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Abstract

In modern reconstructive medicine, personalized bone substitutes provide therapeutic hope for patients
with non-standard bone defects. The study aims to present a description of a case of using a personalized bone
substitute material, taking into account the vascular connections formed after a previous skin transplant.

The 29-year-old patient was admitted to the plastic surgery department urgently after being electrocuted
with high voltage. Due to extensive scalp burns, a skin graft was performed in the area of previously removed
skin along with a charred skull bone vault.

After a few months, the patient was qualified for cranioplasty with the use of personalized bone
substitutes. The necessity to make cuts around the vascular connections present in the transplanted tissue was the
main difficulty in the for the operator.

The operation was successful and the recovery was uneventful. The patient was discharged home in good
general and local condition.

The presented case illustrates the need to take into account creating vascular connections with the use of
personalized bone substitutes in patients after skin transplants.

Keywords: burn, reconstructive neurosurgery, reconstruction of skull bones defects, head
injury, cranioplasty
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The effect of high voltage current on the human body

Although the global widespread use of electrical energy has numerous advantages,

including improvements in healthcare, on the other hand, we should not forget about the
possible dangers stemming from human contact with electricity. Direct contact of electricity
with a cell may result in its death by membrane electroporation and severe failure in organelle
function [1].
The first case of death caused by electrical injury took place in 1879. Presently 3-5% of
reported burns are caused by electricity, which makes electric injury (EI) a rare occurrence [2].
Classification of electrical injuries is typically divided into low-voltage (<1000 volts) and high-
voltage (>1000 volts). EI mortality also is low and estimated from 2,6% to 5,2% depending on
electricity voltage according to metanalyses [3].

The severity of damage in EI strongly depends on tissue resistance. More than 99% of the
body’ s resistance to current flow is at the epidermis. On the other hand, a wide range of

factors can impress the resistance of the human body — for example, callousation increases skin
resistance, whereas moisture decreases it [2]. That difference explains why the majority of
patients (56,3%) with El have pure contact burns, whereas significantly lower percentages
(29,1%) have pure electrical flash burns and the rest (14,6%) have mixed injuries [4]. The areas
of increased risk of El are borders between high (muscles) and low (bones and tendons)
resistance in limbs [2]. According to metanalyses, from 54,1% (low-voltage) to 79,6% (high-
voltage) of El is treated by surgical intervention. Mainly reported clinical features are ECG
changes, myoglobinuria, renal dysfunction, and secondary infections [3], which are also main
causes of death in the EIl course [4]. Although EI mortality is low, it may cause severe
complications — according to a single-center retrospective study, 38,8% of patients with El
need amputation [4], and according to mentioned metanalyses, 32,6% of patients with high-
voltage EI need reconstructive flaps [3].

This case report aims to present a patient with high-voltage EIl and severe burns, who

needed a scalp implant, which preserved present vessel anastomoses.
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Introduction

A 29-year-old male patient suffered a 3rd / 4th-degree

electricity in a transformer station. After the accident, the man
¢ was immediately transported to the anesthesiology and

intensive care unit. As soon as the patient's condition stabilized,

and at another burn treatment center. These two separate

medical facilities situated almost 600 km from each other
§ L—"r‘;; ‘—;yl Patient prepared for plastic cooperated throughout the patient's treatment. During the

performed surgical operation, the left lower limb was amputated
at the shin level as well as the right forefoot. CT of the head showed slight hypodense areas in
the top parts of the frontal lobes, especially on the right side. A necrectomy was performed.
During the operation, surgeons found complete necrosis of the parietal and frontal bones. In
the central area above the sagittal sinus, a pale dura mater was visualized. Fragments of the
cranial vault were removed, revealing the dura mater, and skin grafts of intermediate thickness

were placed on the tissue defects.

Initially, the grafts healed well, except for the
fragment above the damaged dura mater. However,
3 subsequent dressings changes revealed necrosis of the
grafts. The treatment was repeated several times. After
the end of treatment in the district hospital and regional
burn treatment center, the patient was admitted to the
department of plastic and reconstructive surgery to
Fiaure 2 Determinina the LD flap collection site continue the treatment. Under general anesthesia in the
position on the right side, after the operating field was prepared in the usual way, a revision
was performed, during which it was established that there is a defect in the frontal-parietal-
temporal area of the skull, 18 x 17 cm, covered with healed free grafts of the intermediately
thick skin. The bony edge of the opening in the projection of the frontal sinuses and in the area
of the left temple was exposed in places, the bone was dry with small necrotic areas, single
fistulas, and the frontal sinuses were open. Longitudinal incisions of the skin were made,
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forming a cutaneous island of the LD flap (latissimus dorsi m.), then the incision was extended

with a sharply meandering shape of a zigzag to the armpit.

Fiqure 3 and 4 Flap transplantation

A vascular pedicle was found in the area of the upper edge of the muscle and dissected
up to the point of the subscapular artery exit. The vessels were approximately 2 mm in
diameter. Then the muscle was cut, forming a flap measuring
20x20 cm, the thickness of the muscle was about 2-3 cm.
After the flap was completely dissected, its blood supply was
assessed as satisfactory. Capillary recurrence was about 1.5
seconds. The flap was cut from the stalk after the dishes were
clipped. Using the operating microscope, preparation of the
lobe stalk vessels was performed. Then, a micro-anastomosis
o of the stumps of the temporal vessels and the stalk of the lobe
. end-to-end was performed.

