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Introduction With the advent of better burn wound management protocols, early 
excision and grafting, increased number of burns patients are surviving and enter-
ing the struggle of prolonged rehabilitation. Calcium homeostasis and its influence 
on bone mineralization plays an important role, but it is adversely influenced by the 
proinflammatory state in burns, leading to hypocalcemia and paradoxical hypercalci-
uria which, in turn, leads to excessive bony resorption and pathological fractures. The 
role of early excision in the overall metabolism of calcium is being investigated in the 
study.
Method This study was undertaken in a tertiary level government-run hospital from 
February 2018 to August 2019. A total of 28 patients with second degree thermal 
burns were included. For all patients, fasting serum parathormone levels along with 
various serum electrolytes like Ca2+, Mg2+, PO4

3- and urinary calcium levels were serially 
measured from day of admission to 2 months. The first group of 14 patients (Group A) 
underwent early tangential excision and skin grafting, whereas another 14 patients 
(Group B) underwent conservative management. All categorical variables were 
analyzed with the help of Chi square test. A p value of < 0.05 was considered statisti-
cally significant.
Result There was a statistically significant improvement in serum parathormone and 
other electrolytes’ levels in the tangential excision group. Similarly, urinary excretion 
of calcium also showed favorable results in the group.
Conclusion Early tangential excision and grafting in burns plays an important role 
in maintaining serum parathormone and calcium levels, leading to prevention of 
hypercalciuria and optimization of other factors affecting calcium homeostasis.
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Introduction
Thermal burns continue to be a public health menace. In 
India, around 7 million people suffer from burn injuries 

each year, with 1.4 lakh deaths recorded and 2.4 lakh people 
afflicted with disability.1,2

Care of thermal burns has improved with the advent of 
evidence-based practice and better wound care. As more 
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patients survive the initial insult of thermal burns, the long-
term metabolic consequences of burns are being brought to 
light. One of these is the derangement of calcium metabolism 
that occurs in burn patients.2

In a healthy person, calcium metabolism comes under the 
modifying influence of parathormone, with calcitonin play-
ing an insignificant role in humans. Parathormone is, in turn, 
under the negative feedback of circulating serum calcium. 
There is evidence of disordered calcium homeostasis follow-
ing burns,2,3 which include upregulation of calcium sensing 
G protein coupled receptors on the chief cells of parathyroid 
gland. In the physiological state, low-serum calcium levels 
are responsible for sensitization of parathormone release. 
But this upregulation of receptors sensitizes the parathyroid 
gland to even the low levels of free serum calcium, thus set-
ting the cutoff point of serum parathormone to a new nadir.3,4

The magnesium ion goes hand in glove with calcium 
metabolism5 and is essential for proper function of most 
energy systems. Its depletion is characterized by neuromus-
cular and central nervous hyperactivity.6 The diagnosis of 
magnesium deficiency depends on the awareness of hypo-
magnesemia and clinical recognition of the symptoms till 
laboratory confirmation is available. Magnesium deficiency 
is correctable by proper magnesium therapy through oral 
and parental route in appropriate doses.7

Burn injury is a state of net calcium, magnesium and phos-
phate loss.6,7 This is evident from calciuria, despite low-circu-
lating serum calcium, serum magnesium, serum phosphate, 
serum parathormone and serum vitamin D.7,8

Unlike calcium, phosphorus absorption goes unabated 
across a healthy gut irrespective of serum levels. Thus, it 
comes down to the ingenuity of the Henle’s loop and distal 
convoluted tubule (DCT) wherein phosphorus regulation 
occurs by virtue of being linked to calcium and ergo under 
the influence of parathyroid, which increases phosphorus 
excretion at the cost of calcium reabsorption.6,7

This study aims to identify whether early wound closure 
in the burnt state corrects the deranged parathyroid func-
tion, which is attributable to the proinflammatory state, 
thereby optimizing overall calcium homeostasis.

Materials and Methods
Study Design
A prospective observational case control study was per-
formed in a government-run, tertiary-level burns center cum 
teaching hospital. A study cohort was formed composed of 
28 burn patients admitted to the Burns Unit between July 
2017 to December 2018 burns.

Inclusion criteria: Patients in the age group between 16 
to 60 years with thermal burns of up to second degree depth 
and involving 20 to 40 percent total burn surface area (TBSA) 
were included in this study.

Exclusion criteria: Patients with associated systemic 
comorbidities like acute respiratory distress syndrome, head 
injury, abdominal or chest injury, inhalational component of 

burn, uncontrolled diabetes mellitus, pre-existing chronic 
kidney disease or new onset renal failure, chronic liver dis-
ease, and nonthermal burns were excluded from this study.

