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Does the traditional snakebite severity 
score correctly classify envenomated 
patients?
Seungho Kang, Jeongmi Moon, Byeongjo Chun 
Department of Emergency Medicine, Chonnam National University Hospital, Chonnam National University 
Medical School, Gwangju, Korea

Objective This study aims to help set domestic guidelines for administration of antivenom to 
envenomated patients after snakebites. 

Methods This retrospective observational case series comprised 128 patients with snake enven-
omation. The patients were divided into two groups according to the need for additional antive-
nom after the initial treatment based on the traditional snakebite severity grading scale. One 
group successfully recovered after the initial treatment and did not need any additional antiven-
om (n=85) and the other needed an additional administration of antivenom (n=43). 

Results The group requiring additional administration of antivenom showed a higher local effect 
score and a traditional snakebite severity grade at presentation, a shorter prothrombin and acti-
vated partial prothrombin time, a higher frequency of rhabdomyolysis and disseminated intra-
vascular coagulopathy, and longer hospitalization than the group that did not need additional 
antivenom. The most common cause for additional administration was the progression of local 
symptoms. The independent factor that was associated with the need for additional antivenom 
was the local effect pain score (odds ratio, 2.477; 95% confidence interval, 1.309 to 4.689). The 
optimal cut-off value of the local effect pain score was 1.5 with 62.8% sensitivity and 71.8% 
specificity.

Conclusion When treating patients who are envenomated by a snake, and when using the tra-
ditional snakebite severity scale, the local effect pain score should be taken into account. If the 
score is more than 2, additional antivenom should be considered and the patient should be fre-
quently assessed. 
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What is already known
When the traditional snakebite severity score is used to determine initial treat-
ment with antivenom administration, additional administration after initial 
dose is required in many cases.

What is new in the current study
If the local effect scoring of pain is more than 2, additional antivenom should 
be considered and the patients should be frequently assessed. 
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INTRODUCTION

There are about 600 species of poisonous snakes, and four of them 
inhabit Korea. Gloydius brevicaudus, Gloydius ussuriensis, and 
Gloydius intermedius belong to the Viperidae family, and Rhab-
dophis tigrinus belongs to the Cloubridae family.1,2 When a person 
is bitten by a poisonous snake, venom is injected, causing local-
ized symptoms of mild pain and edema and generalized ones in-
cluding dyspnea, ptosis, mental alteration, and tachycardia. In se-
vere cases, patients develop acute renal failure, myocardial infarc-
tion, disseminated intravascular coagulation, and even death.1,3 
Treatment for poisonous snakebite is divided into supportive care 
and antivenom administration. Most studies regarding snake an-
tivenom focus on the Gloydius brevicaudus (Stejneger) family 
from northern America. As a result, the textbooks recommend 
antivenom doses with North American standards, which are sig-
nificantly greater than the current practice in Korea (4 to 6 vials 
of antivenom during the initial state).4,5 There is no standardized 
guideline on antivenom administration in Korea except for some 
research papers.6,7

  The ideal way to estimate the appropriate dose of antivenom is 
to measure the exact amount of venom delivered, which is not 
possible. Instead, guidelines suggest predicting the amount based 
on severity of symptoms at presentation. However, it is very diffi-
cult to predict the expansion of localized and systematic symp-
toms. In some cases, generalized symptoms develop in the ab-
sence of localized symptoms. When venom spreads slowly via the 
lymphatics and veins, delayed systemic symptoms may develop 
after localized ones.4,8 Additional administration of antivenom af-
ter the initial dose is required in many cases.
  To be effective, antivenom should be administered within a cer-
tain time window. When the window is missed, the dose should 
be increased.1,9,10 When the initial dose is not sufficient, it may 
result in worse clinical outcomes.6

  In this study, the authors aim to identify factors associated with 
re-administration of antivenom for patients who initially received 
antivenom based on the traditional snakebite severity score.

