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ABSTRACT

Introduction: Burns are traumatic injuries, with complex nature. An Inhalation injury is defined as toxic
exposure to vapours, gases, liquids, or even solid material through the respiratory tract. Inhalation injury can be
a complicating factor in burns, acidosis is predicted with major trauma, yet it’s effect on mortality needs further
investigation.

Objective: Observing trends and investigating mortality in burns with inhalation injury, evaluate the relation
between serum pH and mortality in patients with inhalation injury.

Method: A cross-sectional retrospective data analysis of patients admitted to the burn unit from January 2018
to December 2021. Data collected includes diagnosis of inhalation, age, gender, total body surface area, length
of stay, and baseline arterial blood gases. The data was analysed using descriptive and inferential statistics.

Results: A total of 428 records of patient data was retrieved, which showed that 48.8% suffered from direct
flame burns and 45.5% from scald burns. The mean age was 18.7+£20.2. The average stay was 12.8 days, 24.5%
had inhalation injury, and 70.4% of the inhalation injury cases required mechanical ventilation. The first
collected and reported serum pH was correlated with the mortality of burn patient with inhalation injury using
ROC curve established pH Of 7.32 at a sensitivity of 90%, and specificity 78% to mortality, AUC 0.89 and OR
of twice the normal ph.

Conclusion: Acidosis is linked to a higher mortality rate among inhalation injury patients and, thus, can be used
as a predictor of mortality.
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Introduction

Burns are traumatic injuries that can occur at any setting at any time, whether domestic, industrial,
occupational, indoors, or outdoors. According to the World Health Organization, burns affect approximately
30,000 people per day globally. They are responsible for an annual death rate of nearly 270,000 (1,2). In Jordan,
the burn mortality rate reached 14.6% (3). The pathophysiology of burn inhalation injury is complex syndrome,
it exerted effect from the injury to the localized tissue and overall circulation is catastrophic; and leads to higher
morbidity and mortality of the affected patient (1).
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Smoke inhalation and toxic materials can directly affect the pulmonary epithelium or as secondary effect to the
pathological process, causing various degrees of damage to the respiratory tract, inhalation injuries account for
70% of the respiratory complications (4). Inhalation injuries associated with burns may complicate burn
management. Smoke inhalation injury is considered an independent mortality risk factor in burns, increasing the
predicted mortality by 1.5 folds.(5) The pathophysiology of the injury starts with irritation and progressive
inflammatory response, leading to pulmonary shunting and may continue to hypoxic respiratory failure, in severe
cases (6). The progressive deterioration of respiratory functions over a short period of time is associated with
increased oxygen demand, reduction in oxygen-carrying capacity, and systemic inflammatory response; causing
escalation in the pre-existing burn related inflammation, and aiding the progression of acidosis (7). More than
10%—-20% of hospital-admitted burn patients are diagnosed with inhalation injuries (8). While burn injury is
diagnosed and managed under rigorous therapeutic protocols; that are intensively studied, inhalation
management is still obscure, with few concrete diagnostic criteria (9).

Acidosis; reduced serum pH, is a condition directly linked to the pathology of burn injury; especially
during the acute face of injury (lactate accumulation) (4). The predictive value of acidosis in burn patients was
never reported although being reported in general trauma setting (10). Lactic acidosis related to burn injury
requires serum lactate results for definitive diagnosis, but the process of serum lactate level sampling can be
demanding and susceptible to many vulnerabilities. Also, a high margin of error makes the samples difficult to
obtain in emergency burn care setting (11,12).

Vulnerability encountered with lactate sampling, drew attention to pH as a more convenient alternative.
In the effort to set a critical pH level to direct treatment.

The objectives of this research are as follows:

1. We aimed to gain perspective of inhalation injury, evaluation criteria, and investigate current management
outcomes (Mortality as a key performance indicator) of burn-associated inhalation injury in Jordanian Royal
Medical Services.

