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Gülçin Kantarci, MD, Raymond Vanholder, MD, PhD, Serhan Tuglular, MD, Hakan Akin, MD,
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● During the earthquake in Marmara, Turkey (August 17, 1999), 87 of 476 victims (18.3%) admitted to Marmara
University Hospital (Istanbul, Turkey) experienced renal failure caused by crush injuries. Fifty-nine patients (68%;
40 men, 19 women) required renal replacement therapy (RRT), whereas 28 patients (32%; 20 men, 16 women)
recovered renal function under conservative treatment. The aim of the present study is to compare clinical and
laboratory data from patients with crush syndrome who needed RRT with those who could be maintained on
conservative medical treatment. Data for demographic, clinical, and laboratory findings of patients who had renal
problems were collected retrospectively and analyzed. The proportion of men was significantly greater (68% versus
42%; P < 0.05), and time spent under the rubble was significantly shorter (9.4 �6.9 versus 19.1 � 22.5 hours; P <
0.05) among patients who required RRT compared with those who recovered under conservative treatment.
Patients who required RRT had significantly less urine output in the first 24 hours, underwent more fasciotomies,
and needed more blood and fresh frozen plasma transfusions ( P < 0.05). Blood urea nitrogen, creatinine,
potassium, creatine kinase, and aspartate aminotransferase levels were significantly greater compared with
patients managed conservatively both on admission and for the mean of values obtained during the first 2 weeks
(P < 0.05). Furthermore, fasciotomies were the most powerful predictors of a later need for RRT. In a similar disaster
in the future, these factors should be taken into consideration for priority in referral to medical centers with dialysis
facilities.
© 2002 by the National Kidney Foundation, Inc.
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ACATASTROPHIC earthquake with an inten-
sity of 7.4 on the Richter scale struck the

entire region surrounding the Marmara Sea on
August 17, 1999. This region is the most densely
populated area in Turkey, and the disaster af-
fected approximately 15 million people in di-
verse ways. The registered number of deceased
victims was 17,000, but local authorities suspect
much greater mortality.
Crush injuries and prolonged compression of

limbs are the most important types of trauma
encountered in earthquake victims.1,2 Crush in-
jury results in a characteristic syndrome with

rhabdomyolysis inducing myoglobinuric acute
renal failure, named crush syndrome.3

The Renal Disaster Relief Task Force of the
International Society of Nephrology (ISN) ar-
rived at the scene within 24 hours of the disaster.
They provided physical and moral support in
various ways. This collaboration resulted in an
organized approach not only for medical care,
but also for the collection of valuable logistic and
medical data, the correct analysis of which will
be indispensable in planning rescue actions on
the occasion of similar disasters in the future.
Data collection was organized through the Turk-
ish Society of Nephrology, and an extensive
review of this information has been published.4

Marmara University Hospital (Istanbul, Tur-
key) was chosen as a primary reference hospital
because of its close proximity to the disaster
area. At Marmara Hospital, 476 earthquake vic-
tims were admitted, most of whomwere severely
injured. We believed it would be of interest to
report the experience from a single center be-
cause it reflects results of a consistent therapeutic
policy. In addition, it also was believed that this
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would permit a closer and more detailed exami-
nation of data to provide additional information
that might get lost in a larger scale multicentric
analysis. In the present study, we report the
analysis of clinical and laboratory data of 87
patients with crush syndrome admitted and fol-
lowed up in Marmara University Hospital. The
primary aim of the study is to evaluate initial and
later clinical and laboratory findings and com-
pare those findings in patients who needed renal
replacement therapy (RRT) with those of pa-
tients who could be maintained on conservative
medical treatment.

MATERIALS AND METHODS

Background
Marmara University Hospital was the closest reference

hospital during the Marmara earthquake of August 17, 1999,
with an approximate distance of 100 to 130 km to the
disaster region. The hospital has a total capacity of 500 beds.
During the immediate aftermath of the earthquake, approxi-
mately 90% of these beds were reserved for earthquake
victims. Furthermore, the hospital has a well-established
hemodialysis center with 17 hemodialysis machines, which
serves for patients on chronic maintenance hemodialysis and
patients with acute renal failure. An immediate reorganiza-
tion was made to transfer patients on chronic maintenance
hemodialysis therapy to other facilities to offer as many
dialysis machines as possible to the injured earthquake
victims with acute renal failure. Management of the patient
load was made easier by the temporary availability of four
additional dialysis machines offered by the Renal Disaster
Relief Task Force of the ISN and Doctors Without Borders.