METHODS

Study subjects
Patients over 18 years old who visited the study site from January 
2005 to May 2014 with a poisonous snakebite within 24 hours 
were included. A case of poisonous snakebite was defined when 
the shape of the poisonous snake was witnessed by the patients or 
the wound was consistent with snake fangs.11 Cases were exclud-
ed if antivenom had been administered not according to protocol, 

if antivenom was pre-administered at another hospital before the 
patient was transferred to the study site, if the time of the snake-
bite was not clear, if the patient was pregnant, if the patient left 
the study site against medical advice, or if the patient was trans-
ferred to another facility before treatment was completed. 
  The snakebite protocol includes proper dressing, tetanus im-
munization, pain control, and elevation of the wounded part. The 
protocol also includes categorizing the snakebite severity with 
the traditional snakebite severity scale (TSSS) with a grade of 0 to 
4. For grade 0, no antivenom is suggested. For grades 1 and 2, 
one vial (6,000 units) of antivenom is recommended. For grade 3, 
12,000 units are recommended, and for grade 4, 18,000 units. For 
all cases, antivenom Agkistrodon halys (Kovax, Seoul, Korea) was 
used. After the decision for antivenom administration was made, 
antihistamine and the selected dose of antivenom were mixed in 
100 mL of normal saline. The solution was given to patients in-
travenously at a rate of 1 mL/min for 15 minutes, which was in-
creased to 100 mL/hr after assurance of no adverse effect. The 
initial administration of antivenom was carried out immediately 
after patients’ presentation. Additional administration was only 
decided by emergency physicians. The decision was made based 
on the presence of local edema, pain, worsening signs, newly ap-
pearing general symptoms, and abnormal coagulation tests. Gen-
eral symptoms include altered mental status, diplopia, blurred vi-
sion, and dyspnea. 

Measures and outcomes
Subjects were divided into two groups according to whether addi-
tional antivenom was administered. When only initial treatment 
according to TSSS was necessary, patients were grouped as the 
initial treatment (IT) group. When additional treatment was requir
ed, they were grouped as the additional treatment (AT) group.
  A retrospective chart review was conducted to identify poten-
tial factors predicting case severity. Factors considered included 
age, sex, comorbidities, height, weight, wound location, treat-
ment prior to visit, snakebite severity, interval to antivenom ad-
ministration, presenting vital signs, and laboratory findings. 
Wound location was classified as distal when they were on the 
fingers or toes, and the rest were defined as proximal.12 The se-
verity of snakebite was evaluated based on TSSS and the local ef-
fect index of Scharmanrhk Noffsinger.13 We compared the out-
comes between the two groups, which included adverse effects 
of antivenom, complications during hospital stay, length of hos-
pital stay, and mortality. Complications included rhabdomyolysis, 
acute kidney injury, disseminated intravascular coagulopathy (DIC), 
and any conditions that were considered to be associated with 
the snakebite. Rhabdomyolysis was defined as a creatine kinase 
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level higher than five times the normal range. DIC was defined as 
a condition with elevation of prothrombin time (PT), activated 
partial prothrombin time (aPTT), D-dimer, fibrinogen degradation 
products, and decreased platelet and fibrinogen levels.1,7 Acute 
kidney injury was defined as an increase of creatinine by 0.3 mg/
dL or 50% from initial findings. Liver injury was defined as an in-
crease of alanine transaminase by more than 100 U/L.14,15 We 
collected data on timing, dose, and indications for additional ad-
ministration of antivenom.

