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Can surgical need in patients with Naja atra
(Taiwan or Chinese cobra) envenomation be
predicted in the emergency department?
HY Su, MJ Wang, YH Li, CN Tang, MJ Tsai *

ABSTRACT

Objectives: To investigate the clinical predictors
and the aetiologies for surgery in patients with Naja
atra (Taiwan or Chinese cobra) envenomation.

Methods: This case series was conducted in the only
tertiary care centre in eastern Taiwan. Patients who
presented to the emergency department with Naja
atra bite between January 2008 and September 2014
were included. Clinical information was collected
and compared between surgical and non-surgical
patients.

Results: A total of 28 patients with Naja atra
envenomation presented to the emergency
department during the study period. Of these, 60.7%
(n=17) required surgery. Necrotising fasciitis (76.5%)
was the main finding in surgery. Comparisons
between surgical and non-surgical patients showed
skin ecchymosis (odds ratio=34.36; 95% confidence
interval, 2.20-536.08; P=0.012) and a high total
dose of antivenin (=6 vials; odds ratio=14.59; 95%
confidence interval, 1.10-192.72; P=0.042) to be
the most significant predictors of surgery. The rate
of bacterial isolation from the surgical wound was
88.2%. Morganella morganii (76.5%), Enterococcus
faecalis (58.8%), and Bacteroides fragilis (29.4%) were
the most common pathogens involved. Bacterial
susceptibility testing indicated that combined broad-
spectrum antibiotics were needed to cover mixed
aerobic and anaerobic bacterial infection.

Conclusions: Patients with Naja atra envenomation
who present with skin ecchymosis or the need for
a high dose of antivenin may require early surgical
assessment. Combined broad-spectrum antibiotics
are mandatory.
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* Among the six major venomous snakebites in Taiwan, Naja atra envenomation most commonly leads to

surgical intervention.

*  Ecchymosis on the bite wound may be a good indicator for surgical need in N atra envenomation.
* Adequate antibiotic treatment may play an important role in the early management of N atra envenomation.

* Surgical debridement and broad-spectrum antibiotic treatment are suggested in patients with N atra
envenomation who develop ecchymosis. Surgery is more likely when high-dose antivenin has been used.

Introduction

Snakebites are an important public health and
wilderness medical issue in Taiwan. Because of
the warm and humid climate in Taiwan, there are
more than 40 terrestrial snake species, of which 15
are venomous. Six of the venomous species are of
high clinical importance, including Protobothrops
mucrosquamatus (Taiwan Habu), Trimeresurus
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stejnegeri (Taiwan bamboo viper), Naja atra (Taiwan
or Chinese cobra), Bungarus multicinctus (banded
krait), Deinagkistrodon acutus (hundred pacer), and
Daboia russelii siamensis (Russell’s viper).!?

Naja atra belongs to the Elapidae family, and
in addition to Taiwan, it inhabits southern China,
Hong Kong, northern Laos, and northern Vietnam.?
Cobra venom contains a mixture of components,
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including cardiotoxin, cobrotoxin,

haemotoxin,
and phospholipase A2.* Patients envenomed by a

Data collection, processing, and
categorisation

A medical assistant was responsible for collecting the
medical records of patients admitted with snakebite
during the study period by using the computerised
chart system and International Classification of
Diseases, 9th Revision, Clinical Modification codes
989.5, E905.0, E905.9, E906.2, and E906.5. Two
physicians (the first and fifth authors) independently
reviewed the charts and categorised these patients
as having venomous or non-venomous snakebites
based on the patient’s presentation with or
without toxic effects. For venomous snakebites,
classification of the snake species was based on the
identification of the snake brought in by the patient
or identification by the patient from a picture. All
the included patients had a compatible presentation
and consistent antivenin use as recorded in the
patient chart. Patients who were initially recognised
as having venomous snakebites but did not receive
antivenin treatment were excluded from the study
because of the high probability of a dry bite or
misidentification of the snake species. Patients with
a toxic presentation who could not identify the
snake species or who received more than one type
of antivenin were recorded as having an unknown
poisonous snakebite.