2. Determine the pH levels of first collected arterial blood gases (ABGs) sample as a predictor of mortality.

Methods

In this retrospective cross-sectional study, we reviewed the medical records of patients admitted to the burns
unit of the Royal Jordanian Rehabilitation Centre (RJRC), over a 4 -year-period, from January 2018 up to
December 2021. Our burns unit is a referral unit that covers all Jordanian medical Services Hospitals. With an
annual admission rate of 99 patients (3). Only patients with the diagnosis of scald burn or direct flame burn
(DFB) were included. The Institutional Review Board’s consent was obtained (Human Research Ethics
Committee, Royal Medical Services, Amman, Jordan, Ref. 5/2022) prior to data collection.

The data obtained through opportunity sampling retrieved all burn patient’s electronic and paper records
are kept confidential, data access was limited to the research team and for research purposes only.
A total of 428 cases in 427patients admitted to the burn unit were included in the study. The data extracted
included the demographic information, cause and type of burns, total body surface area (TBSA) affected, location
of burn (face as a main concern), inhalation injury status, mechanical ventilation requirements, and first
encounter sampled blood gas analysis result for serum pH, PCO2. And PO2 levels obtained prior to initiation of
fluid resuscitation protocol in all patients with suspected inhalation injury (scald and direct flame), results
reported as early as the emergency department samples were considered. method of diagnosis, and course of
patient management denoted by requirements of advanced air-way in the burn unit was obtained and followed,
outcome measure was mortality. The data analysis and description was done using Microsoft Excel 2010.
Statistics included central tendency measures, frequency dispersion, and ROC curve, binary logistic regression
with adjusted odds ratio, value set < 5% consider statistically significant.

Results
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The convenience sampling over the period of January 2018 to December 2021 revealed a total 466
patients admitted to the burn unit. Twelve patients with non-burn cause of admission, Twenty-six had insufficient
data to meet research requirements or were readmitted due to the same burn incident during the time range
concerned (infection as most common cause of readmission; 57%) and were thus excluded as well. One mortality
case of natural causes in a home setting post-discharge was omitted as a mortality incident, 428 cases in 427
patient data collected (one paediatric patient suffered two different incidents of burn)

Patients were distributed as 48.8% suffered from direct flame burns (DFBs) and 45.5% had scald-related
injury. The remaining 5.7% of patients suffered from various types of burns with friction-related, chemical, and
electrical factors.

The age of the patients ranged from 28 days to 93 years old, with an average age of 18.7+£20.24 years,
mean of error in age equals 0.97 trimmed with exclusion of extremes to 21+£19.9 years and the mode at 2 years
of age. The male to female ratio was 1.54:1. The length of stay ranged from 2 hours to 450 days of hospitalization
and averaged 12.8 £27.8, 74 cases admitted 17.3% had 1 day stay, TBSA was 1%-98% with an average of
18.11+19.2%,, standard error of mean 0.91 the mortality rate per admission was reported at 12.1%. Table I
contains descriptive data of the burn patients.

Table | patients’ burn data

Variable Category Frequency %
Cause of burb DFB 209 48.8
Scald 195 45.5
Friction 3 0.7
Electric 7 16
chemical 6 14
Contact 8 1.8
Gender Male 260 60.7
Female 168 39.2
Variable Range Mean Mood SD Mean of errors
TBSA 1%-98% 18.11 10 +19.2 0.91
Age 28 days - 93 18.7 2 years +20.24 0.97
Length of stay 2 hours to 450 12.8 1 day +27.8 1.34

Inhalation injury was diagnosed and documented in 105 cases of patients admitted (24.5%). The
inhalation injury demographics were as follows: male to female ratio of 1.5:1, age range of 28 days to 60 years,
mean age of 32.28 years, and average TBSA of 36.42% at a range of 3%—-98%.

The diagnosis with inhalation injury was primarily associated with the history of closed area burns in
80.9% of the cases, facial involvement in the burn with inhalation 75.2% of the cases. Clinical presentation
physical exam, horsiness of voice, burned nasal and oral mucosa, cough and deteriorated oxygen saturation
reported by pulse oximeter and ABGs were used for diagnosis. Among patients diagnosed with inhalation injury
; 49.5% passed away, 70.4% required definitive airway and mechanical ventilation on day zero (immediately
after recognition and diagnosis), and 0.952% required artificial ventilation after 24 hours of the diagnosis .

