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ABSTRACT

Background & objective: Thermal injury is a serious medical condition that could be associated with toxic
myocarditis (TM). Cardiac troponins are the biomarkers of choice for the detection of cardiac injury; however,
a negative troponin does not exclude the diagnosis of myocarditis. Brain natriuretic peptide (BNP) could be
valuable in such cases and its role in burn injuries remains unexplored. We conducted this study to evaluate the
use of the plasma concentration of BNP as an early predictor of postburn TM.

Methodology: Forty adult patients were included in this prospective observational study with total burn surface
area (TSBA) = 20% up to < 50% with 2nd degree burn or more. The primary outcome was the sensitivity and
specificity of the BNP plasma level as an early predictor of the incidence of TM while the secondary outcomes
were ICU stay, and total hospital stay.

Results: 16 out of 40 patients developed TM by symptoms and echo findings (Group TM) and 24 patients didn’t
(Group NTM). BNP was significantly elevated in Group TM than Group NTM on day 1, 4 and 7 (P< 0.0001) and it
was significantly higher than troponin | on day 1 (95%Cl = 0.888 to 1.000 for BNP vs 0.538 to 0. 837 for troponin).
Sepsis, ICU and hospital stay were not significantly different between both groups (P = 0.134, 0.1136, 0. 1176
for each respectively).

Conclusion: BNP can serve as an early predictor of toxic myocarditis in patients with severe burn injuries.

Abbreviations: ANP: Atrial natriuretic peptide, BNP: Brain natriuretic peptide, cTnl: cardiac Troponin I, EMB:
endomyocardial biopsy, TM: toxic myocarditis, TSBA: total burn surface area,
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accompanied by several disorders all over the body as
1 . INTRODUCTION well as cardiac disorders. Burn toxins could initiate a
systemic  inflammatory cascade that causes
inflammation in cardiac myocytes, which in turn may

Burn injuries, particularly severe cases, are a serious
medical, social, and economic problem. They are

www.apicareonline.com 458 Open access attribution (CC BY-NC 4.0)


https://doi.org/10.35975/apic.v29i3.2757
https://www.apicareonline.com/index.php/APIC
mailto:maiessam@med.asu.edu.eg
mailto:nerminnasr@yahoo.com
mailto:faraghanan@yahoo.com
mailto:mar_khairy@yahoo.com
mailto:drlamyamehrez@gmail.com
mailto:israat93@yahoo.com
https://doi.org/10.35975/apic.v29i3.2757

Abd Elaziz ITM, et al

cause transient cardiac contractile dysfunction or toxic
myocarditis (TM).!

TM is defined as myocardium inflammation with
cardiac myocytes' necrosis. In general, cardiac
troponins are the biomarker of choice for detecting
cardiac injury.? They are well-established as sensitive
and specific markers of myocardial injury. Increased
cardiac Troponin I (cTnl) levels can be detected in just
over one-third of patients with myocarditis. However,
a normal electrocardiogram (ECG), a negative
troponin and/or creatine kinase does not exclude the
diagnosis of myocarditis.>

The gold standard for a definite diagnosis and therapy
of myocarditis is an endomyocardial biopsy (EMB).
However, it is an invasive test with risk of
complications and carries the limitation of sampling
error since myocarditis is often a patchy process. EMB
should be reserved for patients presenting with major
clinical syndromes (such as severe heart failure and/or
life-threatening arrhythmias).?

The discovery of the natriuretic peptide system in the
form of atrial and brain natriuretic peptide (ANP and
BNP) gave a rational explanation for how the central
circulation can mediate control of water homeostasis.
BNP is primarily synthesized under the influence of
ventricular wall stretch as a prohormone which is
cleaved into active BNP and inactive amino terminal
fragment. The plasma concentration of BNP is
elevated in disorders with salt and fluid overload and
with increased atrial or ventricular wall tension, such
as heart failure, but not specific for it. Elevated
concentrations are also of prognostic value for
identifying the risk of cardiovascular events and
mortality in asymptomatic individuals.* The role of
BNP in identifying TM, particularly following burn
injuries, remains underexplored.

This study aimed to assess whether plasma
concentrations of BNP may serve as an early predictor
of TM after burns, prior to the emergence of clinical
symptoms or an increase in cardiac troponin levels.

