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Abstract

Background: Bothrops snakebite is common in the Amazon region and can lead to
severe complications in the affected limb, including secondary bacterial infections,
blisters, necrosis, and acute compartment syndrome (ACS) in extreme cases. Many of
these patients reside in remote areas with limited resources, where early recognition
of clinical indicators is decisive for the timely identification of ACS and subsequent
decision-making by healthcare professionals. The aim of this study was to identify risk
factors associated with ACS following Bothrops atrox envenomation in the Brazilian
Amazon.

Methods: A case-control study was conducted in three health units of Manaus,
Western Brazilian Amazon. The allocation ratio was 1:3, with cases defined as
B. atrox-envenomed patients developing ACS, and a control group consisting of patients
who did not develop ACS.

Results: A total of 37 ACS cases and 111 controls were included in the study. Living
in rural areas [OR = 4.59 (95%CI = 1.51-20.0; p = 0.017)], bites in the lower limbs [OR
=7.6 (95%CI = 3.18-19.3; p < 0.001)], time to medical care of 7-12 hours [OR = 4.23
(95%CI = 1.63-11.1; p = 0.003)], blisters [OR = 3.24 (95%CI = 1.12-9.25; p = 0.027)], and
secondary bacterial infection [OR = 15 (95%CI = 3.54-103; p < 0.001)] were associated
with ACS. Mean values of creatine kinase were significantly higher in ACS patients on
the first (p = 0.022) and second (p = 0.013) days of hospitalization.

Conclusion: This study presents, for the first time, the factors associated with ACS
from B. atrox envenomation, providing a basis for early diagnosis and treatment, and
enabling prompt medical intervention. This may reduce adverse events, promote faster
recovery, and lower the rate of disability.
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Background

Snakebite envenomations (SBEs) caused by the genus Bothrops
constitute an important public health problem in Latin America
and some countries of the Caribbean [1]. The venom of Bothrops
causes a series of changes in the bitten limb, resulting from
the direct effect of toxins producing tissue damage, changes in
blood flow to the site associated with coagulation disorders, and
an associated acute inflammatory process [2-4]. In humans,
relevant pathological changes are observed in all strata of
the skin, with an emphasis on hemorrhage, inflammatory
infiltrate, edema, congestion, and vascular damage [5]. Venom-
induced consumption coagulopathy is a hallmark of local and
systemic envenomation, resulting in ischemic and hemorrhagic
manifestations [6, 7]. Local complications such as secondary
infections, blisters, and necrosis are relatively common [2, 8, 9].
Even though less common, patients can develop compartment
syndrome, which, if not treated timely, may cause severe long-
term disabilities [10-12].

Acute compartment syndrome (ACS) is a severe complication
resulting from snakebites. This complication is characterized
by an increased pressure in one or more muscle compartments,
which consequently reduces capillary perfusion, leading to
ischemia and subsequent tissue damage, requiring urgent
treatment [13, 14]. The progressive increase in intracompartment
pressure in the closed osteofacial space combined with edema
in soft tissues, exceeding venous and arterial pressure, generates
tissue ischemia and, when not treated in a timely manner, can
progress to necrosis and limb loss [15, 16]. The recommended
treatment for compartment syndrome is fasciotomy surgery, used
to reduce pressure in the compartment of the affected limb [17].

Associated factors for ACS are known for different types of
trauma, such as forearm fractures [18], supracondylar humerus
fractures [19], tibial fractures [16, 20, 21], and foot fractures [22].
The public hospital cost for treating snakebite is considerable [23],
and when related to ACS, it can have a high cost of treatment
due to complex procedures and longer hospitalization periods,
representing a 2.3-fold increase in the cost compared to patients
without this complication [24, 25].

Early diagnosis with immediate intervention can modify
the unfavorable prognosis, reducing the disability rate [26, 27].
However, in regions such as the Amazon, there are challenges
such as geography and logistics that can contribute to late
diagnosis and subsequent delayed treatment, which can lead to
the worse outcomes. Furthermore, the factors associated with
ACS occurring as a complication of snakebites are not known;
identifying these factors could enhance clinical decision-making,
early detection, and intervention, improving patient outcomes
and care quality.

The aim of this study was to identify factors associated with
compartment syndrome from Bothrops atrox envenomations
in the Brazilian Amazon.

Methods
Study site

The state of Amazonas, with a vast territorial area of 1,570,946.8
km?> and 62 municipalities, combined with a rich cultural
diversity, faces unique health challenges in providing high-
complexity care. Despite progress in decentralizing healthcare
services, many municipalities still rely on Manaus, the capital,
for specialized care, highlighting regional disparities in the
availability of advanced medical services. Hospitals in the
interior of Amazonas are generally equipped for primary
and medium-complexity care. However, for complications of
snakebite envenomation requiring specialized interventions, such
as extensive fasciotomies for compartment syndrome, dialysis
for renal failure, and intensive care for severe cases, patients are
often transferred to Manaus. These cases are managed in major
facilities in the capital, such as the Dr. Heitor Vieira Dourado
Tropical Medicine Foundation (FMT-HVD), the 28 de Agosto
Emergency Hospital (HPS 28 de Agosto), and the Children’s
Emergency Hospital in the Eastern Zone, which served as study
sites for this research.

Study design

This study was designed as a case-control investigation aiming
to identify factors associated with ACS in patients envenomed by
Bothrops treated at three healthcare units in Manaus, Brazilian
Amazon: Funda¢do de Medicina Tropical Dr. Heitor Vieira
Dourado (FMT-HVD), the 28 de Agosto Emergency Hospital
(HPS 28 de Agosto), and the Children’s Emergency Hospital
of the Eastern Zone. These facilities were selected for their
status as orthopedic reference centers performing fasciotomy
procedures in ACS cases.

The control group consisted of patients treated exclusively at
the FMT-HVD, in a 1:3 ratio, and included individuals diagnosed
with B. atrox envenomation who did not develop ACS. These
patients were selected based on admissions occurring on dates
subsequent to those of the cases included in the study. The
case group comprised patients diagnosed with ACS following
Bothrops envenomation, based on clinical criteria such as:
edema, pain, pallor, pulselessness, paresthesia, paralysis, and
poikothermia [17, 28].

The variables studied included sociodemographic data such
as sex, age, and place of residence; epidemiological data such
as snakebite severity classification, pre-hospital care, time
elapsed from snakebite to medical care, local and systemic
manifestations, time from hospital admission to ACS diagnosis,
clotting time (CT) and creatine kinase (CK) levels.

On admission, severity classification was carried out in
accordance with the Brazilian Ministry of Health protocol [29]:

¢ mild: minor local manifestations,

o moderate: edema and bruising, and minor systemic bleeding,

e severe: severe local manifestations, severe bleeding, and
shock.
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Data source

Data collection for both the control and case groups at FMT-
HVD was conducted through a retrospective review of physical
and electronic medical records (iDoctor). ACS patients from
the 28 de Agosto Hospital were identified through daily census
records from the surgical center and from electronic medical
records (Medview). At the Children’s Emergency Hospital of the
Eastern Zone, ACS cases were identified via the Patient Records
Service, which manages physical records for this unit. Data
collection covered the period from May 2022 to January 2024.

Data analysis

The data were analyzed using R software v. 4.2 and R Studio v.
2023.3. The proportions of severe cases were compared using
the Chi-square test or Fisher’s exact test, when appropriate. The
crude odds ratio (OR) with its 95% confidence interval (CI) was
calculated considering the occurrence of compartment syndrome
as the dependent variable. Mean and standard deviation were
used to describe continuous variables, which were compared
using univariate logistic regression test. Statistical significance
was considered when p < 0.05.

