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 On May 12th 2008 at 14:   28 local time, an earthquake, 
with a magnitude of 8.1 on the Richter scale, occurred in 
the densely populated region of Wenchuan in southwest 
China. It caused heavy casualties and injuries. Many pa-
tients with crush syndrome were hospitalized after the 
earthquake. Severe crush syndrome led to hyperkalemia, 
acute renal failure (ARF), infection, sepsis, disseminated 
intravascular coagulation (DIC) and even multiple organ 
dysfunction syndrome (MODS), which has a consider-
ably high mortality  [1].  Hybrid continuous renal replace-
ment therapy (CRRT) clears variety metabolic products 
and toxins through different blood purification modes, 
which is very effective in the treatment of critically ill pa-
tients. Here, we report the case of a patient with crush 
syndrome and MODS treated successfully with hybrid 
CRRT.

  Case Report 

 The patient is a 16-year-old girl. After the earthquake, she was 
buried under a collapsed building for about 17 h before being res-
cued. Because of severe crush injuries of the left leg, an emergen-
cy amputation was performed in a tent hospital on May 13th. Dys-
pnea, oliguria (urine output 100–300 ml/day) and fever (T  1 39   °   C) 
developed after the operation. Three sessions (once daily for 3 
days, 2–4 h each time) of intermittent hemodialysis (IHD) were 
performed because of ARF complicated with hyperkalemia in the 
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 Abstract 

  Background:  The M8.1 ‘Wenchuan’ earthquake occurred on 
May 12th 2008 causing many injuries and casualties. We re-
port a case with crush syndrome and multiple organ dys-
function syndrome (MODS) successfully treated with hybrid 
continuous renal replacement therapy (CRRT).  Method:  The 
patient is a 16-year-old female who was rescued from a col-
lapsed building after 17 h. Emergency amputation was per-
formed. Infections and crush syndrome caused sepsis, acute 
respiratory distress syndrome, acute renal failure, heart fail-
ure, liver dysfunction and disseminated intravascular coagu-
lation in a short time. Hybrid CRRT including high volume 
hemofiltration, low temperature blood purification, hemo-
perfusion using endotoxin adsorbent as well as plasmapher-
esis was performed.  Result:  After the hybrid CRRT treatment, 
the patient’s condition improved progressively. Functions of 
lung, heart, liver and kidney recovered. Sepsis was con-
trolled. CRRT treatment continued for 550 h without stop. 
She was followed up for 6 months without any sign of re-
sidual organ dysfunction.  Conclusion:  Hybrid CRRT is an ef-
fective treatment for patients with severe crush syndrome 
complicated with MODS.  Copyright © 2009 S. Karger AG, Basel 
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local hospital. On May 15th, her status deteriorated; tracheal in-
tubation and mechanical ventilation were applied because of 
acute respiratory distress syndrome (ARDS), then she was trans-
ferred to the ICU ward of West China Hospital late in the night of 
May 15th.

  Physical examination at admission indicated: T 40.5   °   C, HR 
185 bpm, BP 184/115 mm Hg, conscious was unclear. Respiratory 
rate was 35 times/min, but PaO 2  (56 mm Hg) and SaO 2  (85%) was 
decreased under FiO 2  100% oxygen therapy. Diffused rales and 
crackles were heard in bilateral lungs. The left leg was amputated 
from the upper 1/2 of the thigh and severe swelling was observed 
in the residual part of the leg. Purulent secretion was seen at the 
amputation site. Many contusion wounds and swellings were no-
ticed in the right leg (with increased tension). Laboratory tests 
indicated: serum creatinine (sCr) 327  � mol/l, BUN 20.4 mmol/l, 
TB (total bilirubin) 157  � mol/l, DB (direct bilirubin) 134  � mol/l, 
ALT (alanine transarninase) 225 IU/l, AST (aspartate amino-
transferase) 561 IU/l, CK (creatine kinase) 6,311 IU/l, RBC 2.25 
 !  10 12 /l, Hgb 67g/l, Hct 0.19, WBC 55.41  !  10 9 /l, K 6.8 mmol/l, 
serum myoglobin  1 4,000 ng/ml, PT (prothrombin time) 19.9 s, 
APTT (activated partial thromboplastin time) 102.6 s, TT (throm-
bin time) 42.4 s. Chest X-ray indicated a large area of effusion le-
sions. APACHE II and MODS scores at admission were 41 and 19, 
respectively. The patient was diagnosed as ‘crush syndrome, rhab-
domyolysis, MODS: ARDS, ARF, DIC, acute left heart failure, an-
ticoagulation disorder, impaired liver function, infection of am-
putation site, sepsis’.

