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Abstract
Background/Aims: The aim of this study was to explore the
clinical efficacy of 2 combinations of blood purification techniques in patients with sting venom-induced multiple organ
dysfunction syndrome (MODS). Methods: A total of 23 patients received 35 sessions of hemoperfusion (HP) + continuous veno-venous hemodiafiltration (CVVHDF) treatment
and 22 sessions of plasma exchange (PE) + CVVHDF treatment, respectively. Results: Both HP + CVVHDF and PE +
CVVHDF reduced the levels of inflammation, thus improving
our patients’ health condition. Moreover, PE + CVVHDF was
found to be significantly more effective in reducing the levels of specific liver function markers and inflammatory mediators, as well as shortening prothrombin time and increasing the levels of serum albumin. Conclusion: Both combinations of blood purification techniques were capable of
improving MODS. However, the PE + CVVHDF approach was
more efficient for the removal of wasp venom and inflammatory mediators from the blood.
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Introduction

Wasp stings are not uncommon worldwide, especially
in rural areas in developing countries. The outcomes can
range from a mild, self-limited anaphylactic reaction to a
severe, systemic reaction with high risk of mortality. Multiple organ dysfunction syndrome (MODS) can occur as
a consequence to a mass wasp attack. In developed countries, almost all patients who have suffered from a single
or a few stings have had IgE-mediated allergic reactions
of different degrees [1]. Thus, it is rare for them to develop renal failure and MODS [2]. In such cases, treatment is centered on controlling the allergic reaction and
desensitization [3, 4]. However, in developing countries,
especially in China, most patients are attacked by a swarm
of wasps. The major clinical characteristics of these patients are toxic reactions, and the wasp venom toxicity is
attributed to hemolytic, myotoxic, neurotoxic, nephrotoxic and hepatotoxic enzymes. Signs and symptoms include shock, rhabdomyolysis, intravascular hemolysis,
coagulopathy, respiratory distress, cardiovascular abnormalities, hepatic damage, cerebral disturbances and acute
kidney injury [5, 6]. The mechanisms underlying wasp
sting injury may comprise the direct toxic effect of venom
and immune inflammatory reaction to venom composiQi Zhang
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Materials and Methods
Patients
Between January 2009 and December 2013, 23 patients with
MODS induced by wasp stings admitted to the intensive care unit
(ICU) at our hospital were enrolled in this study. Inclusion criteria
were as follows: admission to the ICU, Acute Physiology and
Chronic Health Evaluation (APACHE) II score ≥25 at admission
[11], simultaneous failure of at least 2 organs, shock or allergy under control after treatment and cases in which treatment with
drugs affecting immune function such as glucocorticoids were not
used before and after admission. Patients were excluded from this
study if they had any past medical history of acute infection, active
inflammatory diseases, connective tissue disease, immune system
disease, tumors, diabetes mellitus or hypertension. The study pro-
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tocol was approved by the Medical Ethics Committee of Xiangyang
Central Hospital, Xiangyang, China, and performed according to
the recommendations of the Declaration of Helsinki. All subjects
gave written informed consent before participating in the study.
Two Combinations of Blood Purification Treatments and
Their Safety
Given the severity of multiple organ failure induced by wasp
stings, and the mainly biologic toxic effects of these stings,
CVVHDF alone is not a sufficient treatment. In addition to support treatment, the 23 patients received 2 blood purification treatments: HP + CVVHDF and PE + CVVHDF. In the HP + CVVHDF
group, CVVHDF and HP were performed as tandem procedures.
A temporary veno-venous vascular access was established with a
flexible double-lumen catheter via the subclavian vein or the femoral vein. The CVVHDF was implemented at bedside using a
PRISMA (Hospal) hemodialysis machine (Sweden), bicarbonatebased dialysis solution, synthetic low-flux polysulfone membranes
(1.22) and a peristaltic blood pump with a blood flow of 250–280
ml/min. The dose of low molecular weight heparin was adjusted to
5,000 U for the first administration, followed by an additional 500