2. METHODOLOGY

This prospective observational study was conducted
on 40 adult patients, following approval from the
research ethical committee of the Faculty of Medicine,
Ain-Shams University, Research Number: (FMSU
MD 206/2022), and the study was registered with
number: (PACTR202308864962981).  Patients
enrolled in the study when they or their relatives
provided their informed consent. Patients included
were ranging in age from 21 to 60 of both sexes and
total burn surface area (TSBA) > 20% up to < 50%
with 2" degree burn or more.

We excluded patients who refused, or their relatives
refused to join in the study, or declined to give written
informed consent. Patients with preexisting cardiac or
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pulmonary diseases e.g., hypertension, congenital
heart disease, ischemic heart disease with impaired
cardiac function, valvular heart disease, heart failure,
infective endocarditis, patients with severe hepatic
impairment (INR > 1.5, Bilirubin > 2, Albumin < 2)
and patients with renal dysfunction (GFR < 50
ml/min).

On admission to burn intensive care unit, patients
received standard burn care as airway management to
ensure intact breathing, identify the site, degree, and
percentage of the burnt area, circulatory Support
through precise fluid replacement with Ringer lactate
according to Parkland formula (4 ml/kg per TBSA%
burned), no colloids within the first 8 hours and the
rest in the next 16 hours.> Urine output target was 0.5
ml/kg body weight.

Mean arterial blood pressure (MAP), heart rate (HR),
and oxygen saturation (SpO,) were recorded on
admission and at fixed intervals according to ICU
protocol.

Five milliliters of venous blood were collected from
each participant and divided into k3 EDTA
vacutainers for complete blood count (CBC) with
differential (ADVIA, Siemens Healthineers,
Germany) and sterile plain vacutainer tubes. The
blood samples in the plain tubes were allowed to clot
for 30 min and then centrifuged at 3000 rpm for 10
min, then sera were removed and stored at -20°C till
time of analysis of serum creatinine, BUN, sodium,
potassium, AST and ALT (COBAS C6000, Roche
Diagnostic GmbH, Mannheim, Germany). A central
line was inserted, baseline CVP readings were
recorded, and optimum fluid management was
monitored and followed up according to urine output
and central venous pressure.

Five milliliters of blood were drawn from the central
line from each participant and placed in k3 EDTA
vacutainers. Patients who met the inclusion criteria
had BNP levels assessed on the first, fourth, and
seventh days after admission using commercially
available ELISA kits supplied by Shanghai Korain
Biotech Co. LTD catalog no. E1287Hu. (Shanghai,
China) following the manufacturer’s instructions.
Absorbance of each well was measured at 450 nm by
using a microtiter plate ELISA reader (BioTek,
Winooski, VT, USA). The kit detection range was 5-
2000ng/L. Blood samples for troponin I (COBAS
e411, Roche Diagnostic GmbH, Mannheim,
Germany) were obtained simultaneously on the same
days of BNP sampling to detect which test would rise
first.

Daily follow-up of total leucocyte count (TLC) and
body temperature to detect early signs of sepsis where
the patient was considered feverish if the temperature
was above 37.2°C, and cold foments were applied and
paracetamol (10-15 mg/kg) was given to control fever.
Blood, urine, sputum, and wound cultures were
sampled before starting broad-spectrum antibiotics.
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Table 1: Comparison between groups as regards demographic data.

Variables Group TM Group NTM P-value
(n =16) (n = 24)

predictor of the
incidence of TM while
the secondary outcomes
were the incidence of
other complications such

Age (years) 29.19+105  31.88+14.6 0.531t as sepsis and other organ
Gender Female 5 (31.2%) 10 (41.7%) 0.51x2 failure as well as ICU
stay, and total hospital
Male 11(68.7%) 14 (58.3%) stay.
Comorbidities DM 0 (0%) 2 (8.3%) 0.397 %2
Epileptic 0 (0%) 1 (4.2%) Sample size
Facial nerve 0 (0%) 1(4.2%) calculation
palsy By using PASS 11 for

Data expressed as mean + SD or n (%); t = student t test, x? = chi square. TM = toxic

myocarditis, DM = Diabetes millets.

sample size calculation,
setting power at 99%,

alpha error at 5% and

Table 2: Comparison between groups as regard burn data.

