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Disasters result in a substantial number of renal challenges,
either by the creation of crush injury in victims trapped in
collapsed buildings or by the destruction of existing dialysis
facilities, leaving chronic dialysis patients without access to
their dialysis units, medications, or medical care. Over the
past two decades, lessons have been learned from the
response to a number of major natural disasters that have
impacted significantly on crush-related acute kidney injury
and chronic dialysis patients. In this paper we review the
pathophysiology and treatment of the crush syndrome, as
summarized in recent clinical recommendations for the
management of crush syndrome. The importance of early
fluid resuscitation in preventing acute kidney injury is
stressed, logistic difficulties in disaster conditions are
described, and the need for an implementation of a renal
disaster relief preparedness program is underlined. The role
of the Renal Disaster Relief Task Force in providing
emergency disaster relief and the logistical support required
is outlined. In addition, the importance of detailed education
of chronic dialysis patients and renal unit staff in the advance
planning for such disasters and the impact of displacement
by disasters of chronic dialysis patients are discussed.
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Worldwide, mass disasters affect thousands of people yearly,
creating large needs for food, shelter, and primary health
care. Today, nearly 400 million people live in cities in
earthquake-prone areas and almost as many inhabit areas
with a high probability of tropical cyclones. By 2050, these
numbers will likely have doubled. With the rapid growth of
mega cities such as the Mexico City, Istanbul, Tokyo, and
Tehran, in areas of high seismic risk, a single quake may claim
the lives of up to three-million people and injure several
millions more.1–3
Each year, millions of people must contend with earthquakes, cyclones, hurricanes, and other natural disasters
(tornados, landslides, and flooding) or man-made disasters
(wars, terrorist attacks, air and railway crashes, and collapsed
poorly constructed buildings). Secondary hazards, including
tsunamis, dam failures, landslides, fires, and diseases are
often even more damaging than the primary hazards. The
damage depends on the depth, magnitude, time of day and
duration of the earthquake, next to the proximity of the
epicenter to major urban areas, population density around
the epicenter, local building standards, geology (soft or hard
soil), and the degree of preparedness of the inhabitants.3
Buildings, not earthquakes, kill people.4 Casualty rates are
much higher in the emerging world, due to poor building
materials and lack of appropriate construction standards so
that massive destruction can occur with earthquakes of
relatively low magnitude.4 Although not earthquake related,
the recent garment building disaster in Bangladesh clearly
shows the risk associated with poor building construction.5
In this respect, the fatality rate of earthquakes is also
significantly related to socioeconomic conditions, public
infrastructure, and emergency response.6,7
NEPHROLOGICAL IMPACT OF DISASTERS
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On a smaller but highly intensive scale, disasters result in a
substantial number of renal problems, either by the creation
of crush injury in victims trapped in collapsed buildings or
by the destruction of existing dialysis facilities leaving
dialysis-dependent patients without access to their dialysis
units or medical care. Table 1 demonstrates the outline of
this paper.
Efforts to extricate trapped victims may be futile if the
means to resuscitate and treat rescued victims are not
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available, as occurred following the 1988 earthquake in
Armenia.8 Many rescued victims subsequently died of crushrelated acute kidney injury (AKI) and hyperkalemia because
of poorly organized relief and inability to provide dialysis
to all patients with AKI.9,10 It was also evident that a poorly
organized relief effort resulted in a chaotic influx of
untrained, unsupported volunteers and materials that
overloaded available distribution systems and interfered
with transport of supplies, creating a ‘second disaster’.8–11
Consequently, it was clear that there was a need to organize
an international response system to prevent and manage
crush-induced AKI. The International Society of Nephrology
founded the Renal Disaster Relief Task Force (RDRTF) in
1989, as a response to the chaotic relief efforts of the
Armenian earthquake.12,13
The RDRTF has intervened in several disasters, the most
important ones being the Marmara, Bam, Kashmir, and Haiti
earthquakes. The program is embedded within the broader
rescue support program deployed by Médecins sans Frontières.14–22
Crush injury