U every 2 h. For patients with a tendency to bleed (activated partial
prothrombin time (PT) >120 s), we used an in vitro anticoagulant
instead of heparin. The HP was performed by using a neutral macroporous resin (HA330, Zhuhai Lizhu Medical Bio-Material Co.,
Ltd., China) for 2 h. The HA330 resin cartridge is an extracorporeal HP device that uses neutral microporous resin, and it has been
proven to remove inflammatory cytokines and improve organ dysfunction [12]. HA330 HP is being newly developed for use in the
treatment of patients with sepsis. In the PE + CVVHDF group, the
PE procedure was combined with CVVHDF. PE was implemented
at bedside using standard plasma filters (Gambro PF 2000N,
Switzerland). Then, the separated cells were returned back to the
patient while their plasma was replaced with a total volume of
1,500–2,500 ml of fresh frozen plasma, lasting approximately
2–3 h during each session. The blood flow rate was 60–120 ml/min
and PE rate was 25–30 ml/min. The interval between HP and PE
was 2–3 days for a total of 2–3 sessions of therapy. The safety of the
2 methods was assessed according to the absence of the following
complications: (1) hemorrhage, (2) infection, (3) allergy, (4) hypothermia, (5) hypotension and (6) blood coagulation.
Clinical Parameters and Laboratory Measurements
Patients were monitored continuously for changes in the level
of consciousness, heart rate (HR) and mean arterial pressure
(MAP). Leucocyte (LEU) count and levels of hemoglobin, platelets, C-reactive protein (CRP), albumin (ALB), alanine aminotransferase (ALT), aspartate aminotransferase (AST), serum creatinine (SCR), blood urea nitrogen (BUN), creatine kinase (CK),
lactate dehydrogenase (LDH), myoglobin, IgE, peripheral blood
smear, PT, activated partial PT, interleukin-1 (IL-1), IL-6, IL-8, IL10 and tumor necrosis factor α (TNF-α) in serum were collected
and recorded before and after each session. Blood samples were
centrifuged immediately and frozen in –70 ° C until analysis. All
biochemical parameters were measured by standard auto-analyzers in the department of diagnosis at the Xiangyang Central Hospital. Concentrations of IL-1, IL-6, IL-8, IL-10 and TNF-α in serum were measured using a commercially available enzyme-linked
immunosorbent assay kit (R&D Systems, Minneapolis, Minn.,
USA).
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tion. This immune inflammatory reaction involves both
cellular (lymphocytes) and humoral (IgE and cytokines)
immunity [2].
Currently, apart from hemodialysis sessions, the most
prevalent nonspecific therapies used to treat victims of
mass wasp attacks consist of the administration of antihistamines, corticosteroids, bronchodilators, vasodilators, bicarbonate, mannitol, adrenaline and mechanical
ventilation. However, many of these measures seem to
lack therapeutic efficacy [7]. Two isolated case reports
in the literature described the successful outcomes after
using plasma exchange (PE) or plasmapheresis combined with continuous veno-venous hemodiafiltration
(CVVHDF) to treat MODS secondary to wasp attacks [8,
9]. Nevertheless, there is no specific and safe therapy currently available for the effective treatment of MODS resulting from mass wasp attacks. Therefore, there is an urgent need to explore an effective treatment for patients
suffering from wasp venom-induced MODS.
The potential mechanism of wasp venom-induced
MODS may be associated with the direct toxic effect of
the venom and the immune inflammatory reaction to the
venom’s composition [10]. It is well known that blood
purification is not only effective for the removal of toxic
substances and inflammatory factors but also for the
maintenance of hemodynamic stability. While the efficacy of single blood purification treatment is limited, the
use of a combination of blood purification techniques for
the treatment of MODS induced by wasp stings seems
feasible. Thus, the aim of this study was to compare the
clinical efficacy of 2 combinations of blood purifying
techniques, hemoperfusion (HP) + CVVHDF and PE +
CVVHDF, in terms of improvement of venom-induced
MODS and to identify the most effective blood purification treatment for these patients.

Table 1. Characteristics of patients and clinical scores at the time of therapy

Groups

Age, years

Number
of wasps

APACHE II
score

SOFA
score

Time to
treatment, h

HP + CVVHDF
PE + CVVHDF

43.3±13.2
40.5±12.6

10.3±3.4
9.8±2.9

25.9±3.7
27.5±3.4

13.7±4.8
14.9±4.6

26.5±8.1
24.3±7.5

Data in the table are presented as mean ± SD.