Variable Group TM Group NTM P-value
(n =16) (n =24)

after reviewing previous
study results (Ashry et
al., 2018) showed that
the level of BNP was
higher in patients with

TSBA 35.13+11.6 23.83+3.6 0.0001t cardiac troponin positive
Mode of Electric burn 2 (12.5%) 1(4.2%) 33.3% 0.555x2 than cardiac  troponin
burn 66.7% RT RT negative patients
12.5% CT 4.2% CT (1801.54 + 8I2.15
5.0% GT 2.5% GT versus 770.94 + 655.95
Flame 10 (65.5%) 18 (75%) respectively); based on
35.7% RT 64.3% RT that, a sample size of at
62.5% CT 75.0% CT least 40 patients with
25.0% GT 45.0% GT burn were sufficient to
hi tudy objective.
Scald 4 (25%) 44.4% 5 (20.8%) achieve study objective
RT 55.6% RT ..
25.0% CT 20.8% CT Statistical
10.0% GT 12.5% GT analysis
Data expressed as mean + SD, n (%), t = student t test, X2 = chi square. TM= toxic Data were analysed

myocarditis, DM = Diabetes mellites; TBSA= total burn surface area.

Furthermore, daily measurements of vital signs (heart
rate, systolic and diastolic blood pressure, SpO,, CVP)
were recorded every hour. Also, chest examination for
early signs of chest infection and cardiac examination
for heart sounds and murmurs were performed daily.

The patient’s cardiac condition was checked daily for
signs and symptoms of TM, which included
unexplained tachycardia > 120 bpm that was not
related to fever or infection, a drop in MAP > 20% of
the baseline reading, a rise in CVP > 12 mmHg, and
signs of pulmonary congestion, such as dyspnea or
fine basal crepitation in the lower lobes of the lungs.
Transthoracic echocardiography was performed
simultaneously with BNP and Troponin I sampling on
day 1, 4 and 7. Ejection fraction abnormalities were
recorded. Patients were divided into two groups
according to the development of TM. Group TM:
patients who developed TM and Group NTM: patients
who didn’t develop TM.

The primary outcome was the sensitivity and
specificity of the BNP plasma level as an early
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using Statistical Package
for Social  Science
(SPSS) wversion 27.0., Quantitative data were
expressed as mean + SD or Median (IQR) where
indicated. Qualitative data were expressed as
frequency and percentages. Independent-samples t-
test of significance was used when comparing between
two means. Chi-square (%) test of significance was
used in order to compare proportions between two
qualitative parameters.

ROC analysis

An ROC curve is a plot of the true positive rate
(sensitivity) in function of the false positive rate (100-
specificity) for different cut-off points of a parameter.
Each point on the ROC curve represents a
sensitivity/specificity pair corresponding to a
particular decision threshold. The Area Under the
ROC curve (AUC) is a measure of how well a
parameter can distinguish between two diagnostic
groups (diseased/normal). The confidence interval
was set to 95% and the margin of error accepted was
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set to 5%. So, P-value < 0.05 was considered
significant.

Diagnostic characteristics were calculated as follows:

- Sensitivity = (True positive test / Total positive
golden) x 100

- Specificity = (True negative test / Total negative
golden) x 100

- Predictive positive value = (True positive test /
Total positive test) x 100

- Predictive negative value = (True negative test /
Total negative test) x 100

- Positive likelihood ratio LR+ = (sensitivity/ 1-
specificity)

- Negative likelihood ratio LR- = (1-sensitivity /
specificity)

3. RESULTS

Fifty-one patients were screened for eligibility; six
individuals did not meet the criteria, while five
individuals refused to participate in our study, leaving
40 patients to be enrolled in our trial, 16 patients
developed TM.

3.1. Patients’ characteristics

The patient demographic data (age, sex), associated
comorbidities and the mode of burn showed no
statistically significant differences between the groups
(P > 0.05) (Table 1, 2). There was a statistically
significant difference between groups in terms of
TSBA where it was higher in Group TM than Group
NTM (P <0.0001) (Table 2).

3.2. The cardiac biomarkers

Groups were compared regarding the BNP and
troponin (Trop) levels at days 1, 4, and 7. Patients
among the Group TM showed higher BNP levels on
days 1, 4, and 7 than patients among the Group NTM,
which was statistically significant (P > 0.001). Group

Brain natriuretic peptide & toxic myocarditis

TM showed similar results for Trop level (P > 0.001)
(Table 3).