Statistical analysis
Continuous variables were described as mean±standard devia-
tion, or median along with the interquartile range. Categorical 
variables were described with frequencies. We used the Shapiro 
Wilk test to test whether continuous variables were consistent 
with a normal distribution. When a variable followed a normal 
distribution, an independent t-test or analysis of variance was 
used. When a variable did not follow a normal distribution, a 
Mann-Whitney U-test, or Kruskal-Wallis test was used. To ana-

lyze categorical variables, a chi-square test was used. We per-
formed a multivariate analysis using potentially significant vari-
ables identified by univariate analysis. Odds ratios, 95% confi-
dence intervals, and P-values were calculated by the multivariate 
analysis. The identified factor that was significant from the multi-
variate analysis was re-analyzed to determine a receiver operat-
ing characteristics curve, area under the curve, and Youden index 
to determine the best cut-off value. We used IBM SPSS ver. 21.0 
(IBM Corp., Armonk, NY, USA), and only P-values below 0.05 were 
considered significant.
  This study was conducted at the Chonnam National University 
Hospital, and approved by the Chonnam National University Hos-
pital institutional review board.

RESULTS

Participants’ basic characteristics
Overall, 128 patients were included for the study among 267 pa-
tients who were treated for poisonous snakebite. Patients were 

Table 1. Baseline characteristics of envenomated patients 

Variable
Total  

(n=128)
Single administration 

(n=85)
Additional adminstration 

(n=43)
P-value

Age (yr) 57.7±20.7 56.8±22.1 59.5±17.6 0.485

Male 79 (61.7) 52 (61.2) 27 (62.8) 0.859

Body mass index (kg/m2) 22.8±3.4 22.6±4.0 23.1±2.3 0.540

Underlying disease
   Hypertension
   Diabetes mellitus

13 (10.2)
8 (6.3)

9 (10.7)
6 (7.1)

4 (9.3)
2 (4.7)

0.804
0.584

Systolic blood pressure (mmHg) 129.4±24.9   127.5±27.4   133.2±18.7 0.224

Heart rate (/min)   78.3±11.1 78.21±0.9 78.51±1.4 0.816

Bite site 
   Digital 60 (46.9) 42 (49.4) 18 (41.9) 0.419

Prehospital procedure
   Incision and suction
   Constriction band

13 (10.2)
5 (3.9)

8 (9.4)
4 (4.7)

5 (11.6)
1 (2.3)

0.759

Time interval from bite to antivenin adminstration
   Interval ≤2 hr
   2 hr<  interval ≤4 hr
   4 hr<  interval ≤6 hr
   6 hr<  interval ≤8 hr
   8 hr<  interval <24 hr

60 (46.9)
17 (13.3)
15 (11.7)
11 (8.6)
25 (19.5)

38 (44.7)
11 (12.9)
9 (10.6)
9 (10.6)

18 (21.2)

22 (51.2)
6 (14.0)
6 (14.0)
2 (4.7)
7 (16.3)

0.722

Local effect score
   Pain
   Swelling
   Ecchymosis
   Time

1.4±0.8
1.6±0.9
0.3±0.7
0.6±0.6

1.2±0.7
1.3±0.7
0.2±0.6
0.4±0.6

1.8±0.9
2.1±0.9
0.4±0.8
0.8±0.5

<0.001
<0.001

0.105
<0.001

Traditional snake bite scale score
   Grade 0
   Grade I
   Grade II
   Grade III

1 (0.8)
87 (68.0)
39 (30.5)
1 (0.8)

1 (1.2)
69 (81.2)
15 (17.6)
0 (0.0)

0 (0.0)
18 (41.9)
24 (55.8)
1 (2.3)

<0.001

Values are presented as mean±standard deviation or number (%).
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Table 2. Initial laboratory findings of envenomated patients