Ethical clearance

The research was approved by the Research Ethics Committee
of the State University of Amazonas under the CAAE number
05541618.3.0000.5016. Written informed consent was obtained
from the patients for the publication of the case details and
accompanying images.

Results

A total of 37 ACS cases and 111 controls were included in this
study.

ACS patients’ characteristics

Of the 37 evaluated patients who presented with ACS, the
following epidemiological characteristics were observed: 67.57%
(25/37) were aged between 14 and 60 years; 83.78% (31/37) were
male; and 91.89% (34/37) lived in rural areas. Concerning
the envenomations, 54.05% (20/37) were initially classified as
moderate, 86.11% (31/37) of the bites were on the lower limbs or
foot, and in 66.44% (24/37) of the cases, the time elapsed between
the accident and medical care exceeded seven hours (Table 1).

The diagnosis of ACS was established within the first hours
after the snakebite in 21 patients (56.76%), within 24 hours in
ten patients (27.03%), and after two or more days in six patients
(16.21%). None of these cases was classified as mild envenomation,
and 26 patients had an indication for antivenom administration
based on the clinical assessment of the envenomation.

Of the 37 patients, ten (27.02%) underwent mechanical-
surgical cleaning to remove areas of necrosis and devitalized
tissue, 17 (45.95%) incisions were made on the lower limbs, and 5

(13.51%) had their surgical wounds covered with polypropylene
plastic.

The following traditional procedures performed by victims
(or their families) at the bite site in the pre-hospital setting
were registered: use of Aloe vera leaves, alcoholic beverages,
gasoline, alcohol, paca powder, wood sawdust, skin from the
snake responsible for the bite, boiled eggs, and lip suction.

Associated factors for ACS in Bothrops atrox
snakebites

Living in rural areas [OR =4.59 (95%CI = 1.51-20.0; p = 0.017)],
bites in the lower limbs [OR = 7.6 (95%CI = 3.18-19.3; p <
0.001)], time to medical care of 7-12 hours [OR = 4.23 (95%CI =
1.63-11.1; p = 0.003)], blisters [OR = 3.24 (95%CI = 1.12-9.25; p
=0.027)], and secondary bacterial infection/local inflammatory
response syndrome [OR = 15 (95%CI = 3.54-103; p < 0.001)]
were associated with ACS (Table 1).

Mean creatine kinase activity values were significantly higher
in ACS patients on the first (p = 0.022) and second (p = 0.013)
days of hospitalization (Figure 1).

Cases follow-up

In four patients with ACS, follow-up was conducted prospectively,
allowing for evaluations both during hospitalization and after
discharge. This approach made it possible to monitor the clinical
progression, the healing of surgical wounds, and the existence
of possible physical or functional sequelae (Figures 2 to 5).

Discussion

The development of complications such as ACS in the context
of snake envenomation by B. atrox has been scarcely reported
in the general population [9, 30], and even less so in Indigenous
populations [11]. Some cases of ACS described in the literature
also involve envenomations by B. jararaca [31], B. asper [3, 32,
33] and B. jararacugu [34]. Thus, this study aimed to understand
the relationship between envenomation and risk factors for
the development of ACS in patients bitten by Bothrops snakes.

Local effects in Bothrops envenomation, such as ecchymosis,
abscesses, blisters, necrosis, and compartment syndrome, are
not uncommon and often require specific medical procedures
due to the presence of tissue complications [8, 35-37]. Among
these complications, compartment syndrome is considered the
most severe local manifestation, as it can lead to extensive tissue
necrosis, ischemia, and neuropathy, in addition to functional
sequelae that may result in limb amputation [38]. Compartment
syndrome due to snake envenomation can also be considered a
combined trauma, involving soft tissue injuries with secondary
vascular repercussions [39, 40]. In addition, depending on its
severity, muscle necrosis can cause myoglobinemia, which
may contribute to the development of systemic complications
such as acute kidney injury [41]. In this study, risk factors for
ACS in Bothrops envenomation included snakebite occurrence
in rural areas, lower limb bites, arrival at a healthcare facility
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Table 1. Acute compartment syndrome in Bothrops atrox snakebites.

Characteristic 0 =145, 09 ETne) 3t 00 o P
Age (years)

<14 28/148 (18.92) 17/111 (15.32) 11/37 (29.73) — —

14-30 42/148 (28.38) 32/111 (28.83) 10/37 (27.03) 0.48 0.17,1.36 0.200

31-60 67/148 (45.27) 52/111 (46.85) 15/37 (40.54) 0.45 017,117 0.100

> 60 11/148 (7.43) 10/111 (9.01) 1/37 (2.70) 0.15 0.01, 0.98 0.095
Area of occurrence

Urban 35/148 (23.65) 32/111 (28.83) 3/37 (8.11) — —

Rural 113/148 (76.35) 791111 (71.17) 34/37 (91.89) 4.59 1.51, 20.0 0.017
Sex

Male 120/148 (81.08) 89/111 (80.18) 31/37 (83.78) — —

Female 28/148 (18.92) 22/111 (19.82) 6/37 (16.22) 0.78 0.27,2.01 0.600
Severity classification on hospital admission

Severe 38/146 (26.03) 21/109 (19.27) 17/37 (45.95) — —

Moderate 72/146 (49.32) 52/109 (47.71) 20/37 (54.05) 0.48 0.21, 1.08 0.076

Mild 36/146 (24.66) 36/109 (33.03) 0/37 (0.00) 0 — >0.900
Time from bite to hospital care (hours)

0aéb 89/143 (62.24) 74/107 (69.16) 15/36 (41.67) — —

7a12 26/143 (18.18) 14/107 (13.08) 12/36 (33.33) 423 1.63,11.1 0.003

> 12 28/143 (19.58) 19/107 (17.76) 9/36 (25.00) 2,34 0.87, 6.12 0.086

Tourniquet use 18/148 (12.16) 15/111 (13.51) 3/37 (8.11) 0,56 0.13,1.84 0.400
Anatomical region of the bite

Foot 86/147 (58.50) 76/111 (68.47) 10/36 (27.78) — —

Lower limbs 42/147 (28.57) 21/111 (18.92) 21/36 (58.33) 7.60 0.75, 8.95 < 0.001

Upper limbs 19/147 (12.93) 14/111 (12.61) 5/36 (13.89) 2.71 3.18,19.3 0.110
Extent of edema (limb segments)

