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			Abstract

			Snakebite envenomation is a relevant public health problem in Costa Rica, a country with high snake diversity and an annual incidence of 12 to 19 cases per 100,000 inhabitants. However, due to the national production of antivenom, its universal availability in public hospitals, and decades of research on snake envenomation, morbidity and mortality rates are low. Despite representing approximately 1% of cases in the country, envenomations caused by Crotalus simus are clinically relevant due to their severity, the broad geographic distribution of this species, and abundance of specimens. We present a case report of a snakebite envenomation caused by an adult C. simus (Mesoamerican rattlesnake) in northwestern Costa Rica. The patient was a 40-year-old man weighing 100 kg who was bitten on the right hand with both fangs. Following the event, the patient was transferred to Hospital de la Anexión de Nicoya, where he received 20 vials of PoliVal-ICP antivenom. The main clinical manifestations included local pain, edema, erythema, and paresthesia. In addition, laboratory tests revealed hematological and coagulation abnormalities consistent with the venom composition of adult individuals of this species, which is rich in snake venom metalloproteinases. On the second day, the patient was transferred to Hospital Calderón Guardia, a higher-level medical facility in the capital city of San José, where he was reevaluated due to persistent edema. On the third day, the medical team decided to perform a fasciotomy and initiate antibiotic therapy. In the following days, the patient underwent surgical washouts and vacuum-assisted closure therapy. Additionally, the patient developed serum sickness on the sixth day. On the tenth day, the VAC system was removed, and the patient remained under observation until day 14, when he was discharged. Finally, the patient attended subsequent rehabilitation therapy sessions to restore motor function. This case highlights the importance of timely hospital transfer and early antivenom administration as key strategies to reduce morbidity and mortality associated with snakebite envenomation. However, it also demonstrates the need to strengthen surveillance and standardize national hospital protocols to prevent unnecessary surgical interventions.
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			Resumen

			El accidente ofídico es un problema de salud pública relevante en Costa Rica, país que cuenta con una alta diversidad de serpientes y una incidencia anual de 12 a 19 casos/100,000 habitantes. Sin embargo, gracias a la producción nacional de suero antiofídico, su disponibilidad universal en hospitales públicos y décadas de investigación en envenenamientos por estos animales, las tasas de morbilidad y mortalidad son bajas. A pesar de representar aproximadamente el 1% de los casos en el país, los envenenamientos por Crotalus simus son clínicamente relevantes debido a su gravedad, la amplia distribución geográfica de la especie y la abundancia de especímenes. Presentamos un reporte de caso de un accidente ofídico causado por un adulto de C. simus (serpiente de cascabel mesoamericana) en el noroeste de Costa Rica. El paciente fue un hombre de 40 años, con un peso de 100 kg, quien fue mordido con ambos colmillos en la mano derecha. Posterior al evento, el paciente fue trasladado al Hospital de la Anexión de Nicoya, donde se le administraron 20 viales de suero antiofídico PoliVal-ICP. Entre los síntomas principales se reportaron dolor local, edema, eritema y parestesia. Adicionalmente, los exámenes de laboratorio revelaron alteraciones hematológicas y de la coagulación, consistentes con la composición del veneno de los adultos de esta especie, el cual es rico en metaloproteinasas. En el segundo día, el paciente fue trasladado al Hospital Calderón Guardia, un centro médico terciario con mayor capacidad resolutiva en la ciudad capital de San José, donde fue reevaluado debido a la persistencia del edema. Al tercer día, el equipo médico decidió realizar una fasciotomía e iniciar terapia antibiótica. En los días posteriores, el paciente fue sometido a lavados quirúrgicos y a la implementación de terapia de cierre asistido por vacío. Además, el paciente presentó enfermedad del suero al sexto día. El décimo día se retiró el sistema asistido por vacío y el paciente permaneció en observación hasta el día 14, cuando fue dado de alta. Finalmente, el paciente asistió luego a sesiones de terapia de rehabilitación para la recuperación de la funcionalidad motora. Este caso resalta la importancia del traslado hospitalario oportuno y la administración temprana del antiveneno como estrategias clave para reducir la mortalidad y la morbilidad asociadas al accidente ofídico. Sin embargo, también demuestra que es necesario fortalecer la vigilancia y la estandarización de los protocolos hospitalarios nacionales para prevenir intervenciones quirúrgicas innecesarias.
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			Snakebite envenomation is a relevant disease that affects between 1.8 and 2.7 million people worldwide, causing approximately 100.000 deaths and about 400.000 physical or psychological sequelae per year.1-3 Costa Rica reports approximately 500 cases of snakebites annually, representing 12 to 19 cases/100,000 inhabitants.4,5 The high incidence observed in this small country could be explained by a great snake diversity,6 which includes 147 species, 25 of which are medically important. Despite its high incidence, the mortality rate has drastically decreased in recent decades, reaching less than 0.2 deaths/100,000 inhabitants per year.7,8 The main factors contributing to the low mortality rate from snakebite envenomation in Costa Rica are the national production of antivenom by the Instituto Clodomiro Picado (ICP) at the University of Costa Rica (https://www.icp.ucr.ac.cr/), which ensures immediate availability across the country, and the geographic accessibility together with the universal health coverage provided by the public healthcare system through the Costa Rican Social Security Fund (Caja Costarricense de Seguro Social (CCSS), https://www.ccss.sa.cr/).4,6