cobra experience varying degrees of neurotoxicity
and cytotoxicity depending upon the proportions
of the venom components. Due to evolution and
geographical variations, different cobra species
cause distinct clinical effects. For example, Naja
philippinensis (northern Philippine cobra) causes a

Here we only report patients who were bitten
by N atra. To identify the early clinical predictors
of surgery, we categorised the patients into surgical
and non-surgical groups. All surgical interventions
were performed after surgical consultation in the

purely neurotoxic effect without local cytotoxicity.’ ED or after admission when patients presented
In contrast, N atra envenomation is associated With progressive signs suggesting tissue necrosis,
with more cytotoxic effects.*” Although an necrotising fasciitis, or suspected compartment
equine-derived bivalent F(ab)2 antivenin has been syndrome. The final diagnoses of necrotising
produced by the Centers for Disease Control, ROC fasciitis and compartment syndrome were made
(Taiwan) to neutralise the venom of N atra, the according to surgical pathological findings and
surgical intervention rate remains high."® The main intracompartmental ~ pressure ~ measurement,
objective of this study was to investigate the clinical respectively. The surgical procedures included
presentations and predictors for surgery in patients debridement, fasciotomy, skin graft, and digit or
with N atra envenomation. Due to high wound limb amputation. The potential clinical predictors
infection rates, the isolated bacteria from surgical of surgery in N atra envenomation included the

wounds and the antimicrobial susceptibility were Patients age, gender, season of snakebite, co-
also analysed. morbidities, details of envenomation, site of

snakebite, initial vital signs on arriving at the ED,
clinical presentation, laboratory data, treatment,
timing of initial antivenin therapy, and total dose of

Methods

Study design and patient population antivenin.

The Buddhist Tzu Chi General Hospital is the only For the laboratory analyses, the initial data
tertiary care centre in eastern Taiwan. There are 1000 obtained in the ED were collected, including
beds and the emergency department (ED) has more haematology, biochemistry, and  coagulation
than 55 000 patient visits per year. This hospitalisalso profiles. In regard to clinical presentation, the
the toxicant, drug information, and antidote control local signs and symptoms, local complications,
centre for eastern Taiwan. A retrospective study was and systemic manifestations and complications
conducted to analyse data from patients admitted to Wwere classified. Local signs and symptoms included

the ED with N atra envenomation between 1 January swelling, ecchymosis, necrosis, numbness, and bulla
2008 and 30 September 2014. formation. Local complications included necrotising
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fasciitis and suspected compartment syndrome.
Systemic manifestations and complications included
neurological symptoms, including ptosis, blurred
vision, drooling, and paralysis of facial, limb, or
respiratory muscles; leukocytosis, defined as a white
blood cell count of >11.0 x 10°/L; thrombocytopenia,
defined as a platelet count of <150 x 10°/mm?3;?
prothrombin time (PT) prolongation, defined as PT
of >11.6 seconds; activated partial thromboplastin
time (aPTT) prolongation, defined as aPTT of >34.9
seconds (prolonged PT and aPTT were defined
according to our clinical laboratory reference range);
fibrinogen consumption, defined as a fibrinogen
level of <1.8 g/L; elevated D-dimer level, defined as a
D-dimer level of >500 ug/L; acute renal impairment,
defined as a creatinine level of >123.8 umol/L% and
rhabdomyolysis, defined as a creatine kinase level of
>1000 U/L.*° Two physicians reviewed the charts of
the enrolled patients and rechecked the accuracy of
the data collection. If the patient’s initial vital signs
were not measured or laboratory tests were not
performed in the ED, this was recorded as a missing
value in the database. Any discrepancy regarding the

# Predictors of surgery in Naja atra envenomation

collected data was resolved through discussion with
the third physician on the research team. The study
protocol was approved by the institutional review
board of the Buddhist Tzu Chi General Hospital
(IRB102-38). All patient records and information
were anonymised and de-identified prior to analysis.

Statistical analyses

To identify significant early clinical presentation and
laboratory data associated with surgery in patients
with N atra envenomation, the Student’s ¢ test or the
Mann-Whitney U test for continuous variables and
Chi squared test for categorical variables were used
to perform univariate analysis. A P value of <0.05 was
considered statistically significant, and all statistical
tests were two-tailed. For multivariate analysis, the
categorical variables with a P value of <0.05 in the
initial univariate analysis were selected and entered
into a logistic regression forward stepwise Wald test
to calculate the odds ratios (ORs). The Statistical
Package for the Social Sciences (Windows version
12.0; SPSS Inc, Chicago [IL], US) was used to
perform the statistical analyses.

