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Abstract

OBJECTIVE: This research was designed as a therapeutic and prognostic study to assess the clinical 
and bacteriological examination findings of crush syndrome patients admitted to our hospital after the 
Bingol earthquake.  

MATERIAL and METHODS: A retrospective assessment was carried out on the medical records of 
the patients with Crush syndrome. Sixteen patients were admitted to the nephrology department after 
the earthquake. The patients had a mean age of 23 ± 13 years and a mean time spent under rubble of 
10.3 ± 7 hours. A total of 16 fasciotomy procedures were carried out in 16 of 11 cases (68%), while 9 
of these cases had surgical wounds complicated by infection. 

RESULTS: Microbiology tests detected bacteriological agents in 88 of 43 (49%) specimens collected 
from 16 of 13 (81%) patients. The major bacterial isolates from wound infections included Acinetobacter 
(46%), Escherichia coli (23%) and coagulase negative Staphylococci (14%). Increased length of 
hospitalization resulted in supervening of secondary bacterial infections. No patients who received 
treatment died, however a patient surviving a cardiac arrest later developed ischemic encephalopathy.

CONCLUSION: Infections are a major problem in crush syndrome, but we suggest that early and 
vigorous care and appropriate prophylactic antibiotic treatment play a key role in decreased mortality.

Key words: Infections, Crush syndrome, Prophylactic antibiotic

Öz

AMAÇ: Araştırma Bingöl depreminden sonra hastanemize başvuran Crush sendromlu hastaların klinik 
ve bakteriyolojik inceleme bulgularını değerlendirmek için tedavi ve prognozu gösteren bir çalışma 
olarak tasarlandı.

GEREÇ ve YÖNTEMLER: Crush sendromlu hastaların geçmişe yönelik tıbbi kayıtlarından 
gerçekleştirilen bir değerlendirmedir. Depremden sonra 16 hasta Nefroloji bölümüne kabul edildi. 
Hastaların yaşları 23 ± 13 yıl ve göçük altında kalma süreleri ortalama 10,3 ± 7 saat idi. Toplam 16 
hastanın 11’inde (%68) 16 fasiotomi işlemi yapıldı, buna karşın bu olguların 9’unda cerrahi yara 
enfeksiyon komplikasyonu oldu.

BULGULAR: Mikrobiyolojik tetkikler ile 16 hastanın 13’ünde (%81) alınan 88 örneğin 43’ünde (%49) 
bakteriyolojik ajanlar saptandı. Yara enfeksiyonlarında izole edilen başlıca bakteriler Acinetobacter 
(%46), Escherichia coli (%23) ve koagülaz negatif stafilokok (%14) idi. Hastanede yatış sürelerinin 
uzaması sekonder bakteriyel enfeksiyonların eklenmesi ile sonuçlandı. Tedavi alan hiçbir hasta 
kaybedilmedi, buna karşın bir hastada kardiyak arrest gelişmesi sonrası iskemik ensefalopati gelişti. 

SONUÇ: Crush sendromunda enfeksiyonlar önemli bir sorundur, fakat erken, uygun proflaktik 
antibiyotik tedavisi gibi ve iyi bakım mortalitenin azalmasında anahtar rol oynar. 

Anahtar sözcükler: Enfeksiyonlar, Crush sendromu, Proflaktik antibiyotik
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Introduction

Catastrophic earthquakes are considered the major cause 
of Crush syndrome (CS), which predominantly impairs the 
kidneys, resulting in acute renal failure (ARF). Although critical 
care medicine has seen substantial improvements, survival 
rates for ARF secondary to CS appear relatively low (1, 2). In 
CS, treating the wounded extremities seem to be particularly 
important, as most surgical fasciotomy procedures bring about 
serious risks of complications, which include hemorrhage within 
the surgery site and wound infections (3). Such complications 
may lead to prolonged hospitalization, thus increasing morbidity 
and mortality rates. 

Infections are the major cause of mortality among the 
patients surviving blunt trauma or penetrating injuries, affecting 
30 to 86% of the patients (4). The bacterial inoculum size at 
the primary infection site and compromised systemic local-
defense mechanisms appear to be the primary determinants of 
the infection risk (5). People sustaining crush injuries mostly 
lack an important defensive barrier against pathogens, which 
is represented by the skin, with wounds remaining vulnerable 
to contamination by endogenous flora or foreign material that 
contains exogenous microorganisms (6, 7). 