Allocation of Study Groups
The patients fulfilling the inclusion criteria were randomly 
allocated in either group, with Group A being the tangential 
excision group and Group B being the conservative manage-
ment group. The randomization was done by random group 
allocation software. Each group was a cohort of 14 patients.

Tangential Excision Group (Group A)
Humby’s knife was used for tangential excision and graft-
ing. All white, pinprick insensate wounds were considered 
for grafting between 3 to 7 days of burns with prior adren-
aline solution infiltration. Excision was done till punctuate 
bleeding occurred and meticulous hemostasis was achieved 
with adrenaline solution (1 in 1 lac dilution) soaked gauze, 
bipolar cautery and compression as required by the operat-
ing surgeon.

Tourniquet use: Limb exsanguinations and tourniquet 
application was done prior to excision. The capillary refill 
was constantly measured in the pulp of digits.

The wound was covered with thin split-thickness skin 
graft, and compressive dressing was done using mupirocin 
ointment-soaked paraffin gauze and dry gauze. The rest of 
the burn area was dressed with long-acting nanocrystalline 
silver dressing.

Postoperative dressing: Wound examined at 24 hours, 
replacing the primary dressing. First dressing was done on 
day 3 and subsequently every alternate day. Dressing was 
done with paraffin tulle, mupirocin ointment, saline-soaked 
gauze and appropriate splinting.

Conservative Management Group (Group B)
Regular dressing with nanocrystalline silver-based dress-
ing, as provided by the hospital surgical store. Splinting of 
appropriate part done, according to pattern of burns. Also, 
supportive treatment in the form of antibiotics like third 
generation cephalosporins, nonopioid analgesics and IV flu-
ids constitute treatment, which was common in both groups. 
Dressing was done every 3 to 5 days, as per department’s 
protocol. Exceptions to this rule were: a) soiled dressing, 
b) unexplained fever or pain, c) performing debridement/
collecting wound swab of selective areas.

Dietary supplementation: All patients in either group hav-
ing similar TBSA % burns received similar diet from the hos-
pital dietary department and were routinely supplemented 
with oral calcium. All received daily supplementation with 
500 mg calcium and 250 international units of vitamin D3 for 
the first 7 days, following which supplementation was done 
only when indicated.

Blood transfusion: Blood transfusion was done when 
hemoglobin levels < 8 mg/dl or per operatively during exces-
sive blood loss. None required > or equal to 2 units within 
24 hours, thereby affecting serum calcium levels.
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Mobilization: All patients underwent daily in bed physio-
therapy to mobilize all major joints. Assisted ambulation was 
started as soon as the general condition and wound status 
allowed.

Method
Biochemical analysis
1) Fasting sample for serum calcium, magnesium and phos-

phorus studied every third day, starting from first sample 
on day of admission to burn ward till 15th day and then at 
1 month and 2 months, respectively.

2) Fasting sample for serum parathormone and 24-hour 
urine sample for urinary calcium collected every 10th day 
of in-hospital stay, starting from first sample at day of 
admission (before starting supplementation) till 1month 
and then at 2 months, respectively.
Parenteral supplementation: If a patient was symptom-

atic for hypocalcemia or routine serum calcium levels were 
< 7.0 mmol/dl, (after correction), additional supplementation 
with 10% calcium gluconate intravenous was given. Total cal-
cium levels were calculated for observation. The serum calcium 
was corrected to serum albumin, using the following formula:

 • Corrected calcium = serum calcium (mg/dL) + 0.8 × (nor-
mal albuminemia [g/dL]–patient albuminemia [g/dL]).
For serum phosphorus and serum magnesium, no regular 

supplementation was done unless indicated.

All biochemical parameters were analyzed as follows:

 • Serum Ca, Mg, P and urinary calcium analyzed on fully 
automated clinical chemistry analyzer.

 • Serum levels parathormone estimated on chemiluminis-
cence Immuno assay (CLIA) system.

Statistical Analysis
The data was entered in MS Excel spreadsheet and analysis 
was done using Statistical Package for Social Sciences (SPSS) 
version 22.0. Normality of the data was checked with the help 
of Kolmogorov–Smirnov and Shapiro–Wilk test. All categor-
ical variables were analyzed with the help of Chi square test. 
A p value of < 0.05 was considered statistically significant.

Results (►Table 1)
The mean age of patients in Group A and Group B was 30.53 
and 31.85 years, respectively. The most common age group 
in both Group A and Group B group was 26 to 35 years, and it 
constituted 50 percent of patients in Group A and 57.2 percent 

of Group B. The average burn surface area under treatment in 
Group A was 35.92 percent and in Group B group was slightly 
higher at 37.14 percent. However, difference was not statisti-
cally significant with a p value of 0.791.