TABLE 1. Clinical characteristics of the |7 surgical patients with Naja atra envenomation

Pa- Age Sex Site of bite Preoperative Timeto Final operative Received procedure and Anti- Timeto Size of Inten- Duration
tient (years) clinical arrive diagnosis frequency venin receive debride- sive of
No. features  hospital . . . . dosage surgeryt ment care hospital-
(hours)* Slr_nple N_e(_:ro- Fascio- Debride- Skin Am_pu- (vials) (days) wound} isation
skinor tising tomy ment graft tation (cm?) (days)
subcu- fasciitis
taneous
necrosis
1 24 F  Right leg E, S 0.5 - + 1 1 1 0 6 5 15x8 - 26
2 26 M Righthand C,E,S,N,NC 1 - + 1 2 0 0 7 7 15x2 - 20
3 33 F  Rightleg E, S 1 - + 1 2 3 0 6 9 12x10 - 40
4 34 M Lefthand B,E,S,NC 1 - + 1 1 0 1 18 7 3x2 - 24
5 42 M Lefthand E,S,N,NC 0.5 - + 1 6 2 0 11 4 10x35 - 23
6 43 M Lefthand E,S,NC 1 - + 1 4 0 0 5 2 7x2 - 30
7 45 M Lefthand E,S,N,NC 1 - + 1 2 1 0 22 1 15x10 - 30
8 45 F  Rightleg E,S,N 1 - + 1 2 1 0 13 1 17x3 - 38
9 59 M Leftfoot GC,E,S,NC 6 - + 2 2 1 0 10 2 15x 6 - 33
10 60 M Righthand B,E,S,NC 1 - + 1 1 1 1 10 11 20x 6 + 37
11 64 M Lefthand B,E, SN 1 + - 0 3 1 0 12 3 2x2 - 15
12 67 M Righthand B, S, N, NC 1 + - 0 2 0 0 7 14 2x2 - 15
13 70 F  Left hand S 1 + - 0 2 1 0 8 1.5 15x1 - 15
14 70 M Rightfoot B,E,S,N,NC 4 - + 1 1 0 0 8 3 10x8 + 16
15 72 F Leftleg B,E,S,N,NC 0.5 - + 1 2 1 0 4 5 23x6 - 41
16 77 F Left leg B,E S 1 - + 1 1 1 0 6 14 10x3 - 45
17 79 M Left leg S 0.5 + - 0 2 0 0 4 4 1x08 - 19
Abbreviations: B = bulla formation; C = compartment sign; E = ecchymosis; F = female; M = male; N = numbness; NC = necrosis; S = swelling
* The time to arrive at our hospital after the bite
T The time of initial presentation to the day of surgery
I Size of debridement wound was based on the final surgical report which indicated the wound size after receiving the repeated debridement
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Results

Epidemiology and surgical intervention rate
for snake envenomation

Between 1 January 2008 and 30 September 2014,
a total of 245 patients with venomous snakebites
were recorded. Among these, 64 (26.1%) patients
had P mucrosquamatus envenomation, 56 (22.9%)
had T stejnegeri envenomation, 28 (11.4%)
had N atra envenomation, five (2.0%) had B
multicinctus envenomation, six (2.4%) had D acutus

envenomation, seven (2.9%) had D r siamensis
envenomation, and 79 (32.2%) had unknown
poisonous snake envenomation.

The snakebites associated with the highest
surgical intervention rates were N atra (60.7%),
followed by D acutus (33.3%), and P mucrosquamatus
(12.5%).