1 3/32 (9.38) 2/16 (12.50) 1/16 (6.25) — —

2 2/32 (6.25) 2/16 (12.50) 0/16 (0.00) 0 > 0.900

3 11/32 (34.38) 6/16 (37.50) 5/16 (31.25) 1.67 0.12,42.4 0.700

5 16/32 (50.00) 6/16 (37.50) 10/16 (62.50) 333 0.26,81.4 0.400
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Table 1. Cont.
Characteristic n S: :;?I(I%) c:’::‘:‘f;;;" iazzgr?;;’ OR Univariate C195% P
Days of hospitalization
1-3 67/141 (47.52) 53/108 (49.07) 14/33(42.42) — —
4-7 41/141 (29.08) 31/108 (28.70) 10/33(30.30) 1.22 0.47,3.07 0.700
8-14 23/141 (16.31) 19/108 (17.5) 4/33 (12.12) 0.80 0.21,2.55 0.700
>15 10/141 (7.09) 5/108 (4.63) 5/33 (15.15) 3.79 0.94, 15.5 0.057
Local manifestations
Erythema 32/144 (22.22) 27/111 (24.32) 5/33 (15.15) 0.56 0.18,1.48 0.300
Bleeding 37/147 (25.17) 29/111 (26.13) 8/36 (22.22) 0.81 031, 1.91 0.600
Ecchymosis 22/146 (15.07) 18/111 (16.22) 4/35 (11.43) 0.67 0.18, 1.95 0.500
Blisters 17/147 (11.56) 9/111 (8.11) 8/36 (22.2) 3.24 1.12,9.25 0.027
f:;’;::gysy':;efgsg/ local inflammatory 10/148 (6.76) 2/111 (1.80) 8/37 (21.62) 15.00 3.54,10.3 <0.001
Necrosis 32/144 (22.22) 5/111 (4.50) 4/37 (10.81) 2.57 0.61,10.3 0.200
Systemic manifestations
Acute renal failure 11/148 (7.43) 8/111 (7.21) 3/37 (8.11) 1.14 0.24, 4.18 0.900
Vomiting 19/147 (12.93) 17/111 (15.32) 2/36 (5.56) 033 0.05, 1.22 0.150
Syncope 4/147 (2.72) 3/111 (2.70) 1/36 (2.78) 1.03 0.05, 8.33 > 0.900
Fever 20/147 (13.61) 13/111 (11.71) 7136 (19.44) 1.82 0.63, 4.89 0.200
Hematuria 41147 (2.72) 2/111 (1.80) 2/36 (5.56) 321 037,275 0300
Nausea 19/147 (12.93) 17/111 (15.32) 2/36 (5.56) 0.33 0.05, 1.22 0.150
Gingival bleeding 11/148 (7.43) 6/110 (5.45) 3/36 (8.33) 1.58 032,633 0.500
Lee-White clotting time*
Normal 63/128(49.22) 51/108 (47.22%) 12/20(60.00%) — —
Incoagulable 65/128(49.22) 57/108 (52.78%) 8/20 (40.00%) 0.67 0.22,1.56 0.300

OR: odds ratio; ClI: confidence interval.

*Reference values for Lee-White clotting time: 10 minutes.
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Figure 1. Comparison of creatine kinase activity values between cases and controls on (A) the first day and (B) the second day of hospitalization.

more than six hours after the incident, elevated creatine kinase
levels on the first and second days of hospitalization, concurrent
secondary infection, and the presence of blisters on the affected
limb from the first day of envenomation. Additionally, patients
over 60 years old showed a protective trend.

Several associated clinical signs may increase the risk of local
complications, such as local inflammatory response syndrome
(LIRS) and secondary bacterial infection, which, following
snakebite envenomation, represent major clinical and scientific
challenges. Since the mid-1990s, efforts have been devoted to
understanding the immunological mediators involved and
recognizing the complexity of venom-induced inflammatory
mechanisms [42-46]. The release of pro-inflammatory cytokines
such as IL-6 and IL-8 in patients envenomed by snakes of
the genera Bothrops and Crotalus has been characterized as
an acute-phase response, with leukocytosis, neutrophilia,
and increased levels of acute-phase proteins arising from
inflammatory mechanisms intrinsic to envenomation, rather
than being exclusively attributable to bacterial infection[42].
TNEF-q, involved in the pathogenesis of local necrosis, is released
following venom-induced metalloproteinase activity, thereby
triggering necrosis and perpetuating inflammation. This
underscores the importance of early treatment, as antivenom
has limited efficacy against established necrosis [45].

Bothrops atrox venom induces an early increase in
vascular permeability, leukocyte influx, and the release of
multiple inflammatory mediators (cytokines, eicosanoids,
and chemokines), clinically triggering local inflammatory
response syndrome, which may mimic bacterial infection
and make differential diagnosis even more challenging [46].

Venom metalloproteinases and C-type lectins also contribute
to local and systemic inflammatory processes, creating an
intersection between the innate immune and hemostatic
systems, with overlapping inflammation and coagulation
disturbances that further complicate the clinical response in
Bothrops envenomation. Alongside these local effects, fever
emerges as an acute-phase clinical marker, often misinterpreted
as infection but in fact reflecting the intrinsic inflammatory
response to envenomation [43]. These observations carry
practical implications, as the indiscriminate use of antibiotics
in patients without confirmed infection may contribute to
antimicrobial resistance without providing clinical benefit.

The incidence of ACS is high in the diaphysis, particularly in
long muscles such as those of the lower limbs (which comprise
four muscle compartments: anterior, lateral, deep posterior,
and superficial posterior), as observed in the patients in this
study. This occurs due to the anatomy of these segments,
which are surrounded by larger muscle bellies that limit
significant expansion caused by extensive edema [47], making
soft tissue damage a prevalent predictor and cause of leg ACS
[48]. Furthermore, elevations in creatine kinase (CK) suggest
muscle breakdown due to ischemia, damage, or rhabdomyolysis
[47, 49]; our study demonstrated an association between high
levels of this enzyme and the development of ACS on the first
day of Bothrops envenomation and also on the following day.
Inflammatory markers, such as increased WBC countand AST
levels, may also serve as adjuncts in clinical and laboratory
assessments, potentially indicating an inflammatory or cytokine
reaction following a severe snakebite [50].
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Figure 2. A 10-year-old male patient, victim of Bothrops envenomation with multiple bites to the right lower limb. (A, B) At the time of hospital
admission, the patient presented significant edema and signs of ACS. According to clinical history, hospitalization occurred more than 30 hours after

the snakebite, with the patient already in critical condition. (C, D) The patient developed severe complications, such as extensive blisters and areas of
necrosis, and underwent fasciotomy of the right leg and foot, as well as (E, F) surgical debridement with significant tissue loss and tendon exposure.
The surgical wound was covered with polypropylene plastic from a sterile urine collection bag, and (G) external fixation of the affected limb was applied.
Following these procedures, amputation of the 3 4% and 5% right toes was performed. After 40 days of hospitalization, the patient was discharged.
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Figure 3. A 59-year-old male patient evaluated 4 months
after hospital discharge. The patient was a victim of a
Bothrops envenomation on the left lower limb, presenting
local injury to the affected limb, pain, edema, blisters,
initially classified as moderate edema, numbness, tingling,
coagulation time of 8 minutes, and CK of 879 U/L. In his
hometown, after the snakebite, he reported squeezing the
bite site and driving for 29 minutes to the hospital where
antivenom therapy with six vials of Bothrops antivenom
was administered. (A) He underwent fasciotomy surgery
due to progression to ACS, (B) presenting necrosis at
the bite site, and surgical debridement was performed.
The patient progressed to a severe case of acute renal
failure and secondary infection, requiring prolonged ICU
hospitalization. (C, D) In an interview, he reported that
some sutures at the bite site ruptured after the surgical
wound was closed, but the wound showed good healing
on both sides of the affected limb. Currently, he presents
gait alteration, (E) constant pain around the ankle,

pain on exertion near the scar (bite site), and difficulty
performing work and daily activities. (E) An evaluation
with myoelectrostimulation was performed, using
electrodes to measure muscle strength. (F) A slight bone
deviation and edema in the affected limb were observed,
but no pain was reported, with paresthesia above the heel
and (G, H) a considerable decrease in muscle strength

in response to stimulation when compared to the
contralateral limb, where the affected limb is represented
in green and the contralateral limb in red.
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Figure 4. A 33-year-old male patient, evaluated during hospitalization. The patient suffered a Bothrops envenomation, classified as severe, and used 16 vials of
Bothrops antivenom. During hospitalization, he presented significant (A) edema and (B, C) blisters, (D, F) as well as an abscess that was drained multiple times
in the affected area, progressing to ACS, (D, F) where multiple initial incisions were made to decompress the limb. (G) Later, the incisions were enlarged for
more effective decompression, with significant regression of the edema and drainage of seropurulent secretion. (H, I) The patient exhibited bone and tendon
exposure, with the onset of healing and the formation of granulation tissue, showing CK levels of 2725 U/L and a coagulation time of 9 minutes. The patient was

transferred to another hospital unit for skin grafting.
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Figure 5. A 48-year-old male patient, evaluated during hospitalization. Victim of Bothrops envenomation on the right lower limb. During treatment, the patient
had an adverse reaction to the antivenom, using 12 vials of Bothrops antivenom. Laboratory results showed a coagulation time of 10 minutes and CK of 147 U/L.
The patient was diagnosed with ACS and developed a secondary infection. (A-C) He presented with a hardened bruising area near the knee and underwent a
small incision for decompression of the affected limb, progressing with improvement and hospital discharge.

