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 Background: The aim of this study was to assess the effects of a new treatment strategy for envenomation that consists of 
multiple small incisions and negative-pressure wound therapy (NPWT) on injured limb swelling and systemic 
inflammatory reaction.

 Material/Methods: This was a prospective randomized controlled trial on snakebite envenomation. The enrolled patients were ran-
domly divided into 2 groups: an observation group and a control group. The traditional comprehensive treat-
ment was administered in both groups, but the observation group also received combined treatment with mul-
tiple small incisions and NPWT. Reduction in limb swelling, mean admission duration, complication rate, and 
changes in the levels of relevant cytokines were recorded and compared between the 2 groups.

 Results: The mean duration of hospital stay was significantly lower in the observation group than in the control group 
(5.44±0.89 days vs. 7.71±1.70 days). The complication rate and IL-6 concentration were significantly lower in 
the observation group than in the control group.

 Conclusions: Multiple small incisions combined with NPWT proved effective for controlling the release of inflammatory cy-
tokines and accelerating the relief of systemic inflammatory reaction. As a consequence, the complication rate 
decreased. Therefore, our new treatment strategy is safe and effective.
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Background

Snakebite envenomation is a common cause of lethal wounds 
and has become an important global public health problem [1]. 
Approximately 4.2 to 18.4 million cases of snakebite envenom-
ation occur each year, resulting in 2 to 9.2 million deaths and 
4 million amputation cases. The highest burden from snake-
bite envenomation and death was recorded in South and 
Southeast Asia and in sub-Saharan Africa [2]. In 2009, snake-
bite envenomation was ranked as a neglected public health 
problem by the World Health Organization, as it has not re-
ceived adequate attention [3]. Patients bitten by venomous 
snakes are more prone to liver, heart, and kidney injuries; sys-
temic inflammatory response syndrome; and multiple-organ 
failure [4]. Approximately 98.1% of patients develop swelling 
of the limb and injured tissue, and body fluid exudation, which 
can cause osteofascial compartment syndrome if the wound 
is not properly treated.

Administration of antivenoms is the most effective method 
currently available for the treatment of snakebite envenom-
ation [5]; it can combine and neutralize the free venom in-
volved in the pathophysiological reaction that forms the anti-
gen-antibody complex, thus resulting in toxin loss [6]. Although 
antivenoms can neutralize the venom and relieve the whole 
body from the toxic reaction, they cannot reduce the tissue 
swelling and exudation, necrosis, and other pathological reac-
tions. Winger and Chan [7] showed that patients who under-
went incision along bite marks were not relieved, which could 
easily result in tendon, nerve, and blood vessel injuries, and 
increased incision inflammation rate. In China, the main thera-
peutic regimen for snakebite envenomation is comprehensive 
symptomatic treatment, but this technique has some defects.

Fleischmann, a trauma surgeon specialist at Ulm University, was 
the first to use negative-pressure wound therapy (NPWT) [8]. 
This strategy is capable of effectively draining local exudates 
and cell components that accumulate as a result of local inflam-
matory reaction and necrosis. Consequently, NPWT can elimi-
nate the inflammatory response triggered by these substances 
and accelerate reduction in local inflammation [9]. Using vac-
uum suction, multiple small incisions were made proximal to 
the limb envenomation site, and NPWT was applied. The pres-
ent study assessed the effects of this new treatment method 
on injured limb swelling and systemic inflammatory reaction.

Our study was approved by the China Ethics Committee of 
Clinical Trial Registration, with Ethic Committee Approved 
No. ChiECRCT-20130308 (http://www.chictr.org.cn/showproj.
aspx?proj=5379).