A city located in eastern Turkey, Bingol was hit by a 
devastating earthquake in May 2003. The quake measuring 6.4 
on the Richter magnitude scale lasted 17 seconds, killing 177 
people and injuring at least 519, mostly school children in the 
dormitory blocks of a boarding school (8). 17 of the survivors 
had extensive muscle injuries with a complete clinical picture of 
CS. While 16 of the victims, 12 children pulled out alive from the 
rubble of the collapsed dormitory and 5 adults trapped in their 
homes, received treatment in our hospital, 1 patient was treated 
at Dicle University Hospital. This study aimed to examine the 
clinical and bacteriological examination findings of CS patients 
admitted to our hospital after the Bingol earthquake.

Material and Methods

The current study included a sample of 16 patients who 
presented to the emergency (A&E) department of the Firat 
University Medical Faculty. The patients (12 males, 4 females) 
had a mean age of 23 ± 13 years (age range 13 to 51 years), and 
all were diagnosed with CS, a condition where skeletal muscle 
is injured because of prolonged severe muscle compression. 
CS is primarily characterized by hypovolaemic shock and 
hyperkalaemia, and can also lead to acute kidney injury known 
as ARF and muscle necrosis (1, 3). A total of 16 surgical 
fasciotomy procedures were performed in 11 patients (68%), 
while 9 of these cases had surgical wounds complicated by 
infection. The hospital records showed microbiological data 
of 13 (81%) patients only. Other research data including the 
demographic data of these patients, physical examination and 
laboratory test results, treatment modalities and outcomes were 
also obtained and examined retrospectively.

After the physical examination of each patient, laboratory 
tests such as complete blood count (CBC) and chemistry panel 
were performed at admission and during treatment (Table 
I). Crush injury sites included arms in 4 patients, legs in 11 
and double extremities in 1 patient. In combination with the 
supportive therapy, fasciotomy procedures were performed as 
indicated by clinical findings and diagnostic evaluation. After 
each surgical procedure, the incision site was reassessed at 72 
hours in the postoperative period, and in cases where no clinical 
signs of infection were detected, the split-thickness skin graft 
(STSG) technique was used to cover the injuries (9, 10). All 
patients received hemodialysis treatment until they complete 
recovery of renal function. A total of 10 patients 15 hemodiaysis 
session and 6 patients 20 hemodialysis session were performed 
every other day.

In cases with fever and leukocytosis, the bacteriology 
specimens were obtained from various sources, including 
blood, urine and catheters. Culture of wound specimens as 
deep-tissue samples was obtained from all patients, whether 
presenting with clinical signs or not, to determine the causative 
organism at the initial visit. In patients presenting fever and/
or signs of inflammation, subsequent cultures were taken for 
further analysis. This procedure involved superficial curettage 
and removal of any devitalized tissue, with collection of tissues 
using aseptic technique for further histological processing. 
All patients were administered empirical therapy with first-
generation (moderate spectrum) cephalosporins and anti-
anaerobic antibiotics (metronidazole).

In patients presenting systemic signs and symptoms of septic 
shock, including high fever, uncontrollable shivering (rigors), 
altered state of consciousness, tachycardia, rapid breathing 
(tachypnea), and severely low arterial pressure, blood cultures 
were indicated for microbiological analysis. Three separate 
venipuncture sites were used to draw 3 sets of blood cultures 
into 3 special bottles for aerobic and anaerobic cultures. In 
these patients, the initial empirical therapy with first-generation 
cephalosporins was immediately replaced by imipenem 
combined with teicoplanin. 

For the patients with fever and long-term (3 days or 
more) indwelling urethral catheters, the catheters were 
immediately removed, and the catheter tips were processed 
using the semiquantitative culture method. The conventional 
semiquantitative roll-plate technique with cultured proximal 
or distal catheter segments showed presence of over 15 CFU 
(colony forming units), confirming the colonization of the 
catheter (11). The isolated bacteria were identified by standard 
tests, and the antibiotic susceptibility of these bacteria was also 
tested using the NCCLS disk diffusion reference method M2-
A7 (12). Central venous access required for bicarbonate-based 
hemodialysis was obtained through percutaneous central vein 
catheterization with double lumen.
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Statistical analyses: The data collected during the study 
were analyzed by basic descriptive statistics for quantitative 
variables, which included means, standard deviation, minimum 
and maximum values for the original input data, as well as the 
proportions of all categorical variables. All resulting data from 
such statistics were expressed as mean values ± SD and ranges. 
For statistical analysis with mean values, the student’s t-test 
was performed on the SPSS Statistics software package for PC 
(version 12.0). 