Results

Patients’ Characteristics
Among the 23 patients included, 11 were men and 12
were women, with a mean age of 42.5 ± 11.4 (range 21–
62) years. The mean value of APACHE II and Sequential
Organ Failure Assessment (SOFA) scores were 26.9 ± 3.4
and 14.52 ± 4.56, respectively. There was no significant
difference between the 2 groups in age, number of wasp
attacks, APACHE II score, SOFA score and total time of
treatment (p > 0.05; table 1).
Change in Hematology and Blood Chemistry
There was no significant difference between the data
before treatment in the 2 groups (p > 0.05). Data presented
in table 2 show that both HP + CVVHDF and PE +
CVVHDF exerted an effect on LEU count, ALT, AST, SCR,
BUN, CK, LDH, IgE and myoglobin (p < 0.05). Moreover,
ALT, AST, CK and myoglobin levels were lower (p < 0.05)
in the PE + CVVHDF group compared with the HP +
CVVHDF group. A more significant decrease in CRP (p <
0.01) was observed in the PE + CVVHDF group compared
with the HP + CVVHDF group. In the PE + CVVHDF
groups, ALB levels and schistocytes on PBS were found to
be significantly improved after the therapy (p < 0.05).

Change in Cytokines
The baseline cytokine levels between the 2 groups were
not significantly different (p > 0.05). There were no significant changes in the levels of IL-6 and IL-10 before and
after treatment in both groups (p > 0.05). There was a
significant decrease (p < 0.05) in the levels of IL-8 and
TNF-α after treatment in both groups. The reduction in
the level of TNF-α was significantly more marked in the
CVVHDF + PE group compared with the HP + CVVHDF
group (p ≤ 0.05; table 4).
Clinical Outcomes
Among the 23 patients treated by the 2 different combinations of blood purification techniques, 11 patients
survived in the HP + CVVHDF group and 7 patients survived in the PE + CVVHDF group. The survival rates
were 31.43 and 31.82%, respectively. Baseline SOFA
scores did not differ significantly between groups (p >
0.05; table 1). PE + CVVHDF significantly decreased the
SOFA score compared with HP + CVVHDF (4.2 ± 1.1 vs.
6.8 ± 1.3). There were no significant differences in the
survival rate between patients who underwent HP and PE
treatments.

Discussion

Change in Hemodynamics and Blood Coagulation
As shown in the table 3, HR and MAP were found to
be significantly improved after the therapy in the both
groups (p < 0.05). The PT was found to be significantly
improved after the PE + CVVHDF therapy (p < 0.05).

In the present study, both combinations of blood purification techniques, HP + CVVHDF and PE + CVVHDF,
were relatively effective for the management of patients
with venom-induced MODS by reducing wasp venom
and inflammatory cytokines, maintaining hemodynamic
stability and improving our patients’ health condition.
However, the PE + CVVHDF combination was found to
be significantly more effective in reducing the levels of
specific liver function markers and inflammatory mediators, such as ALT, AST, CK, myoglobin, TNF-α and CRP,
as well as shortening PT and increasing the levels of serum ALB. The PE + CVVHDF combination also reduced
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Data Analysis
The statistical software SPSS version 13.0 (SPSS Inc., Chicago, Ill.,
USA) was used for all statistical analyses. Continuous variables are expressed as mean ± standard deviation. Comparisons between groups
were performed by the one-way analysis of variance. Comparisons of
survival rates between groups were performed using the chi-square
test. Values of p < 0.05 were considered statistically significant.

Table 2. Change in hematology and blood laboratory parameters before and after therapy

LEU, ×109/l
Hemoglobin, g/l
Platelet, ×109/l
CRP, mg/l
ALB, g/l
ALT, IU/l
AST, IU/l
SCR, μmol/l
BUN, mmol/l
CK, IU/l
LDH, IU/l
Myoglobin, μg/l
IgE, IU/ml
PBF (schistocytes), %

HP + CVVHDF (n = 35)

PE + CVVHDF (n = 22)

pre-therapy

post-therapy

pre-therapy

post-therapy

18.6±8.1
65.1±20.3
79.2±26.3
45.4±21.3
25.8±6.2
312.6±104.5
435.7±258.9
385.6±121.7
15.6±10.7
1,120.4±825.7
863.2±620.1
412.7±215.3
342.3±135.1
3.5

14.3±6.5a
69.6±19.5
78.6±24.5
28.5±15.6b
27.1±6.4
230.7±145.2a
342.5±261.8a
237.6±110.5a
9.8±8.6a
867.6±578.1a
641.7±560.8a
324.6±205.1a
258.9±106.2a
2.9

