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Abstract
Clostridium perfringens can rarely cause severe systemic infections, usually from an abdominal source, associated with 
massive hemolysis, which is usually fatal. Hemolytic anemia and acute renal injury resulting from toxin action are critical 
for the development of multiple organ dysfunction syndrome (MODs), making this condition a real emergency, requiring 
multispecialty skills and aggressive multimodal therapies. We herein describe a case of septic shock from acute cholecystitis 
with massive hemolysis caused by C. perfringens in a 55 year-old man that was successfully treated with early blood purifica-
tion and continuous renal replacement therapy (CRRT) along with antibiotic therapy and surgery. The effect of the enormous 
amount of toxins produced by Clostridium which elicit a strong cytokine response and the damage caused by the hemolysis 
products are the main pathogenetic mechanisms of this rare but lethal clinical entity. The main goal of treatment is to remove 
toxins from plasma, block toxin action, and further production by achieving bacterial killing with antimicrobial agents and 
controlling the infectious focus, remove waste products and prevent or limit multiorgan damage. Blood purification tech-
niques play an important role due to a strong pathophysiological rationale, as they can remove toxins and cytokines as well 
as cell-free products from plasma and also replace renal function. Although this condition is rare and robust data are lacking, 
blood purification techniques for C. perfringens-induced massive hemolysis are promising and should be further explored.
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Introduction

Clostridium perfringens is a Gram-positive anaerobic spore-
forming rod found in soil, sewage and food and is part of 
the resident flora of human intestinal and genital tracts [1, 
2]. Its protean role in human disease is well recognized: 
besides being the second cause of bacterial food poisoning, 
it can cause non-foodborne diarrhea and enteritis, necrotiz-
ing enterocolitis in fragile populations, asymptomatic bacte-
remia, and it is the major cause of gas gangrene (Clostridial 
myonecrosis); in addition, in the course of clostridial sepsis 
massive intravascular hemolysis (MIH) occurs in 7–15% of 
cases and results in high fatality, making it one of the most 
severe clinical presentation of bacteremia [1, 2].

The pathogenicity and virulence of C. perfringens are 
mainly due to its rapid doubling time (about 7 min) and huge 
toxin production, which induce both direct cellular damages 
(mostly to red blood cells—RBCs—with free Hb and cel-
lular waste products release on plasma) and cytokine storm; 
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all these factors account for the tumultuous clinical evolution 
of more severe C. perfringens infections, i.e., gas gangrene, 
necrotizing enterocolitis, and septic shock with MIH [1–3]. 
A multidisciplinary approach is mandatory: early source 
control, antibiotic therapy, and resuscitative measures aim to 
counteract multiple aspects of toxin production and action, 
prevent further toxin production, and eliminate the focus of 
infection; adjunctive therapies such as hyperbaric oxygen 
therapy (HBOT), plasma exchange, antitoxin drugs, and 
anti-IL6 monoclonal antibodies (tocilizumab) have been 
proposed [1–3]. Blood purification techniques are increas-
ingly used in sepsis, especially in cases with high cytokine 
burden and are a promising option in this setting [2–6].

In this article, we describe a case of C. perfringens with 
massive hemolysis due to acute cholecystitis that was suc-
cessfully treated with blood purification during continuous 
renal replacement therapy (CRRT), surgery, and antimicro-
bials. We analyze the effects of extracorporeal blood puri-
fication techniques on toxin removal, immune modulation, 
and protection against hemolysis damage.

Case report

A 55 year-old obese man with a history of kidney stones and 
recurrent urinary infections was admitted to the Emergency 
Department (ED) because of syncope and a three-day his-
tory of hyperpyrexia and chest pain. On arrival, he appeared 
agitated, jaundiced, febrile (40 °C), tachypneic, tachycardic, 
and hypotensive; on physical examination, there was diffuse 
abdominal tenderness and positive Murphy sign; bladder 
catheterization yielded scarce blackish urine. Initial chem-
istry tests, though distorted by excessive hemolysis, showed 
acute renal and hepatic failure, metabolic acidosis, coagula-
tion abnormalities, blood smear revealed spherocytes and 
ghost cells (Table 1). Bedside ultrasound showed signs of 
hypovolemia and acute cholecystitis; at contrast computer-
ized tomography (CT) scan, we found acute lithiasic chol-
ecystitis with surrounding multiple liver abscesses.