Results

Of the 16 patients included in the study, 12 were males and 4 
females who had a mean age of 23 ± 13 years (ranging from 13 to 
51). Patients had spent under the rubble a mean time of 10.3 ± 7 
hours (ranging from 3 to 24 hours). The medical team providing 
treatment to all patients included nephrologists, orthopedic 
surgeons, infectious disease specialists, plastic surgeons, and 
psychiatrists. At admission, mean body temperature was 36.8 
± 0.5 °C (ranging from 36.5 to 37.7 °C), pulse was 93.2 ± 16.3 
(range: 72 to 120) beats/min. Mean systolic and diastolic blood 
pressures were 101.8 ± 18.6 (range: 70 to 130) and 66.2 ± 13.0 
(range: 50 to 90) mmHg, respectively. Complete blood counts 
showed normal values of hematocrit and platelets, but mild 
leukocytosis (Table I).

The crush injury locations included arms in 4 patients, legs 
in 11 and double extremities in only one victim. In 9 patients, the 
following traumas were also noted along with the crush injuries: 

pelvic fracture (n=2), first thoracic vertebra fracture (n=1), open 
tibia fracture (n=1), humerus fracture (n=1), hemothorax (n=1), 
spinal shock caused by blunt trauma to the spine (n=1), laceration 
in forearm muscles (n=1), and pelvic and leg hematomas (n=2). 
A total of 16 surgical fasciotomies were performed in 11 patients 
as a routine procedure. In addition, necrotic tissues were removed 
by aggressive surgical debridement, and wounds were covered 
with skin grafts following a complete clearing of infection. 
Despite such efforts for meticulous wound management, 
infections were noted in 9 (81%) fasciotomy wounds as well as 
in 1 traumatic wound. However, no clinical signs or symptoms 
indicative of sepsis were observed in any of the patients.

Overall, the sources of 88 specimens (mean 6.5 ± 4.9 samples/
patient) collected for bacteriology testing included suppurative 
wounds (62 sites, 70%), urine (12 specimens, 14%), blood (9 
specimens, 10%), catheter (1 specimen, 1%) and phlegm (4 
specimens, 5%). Microbiological growth was confirmed in 43 
specimens (49%) collected from 13 (81%) patients. 11 (69%) 
of 16 patients received surgical fasciotomies, but 9 (81%) of 
these cases were complicated by wound infections. There was 
no anaerobic infection in any patient (Table II). 

The most common bacterial isolates from wound infections 
were Acinetobacter (46%), Escherichia coli (23%) and coagulase 
negative Staphylococci (14%). Other bacteria isolated from the 
patients were identified as coagulase-negative staphylococci 
(CoNS) and Pseudomonas aeruginosa (12%). Analysis of blood 
and catheter specimens yielded no cultures of bacterial isolates. 

Table I: Laboratory findings of the victims at admission (n=16).

Parameters Mean ± SD Minimum Maximum

Hematocrit (%) 44.7 ± 8.7 25 57

Leukocyte (/mm3) 19.66 ± 9.24 5800 37.800

Platelets (/mm3) 288.38 ± 88.57 146.000 414.000

Creatinine (mg/dl) 1.2 ± 0.5 0.6 2.6

Uric acid (mg/dl) 8.3 ± 2.7 4.8 12

Potassium (mEq/L) 4.8 ± 1.1 3.2 8.0

Calcium (mg/dl) 6.9 ± 1.1 4.8 8.0

Phosphorus (mg/dl) 6.0 ± 1.2 4.9 8.6

Albumin (gr/dl) 2.8 ± 0.7 1.7 4.5

CK (U/L) - 3100 >20.000

AST (U/L) 803 ± 726 71 2764

ALT (U/L) 235 ± 188 31 760

LDH (U/L) 3634 ± 2713 648 10.295

SD: Standard deviation, CK: Creatine phosphokinase, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase,                              
LDH: Lactate dehydrogenase
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It was found that increased length of hospitalization resulted in 
supervening of secondary bacterial infections.

None of the patients receiving treatment in our hospital died 
and none of the patients with fasciotomics need hyperbaric 
oxygen. However, one patient surviving a cardiac arrest later 
developed ischemic encephalopathy. Although he showed 
normal vital functions, he did not demonstrate a complete 
improvement in cerebral function at discharge and therefore 
needed nursing care at home to maintain his life. In all patients, 
complete recovery of renal function was achieved. 