Understanding risk factors can improve the accuracy of ACS
diagnosis, which remains a clinical challenge, especially since
healthcare facilities do not always have specialized tools for
early recognition of the condition. In remote regions such as the
Amazon, the structural limitations of healthcare services, the
lack of equipment, and the shortage of orthopedic specialists
in distantareas [51] make clinical assessment tools particularly
valuable for early decision-making and reducing disabilities in
affected patients.

Historically, clinical diagnosis has relied on the “6 P’s”-
pain, pallor, poikilothermia, paresthesia, paralysis, and
pulselessness — as early indicators of ACS, with particular
attention given to disproportionate and exacerbated pain in
the muscle compartments near the bite site [17, 52]. Classically,
when these clinical symptoms are present alongside a pressure
differential AP < 30 mmHg (AP = diastolic pressure —
intracompartmental pressure) [53], surgical decompression
should be performed within one hour [54]. However, a single
normal intracompartmental pressure measurement may not
exclude acute compartment syndrome [47, 49, 52]. On the other
hand, non-invasive techniques can also aid in the diagnostic
assessment of ACS. In a study conducted in Taiwan with 63
patients, while the “6 P’s” were used as surgical predictors, the
presence of Doppler flow was identified as a clinical indicator
against performing fasciotomy, suggesting that patients with
persistent blood flow detected by ultrasound, despite local signs
and symptoms, may not require the procedure [55]. Furthermore,
the progression of edema in snakebite envenomation can be
monitored via ultrasound, allowing for early non-invasive
diagnosis and timely indication for fasciotomy when necessary
[56]. Pharmacological interventions can also be employed

prophylactically in the early stages of ACS to reduce edema and
control reperfusion injury [57, 58].

The early diagnosis and treatment of ACS are essential to
prevent severe long-term disability, with a critical window for
performing fasciotomy within eight hours from ACS diagnosis
[53, 59, 60]. Longer periods of ischemia related to ACS are
correlated with worse outcomes [53, 55]. Muscles can typically
tolerate 6 to 8 hours of ischemia before necrosis occurs. However,
this timeframe may vary depending on the extent of trauma,
the amount of venom injected, and the volume of the affected
muscle groups [59, 61-63]. In some cases, muscle necrosis can
develop as early as three hours after injury [64].

Compartment ischemia due to arterial injury initiates a vicious
cycle, leading to increased pressure, often exacerbated by limb
reperfusion [59, 65, 66]. In snake envenomation, compartment
syndrome most often develops within the first 24 hours [50].
In the Bothrops envenomations analyzed in this study, 83.78%
of ACS cases occurred within 24 hours of the bite. Early access
to healthcare services and administration of antivenom within
six hours were identified as protective factors against ACS
development. However, after this period, ACS can still occur,
with reports documenting its presence in 22.2% of cases [50].
Therefore, patients should be closely monitored for at least
48 hours post-envenomation to ensure early detection and
management of this local complication.

During ACS development, muscle revascularization
after a period of ischemia can lead to a further increase in
intracompartmental pressure, often necessitating fasciotomy
[47, 59]. In cases where muscle injury is associated with vascular
injuries, a high incidence of ACS with an increased rate of
fasciotomies may occur, especially when both the artery and
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vein are affected [40, 63, 65, 67-70]. Conversely, some clinicians
may opt for prophylactic fasciotomies to prevent reperfusion
ischemia and the onset of ACS [71]. There is no precisely defined
timeframe after which irreversible muscle damage occurs [53],
and the actual incidence remains unclear, as it depends on a
broad and potentially variable spectrum of clinical presentations
[61-63].

Delayed diagnosis of snakebite and late venom neutralization
with antivenom can occur for various reasons, with the distinct
therapeutic itinerary in the Amazon being a common reality.
Even when patients seek immediate medical attention after
envenomation, it may take days for them to reach the first
healthcare facility [72]. This delay often exceeds six hours before
antivenom administration, identifying time as a significant
risk factor in this study and contributing to a higher incidence
of ACS compared to other regions. Furthermore, delays in
clinical decision-making by healthcare professionals or logistical
challenges can negatively impact functional outcomes, leading to
impaired daily activities due to muscle dysfunction, disabilities,
and severe complications, including tissue and nerve damage,
gangrene, and amputation [73, 74]. The time-effect relationship
regarding delayed ACS treatment in snake envenomation remains
unclear [73], but prolonged delays may result in permanent
injuries, leading to long-term disabilities ranging from sensory
loss to limb amputations, ultimately compromising quality of
life [11, 12, 30, 75].

Even with the timely identification of ACS and the
implementation of procedures such as fasciotomy, the patient
is not exempt from risks. Therefore, the risk-benefit balance
should always be considered in the best interest of the patient
[73]. Muscle regeneration in patients with snake envenomation,
which may be aggravated by extensive invasive procedures as
described in the cases of this study, may not fully occur due
to myonecrosis that damages muscle fibers, nerves, and the
microvasculature, with this tissue being replaced by fibrosis
[33]. This is related to the venom’s activity, the inflammatory
response, or the presence of an infectious process, or both [5].

A limitation of this study is that clinical evaluation of ACS
with conventional diagnosis through intracompartmental
pressure measurement is not routinely available within the
Brazilian public health service, and only clinical evaluation for
ACS diagnosis was used. Furthermore, patient hospitalization
records sometimes did not contain all data related to snakebite
and/or ACS, which resulted in missing data for some variables.

Conclusion

This study is the first to identify factors associated with ACS
resulting from Bothrops atrox envenomation, providing a basis
for future clinical research on treatment and rehabilitation.
The development of acute compartment syndrome (ACS) was
primarily associated with delayed medical attention, bites to
the lower limbs, elevated creatine kinase levels, secondary

infection, blisters, and being in the economically active age
group (engaged in forest-related activities). Geographic barriers
and long travel times further contributed to this outcome. Post-
discharge monitoring is essential, particularly in ACS cases, to
track complications, assess disabilities, and ensure integration
into rehabilitation services.

Acknowledgments

The authors would like to thank the nursing team, the Surgical
Center Management, and the Teaching and Research Department
of the 28 de Agosto Emergency Hospital; the nursing team at
the Dr. Heitor Vieira Dourado Tropical Medicine Foundation
(FMT-HVD); the Graduate Program in Tropical Medicine at
the State University of Amazonas (PPGMT); and the Amazonas
State Research Support Foundation (FAPEAM) for their support
of the study.

Availability of data and materials

All data generated or analyzed during this study are included
in this article.

Funding

This study was supported by the Amazonas State Research
Support Foundation (Fundagdo de Amparo a Pesquisa do Estado
do Amazonas - FAPEAM) under calls no. 008/2022 (Kunha),
no. 017/2023 (PRONEM), and no. 038/2022 (PDPG/CAPES/
FAPEAM). The authors also acknowledge the support from
the Coordination for the Improvement of Higher Education
Personnel (Coordenagdo de Aperfeicoamento de Pessoal de
Nivel Superior - CAPES) regarding the scholarships awarded
to JAGS (process no. 303106-2025-5) and WM (process no.
307676/2023-4).

Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

JAGS was responsible for project conception, conceptualization,
and funding acquisition. Data collection was carried out by
GOBN, TOM, and SO, while DNO, AS, and AVSN handled
database organization. DNO and WM performed data analysis.
The original draft was written by JAGS, GOBN, DNO, TOM,
SO, AS, and AVSN. Finally, WM provided supervision and,
together with GOBN, reviewed and edited the manuscript. All
authors read and approved the final manuscript.

Ethics approval and consent to participate

The present study was approved by the Research Ethics Committee
of the State University of Amazonas under the CAAE number
05541618.3.0000.5016.



Nascimento et al. | Venom Anim Toxins incl Trop Dis, 2026, 32:¢20250039

Page 12 of 14

Consent for publication

Written informed consent was obtained from the patients
or legal guardians for the publication of the case details and
accompanying images.

References

1.

Chippaux JP. Incidence and mortality due to snakebite in the Americas.
PLoS Negl Trop Dis. 2017 Jun 21;11(6):e0005662. doi:10.1371/journal.
pntd.0005662.

Gimenes SNC, Sachett JAG, Colombini M, Freitas-De-sousa LA,
Ibiapina HNS, Costa AG, Santana MF, Park JJ, Sherman NE, Ferreira LCL,
Wen FH, Monteiro WM, Moura da Silva A, Fox JW. Observation of
Bothrops atrox snake envenoming blister formation from five patients:
Pathophysiological insights. Toxins (Basel). 2021 Nov 13;13(11):800.
doi:10.3390/toxins13110800.

Herrera C, Macédo JKA, Feoli A, Escalante T, Rucavado A, Gutiérrez JM,
Fox JW. Muscle tissue damage induced by the venom of Bothrops asper:
identification of early and late pathological events through proteomic
analysis. PLoS Negl Trop Dis. 2016 Apr 1;10(4):e0004599. doi:10.1371/
journal.pntd.0004599.

De Almeida MT, Freitas-De-Sousa LA, Colombini M, Gimenes SNC,
Kitano ES, Faquim-Mauro EL, Serrano SMT, Moura da Silva A. Inflammatory
reaction induced by two metalloproteinases isolated from Bothrops atrox
venom and by fragments generated from the hydrolysis of basement
membrane components. Toxins (Basel). 2020 Feb 2;12(2):96. doi:10.3390/
toxins12020096.

Albuquerque Barbosa FB, Raad R de S, Santos Ibiapina HN, Freire Dos Reis
M, Neves JCF, Andrade RV, Nascimento TP, Valle FF, Casewell NR, Sachett
J, Sartim MA, Monteiro W, Costa AG, Ferreira LCL. Dermatopathological
findings of Bothrops atrox snakebites: A case series in the Brazilian Amazon.
PLoS Negl Trop Dis. 2024 Dec 26;18(12):e0012704. doi:10.1371/journal.
pntd.0012704.

Larréché S, Chippaux JP, Chevillard L, Mathé S, Résiere D, Siguret V,
Mégarbane B. Bleeding and thrombosis: Insights into pathophysiology of
Bothrops venom-related hemostasis disorders. Int ] Mol Sci. 2021 Sep
6;22(7):9643. doi:10.3390/ijms22179643.

Oliveira SS, Alves EC, Santos AS, Pereira JPT, Sarraff LKS, Nascimento EF,
de Brito Sousa JD, Sampaio VS, Lacerda MVG, Sachett JAG, Sano-Martins
IS, Monteiro WM. Factors associated with systemic bleeding in Bothrops
envenomation in a tertiary hospital in the brazilian amazon. Toxins (Basel).
2019 Jan 7;11(1):22. doi:10.3390/toxins11010022.

Sachett JAG, da Silva IM, Alves EC, Oliveira SS, Sampaio VS, do Vale FF,
Romero GAS, dos Santos MC, Marques HO, Colombini M, da Silva AMM,
Wen FH, Lacerda MVG, Monteiro WM, Ferreira LCL. Poor efficacy of
preemptive amoxicillin clavulanate for preventing secondary infection from
Bothrops snakebites in the Brazilian Amazon: A randomized controlled
clinical trial. PLoS Negl Trop Dis. 2017 Jul 10;11(7):e0005745. doi:10.1371/
journal.pntd.0005745.

Silva FS, Ibiapina HNS, Neves JCF, Coelho KF, Barbosa FBA, Lacerda
MVG, Sachett JAG, Malheiro A, Monteiro WM, Costa AG. Severe tissue
complications in patients of Bothrops snakebite at a tertiary health unit
in the brazilian amazon: Clinical characteristics and associated factors.
Rev Soc Bras Med Trop. 2021 Feb 26;54:03742020. doi:10.1590/0037-
8682-0374-2020.

Bucaretchi F, Capitani E, Hyslop S, Mello S, Madureira P, Zanardi V, Ferreira
DM, Meirelles GV, Fernandes LCR. Compartment syndrome after Bothrops
jararaca snakebite: monitoring, treatment, and outcome. Clin Toxicol (Phila).
2010 Jan;48(1):57-60. doi: 10,3109/1556365090336201.

de Farias AS, Cristino JS, da Costa Arévalo M, Carneiro Junior A, Gomes Filho
MR, Ambrosio SA, Vissoci JN, Wen FH, Machado VA, Sachett |, Monteiro
W. Children growing up with severe disabilities as a result of snakebite
envenomations in indigenous villages of the Brazilian Amazon: three
cases and narratives. Toxins (Basel). 2023 May 23;15(6):352. doi:10.3390/
toxins15060352.

15.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Fernandez EMG, Oliveira DN, Silva-Neto A V., Davila RN, Lengler L, Sartim
MA, Farias AS, Ferreira LCL, Carvalho ES, Wen FH, Murta F, Almeida-Val
F, Pucca MB, Sachett JAG, Monteiro WM. Physical and sensory long-term
disabilities from Bothrops snakebite envenomings in manaus, Western
Brazilian Amazon. Toxins (Basel). 2025 Jan 3;17(1):22. doi:10.3390/
toxins17010022.

Hobbs M, Rahman HT, Raj R, Mandalaneni K, Pemminati S, Gorantla VR.
Compartment syndrome of the lower limb in adults and children and
effective surgical intervention and post-surgical therapies: a narrative
review. Cureus. 2024 Jun 24;16(6):63034. doi:10.7759/cureus.63034.
Brennan FH, Kane SF. Diagnosis, treatment options, and rehabilitation of
chronic lower leg exertional compartment syndrome. Curr Sports Med
Rep. 2003 Oct;2(5):247-50. doi:10.1249/00149619-200310000-00003.
Mortensen SJ, Zhang D, Mohamadi A, Collins J, Weaver M, Nazarian A, von
Keudell AG. Predicting factors of muscle necrosis in acute compartment
syndrome of the lower extremity. Injury. 2020 Feb;51(2):522-6. doi:10.1016/j.
injury.2019.11.022.

Bouklouch Y, Schmidt AH, Obremskey WT, Bernstein M, Gamburg
N, Harvey EJ. Big data insights into predictors of acute compartment
syndrome. Injury. 2022 Jul;53(7):2557-61. doi:10.1016/j.injury.2022.02.041.
Garner MR, Taylor SA, Gausden E, Lyden JP. Compartment syndrome:
diagnosis, management, and unique concerns in the twenty-first century.
HSS J. 2014 Jun 7;10(2):143-52. doi:10.1007/511420-014-9386-8.
AlHussain A, Almagushi NA, Alowid F, AlObaid B, Almagushi NA, Alotaibi
SN, Almosa MS, Alhossan MA, Alanazi SS, Alhuwairini F, Dukhi MMB.
Predictors of acute compartment syndrome in patients with forearm
fractures: a systematic review. Cureus. 2024 Feb 23;16(2):e54757.
doi:10.7759/cureus.54757.

