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Vitamin and steroid supplementation such as oxandrolone are commonly given to speed the recovery process
in severe burn injuries. Vitamin A is administered concurrently with steroids because of its pro-inflammatory

and positive effects on wound healing. However, vitamin A supplementation warrants caution as hypercalcemia
can result from vitamin A overdose. Our case involves an 18-year-old male injured in an oil field explosion

who presented with 55% total body surface area (TBSA) partial- and full-thickness burns. Following successful
resuscitation, he was given vitamin A, oxandrolone, vitamin C, and zinc sulfate as part of the standard vitamin

supplementation. On hospital day (HD) 33, serum calcium levels were noted to be elevated and increased
to 13 mg/dL a few days later. Parathyroid hormone and vitamin D levels were found to be within normal
range, and urine analysis showed normal calcium excretion. Subsequent assessment of vitamin A levels
revealed significantly elevated levels at 93 mcg/dL. Vitamin A supplementation was discontinued, and the
patient was discharged on HD 42. At the 1-month follow-up, serum calcium levels were normal, which
links the hypercalcemia to vitamin A overdose. This case highlights the importance of considering vitamin
A overdose as a cause for asymptomatic hypercalcemia with a normal parathyroid and vitamin D workup.
While routine, vitamin A supplementation in burn patients calls for assessment of both serum calcium
and vitamin A levels throughout the hospital stay to prevent hypercalcemia and its negative effects.

Burn injuries comprise about one-fourth of total traumas
and are increasing in prevalence globally. Severe burn injuries
that are over 20% TBSA present unique challenges for burn
surgeons as burn-induced catabolism results in decreased
muscle mass and wound healing.! Standard treatment pro-
tocol for burn patients involves steroids and a cocktail of
vitamins including vitamin A, vitamin C, and zinc sulfate
to help offset the mineral loss commonly seen with severe
burns. Vitamin A supplementation supports wound healing
by stimulating epithelialization, fibroblast proliferation, col-
lagen synthesis, and deposition, and angiogenesis.> Vitamin
C and zinc sulfate both reduce oxidative stress and help in
wound repair.? Steroids are administered to offset the burn-
induced catabolism present in these patients, and vitamin
A is commonly given with steroids to counter their unde-
sired anti-inflammatory effects.? The use of vitamin A in
burn patients warrants caution, however, as hypercalcemia
has been shown in patients with vitamin A overdose.>* We
present a case of an 18-year-old male who presented with a
55% TBSA burn and developed hypercalcemia secondary to
hypervitaminosis A.
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CASE

An 18-year-old male presented to the emergency department
from an oil field explosion with a 55% TBSA thermal burn
involving partial- and full-thickness burns to the face, anterior
and posterior torso, and bilateral upper and lower extremities.
He had a low BMI of 17 kg/m?, which remained throughout
the hospital stay (Figure 1). The patient underwent successful
resuscitation for burn shock. Following successful resusci-
tation, the patient was given the standard burn vitamins in-
cluding 1000 mg of vitamin C, 10,000 units of vitamin A,
and 220 mg of zinc sulfate daily to help with wound healing
and counteract vitamin and mineral loss from the burn in-
jury itself. Notably, vitamin A administration was started on
the day of admission and continued largely throughout his
hospital stay. In addition, the steroid analog oxandrolone was
started on HD 2. Over the next 3 weeks, the patient under-
went successful debridement and wound grafting including
biodegradable temporizing matrix and skin grafts. Other than
an episode of hemorrhage which was quickly controlled, the
surgeries were all successful and uncomplicated.

On HD 33, serum calcium levels were noted to be ele-
vated at 10.6 mg/dL and increased to 13 mg/dL over the
next week. Intravenous (IV) fluids were administered to the
patient to correct this asymptomatic hypercalcemia, and cal-
cium levels decreased to the normal range. However, once
the IV fluids were discontinued, the hypercalcemia recurred.
Parathyroid hormone (PTH) and vitamin D levels were
assessed and found to be within the normal range. A urine
calcium level was ordered to assess calcium excretion but
was found to be normal as well. Vitamin A levels were then
assessed on HD 39 and noted to be significantly elevated at 92

1445

¥20z Ke\ 01 uo Jasn ojned oes o Aysianun Aq z9/8%99/Gtv 1/9/Sy/o101e/10gl/wod dnoolwapeoe//:sdiy wolj papeojumo(


https://orcid.org/0000-0002-7232-814X
mailto:ferris.zeitouni@ttuhsc.edu?subject=

1446 Zeitouni et al

HD1. Patient presents with 55%
TBSA burn and is malnourished
at baseline with a BMI of 17.34