Multiple blood cultures (BCs) were collected at admis-
sion (BacT/Alert®Virtuo blood culture system bioMérieux, 

Table 1   Laboratory and clinical 
parameters

N/A: result not available due to interference of hemolysis with analyzers
LDH lactate dehydrogenase, AST aspartate aminotransferase, ALT alanine aminotransferase CRP C-reac-
tive protein, PCT procalcitonin, INR international normalized ratio, AT III antithrombin 3
a Automatically calculated Hb value by laboratory analyzer

Day 1 Day 2 Day 3 Day 5 Day 8 Day 12 Day 20 Day 51

SOFA score 13 14 15 15 12 11 7 2
WBC (103/μL) 36.790 32.430 26.950 41.050 35.340 24.85 7.96 9.880
RBC (106/μL) 1.18 1.82 1.72 2.52 2.94 3.05 2.6 3.83
Hemoglobin (g/dL) 7.7 8.7 6.5 8.6 9.7 9.2 7.6 10.6
Functional Hba 5.6 5 7.6
HCT (%) 11.2 15.5 18.3 26 27.2 28.3 21.8 33.1
Platelets (10^3/μL) 277 162 127 83 68 61 132 486
FiO2 0.8 0.9 0.8 0.8 0.8 0.7 0.65 0.21
pH 7.27 7.41 7.47 7.36 7.39 7.48 7.47 7.41
PaO2/FiO2 223 239 149 103 133 200 250 401
Lactate (mmol/L) 13 2.96 4.33 2.85 3.82 1.93 2.83 0.84
LDH (U/L) 9158 8909 5632 2245 1689 543 154
Bilirubin (mg/dL) 7.1 20.2 35.2 33.4 27.6 28.9 6.4 1.1
AST (U/L) N/A 1314 1209 1007 389 367 174 55
ALT (U/L) 199 N/A N/A N/A 328 383 306 69
Amylase (U/L) N/A N/A 198 294 96 68 54
Lipase (U/L) N/A 1335 3005 3392 997 1070 448
Creatinine (mg/dL) 3.26 4.62 3.08 3.09 1.89 1.59 1.77 2.35
CRP (mg/dL) 19.6 27.9 26 15 18.3 20.9 8.1 2.1
PCT (μg/L)  > 75  > 75  > 75 70.88 28.77 19.27 3.4 0.69
INR 1.8 1.58 2.38 2.63 2.95 2.53 1.69 1.26
MD-proADM (mmol/L) 5.86 5.05 4.7 2.7 1.1
Fibrinogen (mg/dL) N/A N/A N/A 350 438 386 416
AT III (%) 30 38 52 48 57 41 47
D-dimer (FEU) 19,707 19,861 17,059 9745 13,091 3365 2150
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France). Four hours after incubation, Gram staining 
revealed Gram-positive bacilli, which were subsequently 
identified as Clostridium perfringens by matrix-assisted 
laser desorption/ionization time-Of-flight mass spectrom-
etry (MALDI-TOF, bioMérieux, Marcy l’Etoile, France). 
After sample collection, antibiotic treatment was started 
with piperacillin/tazobactam, clindamycin, and fosfomy-
cin. IV methylprednisolone 1 mg/kg was added to control 
overwhelming hemolysis.

Due to rapidly worsening conditions, the patient was intu-
bated and placed on vasopressor support. Continuous veno-
venous hemodiafiltration (CVVHDF) with highly absorptive 
filter oXiris® (Baxter, Meyzieu, France on CRRT platform 
Prismax®, Baxter, USA) was started at effluent dose 70 ml/
kg/h on regional citrate anticoagulation (Prisma citrate® 
18.0 Gambro, Italy), (Table 2). Laparotomy cholecystec-
tomy and bladder fossa debridement were performed 36 h 
after admission once hemodynamic stability and control of 
hemolysis were achieved (Fig. 1); peritoneal fluid and bile 
cultures were examined for aerobic and anaerobic patho-
gens according to laboratory-defined standard procedures: 
Clostridium perfringens was isolated from peritoneal fluid 
cultures, while bile culture was negative.