			Although Bothrops asper causes the vast majority of snakebite envenomation in Costa Rica and is considered the most dangerous snake in the region,6,7 Crotalus simus (C. simus), is also one of the species of greatest medical relevance in the country due to (1) the severity of its envenomations despite its low incidence,9 and (2) its distribution that includes places where B. asper is not found.10

			C. simus, commonly known as the Mesoamerican rattlesnake, is a large tropical viper distributed from southern Mexico to northern Costa Rica, accounting for approximately 1% of snakebite cases in the country.10 It primarily inhabits seasonal dry tropical forests, feeds on small mammals and lizards, and reproduces seasonally, where births are synchronized with the onset of the rainy season.

			Studies in Costa Rica have offered initial characterizations of C. simus envenomation10 and the species’ venom composition is well studied.11,12 However, clinical reports for this species are lacking, despite it being one of the most medically relevant snakes where it occurs.9 Moreover, individuals of the Mesoamerican rattlesnake are common throughout its distribution, highlighting the importance of generating information for the region on the clinical manifestations of envenomation by this species. Therefore, we report here the case of a man who survived a severe envenomation by an adult C. simus in Costa Rica, with emphasis on his in-hospital management.

			Case report

			In Nosara Beach, Guanacaste, northwestern Costa Rica, on May 18, 2024, at 16:30 hours (h), a 40-year-old male patient (100 kg) was bitten by a male C. simus measuring 140.5 cm in total length (125 cm snout–vent length + 15.5 cm tail) and weighing 1650 g, while handling the snake (Figure 1). The medical history of the patient includes dyslipidemia, arterial hypertension and glaucoma, and his treatment was gemfibrozil 600 mg BID, enalapril 20 mg daily, amlodipine 5 mg daily, timolol and latanoprost ophthalmic when the bite occurred. The bite was inflicted with both fangs on the man’s right hand between the proximal phalange of the index finger and the second metacarpal bone (Figure 1). Envenomation was confirmed by the presence of two puncture marks at the fang entry site and severe local pain that quickly spread throughout the rest of the arm. Immediately after the bite, the patient was transported by ambulance to Hospital de la Anexión de Nicoya, about an hour and a half from Nosara. Within the first 30 minutes, the patient developed diaphoresis, and by approximately one hour, he exhibited sphincter relaxation. The patient lost consciousness prior to hospital admission, although he was respiring normally and did not require intubation nor an oxygen mask.

			The patient arrived at the emergency department of the local hospital at 17:45 h, where physician reported hypotension (92/51 mmHg), mild hypothermia (35.4 °C) and a normal heart rate (64 bpm), O2 saturation 93%, and respiratory rate 18 bpm. Local manifestations include pain, edema, erythema and paresthesia. Initial blood tests suggested hemoconcentration, enlarged erythrocytes with increased hemoglobin content, enlarged platelets, leukocytosis and abnormalities in coagulation tests (Table 1). Fibrinogen testing was not performed. Following the protocols for snakebites established in Costa Rica by ICP and CCSS (https://www.icp.ucr.ac.cr/en/information-and-materials/information-healthcare-professionals), an initial dose of 10 vials (10 mL) of the antivenom specific against Central and South American vipers PoliVal-ICP (https://www.icp.ucr.ac.cr/en/productos/polival-icp) was administered at 1.5 h post-bite (18:00 h). Around 6 hours after the bite (22:16 h), a second dose of 10 vials was infused, which may have prevented the swelling from worsening and reduced the risk of tissue damage.

