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ABSTRACT 27 

Background: 28 

Bothrops lanceolatus (Bl), a pit viper endemic to Martinique, is responsible for 40–50  29 

envenomations annually. These are characterized by systemic thrombotic complications, that  30 

 can lead to cerebral, myocardial, or pulmonary infarction. The introduction of the specific  31 

antivenom Bothrofav has substantially improved patient prognosis and management.  32 

Although severity grading remains primarily clinical, the specific role of medical imaging in  33 

this setting is underexplored. We aimed to delineate the contribution of imaging to the  34 

management of B. lanceolatus envenomation. 35 

Methods: 36 

We conducted a single-center  retrospective observational study at the University Hospital of  37 

Martinique from January 2011 to August 2024. All patients with documented B. lanceolatus  38 

envenomation were included. We collected data in imaging use, clinical severity grade, and  39 

complications. Bivariate analyses were performed to examine associations between clinical  40 

status and imaging use. 41 

Results: 42 

A total of 389 patients were included (median age 48 years [IQR 35–59]; 128 [33%] women).  43 

Seventy-nine patients (20%) underwent at least one imaging examination, for a total of  127  44 

studies. Imaging was infrequently used in mild envenomation (Grades 1–2) but significantly  45 

more frequent in severe cases (Grades 3–4, p < 0.01) and then complications were present,  46 

including compartment syndrome, shock, coma, infection, or the need for surgery. Eleven  47 

thrombotic events were confirmed in six pa three cerebral infarctions, three myocardial  48 

infarctions, two pulmonary embolisms, and three deep vein thromboses. Thoracic computed  49 

tomography (CT) and Doppler ultrasound were central to the diagnosis of pulmonary  50 

embolism and peripheral thrombosis, respectively. 51 

Conclusions: 52 

Although the management of snakebite envenomation remains primarily clinical, judicious  53 
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use of medical imaging, specifically CT, MRI, and Doppler ultrasound, serves as a valuable  54 

adjunct. Imaging enhances severity grading and is essential for confirming thrombotic  55 

complications, thereby supporting the development of standardized, imaging-based  56 

management protocols for B. lanceolatus envenomation. 57 

 58 

Keywords: Snake envenomation, Imaging, Diagnosis, Bothrops lanceolatus, Caribbean 59 

INTRODUCTION 60 

Bothrops lanceolatus is a pit viper endemic to the island of Martinique, a French territory in 61 

the Caribbean. This species is responsible for 30–40 envenomation cases per year [1,2]. 62 

Envenomation produces a syndrome characterized by local effects—including pain, oedema, 63 

and necrosis, as well as systemic involvement such as hemodynamic disturbances and, in 64 

severe cases, hematological abnormalities [1–4]. Most of these features resemble those seen 65 

in envenomations caused by other Bothrops species [5–7]. However, unlike the typical 66 

hemostatic disturbances induced by other Bothrops venoms, which are characterized by 67 

consumption coagulopathy and defibrinogenation [6,8], untreated B. lanceolatus 68 

envenomation leads to severe thrombotic complications in up to 30% of cases. These may 69 

manifest as cerebral, myocardial, or pulmonary infarction, myocarditis, or diffuse thrombotic 70 

microangiopathy [1,9–11]. Whereas some envenomations require ultrasound for early severity 71 

assessment [12,13] or to locate foreign bodies such as fangs [14], the severity of B. 72 

lanceolatus envenomation is assessed primarily using a clinical scale. This scale comprises 73 

four grades (Figures 1 and 2), determined by the extent of oedema and pain together with the 74 

presence of systemic signs suggesting organ failure or thrombosis. These clinical grades have 75 

been correlated with venom concentrations measured in blood [1,3,11]. 76 
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 77 

Figure 1 Bothrops lanceolatus 78 

 79 

Figure 2 Clinical grades of severity of B. lanceolatus envenomation: A: Grade 1, B: Grade 2, 80 

C :grade 3, D :Grade 4 81 

Management of B. lanceolatus envenomation relies on the early administration of a 82 

monovalent antivenom, Bothrofav®2. Since its introduction in 2011, it has greatly reduced 83 

the incidence of severe envenomation and thrombotic complications [15]. However, the role 84 

and indications for medical imaging in this context remain poorly described in the literature 85 

