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Abstract:
Acute kidney injury is a common and life-threatening complication of sepsis. It is known to be associated with at
least 50% mortality. Therefore, understanding the pathogenesis and prevention of sepsis-induced acute kidney
injury has been a subject of concern for may decades. Although the details of the basic mechanisms of the condition
remain elusive, some processes were discovered, and many advances were made. Sepsis-induced acute kidney injury
occurs due to complex mechanisms that act synergistically to damage renal tissue. The main revealed mechanisms
are microcirculatory dysfunction, systemic inflammation, and local maladaptive response of the renal tissue.
Prevention of acute kidney injury among patients with sepsis necessitates targeting these mechanisms. This article
aims at discussing the pathogenesis and preventive measures of sepsis-induced acute kidney injury.
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INTRODUCTION:

Sepsis is a serious life-threatening complication of
infection affecting about 38 to 110 per 100,000
individuals [1]. It refers to the host dysregulated
response to infection leading to a life-threatening
organ dysfunction, with a potential in-hospital
mortality rate more than 10% [2]. Many risk factors
are known to increase the incidence of sepsis and to
worsens its outcome. Acute injury is one of the most
common organ dysfunctions that results from sepsis
and worsens its prognosis. Acute renal insult occurs
in about 12% of patients with sepsis, and it results in
significant mortality [3]. The in-hospital mortality
rate among patients who develop acute kidney injury
is as high as 50% [4]. Therefore, researchers were
endeavouring to  understand the aetiology,
pathogenesis, and the preventive strategies of acute
kidney injury among hospitalized patients with
sepsis.

In patients with sepsis, acute kidney injury is
considered an independent risk factor for mortality
[5]. Thus, early identification and treatment of sepsis-
induced acute kidney injury is fundamental for
reduction of sepsis-associated mortality. Because
proper prevention necessitates adequate
understanding of the pathogenesis, this article aims at
reviewing the pathogenesis and preventive measures
of acute kidney injury in hospitalized patients with
sepsis.

PATHOGENESIS OF
ACUTE KIDNEY INJURY
Acute kidney injury is a commonly encountered
among patients with sepsis and is considered a direct
predictor of mortality. Therefore, it has been a subject
of considerable research for decades. However,
despite  years of research, the exact
pathophysiological mechanisms of sepsis are not
completely clear.

SEPSIS-INDUCED

Till the last decade, sepsis-induced acute Kkidney
injury was thought to be due to hypoperfusion and
ischemic injury to the kidney tissue. However, recent
research did not show this was exactly correct. Many
mechanisms were found to be involved in the
development of acute kidney injury in cases of sepsis,
namely: renal ischemia, inflammation, and body's
adaptive response to tissue injury [6]. These three
mechanisms will be reviewed in this section. Current
evidence suggests that more than one single
mechanism act simultaneously to result in acute
kidney injury, and these mechanisms probably have a
synergistic effect on each other and potentiate,
accelerate and worsen kidney damage.
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1. Renal ischemia:

Disturbance of renal microcirculation was the most
common described pathophysiologic mechanism
responsible for acute renal injury in sepsis. Sepsis
results in a systemic inflammatory response reaction
and generalized vasodilatation [7]. This lead to global
ischemia to various organs ischemia and cellular
damage. Kidneys are the most common organ
affected by the generalized hypoperfusion with a
resultant renal tissue ischemia and acute tubular
necrosis (ATN) [8].

Though renal ischemia was thought to be the main
cause of acute kidney injury in sepsis, many literature
studies demonstrated that acute kidney injury could
occur in cases of normal renal perfusion. Reduction
in renal blood flow was not found to be a universal
finding in all patients with sepsis-induced renal
failure®. Furthermore, acute kidney injury was shown
to occur in patients with mild and moderate sepsis
before the stage of global ischemia occurs and in
patients without hemodynamic instability. Thus, new
mechanisms of sepsis were explored to explain the
associated acute kidney injury.