Material and Methods

Inclusion and exclusion criteria of subjects

Fifty patients with envenomation who were admitted to the 
Emergency Department of Southwest Hospital between April 
2015 and November 2016 were enrolled. The inclusion cri-
teria were: (1) confirmed diagnosis of envenomation from 
Protobothrops mucrosquamatus bite in the first 48 h or pa-
tient admission to the Emergency Department within 48 h, 
with progressive worsening of extremity swelling; (2) patients 
with class 2 or 3 injury according to the Downey grading sys-
tem [10]; and (3) patients who signed the clinical trial and sur-
gery consent. The exclusion criteria were: (1) not meeting the 
inclusion criteria; (2) patients with mental disease who were 
unable to coordinate; (3) patients with a confirmed diagnosis 
of envenomation from a Deinagkistrodon acutus (long-nosed 
pit viper) snakebite; and (4) patients who were breastfeed-
ing or pregnant. The included patients were then randomly 
divided into 2 groups: an observation group (n=25) and a con-
trol group (n=25). This study was conducted in accordance with 
the Declaration of Helsinki and was conducted with approval 
from the Ethics Committee of the China Ethics Committee, 
Ethic Committee Approved No. ChiECRCT-20130308. Written 
informed consent was obtained from all participants.

Intervention method

The control group was provided traditional comprehensive 
treatments, including wound debridement, antivenom injec-
tion, tetanus antitoxin injection, methylprednisolone anaphy-
laxis treatment, dehydration and dieresis treatment, oral or 
topical Jidesheng Sheyao tablets (traditional Chinese medicine), 
ceftizoxime sodium, and fluid replacement therapy.

The observation group underwent the same traditional treatments 
as the control group, but with small incisions combined with 
NPWT. The procedure was as follows: After preoperative prepara-
tion and local anesthesia infiltration, the patients were placed in 
a horizontal position and incisions were made into the limb skin 
15–25 cm proximal to the injured area with high tension, avoiding 
large vessels and nerves. Normally, 6 small incisions were made in 
the lower extremities, divided into 2 lines parallel to the vertical 
axis of the body, with 3 incisions in each line. The incisions were 
1.5 cm in length, with a 1-cm interval between each incision and 
2-cm in-line spacing (Figure 1), and were made deep into sub-
cutaneous tissue. Four incisions were made in the upper limbs, 
divided into 2 lines parallel to the vertical axis of the body, with 
2 incisions in each line and 2-cm line spacing. After the incisions 
were made, the NPWT device was installed with a negative pres-
sure of 125 mmHg. The NPWT duration was normally 2 to 3 days, 
depending on the skin tension, degree of swelling, and ambula-
tory state of the injured and contralateral limbs.
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Observation index

1.  General Data: Upon admission to the Emergency Department, 
the patient’s sex, age, length of time from injury to admis-
sion, injured area, injury severity, occupation, and regional 
distributions, and other indexes were recorded as general 
observation indexes.

2.  Circumference Difference: Before treatment (0 h) and at 12, 
24, 48, and 72 h after treatment, the circumference values 
of the injured limb were measured in 3 planes: at 10 and 
20 cm above the rascela and at 10 cm above the olecranon. 
These planes were defined as the distal, middle, and prox-
imal limbs, respectively, and circumference values of the 
contralateral limb were also measured in the same planes.

The circumference difference between the injured and contra-
lateral healthy limbs was calculated after each measurement. 
The reduction in local swelling was objectively reflected through 
a comparison of the circumference difference.

3.  Complications: The incidence rates of local and general 
complications were calculated at the time of admission. 
Complications included osteofascial compartment syndrome, 
amputation, skin necrosis, acute kidney failure, rhabdomy-
olysis, and inflammation, among others.

4.  Length of hospital stay: The total length of hospital stay, 
including the minimum and maximum times, was recorded.

5.  Inflammatory markers: The serum concentrations of IL-6, 
TNF-a, IL-10, and endocan were detected and recorded at 
each time point (0, 12, 24, 48, and 72 h after treatment).

Sample collection and detection

Peripheral venous blood samples were collected prior to 
treatment (0 h) and at 12, 24, 48, and 72 h after treatment. 
The blood samples were centrifuged, and the supernatant was 
stored at –70°C until analysis. The samples were analyzed us-
ing the enzyme-linked immunosorbent assay (ELISA) detec-
tion method with ab46042, ab10065, and ab46034 reagents 
(Abcam) and the ESM-1 kit (America Avisceral Bioscience 
Company).

Statistical analyses

All statistical analyses were performed using PASW Statistics 
Version 18. Categorical variables were tested using the c2 test, 
while continuous data were expressed as mean ± standard devi-
ation (c

_
±s) and tested using an independent-samples t test and 

repeated-measures analysis of variance (ANOVA) for 2 groups. 
A linear correlation analysis was also performed. A p value of 
<0.05 was considered statistically significant.