Blood transfusion was required in three patients of the 
tangential excision group, whereas only two patients in con-
servative management underwent blood transfusion. The 
average day for tangential excision and grafting was 4th post-
burns day (►Table 2, ►Fig. 1).

There was a significant improvement in serum calcium, 
magnesium and phosphorous levels in the tangential exci-
sion group. For serum calcium levels, p value became statis-
tically significant on day 15 and at first and second month of 
follow-up.

The serum magnesium improved in the tangential excision 
group compared with the conservatively managed group, 
which was statistically significant at day 15 of in-patient stay 
and at 1st and at 2nd month of follow-up.

Serum phosphorus levels in the tangential excision group 
improved on day 12, 15 of admission and at 1st month and 
2nd month and were statistically significant (►Table 3).

The mean serum parathormone in Group B was sig-
nificantly higher in Group A. It remained persistently high 
during admission and entire follow-up, which correlated 
with increase calcium loss in Group A at the end of follow-up 
period (►Table 4).

The 24-hour urinary calcium levels were remarkably low 
in tangential excision group (Group A) as compared with the 
nonoperative group. This corroborated with the finding of 
low-parathormone levels, which were also found in Group A 
(►Fig. 2).

However, no significant difference was found in the vita-
min D levels when the same was recorded at 0, 10, 20 days, 
and 1 month and 2 months after admission.
On correlation and regression analysis of serum calcium with 
serum vitamin D and serum parathormone in both groups, 
a statistically significant correlation was found with p value 
0.049 (Group A) and 0.004 (Group B).

Discussion
The management of patients of thermal burns is aimed not 
only at addressing the burn wound but also the systemic and 
metabolic state that ensues with thermal burns.

As resuscitation and monitoring improve and become 
standardized, more patients survive the initial insult of burn, 
albeit to face the long-term metabolic consequences pertain-
ing to calcium metabolism.

Table 1  Age and gender distribution of burns patients in both groups along with the average TBSA %

Age group Group A Group B

Males Female Average %TBSA Male Female Average TBSA %

16–25 years 03 01 39.23% 03 00 36.67%

26–35 years 05 02 39.68% 05 03 36.38%

> 35 years 01 02 28.67% 01 02 39.27%

Abbreviations: TBSA: total burn surface area.
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In a study conducted by Klein et al9 titled, “Where has 
all the Calcium gone,” they have shown that despite ade-
quate supplementation, children with burns continue to 
lose supraphysiological amounts of calcium through urine 
even in a state of low-serum calcium, which continues 
up to 6 months postburn. In another study by Klein et al, 
this calcium loss was linked to a proinflammatory state 
generated by the raw burn wound.10 They suggested that 
immobilization and endogenous corticosteroid production 

was responsible for the same. There is acute stimulation 
by proinflammatory cytokines of existing osteoblasts 
and osteoclasts, leading to both bone resorption and brit-
tle bone formation. Adynamic bone,10 then, would not be 
conducive to mineralization and will further delay early 
rehabilitation and increase risk of osteoporosis in burn 
patients.11

The link between increased proinflammatory cytokines 
and an increased synthesis of the calcium sensing receptor 

Table 2  Comparison of serum calcium, magnesium and phosphorus levels over time

Comparative analysis of various serum electrolytes for calcium homeostasis

Day 0 Day 3 Day 6 Day 9 Day 12 Day 15 1 month 2 months

S. Ca Group A 7.2286 7.3714 7.5615 7.7846 7.7769 8.0385 8.1385 8.3923

Group B 7.1643 7.3143 7.3929 7.4286 7.5143 7.6286 7.5714 7.75

S. Mg Group A 1.5357 1.6615 1.7769 1.8846 2.0077 2.1615 2.3231 2.4692

Group B 1.55 1.6571 1.7429 1.8214 1.9286 1.9357 1.9429 2.0429

S. Ph Group A 2.9786 3.0786 3.2846 3.3615 3.5385 3.5923 3.9077 4.1077

Group B 2.7857 2.8286 2.9214 2.9643 3.0143 3.0286 3.0214 3.0824

Fig. 1 Comparative analysis of serum electrolyte levels for calcium homeostasis in both groups.