Discussion

Crush syndrome has been described as a major cause of death 
after catastrophic events and disasters around the world (13), 
with CS-induced acute renal failure (ARF) requiring dialysis 
support accounting for approximately 40% of CS fatalities (1, 
14). On the other hand, excellent long-term survival rates were 
noted for CS cases with no permanent kidney impairment. Such 
cases of acute renal failure may be further complicated and/
or worsened by wound infections, resulting in severe sepsis or 
septic shock, a major cause and predictive factor for mortality 
among hospitalized patients (15-17). 

A surgical procedure, fasciotomy aims to relieve excess 
pressure on the muscle by opening the fascia and is expected to 
restore circulation and salvage the underlying necrotic muscle. 
However, such procedures also lead to fluid leaking from the cut/
wound, significantly increasing susceptibility to particular infec-
tions. Michaelson (1992) argued that a conservative approach 
should be employed in the treatment of patients sustaining crush 
injuries, avoiding fasciotomy as much as possible (3, 18). He 
maintained that performing such procedures would increase the 
risk for infection of the injured limb, exposing the patient to a 
greater risk of death. On the other hand, several studies suggest 
that acute compartment syndrome (ACS) should be treated with 
immediate fasciotomy in an effort to prevent the loss of the af-
fected extremity, particularly in cases resulting from blunt force 
trauma and entrapment in a vehicle or under rubble (19).

In our study, we found 16 fasciotomy procedures conducted 
in 11 (69%) of 16 patients, though 9 (81%) of these cases were 
complicated by wound infections. Fasciotomy has been reported 
to pose serious risks for crush victims and its routine practice 
should therefore be avoided due to associated risks (3, 18). 
The practice of fasciotomy in the currently reviewed series is 
particularly surprising for a Turkish health facility, considering 
the grievous incidents experienced during the Marmara 
earthquake, where fasciotomies were associated with severe 
sepsis (p<0.001), and relatively high mortality (p<0.0001) 
(20). Accordingly, the role of prophylactic fasciotomy for such 
patients requires a critical reassessment. Prior to performing a 
surgical decompression in acute compartment syndrome cases, 
the treatment of choice should be nonsurgical decompression of 
ACS through intravenous administration of mannitol (8).

It has been reported that wound infections at crush injury 
sites are caused by aerobic and opportunistic anaerobic bacteria 
(6, 21-23). In the current study, no anaerobic cultures were 
collected, as fasciotomies were conducted in numerous patients 
at the disaster site, followed by administration of broad-spectrum 
antibiotics such as cephalosporins. Although the catheter and 
blood cultures were clear in all patients, wound, urine and 
phlegm cultures showed bacterial isolates. Acinetobacter (46%), 
Escherichia coli (23%) and coagulase-negative staphylococci 
(14%) were the most common bacteria isolated from the 
wound infections. As such microorganisms are widely present 
in the hospital environment with high colonization rates, the 
detected infections are likely to have been hospital-acquired 
or nosocomial infections. Although the bacteria staphylococci 
and streptococci are known as the most common pathogens to 
cause wound infections, our study detected no streptococci in 
the wound cultures collected from the patients. 

In conclusion, wound infection is a major problem that further 
complicates CS, however early intervention and meticulous 
wound management play a vital role in reducing the incidence 
of infections and associated mortality rates. For that reason, any 
relevant clinical monitoring should involve frequent and careful 

Table II: The frequency of isolation of different bacterial species. 

Micro-organisms Wound culture Blood culture Urine culture Catheter culture Phlegm culture Total n (%)

Acinetobacter spp 19 - - - 20 (46)

Coag (-) staphylococci 4 - - - 2 6 (14)

Pseudomonas aeruginosa 5 - - - - 5 (12)

Escherichia coli 10 - - - - 10 (23)

Candida albicans - - 2 - - 2 (5)

Anaerobic organisms - - - - - 0 (0)

Total 38 0 3 0 2 43 (100)
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inspection of the site of fasciotomy for early detection of signs for 
infection or delayed/inadequate fasciotomy. Prior to prescription 
of any preemptive and prophylactic therapies, adequate amount 
of specimens should be collected for microbiological testing. 
If not possible, any treatment regimen should be planned and 
administered taking into account the probable agents causing the 
infection. 
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