Results

General data

Most patients were admitted within the first 24 h after injury, 
with the earliest admission being 2 h after injury and the lat-
est admission being 48 h after injury. Eleven patients were ad-
mitted 24 h after injury. No statistically significant differences 
in age, sex ratio, injured area, admission time after injury, 
and grade of injury were found between the groups (Table 1).

Correlation between the degree of limb swelling and 
admission time

The results showed no significant correlation between the 
degree of distal injured limb swelling and admission time af-
ter injury (r=0.103, p=0.483). However, the degree of swell-
ing in the middle and proximal limbs demonstrated a signif-
icant positive relationship with the time of admission after 
injury (r=0.313, p=0.028 and r=0.331, p=0.020, respectively). 
Therefore, the later the time of admission after injury, the more 
severe the degree of swelling in the middle or proximal limb.

Comparison of the degree of injured limb swelling

After treatment, repeated-measures ANOVA according to time 
showed a significant difference in distal limb circumferences 
between the 2 groups (p<0.001; Figure 2A). Moreover, a sig-
nificant difference in middle limb circumference over time 
was observed between the observation and control groups 
(p<0.001; Figure 2B). Lastly, the circumference differences in 

2 cm
1.5 cm

1 cm

Incisions

A sketch of incisions distribution

Figure 1.  Six incisions were divided into 2 lines, 3 incisions in 
each line, 1.5 cm in length, 1 cm interval between each 
incision, 2 cm in-line spacing.
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the proximal limb over time were significantly different be-
tween the 2 groups (p<0.001; Figure 2C).

Comparison of admission complications

During admission, the complication rates in the 2 groups were 
observed and recorded. Four patients in the control group 
had complications, including 2 cases of skin necrosis, 1 case 
of rhabdomyolysis, and 1 case of acute kidney failure, with 
an incidence rate of 19%. No complications were observed 
in the observation group. Consequently, a significant differ-
ence in complication rates was found between the 2 groups 
(c2=4.348, p=0.037).

Comparison of admission duration

The mean length of hospital stay was significantly lower 
in the observation group than in the control group (t=5.70, 
p<0.001; Table 2).

Serum levels of cytokines

Before treatment, the serum IL-6 and TNF-a levels were in-
creased in both groups. The baseline concentrations of IL-6 
and TNF-a showed no significant differences between the 
groups (t=0.036, p=0.972 and t=–0.086, p=0.932, respec-
tively). However, after treatment, the IL-6 concentration de-
creased in the 2 groups. The repeated-measures ANOVA 
according to time showed a significant difference in IL-6 

Group Cases Age (y.o)
Gender ratio 

(Male/Female)

Injured area Upper 
extremity/lower 

extremity

Admission time 
after injury(h)

Downey grading 
(2/3)

Observation 25 49.76±15.18 17/8 5/20 17.32±10.22 12/13

Control 25 51.62±15.93 16/9 8/17 16.79±13.61 14/11

c2 or t t=0.403 c2=0.089 c2=0.936 t=–0.153 c2=0.321

P 0.689 0.765 0.333 0.879 0.571

Table 1. Comparison of two groups’ age, gender ratio, injured area, admission time after injury and Downey grading.

Figure 2.  Variation tendency of the circumference difference between the injured limb and the healthy limb. (A) Changes of distal limb 
circumference difference. (B) Changes of middle limb circumference difference. (C) Changes of proximal limb circumference 
difference. a P<0.05, compared with the control group.
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A B C

Group Case
The shortest admission days 

(d)
The longest admission 

days (d)
The mean admission 

days (d)

Observation 25 4 7 5.44±0.89

Control 25 5 12 7.71±1.70

t=5.70

P<0.001

Table 2. Admission days (c
_
±s, d).
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concentration between the observation and control groups 
(p=0.032; Table 3).

After treatment, the TNF-a concentration in the 2 groups began 
to decrease, but the repeated-measures ANOVA of the 2 groups 
indicated no significant difference in TNF-a concentration be-
tween the observation and control groups (p=0.147; Table 3).

