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Abstract
We experienced a case of liver abscess due to Clostrid-
ium perfringens  (CP) complicated with massive hemo-
lysis and rapid death in an adequately controlled type 
2 diabetic patient. The patient died 6 h after his first 
visit to the hospital. CP  was later detected in a blood 
culture. We searched for case reports of CP  septicemia 
and found 124 cases. Fifty patients survived, and 74 
died. Of the 30 patients with liver abscess, only 3 cases 
survived following treatment with emergency surgical 
drainage. For the early detection of CP  infection, de-
tection of Gram-positive rods in the blood or drainage 
fluid is important. Spherocytes and ghost cells indicate 
intravascular hemolysis. The prognosis is very poor 
once massive hemolysis occurs. The major causative 
organisms of gas-forming liver abscess in diabetic pa-
tients are Klebsiella pneumoniae (K. pneumoniae) and 
Escherichia coli (E. coli ). Although CP  is relatively rare, 

the survival rate is very poor compared with those of K. 
pneumoniae  and E. coli . Therefore, for every case that 
presents with a gas-forming liver abscess, the possibil-
ity of CP  should be considered, and immediate aspira-
tion of the abscess and Gram staining are important.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Gas-forming liver abscess caused by Clos-
tridium perfringens  can result in massive hemolysis and 
death within several hours. For survival, urgent surgical 
intervention and antibiotic administration are necessary.

Kurasawa M, Nishikido T, Koike J, Tominaga S, Tamemoto H. 
Gas-forming liver abscess associated with rapid hemolysis in a 
diabetic patient. World J Diabetes 2014; 5(2): 224-229  Available 
from: URL: http://www.wjgnet.com/1948-9358/full/v5/i2/224.
htm  DOI: http://dx.doi.org/10.4239/wjd.v5.i2.224

INTRODUCTION
Gas-forming infections are an example of  a severe type 
of  infection in diabetic patients. Although life threaten-
ing, there still remains time for treatment[1,2]. However, 
in rare cases of  Clostridium perfringens (CP) infection, the 
time remaining for the patient is very limited[3-7]. CP is 
an anaerobic Gram-positive rod that is found in the soil 
and the human gastrointestinal and urogenital tracts. CP 
causes septicemia in cases of  food intoxication, wound-
associated soft tissue infections, liver abscess, and lung 
abscess. CP may cause septicemia without any apparent 
wound through bacterial translocation[5-8]. Patients typical-
ly have an underlying condition such as diabetes, malig-
nancy, liver cirrhosis, or an immunosuppressive state[4-23]. 
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In some reports, CP septicemia occurred after an invasive 
procedure in the hepatobiliary tract[24-26] or gastrointes-
tinal tract or following gynecological treatment[27,28] or 
line insertion[29]. Early diagnosis is difficult because only 
nonspecific inflammation and gas formation in the focus 
are present. However, once α-toxin triggers hemolysis, 
it progresses very rapidly and is followed by acidosis and 
renal failure[30,31]. According to the literature, the mortal-
ity rate ranges from 70% to 100%[3]. For survival, surgical 
removal of  the focus, appropriate antibiotics, control of  
hemolysis, and supportive care including hemodialysis are 
necessary. These treatments should be started before the 
blood culture result is returned. For early diagnosis, the 
detection of  spherocytes and Gram-positive rods in the 
blood is important[5,32,33]. We experienced a case of  liver 
abscess in an adequately controlled diabetic patient with-
out any triggering event. The patient died within hours 
following massive hemolysis and cardiac arrest. Although 
the majority of  gas-forming infections in diabetics are 
caused by Escherichia coli (E. coli) and Klebsiella pneumoniae (K. 
pneumoniae)[34], the possibility of CP infection should be 
considered. 

