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a b s t r a c t

Snake bites are leading causes of morbidity and mortality worldwide, especially in rural
areas. Therapeutic plasma exchange has been used in the treatment of many different con-
ditions such as immunologic diseases, toxicologic disorders, and snake envenomation. The
aim of this study is to evaluate the efficacy of plasma exchange treatment on clinical status,
outcomes, and discharge of patients who were bitten by venomous snakes. The study was
conducted retrospectively in the Emergency Department of Gaziantep University from Jan-
uary 2002 to December 2011. Thirty-seven patients were included in the present study.
Routine biochemical and hematologic laboratory parameters were studied before and after
plasma exchange. Demographic data, clinical status, and outcomes of patients were
recorded. Plasma exchange was performed by using centrifugation technology via an intra-
venous antecubital or subclavian vein catheter access. Human albumin/fresh frozen plasma
was used as replacement fluids. A significant correlation was seen between therapeutic
plasma exchange and improvement of laboratory results. None of the study patients lost
their limbs. Eight patients were sent to the intensive care unit. The mean length of the hos-
pital stay was 12.2 days (4–28). All patients were discharged with good recovery. No com-
plications were seen during the 3 months following discharge. Plasma exchange appears to
be an effective treatment intervention for snake bite envenomations, especially in the man-
agement of hematologic problems and in limb preservation/salvage strategies. In addition
to traditional treatment methods, plasma exchange should be considered by emergency
physicians in cases of snake bite envenomation as a therapeutic approach to facilitate rapid
improvement.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Plasma exchange is a nonspecific extracorporeal tech-
nique that removes offending plasma components such

as metabolites, inflammatory factors, and toxic mediators,
or toxins that are responsible for physical or metabolic dis-
ease. Recently, the clinical applications of plasma exchange
are increasing, particularly as a method of detoxification in
poison and drug cases [1–5]. Antivenom and supportive
cares have been used for many years for the effective treat-
ment of poisoning due to snake bites; however, the prog-
nosis in snake bite cases may be improved by the rapid
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and exact removal of the venom. Although plasma ex-
change is a widely used intervention in immunologic and
toxicologic disease states, little data literature exists on
its effects on snake bite envenomation.

Snake bites are common in many regions of the world,
particularly in rural areas, and injuries occur most often
in the summer months. More than 2.5 million people are
bitten by snakes each year, resulting in about 100,000
deaths and 400,000 amputations [6,7]. While most snake
bites are harmless and tend to be milder, the bites of some
snake species in the Elapidae, Viperidae, Hydropidae, Colu-
bridae and Crotalidae families are dangerous to humans
[7]. In many regions of Turkey, there are many different
snake species. The southeast region of Turkey is home to
venomous snakes of the Viperidae family, which include
Vipera ammodytes meridionalis (‘‘boz yılan’’ in Turkish)
the most dangerous species [5,8].

The venom of many species consists of carbohydrates,
lipids, amines, enzymes, and nontoxic and toxic proteins
that have hematotoxic and neurotoxic properties [5,9].
Coagulopathy after snake bite envenomation is a serious
medical problem. Snake venom proteins from eight protein
families were found to interfere with the hemostatic sys-
tem at many different points [10]. These proteins decrease
the coagulability of blood, induce bleeding and secondary
effects thereof, for example hypovolemic shock and organ
damage, or induce thrombosis. In addition, many snake
venoms may cause tissue necrosis owing to cytotoxic ef-
fects [5–7].

Traditional management of snake bites consists of
aggressive supportive care (fluid replacement, analgesia,
antibiotic therapy, extremity elevation) and antivenom
therapy that is the mainstay of treatment. Recently, plasma
exchange is considered by the American Society for Aphere-
sis (ASFA) to be a Category III, recommendation grade 2 C
therapy for treatment of snake bite envenomation (Category
I: standard and accepted as first-line therapy; Category II:
generally accepted, supportive to other therapies; Category
III: optimum role of apheresis therapy is not established or
reported, evidence is insufficient, favorable anecdotal re-
ports conflicting results of trials; Category IV: available con-
trolled trials have shown lack of therapeutic efficacy) [11].