The IL-10 concentration before treatment in both groups 
showed a relatively high level of up to 598.30 pg/ml. The inde-
pendent t test of the IL-10 concentration between the groups 
did not show a significant difference (t=0.912, p=0.367). After 
treatment, IL-10 levels decreased in both groups. The repeated-
measures ANOVA of the 2 groups showed a significant differ-
ence in IL-10 concentration (p=0.158; Table 3).

Comparison of endocan levels between the groups

Before treatment, the mean serum endocan levels of the 
2 groups were relatively high, with an increasing trend. Serum 
endocan concentration began to decrease in the observation 
and control groups at 12 and 24 h after treatment, respec-
tively. The serum endocan levels showed no significant differ-
ence between the observation and control groups (t=–0.209, 
p=0.835). Moreover, repeated-measures ANOVA did not re-
veal a significant difference between the 2 groups after treat-
ment (p=0.468).

Correlation analysis of cytokine levels and admission time

The linear correlation analysis revealed no statistical signifi-
cance in the correlation between serum IL-6 concentration and 
admission time after injury (r=–0.072, p=0.620). By contrast, 
a negative correlation was found between serum TNF-a and 
IL-10 levels and admission time after injury (r=–0.419, p=0.003 
and r=–0.828, p=0.002, respectively). These results mean that 
earlier admission time was associated with higher TNF-a and 
IL-10 concentrations in serum.

Lastly, a statistically significant difference was found be-
tween the serum endocan levels and admission time after in-
jury (r=0.649, p=0.000). Therefore, a positive correlation was 
found, which means that the endocan levels were expected 
to be higher during later admission after injury.

Discussion

Limb swelling and treatment effect

In this study, we observed that all the patients presented limb 
swelling on admission. Moreover, the highest swelling plane 
in the lower and upper limbs was at the inguinal and shoul-
der joint levels, respectively. These results were consistent 
with those reported by Lavonas et al. [11]. Correlation analy-
sis between the degree of limb swelling and admission time 
after injury revealed that the degree of middle and proximal 

Group 0 h 6 h 12 h 24 h 48 h 72 h P1 P2 P3

IL-6

Observation 
21.61± 
12.42

14.82± 
7.69

7.16± 
2.79

4.22± 
1.48

2.36± 
1.14

0.83± 
0.53

<0.001 <0.001 0.032

Control 
21.76± 
15.97

16.99± 
10.34

12.46± 
6.27

9.10± 
4.26

5.93± 
3.02

3.42± 
2.00

TNF-a

Observation 
477.11± 
300.9

289.20± 
168.9

168.91± 
96.9

106.44± 
62.0

50.16± 
32.6

26.38± 
20.7

<0.001 <0.001 0.147

Control 
466.58± 
309.9

389.14± 
288.8

289.45± 
219.5

214.85± 
154.5

118.62± 
62.7

54.55± 
27.6

IL-10

Observation 
202.44± 
103.8

124.75± 
74.5

80.58± 
58.0

38.40± 
25.4

23.99± 
15.8

13.48± 
7.6

<0.001 <0.001 0.158

Control 
238.68± 
165.9

161.11± 
108.8

112.27± 
80.0

61.61± 
45.1

34.85± 
30.1

17.81± 
12.8

Endocan*

Observation 
2.63± 
1.79

3.35± 
1.76

4.06± 
1.43

4.21± 
1.24

3.89± 
1.20

3.30± 
1.15

<0.001 <0.001 0.468

Control 
2.72± 
1.07

3.63± 
1.42

4.02± 
1.19

3.86± 
0.96

3.33± 
0.99

2.41± 
0.92

Table 3. Comparison of IL-6, TNF-a, IL-10, Endocan concentration changes in each time point between the two groups (pg/mL, c
_
±s).

