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Introduction: Cobra (Naja species) envenomation in tropical regions like Vietnam frequently leads to severe hand tissue necrosis,
creating complex defects that challenge conventional reconstruction. This study evaluates a staged approach combining vacuum-
assisted closure (VAC) therapy with free anterolateral thigh (ALT) flap for these challenging injuries.

Methods: Eleven patients with extensive hand defects involving skin and/or tendon due to cobra envenomation were included.
Following surgical debridement, VAC therapy was applied to prepare the wound bed. Subsequently, definitive reconstruction was
performed using tailored ALT flaps, which included fasciocutaneous or thinned configurations depending on defect complexity.
Postoperative evaluation included flap viability, range of motion (ROM), and complication assessment.

Results: The mean duration of VAC therapy was 11.5 £+ 4.2 days. Eleven ALT flaps with an average dimension of 14.5%7.0 cm were
harvested. Flap thinning was performed in eight cases (72.7%), achieving a mean final thickness of 4.6 + 1.3 mm. Eight flaps (72.7%)
were used to cover defects spanning both digital and dorsal or palmar subunits. Over a mean follow-up of 15.3 months, patients with
digital reconstruction achieved a functional ROM at the metacarpophalangeal joint, with 0° of extension and up to 60° of flexion. The
main issue was flap bulkiness; no donor-site morbidity was observed.

Conclusion: A staged approach combining VAC therapy for wound bed preparation and subsequent reconstruction with a free ALT
flap is a safe and effective strategy for managing complex hand defects resulting from cobra bites. This method facilitates optimal
wound conditions and provides versatile, well-vascularized tissue coverage, thereby promoting functional hand recovery.
Keywords: snakebite, skin necrosis, VAC therapy, ALT flap, hand reconstruction

Introduction

Snakebite envenomation constitutes a significant public health burden in tropical nations, particularly in Vietnam, where
bites from cobra (Naja species) are prevalent.' While systemic toxicity from cobra bites may be mild, the resultant local
tissue damage is often severe, leading to extensive necrosis and complex sequelae. Soft-tissue necrosis following cobra
envenomation is primarily caused by the effects of venom toxins, especially cytotoxins. In addition, secondary infection
at the bite site further aggravates the wound.® > The hand is one of the most frequently affected anatomical sites. This can
result in a spectrum of soft tissue destruction, from superficial necrosis to full-thickness loss involving tendons, bones,
and neurovascular structures. Consequently, aggressive surgical debridement is often necessary, creating significant,
composite defects that expose vital structures and present formidable challenges for functional and aesthetic reconstruc-
tion. Conventional reconstructive options, such as skin grafting or local pedicled flaps, are frequently inadequate for these
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extensive defects, which are often compromised by poor vascularity at the wound periphery. As a bridge to definitive
reconstruction, vacuum-assisted closure (VAC) therapy has emerged as an effective adjunct for wound bed preparation,
as it reduces edema and bacterial load while promoting the formation of healthy granulation tissue.®” However, durable
coverage for large, multi-component hand defects necessitates a reconstructive solution that provides a substantial
volume of well-vascularized tissue. The free anterolateral thigh (ALT) flap is an excellent option that fulfills these
criteria, offering a large, versatile tissue paddle with a long and reliable vascular pedicle, making it highly suitable for
restoring hand form and function.®” Therefore, this study aims to present our clinical outcomes using a staged approach
that combines VAC therapy for wound bed optimization with subsequent free ALT flap transfer for the reconstruction of
complex hand defects secondary to cobra envenomation.

Patient and Method

From January 2020 to April 2025, a total of 214 patients were admitted to our department with cobra envenomation to
the hand. The cobra species was identified by snake identification experts or toxicologists based on the snake specimen
brought in by the patient or on photographic evidence. Of these, eleven consecutive patients who presented with
extensive soft-tissue defects of the hand secondary to cobra envenomation and were subsequently managed with
a staged protocol of VAC therapy and free ALT flap reconstruction. The mean patient age was 39.5 £ 15.6 years
(range, 21-67), with a male-to-female ratio of 10:1. The mean body mass index (BMI) was 22.8 + 1.8 kg/m* (range,
19.8-25.1). Comorbidities like diabetes or hypertension were present in 27.3%. All eleven patients received antivenom
serum upon ICU admission. Surgical debridement followed by full antivenom dose, with wound cultures and broad-
spectrum IV antibiotics. Post-debridement, patients underwent VAC therapy for 1-2 weeks to control infection, reduce
edema, and promote granulation for wound closure.

