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Abstract: Acute kidney injury (AKI) is frequent, and shows wide variation with regards to the
spectrum, etio-pathogenesis and management strategies after natural (e.g., earthquakes) and man-
made disasters (e.g., wars). The most important pathogenetic mechanisms in AKI during earthquakes
are crush injury-related hypovolemia and myoglobinuria. Therefore, the most effective preventive
measures are early and energetic fluid resuscitation (especially isotonic saline due to medical and
logistic advantages) and also avoiding nephrotoxic medications. When preventive measures fail and
intrarenal AKI develops, dialysis is lifesaving, with a preference towards intermittent hemodialysis
due to medical and logistic advantages during disasters. During wars, the most important man-made
disaster, prerenal, intrarenal and postrenal AKI may develop both at the battlefield and also in the
field- or tertiary care-hospital setting. Overall, pathogenesis and management strategies of AKI in
war victims are similar with those of AKI in general and in natural disasters. Logistic planning after
disasters is vital for providing the most effective treatment. If patients cannot be coped with locally,
either help should be asked from, or, alternatively, patients should be referred to, other regions or
countries. Importantly, nephrology units in and around disaster-prone areas should be prepared for
disasters for a sudden influx of AKI victims after disasters.
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1. Disasters and AKI

Management of acute kidney injury (AKI) in disaster victims is problematic because,
mostly, patients are complicated, medical infrastructure is damaged and there is a shortage
of medical items and personnel [1]. In this review paper, prevention and treatment of AKI
in natural and man-made disaster victims will be summarized; however, considering many
recent and elegant publications, COVID-19-related AKI will not be dealt with.

Effects of AKI on Outcomes of Disaster Victims

AKT has diverse systemic consequences on all systems of the body, which include, but
are not limited to: fluid retention and consequent respiratory or circulatory failure, persis-
tent systemic inflammation, neurocognitive defects, anemia, acquired immunodeficiency,
microvascular injury, thrombosis and, acute respiratory distress syndrome [2]. Further-
more, since many disaster victims also suffer from injuries and related co-morbidities [3],
mortality rates may reach up to 41% in patients who need dialysis support [4].

2. Prevention and Treatment of AKI during Various Disasters
2.1. General Principles

Prevention and treatment principles for AKI in general are valid for AKI in dis-
aster victims as well. In the 2012 KDIGO AKI guideline, a stage-based management,
which considers risk status and stages of AKI, has been suggested [5]. According to
this guideline, ensuring volume status and perfusion pressure, monitoring biochemical
values, avoiding hyperglycemia and considering alternatives to radiocontrast proce-
dures have been recommended in all stages of AKI. Particularly, in advanced stages,
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taking into account non-invasive and diagnostic workup, checking for changes in drug
dosing, considering kidney replacement therapy and ICU admission are mandatory:.
Finally, if dialysis becomes inevitable, subclavian catheters should be avoided as much
as possible [5].

2.2. Management of AKI during Natural Disasters

Spectrum, etio-pathogenesis and management of AKI show wide variation in victims
of various disasters. Considering the high frequency of AKI during earthquakes, only
management of AKI in earthquake victims will be covered.

Mostly, it is assumed that “AKI during earthquakes” terminology refers to crush
syndrome. This is a misconception because these victims may suffer from several other
types of AKI as well (Figure 1). However, since overall management of non-crushed
patients during earthquakes does not differ significantly from AKI due to other etiologies
in routine practice, in this paper, mainly, prevention and treatment of crush injury-related
AKI will be dealt with.

Spectrum of AKI after disasters

A

Crush syndrome

* Earthquakes, wars, other

destructive disasters, torture Other etiologies

** Hypovolemia, myoglobinuria

v v

Prerenal Postrenal Intrinsic renal
* Wars, earthquakes, other * Wars, earthquakes, other * Wars, earthquakes, other
destructive disasters destructive disasters destructive disasters, pandemics
** Massive bleeding due to ** Supra / infra vesical ** |schemic / nephrotoxic ATN due to
trauma or gunshot, obstruction due to pelvic shock, sepsis, nephrotoxic / infectious
hypovolemia, shock trauma and foreign bodies agents, transfusion reactions

Figure 1. Spectrum of AKI after disasters. Overall, crush syndrome is very common. Similar to routine
daily practice, prerenal, intrarenal or postrenal AKI may develop as well in various disasters, with
different etio-pathogenetic mechanisms. * Most common disasters are associated with those particular
pathologies. These pathologies may also be observed in several other disasters (e.g., volcanoes,
mining accidents, hurricanes), albeit less frequently. ** Main pathogenetic mechanisms. (Several other
mechanisms may also play a role in the pathogenesis). Abbreviation: ATN: acute tubular necrosis.