Characteristics and clinical status of patients
with Naja atra envenomation

Of the 28 patients with a N atra bite, 20 (71.4%)

FIG. Patient No.9 in Table |
A 59-year-old man bitten by Naja atra on his left foot visited our hospital 6 hours after the snakebite. (a) Despite the use of 10
vials of antivenin, progressive ecchymosis and necrosis on the bite wound developed later. (b) Fasciotomy and debridement were
done on the second day of patient visit. (c) Progressive wound necrosis and necrotising fasciitis of the leg developed 5 days later.
(d and e) He underwent second surgical debridement of the foot and fasciotomy of the leg

Hong Kong Med J | Volume 22 Number 5 | October 2016 | www.hkmj.org



# Predictors of surgery in Naja atra envenomation

TABLE 2. Clinical and laboratory characteristics of 28 patients with Naja atra envenomation

Characteristic Non-surgical (n=11)* Surgical (n=17)* P value
Age (years) 50.3 + 14.9 53.5 + 18.1 0.624
Body temperature (°C) 36.0 (36.0-36.3) [n=6] 36.0 (36.0-37.0) [n=9] 0.528
Heart rate (beats/min) 90.6 + 15.8 95.4 + 16.5 (n=16) 0.454
Respiratory rate (breaths/min) 18.0 (16.0-18.0) [n=7] 20.0 (20.0-21.0) [n=5] 0.015
Blood pressure (mm Hg)
Systolic 151.5 + 33.0 147.0 £ 24.7 (n=16) 0.691
Diastolic 95.1 £18.7 91.6 + 20.1 (n=16) 0.655
Time to initiation of antivenin (hours) 1.0 (0.5-2.0) 1.0 (1.0-1.0) 0.596
Total dose of antivenin (No. of vials) 3.8+24 9.2+49 0.002
ED laboratory data
WBC (x 10° /L) 8.2 +2.4 (n=10) 11.0 + 3.7 0.043
Hb (g/L) 14.2 + 1.5 (n=10) 13.0 + 2.1 0.112
PLT (x 10° /L) 217.2 + 55.5 (n=10) 250.0 + 99.6 0.350
PT (secs) 10.5 + 0.8 (n=8) 10.8 + 1.8 (n=15) 0.591
aPTT (secs) 27.0 + 1.3 (n=8) 27.5 + 4.5 (n=15) 0.784
AST (U/L) 51.6 £ 61.5 (n=10) 149.4 + 418.6 (n=15) 0.433
ALT (U/L) 37.8 + 34.0 (n=10) 29.7 +13.8 0.494
BUN (mmol/L) 5.4 + 2.5 (n=10) 6.6 +5.5 0.578
CRE (umol/L) 79.6 + 26.5 (n=10) 123.8 + 106.1 0.254
CK (U/L) 326.0 (250.0-402.0) [n=2] 211.0 (71.5-25 810.0) [n=5] 0.548
Fibrinogen 255.1 (174.5-328.6) [n=3] 341.1 (285.5-534.9) [n=9] 0.175
D-dimer 314.0 (235.5-348.6) [n=3] 1654.5 (501.1-2293.2) [n=9] 0.432

Abbreviations: ALT = alanine aminotransferase; aPTT = activated partial thromboplastin time; AST = aspartate aminotransferase;
BUN = blood urea nitrogen; CK = creatine kinase; CRE = creatinine; ED = emergency department; Hb = haemoglobin;

PLT = platelet count; PT = prothrombin time; WBC = white blood cell count

* Data are shown as mean * standard deviation, or median (interquartile range)

were male. The mean (+ standard deviation) age of
patients was 52.3 + 3.2 years. Of the patients, 22
(78.6%) were bitten in the summer or fall; 17 (60.7%)
were bitten on an upper limb; and 17 (60.7%) with
N atra envenomation received surgical treatment.
These patients had a significantly longer duration
of hospitalisation than non-surgical patients (27.5
+ 10.2 days vs 2.7 + 3.1 days; P<0.001). The main
operative diagnosis was necrotising fasciitis (n=13,
76.5%) with confirmation by histopathology. The
clinical characteristics of the 17 surgical patients are
shown in Table 1. The mean duration from the time
of initial presentation to the day of surgery was 5.5
+ 4.3 days. All 13 patients with necrotising fasciitis
underwent emergency fasciotomy and debridement,
and two required limb or digit amputation. The other
four surgical patients without necrotising fasciitis
only received local debridement with or without
skin graft due to local tissue necrosis. Therefore, a
smaller surgical wound and a shorter duration of
hospitalisation were observed for these patients
(Table 1). Nearly all surgical patients presented with
local swellingand ecchymosis on the bite wound. Only

one non-surgical patient presented with ecchymosis
on a finger and was discharged from the ED 1 day
later after four vials of antivenin were administered.
The Figure shows the initial ecchymosis and necrosis
of a N atra bite wound, the development of extensive
tissue necrosis, and the postoperative wounds of a
surgical patient (patient No. 9 in Table 1).