Subjects
Four hundred seventy-six victims (218 men, 258 women)

from the Marmara earthquake were admitted to Marmara
University Hospital; 87 of these patients had an acute renal
problem secondary to traumatic rhabdomyolysis. Acute re-
nal problems caused by crush injury were defined as the
presence of at least one of the following: oliguria (urine
output � 400 mL/d) and elevated levels of blood urea
nitrogen (BUN;�40 mg/dL), serum creatinine (�2.0 mg/
dL), and potassium (�6 mEq/L). Eighty-seven patients (52
men, 35 women) conformed to this definition. All these
patients experienced traumatic rhabdomyolysis of varying
degrees. The age range of patients with renal problems was
35� 19 years for men and 32� 16 years for women.
During this earthquake, 639 patients were registered by

the Turkish Society of Nephrology as having acute renal
problems caused by crush injury.4 These 639 patients were
treated in 35 hospitals located in such adjacent cities as
İstanbul, Bursa, Eskis¸ehir, and Ankara. Patients treated in
our hospital represent 13.6% of all victims with acute renal
failure caused by traumatic rhabdomyolysis.

Clinical and Laboratory Data

A retrospective analysis of hospital records was per-
formed for all victims of the Marmara earthquake admitted
to Marmara University Hospital who had an acute renal
problem, defined previously. The following data were re-
corded: age, sex, systolic and diastolic blood pressure,
presence of fever, time under the rubble, clinical data related
to extent of the crush injury, and need for surgical interven-
tion (amputations and/or fasciotomy). In addition, the follow-
ing laboratory data were collected: complete blood count,
serum potassium, sodium, BUN, creatinine, calcium, creat-
ine kinase (CK), alanine aminotransferase (ALT), and aspar-
tate aminotransferase (AST). Initial data recorded on admis-
sion and the mean of values for the first 2 weeks of
observation were collected. In addition, serum creatinine
values on discharge were recorded.
Patients reaching our hospital within 24 hours were started

on vigorous fluid administration, with sequential infusion of
normal saline and 5% dextrose reaching up to 10 L/d, forced
alkaline diuresis, and mannitol. In patients arriving after the
first 24 hours of crush injury, fluid replacement depended on
volume status assessment, obtained by clinical examination
or invasive monitoring.
Patients with excessive crush syndrome with a potassium

level greater than 6 mEq/L and/or daily urinary output less
than 250 mL were administered RRT. Intermittent hemodi-
alysis was the preferred procedure for RRT. It was per-
formed using low-flux polysulfone dialyzers and bicarbon-
ate dialysate buffer. Temporary central venous catheters
were inserted to obtain vascular access. Potassium values
were controlled at least twice daily, and the need for RRT
was assessed according to obtained values.
The extent of crush injury was assessed by two different

methods: first, as the percentage of total body area crushed
calculated by using the rule of nines,5 and second, by taking
into consideration the number of limbs involved. The pres-
ence of extremity, thoracic, and/or head trauma also was
noted. The main indication for fasciotomy was compartment
syndrome, defined as lack of perfusion of a limb and the
disappearance of distal pulses. In addition, urinary output
during the first 24 hours after admission and the need for
RRTwere recorded. Data also were collected on amount and
type of blood products administered, if any.

Statistical Analysis

Statistical analysis was performed using commercially
available software for statistical analysis (ARCUSQuickstat
[Biomedical Research Solution, Addison Wesley Longman
Ltd, Cambridge, UK] and SPSS, version 10.0 [SPS Inc,
Chicago, IL]). Descriptive statistics for clinical and labora-
tory data are presented as mean� SD. Pairedt-test and
chi-square were used, when appropriate, for comparison of
quantitative and qualitative data, respectively. Multivariate
analysis was performed using logistic regression and discrimi-
nant analysis to determine risk factors for dialysis need.
Number of transfusions was analyzed by Wilcoxon’s test.
Statistical significance is accepted forP less than 0.05.
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RESULTS