[15,16]. We therefore analyzed our B. lanceolatus dataset to assess the contribution of 86 

medical imaging to the management of these patients in Martinique over a 14-year period. 87 

Our primary objective was to evaluate the use of imaging techniques in initial diagnosis, early 88 
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severity assessment, differential diagnosis, and the targeted administration of antivenom 89 

therapy. 90 

METHODS 91 

Study Design 92 

We conducted a monocentric retrospective observational study at the University Hospital of 93 

Martinique, covering the period from January 1, 2011, to August 10, 2025. 94 

Study Population 95 

The study population included all patients admitted to the University Hospital of Martinique 96 

with a confirmed diagnosis of Bothrops lanceolatus snakebite envenomation during the 97 

specified period. Patients of all ages, including both children and adults, were eligible for 98 

inclusion, provided that the diagnosis of Bothrops envenomation was established by the 99 

attending clinician based on clinical presentation and epidemiological context. Patients were 100 

excluded from the study if their medical records were unavailable for review or if an 101 

alternative diagnosis—most commonly a centipede bite (e.g., Scolopendra spp.)—was 102 

identified. This methodology ensured the inclusion of all confirmed cases while minimizing 103 

the risk of diagnostic misclassification. 104 

Ethical considerations 105 

The present study was conducted in accordance with the amended Declaration of Helsinki 106 

(https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki//) and Good Clinical 107 

Practice guidelines (GCP European Directive 2005/28/EC). It was approved by the Institutional 108 

Review Board (IRB) of the University Hospital of Martinique. All patients were informed about 109 

the study, and their consent was systematically obtained. 110 

Study Data 111 

Data collection was performed using the snake envenomation clinical database of the Center 112 

for Occupational and Environmental Diseases at the Department of Clinical and 113 

Environmental Toxicology, University Hospital of Martinique. Clinical and biological data 114 

were supplemented with information from medical records and the following software tools: 115 

DxCare®, Résurgences®, X-plore®, and Cyberlab®. All imaging results were retrieved from 116 

the X-plore® server and stored securely. 117 

We collected demographic data (age, gender, medical history, and comorbidities), clinical 118 

signs indicative of Bothrops lanceolatus envenomation (such as edema, pain, digestive 119 
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symptoms, and shock), the date of onset, management details, and imaging reports and 120 

images. 121 

The severity of envenomation was categorized into four grades: Grade 1 (no severity), Grade 122 

2 (moderate severity requiring outpatient treatment), Grade 3 (severe severity requiring 123 

hospitalization), and Grade 4 (major severity requiring critical care hospitalization). 124 

Statistical analysis 125 

Data were compiled using Microsoft Excel®. Statistical analyses were performed with the 126 

SPSS Statistics® software. In the descriptive phase, continuous variables were expressed as 127 

mean ± standard deviation or median and interquartile range (IQR), depending on data 128 

distribution. Categorical variables were expressed as counts and percentages. 129 

In the analytical phase, bivariate analysis was performed using the Student or Wilcoxon/Mann–130 

Whitney U test for continuous variables, and Chi-square or Fisher’s exact test for categorical 131 

variables, depending on applicability. 132 

RESULTS 133 

A total of 389 patients with Bothrops lanceolatus envenomation were included (261 men, 128 134 

women; median age 48 years, IQR 35–59). Imaging was conducted in 79 patients (20.3%), 135 

involving 127 total examinations. These consisted of Doppler ultrasound (n=68), brain MRI 136 

(n=32), thoracic CT (n=11), brain CT (n=6), echocardiography (n=6), and cardiac MRI (n=4). 137 

The distribution of imaging modalities is illustrated in the flow chart (Figure 3). 138 

 139 

Figure 3 Study flowchart 140 

389 envenomations

68 Doppler ultrasounds 36 MRI 17 CT scans
6 

Echocardiography(TTE)