2. Inflammation:

Ischemia was the second discovered
pathophysiologic mechanism of sepsis-induced acute
kidney injury. Researchers noted that certain
cytokines (such as IL-6 and IL-10) were significantly
correlated with the severity of the acute kidney injury
[9]. Researchers proposed that infection stimulate a
host response to get rid of the pathogenic organism.
In spite of being beneficial in clearance of infection,
this host response may also result in tissue injury.
The infectious pathogens seem to interact with
receptors in different tissues leading to activation of
inflammatory  cascade and up-regulation of
transcription of genes included in inflammation®. The
identified receptors involved in this process are toll-
like receptors, nucleotide-binding oligomerization
domain-like receptors, and retinoic acid inducible
gene 1-like receptors [10,11]. In postmortem analysis
of renal tissue, extensive tubular necrosis out of
proportion and duration of the renal hypoperfusion
was noted suggesting that renal damage had occurred
long before reduction of renal blood flow [12].
Additionally, laboratory in vitro studies in patients
indicated for renal transplantation demonstrated that
adding plasma from patients with sepsis to a tube
containing renal cells resulted in damage to these
cells and destruction of their foot processes [13].

3. Adaptive tissue response to injury
The third proposed mechanism of acute kidney injury
among sepsis patients is the cellular adaptive
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response to tissue injury. When exposed to
inflammation and ischemia, renal tubular cells react
to these circumstances by downregulating their
metabolism and sending signals to adjacent cells via
their paracrine function to downregulate the renal
cellular metabolism to protect against cellular
apoptosis or necrosis. Mitochondria are the main
intracellular organelles responsible for this adaptive
response. They function maximally to utilize the
existing energy maintain cell survival and prevent
necrosis. This was proposed by researchers who
visualized swollen mitochondria in renal tubular cells
in patients with sepsis-induced acute kidney injury
[14].

Under extreme oxidative stress, mitochondrial
capacity to adapt to impending cellular damage fails
and get damaged. The process of removal pf the
damaged mitochondria, or mitophagy, becomes
compromised under the effect of inflammatory
mediators and reactive oxygen species. This reduced
mitophagy is positively correlated with progressive
renal injury [15]. Thus, areas of focal renal damage
are maximum at regions of inflammation, oxidative
stress, and hypoxemia [16].

PREVENTION OF SEPSIS AND TREATMENT
STRATEGIES

Because acute kidney injury is associated with high
mortality rates among patients with sepsis, early
prevention of this condition is important.
Understanding the pathophysiologic mechanisms of
sepsis-induced acute kidney injury aided in
establishment of management lines for prevention of
this serious complication. Though no therapeutic
agent or measure has been approved as a reliable
preventive measure for acute kidney injury, some off-
label measures are beneficial. For prevention of renal
hypoperfusion, fluid resuscitation is essential. For
prevention of inflammation-induced acute kidney
injury, many agents are under investigations for early
treatment of infection. This section will review the
lines available for prevention of acute kidney injury
in patients with sepsis.

4. Prevention of renal hypoperfusion and
ischemia

Renal hypoperfusion resulting from microcirculatory
dysfunction, as aforementioned, remains the main
pathophysiological mechanism of acute kidney injury
among patients with sepsis. For prevention of
hypoperfusion, fluid volume should be monitored,
renal blood flow should be increased, and the
haemoglobin transferring oxygen and nutrition to the
kidneys should be maintained at certain levels.
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a) Maintaining fluid volume