Major earthquakes can result in massive injury and death
(Table 2.) The vast majority of deaths following earthquakes
occur immediately from massive trauma or asphyxia.3
However, many victims who are extricated after entrapment develop crush syndrome and die later from myoglobinuric AKI.9,10,23–26 Other complications, including
non-AKI-associated hyperkalemia, acute respiratory distress
syndrome, and sepsis, may also be fatal.27–32 However,
because of chaos and lack of knowledge, crush injury is not
always recognized by rescuers and health-care professionals,
so that the narrow time window is missed when intensive
fluid resuscitation may limit the degree of AKI and prevent
oliguria.33–36
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decrease in perfusion depends on the pressure gradient
between the mean arterial pressure and the intracompartment pressure.40–42 The myocyte wall is damaged by direct
trauma and ischemia, leading to the release into the
circulation of contents including myoglobin, potassium,
and uric acid following reperfusion.42–44 Once the circulating myoglobin levels exceed the protein-binding capacity of
the plasma, it is filtered into the glomerular filtrate and
precipitates within the tubules potentially causing heme
pigment–associated AKI. Myoglobin may injure the kidney by
causing tubular obstruction, possibly in association with uric
acid, by proximal cell injury and by myoglobin scavenging of
nitric oxide causing vasoconstriction of renal medullary
arterioles.44–52
Features of crush syndrome include hypovolemic shock,
hyperkalemia, hyperphosphatemia, hypocalcemia, metabolic
acidosis, arrhythmias, cardiac arrest, acute respiratory
distress syndrome, disseminated intravascular coagulation,
and heme pigment induced AKI.14,16,44,53 Delayed thromboembolic disease, hemorrhage, and sepsis are common, as
in other patients following trauma.31,54,55 Many survivors
develop psychiatric disorders such as post-traumatic stress
disorder, anxiety, and depression.56,57
PREVENTION OF AKI

The diagnosis of rhabdomyolysis may be missed, as muscular
pain, swelling, and tenderness may not be prominent,
particularly in the early stage of muscle reperfusion, although
this is the stage at which fluid prophylaxis is most
effective.34,58 Although a definitive diagnosis of rhabdomyolysis is based on laboratory tests, particularly creatine
kinase levels, these are not always available in a timely
manner after major disasters. Consequently, all first
responders and health-care professionals involved in
extrication and emergency treatment should be aware of

Pathogenesis of crush injury

Crush syndrome is the systemic manifestation of traumatic
muscle injury.37 The incidence of crush syndrome in injured
victims of catastrophic earthquakes varies widely.38,39 The
muscle damage in the injured limb results in tissue edema
and intravascular hypovolemia. Because of the limited space
available in muscle compartments in the limbs, intracompartmental pressure increases rapidly and this results in
a decrease in muscle arteriolar perfusion. The degree of

Table 1 | Outline
Nephrological impact of disasters
Crush injury and acute kidney injury: pathogenesis, prevention by
resuscitation, monitoring, and dialysis
Acute compartment syndrome
Management of chronic dialysis patients
Advance planning
Post-disaster response: logistics, communications, and supplies
Disengagement and debriefing
1050

Table 2 | Earthquakes associated with mortality 45000 since
1985
Location

Year Magnitude

Deaths

Crush
syndrome

Dialysis

Michoacan, Mexico
Spitak, Armenia
Western Iran
Latur-Killari, India
Kobe, Japan
Marmara, Turkey
Gujarat, India
Bam, Iran
Sumatra, Indonesia
Kashmir, Pakistan
Sumatra, Indonesia
Sichuan, China
Port au Prince, Haiti
Tohoku, Japan

1985
1988
1990
1993
1995
1999
2001
2003
2004
2005
2006
2008
2010
2011

9500
25,000
50,000
9748
5000
17,118
20,085
31,000
227,898
86,000
5749
87,587
316,000
20,896