Robertson A, Snow E, Browne T, Brownell S, Inneh [, Hill ]. Who gets
compartment syndrome? A retrospective analysis of the national and
local incidence of compartment syndrome in patients with supracondylar
humerus fractures. ] Pediatr Orthop. 2018 May-Jun;38(5):e252—6. doi:
10.1097/BPO.0000000000001144.

Wang T, Guo |, Long Y, Hou Z. Predictors of acute compartment
syndrome in patients with tibial fractures: a meta-analysis. Int Orthop.
2023 Jan;47(1):51-65. doi:10.1007/s00264-022-05643-3.

Deng X, Hu H, Ye Z, Zhu J, Zhang Y, Zhang Y. Predictors of acute
compartment syndrome of the lower leg in adults following tibial plateau
fractures. ] Orthop Surg Res. 2021 Aug 16;16(1):1-7. doi:10.1186/s13018-
021-02660-7.

Laverdiere C, Montreuil ], Bouklouch Y, Lorange JP, Dion CA, Harvey EJ.
Predictors of foot acute compartment syndrome: big data analysis. | Foot
Ankle Surg. 2023 Jan-Feb;62(1):27-30. doi:10.1053/.jfas.2022.03.006.
Magalhdes S, Peixoto H, Sachett |, Oliveira S, Alves E, Ibiapina HNS, Monteiro
WM, Oliveira MRF. Snakebite envenomation in the Brazilian Amazon: a
cost-of-illness study. Trans R Soc Trop Med Hyg. 2020 Sep 1;114(9):635-42.
doi:10.1093/trstmh/traa005.

Crespo AM, Manoli A, Konda SR, Egol KA. Development of
compartment syndrome negatively impacts length of stay and cost after
tibia fracture. ] Orthop Trauma. 2015 Jul;29(7):312-5. doi:10.1097/
BOT.0000000000000253.

Schmidt AH. The impact of compartment syndrome on hospital length
of stay and charges among adult patients admitted with a fracture
of the tibia. ] Orthop Trauma. 2011 Jun;25(6):355-7. doi:10.1097/
BOT.0b013e3181f18ad8.

Bhattacharyya T, Vrahas M. The medical-legal aspects of compartment
syndrome. ] Bone Joint Surg Am. 2004 Apr;86(4):864-8. doi:
10.2106/00004623-200404000-00029.

Marchesi M, Marchesi A, Calori G, Cireni L, Sileo G, Merzagoral, Zoia R,
Vaienti L, Morini O. A sneaky surgical emergency: Acute compartment
syndrome. Retrospective analysis of 66 closed claims, medico-legal pitfalls
and damages evaluation. Injury. 2014 Dec;45(Suppl 6):516-20. doi: 10.1016/].
injury.2014.10.017.

Canas CA. Is the acute compartment syndrome diagnosed in snake
bites true? A review. Medicine (Baltimore). 2024 Oct 4;103(40):e40008.
doi:10.1097/MD.0000000000040008.


https://doi.org/10.1371/journal.pntd.0005662
https://doi.org/10.1371/journal.pntd.0005662
https://doi.org/10.3390/toxins13110800
https://doi.org/10.1371/journal.pntd.0004599
https://doi.org/10.1371/journal.pntd.0004599
https://doi.org/10.3390/toxins12020096
https://doi.org/10.3390/toxins12020096
https://doi.org/10.1371/journal.pntd.0012704
https://doi.org/10.1371/journal.pntd.0012704
https://doi.org/10.3390/ijms22179643
https://doi.org/10.3390/toxins11010022
https://doi.org/10.1371/journal.pntd.0005745
https://doi.org/10.1371/journal.pntd.0005745
https://doi.org/10.1590/0037-8682-0374-2020
https://doi.org/10.1590/0037-8682-0374-2020
https://doi.org/10,3109/1556365090336201
https://doi.org/10.3390/toxins15060352
https://doi.org/10.3390/toxins15060352
https://doi.org/10.3390/toxins17010022
https://doi.org/10.3390/toxins17010022
https://doi.org/10.7759/cureus.63034
https://doi.org/10.1249/00149619-200310000-00003
https://doi.org/10.1016/j.injury.2019.11.022
https://doi.org/10.1016/j.injury.2019.11.022
https://doi.org/10.1016/j.injury.2022.02.041
https://doi.org/10.1007/s11420-014-9386-8
https://doi.org/10.7759/cureus.54757
https://doi.org/10.1097/BPO.0000000000001144
https://doi.org/10.1007/s00264-022-05643-3
https://doi.org/10.1186/s13018-021-02660-7
https://doi.org/10.1186/s13018-021-02660-7
https://doi.org/10.1053/j.jfas.2022.03.006
https://doi.org/10.1093/trstmh/traa005
https://doi.org/10.1097/BOT.0000000000000253
https://doi.org/10.1097/BOT.0000000000000253
https://doi.org/10.1097/BOT.0b013e3181f18ad8
https://doi.org/10.1097/BOT.0b013e3181f18ad8
https://doi.org/10.2106/00004623-200404000-00029
https://doi.org/10.1016/j.injury.2014.10.017
https://doi.org/10.1016/j.injury.2014.10.017
https://doi.org/10.1097/MD.0000000000040008

Nascimento et al. | Venom Anim Toxins incl Trop Dis, 2025, 31:¢20250039

Page 13 of 14

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Brasil. Ministério da Satide. Secretaria de Vigilincia em Satide. Coordenagao-
Geral de Desenvolvimento da Epidemiologia em Servigos. Guia de vigilancia
em saude. 1st ed. Brasilia: Ministério da Satide, 2016. Disponivel em: https:/
bvsms.saude.gov.br/bvs/publicacoes/guia_vigilancia_saude_1ed_atual.pdf.
Sachett ) de AG, Val FF, Alcantara JA, Cubas-Vega N, Montenegro CS, da
SilvaIM, Souza TG, Santana MF, Ferreira LCL, Monteiro WM. Bothrops atrox
Snakebite: How a Bad Decision May Lead to a Chronic Disability: A Case
Report. Wilderness Environ Med. 2020 Sep;31(3):317-23. doi:10.1016/j.
wem.2020.03.001.

Valente-Aguiar MS, Da Costa E Silva BG, Magalh3es T, Dinis-Oliveira
RJ. Compartment Syndrome following Bothrops Snakebite Leads to
Decompressive Fasciotomies. Case Rep Med. 2019 Mar 4;2019:6324569.
doi:10.1155/2019/6324569.

Tonos C, Traviezo Valles LE, Pacheco C. Fasciotomia tras emponzofiamiento
por Bothrops asper. Rev Med Sinerg. 2021;6(8):e707. doi:10.31434/rms.
v6i8.707.

Hernandez R, Cabalceta C, Saravia-Otten P, Chaves A, Gutiérrez |M,
Rucavado A. Poor regenerative outcome after skeletal muscle necrosis
induced by Bothrops asper venom: alterations in microvasculature and
nerves. PLoS One. 2011;6(5):e19834. doi:10.1371/journal.pone.0019834.
Valle LA, Silva D da FR, Magalhdes PH, Mattos PA, Leal JA. Bilateral
amputation of inferior extremities due to serious Bothrops accident: a case
report. Arq Med Hosp Fac Cienc Med St Casa Sdo Paulo. 2008;53:81-4.
Borges CC, Sadahiro M, Dos-Santos MC. Epidemiological and clinical
aspects of snake accidentes in the municipalities of the State of Amazonas,
Brazil. Rev Soc Bras Med Trop. 1999;32(6):637—46. doi: 10.1590/S0037-
86821999000600005.

Malaque CMS, Gutiérrez JM. Snakebite Envenomation in Central and South
America. In: (eds.) ]B et al,, editor. Critical Care Toxicology. Switzerland:
Springer International Publishing; 2015. pp. 1-22. doi:10.1007/978-3-
319-20790-2.

