonged
permissive hypotension and organ hypoperfusion and
multiorgan dysfunction [50], while seems to increase
mortality among elderly trauma patients [51-53].

Fluid administration could be harmful itself, due to
either the large infused volume or the fluid composi-
tion. Fluid resuscitation should be monitoring-guided
[15], since while hypovolemia could cause renal is-
chemia, fluid overload may lead to severe tissue and
pulmonary edema, cardiac dysfunction, gastroenteric
dysmotility, coagulation disorders, ACS and immuno-
logical disturbance [39]. Besides, volume overload has
been associated to reperfusion-related inflammation,
as it has been shown in experimental models where
extended edema, capillary leakage and leukocyte adhe-
sion were observed [39]. In addition, it has been dem-
onstrated that a controlled infusion of crystalloids in
elderly patients was associated with a better outcome
[54], while when trauma patients received more than
1.5 liter of crystalloid in the ER a higher mortality was
marked [55]. Jones et al, also, reported proportional
higher mortality and prolonged need of mechanical
ventilation, when administrated more than 5 liters
crystalloids in patients within 24 hours of trauma [39].

Current guidelines advocate for goal directed fluid
administration with repeated 250 ml fluid boluses un-
til regaining of specific blood pressure levels, before
bleeding control [40]. These strategies, however, have
not been evaluated by large prospective randomized
clinical trials, and demographic factors such as age, co-
morbidities and previous medical history could modify
the resuscitation strategy [40]. Recent data, for exam-
ple, suggests that the elderly could benefit from higher
blood pressure goals [45,51-53]. Whether larger vol-
umes of infused fluids and blood products or earlier
vasopressor initiation would be the appropriate tool to
obtain these targets remain unknown [40].
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The type of infused fluids seems to play a crucial
role in kidney hemostasis and final outcome. Isotonic
crystalloid solutions are the first-line therapy for flu-
id expansion, to correct post-traumatic hypovolemia
[37,40]. Normal saline (NaCl 0.9%) was considered
as the basic resuscitation fluid until recently, since
Ringer’s Lactate, with o slightly lower osmolarity (308
vs. 273 mmol/l respectively) was supposed to increase
intracellular space volume and worsening intracranial
hypertension [37]. However, NaCl 0.9% has been re-
lated to hyperchloremic acidosis, more renal adverse
effects [56] and higher mortality compared to Ringer’s
Lactate solution [57]. On the other hand, synthetic col-
loids were proposed as potential fluids with great on-
cotic ability [37]. However, since June 2013 [58] the US
Food and Drug Administration withdrawn hydroxy-
ethyl starch, due to the increase incidence of AKI and
mortality, especially among septic patients [33]. On the
other hand, although hypertonic saline (7.5% saline)
has long been considered to have potential benefits due
to rapid restoration of intravascular volume with small
intravascular volume administration, reduction of in-
tracranial pressure and modulation of inflammatory
response, failed to demonstrate an outcome benefit
[59]. After these, although the SPLIT [60], BaSICS [61]
and PLUS trial [62] failed to show a benefit regarding
mortality or AKI incidence, using balanced crystal-
loids, like Plasmalyte, as resuscitation fluid, compared
with Normal Salin, balanced crystalloids have been
promoted as more nephroprotective [63].

Blood transfusion

Previous studies have presented an increased risk of
AKI among trauma patients that required massive
blood products transfusion [8,10,11,13,16,23,26,28]
(Table 1). However, it is not clarified if the necessity
for the transfusion or the transfusion itself is related to
AKI. The amount of transfusion could be an index of
trauma severity, the blood volume loss, hypovolemia,
tissue hypoperfusion and finally tissue ischemia. Be-
sides, transfusion may provoke systemic inflammatory
response and cytokine release, leading to renal im-
pairment [11,13]. Additionally, stored red blood cells,
following transfusion, gradually release hemoglobin,
which not only has direct toxic effects on renal tubules,
but also depletes nitric oxide (NO), impeding its vaso-
dilatory effects upon renal vessels [64]. In conclusion,
current guidelines recommend minimizing the need of
transfusion. After early hemorrhage control, the treat-
ment should focus on correction of metabolic derange-
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ments and hypothermia to decrease coagulopathy and
substitution according to viscoelastic assays [65] and
blood gases analysis with tranexamic acid, fibrinogen
concentrate, red blood cells, plasma and platelets [66].

Nephrotoxic agents

Computed tomography routinely evaluates the severity
and anatomical distribution of traumatic area. In most
cases, the use of potential nephrotoxic contrast media
is required [25,37]. In addition, other possible renal
harmful agents, such as aminoglycosides and non-ste-
roidal-anti-inflammatory drugs are widely dispensed
to trauma patients. Although latest contrast mediators
supposed to be less nephrotoxic, thoughtful awareness
is needed regarding to the necessity for contrast assisted
imaging, minimizing non-essential radiological exams
and unnecessary probable detrimental antibiotics [37].

4. ICU related AKI factors

Multiorgan, long-lasting ICU support of trauma pa-
tient and possible critical illness’ complications act as a
third hit (Figure 1). Both patient-derived and trauma-
specific AKI risk factors have been identified (Table 2).
This period could last from a couple of days to several
weeks or even months and several pathophysiological
mechanisms, such as RM, ischemia-reperfusion injury,
IAH, systemic inflammation response, renal toxicity
or even sepsis, promote “late” TrAKI, that manifests
within days to weeks after traumatic injury (Figure 2).