  Continuous veno-venous hemofiltration (CVVH) was carried 
out because of ARF and MODS complicated with an unstable he-
modynamic status. CVVH was performed using the Baxter 
Acuraquis system. A Baxter Renaflo HF1200 (1.25 m 2 , molecular 
weight cutoff 65 kDa) hemofilter was used (in order to ensure the 
efficiency of membranes, the hemofilter was replaced every 24 h, 
or if the filter clotted prematurely). Blood flow was set at 180–200 
ml/min. Regional citrate anticoagulation was chosen. Dose of re-
placement fluid was 40 ml/kg/h, with 70% predilution and 30% 

postdilution. Net fluid removal was set according to the central 
venous pressure (CVP) level. sCr, BUN and K decreased to 115 
 � mol/l, 8.69 mmol/l and 3.4 mmol/l, respectively, after 48 h 
CVVH. However, infection deteriorated despite the use of antibi-
otics (meropenem + vancomycin). Blood, wound secretions and 
sputum culture indicated multiple pathogenic microorganisms 
including  Klebsiella pneumoniae  (extended-spectrum  � -lacta-
mases, ESBL),  Acinetobacter baumannii  and  Candida tropicalis . 
Considering that the patient’s status deteriorated (body tempera-
ture persistently  1 40   °   C), we changed the antibiotics to imipenem 
and cilastatin + caspofungin. In order to control the patient’s se-
vere sepsis status, hybrid CRRT (CVVH + hemoperfusion + plas-
mapheresis) was carried out on May 17th 2008. CVVH mode was 
changed to low temperature (32   °   C), high-volume hemofiltration 
(HVHF, replacement fluid dosage 60 ml/kg/h). Hemoperfusion 
(4 h daily) was carried out using endotoxin adsorption cartridge 
(Toraymyxin PMX-20, Japan), which was assembled in the blood 
flow circuit right after the hemofilter ( fig. 1 ). During the hemo-
perfusion, the blood flow rate was reduced to 100 ml/min, and 
HVHF mode was changed to SCUF (slow continuous ultrafiltra-
tion) mode. After the hemoperfusion, plasmapheresis (3 h daily, 
replaced by 1,000 ml fresh-frozen plasma every hour) was carried 
out using Microplas MPS05.

  The patient’s general status was stabilized after the above-
mentioned treatment. Three days later, vital signs were T 38.4   °   C, 
HR 110 bpm, RR 18 times/min, BP 140/70 mm Hg. WBC count 
decreased to 21.1  !  10 9 /l. Liver and coagulation dysfunction re-
covered ( fig. 2 ). X-ray chest film indicated remarkable relieve of 
pulmonary lesions. APACHE II and MODS scores decreased to 
12 and 8, respectively. Thereafter, the blood purification mode 
was changed back to normal dosage CVVH (35 ml/kg/h). The 
patient’s status improved progressively. Mechanical ventilation 
was stopped 12 days later, and CVVH was stopped after a con-
tinuous treatment of 550 h. APACHE II and MODS scores dropped 
to 2 and 0, respectively, at that time. She was followed up for 6 
months till now without signs of further organ dysfunction.