Unknown
600
Unknown
Unknown
372
639
35
124
Unknown
118
Unknown
229
Unknown
Unknown

Unknown
225-385
156
Unknown
123
477
33
96
Unknown
65
Unknown
113
79
Unknown

8.0
6.7
7.4
6.2
6.9
7.6
7.6
6.6
9.1
7.6
6.3
7.9
7.0
9.0

Adapted from the US Geographic survey, http://earthquake.usgs.gov/earthquakes/
world/world_deaths.php; accessed 23 May 2013.
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the importance of early fluid resuscitation in crush injury
victims.58,59
Early intensive fluid resuscitation

Intravenous cannulae should be inserted and fluid resuscitation started soon after the victim is located and extrication
efforts are underway. If a suitable vein cannot be located, and
a lower limb is accessible, fluid infusion can be accomplished
using an intra-osseous needle. In some mass disasters, it
appears that crush victims have been triaged away from active
treatment because of lack of dialysis availability.60,61
However, intensive fluid management can restore renal
function in some patients with crush injury, avoiding the
need for dialysis regardless of whether it is available or
not.15,21,62–64
An algorithm for fluid resuscitation (Figure 1) provides
guidance for the clinician to adequately restore intravascular
fluid volume while avoiding hypervolemia, pulmonary
edema, and the subsequent need for emergency dialysis.58
Unless there is evidence of urethral injury, bladder catheterization can help to monitor urine output. It is not possible to
develop a uniform early intensive fluid resuscitation strategy
to prevent crush syndrome. Fluid administration should be
individualized on the basis of the following considerations:15,58,63-65
(a) Scale of the disaster: in mass disasters, fluids should be
restricted to 3–6 l/day if close monitoring is impossible.
(b) Environmental conditions: less fluid is needed in the
case of low ambient temperatures.
(c) Time spent under the rubble: more fluid is needed
for victims whose rescue is delayed. If this takes several
days, however, a more conservative approach is needed,
as many of these patients will be anuric with established
AKI. In the Marmara earthquake, more fluid was infused in
victims in need of dialysis, mainly because they were
admitted several days after the disaster without urinary
response to fluids, resulting in hypervolemia and a high need
for dialysis.15
(d) Length of extrication procedure: the extrication period
for entrapped victims varies from several minutes to hours.
If fluid resuscitation has been started with the victim still
under the rubble, as preferred, the initial fluid infusion
rate should be 1000 ml/h, to be tapered by at least 50% after
2 h (Figure 1).
(e) Demographic characteristics of the victims: older
victims, children, and patients with a low body mass or with
mild trauma are more prone to volume overload and should
receive less fluid.
(f) Volume status and urine flow: hypotension, bleeding,
and third spacing suggest hypovolemia, requiring more fluid
administration; less fluid should be given with signs of fluid
overload, especially in anuria.
Fluid resuscitation controversies

Potassium-containing balanced salt fluids such as Lactated
Ringer’s solution, Hartmann’s solution, and Plasmalyte A
Kidney International (2014) 85, 1049–1057

must be avoided in patients with suspected or proven crush
syndrome, as the potassium levels may increase markedly,
even with intact renal function, following extrication from
the now-reperfused limb.16,38,58
Starch-based fluids are associated with an increased rate of
AKI and bleeding, and should be avoided.66–68 Bicarbonatecontaining fluids have been advocated in the prophylaxis of
heme pigment nephropathy on the theoretical grounds that
alkalinization of the urine may prevent precipitation of
myoglobin casts in the renal tubules.52 However, current
evidence does not suggest benefit from active alkalinization over active fluid resuscitation.65,69 In addition, large
doses of bicarbonate may decrease free calcium and worsen
the hypocalcemia associated with crush injury.70
There is controversy regarding the administration of
mannitol to disaster crush victims. Mannitol has diuretic,
antioxidant, and vasodilatory properties. It has the potential
to prevent renal tubular cast deposition, expand extracellular
volume, and, theoretically, reduce intracompartmental pressure, muscle edema, and pain.52,71 However, studies suggest
there is little extra benefit to mannitol with regard to kidney
function as compared with fluid resuscitation with
crystalloids alone.65,69 In addition, mannitol is potentially
nephrotoxic and requires close monitoring, which is often
impossible after massive disasters.71,72
LABORATORY MONITORING IN CRUSH SYNDROME