As a result 44.8% of the patients presented with hypoxemic blood changes on the ABGs; (A result of
PaO2 < 80mmHg and /or SaO2 < 93% was conserered hypoxemia), 36.7% had hypercapnic changes(PaCO2
>45), 57% had hypocapnia (PaCO2 >45),49.52% suffered from metabolic, or respiratory acidosis, 20% showed
alkalotic change in pH, and 30.4% retained normal primary pH levels Table II.

Table I1: descriptive data of inhalational injury.

Variable Category Frequency %

Cause of burb DFB 103 98
Scald 2 2

Gender Male 63 60.
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Female 42 40
Burn location Facial burns 79 75.2
Conditions Closed area 85 80.9
Inhalation status Requires mechanical | 74 70.4

ventilation day 0

No mechanical | 31 29.5

ventilation required
pH. Acidosis 52 49.5

Normal 32 30.47

Alkalosis 21 20
Variable Range Mean Mood SD Mean of errors
TBSA 3%-98% 36.4 12 +26.4 2.58
Age 28 days to 60 years 32.28 29 +20.43 1.99
Length of stay 2hrs- 228 17.7 1 +28.2 2.75

Individuals diagnosed with inhalation injury were distributed according to baseline ABGs into three
groups, presuming that blood pH levels of 7.35-7.45 were normal. The first group had normal pH levels, the
second showed alkalosis; pH of > 7.45, and the third had acidosis; pH< 7.35. Making 3 independent variable
categorical set of data available for compression with a binary dependent variable, Each patient was assigned to
0-1 according to mortality (death and survival) to investigate mortality rates among groups.

To investigate the predictors ( Age, TBSA, Gender , Facial Burn, pH and Closed area ) that have an

association with patient’s mortality the binary logistic regression revealed that Age and gender were not a
significant predictors for a patient’s mortality (p>0.05).
Moreover the odds of patient mortality would increase by 1.1 times for one additional percentage of TBSA (p
<0.001), additionally the odds of patient’s mortality are 4.6 and 5.5 times more likely to increase among those
having facial burns and burns in closed area ( p=0.006, p=0.003) respectively, Lastly, the pH Levels have shown
significant prediction for mortality; the acidic patients are twice to death than those having normal pH level (OR
=2.04, p< 0.001), and the alkalosis patients are 1.16 times more likely to death than those having normal pH
(p=0.006). Table Il summarizes binary logistic regression analysis for contributing variables.

Table I11: Contributing variables for patient mortality

Coefficients | Standard Error P-value Odd Ratio

Age 0.002 0.0120 0.888 1.002
TBSA 0.075 0.0154 <0.001 1.078
Gender/ female 0.372 0.512 0.467 1.451
Facial burn/ yes 1.528 0.551 0.006 4.601
Closed area / yes 1.747 0.593 0.003 5.537
Acid 0.718 0.176 <0.001 2.049
base 0.150 0.148 0.006 1.161
Normal Reference 1

A receiver operating characteristic curve (ROC curve) used to illustrate diagnostic capacities of pH
relationship with mortality AUC was used as a metric evaluation of logistic regression; result was =0.8966
attributing good quality of discrimination and at a cut-off point to maximize diagnostic value to max sensitivity
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at 0.90, and specificity.78 reflecting a pH of 7.32 acidic interpretation, referee to the diagram Figure (1),
appendix A contains the data points and graphical illustrations of data.
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Figure (1) The ROC curve of the association

Discussion

The most common type of burn injury in different settings reported in the United States, Britain, India, and
Jordan is DFB, This is followed by scald burn. This study resembled results and reported that DFB was
responsible for 48.8% of the injuries (3, 13-15). In the United Kingdom, 60% of the patients were 15-64 years
old, 10%=> 65 years, ages of patients reached 99 compared to mean age in this study was 18.7 and ranged1-93
which lies the same age limits of the British study (13), but the mode age was 2 years, Plotting the distribution
direction to a paediatric age group, This is common in less privileged countries, such as India and Iran (16-19).

