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Abstract

BACKGROUND

Fourth degree burns damage the full thickness of the skin and affect underlying
tissues. Skin grafting after debridement is often used to cover the wounds of
salvageable severe burns. A granulation wound can be formed by drilling the
skull to the barrier layer to solve the problem of skull exposure. Low oxygen
levels present at high altitudes aggravate ischemia and hypoxia which can
negatively impact wound healing. The impaired healing in such cases can be
ameliorated by hyperbaric oxygen therapy.

CASE SUMMARY

We describe a patient who presented with fourth degree burns to the left temporal
and facial regions upon admission in December 2018. The periosteum of the skull
and the deep fascia of the face were exposed. After the first stage of debridement
and skin grafting, the temporal skin did not survive well. Granulation was
induced by cranial drilling, and then a local flap was transferred to cover the
wound. The left temporal and facial wounds were completely covered and the
patient recovered well.

CONCLUSION

Skin grafting and flap transfer after early debridement to cover the wound and
control infection were of great significance. In the later stages of the patient’s
treatment, survival of the skin graft and skin flap was observed. The second stage
repair was performed to achieve successful skin grafting by cranial granulation.
Granulation was formed by drilling the skull, and then the wound was closed,
which is suitable for cases with skull exposure and wounds with poor blood
supply. We consider that hyperbaric oxygen treatment and improving tissue
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oxygen supply were beneficial in this patient.

Key Words: Fourth degree burn; Skull exposure; Chronic wounds; Cranial drilling therapy;
High altitude area; Case report

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We report the case of a female patient who suffered a fourth degree burn in
the left temporal part of her face. This followed an episode of syncope which led to her
collapse onto a fire basin. Skull periosteum and facial deep fascia were exposed
resulting in complications with wound repair. As head and facial burn wounds were not
suitable for early escharectomy, she was treated with systemic nutritional support, local
wound exposure, debridement and skin grafting at a later stage. The patient was given
a skin graft from the thigh, but some of the skin slices were observed to have survived
poorly, resulting in further skull exposure. The skull was drilled to induce granulation,
and the wound was closed with a local flap transfer. Due to the patient living in
Xi’ning City which has an altitude as high as 2260 m above sea level, hyperbaric
oxygen therapy was given repeatedly from initial admission until the local flap transfer
operation to cover the exposed skull wounds. This was beneficial to the patient’s
recovery and survival of the skin flap.

Citation: Shen CM, Li Y, Liu Z, Qi YZ. Effective administration of cranial drilling therapy in
the treatment of fourth degree temporal, facial and upper limb burns at high altitude: A case
report. World J Clin Cases 2020; 8(20): 5062-5069

URL: https://www.wjgnet.com/2307-8960/full/v8/i20/5062.htm

DOI: https://dx.doi.org/10.12998/wjcc.v8.i20.5062

INTRODUCTION

Fourth degree burns to the skin, also known as full thickness burns, and usually injure
both layers of the skin"! (dermis and epidermis) along with underlying tissues such as
bone and muscle. The wound surface has no vesicle formation, appears waxy white or
scorched yellow in color and develops skin necrosis following dehydration to form an
eschar. It is necessary to ensure that the body’s natural wound repair processes in
patients with severe burns are supported to restore good skin condition. Eschar
formation and skin grafting are commonly used to cover the wounds of fourth degree
burns after debridement. For fourth degree burns affecting a local small area, local flap
transfer or free flap can be used to cover the wound.

Chronic wound healing is defined by wounds that cannot achieve anatomical and
functional integrity through a normal, orderly and timely repair process”. The goal of
closing the wound can be achieved clinically by controlling infection, removing
necrotic tissue, negative pressure-based suction through vacuum sealing drainage,
ligating veins, skin grafting and flaps. Common chronic refractory wounds include
wounds caused by infection, pressure injury, diabetes mellitus, trauma, burns and
arteriovenous ulcers. Accordingly, the treatment of chronic wounds is based on
etiological treatment, such as complete wound debridement, decompression, control of
patients' blood glucose and so on.

Cranial drilling is widely used in neurosurgery and it plays an important role in the
drainage of chronic subdural hematomas, ventricle drainage and the treatment of deep
brain lesions. Compared with traditional craniotomy, post-drilling drainage results in
less trauma and has the key advantage of simpler operation. Moreover, it is associated
with better improvement of neurological deficit than craniotomy, and the incidence of
postoperative complications is also lower. The skull plate-barrier layer is rich in blood
vessels. For patients with soft tissue defects of the scalp, the skull can be drilled to the
barrier layer to form a granulation barrier. This facilitates a good base for the next step
of skin grafting and the transfer of a skin flap to cover the wound surface.