Surgical Technique

All patients initially underwent aggressive surgical debridement of all necrotic tissue. Following debridement, the
VAC system (KCI, an Acelity company, USA) was applied to the wound bed using a polyurethane foam dressing
under a continuous negative pressure of 125 mmHg. Dressings were changed every three to four days. VAC therapy was
continued until the wound bed was deemed suitable for definitive coverage, characterized by the absence of infection and
the presence of healthy granulation tissue. Definitive reconstruction was performed using a free ALT flap harvested from
the contralateral thigh. Perforator vessels were identified preoperatively with a handheld Doppler probe. The flap was
designed to match the dimensions and contour of the defect. The incision was made from the medial edge of the skin flap
down to the subfascial plane. Dissection was then carried out within the subfascial plane until the descending branch or
oblique branch of the lateral circumflex femoral artery (LCFA) and its perforators were identified. The flap was
configured as either a standard fasciocutancous flap or was thinned intraoperatively. The recipient vessels, most often
the radial artery with its venae comitantes or superficial veins, were chosen. The skin paddles were carefully positioned
to match the defect layout. The reconstructed hand was immobilized in a plaster cast in a functional position to prevent
tension on the vascular anastomosis or tendon repair sites. Passive range of motion (ROM) exercises were initiated after
one week, followed by gradual introduction of active movements starting from the third postoperative week. Patients
were followed postoperatively for 6 months to 2 years. Functional outcomes were assessed using range of wrist joint
motion (ROM) for dorsal or palmar injuries, and range of metacarpophalangeal joint motion were evaluated for digital
reconstructions, beginning at 3 months after surgery.

Results

The average time from snakebite to hospital admission and administration of antivenom serum was 11.8 + 7.7 hours
(range: 2-30 hours). The bite locations varied: five patients were bitten on the fingers, three on the dorsum of the hand,
and three on both the dorsum and fingers. Cutaneous necrosis was observed in all patients within the first 48 hours. All
patients underwent surgical debridement shortly after completing antivenom therapy, followed by VAC therapy for
a mean of 11.5 + 4.2 days (range: 6-16 days). Wound cultures were positive in nine of 11 patients, with Enterococcus
Jaecalis being the most common isolate (five cases). All patients had significant defects, with eight patients (72.7%)
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having combined digital and dorsal or palmar defects. One case involved defects of the dorsum and palm; Two patients
had an isolated dorsal defect. Regarding defect depth, five cases (45.5%) involved exposed tendons, five hands (45.5%)
had a combined loss of skin and tendons, and one case (9.1%) presented with bone exposure.

Following successful wound bed preparation, a total of 11 free ALT flaps were transferred. The mean flap dimension
was 14.5 £ 3.0 cm in length (11-22 ¢cm) and 7.0 £ 1.6 cm in width (5—11 cm). The mean number of perforators was 1.4
(range: 1-3), with an average pedicle length of 12.7 = 2.4 cm (10—17 cm). Flap thinning was selectively performed: four
flaps (36.4%) underwent microdissection thinning, four flaps (36.4%) underwent primary thinning, and three flaps
(27.3%) were harvested as a fasciocutaneous flap. Pre-thinned flap thickness was 15.4 + 3.6 mm (10-18 mm), reduced
to 4.6 = 1.3 mm (3—7 mm) after thinning. All flaps were anastomosed to the radial artery. All cases used the radial vein as
the recipient vein. Donor sites were closed primarily in 10 cases (90.9%), and one case required a split-thickness skin
graft. Detailed patient characteristics and results are summarized in Table 1. All flaps survived completely, and no donor-
site complications occurred. The average hospital stay was 35.1 = 6.3 days (23—43 days), and the mean follow-up was
15.3 = 6.0 months (3-20 months). Five patients experienced bulkiness of the flap. Among nine patients with digital
injuries, the range of motion at the metacarpophalangeal (MP) joint reached 0° extension and at least 60° flexion. The
remaining two patients, who had dorsal hand defects without digital involvement, achieved at least wrist range of motion
of 40° in extension and 50° in flexion. Patient results are shown in Figures 1 and 2.