CASE REPORT
The patient was a 65-year-old Brazilian of  Japanese 
origin. He had a 3-day history of  fever, appetite loss, 
nausea, and upper abdominal pain. The patient had type 
2 diabetes treated with an oral hypoglycemic agent. He 
also had hypertension and dyslipidemia. He had a history 
of  coronary stenting but no history of  liver cirrhosis or 
malignancy. On physical examination, consciousness was 
clear, his blood pressure was 157/90 mmHg, and hyper-
ventilation and coldness of  the limbs were noted. Slight 
scleral jaundice and slight tenderness of  the abdomen 
were noted. Laboratory examinations indicated mild liver 
dysfunction and elevation of  serum bilirubin, C-reactive 
protein, and the white blood cell count (Table 1). At this 
time, the serum did not show any sign of  intravascular 
hemolysis (Figure 1A). CT of  the abdomen revealed 
a liver abscess 4 cm in diameter with gas formation in 
the right lobe (Figure 1C). A blood culture sample was 
taken, and ceftriaxone injection was started immediately. 
The patient briefly returned to his dormitory to prepare 
for admission and was found unconscious by a fellow 
worker. He was transferred to the hospital, and CPR was 
performed in vain. The serum color at this time point 
revealed strong hemolysis (Figure 1B). He died 6 h after 
his first visit to the hospital. The remarkably high levels 
of  serum potassium (11.8 mEq/L) and lactate dehydro-
genase (LDH) (6203 IU/L) during CPR suggested mas-
sive intravascular hemolysis. CP was later detected in the 
blood culture. Autopsy was refused, and we were unable 
to determine whether he had an occult malignancy.

Recently, van Bunderen et al[3] reported 40 cases of  
CP septicemia and hemolysis between 1990 and 2010. 
In total, 80% of  the patients had died; among the 11 
cases with liver abscess, 10 (90.9%) had died. These 10 
cases included two cases of  microabscess. In one case, 

the focus of  infection was removed, and the patient sur-
vived. On the other hand, Fujita et al[35] studied patients 
with systemic inflammatory response syndrome (SIRS) 
with CP-positive blood cultures and reported that 5 of  
18 cases had died (27.8%). Yang et al[36] reported the 
prognosis of  CP septicemia in a tertiary care hospital. 
They found 93 cases over 10 years, and the 30-d mortal-
ity rate was 26.9%. Therefore, the mortality rate of  CP 
septicemia differs considerably. We hypothesized that the 
complication of  liver abscess decreases the survival rate. 
We searched PubMed for papers published since 2010 
and the database of  the Japan Medical Abstract Society 
since 1994 with the keywords “Clostridium perfringens” 
and “septicemia”. We found 20 cases from PubMed and 
104 cases from Japan, including our case[4-33,35,37-39]. Fifty 
patients survived, and 74 (59.7%) died. 

Several possible triggers of  septicemia were found, 
including transarterial embolization of  the hepatoma[24,25], 
laparoscopic cholecystectomy[26], amniocentesis[27], abor-
tion[28], and intravenous line insertion[29]. Among the 
30 cases with liver abscess, 27 (90%) died. Six cases 
underwent drainage or laparotomy, and three cases sur-
vived[8,30,38]. Among the cases with liver abscess, 23 were 
male and 7 were female; the average patient age was 67.2 
years old, and 11 patients had diabetes. The median time 
from the first visit to death was only 6 h. Of  the 74 de-
ceased patients, 45 were male, 21 were female, and 8 were 
not described; the average age was 64.4 years old. Malig-
nancy was the frequent underlying disease. Twenty-one 
cases had a history of  cancer in the liver, stomach, colon, 
rectum, gall bladder, biliary duct, lung, pancreas, breast, 
prostate gland, or uterus. Ten cases had a history of  leu-
kemia, lymphoma, or multiple myeloma. One patient had 
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  Parameter Admission On CPR Reference 
range