Low atmospheric oxygen levels at high altitudes aggravates ischemia and hypoxia
in chronic ulcer wounds. Hyperbaric oxygen therapy can improve the oxygen tension
of wounds, increase the proliferation of fibroblasts, activate the function of white
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blood cells, control infection, promote the synthesis and maturation of collagen,
promote the formation of blood vessels and accelerate wound healing.

CASE PRESENTATION

Chief complaints

The patient, a 45-year-old woman was admitted to hospital 2 h after she suffered flame
burns to the face and left upper limb after syncope in December 2018. She referred to
using shampoo that she had previously used numerous times at home, then fainting
for unknown reasons. This resulted in her falling into a fire basin and she was taken to
hospital by her family.

History of past illness
The patient had been in good health.

Physical examination

The patient was conscious, but mentally incapacitated with generally stable vital signs
and no abnormalities detected in the heart and lungs. The patient's body temperature
fluctuated within the normal range after admission. The total burn area of the patient
was up to 4% total body surface area (TBSA). The left temporal burn wound was about
1% of the TBSA and had formed black eschar which felt hard to touch. The burn
wound on the left part of face was about 1% of the TBSA, and the base of the wound
was porcelain white. Branches of blood vessels could be seen in the wound and the
patient lacked sensation in the area. The left eye was slightly swollen and unable to
open. Although the patient could not see, she did have a sense of light. The left
external ear was dry with necrotic skin. The burn wounds in the neck, shoulder and
the left upper limb were 2% of the TBSA. The skin on these wounds was avulsed.
There were several blisters of different sizes which felt tender. The blood supply in the
extremities was normal and peripheral circulation was good. The oral and nasal
mucosa were also normal (Figure 1).

Imaging examinations

Emergency computed tomography showed symmetrical speckled calcification of
bilateral basal ganglia, swelling of the soft tissue in her left eyelid, left part of her face,
left temporal forehead and ear. Radiography revealed a small amount of inflammation
in bilateral maxillary sinuses.

Cranial magnetic resonance imaging scan + diffusion weighted imaging showed
that there was no obvious abnormality on plain scan, but bilateral inferior turbinate
hypertrophy and bilateral maxillary sinus submucosal cyst were observed. Vertebral
artery ultrasound showed no obvious abnormality in bilateral vertebral arteries. An
electrocardiogram showed that the axis of sinus arrhythmia was unbiased. Cardiac
ultrasound showed that left ventricular diastolic function had decreased to grade I.
Also, mitral valve and tricuspid regurgitation were observed. Ultrasound also showed
a gallbladder polyp while a chest orthopedic film of the lung, heart, and diaphragm
did not show obvious abnormalities.

Laboratory investigations

Urgent routine blood examination was carried out after admission. The patient’s
neutrophil count was 13.97 x 10°. Red blood cell count, hemoglobin and platelet count
were normal. Blood glucose was 9.2 mmol/L. Potassium ion, sodium ion and chloride
ion were all in the normal range. Blood bacterial culture was observed to be negative
after admission. The patient was treated with oxygen inhalation, anti-inflammatory
drugs, detumescence, rehydration, and debridement. Hyperbaric oxygen therapy was
administered 10 times.

FINAL DIAGNOSIS

Fourth degree burns (head, face and neck); Cranial exposure.

WJCC | https://www.wjgnet.com 5064 October 26,2020 | Volume8 | Issue20 |



Shen CM et al. Administration of cranial drilling therapy

Figure 1 Left temporal and facial burn wounds form black scabs.
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TREATMENT

Two weeks after admission, granulation of the wound was good. The patient received
autologous skin transplantation on the left temporal area, the facial region and left
upper limb under general anesthesia.

Skin grafting operation

Three percent of the full thickness skin grafts were taken from the left thigh, the scab
tissue on the left temporal area was removed during the operation to expose the
temporal muscle. The superficial temporal artery was ligated with silk thread, and was
embedded in the superficial fascia.

The scab tissue from the left facial area was transferred to the SMARS fascia
(Figure 2). The reticular skin was placed in the left temporal area. The left facial wound
was packed with silk threads. After removing the scab tissue on the left hand and left
shoulder down to the base, the reticular skin patch was attached and bandaged under
pressure. The patient was treated with anti-inflammatory drugs, hemostasis,
detumescence and rehydration after the operation, and her recovery was stable. The
patient was given routine oxygen treatment in a hyperbaric oxygen chamber which
was repeated 10 times. On the 5* day after the operation, the packing suture was
removed and the color of the skin was ruddy. Moreover, there was no blood
accumulation and secretion under the skin as it was closely connected to the basement.