Clindamycin and fosfomycin were suspended on second 
and fifth postoperative day, respectively; after 72 h of blood 
purification, renal support was switched to standard continu-
ous venovenous hemofiltration (CVVH): a standard AN69 
membrane (ST150set on CRRT platform Prismax®, Baxter 
USA) was employed, with effluent dose 25 ml/kg/h, post-
dilution replacement fluid 800 ml/h, regional citrate anti-
coagulation (Table 2). CVVH was continued for another 
25 days, with weekly therapeutic drug monitoring (TDM) 
of piperacillin/tazobactam.

On day 20, because of fever recurrence and bladder fossa 
abscess, the patient underwent percutaneous drainage of 
residual perihepatic fluid collections; blood cultures grew 
toti-S Escherichia coli, and culture of drainage fluid yielded 
toti-S E. Coli and fosfomycin-resistant Klebsiella pneumo-
niae. The patient was discharged after 58 days with mild 
residual renal dysfunction (CrCl 36 ml/min); at 3 months, 
he had fully recovered.

Discussion

We have reported a case of massive hemolysis and septic 
shock due to Clostridium perfringens that was successfully 
treated with a multimodal approach including, in addition to 
antimicrobial therapy and surgical control of the infectious 
focus, and high-volume renal replacement therapy associ-
ated with cytokine absorption and toxins removal.

C. perfringens MIH is a rare (4.9 cases/100,000 per year 
worldwide) but rapidly fatal condition, with a 70–100% mor-
tality rate, that has not decreased over the last decades [1–3]. 
C. perfringens sepsis has been found to be more prevalent in 
older comorbid patients: patients were mostly males in their 
seventies and suffering from diabetes, solid neoplasms or 
hematologic malignancies, liver and biliary tract diseases, 
and renal failure. Hepatobiliary and genital tracts are the 
most common source of infection, followed by intestinal 
tract infections, trauma, and instrumentation (e.g., endo-
scopic digestive procedures, abdominal surgery, cesarean 
section, abortion) [1, 2].

C. Perfringens’ main pathogenic action is toxin-mediated: 
up to 20 different toxinotypes are identified, referring to the 
predominant toxin production (α-toxin—C. perfringens 

Table 2   Hemodynamic and 
metabolic changes during 
CRRT​

Days 1 2 3 4 5 8 10 12 15 20 28
Parameters

CRRT​ CVVHDF CVVH
Hemofilter oXiris AN69ST
Effluent dose (mL/kg/h) 70 70 70 30 30 30 25 25 25 20 20
Anticoagulation Citrate Citrate
Replacement fluid Post-dilution Post-dilution
Dialysate 2500 2500 2500
Urinary output (mL/day) 0 0 0 0 65 200 160 420 275 410 1120
Creatinine (mg/dL) 3.26 4.62 3.08 3.11 3.09 1.89 1.67 1.59 1.33 1.77 1.68
SOFA score 13 14 15 15 12 11 7 2 2 1 1
HR (bpm) 130 110 115 100 100 72 68 65 69 75 80
MAP (mmHg) 56 72 76 80 69 71 87 75 68 70 62
Norepinephrine (γ/kg/min) 0.25 0.6 0.08 0.06 0.03
pH 7.27 7.41 7.47 7.4 7.36 7.39 7.45 7.48 7.41 7.43 7.39
HCO3– (mEq/L) 15.8 19.7 27.3 25.7 19.8 23.8 29.7 28.3 30.1 28.4 31.8
Lactate (mmol/L) 13 2.96 4.33 3.12 2.85 3.82 2.12 1.93 1.90 2.83 1.56
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alpha toxin CPA, β-toxin—CPB, ε-toxin—ETX, ι-toxin—
ITX, enterotoxin—CPE, θ toxin—perfringolysin PFO, 
necrotic enteritis B-like toxin—NetB); all types produce 
CPA, and nearly all produce PFO, depicting their crucial 
role in pathogenic effects and virulence; in addition, the role 
of many other molecules, namely extracellular degradative 
enzymes, is still under investigation [2, 4, 5]. Alpha toxin 
(CPA) is a phospholipase C that destroys RBC membrane 
phospholipids and causes spherocytosis with subsequent 
hemolysis; it also exerts a negative inotropic effect, an 
inhibitory effect on neutrophil migration, and a vasoconstric-
tor effect, creating an anaerobic milieu in which clostridia 
can further replicate [2, 7–9]. PFO has recently emerged as 
a cause of major pathological damage associated with C. 
perfringens infection: it is a cholesterol-dependent cytolysin 
that binds biological membranes via a cholesterol-mediated 
pathway and causes the formation of pores on the membrane 
surface, leading to leakage of intracellular contents. PFO 
induces tumor necrosis factor-α (TNF-α), IL-5, IL-6, and 
IL-8 production more strongly than CPA, it exerts direct 
cytotoxicity in synergy with CPA and inhibits macrophage 
migration into affected tissues [2, 7, 8, 10].