Pardal P, Souza S, Monteiro M, Franga F, Tomy S, Sano-Martins |, Souza e
Silva MCC, Colombini M, Kodera NF, Moura da Silva AM, Cardoso DF,
Velarde DT, Kamiguti AS, Theakston RD, Warrell DA. Clinical trial of
two antivenoms for the treatment of Bothrops and Lachesis bites in the
north eastern Amazon region of Brazil. Trans R Soc Trop Med Hyg. 2004
Jan;98(1):28—42. doi:10.1016/S0035-9203(03)00005-1.

Oliveira S, Sampaio V, Sachett ], Alves E, Silva V, Lima ]. Snakebites
in the Brazilian Amazon: Current Knowledge and Perspectives. In:
Gopalakrishnakone P, Vogel C, Seifert S, Tambourgi D, editors. Clinical
Toxinology in Australia, Europe, and Americas. Springer, Dordrecht:
Toxinology; 2018. pp. 73-99. doi:10.1007/978-94-007-6288-6.

Peak DA. Acute Compartment Syndromes. Emerg Med Clin Essentials,
Second Ed. 2012; p. 797-800.e1. doi:10.1016/B978-1-4377-3548-2.00091-
4.

Pechar J, Lyons M. Acute Compartment Syndrome of the Lower
Leg: A Review. | Nurse Pract. 2016 Apr;12(4):265-70. doi:10.1016/].
nurpra.2015.10.013.

Paaske WP, Bagl P, Lorentzen JE, @lgaard K. Plasma exchange after
revascularization compartment syndrome with acute toxic nephropathy
caused by rhabdomyolysis. | Vasc Surg. 1988 Jun;7(6):757-8.
doi:10.1016/0741-5214(88)90037-7.

Barraviera B, Lomonte B, Tarkowski A, Hanson LA, Meira DA. Acute-Phase
Reactions, Including Cytokines, in Patients Bitten By Bothrops and Crotalus
Snakes in Brazil. ] Venom Anim Toxins. 1995;1(1):11-22. doi:10.1590/
s0104-79301995000100003.

Paolino G, Di Nicola MR. Letter to the Editor: Acute-phase response
fever in Viperidae as a potential and additional clinical sign. Toxicon. 2020
Sep;184:229-30. doi:10.1016/j.toxicon.2020.07.008.

Teixeira C, Fernandes CM, Leiguez E, Chudzinski-Tavassi AM. Inflammation
Induced by Platelet-Activating Viperid Snake Venoms: Perspectives on
Thromboinflammation. Front Immunol. 2019 Sep 4;10:2082. doi:10.3389/
fimmu.2019.02082.

Moura-da-Silva AM, Laing GD, Paine MJI, Dennison JMT], Politi V,
Crampton JM, Theakston RD. Processing of pro-tumor necrosis factor-a
by venom metalloproteinases: A hypothesis explaining local tissue damage
following snake bite. Eur | Immunol. 1996 Sep;26(9):2000-5. doi:10.1002/
€ji.1830260905.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

MoreiraV, Dos-Santos M, Nascimento N, da Silva H, Fernandes C, D’Império
Lima M, Teixeira C. Local inflammatory events induced by Bothrops atrox
snake venom and the release of distinct classes of inflammatory mediators.
Toxicon. 2012 Jul;60(1):12-20. doi:10.1016/j.toxicon.2012.03.004.
Mubarak S, Hargens AR. Acute compartment syndromes. Surg Clin North
Am. 1983;63: 539—65. doi:10.1016/S0039-6109(16)43030-6.

Stella M, Santolini E, Sanguineti F, Felli L, Vicenti G, Bizzoca D, Santolini
F. Aetiology of trauma-related acute compartment syndrome of the leg:
A systematic review. Injury. 2019 Jul;50(Suppl 2):557-64. doi:10.1016/].
injury.2019.01.047.

Park S, Ahn J, Gee AO, Kuntz AF, Esterhai |L. Compartment syndrome
in tibial fractures. ] Orthop Trauma. 2009 Aug;23(7):514-8. doi:10.1097/
BOT.0b013e3181a2815a.

Hsu CP, Chuang JF, Hsu YP, Wang SY, Fu CY, Yuan KC, Chen CH, Kang SC,
Liao CH. Predictors of the development of post-snakebite compartment
syndrome. Scand ] Trauma Resusc Emerg Med. 2015 Nov 11;23:97.
doi:10.1186/513049-015-0179-y.

Sachett A, Strand E, Serrdo-Pinto T, da Silva Neto A, Pinto Nascimento
T, Rodrigues Jati S, Rocha GS, Andrade AS, Wen FH, Pucca MB, Vissoci |,
Gerardo CJ, Sachett ], de Farias AS, Monteiro W. Capacity of community
health centers to treat snakebite envenoming in indigenous territories
of the Brazilian Amazon. Toxicon. 2024 Apr;241:107681. doi:10.1016/.
toxicon.2024.107681.

Janzing HMJ, Broos PLO. Routine monitoring of compartment pressure
in patients with tibial fractures: Beware of overtreatment! Injury. 2001
Jun;32(5):415-21. doi:10.1016/5S0020-1383(01)00005-5.

Duckworth AD, McQueen MM. The Diagnosis of Acute Compartment
Syndrome: A Critical Analysis Review. |BJS Rev. 2017 Dec;5(12):e1. doi:
10.2106/)BJS.RVW.17.00016.

Coccolini F, Improta M, Picetti E, Vergano LB, Catena F, de 'Angelis N,
Bertolucci A, Kirkpatrick AWV, Sartelli M, Fugazzola P, Tartaglia D, Chiarugi
M. Timing of surgical intervention for compartment syndrome in different
body region: systematic review of the literature. World | Emerg Surg.
2020;15(60):1-13. doi:10.1186/s13017-020-00339-8.

Lu HY, Mao YC, Liu PY, Lai KL, Wu CY, Tsai YC, Yen JH, Chen IC, Lai
CS. Clinical predictors of early surgical intervention in patients with
venomous snakebites. Eur ] Med Res. 2023 Mar 21;28(1):1-9. doi:10.1186/
s40001-023-01101-x.

Smit A, Lalloo V, Engelbrecht A, Mashego LD, Monzon BI. Point-of-care
ultrasound assessment of a swollen limb following snakebite envenomation
- an adjunct to avoid fasciotomy. S Afr | Surg. 2023 Mar;61(1):14-16.
doi:10.36303/sajs.3907.

Janakiram NB, Motherwell JM, Goldman SM, Dearth CL. Efficacy of non-
surgical interventions for promoting improved functional outcomes
following acute compartment syndrome: A systematic review. PLoS One.
2022 Sep 9;17(9):e0274132. doi:10.1371/journal.pone.0274132.

Nesaraj ], Varghese VD, Boopalan PR, Nithyananth M, Sudarsanam TD,
Jepegnanam TS. Intravenous Mannitol reduces intracompartmental
pressure following tibia fractures: A randomized controlled trial. Chin
] Traumatol. 2021 Mar;24(2):109-12. doi:10.1016/j.cjtee.2020.11.006.
Percival TJ, White JM, Ricci MA. Compartment syndrome in the setting of
vascular injury. Perspect Vasc Surg Endovasc Ther. 2011 Jun;23(2):119-24.
doi:10.1177/1531003511401422.

McQueen M, Christie ], Court-Brown C. Acute compartment syndrome
in tibial diaphyseal fractures. | Bone Joint Surg Br. 1996 Jan;78(1):95-8.
Hessmann MH, Ingelfinger P, Rommens PM. Compartment syndrome of
the lower extremity. Eur | Trauma Emerg Surg. 2007 Sep 3;33:589-99.
doi:10.1007/s00068-007-7161-y.