Demographic and clinical characteristics
associated with surgical treatment in patients
with Naja atra envenomation

The demographic and clinical characteristics were
compared between the surgical and non-surgical
patients with N atra envenomation (Tables 2 and 3).
Overall, the surgical patients received significantly
higher doses of antivenin (9.2 + 4.9 vials vs 3.8 +
2.4 vials; P=0.002) and had significantly higher
white blood cell counts (11.0 + 3.7 x 10° /L vs 8.2
+ 2.4 x 10° /L; P=0.043). A higher respiratory rate
was also evident in surgical patients (median
[interquartile range]: 20 [20-21] vs 18 [16-18]
breaths/min; P=0.015), but the incidence of missing
data in both groups for this factor was high (Table

Hong Kong Med J | Volume 22 Number 5 | October 2016 | www.hkmj.org
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TABLE 3. Demographics, and clinical and laboratory characteristics of 28 patients with Naja atra envenomation

Characteristic No. (%) of patients P value
Non-surgical (n=11) Surgical (n=17)
Age-groups (years) 0.435
=60 3(27.3) 8(47.1)
<60 8 (72.7) 9 (52.9)
Gender 0.419
Male 9(81.8) 11 (64.7)
Female 2(18.2) 6 (35.3)
Season 0.355
Summer and fall 10 (90.9) 12 (70.6)
Winter and spring 1(9.1) 5(29.4)
Site of snakebite 0.435
Upper limb 8 (72.7) 9 (52.9)
Lower limb 3 (27.3) 8 (47.1)
Co-morbidity with diabetes 1.000
Yes 1(9.1) 2(11.8)
No 10 (90.9) 15 (88.2)
Allergy to antivenin 1.000
Yes 0 0
No 11 (100) 17 (100)
High dose of total antivenin use (=6 vials) 0.001
Yes 2(18.2) 14 (82.4)
No 9 (81.8) 3(17.6)
Local signs and symptoms
Swelling 0.05
Yes 8 (72.7) 17 (100)
No 3(27.9) 0
Ecchymosis <0.001
Yes 1(9.1) 14 (82.4)
No 10 (90.9) 3(17.6)
Necrosis 0.002
Yes 0 10 (58.8)
No 11 (100) 7 (41.2)
Numbness 1.000
Yes 5 (45.5) 8(47.1)
No 6 (54.5) 9 (52.9)
Bulla formation 0.023
Yes 0 7(41.2)
No 11 (100) 10 (58.8)
Local complications
Suspected compartment syndrome 0.505
Yes 0 2(11.8)
No 11 (100) 15 (88.2)
Necrotising fasciitis <0.001
Yes 0 13 (76.5)
No 11 (100) 4 (23.5)

Abbreviations: aPTT = activated partial thromboplastin time; CK = creatine kinase; CRE = creatinine; PLT = platelet count; PT =
prothrombin time; WBC = white blood cell count
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TABLE 3. (cont'd)

# Predictors of surgery in Naja atra envenomation

Characteristic

No. (%) of patients P value

Non-surgical (n=11)

Surgical (n=17)

Systemic manifestations and complications

Neurological symptoms 1.000
Yes 0 0
No 11 (100) 17 (100)

Leukocytosis (WBC >11.0 x 10° /L) 0.190
Yes 1(10.0) 7(41.2)
No 9 (90.0) 10 (58.8)

Thrombocytopenia (PLT <150 x 10% /mm§g) 0.613
Yes 2 (20.0) 2(11.8)
No 8 (80.0) 15 (88.2)

aPTT prolongation (>34.9 secs) 1.000
Yes 1(6.3)
No 8 (100) 15 (93.8)

