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Questions

�. What are the common causes of cutaneous alkali burns? 

�. How does aqueous sodium hydroxide interact with the skin?

�. What is the immediate management of alkali burns?

�. What surgical treatment is warranted for the patient depicted in Figure 1?

Case Description

During the preparation of a chemical experiment, a 21-year-old laboratory technician accidentally splashed sodium
hydroxide solution onto his face. Despite immediately washing the affected area with tap water for 5 minutes, he
experienced a burning sensation on his forehead and noticed it was red. Two hours later, the patient sought medical
attention at the emergency department, where he was noted to have a grey dry eschar over the forehead that extended onto
his upper eyelids and nose (Figure 1). Analgesia was prescribed, and the wound and eyes were thoroughly irrigated with
saline. The patient later underwent tangential excision of the burn eschar and the wound was resurfaced with a split-
thickness skin autograft.

Figure 1. A greyish-white dry eschar over the forehead, upper
eyelids, and nose. 

Q1. What are the common causes of cutaneous alkali burns?

Alkalis are soluble hydroxides of the alkali metals (eg, sodium, potassium, and lithium), the soluble hydroxides of the alkaline
earth metals (eg, calcium, strontium, and barium), and compounds that produce hydroxides in solution, such as ammonia. 
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Sodium hydroxide and aqueous ammonia are used in industrial and household cleaning products due to their effectiveness
in breaking down organic material, such as grease. They are components of oven and car cleansing materials, paint
thinners, and drain cleaners.  

Exposure to anhydrous ammonia, which is used in the production of fertilizers, refrigerators, air-conditioning systems,
explosives, petroleum, plastics, pesticides, and synthetic fibers, is linked to deep cutaneous burns, severe ophthalmic and
pulmonary injuries, and agricultural accidents.  Anhydrous ammonia is also a crucial component in the production of illegal
methamphetamine.

Figure 2. A 27-year-old male presented with painless burns
on his knees that presented 6 hours after constructing his
patio with wet cement. The skin appeared brown/black and
was hard and cracked. This required excision and split-
thickness skin grafting.

Workers in the construction sector and do-it-yourself enthusiasts can develop painless deep burns after kneeling in wet
cement or concrete since they contain calcium oxide, which dissolves in water to form calcium hydroxide (Figure 2).  Alkalis
have also been implicated in chemical assaults.

The ignition of lithium batteries in electronic cigarettes can cause alkali burns, as lithium compounds, such as lithium cobalt
oxides or lithium manganese oxides, react with water to form lithium hydroxide and hydrogen gas in an exothermic reaction.

Q2. How does aqueous sodium hydroxide interact with the skin?

Alkalis can injure the skin by 3 mechanisms.  Firstly, they can saponify fat, a process involving the hydrolysis of ester bonds
in the lipids of the stratum corneum and the phospholipids of the cell membrane. This process generates carboxylate salts of
fatty acids (soaps) and glycerol, which reduces the skin’s permeability barrier and enhances the penetration of alkali (Figure
3). Secondly, alkaline hydrolysis of proteins disrupts peptide bonds resulting in the formation of alkaline proteinates (Figure
4). This leads to the destruction of the 3-dimensional molecular structure of proteins (denaturation) causing liquefactive
necrosis. Lastly, alkalis possess hygroscopic properties that can dehydrate tissues which, coupled with exothermic reactions,
result in cell death. 

Figure 3. Saponification. Triglyceride is derived from glycerol
joined to 3 fatty acid molecules. The hydroxide anion cleaves
the ester bond (red circle) to release glycerol and fatty acid
salts (soaps). Phospholipids are key components of all cell
membranes. They have a similar structure to triglycerides,
but only one of the fatty acid chains is replaced by a polar
phosphate group. The attachment of groups to the phosphate
produces more complex lipids.1
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Figure 4. Sodium hydroxide cleaves the peptide bond to
produce alkaline proteinates.

Q3. What is the immediate management of alkali burns?

Prompt removal of alkali from the skin is crucial, as the presence of excess hydroxide ions can cause the burn to progress.
All clothing that is in contact with the affected area must be removed and the burns irrigated with copious amounts of saline
or water. Powdered calcium oxide (lime) should be brushed off the wound before water is applied. Application before
irrigation of Diphoterine, an amphoteric chelating molecule that binds hydroxide ions, has been shown to improve
outcomes.

The rationale behind irrigation is to eliminate the alkali, reduce the pH, and suppress the hygroscopic reaction. Fluid
resuscitation should be initiated for burns greater than 20% total body surface area, with early consideration of endotracheal
intubation for burns of the face and pharynx. Irrigation should continue until the pH is near neutral, which can take more than
2 hours. Delayed Irrigation beyond 10 minutes is ineffective in limiting the extension of tissue destruction.  Reports dating
back to 1927 have advised against neutralizing alkaline burns with acid due to the risk of deepening the injury through an
exothermic acid-base reaction.  However, experiments in a rat model demonstrated that neutralization of sodium hydroxide
with 5% acetic acid (household vinegar) reduced the extent of tissue injury.  A complete eye examination is mandatory for
facial injuries. Ophthalmic consultation should be sought as necessary, and the irrigation of the ocular surface continued until
the pH of the conjunctival sac is below 8.5. A sterile balanced salt solution is preferable to tap water and can be delivered
through IV tubing or a Morgan lens and delivery system.

Q4. What surgical treatment is warranted for the patient depicted in Figure 1?

The burn on the patient’s forehead (Figure 1) was deep and required early excision and skin grafting. A guarded knife was
used to excise the eschar until diffuse punctate bleeding was seen, which was controlled by the application of epinephrine
soaks. The scalp was chosen as the donor site since this was likely to result in the best texture and color match.
Preoperatively, the head was shaved and the frontal hairline was marked to avoid inadvertently harvesting skin from the
forehead.  The scalp was infiltrated in the subgaleal plane with 1:500,000 epinephrine and a split-thickness skin graft
harvested with a Zimmer dermatome set at 0.0018 inches. The handpiece was moved from ear to ear over the scalp keeping
the blade at a 45° angle to the skin while an assistant supported the head. Greater amounts of skin may be harvested more
conveniently with the use of the Mayfield neurosurgical headrest.  The graft was then gently rinsed in normal saline to
remove any hairs, secured to the forehead as a single esthetic unit using fibrin glue,  and protected with Xeroform (Figure
5A). The donor scalp was also dressed with Xeroform, which was allowed to separate spontaneously over the next 2 weeks
as the scalp regenerated and hair regrew (Figure 5B). Long-term follow-up revealed a satisfactory cosmetic and functional
outcome (Figure 5C).

Figure 5. (A) Following excision of the burn, a thick split-
thickness skin autograft was harvested from the scalp and
fixed to the forehead with fibrin glue; (B) Appearance after 1
week. The graft is pink and hair is beginning to grow through
the dressing on the scalp; (C) Appearance at 6 months.
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