Demographic characteristics of patients with
an acute renal problem who needed dialysis
therapy compared with those who responded to
medical treatment are listed in Table 1. Among
476 patients admitted to our hospital during the
Marmara earthquake, 87 patients (18.2%; 52
men; mean age, 34.4� 15 years; 34 women;
mean age, 31.9� 15.6 years) had an acute renal
problem caused by crush injury, defined previ-
ously. Fifty-nine patients (68%; 40 men, 19
women) required RRT, whereas 28 patients (32%;
20 men, 16 women) recovered under conserva-
tive medical treatment. Mean time to dialysis
therapy was 10.5� 5.3 hours after the hospital
admission in patients who required RRT. Respec-
tive mean ages of the two groups were 33.7�
13.0 versus 34.5� 13.0 years (P � not signifi-
cant). The number ofmenwas significantly higher
in the group that required RRT (68% versus
42%;P � 0.02). Interestingly, patients requiring
dialysis therapy spent a significantly shorter time
under the rubble.
There were no significant differences between

the two groups with regard to percentage of body
area crushed (Table 2). Patients who required

dialysis therapy had significantly less urine out-
put in the first 24 hours, underwent more fascioto-
mies and amputations, and needed more blood
and fresh frozen plasma transfusions compared
with patients managed conservatively. Eight pa-
tients died during the hospitalization period, seven
of these patients belonged to the group requiring
RRT versus one patient who needed only conser-
vative medical treatment (P� 0.04; Table 2).
Biochemical data on admission for both groups

are listed in Table 3. The mean of values from the
first 2 weeks is listed in Table 4. BUN, creati-
nine, potassium, and AST levels, both on admis-
sion and later, were significantly greater in pa-
tients requiring RRT. The initial CK value was
greater in patients needing RRT; however, this
difference was not maintained during further
follow-up. The graphic demonstration of initial
CK andAST values in patients requiring RRT, as
well as the group managed conservatively, is
shown in Figs 1 and 2. There were no statistically
significant differences for hematocrit or leuko-
cyte levels on admission (Table 3), but a statisti-
cally significant decrease in hematocrit and in-
crease in leukocyte count was observed during
the follow-up period in patients requiring hemo-

Table 1. Demographic Characteristics of Patients With an Acute Renal Problem Who Needed Dialysis Therapy
Compared With Those Who Responded to Medical Treatment

Patients Requiring
Dialysis (n� 59)

Responders to Medical
Treatment (n� 28) P

Age (y) 33.7 � 13 34.5 � 13 Not significant
Sex (M/F) 40/19 12/16 0.02
Time under the rubble (h) 9.4 � 6.9 19.1 � 22.5 0.003

Table 2. Clinical Characteristics of Patients With an Acute Renal Problem Who Required Dialysis Therapy
Compared With Those Who Responded to Medical Treatment

Patients Requiring
Dialysis (n� 59)

Responders to Medical
Treatment (n� 28) P

Urine output in 1st 24 h (mL) 453 � 489 1,484 � 1,382 �0.0001
Body area crushed (%) 14 � 8 13 � 10 NS
Presence of amputations 10 2 �0.01
Presence of fasciotomy 34 5 0.0003
Patients administered blood transfusions 41 (69.5) 8 (28.6) 0.04
Blood transfusion (bags/patient) 4.7 � 6.5 1.9 � 4.4 0.05
Patients administered fresh frozen plasma 23 (39) 4 (14.3) 0.001
Fresh frozen plasma (bags/patient) 3.5 � 4.9 0.4 � 1.1 0.002
Deaths 7 (11.8) 1 (3.5) 0.04

NOTE. Values expressed as mean� SD or number (percent).
Abbreviation: NS, not significant.
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dialysis therapy.All patients who were treated by
RRT and survived recovered renal function and
were free of dialysis therapy at discharge. Creat-
inine values at discharge were greater in patients
who had required RRT: 1.9� 1.3 versus 1.3�
1.2 mg/dL, respectively (P� 0.02).
To analyze the initial positive and negative

predictive factors for the later need for dialysis
therapy, multivariate analysis was performed,
entering age; sex; time under the rubble; number
of injured limbs; need for fasciotomy; need for
amputation; systolic blood pressure; presence of
fever; percentage of crushed body surface; initial
CK,ALT, andAST levels; and number of transfu-
sions. Using a step-forward logistic regression,
only need for fasciotomy (odds ratio [OR], 6.075;