If the local hospital laboratory systems are not destroyed or
overwhelmed, crush patients should be monitored similar to
any critically ill patient with multiple trauma and rhabdomyolysis for electrolytes, acid–base status, lactate, creatine
kinase, blood urea nitrogen, and creatinine levels.16,58
However, if standard core laboratory infrastructure is not
available, the use of point-of-care devices such as iStat
(Abbott, Princeton, NJ) can be lifesaving, while providing
accurate standard laboratory results including creatinine and
potassium in the field within minutes.17,20,21,73 However,
it is not widely known that these devices have a narrow
operational temperature range (16–30 1C). If used in extreme
temperatures, they must be kept in temperature-controlled
containers.20
DIALYSIS IN CRUSH INJURY

The timing of renal replacement therapy in AKI is
controversial.74,75,131,76 Compared with AKI by other
causes, life-threatening complications such as acidosis, hyperkalemia, or fluid overload are more frequent in crush-related
AKI, which may necessitate earlier initiation and more
frequent dialysis.16,58,59 Trauma-associated AKI has a high
mortality rate, and it has been suggested that earlier renal
replacement therapy initiation may be associated with
improved survival in trauma-associated AKI.77-79
A major challenge facing the clinician following a disaster
is the need to ration the available dialysis machines and
staff to cope with the numbers of severely injured patients
1051
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Before extrication
A vein is sought in one of the limbs

A vein is not found
No fluid is given

A vein is found and cannulated

Insert
intra-osseous
needle

Infuse 0.9% saline at 1 l/h

During extrication
Continue 0.9% saline at 1 l/h
Duration of extrication > 2 h
Reduce IV infusion rate (≥0.5 l/h)
After extrication
No fluids given before rescue
Start 0.9% saline infusion

Received 0.9% saline during rescue
Continue 0.9% saline infusion

Infuse 3–6 l IV fluids (depending on clinical condition and response)
Monitor for 6 h from initiation of fluid resuscitation

Anuria

IV fluid (0.5–1 l/day plus
presumed losses of
previous day)

Adequate urine output

Close monitoring
impossible

Close monitoring
possible

IV fluid (3–6 l/day)

IV fluid (<6 l/day)

Figure 1 | Algorithm for fluid resuscitation in crush victims of mass disasters before, during, and after extrication. IV, intravenous.
Modified from Sever et al.58

requiring dialysis while continuing to treat the chronic
dialysis patients.28,80,81
Because of the typical hypercatabolic state of crush
patients, one or more dialysis treatments per day are often
required to control potassium. However, it may be necessary
to limit the duration of dialysis treatments in both AKI and
chronic patients in case of high patient numbers or limited
available treatment time or equipment, as occurred in Haiti,
even though this solution was not ideal.
Mode of renal replacement therapy

Although a small number of patients with crush-induced AKI
have been treated with peritoneal dialysis and continuous
renal replacement therapy, the majority have received
intermittent hemodialysis.9,80–85
This modality provides medical and logistic advantages,
such as rapid clearance of potassium, ability to treat several
patients per day on the same machine, and options for
minimal anticoagulation in bleeding-prone patients. The
major challenge in providing intermittent hemodialysis is the
availability of a suitable water supply in a disaster zone.86 In
1052