Variable
Total 

(n=128)
Single administration 

(n=85)
Additional adminstration 

(n=43)
P-value

pH 7.42±0.04 7.42±0.03 7.42±0.04 0.780

HCO3
- (mmol/L) 23.4±3.6 23.3±4.0 23.7±2.7 0.540

WBC (/mm3) 9,150.0±4,201.6 8,951.7±3,951.4 9,542.0±4,681.3 0.455

Platelets (×103/mm3) 220.3±68.9 226.7±68.0 207.8±69.9 0.144

AST (U/L) 28.0 (23.3–83.8) 26.5 (22.3–50.0) 38.5 (28.8–146.8) 0.275

ALT (U/L) 26.0 (14.8–48.5) 24.0 (14.0–47.0) 32.5 (19.3–48.5) 0.779

BUN (mg/dL) 16.4±5.7 16.1±5.4 17.0±6.0 0.407

Cr (mg/dL) 0.8±0.3 0.8±0.2 0.8±0.3 0.094

Creatinine kinase (U/L) 201.0 (124.0–442.0) 181.0 (18.3–291.0) 290.0 (127.0–1,406.0) 0.059

CK-MB (ng/mL) 7.1 (3.1–18.0) 7.2 (3.1–13.1) 7.1 (2.6–35.7) 0.803

Myoglobin (ng/mL) 56.0 (34.3–239.3) 68.5 (34.3–239.3) 45.5 (30.8–601.8) 0.603

Troponin I (ng/mL) 0.01 (0.01–0.02) 0.01 (0.01–0.02) 0.01 (0.01–0.08) 0.304

PT (INR) 1.0±0.3 1.0±0.3 0.9±0.3 0.013

aPTT (sec) 32.3±9.5 33.9±7.1 29.2±12.5 0.028

Fibrinogen (mg/dL) 231.2 (195.1–272.2) 234.5 (205.4–272.9) 223.7 (176.6–268.8) 0.651

Values are presented as mean±standard deviation or median (interquartile range).
WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; CK-MB, creatine kinase MB; PT, prothrom-
bin time; INR, International normalized ratio; aPTT, activated partial prothrombin time.

Table 3. Clinical course of envenomated patients

Variable
Total  

(n=128)

Single  
administra-
tion (n=85)

Additional  
administra-
tion (n=43)

P-value

Side effect related with  
   antivenom

0 0 0 

Systemic sign
   Dizziness
   Blurred vision
   Dyspnea
   Diplopia
   Ptosis
   Mental change

14 (10.9)
4 (3.1)
3 (2.3)
2 (1.6)
1 (0.8)
1 (0.8)

9 (10.6)
0 
1 (1.2)
1 (1.2)
0 
0 

5 (11.6)
4 (9.3)
2 (4.7)
1 (2.3)
1 (1.2)
1 (2.3)

0.859
0.148
0.220
0.621
0.475
0.158

Complications
   Rhabdomyolysis
   Skin defect
   Acute liver injury
   DIC
   Acute kidney injury
   Hospitalization (day)

32 (25.0)
12 (9.4)
9 (7.0)
7 (5.5)
2 (1.6)

5.7±7.0

16 (18.9)
5 (5.9)
6 (7.1)
0 
1 (1.2)

4.6±8.1

16 (37.2)
7 (16.3)
3 (7.0)
7 (16.3)
1 (2.3)
7.9±3.1

0.028
0.057
0.981

<0.001
0.627
0.011

Values are presented as number (%) or mean±standard deviation.
DIC, disseminated intravascular coagulation.

categorized into two groups: 85 in the IT group, 43 in the AT group.  
The average age was 57.7 years, and 78 (61.7%) were men (Table 
1). An average of 6.8 hours was measured from the time of bite 
to administration of antivenom. For 46.9% of cases, the wound 
was on distal parts, such as the toes or fingers.
  Additional treatment was not associated with age, the interval 
before treatment, or location of wound. The AT group showed a 
significantly higher rate of grade II, and a higher local effect in-

dex of pain, edema, and time. The IT group showed an elevated 
value of PT and aPTT (Table 2).

Comparison of clinical progress
No adverse event was reported from either group (Table 3). Gen-
eralized symptoms during the hospital stay included dizziness 
(10.9%), blurred vision (3.1%), and dyspnea (2.3%), without a 
significant difference between the two groups (Table 3). Compli-
cations included rhabdomyolysis (25.0%), and two of these pa-
tients developed acute kidney injury afterward. DIC occurred in 
seven patients (5.5%), without clinically significant bleeding. In-
cidences of rhabdomyolysis and DIC were significantly higher for 
the AT group (Table 3). The hospital length of stay was 7.9 days in 
the IT group, which was significantly higher than the 4.6 days in 
the AT group. All subjects were discharged from hospital without 
significant comorbidities.