3.3. ROC analysis

Receiver operating characteristic (ROC) curve was
used for detection of optimum cutoff value of
diagnostic performance for BNP to predict TM. On the
first day, BNP had an AUC of 0.987 (P <0.001), with
a cut-off value >87 pg/mL yielding 100% sensitivity
and 91.7% specificity. BNP levels on the fourth and
seventh day (BNP 4 and BNP 7) achieved an AUC of
1.000, indicating perfect diagnostic accuracy (P <
0.001). Troponin showed lower sensitivity and
specificity across all time points (Figure 1, Table 4).

BNP and Trop showed significant pairwise
comparison with AUC for BNP (0.987 and 95% CI =
0.888 to 1.0) higher than Trop (0.703 & 95% CI =
0.538 t0 0.837) to predict TM at day 1. The difference
between areas is 0.284 with P = 0.0004.

3.4. Hemodynamic data and
temperature

Regarding the hemodynamic data (in terms of systolic
blood pressure (SBP), diastolic blood pressure (DBP),
mean blood pressure (MAP), heart rate (HR), oxygen
saturation (SO2), and CVP) and temperature (temp),
there were no statistically significant differences
between groups at day 1. However, SBP, DBP, MBP,
HR, and CVP were significantly lower among patients
with TM at days 4 and 7

and SO2 at day 7. While no significant differences
were detected between groups regarding the temp at
day 4 or 7 (Figures 2, 3, 4, 5 and 6).

e  Groups were compared regarding cardiac
function (Ejection Fraction%) done by
Echocardiography and it showed significant
difference between both groups (Group TM
EF%= 37.5 £ 5.2 vs group NTM EF%=
58.13+2.5) (P <0.001)

Table 3: Comparison between groups as regard cardiac markers data.

Group TM (n = 16)

Group NTM (n = 24)

p-value z
IQR

Range Median | IQR Range Median
BNP - day1 87.5-560 180.05  135-245.8 30-100 59.65 47.5-77.5 <0.0001*
BNP- day 4 110-827.1 450.9 328.95-555.7 45-100 69.5 52.5-88 < 0.0001*
BNP — day 7 341.9-1700 885.3 624.9-1066.3 40-95 70 55.5-85 < 0.0001*
Trop — day 1 0-1 0.015 0.01-0.02 0-0.02 0.01 0.01-0.01 0.0130*
Trop — day 4 0.01-2.1 0.025 0.02-0.2 0.01-0.04 0.01 0.01-0.02 0.0006*
Trop —day 7 0.1-2.6 0.3 0.2-0.4 0.01-0.06 0.02 0.02-0.02 <0.0001*

Data expressed as mean * SD, t = student t test, *= significant. TM= toxic myocarditis, BNP= Brain natriuretic peptide, Trop=

troponin I, IQR= interquartile range
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Figure 1: ROC curve for TBSA and cardiac markers to predict TM. TBSA=
total burn surface area, BNP= brain natriuretic peptide, Trop= troponin
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Table 4: ROC Analysis

off

;I;/?)SA 0.781 15.00 0.0009*
BNP_1 0.987 > 87 100 91.7 12.00 0.00 88.9 100.0 <0.001*
BNP_4 1.000 >100 100 100 0.00 100.0 100.0 <0.001*
BNP_7 1.000 > 95 100 100 0.00 100.0 100.0 <0.001*
Trop_1 0.703 >0.01 50 91.7 6.00 0.55 80.0 73.3 0.01

Trop_4 0.815 >0.02 50 95.8 12.00 0.52 88.9 74.2 <0.001*
Trop_7 1.000 >0.06 100 100 0.00 100.0 100.0 <0.001*

TBSA-= total burn surface area, BNP= brain natriuretic peptide, Trop= troponin, AUC= area under curve, +LR= Positive

likelihood ratio, -LR= negative likelihood ratio, +PV=predictive positive value, -PV= predictive negative value,

*=significant

ICU course: Groups were compared
regarding ICU course (in terms of sepsis and
organ failure) with showed no significant
difference between both groups. (P = 0.134
and 0.243 respectively). Both groups were
also compared regarding ICU and hospital
stay, with no statistically significant
difference between them (P = 0.1136 and
0.1176 respectively).