Prevention of crush injury-related AKI: In order to understand the rationale of AKI-
specific preventive measures, pathogenesis of crush injury-related AKI should be con-
sidered. In this complex scenario, traumatic rhabdomyolysis results in dramatic fluid
third-spacing (compartment syndrome), leading to intravascular volume depletion,
renal hypoperfusion and ischemia. Also, myoglobinuria resulting from extensive mus-
cular trauma causes intratubular cast formation, scavenges nitric oxide and activates
inflammatory pathways, all of which can aggravate renal hypoperfusion and tissue
injury. Nucleosides released from disintegrating cell nuclei and metabolized to uric
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acid may contribute to cast formation and tubular obstruction as well. Hyperkalemia-,
and hyperphosphatemia-induced, hypocalcemia may depress cardiac output potentiat-
ing renal hypoperfusion [1]. Among all the above-cited mechanisms, hypoperfusion of
the kidneys is the utmost important [6]; therefore, the most effective intervention in
prevention of crush-related AKI is early and energetic fluid resuscitation [7]. Fluids
should be initiated as soon as possible, ideally even when the victims are still buried
under the rubble. Before rescue, fluids should be administered at an infusion rate
of 1 L/h for adults, 15 to 20 mL/kg of body weight per hour for children. Fluids
should be continued both during, and also after, extrication. Overall, 3-6 L of fluids
are given considering many variables. Afterwards, amount of fluids should be de-
cided considering urine response [8]. This protocol is subject to change depending on
many variables including age, body weight, trauma pattern, duration of extrication,
urine production, and amount of overall estimated fluid losses as well as ambient
temperature and logistic circumstances.

The answer to the question “which fluid?” is multifaceted. All types of fluids have
advantages and drawbacks [8]. Theoretically, bicarbonated hypotonic saline is the most
ideal fluid, because it is beneficial for preventing hyperkalemia and alkalinizing urine;
thus preventing intratubular cast formation. However, due to difficult preparation,
usage of this solution is limited in chaotic disaster circumstances. Isotonic saline is the
most frequently used solution, which is readily available in disaster conditions, and
side effects can be coped with somewhat easily. Hypothetically, mannitol may improve
compartment syndrome and renal perfusion, interfere with cast formation and free
radical production [9]; although, there are inconsistent reports on its usefulness in
traumatic rhabdomyolysis [10].

The efficacy of this early and energetic fluid resuscitation has been nicely shown
in the Bingol earthquake, in Turkey, in 2003 [11]. In this disaster, of the 16 crush vic-
tims, 14 were receiving isotonic saline on admission to hospitals, which was followed by
mannitol-alkaline fluid resuscitation. Duration between rescue and initiation of fluids
was significantly shorter in the nondialyzed victims as compared to dialyzed. Also, the
volume of administered fluids was significantly higher in the nondialyzed victims, all of
who survived [11].

Another very important AKI preventive maneuver in disaster victims is avoiding
nephrotoxic medications. However, unfortunately, nonsteroidals and antibiotics with
potential nephrotoxicity are frequently used in these victims, who suffer from painful
traumatic and surgical wounds and also infections.

Treatment of crush injury-related AKI: When preventive measures fail and full-blown
intrinsic renal AKI develops, the only reliable treatment modality is dialysis. Standard
clinical and biochemical indications for dialysis are valid for these patients as well. Since
hyperkalemia is very frequent and life-threatening, prophylactic dialysis, i.e., dialyzing
patients even before appearance of traditional indications, must be considered. All dialysis
modalities have both medical and logistic advantages and drawbacks in disaster victims
with AKI (Table 1) [12].

In the Marmara earthquake experience, 477 out of 639 crush victims needed dialysis
support. Among these, 452 were treated by a single dialysis modality (437 intermittent
hemodialysis, 11 continuous renal replacement therapy and 4 peritoneal dialysis), while
25 victims needed more than one type of dialysis. In total, 5137 hemodialysis sessions
were performed. Mean number of hemodialysis sessions was 11 and mean duration for
dialysis support was 13 days, indicating that many victims received daily dialysis [12].
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Table 1. Medical and logistic advantages and drawbacks of various dialysis modalities in disaster

