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Abstract

Background. Electrical injuries from high-voltage power lines are unique forms of trauma that can create

challenging wounds for reconstructive surgeons. Our patients, a man in his late thirties (Patient 1) and a man in

his early twenties (Patient 2), both sustained upper extremity injuries after contact with a high-voltage line.

Methods. Despite minimal superficial damage, both patients required fasciotomies and debridement of the volar

forearm, revealing segmental defects in most digital tendons as well as the distal median nerve. Free

fasciocutaneous anterolateral thigh (ALT) flaps were harvested to ensure adequate wound coverage. Additionally,

fascia lata grafts were taken from the free flap donor site and rolled into tubes to transfer available flexor

digitorum superficialis proximal tendon stumps to the distal stumps of flexor digitorum profundus. The rolls were

also used to bridge segmental tendon defects in flexor pollicis longus, while cadaveric nerve allografts were used

to bridge the median nerve defects.

Results. Nine months postoperatively, Patient 1 had premorbid function with activities of daily living (ADLs),

and Patient 2 required only minimal assistance with instrumental ADLs. Within a year following reconstruction,

Patient 1 mostly regained range of motion in his digits with some rigidity, and Patient 2 regained full range of

motion in his digits with minimal rigidity.

Conclusions. These cases have demonstrated that the use of an ALT free flap combined with rolled fascia lata

graft tubes may be an effective choice for reconstruction and functional restoration in cases of severe high-voltage

electrical trauma.

Introduction

High-voltage electrical injuries are rare cases of trauma that result in a unique and challenging spectrum of sequelae. As

these injuries often result from accidental contact with high-voltage lines, the upper extremities are almost always

involved.  Since the electrical current preferentially travels through deep tissues, patients primarily sustain damage to

deeper structures that are usually untouched by thermal burns.  In cases where digits can be spared, repair of large,

segmental defects in the flexor tendons of the hand is often necessary. Harvesting a flap (typically groin or anterolateral
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thigh) for coverage following high-voltage injuries makes it desirable to source a tendon graft from the same donor area.

This would minimize the number of surgical sites, reduce recovery and rehabilitation time, and decrease potential

complications.

In this report, we describe the cases of 2 patients treated from 2018 to 2021 with similar severe unilateral disruption of

the contents of the carpal tunnel as sequelae of high-voltage electrical injury. Tendons of the flexor digitorum profundus

(FDP) and superficialis (FDS) were reconstructed using a modified technique of transferring proximal FDS to distal FDP

with fascia lata grafts following dissection of an anterolateral thigh flap. To the authors’ knowledge, flexor repair with the

fascia lata in high-voltage injury has not been previously described in the literature. Furthermore, the fascia lata is not a

commonly used graft for bridging flexor tendon defects,  and its usage in this context has not been greatly explored.

Methods

The first patient, a linesman in his late thirties, stumbled and accidentally placed his hand on a high-voltage line,

suffering severe unilateral injury to his upper extremity. The second patient was a male in his early twenties who came

into contact with a high-voltage line while climbing a utility pole. On examination, both patients presented with total loss

of digital flexion and total distal median nerve paresis. There was minimal superficial damage. However, they suffered

considerable damage to deeper soft tissue, which required fasciotomy and substantial debridement of the volar forearm.

After debridement, both patients were left with approximately 7-cm segmental defects in the flexor digitorum tendons

and flexor pollicis longus (FPL) tendons. Proximal attachments of FDP tendons to the muscle belly were also lost. Patient

1 had lost continuity in the tendons of all but the fifth digit, whereas Patient 2 had segmental defects in all digits. Damage

to the patients’ median nerves had also left an approximately 5 cm discontinuity just proximal to the thenar eminence. No

digital amputation was required during debridement, and defects were left open. Following several subsequent

debridements and negative pressure wound therapy, the patients underwent definitive repair of their volar forearms

approximately 1 month after initial presentation.

To achieve coverage of the volar forearm defects, a free fasciocutaneous anterolateral thigh flap (ALT) with perforators

from the descending branch of the lateral circumflex femoral artery (DLCFA) and accompanying vein were harvested in

both patients. Full-thickness fascia lata grafts were taken from the ALT donor site and were rolled into several tubes long

enough to bridge the segmental defects. The rolls were secured via a longitudinal simple, absorbable running suture. A

standard Pulvertaft distal-to-proximal tendon weave was then used to achieve continuity between the distal FDP tendon

stumps and the grafts. As the tendons at the muscle belly of FDP were lost, available FDS tendon stumps at the muscle

belly were transferred to the distal FDP tendons using the grafts. There was insufficient proximal FDS tendon for another

tendon weave, so grafts were secured proximally via figure-of-eight suture (Figure 1). FPL defects were bridged directly.

In both cases, a commercial processed cadaveric nerve allograft (Axogen, Alachua, FL) was used to bridge the defect in

the median nerve. The fasciocutaneous portion of the ALT flap was then used to cover the superficial tissue defects.