A mortality rate of 12.1% was reported in this study. This is 6.5 % higher than the 5.6% fatality rate in
the United States as presented by the American National Burn Repository report (20), and 5% in Brazil(21), 2.5
% lower than 14.6%, about 15% in a previous study in Jordan, the difference in both sample sizes, the conditions
surrounding each study, especially the war time in the area in the previous study might had influence on the
results, but still this was considered an indicator of progress, considering therapeutic protocols had no changes
in both studies, and the reported inhalation in the previous was 23.9% compared to 24.5% in this study (3).

Inhalation injury is toxic exposure to vapours, gases, liquids, or solid material through the respiratory
tract, The irritant material causes damage and symptoms most commonly related to the upper respiratory
system.(4) The burn process can be worsened by the inhalation of toxic materials, like carbon monoxide, a toxin
that significantly increases systems damage and mortality (22). Inhalation injury is presumed to increase
expected mortality rates from burn injuries 20-fold (23). Inhalation incidence at 15.7% was seen in a US-based
study (24) The inhalation-related mortality rate was set at 31% compared to 6% in the group with no inhalation
injury; that’s a five-fold increase (25). The reported mortality rate in the current investigation was 12.1%, at
total, was magnified by 4-folds to reach 49.5% in cases of inhalation injury in the patients. In addition 70.4% of
the sample required definitive airway and mechanical ventilation (MV) upon admission day 0, which was higher
when compared to 33% in the United States(26) Inhalation injuries were seen as a direct link of mortality;
Diagnostic criteria of facial burn (p=0.006) and closed area burn ( p value 0.003) also showed significance
consenting with established literature mortality predictors (10,28), therefore relying on basic diagnostic
evaluation of facial and closed area of incidence can be lifesaving; even in the absence of bronchoscopy (4,6).
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However, the endotracheal intubation causes were the same, including the Glasgow Coma Scale
alteration, airway obstructions, inflammatory changes in the respiratory system, hypoxic and hypercapnic ABG’s
changes, and pH variations (26).

The primitive diagnosis of inhalation injury determined in this study by location of burn, and clinical
presentation; combined with case history, this style is overlooked in modern literature and substituted with the
use of bronchoscopy to detect changes on the endotracheal epithelium and carboxylate haemoglobin test
(9,12,22,24,26).

Undoubtedly, age, TBSA, comorbidities, and systemic inflammatory response syndrome (SIRS) play a
major role in burn mortality. Inhalation itself is considered an independent mortality predictor of burn that is
associated with longer hospitalization, increased care costs, and poor outcomes (9,12,13,15,20,21,24,26). The
result of the study confirmed TBSA, facial and closed area burns to be a significant link of mortality (p <0.001.
=0.006, =0.003 respectively).

Acidosis as a post-traumatic injury is considered one of trauma’s lethal triad, Burns fall under trauma
critical cases management; The lethal triad that leads to increased mortality includes; acidosis (mainly lactic
acidosis from systemic inflammatory response syndrome(SIRS)), hypothermia, and coagulopathy(27).odds of
mortality increased 25 times in people with acidosis than patients with no acidosis in general trauma sitting,
wither reported in pH, Lactate or Base deficit, acidosis is still discussed as a marker of prognosis in trauma
management (28). The pathophysiological changes occurring in burns include hypothermia, coagulopathy and
acidosis (27).Yet, there are no known predictors of mortality calculated for acidosis as a sensitive indicator to
predict mortality, the main focus of established mortality prediction formulas specific to burn was on TBSA and
age (10), the most well-known baux score had some limitations(29), and didn’t look changes of pH to its formula
(30), similar to other studies burn patients reported higher mortality than general admissions(31) acidosis was a
prevalent feature with early post burn periods, attributable to sympathico-adrenergic effect and accumulation of
fixed acids in the blood(27).