victims with AKL
Dialysis Modality Medical Advantages Medical Drawbacks
-High clearance rate of low molecular
IHD weight solutes -Priming volume may induce hypotension
-Possibility for dialyzing without -Risk of disequilibrium syndrome
anticoagulation
-Better volume control -Need for continuous heparinization
CRRT -Lower risk of disequilibrium syndrome -Low removal capacity for small solutes,
-Administering more calories like potassium
-Low clearance rate
-No need for vascular access s . s . .
PD . e -Difficulty in maintaining sterile technique
-Less hemodynamic instability o T .
-Difficult application in some patients
Logistic Advantages Logistic Drawbacks
-Possibility to treat several patients per -Need for experienced personnel and
IHD e . .
day at the same position technical assistance
-CAVH has the advantage of no need for _Tma@ent possibility for only one patient, per
CRRT pumps and electricity machine per day
. . . -Problematic transportation of fluid bags to the
-Only minimal equipment is needed .
disaster area
PD “No need for water and electricity -Problematic transportation of fluid bags to the

disaster area

Abbreviations: IHD: intermittent hemodialysis, CRRT: continuous renal replacement therapy; PD: peritoneal
dialysis, CAVH: continuous arteriovenous hemodiafiltration.

2.3. Management of AKI during Man-Made Disasters

Wars, the most important man-made disasters, are characterized by extremely high
numbers of casualties [13]. During wars, prerenal, intrarenal and postrenal AKI may
develop both at the battlefield and also in the field- or tertiary care-hospital setting.
Mostly, massive bleeding resulting from gunshot and/or surgery is responsible from
prerenal and consequent ischemic intrinsic renal AKI [14]. In the war victims who are
entrapped under the rubble, compartment syndrome and subsequent crush syndrome
may result in prerenal and intrarenal AKI as well, whereas urinary tract obstruction
may cause post-renal AKI in casualties with pelvic trauma (Figure 1) [14]. AKI in this
setting may develop due to nontraumatic etiologies as well; e.g., exposure to chemical
and airborne toxins. Overall, victims are characterized by a poor prognosis because
of systemic and polytrauma-related complications and suboptimal treatment due to
damaged infrastructure and medical/logistic drawbacks.

Terrorist attacks occur suddenly and unexpectedly, affecting hundreds of thousands
of civilians, and cause AKI by various mechanisms (e.g., bleeding-related hypotension,
exposure to toxic substances, hemoglobinuria, myoglobinuria). However, data about the
incidence of AKI during terrorism are very scarce. After 9/11, the collapse of the Twin
Towers caused more than 3000 deaths, whereas AKI resulting from crush syndrome was
diagnosed in only one case [15].

Other man-made disasters (i.e., traffic accidents, torture) may cause AKI as well [16,17];
whereas, extent of the problem in those particular disasters still needs to be defined.

Overall, management strategies of AKI in victims of man-made disasters are simi-
lar with those of AKI in general and in natural disasters; e.g., correcting hypovolemia,
avoiding nephrotoxic medications, monitoring serum creatinine and urine output, and
others. Importantly, the logistic circumstances significantly affect treatment possibilities,
especially during wars. Therefore, transporting casualties from the battlefield initially to
field hospitals, and afterward to higher-level healthcare facilities at the earliest convenience,
is mandatory [14].
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3. Logistic Issues in Management of Disaster Victims with AKI

Logistics, or “the procurement, maintenance, distribution and replacement of person-
nel and material,” usually is not considered in routine daily practice; whereas, logistic
planning after disasters is vital for providing the most effective treatment, because disasters
are characterized by chaos and a shortage of medical material and personnel.

It is vital to estimate the extent of potential interventions by defining the magnitude
of the problem, the status of healthcare infrastructure, quantity of healthcare personnel
and medical material. If there is a possibility of disparity between healthcare demand and
supply two options ensue: (1). Asking medical material and personnel help from other
regions of the country or from other countries, which was very effectively performed by the
Renal Disaster Relief Task Force of the ISN in several past disasters [18] or (2). Alternatively,
referral of the AKI patients outside the disaster area may be considered. Importantly,
nephrology units in and around disaster-prone areas should develop their own detailed
disaster preparedness plans and also action plans, which clarify who will do what, when
and how to cope with a sudden influxes of disaster AKI victims [19].

In disaster-prone countries, renal disaster relief coordinators and their substitutes
should be assigned and trained in advance on the necessary measures to be taken after the
disaster to save as many victims with AKI as possible [19].

4. Conclusions

AKI significantly contributes to morbidity and mortality in disaster victims. Manage-
ment of these patients is considerably more complex than patients in daily life, because of
medical and logistic drawbacks. Deaths due to AKI can be decreased by logistic prepara-
tions in anticipated disasters, which is vital to offer the best health care to disaster victims
with AKL
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