  White blood count (× 109/L)       24.8        26.0 3.5 to 9.7
  Red blood count (× 109/L)     4980 1280 4380 to 5770
  Hemoglobin (g/L) 135     81 136 to 183
  Hematocrit (%)      40.7        10.8 40.4 to 51.9
  Platelet (× 109/L) 243      118.8 140 to 379
  Total bilirubin (mg/dL)        6.4            6.96 0.2 to 1.0
  Aspartate aminotransferase (IU/L) 140    261   8 to 38
  Alanine aminotransferase (IU/L) 102    297   4 to 44
  Alkaline phosphatase (IU/L) 178    469 104 to 338
  γ-glutamyl transpeptidase (IU/L)    25        6 18 to 66
  Lactate dehydrogenase (IU/L) 373 6203 106 to 211
  Creatine phosphokinase (IU/L) 220    438 104 to 338
  Urea (mg/dL)      24.2        30.5   8 to 20
  Creatinine (mg/dL)           1.33            1.12 0.63 to 1.03
  Sodium (mEq/L) 134    128 137 to 147
  Potassium (mEq/L)        4.6         11.8 3.5 to 5.0
  Chloride (mEq/L)   95      84   98 to 108
  C-reactive protein (mg/dL)      23.2         16.0 < 0.30
  International normalized ratio          1.05         19.4 0.9 to 1.1
  APTT (s)    38       122.9 25 to 40
  Glucose (mg/dL) 226    129

Table 1  Serial laboratory results for a patient with liver 
abscess and massive hemolysis caused by Clostridium 
perfringens

APTT: Activated partial thromboplastin time.



a brain tumor. In total, 30 cases (45.5%) had a history 
of  at least one malignancy. Eighteen cases had diabetes. 
Four cases had liver cirrhosis. The median time from 
the first visit to death was 6 h. Only 12 cases (16%) had 
undergone emergency surgery or drainage. Two patients 
received hemoperfusion using a polymyxin B-immobilized 
fiber column (PMX-F), which is used for endotoxin 
removal in Japan and Italy[40-43]. Of  the 50 surviving pa-
tients, 16 were male, 19 were female, and 15 were not de-
scribed. Females were significantly more prevalent among 
the survivors, according to a chi-squared test (P < 0.05). 
Three cases involved children younger than 2 years old. 
The average age, excluding these small children, was 58.1 
years. The age difference between the deceased and sur-
viving cases was not significant (P = 0.06), according to a 
two-sided t test. Six cases had leukemia, and 4 cases had 
cancer or sarcoma in the breast, uterus, or colon. Six cas-
es had diabetes. Twenty (40%) cases underwent surgical 
removal or drainage of  the focus. A significantly greater 
number of  patients who underwent surgical debridement 
or drainage were among the surviving cases compared 
with the deceased cases, according to a chi-squared test 
(P < 0.01). PMX-F was used to treat 5 patients who sur-
vived. Among the surviving cases, steroid pulse therapy 
was performed in three cases and hyperbaric oxygen 
therapy was used in two.

DISCUSSION
Although our case did not show anemia at first presen-
tation and the size of  liver abscess was only 4 cm, he 
developed massive fatal hemolysis within hours, despite 
prompt treatment with the appropriate antibiotics. There-
fore, CP septicemia should be considered in diabetic 
patients with fever and gas-forming lesions before any 
signs of  hemolysis develop. van Bunderen et al[3] reported 
40 cases of  septicemia caused by CP during 1990-2010. 
Over half  of  the patients presented elevated bilirubin 
and LDH as well as anemia, suggesting hemolysis at the 

initial presentation. Thirty-two of  the patients died, and 
the median time from admission to death was only 8 h. We 
searched new cases of  CP septicemia. We found 124 cases, 
and the death rate was 59.7%. However, in cases with 
liver abscess, the death rate reached 90%, and the median 
time from visit to death was only 6 h.　Rapid hemolysis 
caused by α-toxin is an important complication that makes 
rescue difficult. The α-toxin of  CP has two domains plus 
one loop in between. The N-terminal domain has phos-
pholipase activity, and the C-terminal domain is hydro-
phobic and inserts into the cell membrane[44]. The loop 
between the N- and C-terminal domains contains a GM1 
ganglioside-binding motif  and specifically binds GM1a. In 
addition to disrupting membrane phospholipids through 
phospholipase activity, α-toxin binding to GM1a trig-
gers specific signaling events. The activation of  a tyrosine 
kinase A (TrkA)[45] and the subsequent signaling cascade 
results in the release of  tumor necrosis factor-α (TNF-α). 
The catastrophic events induced by α-toxin may in part be 
mediated by TNF-α signaling. The hemolysis of  erythro-
cytes by α-toxin is reported to depend on Ca2+ uptake[46].