PT prolongation (>11.6 secs) 1.000
Yes 1(6.3)
No 8 (100) 15 (93.8)

Fibrinogen consumption (<1.8 g/L) 0.214
Yes 1(33.3) 0
No 2 (66.7) 11 (100)

Elevated initial D-dimer (>500 pg/L) 0.192
Yes 7 (63.6)
No 3 (100) 4 (36.4)

Acute renal impairment (CRE >123.8 ymol/L) 0.236
Yes 3(30.0) 10 (58.8)
No 7 (70.0) 7 (41.2)

Rhabdomyolysis (CK >1000 U/L) 1.000
Yes 0 1(16.7)
No 2 (100) 5(83.3)

2). A significantly higher proportion of surgical
patients received six or more vials of antivenin in
total compared with non-surgical patients (82.4% vs
18.2%; P=0.001) [Table 3]. For local signs, symptoms
and complications, a significantly higher proportion
of surgical patients presented with local swelling
(100% vs 72.7%; P=0.05), ecchymosis (82.4% vs 9.1%;
P<0.001), necrosis (58.8% vs 0%, P=0.002), bulla
formation (41.2% vs 0%; P=0.023), and necrotising
fasciitis (76.5% vs 0%; P<0.001) [Table 3]. Age,
season and site of snakebite, co-morbidity with
diabetes, allergy to antivenin, and other systemic
manifestations were not found to be significantly
different between surgical and non-surgical patients.
None of the patients with N atra envenomation
presented with neurological symptoms. One patient
with a small area of ecchymosis on the bite wound
of his left hand did not receive surgical intervention,

because the condition of the local wound improved
and healed after administration of four vials of
antivenin and intravenous antibiotics.

Independent predictors of surgery in
patients with Naja atra envenomation

To determine clinical predictors of surgery, a
multivariate logistic regression analysis was
conducted for the significant variables derived from
the univariate analysis. Necrotising fasciitis was not
included in the multivariate analysis because it was
a surgical finding and not an early sign that could be
identified in the ED. The results showed that local
ecchymosis (OR=34.36; 95% confidence interval
[CI], 2.20-536.08; P=0.012) and a high total dose of
antivenin (=6 vials; OR=14.59; 95% CI, 1.10-192.72;
P=0.042) were the most significant clinical predictors
of surgery in patients with N atra envenomation.

Hong Kong Med J | Volume 22 Number 5 | October 2016 | www.hkmj.org
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Bacterial isolates identified from the
snakebite wounds of surgical patients with
Naja atra envenomation, and bacterial
susceptibility to common antibiotics

To analyse the cause of necrotising fasciitis in
surgical patients, the bacterial isolates identified
from snakebite wounds were further analysed in
surgical patients. The positive culture rate was
88.2% (n=15). More than one type of bacteria were
isolated from the snakebite wound in 14 (82.4%)
surgical patients. The isolated pathogens included
aerobic Gram-positive and Gram-negative bacteria,
as well as anaerobic bacteria. The most commonly
identified pathogen was Morganella wmorganii
(76.5%), followed by Enterococcus faecalis (58.8%)
and Bacteroides fragilis (29.4%) [Table 4].

The susceptibility of the bacteria to common
antibiotics was analysed (Table 5). All Gram-
positive bacteria were susceptible to vancomycin
and teicoplanin. All Gram-negative bacteria were
susceptible to cefotaxime and amikacin. Cefmetazole,
gentamicin, levofloxacin, and trimethoprim/
sulfamethoxazole were also effective against
the isolated Gram-negative bacteria. Nearly all
anaerobic bacteria were susceptible to clindamycin
and metronidazole (Table 5).