Patient 1 required a 13 × 25-cm flap for coverage, and Patient 2 required a 9 × 7-cm flap. The graft DLCFA was perfused

by end-to-side anastomosis to the ulnar artery in Patient 1 and the radial artery in Patient 2. The accompanying vein

underwent end-to-side anastomosis to the cephalic vein. Both patients underwent split-thickness skin grafting for

coverage of other electrocution-related cutaneous burns.
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Figure 1. Simplified schematic of dissected volar forearm with bridged tendon and nerve defects. Tendons of FDS were transferred to the
distal intact tendons of FDS to allow for full flexion of the digits. FPL was bridged directly. The median nerve was bridged approximately
from flexor zone 5 to just before its branch point at the thenar eminence using a commercial cadaveric decellularized nerve graft. Note
that the proximal FDP tendons and distal muscle belly had been removed during debridement. Bottom depicts construction and
employment of fascia lata grafts for native tendon bridging/transfer. Venous vasculature not pictured; structures enlarged from true scale
for clarity. FDP, flexor digitorum profundus; FDS, flexor digitorum superficialis; FPL, flexor pollicis longus.

 

Results

Both ALT flaps survived excellently. There were no postoperative complications in either patient, and the donor sites

healed adequately without evidence of vastus lateralis instability. Repaired tendons were noted to be stable under passive

range of motion 3 days postoperatively. A modified Duran program for flexor tendon repairwas used to facilitate healing

and reduce graft adhesions. A dorsal blocking orthosis was employed during recuperation and physical therapy. Five

months after definitive repair, Patient 1 underwent flap debulking and tenolysis. Patient 2 underwent flap debulking 7

months after repair but did not require tenolysis.

By their last occupational therapy visits (about 9 months post-operative), Patient 1 had overall function in activities of

daily living (ADLs) return to premorbidity levels. Patient 2 required only minimal assistance (<25%) with instrumental

ADLs. Both patients were able to partially recover range of motion of the digits and grip strength. The patients could flex

all digits at both the proximal and distal interphalangeal joints, and strength recovery was the greatest challenge in

physical therapy. As a result of the distal median nerve palsy, patients did not fully regain range of motion of the thenar

eminence and had challenges opposing the thumb. Motion was recovered better than sensation as the segmental nerve

defects were distal to the innervation of the digital flexors in the forearm; both patients experienced some persistent loss

of sensation in the volar surfaces of digits 1 to 4 and in the thenar eminence in the affected hand.

Patient 1 went on to regain much of the range of motion with his digits and was able to make a fist with some rigidity in

movement (Figure 2). Patient 2 eventually achieved practically full range of motion of all digits and could make a fist

with minimal rigidity (Figure 3). While strength, sensation, and function were not fully regained, both patients reported

satisfaction with the functional and aesthetic outcomes of the procedure. Within a year of reconstruction, Patient 1 was

able to return to his job as a linesman and had further improvement in his ability to make a fist and oppose his thumb

following tendon graft plication and flap debulking approximately 18 months after reconstruction. Patient 2 can now use

his hand in his daily life without major difficulty.
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Figure 2. Patient 1 forms a fist about 8 months after surgery. This patient progressed through occupational therapy quickly, and although
he did not regain full strength and range of motion in his digits, he was able to complete his functional capacity evaluation and return to
work approximately 1 year after his tendons were fully reconstructed.

Figure 3. Patient 2 forms a fist about a year after surgery and flap debulking. While he had not fully regained his range of motion or
strength by this point, this patient had excellent fine motor control by this point with minimal rigidity of movement in his digits. At his
most recent physical therapy visit, the patient has had minimal issues with independent activities of daily living.

 

Discussion

In such complex traumatic cases as those resulting from high-voltage injury, multiple procedures and surgical sites are

often required for debridement of the burned tissue, amputation or reconstruction of tendons, wound coverage, nerve

repair, and management of postoperative complications. In these 2 cases, usage of an ALT flap with concomitant fascia

lata graft harvesting allowed for single-stage reconstruction and coverage with only 1 donor site. The use of a

decellularized cadaveric nerve graft also eliminated the need for creation of another surgical site and allowed patients to

regain some median nerve functionality despite a large segmental defect. 

In the literature, fascia lata grafts are generally not discussed as a mainstay treatment for the repair of hand flexor or

extensor tendons.  Fascia lata grafts are most often used as reinforcement in other soft tissue reconstruction

procedures  and have sometimes been used for tendon transfer in nerve palsy.  Palmaris longus and plantaris are the
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most used free tendon grafts for autologous hand tendon reconstruction overall,  and they have been well documented for

use in tendon repair for high-voltage injuries.  While using these tendons as grafts results in negligible losses in

functionality for most patients, they are often not present in the general population.  Length of free tendon for grafting

may also be insufficient to bridge multiple segmental defects, and these nearby tendons may be unavailable for grafting

or transfer in severe traumatic cases such as these. While cadaveric tendon was considered for these cases, they were not

available at the time of reconstruction, and acquiring approval for these cadaveric grafts would have significantly delayed

repair. Harvesting the fascia lata in concert with the necessary ALT flap avoided the creation of a separate donor site and

allowed for the bridging of multiple larger tendon defects with minimal additional risk of morbidity.

A few similar procedures  have been described in the literature. For example, one case of extensor compartment

degloving utilized strips of fascia lata in a chimeric ALT flap to bridge segmental tendon loss and displayed comparable

functional outcomes. In our cases, fascia lata was rolled into tubes. While this requires larger grafts, we anticipated this

would better achieve geometric homogeneity and improve the distribution of mechanical stress on the graft and suture.

For both patients, the outcomes were encouraging despite the severity of initial injury and the necessary degree of

reconstruction. Combined with the outcomes of similar applications of fascia lata grafts, these results suggest promise in

our reconstructive methodology as an alternative to amputation or silicone rod grafting in large high-voltage electrical

injuries of the upper extremities.
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