Table 3  Comparison of parathormone levels in both groups

Groups Mean SD p value Significance

PTH-0 Group A 30.0071 7.8633 < 0.001 HS

Group B 49.4286 12.2302

PTH-10 Group A 30.1154 6.66894 < 0.001 HS

Group B 50.3357 9.75607

PTH-20 Group A 30.0727 6.28762 < 0.001 HS

Group B 49.7286 8.99131

PTH-1m Group A 26.9462 5.78858 < 0.001 HS

Group B 47.95 8.02244

PTH-2m Group A 25.7762 5.70454 < 0.001 HS

Group B 46.45 7.8935
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on the chief cells of parathyroid was suggested by Murphy 
et al,12opining that it is this state that leads to deranged 
intestinal absorption and increased urinary calcium loss. 
They established that tangential excision and prompt cover 
with split-thickness skin graft successfully decreased the 
circulating levels of proinflammatory mediators. Another 
study by Norbury et al7 supported the role of excisional sur-
gery and grafting with decreasing cortisol levels.

This study also shows a positive effect of early excision 
and grafting on the disordered calcium levels in burns. 
The	 mean	 serum	 calcium	 on	 admission	 was	 7.2	 +/−0.4	
mg/dl	 in	 the	 tangential	 excision	 group	 and	 7.1+/−0.4	mg/
dl in the conservatively managed group. The final cor-
rected calcium at the end of 2-month follow-up was 
8.3	+/−0.3	mg/dl	in	the	tangential	excision	group	and	7.7+/−0.4	
mg/dl in the conservatively managed group and found to 
have significant improvement. A significant improvement 
was also shown in the urinary 24-hour calcium which  
was high on day zero. The mean excretion in Group A was 

226.2+/−5.1	mg/day	tapered	to103.15+/−5.18mg/day	over	a	
span of 8 weeks, whereas in Group B, it hardly changed from 
242.7+/−10.7	mg/day	to	219.5+/−17.8	mg/day.

In an observational study by Berger et al,13 patients with 
20 to 55% burns were included and the authors claimed that 
serum phosphate levels, which were normal on day 0, con-
tinued to decrease till day 5. In patients with lesser surface of 
burns, the phosphate levels normalized by day 20. In patients 
with moderate and higher percentage burns, the phosphate 
level continued to be low up to 3 months follow-up. It was 
found that almost one third of the loss of phosphate was 
accounted for by exudative loss and the rest by increased uri-
nary losses.

In our study, we found that that mean serum phosphate 
levels were low on admission compared with the reference 
value of 3 to 4.5 mg/dl in both groups of patients. The mean 
serum phosphate levels normalized in the tangential excision 
group	by	day	6	(3.2+/−0.6	mg/dl),	whereas	it	normalized	in	the	
conservatively	managed	group	by	day	12	(3.01+/−0.5	mg/dl).

Table 4  Trend of 24-hour urinary calcium levels in both the groups

Groups Mean SD p value Significance

UCa-0 Group A 226.23 5.18256 < 0.001 HS

Group B 242.79 10.72867

UCa-10 Group A 198.08 6.37000 < 0.001 HS

Group B 233.43 11.34572

UCa-20 Group A 172.55 11.80986 < 0.001 HS

Group B 226.93 11.35080

UCa-1m Group A 138.46 17.96114 < 0.001 HS

Group B 226.86 13.81113

UCa-2m Group A 103.15 15.86845 < 0.001 HS

Group B 219.57 17.80110

Fig. 2 Trend of 24-hour urinary calcium levels declining in tangential excisiongroup over time..
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In the study by Berger et al,13 mean magnesium remained 
low for patients who had burn surface areas more than 
30 percent TBSA and the hypomagnesemia persisted until 
the second week. None of these underwent excision and 
grafting. In our study, the reference level of serum magnesium 
was taken to be 1.7–2.2 mg/dl. In both tangential excision 
and conservative management group, the serum magne-
sium	was	 in	 the	normal	 range	on	day	6	 (1.74	+/−0.1	mg/dl	
in	 conservatively	 managed	 group	 and	 1.76+/−0.1	 mg/dl	 in	
tangential excision group).

Thus, this study supports that a continuing proinflamma-
tory state in burns adversely affects calcium homeostasis, 
leading to a state of prolonged hypocalcemia and paradoxical 
hypercalciuria. There is a significant improvement in serum 
parathormone levels and urinary calcium levels in burns 
patients undergoing tangential excision as compared with 
nonoperative group. The serum levels of calcium, magnesium 
and phosphorus are more likely to remain within physiolog-
ical limits in patients undergoing early tangential excision.

Conclusion
Thus, it can be concluded that tangential excision and graft-
ing plays an important role not only in the early burn wound 
healing but also in maintaining serum parathormone lev-
els, thereby leading to near normal serum calcium levels, 
prevention of hypercalciuria, and optimization of various 
electrolytes responsible for calcium homeostasis in burns 
patients.
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