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• Result of direct physical trauma to the torso, extremities, or 
other parts of the body from an external crushing force. 

• Leading to muscle necrosis, compartment syndrome,
central and peripheral neurologic dysfunction, acute
abdomen, thoracic trauma.

Crush injury

• Crush injury + systemic manifestations 

• Acute kidney injury and/or other organ failures and death
Crush 

syndrome



• Incidence 2-15%, dialysis 

requirement up to 75%, mortality up 

to 48%

• 2nd most common cause of death 

after direct trauma after earthquakes

• Rhabdomyolysis due to compression 

and decompression (ischemia 

reperfusion injury)



Causes

Traumatic

• Accidents

• Disasters (earthquakes …)

Non-traumatic

• Prolonged immobilisation

• Metabolic, toxic, ischemic
rhabdomyolysis



Management
• General trauma management

• A, B, C …

• Surgical interventions

• Fasciotomy, amputation …

• Fluid, electrolyte (K, Ca, P …) and acid-base management

• Treatment of hyperkalemia and prevention of its complications

• Calcium to prevent sudden death due to hyperkalemia

• Renal replacement therapy

• Treatment of organ failures

• Prevention of critical illness complications

• Infections

• Malnutrition

• ICU-acquired weakness

• … 



post-
earthquake

pre-
earthquake



• 630 trauma victims, 84% hospitalized, 
19% HAI, 47% wound infection, 10% 
mortality (68% within 48 hrs)

• 15 (31%) Acinetobacter baumanii; 2 PDR

• 9 (19%) Staphylococcus aureus; all MRSA

• 7 (15%) Pseudomonas aeruginosa; 1 PDR

• 6 (13%) E coli

• 6 (13%) Klebsiella p.

• 2 (4%) S maltophilia



• 40 patients, 22% died due to sepsis

• Average time under ruble 13 hrs

• 75% fasciotomy

• 95% culture positive

• 36% Acinetobacter spp.

• 21% Pseudomonas aeruginosa

• Majority resistant to Carbapenems 
but sensitive to quinolones 



• Antimicrobial-resistant Acinetobacter baumannii has been identified in 
disproportionately high rates from infections associated with large-scale 
earthquakes



• 2 large 
earthquakes on 
the 6th of 
February 2023 
in Türkiye 
(hitting 11 
provinces) and 
Syria

• More than 
50,000 people 
passed away, 
over 100,000 
people were 
injured, around 
half a million 
buildings were 
damaged





• Acute phase (1st wk)
• Wound infections (25%)

• Tetannus

• Rabies

• Post-acute phase
• Diarrhea, Hepatitis, Measles, Rubella, Scabies, Leishmaniasis, Tuberculosis …

• Late phase
• Health-care associated infections



• 1294 adult patients 
admitted to ER
• 117 ward 

admission

• 20 ICU admission



Infections among adults hospitalized in intensive care after the 2023 earthquake 
in the southeastern part of Türkiye: a multi-center observational study

EK Kaya, B Halacli, G Guven, M Yildirim, AE Seven, E Gemcioglu, M Simsek, B Erdemir Sullu, RC 
Yuksel, ASKaynar, A Esmaoglu, B Kilicaslan, SB Akinci, K Gundogan, E Ortac Ersoy, J Rello, A Topeli. 
On behalf of the Turkish Intensive Care Studies-Network (TRICS-Net) 

Unpublished, Under Evaluation

• Retrospective, multi-center, observational study conducted between February 
6th and March 1st, 2023, in 6 ICUs of 3 tertiary referral hospitals that admitted 
earthquake victims



Variables n=107

Age (yrs) 37 [27-57]
Female sex 58 (54.2)
Comorbidities

Diabetes mellitus

Hypertension

Hypothyroidism

Cardiovascular diseases

 Respiratory diseases

Others

31 (28.9)

16

15

7

7

3

3
Time stuck under rubble (hrs) 12 [7-32]
Length of stay at the initial 

healthcare facility (hrs)

40 [17-76]

Admission reason

Crush syndrome

 Postoperative

 Others

70 (65.4)

27 (25.2)

10 (9.4)
APACHE II Score 15 [12-20]
SOFA Score 3 [2-5]
GCS Score 15 [15-15]
Revised trauma score 12 [12-12]

Variables n=107

Fasciotomy before admission 40 (37.4)

Amputation before admission 16 (15.0)

Acute kidney injury at admission 65 (60.7)

Intermittent hemodialysis before 

admission

29 (27.1)

Antibiotherapy before admission 15 (25.9)

Leukocyte count (103/µL) 13.7 [10.2-19.2]

CRP (mg/dl) 10.5 [6.1-16.7]

Procalcitonin (ng/ml) 1.78 [0.32-6.22]

TRICS-Net



Positive culture within 72 hours 

19%

Positive culture after 72 hours

32%
Source

Wound

Lower respiratory tract

Urine

Central venous line

Blood

9 

5

5

2

2

19

3

11

16

4
Microorganisms

 Acinetobacter baumannii

 Klebsiella pneumoniae

 Enterococcus spp. 