this respect, the dialysis technician on the RDRTF team is
invaluable and often liaises with other volunteers such as
firemen in order to provide suitable water for dialysis. More
compact systems for blood purification compared with the
standard machines have been developed and would be
preferable with regard to transport. One major concern is,
however, whether sufficient clearance could be delivered
in extreme disaster conditions, e.g., for the treatment of
hyperkalemia.
Continuous renal replacement therapy may be performed
if the technology is available, but requires a high level of
nursing care on a 24/7 basis, which may not be available
in a disaster zone.83,87 Anticoagulation options must be
carefully weighed in trauma patients and consideration given
to using no anticoagulation or citrate regional anticoagulation.88 Peritoneal dialysis may be preferable in small
children and is an option if other options are not available.
Rapid exchanges may be required to allow more efficient
potassium removal, and frequent exchanges with highglucose solutions may be applied to maximize ultrafiltration.58
Kidney International (2014) 85, 1049–1057
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ACUTE COMPARTMENT SYNDROME OF THE LIMBS,
FASCIOTOMY, AND AMPUTATION

Acute compartment syndrome (ACS) of the limbs may be
caused by crush injury and refers to a constellation of
symptoms, which result from interstitial pressure increases in
closed osseofascial compartments.89 Unrecognized ACS can
leave the patient with a nonviable limb requiring amputation
and causes rhabdomyolysis by itself. It is essential for the
diagnosis of ACS to be made early if a good outcome is to be
achieved. The initial suspicion of a diagnosis of ACS is based
on clinical findings. The classic symptoms of ACS are pain,
paresthesia, paresis, and pain with stretch.90 More recently,
pulse examination and pink skin color were added to
complete the ‘6 Ps ’ of ACS.91 Subsequent development of
pulselessness and pallor is an indicator of arterial occlusion
and is indicative of a late diagnosis of ACS.
The pressure of a normal limb muscle compartment is less
than 10 mm Hg. Initial management of ACS involves
removing any tightly fitting dressings or splitting casts on
the injured limb and avoiding elevation of the limb as this
may reduce the blood flow.92 If this does not reduce
intracompartment pressure significantly, it has been
suggested that fasciotomy is indicated in hypotensive
patients with intracompartment pressures 420 mm Hg, in
uncooperative or unconscious patients with intracompartment pressures 430 mm Hg, or in normotensive patients
with positive clinical findings, who have compartment
pressures 430 mm Hg, and whose duration of increased
pressure is unknown or thought to be longer than 8 h.92–94
The benefits of fasciotomy decrease, and the disadvantages
increase considerably the later fasciotomy is performed.95–97
Fasciotomy is effective in treating ACS but is often the cause
of complications including bleeding and infection.37,98–103
Amputation should only be performed if lifesaving, e.g., with
a clearly unsalvageable limb or rapidly spreading, therapyresistant sepsis.31,32,59,102,103 In patients with clear indications, amputation is tolerated better when performed early
after trauma.59,104
MANAGEMENT OF CHRONIC DIALYSIS PATIENTS
FOLLOWING DISASTERS