			On the second day, laboratory tests showed modestly elevated creatine phosphokinase (CPK) levels (Table 1), suggesting muscle tissue injuries. Edema and bullae were present along the right upper limb (Figure 2). The doctors made the decision to transfer the patient to Hospital Calderón Guardia, a higher-level medical facility in the capital city of San José. On admission to the hospital, orthopedic surgeons evaluated the patient indicating soft tissue damage in the right forearm up to the elbow without evidence of bone fracture or other bone damage. At 21:30 h the reconstructive surgery service also evaluated the patient and found no signs of compartment syndrome. The arm was raised to reduce inflammation, and a splint was placed with wrist extension.
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			Figure 1. A) Example of a Mesoamerican rattlesnake (Crotalus simus) from the same locality as the individual involved in the incident (Nosara, Guanacaste, Costa Rica). B) Bite wound with two fang punctures on the dorsum of the right hand. Red arrows point to the fang punctures.
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							Table 1. Laboratory test results obtained during the hospitalization of a 40-year-old male patient following a snakebite by an adult Crotalus simus in Nosara, Guanacaste, Costa Rica

						
					

					
							
							
							Bite day

						
							
							2nd Day

						
							
							3rd Day

						
							
							10th Day

						
							
							Normal value

						
					

					
							
							Hematological tests

						
							
							
							
							
							
					

					
							
							Hemoglobin (g/dL) 

						
							
							21.50

						
							
							19.40

						
							
							17.80

						
							
							12.60

						
							
							14.0 – 18.0

						
					

					
							
							VPRC (%)

						
							
							58.60

						
							
							53.10

						
							
							50.10

						
							
							36.10

						
							
							42.0 – 52.0

						
					

					
							
							MCV (fL)

						
							
							83.40

						
							
							83.40

						
							
							82.90

						
							
							83.60

						
							
							81.0 – 100

						
					

					
							
							MCH (pg)

						
							
							30.60

						
							
							30.50

						
							
							29.50

						
							
							29.20

						
							
							26.0 – 34.0 

						
					

					
							
							MCHC (g/dL)

						
							
							36.70

						
							
							36.50

						
							
							35.50

						
							
							34.90

						
							
							31.0 – 35.0

						
					

					
							
							MPV (fL)

						
							
							10.80

						
							
							12.20

						
							
							11.80

						
							
							11.40

						
							
							6.0 – 9.0 

						
					

					
							
							Leukocyte count (x103/µL)

						
							
							26.58

						
							
							13.95

						
							
							10.70

						
							
							9.90

						
							
							4.0 – 10.0 

						
					

					
							
							Erythrocyte count (x106/µL)

						
							
							7.03

						
							
							6.37

						
							
							6.04

						
							
							4.32

						
							
							3.5 – 5.9

						
					

					
							
							Platelet count (x103/µL)

						
							
							313.00

						
							
							177.00

						
							
							208.00

						
							
							318

						
							
							150.0 – 400.0

						
					

					
							
							Blood coagulation tests

						
							
							
							
							
							
					

					
							
							INR

						
							
							NA

						
							
							1.19

						
							
							1.10

						
							
							NA

						
							
							0.9 – 1.5

						
					

					
							
							Prothrombin time (s) 

						
							
							NA

						
							
							14.0

						
							
							14.2

						
							
							NA

						
							
							9.7 – 14.1

						
					

					
							
							APTT (s)

						
							
							62.10

						
							
							30.5

						
							
							27.90

						
							
							NA

						
							
							25.4 – 36.9

						
					

					
							
							Biochemical tests (blood)

						
							
							
							
							
							
					

					
							
							CPK (U/L)

						
							
							NA

						
							
							752.7

						
							
							624.00

						
							
							NA

						
							
							30.0 – 223.0

						
					

					
							
							Creatinine (mg/dL)

						
							
							1.73

						
							
							1.64

						
							
							1.25

						
							
							0.75

						
							
							0.7 – 1.3

						
					

					
							
							Blood urea nitrogen (mg/dL)

						
							
							14.50

						
							
							18.2

						
							