127 Imaging Exams
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Univariate analysis using Fisher’s exact test demonstrated a significant association between 141 

the use of imaging and the severity grade of viperid envenomation. Patients with grade 4 142 

envenomation were significantly more likely to undergo imaging (p < 0.0001), as were those 143 

with grade 3 envenomation (p = 0.0014). Conversely, imaging was performed less frequently 144 

among grade 2 patients (p < 0.0001) and grade 1 patients (p = 0.0061). 145 

Imaging use was also significantly associated with the occurrence of severe complications, 146 

including compartment syndrome (p < 0.0001), shock (p = 0.0078), coma (p = 0.0015), and 147 

the need for surgical intervention (p < 0.0001). Additionally, imaging was strongly associated 148 

with infectious complications, such as infection (p < 0.0001), cellulitis (p < 0.0001), and 149 

necrosis (p = 0.0043). No significant association was identified with cardiac disorders (p = 150 

0.36) or necrotizing fasciitis (p = 0.36). Finally, the use of imaging was significantly 151 

associated with hospital admission (p < 0.0001) and with admission to the ICU or 152 

intermediate care unit (p < 0.0001). The clinical characteristics of the overall study population 153 

are presented in Table 1. 154 

  155 
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Table 1 Characteristics of the study population 156 

Characteristics All patients 

(N=389) 

Imaging 

performed 

(N=79) 

No imaging 

performed 

(N=310) 

p-value* 

Clinical severity     

Grade 4 23 (5.9) 20 (25.3) 3 (1.0) <0.001 

 

Grade 3 58 (14.9) 26 (32.9) 33 (10.6) 0.001 

 

Grade 2 275 (70.7) 32 (40.5) 242 (78.1) <0.001 

 

Grade 1 34 (8.7) 1 (1.3) 33 (10.6) 0.006 

 

Compartment 

syndrome 

6 (1.5) 6 (7.6) 0 (0.0) <0.001 

 

Shock 3 (0.8) 3 (3.8) 0 (0.0) 0.008 

 

Surgical intervention 14 (3.6) 10 (12.7) 4 (1.3) <0.001 

 

Cardiac disorders 2 (0.5) 1 (1.3) 1 (0.3) 0.361 

 

Coma 4 (1.0) 4 (5.1) 0 (0.0) 0.002 

 

Infection 43 (11.0) 30 (38) 13 (4.2) <0.001 

 

Cellulitis 27 (6.9) 21 (26.6) 6 (1.9) <0.001 

 

Necrosis 7 (1.8) 5 (6.3) 2 (0.6) 0.004 

 

Necrotizing fasciitis 2 (0.5) 1 (1.3) 1 (0.3) 0.361 

 

Hospitalisation 209 (53.7) 60 (75.9) 149 (48.1) <0.001 

 

Intensive/Critical 

care 

38 (9.7) 15 (19) 23 (7.4) <0.001 

 

Supplementary dose 

of Antivenom 

48 (12.3) 32 (40.5) 16 (5.2) <0.001 

Death 0 0 0  

* statistical significance set at p<0.05 157 

A total of 11 thrombotic complications were documented in 6 patients during the study period. 158 

These complications included three acute cerebral infarctions, all confirmed by brain MRI, 159 

which consistently revealed recent ischemic lesions. Three cases of acute myocarditis were 160 

identified based on characteristic findings in cardiac MRI, including myocardial edema and late 161 
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gadolinium enhancement. Two pulmonary embolisms were diagnosed through contrast-162 

enhanced thoracic CT angiography, which demonstrated segmental or bilateral 163 

thromboembolic involvement. Additionally, three deep vein thromboses were detected using 164 

Doppler ultrasond, affecting peripheral venous territories. All cases of compartment syndrome 165 

were confirmed via Doppler ultrasonography, with five of these patients receiving an additional 166 

dose of antivenom. The detailed imaging characteristics of each thrombotic event are presented 167 

in Table 2. 168 

 169 

Table 2 Thrombotic complications reported after Bothrops lanceolatus envenomation during 170 

the study period. University Hospital of Martinique 171 

Patient Type of imaging Result 

1 Cardiac MRI Multiple punctate areas of late gadolinium 

enhancement in the lateral wall and apex, from 

mid-myocardial to transmural, consistent with 

myocarditis. Recent onset suggested by lateral 

myocardial edema on T2-weighted imaging. 

1 Brain MRI Bilateral cerebellar junctional lesions. 

2 Thoracic CT Thrombus in the lumen of the ascending aorta (5 

mm diameter) and in the aortic arch at the origin of 

the brachiocephalic trunk (6 mm). Left segmental 

pulmonary embolism. 

2 Doppler Ultrasound Isolated thrombosis of the left soleal and fibular 

veins. 