Initial symptoms and signs are unspecific but rapidly 
worsening: impaired consciousness, severe pain (localized 
in the back, abdomen chest), hematuria, tachypnea, and res-
piratory failure; MODs rapidly ensue and can hinder any 
further diagnostic investigation [2, 9–11]. However, some 

laboratory features are quite characteristic: red coloration of 
plasma after centrifugation, anemia, altered values of chem-
istry analytes (liver function tests, LDH, creatine kinase, 
electrolytes), anisocytosis, spherocytosis, and ghost cells at 
blood smear can help differentiate MIH from other infectious 
(malaria, bartonellosis, and babesiosis) and non-infectious 
hemolytic conditions (sickle cell anemia, paroxysmal noc-
turnal hemoglobinuria, glucose 6-phosphate dehydrogenase 
deficiency with precipitating fever, and toxics); automatic 
signaling of hemolysis from laboratory analyzers usually 
triggers further tests such as blood smear [1–3, 12–14]. Tra-
ditional microbiological diagnosis (culture of blood, urine, 
and surgical samples) has slow turnaround times, although 
preliminary identification by Gram stain in positive blood 
samples offers valuable information; newer rapid identifica-
tion techniques (i.e., MALDI-TOF) and culture-independent 
methods (multiplex polymerase chain reaction—PCR) are 
a promising field to explore as they become more available 
and affordable [2, 15, 16].

Prompt antimicrobial treatment is of utmost importance, 
as combination regimens of ureidopenicillin plus clindamy-
cin are associated with improved survival: clindamycin rap-
idly suppresses toxin activity and achieves bacterial killing, 
but it must be used only in combination due to increasing 
rates of resistance; a rational empiric regimen of ureidopeni-
cillin plus clindamycin is associated with improved survival 
compared to other combination regimens or penicillin alone 

Fig. 1   Variation of norepinephrine dose (A) in the first week, SOFA score (B) lactate (C) and PCT levels (D) during oXiris® treatment (blue 
box) and the subsequent CVVH treatment (color figure online)
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[21]. Clostridia are usually susceptible to β-lactam combi-
nation agents, metronidazole, and tigecycline. Although it 
has no anti-anaerobe activity, fosfomycin may initially be 
added to broaden the spectrum, as half of C. perfringens 
infections are polymicrobial [2, 17]. When feasible, Source 
control (surgery or interventional procedures) is another 
positive prognostic factor, even in more severe patients [1, 
2]. According to various clinical experiences, early extra-
corporeal renal replacement therapy and blood purification 
techniques may be useful in managing this peculiar condi-
tion [1, 2].

Extracorporeal blood purification techniques (EBPT) are 
now an established adjunctive therapy for septic shock and 
have a strong therapeutic rationale: early after infection, 
pathogen-associated molecular patterns (PAMPs) are recog-
nized by host cells via specific receptors (mostly TLR), acti-
vating innate immunity and triggering production of a vari-
ety of pro- and anti-inflammatory cytokines; damaged cells 
release DAMPs (damage-associated molecular patterns), and 
perpetuate a loop that generates further damages and organ 
dysfunction; removal of these mediators by EBPT can lead 
to stabilization of hemodynamic function, organ protection, 
and immune modulation [2, 18]. Although not endorsed in 
the latest Surviving Sepsis Campaign (SSC) guidelines, evi-
dence of the efficacy and safety of such therapies is accu-
mulating. Technologies and devices are evolving, and data 
on improvement of hemodynamics and vasopressor- and 
ventilator-free days in intensive care unit (ICU) patients, 
if not yet improved survival rates, are compelling [19, 21].