95% confidence interval [CI], 1.82 to 20.1;P �
0.001) and time spent under the rubble (OR,
0.94/h; 95% CI, 0.88 to 1.00;P � 0.05) were
retained in the model. The other parameters not
included are listed in Table 5.
Using a step-forward discriminant analysis to

predict the need for dialysis therapy, again, only
need for fasciotomy (P � 0.001) and time spent
under the rubble (P� 0.001) were retained in the
model. This model predicted the need for dialy-
sis therapy with a specificity of 87% and sensitiv-
ity of 57%. If all mentioned variables were
entered for prediction, specificity increased to
96%, and sensitivity, to 78%.
Analysis of data for the 59 patients requiring

RRT showed that these patients overall required

Table 3. Initial Laboratory Data for Patients With an Acute Renal Problem Who Required Dialysis Therapy
Compared With Those Who Responded to Medical Treatment

Laboratory Values on Admission
Patients Requiring
Dialysis (n� 59)

Responders to Medical
Treatment (n� 28) P

Hematocrit (%) 35.2 � 10.8 35.7 � 7.4 NS
Leukocytes (/�L) 16,488 � 9,156 13,620 � 5,135 NS
Platelets (/�L) 172,206 � 88,160 189,150 � 61,977 NS
BUN (mg/dL) 69 � 55 44 � 28 0.02
Creatinine (mg/dL) 5.1 � 3.8 2.2 � 1.7 0.0002
Potassium (mEq/L) 5.5 � 1.3 4.6 � 0.8 0.004
Calcium (mg/dL) 7.5 � 1 8.3 � 0.7 NS
CK (IU) 4,977 � 8,264 1,341 � 1,843 0.02
AST (IU) 906 � 721 425 � 444 0.002
ALT (IU) 382 � 448 222 � 232 NS
Albumin (mg/dL) 2.6 � 0.5 2.3 � 0.5 NS

Abbreviation: NS, not significant.

Table 4. Average of First 2 Weeks’ Laboratory Data for Patients With an Acute Renal Problem Who Required
Dialysis Therapy Compared With Those Who Responded to Medical Treatment

Average of Laboratory Values
During the First 2 Weeks

Patients Requiring
Dialysis (n� 59)

Responders to Medical
Treatment (n� 28) P

Hematocrit (%) 20.3 � 4 26.1 � 11 0.009
Leukocytes (/�L) 24,795 � 12,079 16,396 � 6,657 0.002
Platelets (/�L) 162,117 � 78,140 178,577 � 74,330 NS
BUN (mg/dL) 97 � 51 44 � 28 �0.0001
Creatinine (mg/dL) 7.5 � 3 2.2 � 1.6 �0.0001
Potassium (mEq/L) 5.9 � 1.1 4.8 � 0.7 �0.0001
Calcium (mg/dL) 7.3 � 1 8.3 � 0.6 NS
CK (IU) 5,151 � 11,907 4,734 � 3,357 NS
AST (IU) 963 � 706 612 � 512 0.03
ALT (IU) 334 � 228 255 � 263 NS
Albumin (mg/dL) 2.3 � 0.5 2.3 � 0.4 NS

Abbreviation: NS, not significant.
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537 hemodialysis sessions. Of patients requiring
RRT, 12 patients (20.3%) needed greater than 14
sessions, whereas 47 patients (79.7%) needed
less than 14 dialysis sessions.