P1 – P value for Mauchly’s Test of sphericity; P2 – P value for tests of Within-Subjects Effects; P3 – P value for tests of Between-
Subjects Effects. * The unit of measurement of Endocan is ng/mL.
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limb swelling had an obvious correlation with the admis-
sion time after injury. Therefore, when the time between in-
jury and hospitalization was longer, more proximal swelling 
was observed, and, consequently, the degree of swelling was 
also higher. Snake venom contains many kinds of enzymes. 
The proteolytic enzyme can injure blood vessel endometrial 
cells, increase vascular wall permeability, and result in plasma 
exosmosis. Through its action, hyaluronidase can dissolve 
cells and intercellular substances and destroy connective tis-
sue integrity. Moreover, the venom can stimulate the human 
body to release plasmakinin, histamine, and 5-hyforxytrypta-
mine, which can ultimately cause limb swelling. Some studies 
found that tissue swelling showed a temporal correlation de-
pendent mostly on the amount of injected venom. Low-dose 
venom caused tissue swelling that peaked within 1 h and then 
declined, but in the case of high-dose venom, the peak tissue 
swelling persisted for a relatively longer time [12]. Our study 
found that limb swelling regression was not significant within 
6 h of treatment, especially in the proximal limb. In addition, 
an increasing trend in limb swelling was observed in the early 
stages, which indicated that the previous toxic effect persisted 
after the venom absorption. The rationale was that the local 
injury might still have residual venom and might not yet reach 
the swelling peak at the time of admission; thus, the swelling 
would continue developing proximally. Although both groups 
of patients received an antivenom treatment after admission, 
the regression in limb swelling was faster in the observation 
group (12 h after treatment) than in the control group, indi-
cating that the limb swelling regression was obviously accel-
erated after using the combined treatment with multiple small 
incisions and NPWT. Hence, we consider it necessary to use 
NPWT after antivenom treatment.

Advantages of the combination of multiple small incisions 
and NPWT

NPWT promotes the biology of wound healing, which includes 
angiogenesis, neurogenesis, granulation tissue formation, cel-
lular proliferation, differentiation, and migration [13]. The small 
incision should be approximately 1.5 to 2 cm deep into the 
subcutaneous tissue. The multiple small incisions made in the 
proximal skin will firstly reduce skin tension, relieve the pa-
tient’s agony caused by high-degree swelling, lessen swelling 
compression on local nerves and vessels, improve blood cir-
culation in the injured limb, prevent consistent swelling that 
may cause further local damage, and provide a quick chan-
nel for edema fluid drainage and venom expulsion. Combined 
treatment with multiple small incisions and NPWT consists of 
applying NPWT on small incisions. This will not only acceler-
ate the expulsion of edema fluid but also block the physical 
absorption of snake venom, reducing the systemic reaction 
after venom absorption, and play an important role in reliev-
ing swelling and venom drainage. At the same time, NPWT 

can quickly expel local tissue exudates, necrotic substances, 
and cell components, keep the wound microenvironment sta-
ble, reduce the consistent influence of the inflammatory me-
dium, and accelerate local tissue healing. We found that the 
limb swelling in the observation group regressed almost com-
pletely by 72 h after treatment, which shows the benefit of 
this treatment over the traditional treatment methods used 
in the control group.

IL-6 and TNF-a levels

Venom- and toxin-induced limb swelling are the pathophysio-
logical processes where multiple factors act, causing direct dam-
age to microvessels such as capillaries and venules. Toxins such 
as hemorrhagic toxins can cause the release of many inflamma-
tory mediators, increasing the permeability of microvessels [14]. 
Most studies have proved that snakebite envenomation can 
cause massive systemic cytokine responses, that metallopro-
teinase can cause local generation of IL-6 and IL-1b [15], and 
that TNF-a is involved in the pathophysiological process of skin 
necrosis and systemic hemodynamic changes [16]. IL-6 and 
TNF-a can be used as biomarkers for evaluating the intensity 
of systemic inflammatory reaction and the severity of clinical 
symptoms. In our study, the IL-6 level had no significant cor-
relation with admission time after injury and Downey grading, 
while TNF-a level had a negative correlation with hospital ad-
mission after injury. These data are consistent with those from 
other studies. TNF-a can reach a relatively high level; in the first 
2–5 h, its peak can reach 1465 pg/ml [17]. Some researchers 
reported that venom metalloproteinases cleave the glutathi-
one S-transferase tumor necrosis factor-alpha fusion protein 
(GST-TNF-a) to generate a biologically active TNF-a, while in-
hibition or neutralization of endogenous TNF-a appears to be 
a result of a significant reduction of venom-induced necrosis. 
All these observations indicate that increased TNF-a level af-
ter snakebite envenomation might play an important role in 
local necrosis [18]. Our study also showed that the reduced 
speed of TNF-a in the observation group was faster than that 
in the control group. The result was not statistically significant, 
which might be due to the limited sample size.