Wound degeneration and rescue by bone drilling

The patient underwent dressing changes every other day. However, on the 9* day
after surgery, the left temporal skin flap was observed to have degenerated. Indeed,
much of the skin had survived poorly (Figure 3). On the 15* day after surgery, an area
of the left temporal skull measuring approximately 3 cm x 3 cm became exposed.
However, the rest of the skin graft was closely connected to the basement and the color
was normal. On the 34" day of admission, the patient underwent left skull drilling
under general anesthesia. During the operation, the left exposed periosteum and the
surrounding necrotic tissue were removed. A bone drill was used to drill the exposed
part of the bone on the left side until a small number of bleeding points were observed.
Oil yarn was placed in the wound where drilling had taken place and sterile dressing
was used to cover it. Seven days after the drilling operation, a small amount of blood
seepage could be seen in the drilled area. An aseptic dressing was used to cover the
wound after iodophor disinfection. The patient was discharged from hospital with
advice to have the dressing changed regularly at other hospitals.

Skin flap grafting operation

Two months later, after granulation was fully formed, an operation to transfer a skin
flap to cover the skull was carried out under general anesthesia. Granulation was
formed at the hole in the skull (Figure 4). Furthermore, bacterial cell cultures were
negative in this patient. During the operation, the necrotic tissue around the exposed
bone was removed. A rotating flap was designed above the parietal bone and the
subcutaneous tissue of the skin was cut to the cap-shaped tendon film layer along the
design incision. The skin flap was rotated to the exposed wound surface of the skull
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Figure 2 During the procedure, the left area of the skin tissue was removed, and the papillary muscle is seen. The left facial skin tissue was
removed to the SMARS fascia.

Figure 3 The left area of the skin (approximately 3 cm x 3 cm) showed poor survival.
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and stitched with the surrounding normal scalp. Then a graft measuring
approximately 1% of the TBSA was excised from the left thigh to cover the flap area.
The skin was packed and sutured with the surrounding normal tissue under pressure.
A rubber drainage strip was placed under the flap to cover the head wound. The thigh
donor area was covered with an aseptic dressing. The patient was treated with anti-
inflammatory drugs, hemostasis, detumescence and rehydration after the operation
and was given routine treatment in a hyperbaric oxygen chamber. Three days after the
operation, the skin flap was rosy in color, no blood or secretions had accumulated
under the flap, and the external dressing of the donor skin area was aseptic.

The packaged suture was removed 5 d after the operation, and it was found that the
skin sheet had survived well with tight connection to the substrate. The patient
recovered steadily. Seven days after the operation, she was discharged and instructed
to remove the suture and have the dressing changed regularly. On the 14" day after
surgery, the severe burn wounds in the head and face were completely healed
(Figure 5).

OUTCOME AND FOLLOW-UP

The wound area on the face had formed scar tissue, and her hearing in the left ear was
normal. When the patient was discharged from hospital, the head wound showed
normal hair growth in the flap area, while the surgical repair of the dermis in this area
was left to be fully considered at a later stage.
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Figure 4 Granulation tissue seen after drilling of the left temporal skull.

Figure 5 Rotating flap covering the exposed bone.

JBaishideng®

DISCUSSION

The patient described in this case report fainted due to an unknown reason and fell
into a fire pot. Emergency head computed tomography and magnetic resonance
imaging ruled out organic pathological changes in the nervous system as the etiology
of syncope. An electrocardiogram and color doppler echocardiography were
undertaken to rule out cardiogenic syncope. The patient’s blood glucose was 9.2
mmol/L. The patient had no history of diabetes, and her blood glucose returned to
normal shortly afterwards. Thus, we considered that the patient suffered stress
hyperglycemia. The elevated blood glucose level measured was transient and was
considered to be due to stress. The patient’s family denied a family history of syncope
and seizures. Although the patient’s electroencephalogram was normal, it could not
rule out syncope caused by epileptic seizures. When the patient was admitted to the
hospital, the color of her lip mucous membrane was normal. Carbon monoxide
poisoning was suspected possibility due to the burning of coal in a confined space for
heating in the patient’s home. The patient was given a mask for oxygen inhalation
therapy immediately after admission and then treated with hyperbaric oxygen.
Hyperbaric oxygen can accelerate the release of carboxyhemoglobin, promote carbon
monoxide removal, and restore the oxygenation function of hemoglobin. Increasing
the blood oxygen partial pressure is believed to rapidly correct any hypoxic
ischemia”. Her oxygen saturation was then 96%.