19.1±8.7
69.7±18.4
78.9±25.2
47.8±24.7
25.2±5.8
320.1±110.3
440.6±160.1
378.4±126.3
16.1±11.2
1,198.2±853.6
875.4±629.3
420.4±210.2
348.6±141.7
3.4

14.7±7.0a
69.2±19.1
78.3±26.7
28.9±15.8b
29.9±6.1a
170.3±105.1a, c
276.4±159.2a, c
242.3±117.4a
9.4±8.1a
690.4±560.3a, c
659.5±572.1a
269.2±208.7a, c
250.6±110.8a
1.1a

Data in the table are presented as mean ± SD, except where indicated.
PBF = Peripheral blood smear.
a Before vs. after therapy p < 0.05.
b Before vs. after therapy p < 0.01.
c
PE + CVVHDF group vs. HP + CVVHDF group (p < 0.05).

Table 3. Change in hemodynamics and blood coagulation before and after therapy

HP + CVVHDF

HR
MAP
PT
Activated partial PT

PE + CVVHDF

pre-therapy

post-therapy

pre-therapy

post-therapy

120.15±35.24
82.25±20.43
23.4±10.1
101.6±48.3

90.21±30.12a
98.41±22.36a
20.6±11.4
95.7±47.2

121.27±34.56
82.44±21.12
24.7±11.3
103.6±50.4

92.18±31.65a
99.52±23.26a
17.8±10.6a
96.9±48.8

Data in the table are presented as mean ± SD.
a Post- vs. pre-therapy (p < 0.05).

Table 4. Changes in cytokines before and after therapy

HP + CVVHDF

IL-1, pg/ml
IL-6, pg/ml
IL-8, pg/ml
IL-10, pg/ml
TNF-α, pg/ml

PE + CVVHDF

pre-therapy

post-therapy

pre-therapy

post-therapy

35.3±6.1
120.7±45.2
65.2±23.7
48.1±4.3
6.8±0.7

34.5±4.3
112.3±39.4
24.8±9.5a
40.6±3.8
4.7±0.4a

34.7±5.6
123.6±44.9
67.5±24.1
47.9±5.1
6.4±0.5

34.6±4.8
116.7±38.1
23.1±10.9a
42.1±5.6
3.6±0.2a, b
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Data in the table are presented as mean ± SD.
a Before vs. after therapy (p < 0.05).
b PE + CVVHDF group vs. HP + CVVHDF group (p < 0.05).