The key for patient rescue is how fast the appropri-
ate treatments are started. At the moment of  suspicion 
of  CP septicemia, aggressive early management is war-
ranted, including timely debridement or drainage of  the 
focus, initiation of  appropriate antibiotics without delay, 
and support of  circulation with a multi-disciplinary team 
approach. For the early diagnosis of  CP infection, Gram 
staining of  the blood or drainage sample is important 
because CP is a Gram-positive rod, whereas K. pneumoniae 
and E. coli are Gram negative. The early signs of  hemoly-
sis are elevated LDH, total or indirect bilirubin, and po-
tassium. Spherocytes or ghost cells may be found in the 
blood film. A red color of  the serum or hemoglobinuria 
may be observed after substantial hemolysis.

Shah et al[47] reported 25 cases of  CP septicemia in a 
tertiary-care hospital from 1995 to 2003 and classified 
antibiotics into two categories. The antibiotics classified 
as “appropriate” for Clostridium were penicillin G, clinda-
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Figure 1  The serum color before and after massive he-
molysis and computed tomography imaging results. A: 
Patient serum color on admission showed no sign of hemolysis 
(white arrow); B: The dark red color of serum taken during 
CPR indicated massive hemolysis (black arrow); C: Computed 
tomography of the abdomen revealed a 4 cm × 2 cm abscess 
with gas formation in the right lobe (white arrow).
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1998 to 2001; 79% of  them were caused by CP, and the 
overall mortality was 29%. Younger age and gastroin-
testinal/hepatobiliary tract disease were associated with 
mortality. However, considering the very high mortality 
rate associated with liver abscess, excluding CP infection 
is important. 

In summary, CP septicemia is a rare but well-known 
cause of  massive intravascular hemolysis. Diabetic pa-
tients with fever and gas-forming lesions should always 
be suspected of  having CP septicemia.

COMMENTS
Case characteristics
A 65-year-old male with treated diabetes presented with fever and upper ab-
dominal pain.
Clinical diagnosis
Hypertension, hyperventilation, coldness of limbs, scleral jaundice, and tender-
ness of the abdomen were noted.
Differential diagnosis
Obstructive jaundice complicated with biliary infection and liver abscess.
Laboratory findings
White blood cell 24.8 × 109/L, hemoglobin 135 g/L, total bilirubin 6.4 mg/dL, 
aspartate aminotransferase 140 IU/L, alanine aminotransferase 178 IU/L, cre-
atinine 1.33 mg/dL, C-reactive protein 23.2 mg/dL, and glucose 226 mg/dL.
Imaging diagnosis
Computed tomography imaging showed a gas-forming mass (4 cm × 2 cm) in 
the right lobe of the liver.
Pathological diagnosis
Autopsy was not allowed, and blood culture revealed infection by Clostridium 
perfringens.
Treatment
Injection of ceftriaxone was started immediately.
Related reports
The reported mortality rate of Clostridium perfringens septicemia varies widely 
from 26.9% to 80%; however, 90% of patients with liver abscess have been 
reported to die.
Term explanation
Polymyxin B-immobilized fiber column (PMX-F) is hemoperfusion with a poly-
myxin B-immobilized fiber column used to remove endotoxin in cases of septic 
shock.
Experiences and lessons
Although rare, fatal liver abscess patients should be under close observation, 
and the possibility of Clostridium perfringens infection should be considered 
upon the slightest sign of hemolysis.
Peer review
This is a well written manuscript in which the author gave detailed description of 
death report associated with CP infection.
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