TABLE 4. Bacterial isolates from snakebite wounds of surgical
patients®

Pathogen No. (%) of patients
(n=17)
Aerobic Gram-positive bacteria
Enterococcus faecalis 10 (58.8)
Coagulase-negative staphylococci 2(11.8)
Aerobic Gram-negative bacteria
Morganella morganii 13 (76.5)
Proteus vulgaris 3(17.6)
Proteus mirabilis 2 (11.8)
Escherichia coli 2(11.8)

Aeromonas hydrophila 1(5.9
1(5.9)
1(5.9)

Shewanella putrefaciens

Serratia marcescens
Anaerobic bacteria

Bacteroides fragilis 5(29.4)

Bacteroides eggerthii 1(5.9)

* More than one kind of bacteria were isolated from snakebite
wound in |4 patients who received surgery with Naja atra
envenomation

TABLE 5. Susceptibility of bacteria isolated from snakebite wounds to common antibiotics*t

Pathogens

Antibiotics

Penicillin & penicillin combination groups

Cephalosporins

PCN Amp A/C A/S P/T T/C Cef Cefu Cefm Cefo Ceft Cefe

Aerobic Gram-positive bacteria

Enterococcus groups 10(10) 10(10)

Coagulase-negative staphylococci 0 (2) 0()
Aerobic Gram-negative bacteria

Morganella morganii 1(13) 2(8) 1(4) 99 4(4) 1(13) 2@ 11(11) 13(13) 9(9 5 (5)

Proteus vulgaris 0(@) 2(2) 2 () 1(1) 0(3) 2(2) 2(2) 3(3) 2 () 1(1)

Proteus mirabilis 0(@) 1) 0() 0(2) 22 2 ()

Escherichia coli 0 1) 1(1) 1(1) 1) 1) 2(2) 2(2 1(1)

Aeromonas hydrophila 01) 0(1) 1(1) 0(1) 0(1) 1(1) 1(1) 1(1)

Shewanella putrefaciens o(1) 1(1) 1(1) 1(1) 0(1) o) 1(1) 1(1) 1(1)

Serratia marcescens 0(1) o) 1(1) 0(1) 1) 1) 10  1()
Anaerobic bacteria

Bacteroides fragilis 0 (5) 0 (4) 2 (5)

Bacteroides eggerthii 0(1) 1(1) 1(1)

Abbreviations: A/C = amoxicillin/clavulanic acid; A/S = ampicillin/sulbactam; Ami = amikacin; Amp = ampicillin; Cef = cefazolin; Cefe = cefepime; Cefm =
cefmetazole; Cefo = cefotaxime; Ceft = ceftazidime; Cefu = cefuroxime; Cip = ciprofloxacin; Clin = clindamycin; Ert = ertapenem; Gen = gentamicin; Imi =
imipenem; Levo = levofloxacin; Mero = meropenem; Metro = metronidazole; P/T = piperacillin/tazobactam; PCN = penicillin; T/C = ticarcillin/clavulanate;
T/S = trimethoprim/sulfamethoxazole; Tei = teicoplanin;Van = vancomycin
* Values are shown as No. of patients with susceptibility to specific antibiotics (total No. of patients with the specific antibiotic sensitivity test)
T If the same type of bacterial culture was found in different samples from one patient, it was defined as the same clone in the table
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Discussion

In our study, skin change of ecchymosis on the
bite wound was a good clinical predictor of
surgery for N atra envenomation. The majority
of N atra venom is cytotoxic, not haemorrhagic.
The cardiotoxin and phospholipase A2 in N
atra venom are direct cytotoxic polypeptides
and cause degradation of cell membranes. They
induce cell death by activating calcium-dependent
proteases, and inhibit mitochondrial respiration.
Hyaluronidase in N atra venom destroys interstitial
constituents and precipitates the spreading of
venom."" A histopathological study of N atra bite
wounds demonstrated thrombotic and fibrinoid
deposits in superficial and deep dermal vessels,
and leukocytoclastic vasculitis.'”> Hence, both the
cytotoxic and ischaemic effects of N atra venom
may lead to blood extravasation from the destroyed
subcutaneous vessels or capillaries and result in the
characteristic ecchymosis on the bite wound. This
finding may be a potentially important clinical sign
of irreversible subcutaneous tissue necrosis due to
development of tissue ischaemia.® If management
at this stage is inadequate, tissue destruction may
progress to involve the fascia rapidly and extensively
with ultimate development of necrotising fasciitis.'®
In our patients, extensive tissue destruction beyond
the original bite site was evident once necrotising
fasciitis developed. Further study is required to verify

# Predictors of surgery in Naja atra envenomation

whether early surgical intervention can prevent the
development of necrotising fasciitis, reduce the size
of surgical wound, or shorten the length of hospital
stay. Nonetheless, surgical assessment may be
needed in patients with N atra bite who present with
local ecchymosis on the bite wound.