Information regarding additional administration of  
antivenom
Eighteen patients (20.7%), 24 (61.5%), and one (100%) of grades 
I, II, and III, respectively, received an additional administration of 
antivenom. The overall number of re-administrations was 76. The 
median amount of antivenom was one, two, and four vials for 
grades I, II, and III, respectively. There was no statistically signifi-
cant difference in the amount among these grades (Table 4). The 
average interval between antivenom administrations was 9.0 hours. 
There was no significant difference in the interval between the 
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first and the last administration among the three grades. The in-
dications for additional treatment were worsening of local symp-
toms (72.1%), abnormal coagulation panel (25.3%), and appear-
ance of new generalized symptoms (2.3%). 

Initial findings associated with additional treatment
The univariate analysis revealed that among initial presentations, 
the local pain effect index, PT, aPTT, and TSSS were significantly 
associated with outcome. The local swelling effect index was re
moved since it is already included in the TSSS. The time local ef-
fect index was also removed from the final analysis because it 
can only be measured 8 hours after the snakebite. The multivari-
ate analysis using these variables found that the pain local effect 
index was a significant predictor of need for additional antiven-
om (Table 5). 
  The receiver operating characteristics curve found an area un-
der the curve of pain local effect index of 0.704. The cut off value 
with the best Youden index was 1.5, with a sensitivity of 62.8% 
and specificity of 71.8%.

DISCUSSION

In this study, when the TSSS was used to determine initial dose of 
antivenom administration, 33.6% of patients required additional 
doses. Another study with 62 patients with grade 0 to grade II en-
venomation also found 32.1% required additional antivenom.6 
  Proper initial dosing is critical for poisonous snakebite’s clinical 
course.6 This study found the AT group had a longer hospital stay, 
and a higher rate of rhabdomyolysis and DIC. The reasons for ad-
ditional doses may be insufficient initial dose or a proper dose 
with excessive speed of excretion compared to that of the toxin. 

However, the form of antitoxin in Korea is immunoglobulin G an-
tibody, which has a half-life of 61 to 194 hours,2,5 which is much 
longer than the time interval of 9 hours before additional admin-
istration in this study. This implies that additional administration 
is more likely due to insufficient initial dose rather than excessive 
excretion. 
  In this study, the major reasons for additional administration 
were primarily local symptoms rather than generalized symptoms, 
and the last administration of antivenom was 28 hours after the 
initial one, indicating that the severity of symptoms changed over 
time. Initial dosage was largely based on edema and generalized 
symptoms, and the fact that dosage was determined at the very 
first stage of disease progression may be the reason for the need 
for additional dosing. Moreover, the dosage protocol is based on 
research in the US, which may not be fully applicable to Korean 
circumstances. 
  In this study, age, body mass index, and interval to antivenom 
administration were not associated with additional administra-
tion. This may be explained by the fact that the severity of snake-
bite is determined by several factors including the patients’ un-
derlying conditions, body volume, interval for administration, type 
and amount of toxin, and depth of initial wound. Even for a cer-
tain species of snake, the toxic severity differs with size, age, and 
season.4 
  Snake venom is a mixture of enzymes, polypeptides, and non-
toxic proteins. These components influence coagulation pathways 
independently or as a group, in both accelerating and decelerat-
ing ways.2,4 In this study, the IT group showed longer aPTT and PT 
than the AT group. This is not consistent with the expectation 
that the AT group may have longer aPTT and PT, and it requires 
further research on the association between severity and chang-
ing coagulopathy. Still, it is very difficult to use this knowledge in 
clinical settings since the laboratory results are not consistent 
with outcome.
  The TSSS grade was associated with increased likelihood of ad-
ditional administration of antivenom. For grade I and II, addition-
al administration was necessary for 20.7% and 61.5%, respec-