In this paper, we describe our plasma exchange experi-
ences in the treatment of snake bite envenomations in a
tertiary-care Emergency Department on the basis of a ret-
rospective study.

2. Materials and methods

The study was conducted in the Emergency and Hema-
tology Departments of Gaziantep University, Turkey from
January 2002 to December 2011. Each year, approximately
50,000 patients (>16 years old) refer to our Emergency
Department for diagnosis and treatment. Of these patients,
approximately 20 are admitted each year due to snake bite.
The records of all patients that were bitten by snakes were
checked retrospectively. Plasma exchange therapy indica-
tion was clarified as being selected for patients whose
extremity swelling increased/did not regress, whose circu-
lation was impaired, whose thrombocytopenia did not re-

solve, and whose International Normalized Ratio
increased despite snake antivenom therapy and supportive
care. The patients who recovered with antivenom and sup-
portive treatment were excluded from the study. Plasma
exchange therapy was completed when extremity swell-
ing, thrombocytopenia decreased/regressed, and Interna-
tional Normalized Ratio came to normal level.

Gender, age, site of the bite, sites of the bleeding, clini-
cal findings, blood test results, total plasma exchange ses-
sions, treatment doses of antivenom, complications,
treatments rendered, and clinical outcomes (e.g., length
of stay, ICU admission, ventilator required) for all patients
were recorded. Plasma exchange was performed by using a
Haemonetics MCS 3P

�
or Fresenius COM. TEC

�
apheresis

machine. Fresh frozen plasma (FFP) or human albumin
was used as a replacement fluid in all patients. Between
1 and 4 plasma exchange sessions were performed for each
patient. Patients were treated and followed in the Emer-
gency Department or intensive care unit (ICU).

Thirteen patients of current study were reported in an-
other our study at 2006 [5].

2.1. Statistical analysis

SPSS for Windows, version 18.0 (SPSS Inc., Chicago, Illi-
nois, USA) was used for statistical evaluation. The differ-
ences in various hematology parameters, including
platelet count partial thromboplastin time (aPTT), interna-
tional normalized ratio (INR), and protrombin time (PT)
were analyzed by using paired sample t-test. The value of
p 6 0.01 was accepted as statistically significant.

3. Results

Of 450,670 admissions to our Emergency Department
between January 2002 and December 2011, 204 (0.045%)
were due to snake bites. Of these patients (n = 204), 167
recovered with supportive care and antivenom therapy.
This group was excluded from the study. Thirty-seven pa-
tients who did not recover with aggressive supportive care
and antivenom therapy were included in our study (56.8%
male, 43.2% female). Of these patients, 11 were admitted to
the Emergency Department directly; 24 patients were re-
ferred to our hospital for further investigation after their
symptoms worsened. These patients were given antiven-
om and supportive treatment for 5.7 ± 1.6 (3–9) days be-
fore being referred to our hospital. All patients included
in the study were given antivenom and supportive treat-
ment for 5 ± 1 (2–6) days before performing plasma ex-
change. The mean ages of all subjects were
43.8 ± 18.5 years (13–79). Eight patients were admitted
to the ICU after initial stabilization in the Emergency
Department, and two of them needed assisted ventilatory
support. The average number of plasma exchange sessions
was 2.1 (1–4) per patient. In each session, the replacement
fluid used was 14.2 ± 1.7 (12–18) packed FFP (each packed
FFP is approximately 200–250 ml in volume) or 7 ± 0.8 (6–
8) 20% albumin solution, and mean duration of plasma ex-
change sessions was 97.1 ± 13.8 min for plasma and
52.3 ± 5.8 min for human albumin. Each 20% albumin solu-
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