							22.00

						
							
							10.00

						
							
							7.0 – 25.0

						
					

					
							
							Total bilirubin (mg/dL)

						
							
							1.40

						
							
							NA

						
							
							NA

						
							
							NA

						
							
							0.3 – 1.0

						
					

					
							
							ALT (IU/L)

						
							
							56.90

						
							
							NA

						
							
							NA

						
							
							NA

						
							
							7.0 – 52.0

						
					

					
							
							AST (IU/L)

						
							
							26.50

						
							
							NA

						
							
							NA

						
							
							NA

						
							
							13.0 – 39.0

						
					

					
							
							Abbreviations: VPRC = Volume of packed red cells or Hematocrit, MCV = Mean corpuscular volume, MCH = Mean corpuscular hemoglobin, MCHC = Mean corpuscular hemoglobin concentration, MPV = Mean platelet volume, INR = International normalized ratio, APTT = Activated partial thromboplastin time, CPK = Creatine phosphokinase, ALT = Alanine aminotransferase, AST = Aspartate aminotransferase. NA are reported when no laboratory tests were performed.

							Abreviaturas: VPRC = Volumen de glóbulos rojos empaquetados o hematocrito, MCV = Volumen corpuscular medio, MCH = Hemoglobina corpuscular media, MCHC = Concentración media de hemoglobina corpuscular, MPV = Volumen plaquetario medio, INR = Razón internacional normalizada, APTT = Tiempo de tromboplastina parcial activado, CPK = Creatina fosfoquinasa, ALT = Alanina aminotransferasa, AST = Aspartato aminotransferasa. Se reporta NA cuando no se realizaron pruebas de laboratorio.

						
					

				
			

			On the third day, edema and bullae extended down the forearm to the elbow (Figure 2). The reconstructive surgery service re-evaluated the patient, assessing a portable Doppler ultrasound and testing the capillary refill time in the index finger. Portable Doppler device assesses the presence/absence of flow in the radial and ulnar arteries. The doctors diagnosed the development of compartment syndrome by means of decreased perfusion and prolonged capillary refill time. At 9:10 h, the patient was taken to the operating room for a fasciotomy of the arm, forearm, and hand, releasing both the flexor and extensor compartments. Intraoperative cultures were also obtained, and antibiotic therapy was initially started with cefotaxime and metronidazole due to the slow resolution of the inflammatory process and the persistence of erythema.
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			Figure 2. Figure 2. A) Edema and B) bullae along the right upper limb of a patient bitten by a Mesoamerican rattlesnake (Crotalus simus). Photographs were taken on the second day after the bite. C) Recovery of the hand bitten by a Mesoamerican rattlesnake (Crotalus simus) and D) fasciotomy scars on the right upper limb of the same patient. C) and D) Photographs were taken 14 days after envenoming and following the patient’s discharge.

			On the sixth day, the patient underwent surgical washout and a partial wound closure. Additionally, the doctors placed a vacuum-assisted closure (VAC) therapy. The culture results were negative for aerobic microorganisms. However, on the seventh day, the infectious disease team escalated antibiotic therapy to ceftazidime and linezolid to prevent nosocomial infections, such as those caused by Staphylococcus aureus and Pseudomonas species. The same day, the patient also developed a pruritic erythematous maculopapular rash on the back, gluteal region, and groin, consistent with serum sickness secondary to antivenom administration. Dexamethasone 8 mg was administered STAT, followed by 4 mg every 12 h for 3 days.

			On the tenth day, VAC therapy device was removed and a progressive improvement in laboratory parameters was observed (Table 1). On the 14th day, antibiotic therapy was discontinued after 7 days, and the patient was discharged with antihistamines due to the persistence of the rash (Figure 2). From day 14 to day 37, the patient attended follow-up appointments with the reconstructive surgery team, during which wound care was provided, sutures were removed, and a 1 cm² skin defect on the dorsum of the hand—located near the second metacarpophalangeal joint—was closely monitored. By this time, the wounds were almost completely healed, although residual edema and limited hand mobility persisted. After discharge, the patient also underwent several rehabilitation procedures, including physical and occupational therapy provided through the CCSS and 20 sessions of hyperbaric oxygen therapy at his own expense. These interventions resulted in significant functional improvement. However, the patient was left with physical sequelae, with approximately 90% recovery of mobility in the right upper limb. Additionally, altered sensitivity characterized by hyperalgesia and allodynia persists, which continues to be managed through specialized therapy.