Table 4. Information related with administered antivenom

Variable Grade I (n=18) Grade II (n=24) Grade III (n=1) P-value

No. of additional administrations 1.0 (1.0–2.0) 2.0 (1.0–2.0)   2 0.295

Antivenom (vials)
   Total additional amount 
   Total amount during hospitalization

1.0 (1.0–2.0)
2.0 (2.0–3.0)

2.0 (1.0–2.0)
3.0 (2.0–3.0)

  4
  6

0.142
0.092

Time interval (hr)a) 

   To second administration
   To last administration

8.0 (4.0–26.3)
18.5 (6.0–53.3)

7.5 (4.0–22.5)
34.5 (8.3–125.4)

12
48

0.911
0.815

Values are presented as median (interquartile range). 
a)Time interval from first administration of antivenom.

Table 5. Multiple regression analysis for independent factors associated 
with the need of additional administration of antivenom

Variable Odd ratios P-value
95% confidence  

interval

Local effect score-pain 2.477 0.005 1.309–4.689
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tively. Another study with 32 patients and an initial dose of two 
vials showed the progression rates for grades I and II envenom-
ation were 38.5% and 60.0%, respectively.16

  Our multivariate analysis showed that presenting pain local ef-
fect index was an independent factor predicting additional anti-
venom administration. Pain is a local symptom like edema, which 
occurs immediately after the bite, significantly sooner than gen-
eralized symptoms, which occur after the toxin enters the circu-
latory system. Considering that the progression of local symptoms 
and signs is the most frequent reason for additional administra-
tion, taking both local and generalized symptoms into account 
will enhance the accuracy of the TSSS.
  Adverse events related to antivenom include urticaria, rash, 
anaphylaxis, and delayed onset of serum sickness. In the US, acute 
events affect 5.4% to 14.3% of patients, and 16% develop serum 
sickness.12,17 However, we did not see adverse reactions associat-
ed with antivenom, which is consistent with other studies in Ko-
rea, which have reported very low rates from 0.5 to 0.8%.16,18 This 
discrepancy may be explained by different dosing strategies and 
antivenom production protocols.
  This study has some limitations. First, the venom differs among 
species of snakes, which will influence the outcome.2 Although 
specific treatment for each species may be helpful for improving 
outcomes, it is extremely rare that patients can accurately identi-
fy the snake, which is a major limitation.
  Second, there are regional differences of snake inhabitation, 
which may influence the symptom presentations. Since this study 
was performed in a single center, regional specifics of the area 
may have influenced the outcome.
  Third, this study is based on a retrospective chart review, which 
did not include information on the quality of prehospital treatment. 
However, prehospital treatments are only associated with skin 
necrosis. They do not influence factors associated with initial ad-
ministration dosing strategy, such as diplopia, headache, and co-
agulopathy.18

  Fourth, the pain local effect index is influenced by analgesics 
administered prior to the visit. Since the protocol for snakebite 
does not include a pain control strategy, need for pain relief was 
determined on a clinical basis. This may have influenced the se-
lection of the initial dose. A chart review has revealed that in most 
cases, acetaminophen and non-steroidal anti-inflammatory drugs 
were used except for 3.2% of cases when an opioid was used.
  Last, we only included a very small number of grade 0 and III 
patients. This may be because only severely affected patients visit 
tertiary centers, and about 75.5% of snakebite victims in Korea 
have stage I and II envenomation.2

  In conclusion, we recommend measuring the pain local effect 

index along with TSSS when deciding upon administration of an-
tivenom. Specially, when the pain index is above two, additional 
administration is highly likely and repeated evaluation of the pa-
tient is required. A further study to confirm these findings is nec-
essary. 
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