Discussion

Snakebite envenomation presents a uniquely challenging clinical scenario, particularly in tropical nations like Vietnam,
where cobra (Naja species) bites are prevalent. Injuries to the upper limb, with the hand being the most commonly
affected site, constitute a significant proportion of these cases.'®”'? Extensive local tissue destruction can evolve over
several days, frequently necessitating aggressive surgical debridement.*'? This multi-layered tissue damage is a primary
contributor to the complexity of reconstruction and underscores why long-term functional recovery is often more
challenging compared to that of other etiologies. As supported by literature, wide excision and thorough debridement
can substantially reduce the toxin load, limit the extent of necrosis, and promote a healthier wound healing
environment.'* The extensive removal of necrotic skin and fascia, however, often results in the exposure of critical
underlying structures such as tendons, joints, or bone. In our series, the majority of patients underwent their initial
debridement 57 days post-envenomation. Secondary infection was a common clinical finding and played a significant
role in wound progression and further tissue destruction, occurring in the majority of our patients (81.8%). A key
pathological feature of cobra envenomation is central fascial and adipose tissue necrosis, particularly in bites to the
dorsum of the hand—a phenomenon we have previously reported.'® Tissue necrosis created reconstructive challenges, as
the hand’s function and aesthetics depend on preserving tendon gliding, joint movement, and finger shape.

Table | Patient Data

No | Sex/Age (y) Naja Injured Skin Unit Tendon Tailored Range of Motion Follow-Up
Species Injured Flap (Extension/Flexion) (Month)
| M/48 Naja atra Dorsal hand + 3rd finger EDC Il Thinning 3rd MP: 0/70 18
2 M/46 Naja atra Dorsal hand + 2nd finger EDC II Thinning 2nd MP: 0/75 19
3 F/32 Naja kaouthia Dorsal hand + 2nd finger - Thinning 2nd MP: 0/65 21
4 M/23 Naja kaouthia Thumb EDC | Thinning Ist MP: 0/60 20
5 M/31 Naja atra Dorsal hand + 2nd finger EDC II Thinning 2nd MP: 0/75 19
6 M/63 Naja atra Dorsal hand EDC Il Thinning 2nd MP: 0/85 18
7 M/59 Naja atra Thumb - Thinning Ist MP: 0/70 16
8 M/61 Naja kaouthia Thumb - No thinning Ist MP: 0/65 16
9 M/60 Naja atra Dorsal hand - Thinning Wrist: 50/60 14
10 M/61 Naja atra Dorsal hand + 2nd finger - No thinning 2nd MP: 0/60 5
Il Fl67 Naja atra Dorsal hand - No thinning Wrist: 40/50 3

Abbreviations: M, Male; F, Female; EDC, Extensor digitorum communis; MP, Metacarpophalangeal.
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Figure | Reconstructive sequence for a 61-year-old male following envenomation by Naja atra. (A) Initial clinical presentation demonstrating extensive cutaneous necrosis
on the dorsum of the hand. (B) The resultant soft-tissue defect after surgical debridement. (C) A harvested ALT fasciocutaneous flap before transfer. (D) Immediate
postoperative appearance of the reconstructed hand. (E and F) Anterior and oblique views at 2 months postoperatively, showing stable coverage and satisfactory contour.

VAC therapy constituted a pivotal component of the reconstructive strategy for these complex hand injuries.'®'” This
modality has demonstrated significant efficacy in the management of venomous snakebite injuries. Beyond its established
benefits in hand reconstruction—namely, the reduction of microbial load, promotion of granulation tissue, and demarca-
tion of viable tissue planes—VAC therapy has been reported to specifically mitigate edema, accelerate wound healing,
and limit the propagation of tissue necrosis in envenomated patients. Furthermore, its application has been correlated
with reduced hospital stays, thereby facilitating subsequent definitive procedures such as free flap transfer.*” Following
this evidence, all defects in our patient were managed with VAC therapy following initial debridement and before
definitive reconstruction. This standardized approach yielded favorable results, with no instances of postoperative flap
infection or wound dehiscence observed.