Maintaining a proper fluid volume for perfusion of
various organs and without causing an overload on
cardiac and pulmonary function remains a major
challenge for critical care physicians. Fluid
resuscitation is fundamental for adequate renal
perfusion in patients with sepsis. Under normal
conditions, intravascular fluid volume is maintained
by achieving a balance between intravascular and
extravascular oncotic pressures. In sepsis, the
intravascular oncotic pressure gets reduced due to the
systemic inflammatory response [[17]. Therefore,
uncalculated fluid administration may worsen the
condition and accelerate kidney damage [18].
Initially, patients with sepsis-induced acute kidney
injury should be treated with crystalloid rather colloid
solution to avoid osmotic nephrosis [19]. Intravenous
albumin administration was also shown to improve
renal blood flow, reduce sepsis-induced acute kidney
injury, and subsequently reduce the mortality [20].
Though this was thought to be due to increasing
intravascular osmotic pressure, this mechanism has
never been proven [21]. In advanced cases of fluid
overuse, temporary use of continuous renal
replacement therapy may be life-saving [22].

b) Improving renal blood flow

For improving renal perfusion, many vasodilator
agents are tested in patients with sepsis to investigate
their impact on renal blood flow. Examples of
medications tested to vasodilate renal vessels and
improve renal blood flow were nitro-glycerine,
erythropoietin, and statins [5,23,24]. They were
proposed as agents that would vasodilate renal
vessels, reduce vascular permeability, or increase
renal vasculature plethora [5]. However, none of
these agents was proved to be an effective
monotherapy for preventing or reducing sepsis-
induced acute kidney injury. Currently, the only
approved agents to enhance renal blood flow are
vasopressin  with  norepinephrine through their
vasodilator effect on renal vessels [25].

¢) Maintaining hemoglobin level

Adequate haemoglobin is essential to carry oxygen
and nutrition to various organs. Maintaining
haemoglobin level at a certain value is known to be
essential for cardiac and cerebral perfusion [17].
After cardiac surgery, the haematocrit value should
be more than 24% to prevent post-surgical acute
kidney injury [26]. Though no studies have proven
the effect of maintaining a sufficient haematocrit
level in preventing acute kidney injury in sepsis, this
seems a promising field of research that may provide
an inexpensive preventive measure for serious renal
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damage.

5. Reduction of inflammation and adaptive tissue
response to injury

When inflammation was discovered to be an early
pathophysiologic mechanism of sepsis-induced acute
kidney injury. Many researches were carried out to
develop a medication that can stop the inflammation
early in patients with sepsis and subsequently prevent
the progression of the condition to acute kidney
injury. Many preventive modalities were developed
to reduce the cytokines, inflammatory mediators,
oxidative stress, and maladaptive cellular response to
injury. The main modalities developed for these
purposes were hemadsorption, polymyxin B
hemoperfusion, administration of exogenous alkaline
phosphatase, and modulators of cytokines signalling®.
Hemadsorption and polymyxin B hemoperfusion
reduce the circulating inflammatory mediators and
had shown promising results in prevention of sepsis-
induced kidney injury [27,28]. Alkaline phosphatase
is known for its endogenous detoxifying effect
through  dephosphorylation of proinflammatory
mediators. In one study, exogenous alkaline
phosphate was found to reduce reactive oxygen
species and oxidative stress in renal tubules among
patients with sepsis [29]. However, none of these
factors was tested in large sample double-blinded
randomized studies to approve its efficacy and
effectiveness. Modulation of cytokine signalling is
another mechanism under current research for
prevention of inflammation-induced acute kidney
injury [30].

CONCLUSION:

Understanding the pathogenesis is essential for
proper prevention of sepsis-induced acute kidney
injury. Although the details of the basic mechanisms
of the condition remain elusive, some processes were
discovered, and many advances were made. Sepsis-
induced acute kidney injury occurs due to complex
mechanisms that act synergistically to damage renal
tissue. The main revealed mechanisms are
microcirculatory dysfunction, systemic inflammation,
and local maladaptive response of the renal tissue.
Prevention of acute kidney injury among patients
with sepsis necessitates targeting these mechanisms.
Therefore, the main preventive lines are fluid
resuscitation, improving renal blood flow, and
administering  agents that reduce  systemic
inflammation.
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