Traditionally, immediate injection of antivenin
to neutralise N atra venom was the only efficient
management.” A study using an enzyme-linked
immunosorbent assay to detect the amount of
N atra venom revealed that two to eight vials
of antivenin are sufficient to eliminate systemic
circulating venom if presentation is early.® The
efficacy of systemically administrated antivenin to
diminish local tissue destruction is still controversial,
however, and needs further study.® In an animal
study, the cytotoxic venom of N atra was shown
to bind with high affinity to tissues leading to high
levels of local tissue destruction.'® This finding may
explain the difficulties associated with neutralisation
of local venom toxicity, especially in cases of delayed
presentation. Thus, the adequate dose of antivenin
for preventing advanced tissue destruction remains
unknown. In our study, nearly all patients presented
within 1 hour following envenoming. Intravenous
injection of antivenin was administered as soon as
clinically possible following identification of cobra
envenoming. Interestingly, the use of higher doses
of antivenin in patients with N atra envenomation
did not decrease surgical rates even in cases of

Antibiotics
Amino-glycosides Carbapenems Quinolones Glycopeptides Others
Gen Ami Imi Mero Ert Cip Levo Van Tei T/S Clin Metro
1(1) 10 (10) 10 (10)
0@ 22 @ 0@ 2(2
12 (13) 13 (13) 11 (11) 9(9) 7(7) 9) 13 (13) 11 (12)
3@ 33 22 22 22 213 31®
2(2 2(2 1(1) 2() 2(2
2(2 2(2) 1(1) 1(1) 1(1) 1(1) 2() 2(2)
1(1) 1(1) 1(1) 1(1) 0(1) 1(1) 1(1) 1(1)
2(2 2(2 1(1) 1(1) 1(1) 2() 2(2 1(1)
1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1)
4(5) 4(5)

1(1)

1(1)
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early presentation. More than half of the patients
underwent surgery and the majority were diagnosed
with necrotising fasciitis. Surgical intervention
appears to be crucial for the management of N atra
envenomation. Hence, the identification of clinical
predictors of surgical need and sufficient evidence
to support surgeons’ decisions to carry out early
surgical intervention are important issues in N atra
management.

High bacterial isolation rates and the growth
of mixed spectrums of bacteria from bite wounds
indicate bacterial infection (which may be another
cause of necrotising fasciitis in N atra envenomation),
bacterial colonisation, or both. Morganella morganii
and Enterococcus species were the most common
pathogens cultured from N atra bite wounds in this
study. This finding is consistent with the bacterial
cultures taken from oral swabs of N atra in Hong
Kong.' Similar results were also described in a
previous study in western Taiwan.” Hence, the
use of adequate antibiotics is important in N atra
envenomation management. In accordance with the
results of our tests of the antibiotic susceptibility of
the isolated bacteria, treatment with glycopeptide
antibiotics (vancomycin or teicoplanin) combined
with a third-generation cephalosporin (cefotaxime)
with or without anti-anaerobic antibiotics
(clindamycin or metronidazole) is recommended.

Limitations

There are several limitations in our study. First,
this was a retrospective chart review comparative
study. Non-uniform description of symptoms and
signs documented by different providers may have
influenced the validity of the statistics. Second,
the small sample size may limit the statistical
power in the multivariate analysis. Third, there
are no definitive guidelines for the management
of venomous snakebites in Taiwan, and various
treatment strategies were employed; this may
have influenced the final outcome. A large-scale
prospective study is warranted to verify the risk
factors we have identified to provide more accurate
data for early risk stratification, treatment, and
management of these patients.

Conclusions

Of the six common venomous snakes in eastern
Taiwan, bites by N atra most frequently lead to
surgical intervention. Severe tissue necrosis and
necrotising fasciitis were the main findings during
surgery. Patients who present with ecchymosis
on the bite wound or who require higher doses of
antivenin may have a higher probability of surgical
intervention. In addition to early and adequate
antivenin treatment, combined broad-spectrum
antibiotics and surgical intervention may be needed

in the management of N atra snakebites.
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