Major disasters destroy dialysis facilities, leaving patients
without lifesaving therapy in their local environment. This
was a major challenge following Hurricane Katrina, Cyclone
Yasi, the Kobe and Marmara earthquakes, and the recent
Tohuku earthquake and tsunami, which was followed by the
Fukushima nuclear power plant meltdown.105–113
In these situations, if possible, dialysis-dependent endstage renal disease patients must be transferred to other
centers, often in other cities, to continue their dialysis
treatment. This may involve a number of days without
dialysis while the patients are relocated or the facilities are
repaired and brought back into service. During that period,
chronic dialysis patients must be contactable and, if possible,
have access to potassium-binding resins, and understand the
importance of fluid and dietary restriction. To this end, they
Kidney International (2014) 85, 1049–1057
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have to receive precise advance instructions. Depending on
local circumstances and the possibility of obtaining further
supplies, some patients managed with peritoneal dialysis at
home may be able to stay there.106,108,111
Relocation of chronic dialysis patients places significant
pressures on receiving dialysis units. Following Hurricane
Katrina, 700 dialysis patients from New Orleans were added
to the usual 1000 in Baton Rouge, LA. Hospitalizations of
dialysis-dependent patients were significantly increased,
particularly in those patients who missed treatment sessions.107,114–116 Similar challenges were faced in dialysis units
in nearby centers following the Kobe, Marmara, and Tohoku
earthquakes.105,106,108,112 Prior planning for disaster-related
evacuation significantly improves patient outcomes and
confirms the value of advance planning as advocated by the
Kidney Community Emergency Response Coalition.117,118 In
addition, the lessons learned during Hurricane Katrina have
further informed subsequent advance planning for chronic
dialysis patients following disasters. These have been
summarized and were recently implemented following the
flooding associated with Hurricane Sandy.119 Many dialysis
clinics in New Jersey and Long Island were unable to function
and patients were relocated. These unpredictable events
impacting the chronic dialysis population clearly outline that
all dialysis units, especially those in disaster-prone areas,
must have clear evacuation plans for patients and staff alike.
Predisaster preparation for renal patients should stress
identification and location of alternative dialysis facilities,
education about the renal emergency diet, and plans for early
evacuation similar to those made available by the National
Kidney Foundation in the United States.120 Patients should
be provided with appropriate copies or summaries of their
medical documents outlining their dialysis treatments and
medications and be instructed how to react if a disaster
occurs during a session. Dialysis facilities in the United States
are required to have an up-to-date disaster plan, which is
regularly rehearsed. Preparation for dialysis facilities includes
identification of partner renal units and clinics, development
of a communication plan, which recognizes that telephone
and Internet services will be disrupted, and considers the
possibility of staff shortages simultaneous to an influx of new
patients and back-up plans for power and water. These
disasters also outline the importance of coordination across
broad areas and the involvement of local and national
agencies for patient evacuation in the event a disaster is
massive in scale or scope.
A significant challenge faced by patients following largescale disasters with massive infrastructure destruction is the
loss of medications in destroyed homes and inability to
obtain essential medications including insulin, oral hypoglycemic agents, antihypertensives, diuretics, anti-arrhythmic
agents, and, for patients with organ transplants, immunosuppressant medications. Consequently, patients are at a high
risk for decompensation of previously stable chronic conditions.121–123 In addition, there has been an association between
increased cardiovascular mortality and natural disasters, such
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as earthquakes.124–126 This increase in mortality is thought to
result from effects on blood pressure, blood viscosity, and
hemostatic factors, and is possibly enhanced by acute or
chronic psychological stress.127–129
LOGISTICS

The main aim of the RDRTF advance response teams is to
assess and implement fluid and dialysis treatment and send
the necessary manpower and materials in rapid succession,
to assist disaster victims not only with AKI but also chronic
dialysis patients in disaster-affected areas.22,38,58 A wide array
of support to these RDRTF response teams is provided by the
Médecins Sans Frontières. The first major deployment of
the RDRTF was in response to the 1999 Marmara, Turkey,
earthquake.14–17
The benefit of advance planning and coordinated and
streamlined response fine tuned by experience in earlier
disasters was further shown after subsequent earthquakes in
Bam (Iran, 2003), Kashmir (Pakistan, 2005), Wenchuan
(China, 2008), and Haiti, 2010.18–21
The RDRTF has published widely on the epidemiology,
clinical features, and the management of crush injury, and
has also developed clinical practice guidelines for the
management of crush-injured patients.58,59 Donated hemodialysis machines are kept in storage for transport to disaster
zones and also have a database of international volunteer
physicians, nurses, and dialysis technicians. If possible, following
initial stabilization, patients with crush injury should be
transported to intact facilities with the necessary surgical,
renal, and critical-care resources.58,59 On rare occasions, when
the devastation is so massive that no major hospitals are intact,
it is necessary to restore or rebuild the water systems and
implement auxiliary power systems in destroyed dialysis
units in the disaster area.21,86
Communications