DISCUSSION

To our knowledge, this study is the first com-
paring large-scale data from patients with crush
syndrome who needed RRT with those who
could be maintained on conservative medical
treatment.
Earthquakes are the most unpredictable and

potentially hazardous type of disaster. Through-
out the world each year, an average of 16 earth-
quakes occur that lead to fatalities.6 The major
earthquakes of recent years that have led to
massive loss of life have been associated with a
variable incidence of acute renal failure.7-10

Sixty years ago, Bywaters11 first defined crush
syndrome as the clinical picture of acute renal
failure developing in war victims who experi-
enced crush trauma and subsequently died.Wide-
spread use of dialysis with improved technology
showed that when this opportunity can be of-
fered, in appropriate cases, lives can be saved
and renal function recovers completely within a
brief delay.6-13

The Marmara earthquake was one of the most

catastrophic events of the last century. The Mar-
mara region of Turkey is a densely populated
area, and overall, cities of this region have ap-
proximately 20,000,000 inhabitants. Because of
the destruction of most hospitals in the disaster
region per se, victims were followed up in 35
hospitals that were as close as possible to the
epicenter of the earthquake. Among these hospi-
tals, Marmara University Hospital was one of the
closest centers; therefore, it was accepted as the
primary reference hospital by the Turkish Soci-
ety of Nephrology. Our center had the largest
number of admissions and the largest number of
patients with acute renal failure caused by crush
syndrome.
Among patients admitted to our hospital,

18.3% developed renal problems. The reported
incidence of crush syndrome until the present
seems to vary among different locations: 2% to
5% in Tangshan, China14; 7.4% in Hanshin-
Awai, Japan9; and 25% in Mexico City.15 These
variations could be related to differences in cli-
mate, constructionmaterial, time under the rubble,
availability and efficacy of rescue teams and
medical support, distance to reference hospitals
from the earthquake epicenter, and imperfections
in data collection caused by disaster condi-
tions.13,16,17

Ron et al18 recommended aggressive fluid treat-
ment at the location of the catastrophe, even
before victims had been rescued. Myoglobinuric
renal injury probably occurs after reperfusion of
the trapped limb, releasing free myoglobin into
the circulation.19-22 The Marmara earthquake
struck a very large area, and victims were res-

Fig 1. Initial AST levels in patients on RRT and the
conservative-therapy group.

Fig 2. Initial CK levels of patients on RRT and the
conservative-treatment group.

Table 5. Logistic Regression Analysis of Factors
Affecting RRT Requirement; Variables Not in the

Equation for Prediction of Dialysis

Variables OR P

Age 0.762 0.383
No. of injured limbs 2.027 0.154
Need for amputation 1.068 0.301
Systolic blood pressure 0.395 0.530
Presence of fever 0.066 0.797
Crushed body surface (%) 0.394 0.530
Initial CK 1.426 0.232
Initial ALT 1.969 0.161
Initial AST 1.761 0.185
No. of transfusions 16.815 0.266

NOTE. P to enter� 0.05.
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cued by many teams with variable technical
facilities and even by amateur efforts. Further-
more, because local health infrastructures also
were seriously damaged, only a limited number
of victims could receive on-site fluid replace-
ment therapy. Nevertheless, efforts were made to
distribute pamphlets in the damaged area, giving
concise information about the attitude to be
taken.23

Conversely, during the Marmara earthquake,
combined efforts of the Turkish army, civil orga-
nizations (medical and nonmedical), and the Re-
nal Disaster Relief Task Force of the ISN saved
many lives.23 In addition to their extensive aid on
the scene, the presence of the Renal Disaster
Relief Task Force of the ISN also resulted in
organized data collection with the intention to
obtain better organization in the future. There-
fore, data reported here may be of supplementary
interest because of the systematic approach for
data collection.
Demographic data show a male predominance

in patients requiring dialysis therapy compared
with those responding to conservative medical
treatment (Table 1). However, sex difference was
not a positive predictive factor of the need for
dialysis therapy.
Time under the rubble was longer in patients

responding to medical treatment compared with
patients requiring dialysis (Table 1), and also in
multivariate analysis, longer time under the rubble
decreased the OR for dialysis therapy. It has been
claimed that a minimum of 4 hours of muscle
contusion is required to result in crush syn-
drome.24 Therefore, a shorter time under the
rubble seems to be contradictory to what is
expected. However, most patients with severe
muscle injury also had head trauma and thorax
compression leading to lung contusion; there-
fore, these patients probably died before they
could reach a hospital unless they were rescued
very fast. Conversely, victims rescued only after
a long delay had less severe injury and thus a
lower risk for dialysis therapy. Therefore, longer
time under the rubble in the medically managed
group could be related to less severe injury. This
also is reflected in the greater OR in patients who
needed fasciotomy, as an indicator of severity of
injury.
Time under the rubble does not give an ideal