The fourth degree burn on the head and face damaged the full thickness of the skin
to the subcutaneous fascia. The structure of this area is loose, blood vessels and nerves
are abundant, and edema after burn is serious. Due to reticulation of veins, they can

WJCC | https://www.wjgnet.com 5067 October 26,2020 | Volume8 | Issue20 |



Shen CM et al. Administration of cranial drilling therapy

Jaishideng®

communicate with the intracranial cavernous sinus, thereby enabling secondary
intracranial infection to occur. Hence, head and facial burn wounds should be urgently
addressed. Local coverage of the wound is encouraged together with enhancement of
primary healing. The patient was treated with exposure therapy of the left facial and
temporal burns on admission. When edema around the facial wound had resolved and
the burned tissue began to dissolve and loosen, autologous skin transplantation to the
left temporal wound, facial and left upper limb was conducted under general
anesthesia. During the operation, eschar and granulation tissue were removed down
to the normal substrate. In order to ensure the recovery of the patient's facial
appearance, we excised thick skin from the patient's left thigh and transferred it to the
wound. The edge of the skin was sutured with normal tissue. An aseptic dressing
covered the surgical area which was bandaged under pressure.

After the first stage operation, survival of skin in the temporal area was poor. In
particular, there was a small amount of necrotic tissue in the basal part of the temporal
region where the skin was black and necrotic. An exposed surface of bone was also
observed. For patients with skull exposure, free flaps may be considered to cover the
wound. However, the free flap has high medical requirements. In addition, the cost of
hospital stay is also high. We considered stretching the scalp to cover the wound with
an expander, but in this case, the exposed bone was surrounded by primary surgical
skin. A scar was formed, and the tissue was brittle. Therefore, it was not suitable to use
a dilator to expand the scalp in this casel’l. Instead, local flap transfer was our first
choice to cover the wound.

Therefore, craniotomy was performed at the second stage. After the formation of a
window to the bone of the skull, the exudate of the barrier layer formed granulation
tissue within 3 wk. The surface of the skull developed granulation particles, then
formed slices, and finally formed a granulation barrier to cover the exposed skull. The
time required for granulation is related to the size of the window and the depth of the
hole. The larger the window and the narrower the hole, the faster granulation is
formed. However, it may decrease the supportive function of the skull, which
concomitantly reduces its protection of brain tissue. Conversely, the smaller the
window and the wider the hole, the longer the granulation time. This makes the
formation of a granulation barrier more difficult. The temporal skull is about 5 mm x
10 mm in size, and the outer plate of the skull is drilled into the barrier layer. The
action should be gentle in order to prevent the drilling going too deep and damaging
the brain tissue through the inner plate. During the operation, a bone drill was used to
drill about 1 cm and the window was about 0.5 cm. Oil yarn was used to fill the
drilling site, and the dressing was changed once every other day to observe the
formation of granulation.

By the third stage operation, the wound had become chronic. The formation of
chronic wounds is usually accompanied by tissue ischemia and hypoxiaP. Moreover,
bacteria tend to thrive in chronic wounds!’.. Necrotic tissues became more noticeable as
the blood supply became poor. The donor flap designed to cover the exposed bone
area matched the skin color, texture, hair and thickness of the recipient area, making
the transfer convenient.

After severe burns, the loss of body fluid and the increase in vascular permeability
lead to a sharp decrease in effective blood volume and insufficient tissue perfusion
due to the destruction of the skin’s barrier function. The local blood vessels in this
patient were damaged and the oxygen supply to her wounds was reduced”*. The
patient had lived at high altitude for a long time, and the special geographical
environment in this area aggravated her wound ischemia and hypoxia. Rapid transient
hypoxia can increase the speed of wound healing, while prolonged hypoxia will lead
to delayed wound healing!”.. Hyperbaric oxygen therapy can increase the oxygen
content in the tissue and promote vasodilation of the tissue to a certain extent, thus
improving the oxygen tension in the wound and increasing the proliferation of
fibroblasts. Hyperbaric oxygen can increase the growth of wound blood vessels during
healing!"”\. In addition, hyperbaric oxygen reduces the production of proinflammatory
cytokines and inhibits the infiltration of inflammatory cells'’.. New research has shown
that hyperbaric oxygen can relieve neuropathic pain caused by burns, which in turn
can alleviate pain in burn patients!"'l. It can also promote survival of skin flaps.

CONCLUSION

For severe burn patients at high altitudes, it is important to ensure their good
nutritional status. Moreover, skin grafting and flap transfer after early debridement to

WJCC | https://www.wjgnet.com 5068 October 26,2020 | Volume8 | Issue20 |



Jaishideng®

Shen CM et al. Administration of cranial drilling therapy

cover the wound and control infection are of great significance. In the later stages of
our patient’s treatment, the survival of her skin graft and skin flap was observed. The
second stage repair was performed to achieve successful skin grafting following
cranial granulation. Granulation was formed by drilling the skull, and then the wound
was closed, which is suitable for cases with skull exposure and wounds with poor
blood supply. We consider that hyperbaric oxygen treatment and improving tissue
oxygen supply were beneficial in this patient. On the one hand, it was beneficial for
the treatment of underlying disease, while on the other hand, it ensured the survival of
her skin graft and skin flap.
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