Groups were compared regarding ICU fate
and it showed significant difference between
both groups. 11 out of 16 patients that had
TM died and only 5 patients were
discharged (P = 0.001). On the other hand,
10 out of 24 patients, who didn’t develop
TM, died and 14 were discharged (P =
0.001).

4. DISCUSSION

BNP was found to be elevated earlier than the
elevation in cardiac troponin in those patients and even
before the occurrence of clinical signs and sympt oms.
These results were found to be 100% sensitive and
91% specific for most of the patients, which makes the
BNP a valuable predictor of TM post-burn.

Severe burn injury results in an aggravated traumatic
response with general and specific features. A
significant specific feature is a profound change in
microvascular characteristics with increased leakage
of plasma to the interstitium, ‘‘burn edema,’’ as well
as subsequently hemoconcentration and hypovolemic
shock.® Days later, excess water enters the circulation
during edema mobilization. Both of these phases are
under the influence of control systems regulating
myocardial function, vascular tone, as well as
intracellular and extracellular volume.”

TM is defined as inflammation of the myocardium
with necrosis of cardiac cells. It may be due to
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infections, toxins, drugs, or systemic disorders, but it’s
often idiopathic. The pathophysiology of TM remains
under research, but it’s mostly due to excessive plasma
losses that occur immediately after the burn injury. It
can be clinically diagnosed with chest pain, fever,
unexplained tachycardia, or signs of low cardiac
output. It can be diagnosed by lab investigations e.g.,
CBC, cardiac

troponin, ECG, transthoracic echo, endomyocardial
biopsy and cardiac MRI.3

The discovery of the natriuretic peptide system in the
form of atrial natriuretic peptide (natriuretic peptide A)
and brain natriuretic peptide (natriuretic peptide B
(BNP) gave a rational explanation for how the central
circulation can mediate control of water homeostasis.
These discoveries described the heart as an endocrine
organ that releases natriuretic peptides from the
myocardium based on atrial and ventricular
distension.’ The prohormone is enzymatically cleaved
to form active BNP and an inactive amino terminal
fragment, NT-proBNP, both of which are elevated in
disorders with salt and fluid overload and with
increased atrial or ventricular wall tension, such as
heart failure, but such elevations are not specific for
heart failure.'’

In this study we aimed to evaluate whether the use of
the plasma concentration of Brain natriuretic peptide
can be an early predictor of the occurrence of TM post
burn before appearance of the clinical signs or rise in
cardiac troponin.

Regarding burn data, there was a statistically
significant difference between groups in terms of
TBSA where it was higher in Group TM than Group
NTM (35.13 £ 11.6

% in Group TM vs 23.83 + 3.6 % in group non-TM)
(P <0.0001). This finding may indicate the correlation
of large TBSA with increase possibility of TM.
Lindahl et al. who studied fifty patients with 10% or
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more of burn surface area for the first 2 weeks after
burn injury and correlated their data to P- NT- proBNP
serum levels concluded that the median burn size of
the 50 studied patients was 30.5% TBS (range, 10-
95.5%) which were similar to the results of the present
study. And he stated that P- NT- proBNP levels that
were assessed on Days 3 to 8 were an independent
predictor for every subsequent SOFA score measured
one or more days later up to Day 14.!!

Regarding cardiac markers at days 1, 4 and 7, Patients
with TM had significantly higher BNP levels on day
one post-burn. BNP levels increased further on the
fourth day and the seventh. Troponin levels showed a
delayed and less consistent pattern, with significant
differences observed only on seventh day.

In a study by Ashry et al., 2018 that studied 42 patients
with acute CO poisoning were admitted to the Poison
Control Centre of Ain Shams University hospitals
(PCC-ASUH) and compared to 50 cases in the control
group to investigate the value of BNP measurement in
the detection of cardiac toxicity in acute carbon
monoxide poisoning, the level of both cardiac
biomarkers namely troponin I and BNP were
measured. The level of BNP was found to be
significantly higher in cases who developed TM than
in cases with positive troponin and developed TM
after CO exposure. '?