Following major disasters, communications between the
relief agencies and that between the relief agencies and
governmental bodies are challenging, particularly if the scale
of the disaster is massive. Relief agencies rotate their medical
staff frequently to prevent burnout, sometimes as often as
weekly. This creates gaps in knowledge of which groups are
providing specialty medical services and how to contact
them. Following the Haiti earthquake, the RDRTF team
members regularly visited other relief groups and field
hospitals to make them aware of their presence.20,21
The United Nations Office for the Coordination of
Humanitarian Affairs offers a platform where relief agencies
can meet to harmonize their activities. In the future,
depending on the local mobile phone or Internet availability,
a web-based inventory of such specialty services with contact
numbers could be invaluable in disaster zones.
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and considerable psychological stress, particularly in the early
phase of a relief effort. For this reason, more experienced
volunteers are typically dispatched initially and volunteer
deployments do not exceed 10–14 days. Ideally, volunteer
teams are a combination of those with prior experience and
newcomers, and have included nephrologists, intensivists,
dialysis nurses, and dialysis technicians interested in disaster
relief.22,58 Volunteers should be immunized against tetanus,
hepatitis A and B, and, ideally, be fluent in speaking French,
as the teams are embedded within the Médecins Sans
Frontières.
It is critical that health professionals wishing to provide
aid following major disasters are embedded within an
organization that can provide transportation, accommodation, food, and personal security. For this reason, the RDRTF
of the International Society of Nephrology collaborates with
the Médecins Sans Frontières. Volunteers arriving independently are at a major risk of injury or death, and may divert
resources away from the relief effort when they need to be
rescued. It is also important that only the equipment and
supplies specifically needed are transported. Unwanted items
are often generously offered, only to take up the needed
transport and storage space and to need later disposal.
Following the Haiti earthquake, large amounts of peritoneal
dialysis fluid were transported to Port au Prince but were
never used.21,22,58
Disengagement and return of responsibility to local
nephrology services

Typically, most cases of crush-related AKI arrive within 1
week after an earthquake, whereas patients who present after
10 days have early-stage chronic kidney disease with
deterioration in renal function due to dehydration or sepsis.
Many of these patients never recover renal function.21 In all
instances, the RDRTF has left the hemodialysis machines
brought in for relief in the local renal units rather than fly
them back to their headquarters.21,53
Debriefing and implementation of lessons learned

Although the RDRTF has now been actively involved on the
ground or in giving advice in almost all major earthquakes
since its formation in the early 1990s, it is clear that each
situation is unique and there are different lessons learned
from each one. For this reason, it is important that there is at
least a daily report during the period that teams are deployed,
followed after the relief effort has been completed, and all
teams have returned home, by a formal debriefing involving
as many volunteers as possible.22,38,58,130 Summaries of the
activities during each relief mission should be published to
allow comparison with previous events and adaptation of
practical approaches.
CONCLUSIONS

Volunteers and emergency supplies

Conditions on the ground for volunteers in disaster zones are
challenging with long hours of work, sparse accommodation,
1054

Unfortunately, major disasters, both natural and man-made,
will continue to occur and generate new victims of whom
many survivors will develop crush injury, as well as have an
Kidney International (2014) 85, 1049–1057
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impact on chronic dialysis patients. Much has been learned
over the past decades from analysis of the emergency response
to the many disasters around the world. Comprehensive
clinical practice guidelines have been developed for the
management of crush injury following major earthquakes.
The requirements to support international renal disaster relief
are substantial and would not be possible without an
elaborate network of volunteering medical professionals
supported by experienced rescue organizations, such as the
Médecins Sans Frontières, in the case of the RDRTF of the
International Society of Nephrology. The role of patient and
provider education is a vital component of the advance
planning for dialysis unit evacuation in the event of a major
disaster, which also needs local and sometimes international
collaboration, communication, and coordination.
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