  Fig. 1.  The patient was undergoing hybrid 
CRRT. A The PMX-20 cartridge was con-
nected to the CRRT blood circuit during 
treatment. 
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  Fig. 2.  Changes of main laboratory indexes and critically ill scores of the patient. Arrows indicate sessions of hemoperfusion and plas-
mapheresis. Normal range: TB 5–28  � mol/l, DB  ! 8.8  � mol/l, ALT  ! 38 IU/l, AST  ! 37 IU/l, CK 20–140 IU/l. 
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  Discussion 

 The M8.1 ‘Wenchuan’ earthquake caused great life 
losses to China. According to official reports, it caused 
69,225 deaths and 374,640 wounded; 96,463 were admit-
ted to hospitals because of earthquake-related injuries. 
Among the hospitalized cases, crush injury was one of 
the most common medical problems. Crushing injury 
may lead to serious medical condition characterized as 
hyperkalemia, myoglobinuria, ARF and even multiple 
organs dysfunction  [1] . It was reported that crush syn-
drome was the second cause of death of earthquake in-
jury patients. Therefore, treatment of crush syndrome is 
crucial to the prognosis of these patients.

  ARF is the most common complication of crush syn-
drome. In the Marmara (Turkey, 1999) earthquake, 12% 
hospitalized patients were diagnosed as crush syndrome 
and 8.9% patients needed renal replacement therapy  [2, 
3] . After the Wenchuan earthquake, 2,717 patients were 
transferred to West China Hospital, among them, 146 
(7.91%) were diagnosed as crush syndrome. Acute kidney 
injury induced by crush syndrome was noticed in 62 pa-
tients. IHD, peritoneal dialysis (PD) and CRRT were 
needed in 45 patients.

  Comparing with IHD and PD, CRRT has advantages 
in treating crush syndrome patients. (1) It can remove 
myoglobin (Myo), whereas IHD can not because of large 
molecular weight (17 kDa) of Myo  [4–6] . (2) It can be ap-
plied in patients with unstable hemodynamic status such 
as hypotension or severe tachycardia  [7] . (3) Volume con-
trol of CRRT is more accurate than IHD and PD. (4) 
CRRT guarantees a stable homeostasis which could not 
be achieved by IHD. (5) CRRT can remove cytokines and 
inflammatory media, which were abundant in patients 
with sepsis and were related to poor prognosis  [8] . CVVH 
could remarkably remove these media  [9]  and improve 
the prognosis, both in the survival of kidney function 
and the decrease of mortality  [10–13] . (6) Special blood 
purification modes, such as hemoperfusion and plasma-
pheresis, are effective in treating patients with sepsis and 
MODS  [14] . Therefore, in earthquake-injured patients 
with sepsis or MODS, application of multiple-mode hy-
brid CRRT treatment is sometimes important to improve 
prognosis.

  In the current case, severe crush syndrome caused 
ARF. Severe infections led to sepsis rapidly, which mani-
fested as hyperpyrexia, hyperkalemia, increasing of se-
rum BUN and Cr. Although several sessions of IHD were 
performed, the hyperkalemia and azotemia were not con-
trolled. Considering the poor hemodynamic status of the 

patient and advantages of HVHF in treating critically ill 
patients  [12] , especially those complicated with progress-
ing hyperkalemia and azotemia, low temperature (32   °   C) 
HVHF (60 ml/kg/h) was performed. After the treatment, 
hypercatabolic state and hyperpyrexia were controlled, 
hyperkalemia was reversed and sCr as well as BUN levels 
were decreased. Meanwhile, serum Myo and CK de-
creased progressively to normal levels, which also pro-
vide a favorable basis for the recovery of the patient 
( fig. 2 ).