 MRSA

 Escherichia coli

 Enterobacter cloacae

8

4

4

3

3

3

23

12

7

0

10

1

TRICS-Net

✓8 A baumannii isolates are XDR (4 PDR)
✓4 Klebsiella pneumonia isolates; 1 MDR, 2 XDR, 1 PDR (3 carbapenem-resistant)
✓4 Enterococcus spp. isolates resistant to ampicillin but susceptible to vancomycin 
✓3 Escherichia coli isolates; 2 MDR, 1 XDR
✓3 Enterobacter cloacae isolates; 2 MDR 



Wound
A. baumannii 1 R R R R R R

A. baumannii 2 R R R R R R R R R

A. baumannii 3 R R R R R R R R R R S

A. baumannii 4 R R R R R R R R R R

A. baumannii 5 R R R R R R R R R R

Enterococcus spp. 1 R S

Enterococcus spp. 2 R S

Enterococcus spp. 3 R S
Enterococcus spp. 4 R S
E. cloacae 1 R S R S R R S R

E. cloacae 2 R S S S S S S

E. cloacae 3 R S R S R S S

K. pneumonia R R R R R R R R R R S

P. aureginosa S R S R R

MRSA R S

Lower respiratory tract
A. baumannii 1 R R R R R R R R R S

A. baumannii 2 R R R R R R R R R S

Urine
K.pneumonia 1 R R R R R R S R S

K.pneumonia 2 R R R R R R R R R R S

E. coli 1 R S R R S S R S

E. coli 2 R R S S R S

Blood obtained through the central venous line
K.pneumonia R R R R R R R R R R R R

E. coli R R R R R R R R R

MRSA R S S R

Blood
A. baumannii  R R R R R R R R S

MRSA R S S S R

Amp

Amp-

Sul Vanco

Sulf-

trim CTX Cefep Ceftaz

Pip-

Tazo Amik Genta Cipro Carbap Colist

TRICS-Net



• Within 72 hours of ICU admission, 
antibiotics were administered to 
92.5% of the patients with 79.8% 
receiving coverage for anaerobic 
infections

• 51.5% exhibited positive culture 
results, and only 11.7% received 
appropriate antibiotic therapy

n=99
Ciprofloxacin+Clindamycin 22
Ceftriaxone+Metronidazole 18
Cefazolin+Metronidazole 14
Piperacillin-Tazobactam 9
Ampicillin-Sulbactam 9
Ceftriaxone 7
Ceftriaxone+Clindamycin 4
Ampicillin-Sulbactam+Metronidazole 3
Meropenem 3
Clindamycin 3
Cefazolin 3
Meropenem+Teicoplanin 1
Piperacillin-Tazobactam+Metronidazole 1
Cefazolin+Clindamycin 1
Ciprofloxacin 1

TRICS-Net



The European Renal Best Practice (ERBP) and the Renal Disaster Relief Task Force (RDRTF) 
of the International Society of Nephrology (ISN) recommend preemptively using 
cefazolin and ciprofloxacin antibiotherapy in patients with fasciotomy and/or open fractures



51% of patients who were 
admitted to ICUs after the 
earthquake had positive 

culture results (19% within 
72 hours of ICU admission). 

The most frequently identified 
microorganisms within 72 hours of ICU 

admission were Acinetobacter baumannii, 
Klebsiella pneumonia, Enterococcus spp, 

Escherichia coli, and Enterobacter cloacae. 

Nearly all except for one 
Enterobacter cloacae

isolate, exhibited MDR 
pattern. 

Only 11.7% of patients 
received appropriate 

antibiotic therapy within 72 
hours of ICU admission. 

Patients who experienced longer period under 
the rubble, who had compartment syndrome, 

and underwent fasciotomy before ICU 
admission were more likely to have positive 

cultures. 

Amputation history and administration of 
intermittent hemodialysis before ICU 

admission were identified as independent 
variables for predicting culture positivity. 

ROC curve for positive 
culture demonstrated that 

time stuck under the rubble 
≥ 11.5 hours had AUC 0.64 

[0.53-0.75] (p=0.019). 

TRICS-Net



Trauma pathophysiology

Immunologic 
process

Activation of 
neuroendocrine system 

(glucocorticoids, 
catecholamines)

MicrocirculationCoagulation

Metabolic 
consequences

Hyperinflammation

Immonosuppression

MOF

Death



Hyperinflammation (macrophages)

IL-6 IL-1 IL-8 IL-18 TNF-
Neutrophil 
activation

Microvascular 
adherence

Neutrophil and 
macrophage 

oxidative burst

Anti-inflammation (T cells)

IL-1Ra IL-10 IL-4 TGF- PG-E2

Proinflammatory profile

T helper 1
Antiinflammatory Th2



Suppressing/inhibiting DAMP)

SIRS

CARS



Pathogens 
(PAMPs)

Danger 
molecules 
(Alarmins)

immune sensors 
recognising 
numerous 

antigenic stimuli

Antigen 
presenting cells 

(APC)

T cells (CD4+ and 
CD8+)

Neutrophils

Monocytes and 
macrophages

Natural killer 
(NK) cells 

Dendritic cells 
(DC)In trauma oxygen free radicals 

heat shock proteins (HSP)

DNA adducts

cellular damage-related molecules

inflammatory cytokines, chemokines

Toll-like Receptor 
(TLR)

DAMPs







Traumatic brain injury increases HAI rate by 2x as 
compared to non-traumatic injury within first 3 days.

HAI rate 50%, mortality 37%.

Cholinergic 
anti-inflammatory 
pathway

PD-1





So …

• Infections will continue to be a challenge

• Antimicrobial resistance

• Pandemics

• Disasters (very high rate of MDR 
microorganisms)

• There is no clinical evidence for a 
pharmacologic treatment of 
immunedysregulation in trauma

• Long way to go in the management of 
challenging infections and traume induced 
immunedysregulation !

atopeli@hacettepe.edu.tr @atopeli

Thank you …
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