A cut around the defect was made and the edges of

the wound were mobilized. Deepithelization of the area

Figure 5 Placement of free grafts of
skin covered with healed grafts of the skin with intermediate

thickness in the area of the defect was performed. A chisel was used to perform
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osteonecrectomy of necrotic and dry bone fragments in the area of the temporal edge of the
skull bone defect on the left side and in the projection of the frontal sinuses. The flap was
placed over the prepared wound, the muscle part was inserted under the released edges of the
wound and fixed with sutures. Drains were placed under the flap. The skin island was fixed
with single sutures. Free grafts of the intermediately thick skin, taken from the right thigh,
were placed on the rest of the muscle and fixed with single sutures. Finally, a dressing in the
form of a special gauze weave, saturated with white, soft paraffin and 0.5% solution of
chlorhexidine acetate and sterile gauze was made. After the surgery, the patient's dressings
were changed every day and the patient was given intravenous antibiotic therapy. After 11 days

in the ward, the patient was discharged home.

The course of the operation

. . Figure 7 Industrially fabricated cranial prosthesis
Figure 6 Final result

After a few months’ time patient was qualified for cranioplastic surgery. Because of the
removal of a large portion of the bone, the patient needed a customized implant made from
bone substitute material. The surgery was conducted in cooperation with the cosmetic surgery
ward of the closest center of oncology to avoid necrosis of the extensive skin graft.

It was performed under general anesthesia, in a supine position with the usage of a
cranial stabilization system. The first aim and difficulty of that surgical procedure were to save
the vessel anastomoses, nourish the graft and not damage the superior sagittal sinus while
making incisions on the skin and muscles. The selected cutting line was mostly overlapping
with the one made during the previous surgery. The musculocutaneous flap was carefully
dissected from connective tissue covering the dura mater. After peeling back the scalp, the
verges of the bone surrounding the defect were exfoliated with a dissector from dura mater, to
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prepare a place for the cranial plate. Following that, the prefabricated, customized implant was
placed into the bone defect. It was ground to match the edges of the bone and then it was
attached to the surrounding cranial bones and secured with titanium clamps. Having it cleaned
and disinfected with hydrogen dioxide, the skin was moved back to its original position and
after the control of color and temperature of the skin graft, it was closed with a suction drain
left in the place of the surgery. The procedure was conducted successfully without any further

complications.

DISCUSSION

Scalp damage can be caused by many different insults including tumors, and congenital
lesions, as a result of trauma, infections, and as it happened in the presented case —burns. °
The area of the burn is a limiting factor for the techniques that can be used. The solution used
in this case requires a great deal of knowledge and experience due to the possible necrosis of
the transplanted tissues. An alternative to the procedure chosen in this case is scalp tissue
expansion, applied successfully with satisfactory results on at least 10 patients. °

Establishing a good vascularization of the transplanted skin was an important part of
the operation due to the high chance of local infection, which could lead to the necessity for
reoperation. The occurrence of infection after cranioplasty is reported on average at about 8%
of surgeries ’, but in this case, this complication was avoided.
The surgical treatment used in this case is one of the best that can be offered to those affected
by the effects of high-intensity current, as shown by widely reported cases ®° but it is
important to know about free flaps’ disadvantages— extended surgery duration, risk of losing
the flap and a worse aesthetic effect because of lack of hair. °
The vast majority of skin defects are treated with local flaps of the scalp and sometimes with
the addition of skin grafting but when it comes to subtotal and total defects the decision is made
depending on the calvaria defect.®, 8 The single-stage reconstruction may be performed but
sometimes the patient requires multiple operations, as it happened in this particular case. It was
necessary to resect the bone then cover the defect with a free flap and at the end perform
additional reconstructive procedures. In a similar case featured in Robert Hierner’s team article,
the patient needed a similar sequence of surgeries. Also, the same decision was made to take
as a graft a latissimus dorsi flap — because of its big enough area and anatomical reliability.
The other possible option in similar cases is to take the greater omentum flap &
Burn injuries, although relatively rare, can be a very serious medical condition to deal with,
also because some publications suggest an increase in their occurrence during the COVID-19
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pandemic, according to lockdown policy **or more common usage of alcohol-based sanitizing
fluids®2.

During burn injuries affected by high-voltage electricity, head regions are the second most
often reported, whereas lower limb injuries are classified as a minority®. In most cases, the
injury includes only skin or skin with subcutaneous tissue, which correlated with a better
prognosis'®. Bone inclusion may be more common when the injury region has a small skin-to-
bone distance (f.x. hand). To compare, in the present case the injury was deeper, and its
operative treatment included osteonecrotomy. Despite this, the patient left a ward specializing
in burn injuries treatment after 11 days, which can be explained (for example) by good pre-
hospital treatment and fast reaction, because the short time of tissue hypoperfusion enhances
the chances of patient survival and smaller cosmetic defect'4. On the other hand, in the pediatric
population, the correlation between prolonged hospitalization and shorter healing period was
questioned among all patients with burn injuries?®.

Scalp bone reconstruction, precognitive for neovascular connections, wasn’t used until the
presented case, to high-voltage burn injury, according to papers collected by authors.
According to the higher occurrence and the need to keep those joints efficient, this (or similar)
treatment was used in hand regions, also in pediatric patients®® — but, on the other hand, used
materials didn’ t include bone substitutes. The vascularisation of the scalp region (in
reconstructive surgery) usually is achieved using tissue transplants with big vessels — for
example bipedicled superficial temporal artery scalp flap used in high-voltage burn injury of
calvarial®, or anterolateral thigh perforator flap and fascia lata transplantation®*®,
Unfortunately, the method of ensuring tissue perfusion after scalp reconstruction is sometimes
unmentioned even in single-centered studies on electrical burn injuries®.

The patient after high-voltage burn injury may be exposed to various range of complications,
from implants to post-trauma stress disorder®?. According to the author's knowledge, the
patient is under the care of a neurosurgery outpatient clinic from intervention, where clinical

attention is preserved.
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