IL-10 level

In our study, the IL-10 levels in both groups before treatment 
were relatively high, which can be explained by the inflamma-
tory and anti-inflammatory reactions provoked by snakebites. 
These data indicate that snakebites can cause an immuniz-
ing inflammatory reaction at an early stage. After treatment, 
serum IL-10 levels were reduced, with no significant difference 
between the groups, which led to the conclusion that body in-
flammation was controlled after administration of antivenom 
serum and other treatments. We found that earlier hospital 
admission time was associated with higher IL-10 serum level, 
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which means that the IL-10 level can rapidly reach its peak 
in an early stage of envenomation. No statistically significant 
difference in IL-10 concentrations was found between the 
groups, which might be caused by a time-dependent change 
in the IL-10 concentration or the control of inflammatory re-
action by traditional treatment. The comparison cannot be 
based on between-group differences.

Endocan level

Endocan, also called endothelial cell-specific molecule 1 (ESM-1), 
is a soluble proteoglycan of 50 kDa, secreted by the endome-
trium [19]. Endocan is a key player in the regulation of the 
proliferation, differentiation, migration, and adhesion of dif-
ferent cell types owing to its ability to bind a wide range of 
bioactive molecules associated with cellular signaling and ad-
hesion. The mechanism by which endocan expression is reg-
ulated by a series of cytokines is relatively complex. Endocan 
expression is upregulated by VEGF-A, VEGF-C, IL-1, TNF-a, 
TGF-b1, and FGF-2, whereas phosphatidylinositide 3-kinases 
(PI3K) and interferon-g cause its downregulation. TNF-a can 
promote time- and dose-dependent endometrial expressions of 
endocan, while IFN-g inhibits the upregulation of endocan [20]. 
The concentration of the secretory-type endocan in a healthy 
body has been reported to be 1.081 ng/ml, which rises rap-
idly to 7.815 ng/ml in patients with septic shock. Endocan is 
thought to be upregulated in acute and severe inflammatory 
reactions [21].

In our study, serum endocan level continued to increase up to 
2 days after treatment. This might be related to the continuous 
expression of some cytokines that induce endocan mRNA ex-
pression. Under a certain amount of TNF-a stimulation, endocan 
levels are expected to rapidly rise and persist in the system for 
a certain period of time. In our study, the mean TNF-a serum 
concentration was 0.4 ng/ml, which can stimulate endocan 
secretion in an earlier stage and increase over time. The fact 
that the downregulation of endocan was observed earlier in 

the observation group than in the control group suggests that 
the combination of multiple small incisions and NPWT is bet-
ter at relieving systemic inflammation.

Other complications and control method

The observation group received a combination of multiple 
small incisions and NPWT. The complication rate in the con-
trol group was significantly higher than that in the observa-
tion group. Complications consisted mainly of skin necrosis 
and some relatively serious cases of existing rhabdomyoly-
sis and acute kidney failure. From this point of view, multiple 
small incisions and NPWT had a significantly lower complica-
tion rate than the traditional therapy, and its safety and ef-
fectiveness were proved.

Conclusions

The patients with snakebite envenomation in this study pre-
sented different degrees of limb swelling and systemic inflam-
matory reactions. The degree of local injury worsens with pro-
longed delay of hospital admission. Multiple small incisions 
combined with NPWT can significantly accelerate limb-swell-
ing resolution and decrease the length of hospital stay, which 
brings significant short-term effects. IL-6, TNF-a, IL-10, and 
endocan levels in patients with envenomation can reflect the 
severity of systemic inflammatory reaction before treatment. 
Combined treatment with multiple small incisions and NPWT 
can effectively control the release of inflammatory cytokines 
and accelerate the relief of systemic inflammatory reaction, 
thereby decreasing the incidence rates of other complications. 
Therefore, our new treatment strategy is safe and effective.
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