2 Cardiac MRI T2 hyperintense area and transmural late 

gadolinium enhancement in the basal lateral wall, 

consistent with a recent microvascular event. 
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2 Brain MRI Multiple established ischemic foci in both 

supratentorial and infratentorial regions. 

3 Brain MRI Recent established ischemic lesions in the left 

posterior cerebral artery territory. 

3 Cardiac MRI Multiple focal areas of late gadolinium 

enhancement, ranging from subendocardial to 

transmural (inferior, inferoseptal, and apicolateral 

regions). 

4 Thoracic CT Bilateral pulmonary embolism. 

5 Doppler ultrasound Upper limb deep vein thrombosis. 

6 Doppler ultrasound Thrombosis of a branch of the right internal jugular 

vein; occlusive (11 mm on compression), in direct 

contact with the internal jugular vein but without 

extension into the main vessel.  

Abbreviations: MRI: Magnetic Resonance Imaging; CT: computerized tomography 172 
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 173 

Figure 4. Characteristic MRI pattern, constantly showing a junctional stroke predominating in the region of 174 

posterior cerebral arteries (PICA) in Bl bite-related strokes 175 

DISCUSSION 176 

The genus Bothrops comprises more than 48 species distributed across the Neotropics, with  177 

ten species identified within the Caribbean Basin [17]. These snakes are highly venomous and  178 

are responsible for the majority of snakebite-related morbidity and mortality in the Americas,  179 

accounting for over 90% of all envenomations in the Caribbean. Notably, two of the three  180 

species responsible for the highest global incidence of snakebites belong to this genus [17]. 181 

In Martinique, Bothrops lanceolatus is the sole venomous species and is responsible for  182 

approximately 40 envenomation’s annually. Although modern clinical management has been  183 

highly effective, with no recorded fatalities over the past 20 years, systemic thrombotic  184 

complications remain a critical concern [15]. These complications are particularly prevalent in  185 

untreated cases or when antivenom therapy is delayed beyond the therapeutic window of six  186 

hours. For diagnosis, brain magnetic resonance imaging (MRI) remains the gold standard for  187 
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identifying ischemic lesions, particularly within the posterior inferior cerebellar artery (PICA)  188 

territory, which is frequently involved in B. lanceolatus envenomation. There is also an  189 

increasing role for specialized modalities such as cardiac MRI, used to screen for myocarditis  190 

and other cardiovascular complications. 191 

Our experience suggests that imaging plays a complementary role to clinical examination in  192 

assessing the severity of B. lanceolatus envenomation and may influence decisions regarding  193 

antivenom therapy in a substantial proportion of cases. These findings indicate that clinical  194 

severity assessment can be enhanced through integrated imaging. In particular, point-of-care  195 

ultrasonography (POCUS) may assist in the early evaluation of envenomation severity,  196 

provided that emergency physicians receive dedicated training in these techniques [12,14,18–197 

21]. 198 

Other modalities, such as computed tomography (CT) or MRI, appear to have limited utility  199 

in clinically mild cases; their role is primarily restricted to confirming thrombotic  200 

complications in severe envenomation. This is consistent with the existing literature:  201 

snakebite envenomation primarily affects rural, socioeconomically disadvantaged populations  202 

in tropical regions, where most patients are treated in primary healthcare settings [22].  203 

Consequently, advanced modalities such as brain MRI or thoracic CT are generally reserved  204 

for severe cases, to help guide targeted antivenom administration [23–28]. 205 

These findings confirm that effective clinical management is achievable even in resource- 206 

limited settings. Early assessment using soft-tissue ultrasound can improve severity  207 

stratification, guide the timely indication of antivenom therapy, and assist in the surgical  208 

management of compartment syndrome, as observed in envenomation by Crotalidae species  209 

or Bothrops jararaca [13,29,30]. Conventional ultrasonography can also be used to localize  210 

and characterize soft-tissue oedema. As a non-invasive and well-tolerated modality, it  211 

supports clinical evaluation of the affected limb and allows longitudinal monitoring of  212 

swelling [21,31]. 213 
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In cases of severe envenomation or antivenom failure where a differential diagnosis is  214 

required, transfer to an advanced care center for MRI or CT may be necessary. These  215 

modalities help confirm the diagnosis and guide continuation of therapy, particularly in  216 