reflection of the possible severity of the crush

injury because it is the magnitude of pressure in a
given time that is important, not only the time
itself. Percentage of crushed body area and num-
ber of fasciotomies therefore could be better
predictors of the severity of crush injury. We
used the rule of nines currently applied to mea-
sure body surface area involved in burns to
measure the percentage of body area crushed and
found no difference between the two groups.
However, crushed body surface area is merely a
measure of body surface and does not reflect the
depth and/or mass of crushed muscles. There-
fore, the authors believe the lack of statistically
significant difference between the two groups
cannot be interpreted as similarity in the severity
of crush injury.
Although the percentage of body area crushed

is similar in the two groups, the number of
fasciotomies and amputations was higher in pa-
tients requiring dialysis therapy (Table 2). Fas-
ciotomy was the most powerful predictive factor
for the later need for dialysis therapy in multivar-
iate analysis. Patients who underwent fasciotomy
had an approximately 10 times increased risk for
dialysis requirement. The impact of all other
factors, such as sex; age; number of injured
limbs; need for amputation; systolic blood pres-
sure; presence of fever; percentage of body sur-
face crushed; initial CK, ALT, and AST levels;
and number of transfusions, was covered in the
multivariate model by the need for fasciotomies.
The need for fasciotomy thus can be considered a
good indicator of the severity of the crush.
Fasciotomy was the most frequent surgical

intervention among the presently evaluated pa-
tients and is associated with significant blood
and fluid loss from the wound. More importantly,
it significantly increases the risk for life-threaten-
ing infections and deterioration of renal function
in patients with crush syndrome.
Despite vigorous fluid replacement, forced al-

kaline diuresis, andmannitol administration, urine
output in the first 24 hours was significantly
lower in the group of patients requiring dialysis
therapy compared with the other group (Table 2).
Although this parameter did not appear a strong
predictor in logistic regression, this probably
reflects that some patients may develop nonoligu-
ric renal failure. The authors still believe that
patients with urine output less than 400 mL
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during the first 24 hours need to have priority in
referral to centers with dialysis facilities.
CK and AST levels, accepted markers of

muscle damage, were significantly greater on
admission in patients requiring dialysis therapy.
However, these two biochemical markers did not
have a major impact on increasing the risk for
dialysis therapy in multivariate logistic analysis
(Table 5). During the follow-up period, AST
levels remained significantly greater in patients
requiring RRT, whereas the difference between
CK levels became insignificant.
Despite the similarity of hematocrit and leuko-

cyte levels on admission (Table 4), a statistically
significant decrease in hematocrit and increase in
leukocyte count were observed during the fol-
low-up period in patients requiring hemodialysis
therapy. Both differences can be attributed, at
least in part, to a higher number of fasciotomies
and amputations in this group. Surgical interven-
tions are a common source of blood loss, and in
addition, fasciotomies are a common source of
infection and sepsis.24,25

The favorable outcome of renal function in
patients requiring RRT suggests that dialysis
requirement is not necessarily a bad prognostic
predictor for recovery of renal function.
The present study also offers logistic informa-

tion regarding the use of technical and human
resources. Analysis of logistic data for the 59
patients requiring dialysis therapy showed that
these patients overall required 537 hemodialysis
sessions. The majority of these patients (80%)
required dialysis therapy for less than 14 days.
These data suggest that the need for such techni-
cal support as dialysis machines, dialyzers, and
dialysis fluid and professional help offered by
nephrologists, dialysis nurses, and technicians is
greatest during the first 2 weeks. The same is true
for the need for blood and blood products be-
cause patients requiring dialysis therapy also had
an increased requirement for the use of these
products (Table 2).
In conclusion, patients with crush syndrome

who require dialysis therapy most frequently
also have severe trauma of the extremities neces-
sitating fasciotomies, and fasciotomies seem to
be the strongest predictor of later need for RRT.
These patients also have a greater requirement
for blood and/or blood products. Our data sug-
gest that patients with crush syndrome fulfilling

the conditions stated should have priority in
referral to medical centers with dialysis facilities
in the occurrence of a similar disaster in the
future.
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