blood purification techniques was considered and has
been used as a therapeutic procedure for many medical
conditions [21–24]. Tang et al. [25] reported a case of severe acute pancreatitis in a pregnant woman who developed MODS. The combination of HP (HA330) and
CVVHDF was also used to manage MODS with a successful outcome. In the present study, the levels of LEU,
CRP, ALT, AST, SCR, BUN, CK, LDH, myoglobin, HR
and TNF were significantly decreased after HP +
CVVHDF treatment.
Furthermore, PE + CVVHDF may be effective in the
removal of circulating endotoxins and inflammatory factors, replacement of normal coagulation factors and proteins, interruption of coagulopathy, as well as improvement in hemodynamic instability and nutritional support. All these effects may translate into a potential
improvement of MODS. Chu et al. [26] reported 11 cases
of acute fatty liver of pregnancy complicated by MODS
treated with PE + CVVHDF. They showed that this treatment could effectively reduce the serum levels of total bilirubin and lactic acid, shorten PT, increase the oxygenation index (PaO2/FiO2) and facilitate hepatic and renal
recovery without apparent adverse effects during severe
acute fatty liver of pregnancy. In this study, ALT, AST,
CK, myoglobin and TNF-α levels were lower after PE +
CVVHDF treatment compared with HP + CVVHDF
treatment. Additionally, PT was shortened, and ALB and
MAP levels were higher after PE + CVVHDF treatment.
The potential mechanism of wasp venom-induced
MODS may be associated with the direct toxic effect of
the venom and the immune inflammatory reaction to the
venom composition, which seem to be associated with the
development of MODS separately. Zhang et al. [27] reported a case of MODS secondary to mass wasp stings
and concluded, based on the autopsy report, that the wasp
venom-induced systemic effect was a possible underlying
mechanism of MODS development. In this study, the level of cytokines IL-1, IL-6, IL-10 and TNF-α in serum increased, suggesting the induction of an immune-mediated inflammatory reaction. Thus, it is possible that the release of large amounts of inflammatory mediators was
attributable to the multiple organ injury. We found no
relationship between the levels of cytokines (IL-1, IL-6,
IL-8, IL-10, TNF-α) to wasp venom and the therapeutic
response. One possible reason is that wasp venom contains several different antigens and is very complex; many
cytokine levels change in this inflammatory response, and
those measured in this study may not be sensitive markers
of the therapeutic response. Additional studies are needed to identify sensitive biomarkers.
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the SOFA score significantly compared with HP +
CVVHDF.
A definitive treatment for venom-induced MODS has
not been established yet. Many therapeutic procedures,
including specific honey bee anti-venom, adrenaline, hydrocortisone, optimal hydration and alkaline diuresis,
have been evaluated and found to have limited benefits
[13, 14]. However, only a few studies have reported the
use of blood purification for venom-induced MODS
treatment. In the medical literature, the largest case series
reporting the treatment with blood purification on venom-induced MODS included 119 patients [2]. Notably,
there was no data regarding the effect of blood purification on mortality or disease progression of venom-induced MODS. Most of the reports on the subject consist
of case presentations in which PE and plasmapheresis
combined with CVVHDF were used successfully [8, 9].
The present study results not only indicated that both
combinations of blood purification techniques played an
important role in the management of venom-induced
MODS, but also that PE + CVVHDF was the most effective blood purification therapy of the 2 combinations assessed.
In the case of MODS induced by wasp stings, the free
myoglobin and hemoglobin generated by rhabdomyolysis and hemolysis, as well as venom toxins and inflammatory factors, can be removed from circulation by blood
purification therapy [15, 16]. The HP approach is effective for the removal of medium and large molecules and
toxins bound to proteins, which is why HP is widely applied to manage cases of drug overdose and intoxications.
Moreover, the HA330 macroporous adsorption resin
used in HP has a relative specificity for systemic inflammatory response syndrome, acute respiratory distress
syndrome, sepsis and acute necrotic pancreatitis; thus, it
can be used to remove the protein-bound toxins and toxic factors. PE is another blood purification modality that
can remove antibodies, immune complexes, and toxins as
well as replenish coagulation factors and other bioactive
substances by using fresh frozen plasma [17, 18]. However, PE alone cannot efficiently remove the medium and
small toxin particles. Unlike PE, CVVHDF is effective for
the removal of small molecules, such as urea and amino
acid metabolites, and substances of intermediate molecular weight, including proinflammatory cytokines [19].
Moreover, CVVHDF is associated with significant improvement in hemodynamic instability and nutritional
support in patients with MODS [19, 20]. However,
CVVHDF does not allow large molecules to pass through
the hemofilter. Therefore, the combination of these 2

In the present study, all patients were treated with 1 of
the 2 different combinations of blood purification therapies, and 18 out of the 23 patients survived. The overall
survival rate was 78.3%. Furthermore, there were no significant differences in survival rates between the 2 treatment groups. The levels of AST, ALT, CK, myoglobin and
TNF-α were found to be lower in patients treated with
PE + CVVHDF, which may be associated with the direct
removal of toxic venom particles and inflammatory mediators. The significant improvement in ALB levels and
PT reduction after PE + CVVHDF therapy could be attributed to the replacement of normal coagulation factors
and proteins, interruption of coagulopathy and reduction
of the thrombotic process. Furthermore, we did not observe any apparent adverse effects of PE + CVVHDF.
This study has several limitations. First, the sample
size was relatively small because such cases were uncommon; therefore, further multicenter studies with larger
samples are required to confirm these findings. Second,
given that these findings are applicable mainly to the populations in rural areas in developing countries exposed to
wasp swarms, especially in China, these results may not
be applicable to the populations in developed countries.

Conclusion

The present study results indicated that both PE +
CVVHDF and HP + CVVHDF combinations were effective in treating MODS caused by mass wasp stings and
that the PE + CVVHDF approach was more effective for
the removal of toxic substances and inflammatory mediators. Although further randomized clinical trials are
warranted to confirm these preliminary findings, our results suggest that both PE + CVVHDF and HP + CVVHDF
approaches can be used in the ICU setting in China for
the successful management of patients suffering from
wasp venom-induced MODS.
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