			Discussion

			Throughout the clinical picture of the patient, a mainly hemorrhagic envenomation affecting the coagulation processes could be observed. Snake venom Zn2+ metalloproteinases (SVMPs) are a group of proteins abundant in adult Mesoamerican rattlesnakes (~72%).11,12 These molecules are known to cause hemorrhagic effects by attacking components of the basement membrane and extracellular matrix.13 Therefore, SVMPs are associated with hemorrhage disturbances and a consumption coagulopathy. Additionally, adult C. simus venom is composed of ~5% serine proteinases.12 These toxins act on components of the of the coagulation cascade, on the fibrinolytic and kallikrein–kinin systems and on cells, ultimately causing destabilization in the hemostatic system.14 Therefore, the disorders in the coagulation times reported here are also associated with the presence of these molecules.

			Crotalus envenomation is a well-documented topic.15 Venom composition in the genus is divided into type I venoms, characterized by a high content of SVMPs that produce a hemorrhagic clinical picture, and type II venoms, primarily composed of crotoxin, which produce a neurotoxic clinical picture.11,16 In this case, adult C. simus envenomation resulted in altered hematological and coagulation values. Significant hematological abnormalities after envenomation has also been found in C. culminatus and C. molossus,17,18 while coagulopathy as one of the main manifestations has been previously described for C. atrox and juvenile C. durissus terrificus.19,20 Conversely, neurological manifestations have been reported in C. cerastes, C. scutulatus, and some subspecies of C. durissus.21-23

			During hospitalization, surgical management was emphasized. The reconstructive surgery service at Hospital Calderón Guardia diagnosed the patient with compartment syndrome, which led to a fasciotomy and several surgical washouts. Although crotaline envenomation can manifest symptoms suggestive of compartment syndrome, clinical evidence indicates that true compartment syndrome is rare and should be confirmed through carefully assessed serial compartment pressure measurements.24,25 Therefore, the use of therapeutic interventions such as fasciotomy is discouraged because it increases the morbidity of snakebite envenomation and prolongs hospitalization.25-27 The persistence of edema should have been critically evaluated, and additional evidence, such as necrotizing bacterial fasciitis or myositis,28,29 should have been considered prior to performing the surgical intervention.

			The neutralization of C. simus venom by PoliVal-ICP is expected, as this antivenom consists of purified horse immunoglobulins derived from a mixture of venoms from adult B. asper, Lachesis stenophrys, and C. simus.11,30 The early and timely approach with antivenom was fundamental for the reduction of tissue damage and major hemorrhagic complications, besides being the most important factor in saving the patient’s life and limb. Despite the persistence of edema, the doctors did not recommend administering an additional third dose of antivenom. Most snakebite cases in Costa Rica report satisfactory use of 10 (52%) and 15 (24%) ampoules;6 while in this case, the patient had already received 20 vials. The return of biochemical values to normal ranges supports the doctors’ decision not to provide additional antivenom.

			The use of antibiotics in snakebite treatment is common to prevent secondary infections caused by bacteria present in the animal’s oral cavity.25 The use of adjunctive antibiotic therapy following a snakebite has been reported in all documented cases in Costa Rica, although without specific protocols.6 Immediate empirical treatment with a broad-spectrum antibiotic is justified if bite wounds are contaminated, warm, necrotic, or if erythema persists.25 Therefore, the initial use of cefotaxime and metronidazole owing to the delayed resolution of inflammation and sustained erythema was beneficial for the patient. Moreover, the performance of multiple surgical interventions led to an antibiotic escalation to ceftazidime and linezolid to prevent nosocomial infections, a standard protocol in hospitals across the country.

			Finally, this case describes the event, evolution, and management of a 40-year-old patient weighing 100 kg with associated comorbidities: hypertension, dyslipidemia, and glaucoma. He was bitten by a male C. simus measuring 140.5 cm in length and weighing 1650 g. The patient was treated according to the established protocols in Costa Rica for snakebite management, which included the timely administration of the antivenom specific to Central and South American vipers, PoliVal-ICP. He subsequently required specialized medical care at a hospital and survived severe envenomation. This case demonstrates a successful outcome, despite the challenges faced by the Costa Rican social security system.
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