The free anterolateral thigh (ALT) flap demonstrated exceptional utility in these reconstructions, attributable to its
inherent versatility, consistent vascular anatomy, and the generous dimensions of the available skin paddle.'® The
favorable tissue characteristics and surgical adaptability of the ALT flap render it particularly advantageous for the
complex demands of hand reconstruction.'” ' In our series, the flap was employed in several configurations: standard
fasciocutaneous flaps were utilized for defects requiring robust coverage, whereas selectively thinned flaps were
preferred for resurfacing the hand dorsum and digits to optimize contour and function. However, the thinning procedure
necessitates meticulous technique, as excessive dissection around the perforator vessels can compromise flap perfusion
and elevate the risk of partial necrosis.”> 2* Conversely, for pressure-bearing zones such as the palmar surface and thenar
eminence, a full-thickness fasciocutaneous configuration was intentionally preserved to ensure adequate durability. While
not traditionally considered the primary choice for hand dorsum coverage due to its potential bulk, the ALT flap
distinguishes itself as a superior option for extensive, multi-component defects precisely because this thickness can be
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Figure 2 Staged reconstruction in a 63-year-old male with a dorsal hand injury from a Naja atra bite. (A) Exposed necrotic fascia and subcutaneous tissue following initial
injury. (B) Appearance of a healthy granulation bed after a 7-day course of negative pressure wound therapy (NPWT). (C) The ALT flap is undergoing primary thinning
intraoperatively to match the defect’s requirements. (D) Immediate postoperative result after flap inset and microvascular anastomosis. (E and F) Final clinical outcome at
the 4-month follow-up, demonstrating excellent aesthetic integration and preserved hand architecture.

addressed. The ability to perform primary thinning allows a large, well-vascularized flap to be tailored for areas requiring
a thin, pliable tissue interface. Furthermore, the long vascular pedicle of the ALT flap is a critical advantage in the post-
envenomation setting, where the local vasculature is often compromised by venom-induced thrombosis, rendering it
unsuitable for anastomosis. This permitted the selection of reliable recipient vessels outside the zone of injury, such as the
radial artery at the wrist. Therefore, this requires a material with a sufficiently long and reliable vascular pedicle, which is
also an advantage over other microsurgical flaps. Beyond the immediate challenge of soft-tissue reconstruction, the
formidable musculoskeletal sequelae of envenomation—including joint stiffness, tendon adhesions, and bone pathology
—posed significant obstacles to restoring a full range of motion and functional capacity.®® In select cases, a decision was
made to preserve functionally compromised, yet anatomically intact, hand units rather than proceed with amputation.
This approach, which prioritizes aesthetic integrity and psychological well-being at the expense of optimal function,
illustrates a fundamental principle in reconstructive surgery: the careful balancing of functional goals with aesthetic
outcomes, particularly in the context of snakebite injuries where the true extent of tissue damage is often initially
underestimated.

This study is subject to several limitations. First, the absence of a control group—such as a cohort with traumatic or
thermal burn-related hand defects—precludes a direct comparative analysis of outcomes across different etiologies.
Second, the modest number of patients who met the criteria for ALT flap reconstruction may limit the generalizability of
our findings to a broader population. Finally, the comprehensive assessment of long-term functional outcomes within this
patient population remains a significant challenge. Although the follow-up period extended to 12 months for most
patients, a more prolonged observational period may be necessary to fully capture the recovery of fine dexterity and
complete reintegration into activities of daily living. The progressive nature of post-envenomation sequelae, particularly
tendon adhesions and joint stiffness, warrants further investigation with long-term follow-up to delineate the complete
functional recovery trajectory.
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Conclusion

For complex hand defects caused by snakebite, combining VAC therapy as a preparatory step with ALT flap reconstruc-

tion offers a reliable and effective approach. VAC therapy improves the wound environment by managing infection and

defining the extent of damage, while the ALT flap provides versatile coverage adapted to multi-component tissue loss.
This study establishes that a staged protocol, integrating VAC. therapy for wound bed optimization with subsequent

free ALT flap transfer, constitutes a superior and highly reliable strategy for reconstructing complex hand defects from

snakebite envenomation.
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