Rhabdomyolysis

Rhabdomyolysis severity, as assessed by the creatinine
kinase (CK) peak, has been found as an additional in-
dependent risk factor for AKI [13,23,25,26,29] (Table
1). RM can be induced by direct insult, such as crush
syndrome, extensive muscular injury or major surgery,
and indirect muscular injury due to massive hemor-
rhage or vascular damage [29]. It can be presented ei-
ther as asymptomatic serum myoglobin and CK eleva-
tion, or even as severe AKI with serious disseminated
intravascular coagulation. CK, as an index of RM se-
verity, is related to the amount of possible, nephrotoxic,
intramuscular content release and reaches the highest
level within 17 hours post-traumatic [26]. RM-related
AKI is caused by renal vasoconstriction due to myo-
globin, tubular obstruction, tissue ischemia, oxidative
stress and inflammation [26,37]. Myoglobin promotes
superoxide anion production in the vessel wall of affer-
ent arterioles, reducing NO bioavailability. As a result,
myoglobin enhances Angiotensin II-induced constric-
tion of renal afferent arterioles, causing renal hypoper-
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fusion and tubular hypoxia [67]. Moreover, myoglobin,
may accumulate in renal tubules, which is exacerbated
in acidosis, caused by hypovolemia, obstructing renal
tubules [37]. Finally, it activates endothelium and neu-
trophils leading to renal inflammation and ultimate re-
nal fibrosis [37].

The diagnosis of RM is likely to be underestimated
among trauma patients. Both CK and myoglobin lev-
els are commonly used biomarkers for diagnosing RM
[29]. Implementing measures to diagnose RM and as-
sess its severity can help evaluate patient prognosis
from the early days of treatment. Currently, there is no
specific therapy, except from preventive measures to
mitigate renal impairment [68]. Such measures include
primary volume resuscitation, in order to promote re-
nal tubule flow, dilute nephrotoxins such as myoglobin
and supply adequate renal perfusion to prevent AKI
[68]. To be mentioned that administration of sodium
bicarbonate and diuretics, for prevention of AKI, are
not recommended [69]. Secondly, electrolytic abnor-
malities, such as hyperkalemia, hyperphosphatemia,
hypocalcemia and hypomagnesemia, should be cor-
rected [70]. Finally, the utilization of RRT in patients
with RM should be based on AKI indications since it
has no effective preventive role [69-71].

Abdominal hypertension

Traumatic IAH, defined as an elevation of intraab-
dominal pressure (IAP) above 12 mm Hg, and ACSasa
sustained IAP above 20 mm Hg [37], has been reported
to constitute a crucial cause of renal impairment due
to kidney vessels and parenchyma compression and
cardiac output reduction [72,73]. Major intrabdomi-
nal and/or retroperitoneal bleeding, due to pelvic or
abdominal trauma could cause IAH in 0-37% of inci-
dence, raising AKI prevalence in 42-50% [72]. AKI in
ACS seems to be related to the external renal compres-
sion and consequential hypoperfusion. Experimental
studies reported direct compression of renal veins and
affected GFR, which were returned back to normal as
soon as vein flow was restored. This simulates abdomi-
nal surgical decompression, which restores diuresis
in ACS [73]. Volume overload and invasive mechani-
cal ventilation, in such cases, could further deteriorate
renal interstitial edema, increasing intrarenal pressure
rapidly, due to capsula’s low compliance [73,74].

Transvesical intra-abdominal pressure measure-
ment remains the strategy of choice to diagnose IAH
and ACS [75]. Biomarkers, such as urinary and plas-
ma intestinal fatty acid binding protein (iFABP), have
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not proved value in predicting IAH-related complica-
tions in ICU patients [76,77]. Damage control surgery
(DCS) is a surgical strategy that was primarily used in
unstable trauma patients and includes an abbreviated
surgical procedure aimed at control hemorrhage, open
abdomen treatment and delayed repair of anatomical
injuries [75]. Of note, deepening of sedation in me-
chanical ventilated trauma patients with IAH, had not
a significant effect in IAH controlling, while required
increased vasopressor doses, which finally decrease ab-
dominal perfusion pressure [78].

B CONCLUSION

Trauma-related AKI turns out to be a common compli-
cation among severe injured critical patients. Although
the subgroup of trauma patients is likely younger, with
less comorbidities, as compared with other critically
ill patients, TrAKI further deteriorates the outcome.
The biphasic pattern of incidences of TrAKI reflects
the different underlying pathophysiology, highlighting
unique risk factors at different timepoints of trauma
treatment and probable distinct prognostic implica-
tions, regarding different outcomes, such as AKI re-
covery, CKD development, morbidity, mortality and
health-care cost expansion. Earlier recognition of pa-
tients in a high risk of TrAKI, might create a window of
opportunity to prevent further kidney damage.

The majority of existing studies are retrospective co-
horts, based on national trauma registries, including
small samples and reporting considerable heterogene-
ous outcome conclusions. These surveys are extended
for long time periods, over which the management of
trauma may have evolved (e.g. withdrawal of synthetic
colloids, availability of RRT) and rarely present data on
renal recovery, CKD incidences or long-term RRT re-
quirement. Demographic, clinical and biochemical pa-
rameters related to trauma treatment could constitute
a valuable predictive model to detect patients in a high
risk to develop TrAKI and need RRT. The combination
with diagnostic biomarkers may improve the accuracy
and sensitivity of such tools, promoting novel approach-
es for prevention and treatment of TrAKI, increasing the
power and homogeneity of future clinical trials.
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