Other studies that could add value to BNP
determination is the one performed by Wang et al.
which suggested that a single determination of
increase in the level of BNP in cases with cardiac
affection is suggestive of future development of
cardiovascular outcomes.!® Reyding et al., Bethell et
al., and Gilines et al. concluded that the increase in
serum level of BNP is related to the severity and
prognosis of patients with cardiac affection.!4*!3

In their study, Ukena et al. demonstrated that NT-
proBNP concentration above the 4th quartile was the
only biomarker to be associated with cardiac death or
the need for heart transplantation following acute viral
myocarditis.'®

In the current study, On the first day, BNP had an AUC
of 0.987 (P < 0.001), with a cut-off value >87 pg/mL
yielding 100% sensitivity and 91.7% specificity. BNP
levels on the fourth and seventh day (BNP 4 and BNP
7) achieved an AUC of 1.000, indicating perfect
diagnostic accuracy (P < 0.001). Troponin showed
lower sensitivity and specificity across all time points.

The threshold value of the increased serum level of
BNP for cardiac affection is postulated to be 100
pg/mL in the literature.!” Ashry et al. revealed that all
patients had measured serum levels of BNP greater
than 100 pg/mL whereas 38% of them had normal
troponin I values. This highlights the value of BNP
level determination over troponin I determination in
diagnosing TM. They found a significant increase in
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BNP levels in cases with ischemic ECG changes and
sinus tachycardia, which were signs of TM.!?

Previous data regarding the lack of correlation
between high troponin and poor prognosis in
myocarditis.!®! In one study involving pediatric
patients with myocarditis, highly elevated troponin
was not associated with ventricular dysfunction or
poor outcomes.?® This is consistent with the finding of
relatively low NT-proBNP levels in some patients
with end-stage heart failure, particularly those with
higher body mass index.?!

Regarding hemodynamic data, SBP, DBP, MBP were
significantly lower among patients with TM at days 4
and 7 and SO2 at day 7. HR and CVP were
considerably higher in patients with TM at days 4 and
7.

Ashry et al. revealed that the mean differences in
systolic and diastolic blood pressure, and pulse were
statistically significant between groups (P < 0.01),
where systolic and diastolic blood pressure were lower
among acute CO poisoning cases who developed TM
and pulse was higher among them.!?

The two groups were compared regarding ICU and
hospital stay. There was no statistically significant
difference between both groups (P = 0.1136 in ICU
stay and P = 0.1176 in hospital stay)

Zhao et al. who investigated the role of N-terminal
pro-B-type natriuretic peptide (NT-proBNP) in
assessing the poor outcomes of adult patients with
acute myocarditis revealed that in predicting 30-day
death or heart transplantation, the sensitivity and
specificity of NT-proBNP were 86.67 and 89.68%,
respectively (AUC = 0.924, optimal cut-off value:
7,204 pg/mL), while the sensitivity and specificity of
LVEF were 86.67 and 75.48%, respectively (AUC =
0.843, optimal cut-off value: 45%). In predicting long-
term major adverse cardiac events (MACE), the
sensitivity and specificity of NT-proBNP were 62.07
and 80.14%, respectively (AUC = 0.733, optimal cut-
off wvalue: 3,549 pg/mL). The sensitivity and
specificity of LVEF to predict long-term MACE was
62.07 and 87.23%, respectively (AUC = 0.737,
optimal cut-off value: 38%). ROC curves showed that
the predictive values of troponin I were lower than
NT-proBNP for both 30-day (AUC = 0.616, optimal
cut-off value: 15.846 ng/mL) and long-term MACE
(AUC = 0.509, optimal cut-off value: 0.315 ng/mL).??

Rodriguez-Gonzalez et al. reported that baseline NT-
proBNP > 5,000 pg/mL could help to identify high-
risk pediatric myocarditis patients with poor
outcomes.? Patients with high NT-proBNP levels are
more likely to suffer from prolonged symptoms and
need special attention for potential complications. This
biomarker should be considered for risk assessment
along with echocardiography and clinical judgment. '8
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5. LIMITATIONS

This study was carried out in a single center with a
relatively small sample size. Furthermore, although
BNP is a sensitive diagnostic, it is not limited to
myocarditis and may be raised in other burn-related
diseases such fluid overload. Further multicenter
studies with larger cohorts are required to verify these
results.

6. CONCLUSION

BNP is a valuable early predictor of toxic myocarditis
in patients with severe burn injuries. Its non-invasive
nature and high diagnostic accuracy make it an
accessible tool for early detection and management.
Integrating BNP monitoring into burn care protocols
could improve outcomes by facilitating timely
interventions for cardiac complications.
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