McQueen M, Gaston P, Court-Brown C. Acute compartment syndrome
WHO IS AT RISK? J Bone Joint Surg Br. 2000 Mar;82(2):200-3.
doi:10.1302/0301-620x.82b2.0820200.

Gourgiotis S, Villias C, Germanos S, Foukas A, Ridolfini MP. Acute
Limb Compartment Syndrome: A Review. | Surg Educ. 2007 May-
Jun;64(3):178-86. doi:10.1016/j.jsurg.2007.03.006.

Vaillancourt C, Shrier |, Falk M. Quantifying delays in the recognition and
management of acute compartment syndrome. CJEM. 2021 Jan;3(1):26—-30.
doi: 10.1017/s148180350000511x.


https://doi.org/10.1016/j.wem.2020.03.001
https://doi.org/10.1016/j.wem.2020.03.001
https://doi.org/10.1155/2019/6324569
https://doi.org/10.31434/rms.v6i8.707
https://doi.org/10.31434/rms.v6i8.707
https://doi.org/10.1371/journal.pone.0019834
https://doi.org/10.1590/S0037-86821999000600005
https://doi.org/10.1590/S0037-86821999000600005
https://doi.org/10.1007/978-3-319-20790-2
https://doi.org/10.1007/978-3-319-20790-2
https://doi.org/10.1016/S0035-9203(03)00005-1
https://doi.org/10.1007/978-94-007-6288-6
https://doi.org/10.1016/B978-1-4377-3548-2.00091-4
https://doi.org/10.1016/B978-1-4377-3548-2.00091-4
https://doi.org/10.1016/j.nurpra.2015.10.013
https://doi.org/10.1016/j.nurpra.2015.10.013
https://doi.org/10.1016/0741-5214(88)90037-7
https://doi.org/10.1590/s0104-79301995000100003
https://doi.org/10.1590/s0104-79301995000100003
https://doi.org/10.1016/j.toxicon.2020.07.008
https://doi.org/10.3389/fimmu.2019.02082
https://doi.org/10.3389/fimmu.2019.02082
https://doi.org/10.1002/eji.1830260905
https://doi.org/10.1002/eji.1830260905
https://doi.org/10.1016/j.toxicon.2012.03.004
https://doi.org/10.1016/S0039-6109(16)43030-6
https://doi.org/10.1016/j.injury.2019.01.047
https://doi.org/10.1016/j.injury.2019.01.047
https://doi.org/10.1097/BOT.0b013e3181a2815a
https://doi.org/10.1097/BOT.0b013e3181a2815a
https://doi.org/10.1186/s13049-015-0179-y
https://doi.org/10.1016/j.toxicon.2024.107681
https://doi.org/10.1016/j.toxicon.2024.107681
https://doi.org/10.1016/S0020-1383(01)00005-5
https://doi.org/10.2106/JBJS.RVW.17.00016
https://doi.org/10.1186/s13017-020-00339-8
https://doi.org/10.1186/s40001-023-01101-x
https://doi.org/10.1186/s40001-023-01101-x
https://doi.org/10.36303/sajs.3907
https://doi.org/10.1371/journal.pone.0274132
https://doi.org/10.1016/j.cjtee.2020.11.006
https://doi.org/10.1177/1531003511401422
https://doi.org/10.1007/s00068-007-7161-y
https://doi.org/10.1302/0301-620x.82b2.0820200
https://doi.org/10.1016/j.jsurg.2007.03.006
https://doi.org/10.1017/s148180350000511x

Nascimento et al. | Venom Anim Toxins incl Trop Dis, 2026, 32:¢20250039

Page 14 of 14

65.

66.

67.

68.

69.

70.

71.

Abouezzi Z, Nassoura Z, Ivatury RR, Porter JM, Stahl WM. A critical
reappraisal of indications for fasciotomy after extremity vascular trauma.
Arch Surg. 1998 May;133(5):547-51. doi:10.1001/archsurg.133.5.547.
Mabvuure NT, Malahias M, Hindocha S, Khan W, Juma A. Acute
Compartment Syndrome of the Limbs: Current Concepts and Management.
Open Orthop J. 2012;6:535-43. doi:10.2174/1874325001206010535.
Tiwari A, Haq Al, Myint F, Hamilton G. Acute compartment syndromes.
Br J Surg. 2002;89:397-412. doi:10.1046/1.0007-1323.2002.02063 x.
Késtler W, Strohm PC, Stidkamp NP. Acute compartment syndrome of
the limb. Injury. 2004 Dec;35(12):1221-7. doi:10.1016/j.injury.2004.04.009.
Jaggers RC, Feliciano D V., Mattox KL, Graham JM, Debakey ME. Injury
to Popliteal Vessels. Arch Surg. 1982 May;117(5):657—-61. doi:10.1001/
archsurg.1982.01380290103018.

Lim LT, Michuda MS, Flanigan DP, Pankovich A. Popliteal Artery
Trauma: 31 Consecutive Cases Without Amputation. Arch Surg. 1980
Nov;115(11):1307-13. doi:10.1001/archsurg.1980.01380110045007.
Nair R, Abdool-Carrim A, Robbs V. Gunshot injuries of the popliteal artery.
Br ] Surg. 2000 May;87(5):602—7. doi: 10.1046/}.1365-2168.2000.01397.x.

72.

73.

74.

75.

Cristino JS, Salazar GM, Machado VA, Honorato E, Farias AS, Vissoci RN,
Neto AVS, Lacerda M, Wen FH, Monteiro WM, Sachet JAG. A painful
journey to antivenom: The therapeutic itinerary of snakebite patients
in the Brazilian Amazon (the QUALISnake study). PLoS Negl Trop Dis.
2021 Mar 4;15(3):e0009245. doi:10.1371/journal.pntd.0009245.
Bodansky D, Doorgakant A, Alsousou J, Igbal HJ, Fischer B, Scicluna G,
Bowers M, Narayan B. Acute Compartment Syndrome: Do guidelines for
diagnosis and management make a difference? Injury. 2018 Sep;49(9):1699—
702. doi:10.1016/j.injury.2018.04.020.

Farber A, Tan T, Hamburg N, Kalish ], Joglar F, Onigman T, Rybin D, Doros
G, Eberrhardt RT. Early Fasciotomy in Patients with Extremity Vascular
Injury is Associated with Decreased Risk of Adverse Limb Outcomes: A
Review of the National Trauma Data Bank. Injury. 2012 Sep;43(9):1486-91.
doi:10.1016/j.injury.2011.06.006.

Toffano LL, da Silva LO, Neves F de F, Teixeira L de AS, Silva-Vergara ML.
Compartment Syndrome Secondary to Bothrops spp. Envenomation in
Tridngulo Mineiro, Region, Minas Gerais, Brazil. Rev Soc Bras Med Trop.
2023 Jul 24;56:€01302023. doi:10.1590/0037-8682-0130-2023.


https://doi.org/10.1001/archsurg.133.5.547
https://doi.org/10.2174/1874325001206010535
https://doi.org/10.1046/j.0007-1323.2002.02063.x
https://doi.org/10.1016/j.injury.2004.04.009
https://doi.org/10.1001/archsurg.1982.01380290103018
https://doi.org/10.1001/archsurg.1982.01380290103018
https://doi.org/10.1001/archsurg.1980.01380110045007
https://doi.org/10.1046/j.1365-2168.2000.01397.x
https://doi.org/10.1371/journal.pntd.0009245
https://doi.org/10.1016/j.injury.2018.04.020
https://doi.org/10.1016/j.injury.2011.06.006
https://doi.org/10.1590/0037-8682-0130-2023