  In the chaotic situation in earthquake rescue works, 
infections were sometimes inevitable. Just as in this pa-
tient, the emergency tent operation without perfect dis-
infection led to serious infections causing life-threaten-
ing sepsis. Although multiple antibiotics were used, the 
patient’s general status deteriorated rapidly. Endotoxin, 
which may cause systemic inflammatory response syn-
drome (SIRS) reactions, is considered one of the princi-
pal biological substances causing Gram-negative septic 
shock. However, anti-endotoxin drug therapies failed to 
demonstrate a consistent clinical benefit. In order to 
clean endotoxin, multiple modes of blood purification 
combining HVHF, hemoperfusion and plasmapheresis 
were applied. During HVHF, a hemofilter with a high 
molecular weight cutoff level (65 kDa) was used, which 
guaranteed the removal of small-to-medium-sized sol-
utes such as cytokines released by endotoxin-activated 
inflammatory cells. During the hemoperfusion, a col-
umn containing special fiber composite immobilized 
antibiotic polymyxin B, which has a high affinity for 
endotoxin, was used. It was reported that it could effec-
tively bind endotoxin in vitro and in vivo  [14, 15] . The 
rationale underlying extracorporeal therapy with endo-
toxin adsorbent hemoperfusion would be to remove cir-
culating endotoxin by adsorption, thus preventing pro-
gression of the biological cascade of sepsis. During plas-
mapheresis, the patient’s plasma was exchanged by 
healthy fresh-frozen plasma. This therapy could remove 
all kinds of cytokines, inflammatory media, and exog-
enous and endogenous toxins in a nonspecific manner. 
After the treatment, symptoms of sepsis (fever, leukocy-
tosis, and unstable hemodynamic status) and liver dys-
function (increase of bilirubin and transaminase levels) 
were all relieved significantly ( fig. 2 ) just as reported by 
other authors  [14, 16] . The patient’s vital signs stabilized 
immediately after 3 times of hemoperfusion and plas-
mapheresis.

  Acute lung injury (ALI) and ARDS were common 
complications in patients with severe crush syndrome 
 [8, 17] . Treatment of ALI/ARDS was difficult in these 
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patients because most of them were complicated by vol-
ume overload and infections which participated in the 
pathophysiological process of ALI/ARDS. It was report-
ed that CRRT may improve pulmonary gas exchange 
and arterial oxyenation under ARDS status  [18–20]  and 
may be helpful in the treatment of ALI/ARDS. In the 
current case, sepsis and pulmonary edema induced by 
crush injury and ARF led to severe ARDS. Although 
antibiotics, mechanical ventilation and IHD were car-
ried out, ARDS was not controlled in the local hospital. 
Chest X-ray film indicated severe exudative lesions in 
bilateral lungs when she was transferred to our ICU. 
CRRT was applied in order to reverse the volume over-
load, remove inflammatory media and improve the ox-
ygenation status. After the CRRT treatment, the respi-
ratory indexes improved remarkably. Mechanical venti-
lation was stopped progressively. Chest X-ray indicated 
steady and significant improvement of pulmonary exu-
dative lesions ( fig. 3 ).

  In this case, crush syndrome was complicated with 
sepsis and MODS. APACHE II and MODS scores had 
reached as high as 41 and 19, respectively, which made 
conventional treatment almost ineffective. However, 
timely applied multiple-mode hybrid CRRT achieved a 
more than satisfactory result in this patient. Treatment of 

this patient indicated that HVHF, hemoperfusion (endo-
toxin adsorption) and plasmapheresis were effective in 
removing toxins, maintaining homeostasis, improving 
hemodynamic status and supporting organ functions, 
which is extremely important to the recovery of critically 
ill patients.

  Conclusion 

 Multiple-mode hybrid CRRT is a promising alterna-
tive for earthquake injuries complicated with severe 
crush syndrome and MODS. Appropriate and timely 
choice of blood purification modes is of great importance 
to the prognosis of these patients. 

  Fig. 3.  Changes as seen on chest X-rays of 
the patient.           
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