HD33-36. Calcium was noticed
to be high (10.6 to 11.2 mg/dL).
CRP was noticed to be high at
9.0 mg/dL

HD39. Vitamin A discontinued.
Calcium: 13 mg/dL (High)
Vitamin A: 92 mcg/dL (High)
PTH: <1.2 pg/mL (Low).
Vitamin D: 33 ng/mL (Normal)

Figure 1. Case timeline.

mcg/dL (normal range 26-72 mcg/dL). Vitamin A supple-
mentation was discontinued. On HD 42, he was discharged
to rehabilitation. Serum calcium remained elevated and was
to be re-assessed at the 1-month follow-up. At the 1-month
follow-up, serum calcium levels were normal. These findings,
paired with our normal workup during his hospital stay, con-
firm that the hypercalcemia was attributed to a vitamin A over-
dose. At the 2-month follow-up, the patient’s serum calcium
levels remained normal and there were no further issues.

DISCUSSION

Burns are significant physiologic stressors on the body.
Following the initial response of tissue hypoxia and low
metabolic rate, hypermetabolism, hypercatabolism, and
increased oxygen consumption occurs. This is mediated
through increased release of catecholamines, endogenous
glucocorticoids, and cytokines that initiate proteolysis, li-
polysis, and glycogenolysis.>® The hypermetabolism and
hypercatabolism can ultimately become detrimental as catab-
olism of muscle protein occurs at a higher rate than anabo-
lism resulting in erosion of lean body mass.>” To counteract
this, corticosteroids are supplemented to suppress the cata-
bolic response. They reduce inflammatory cell infiltration,
collagen deposition and synthesis, fibroblast proliferation, and
angiogenesis, which ultimately inhibits wound healing.®¥ In
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HD?2. Vitamin A administration
started (10,000 units daily)

HDS5-26. The patient underwent
many surgeries, including skin
grating

One month follow up.
Hypercalcemia is resolved

particular, oxandrolone, a testosterone analog, is commonly
given to burn injury patients. Oxandrolone has good oral bio-
availability and can exhibit up to 10 times higher anabolic and
10 times lower androgenic effects on the body compared to
testosterone. 50

Rapid vitamin and mineral loss as part of the catabolic re-
sponse in burn injuries prompts vitamin supplementation
during the initial resuscitation and throughout the hospital
stay. Vitamins A, C, and E are frequently given to burn
patients and have been shown to reduce wound healing time
and infection rates, and to shorten hospital length of stay.>!?
Vitamin A supplementation is well documented in burn
injuries and is often given concurrently with steroids to offset
steroidal anti-inflammatory and anti-wound healing effects.
Vitamin A stimulates the immune system, promotes angio-
genesis, increases epithelial turnover, and increases collagen
and extracellular matrix formation to promote many aspects
of wound healing.2

This patient with a low body mass index (BMI) of 17 kg/
m? was baseline malnourished at presentation, resulting in a
protein-calorie deficiency. Vitamin A in the form of retinol
is transported through the blood bound to retinol-binding
protein (RBP)!»!2 (Figure 2). Current literature supports
that vitamin A excess can be attributed to deficient RBP.12
We hypothesized that the low RBP developed from 1) under-
lying malnutrition and 2) hepatic reprioritization during the
inflammatory response. This patient’s low BMI can result in
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Figure 2. Retinol-binding protein’s role in vitamin A transport.

protein deficiency with corresponding low RBP. Additionally,
hepatic reprioritization would reduce the synthesis of nega-
tive acute phase proteins like RBP with increased synthesis
of positive acute phase proteins during the inflammatory re-
sponse.!3 High levels of C reactive protein, ranging from 5 to
10 mg/dL, (normal range <0.5 mg/dL) confirms the large
inflammatory response in this patient. Ultimately, the low
RBP led to excess unbound vitamin A in his blood. The ex-
cess vitamin A helped heal his burns initially, but he developed
hypervitaminosis A once the wounds were largely healed.

Patients with low BMI, or children, are more susceptible
to vitamin A toxicity, even with intake as low as 1500 units.!*
This unique case emphasizes the importance of frequent
monitoring of vitamin A levels in addition to calcium levels,
especially in burn patients who undergo vitamin A supple-
mentation. It is recommended that institutions with a strong
nutrition focus or have many patients in need of high-quality
nutrition support, should consider bringing these assays
in-house.