neurological complications [24,28,32–35]. Although CT is highly reliable for identifying deep  217 

infectious lesions, it is most critical for diagnosing pulmonary embolism (PE) and thoracic  218 

thrombosis, which are rare but life-threatening complications of viperid envenomation. In  219 

both our study and previous reports, CT pulmonary angiography (CTPA) consistently  220 

emerged as the gold-standard modality for these events [4,36–38]. 221 

Thoracic thromboses are reported more frequently following viperid envenomation in Europe  222 

and North Africa. They may develop several days after the initial bite and often appear  223 

unresponsive to prophylactic heparin therapy [27,37,39]. Although less common  224 

in Bothrops envenomation, they should be suspected in severe cases with compatible clinical  225 

features. Notably, these PEs are typically not associated with deep vein thrombosis (DVT) of  226 

the limbs, suggesting a localized mechanism of endothelial injury mediated by venom  227 

components, specifically metalloproteinases, phospholipases, C-type lectins, and thrombin- 228 

like enzymes, that affect the medium and large thoracic vessels [40]. 229 

The diagnosis of snakebite relies on identifying the snake, the circumstances of the bite, and  230 

clinical signs such as bleeding, swelling, and pain [1]. Coagulation tests (platelet count,  231 

prothrombin time, activated partial thromboplastin time, fibrinogen) help identify  232 

thrombocytopenia or disseminated intravascular coagulation, and a clinical scoring system  233 

can assess envenomation severity. Although identification of the snake is helpful, it is not  234 

always possible. Routine imaging is not typically required in snakebite envenomation.  235 

However, it can be valuable in specific situations: neuroimaging (CT or MRI) is necessary to  236 

investigate intracranial bleeding or other neurological complications in patients with altered  237 

mental status or neurological deficits [24,28,33]. Finally, thermography offers a promising  238 
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avenue for the diagnosis, initial assessment, and follow-up of Bothrops envenomation [41– 239 

43]. This low-cost, sensitive technique may eventually become a routine tool in managing B.  240 

lanceolatus cases. Recent studies also suggest a potential role for artificial intelligence (AI) in  241 

facilitating snake species identification and improving the precision of imaging analysis [44]. 242 

Study Limitations 243 

This study has several limitations. Its retrospective, single-center design may have introduced  244 

selection and information biases, and clinical documentation was occasionally incomplete.  245 

Imaging was performed on the basis of clinical judgement rather than a standardized protocol,  246 

which may have led to under-diagnosis of asymptomatic or mild thrombotic events,  247 

particularly where MRI was not obtained. The small number of confirmed thrombotic  248 

complications limits statistical power and precludes more detailed subgroup analyses. Finally,  249 

as the study was conducted in a referral center with access to advanced imaging, the findings  250 

may not be fully generalizable to primary care or low-resource settings, where the majority of  251 

snakebites occur. 252 

 253 

Despite these limitations, this study provides the most extensive imaging-based assessment  254 

of Bothrops lanceolatus envenomation to date and offers valuable insights to guide clinical  255 

management and future research. 256 

CONCLUSION 257 

Our study shows that the management of snakebite envenomation relies primarily on clinical  258 

assessment, but it also highlights the value of targeted imaging, providing a foundation for  259 

initial recommendations. Imaging can assist in diagnosis, assess initial severity, monitor  260 

ongoing severity, help adjust antivenom therapy, and enable early identification of adverse  261 

outcomes and disease progression. Medical imaging is therefore a valuable adjunct in the  262 

early evaluation and management of severe snakebite envenomation, especially among rural  263 
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and socioeconomically disadvantaged populations in tropical regions, where access to  264 

imaging is often limited. 265 

Ultrasonography can serve as an effective indicator of severity and aid diagnosis, particularly  266 

in assessing the extent of soft-tissue oedema; training healthcare teams in bedside ultrasound  267 

could therefore be beneficial. In non-severe cases managed in resource-limited settings,  268 

contrast-enhanced CT may be considered when available, alongside ultrasonographic  269 

findings. Although diagnosis remains primarily clinical, a differential diagnosis is necessary  270 

in selected cases; in such instances ultrasonography is a valuable diagnostic tool, whereas the  271 

role of MRI , though validated, particularly in severe cases, remains more limited in this  272 

context. 273 
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