Toxins, along with PAMPs, cytokines, and DAMPs can 
be removed by hemodiafiltration or absorption because of 
their low molecular weight relative to the pore size of the 
hemofilters and currently used CRRT membranes. The cut-
off of the membranes is about 35–40 kDa, a dimension that 
allows filtering molecules of small-medium weight by con-
vection, preserving those of larger dimensions (such as albu-
min characterized by a molecular weight of 70 kDa): in par-
ticular, CPA and PFO have a molecular weight of 42.5 kDa 
and 53 kDa, respectively, placing them above the cut-off of 
standard membrane pores, but hemofilters can absorb and 
retain larger molecules [4, 6, 8]. Finally, regarding direct 
effects on the hemolysis products, CRRT techniques could 
have a role because of their ability to filter molecules of 
small-medium size: once released in plasma, Hb exists in 
a dynamic equilibrium of tetramer and αβ-subunit heter-
odimers with a dimension of 32 kDa, so hemofilters could 
eliminate them. Furthermore, renal replacement techniques 
can also serve as immune-modulatory treatment, facilitating 
the clearance of waste products and inflammatory cytokines 
[20].

In our case, we used the oXiris® system: this modified 
AN69ST membrane consists of multi-layer AN69 (poly-
acrylonitrile) grafted with a highly positively charged 

polycationic polymer and subsequently heparin-coated to 
reduce thrombogenesis and improve the lifespan end effi-
ciency of the filter. The device has a high adsorptive affinity 
for peptides and proteins through ionic binding and hydro-
philic interactions and can simultaneously provide renal 
replacement therapy, endotoxin removal, and cytokines 
absorption [2, 21].

Extracorporeal blood purification techniques (EBPT) 
are now an established adjunctive therapy for septic shock 
and have a strong therapeutic rationale. Currently, several 
devices with cytokine removal and immune modulation aims 
are available, though favorable data regarding improvement 
of hemodynamics and survival are based on limited studies 
and specific devices can lack removal of specific molecules 
[4, 6]. At present, no large studies have explored the role 
of oXiris® in septic shock and in general to demonstrate a 
survival benefit of blood purification treatments, the rea-
son why SSC guidelines cannot recommend hemoperfusion 
techniques and express against polymyxin B albeit with a 
low-grade recommendation, but experts could not make 
recommendations on other blood purification techniques 
[5, 11, 12].

Antimicrobial therapy is crucial in C. perfringens sepsis: 
it can significantly reduce mortality, and it is well-known 
that hemofilter membranes can retain several antibiotics, 
namely hydrophilic ones like β-lactams. Currently, no defi-
nite guidelines exist for antibiotic dosage adjustments during 
CRRT treatments. Consequently, regular TDM is a useful 
tool for guiding antimicrobial dose variations for evolving 
septic patients with acute kidney injury (AKI) [5, 8, 13, 15].

The renal replacement technique utilized in our case, 
CVVHDF, also included high volumes of fluid exchange: 
effluent rates above 50 ml/kg/h were chosen in view of the 
pathophysiological features of this condition [4]. If ultra-
filtration flows of about 35 mL/Kg/h (so-called standard 
volume hemofiltration-SVHF) are used in the routine renal 
function replacement setting, there’s not yet agreement in 
the literature on the possible use of higher flow methods 
(so-called high-volume hemofiltration, HVHF) in sepsis 
scenario, due to the risk of a proportional increase in loss 
of beneficial molecules such as nutrients, proteins, and anti-
microbials. High-volume hemofiltration (HVHF) is defined 
when a convective dose > 35 mL/kg/h is used. This tech-
nique failed to demonstrate a survival benefit, even though 
it induced hemodynamic and organ perfusion improvements, 
so SSC 2021 recommended against high-volume CRRT in 
standard treatment of septic shock patients with AKI; none-
theless, the two techniques combined together might be 
useful in specific settings that are not included in large tri-
als; and this could be the case with C. perfringens-induced 
hemolysis [4, 5]. Further research is warranted to define the 
subtypes of patients or pathogen-related syndromes that 
could benefit from these techniques [20].
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