Standard protocol for burn patients at our institution
includes daily assessment of serum calcium. Elevations
in calcium levels are very rarely observed, and any
hypercalcemia necessitates further workup. Measuring total
calcium versus ionized or free calcium is important to con-
sider because total calcium is affected by changes in al-
bumin, pH, and hydration among other factors.!> Tonized
calcium, which is more sensitive to physiologic changes,
may have shown hypercalcemia earlier if calcium-binding
protein is hypothesized to be low from the large inflam-
matory response, which forces the liver to shift production
to acute phase reactants instead of homeostatic proteins.!®
While more useful and clinically sound, directly measuring
ionized calcium is challenging due to lack of standardiza-
tion, analytical performance, and higher cost.!” Estimations
of ionized calcium from total calcium have been developed
to adjust for albumin levels.!” A broadly used method to
calculate ionized calcium from serum/total calcium is the
equation: corrected [Ca] = Measured total [Ca] + (0.8 x
(4.0 - [albumin])), but other studies have shown it may be
more beneficial to develop equations that are derived lo-
cally and internally validated.!®!® Our institution does not
regularly measure ionized calcium, but this may have been
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helpful in this case to detect hypercalcemia earlier, before
changes were reflected in total calcium.

Levels of pro-inflammatory cytokines, such as IL-6 and
TNEFE-a, are well-known to be increased during the inflamma-
tory response to burns. Pathologic bone resorption, measured
by serum C-terminal telopeptide of type 1 collagen (CTX)
assays and upregulated in response to pro-inflammatory
cytokines, can further contribute to elevated serum cal-
cium.'?2® However, our institution does not measure levels
of these cytokines and does not regularly measure CTX, and
these measurements may not be assessed following detection
of vitamin A overdose.

Hypercalcemia can have dangerous effects on the body if
left untreated. Symptoms include anorexia, nausea, polyuria,
and general weakness when serum calcium levels are elevated
between 11.5 and 13 mg/dL. With severe hypercalcemia be-
tween 13 and 14 mg/dL, more serious symptoms can arise
including lethargy and dehydration, in addition to anorexia,
nausea, and vomiting. Electrocardiogram changes are seen
with hypercalcemia as well.2! If the hypercalcemia remains un-
noticed, with progressive dehydration, deterioration of renal
function, coma, and even death can result.?? In this case, our
patient did not develop any complications from hypercalcemia.
Serum vitamin A levels can often be overlooked since in-
itial workup of hypercalcemia involves assessment of serum
PTH. Elevated PTH may indicate primary (the most common
cause of hypercalcemia in adults) or tertiary hyperparathy-
roidism.?32* Familial hypocalciuric hypercalcemia also should
be considered with elevated PTH. If low PTH is observed,
hypercalcemia resulting from PTH-related peptide secretion
should be investigated. In addition to PTH evaluation, serum
vitamin D assessment should follow.

This case demonstrates an opportunity for improvement.
We recommend the daily assessment of calcium levels, and el-
evated serum calcium should raise cause for concern. Once
PTH and vitamin D levels are assessed, vitamin A levels should
be examined next. It is important to recognize vitamin A over-
dose early, as vitamin A-induced hypercalcemia has shown to
be reversible with discontinuation of vitamin A supplementa-
tion. Serum retinol and calcium levels are expected to improve
back to normal within a period of weeks to months due to the
long half-life of retinol .22
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Burn patients:
Half the dose of vitamin A

+ BMI<I8 ) and discontinuation once

+ Who present chronically the patient’s wounds are
malnourished < 10% open.

« Age<l8

Figure 3. Recommendations for vitamin A supplementation.

CONCLUSION

Steroid and vitamin supplementation are administered to
burn patients to facilitate wound healing and prevent muscle
breakdown. Vitamin A is part of a standard set of vitamins
administered, and physicians should be wary of the poten-
tial elevation of calcium levels secondary to vitamin A over-
dose. Although the mechanism is poorly understood, the
hypercalcemia is hypothesized to be due to increased os-
teoclast activity, hormonal dysregulation of calcium home-
ostasis, and reduced osteoblast activity.?* We attribute the
hypervitaminosis A to our patient’s low BMI causing a pro-
tein deficiency including RBP. Based on this case, we believe
that burn patients with a BMI under 18, are chronically mal-
nourished, or are under the age of 18 years should be given a
dosing reduction plan, such as a half dose of vitamin A daily
and discontinuation of vitamin A dosing once the wounds
are less than 10% open (Figure 3). Our case highlights the
importance of assessing vitamin A levels for burn patients
with asymptomatic hypercalcemia and normal PTH and vi-
tamin D levels. Vitamin A supplementation should be dis-
continued if hypercalcemia is discovered to avoid harmful
side effects.
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