Our data suggest that treatment of acidosis should be directed toward those patients with a pH < 7.32, the
observed result showed a sensitivity of 90% specificity 78% ata AUC 89% to a pH of 7.32 to predict mortality,
an adjusted odds ratio of 2.1 fold higher risk than normal pH group, even when compared to established TBSA
and presence of inhalation. Furthermore the data support a pH goal higher than 7.2 in resuscitation (27, 28).
managing acidosis with administration of Bicarbonates was deemed to increase complication. While lowering
CO2 and early initiation of mechanical ventilation improved survival (29). The high positive correlation
coefficient and the P value of <0.001 suggests that a pH of <7.32 may be an appropriate treatment goal for
acidosis in cases of burn related inhalation injury.

Coagulopathy and hypothermia are also associated with increased mortality (27,28,30)further work is
needed to identify and target potintialy modifiable factors in patients with acidosis such as coagulopathy. This
study successfully correlated all three factors—inhalation injury, burn, and acidosis—as predictors of mortality
at a confidence level of 95% and a p-value <0.001, Acidosis showed 90% predictability of mortality at a cut-off
point of pH+ 7.32 , and specificity .79 in cases of burn.

Conclusion

Burns are a complex trauma associated with notable mortality, which can be predicted by formulas and
criteria checklists. The reported mortality in Jordan is higher than economically-advanced countries and
magnified 4 times in inhalation, Our diagnostic methods are basic, and data demonstrated significant difference
in mortality among patients of acidosis based on preliminary ABG analysis of patients with inhalation
injury(p<0.001), with a 90% sensitivity at 7.32 pH. Thus this provides a predictive value for mortality. This
study is a first step of developing a new model of mortality prediction in burn.

Limitation

Instead of basic diagnostic criteria for inhalational injury, we advocate the use of advanced diagnostic
procedures. The use of bronchoscopy as a diagnostic measure of inhalation injury will help account for more
accurate results in the future, drawbacks on using bronchoscopy such as cost, availability, service provision in
certain areas might be an issue.
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Recommendation

We suggest an additional study to be conducted with better inclusion criteria and protocol, with a larger sample,
and implementation of bronchoscopy to enhance diagnostic efficiency of inhalation instead of recognizing facial
burns and close area as key determinants.
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Appendix A

ph. Alive death Grand Total sensitivity False positive
6.7 2 2 1 1

6.8 3 3 1 0.962264
6.9 1 1 1 0.90566
6.99 1 1 1 0.886792
7.01 1 1 1 0.867925
7.05 1 1 1 0.849057
7.06 1 1 1 0.830189
7.09 2 2 1 0.811321
7.1 3 3 1 0.773585
7.13 1 1 1 0.716981
7.14 2 2 1 0.698113
7.16 3 3 1 0.660377
7.2 4 4 1 0.603774
7.21 1 1 2 1 0.528302
7.23 2 2 0.980769 0.509434
7.24 2 2 0.980769 0.471698
7.25 2 2 0.980769 0.433962
7.26 1 1 2 0.980769 0.396226
7.28 2 2 0.961538 0.377358
7.29 1 1 2 0.961538 0.339623
7.3 2 4 6 0.942308 0.320755
7.31 1 1 0.903846 0.245283
7.32 1 1 0.903846 0.226415
7.33 1 1 2 0.884615 0.226415
7.34 3 3 0.865385 0.207547
7.35 2 1 3 0.807692 0.207547
7.36 4 1 5 0.769231 0.188679
7.37 1 1 0.692308 0.169811
7.38 1 1 0.692308 0.150943
7.39 2 2 4 0.692308 0.132075
7.4 6 1 7 0.653846 0.09434
7.41 2 2 4 0.538462 0.075472
7.42 2 2 0.5 0.037736
7.43 2 2 0.461538 0.037736
7.44 2 2 0.423077 0.037736
7.45 1 1 0.384615 0.037736
7.46 7 7 0.365385 0.037736
7.47 3 3 0.230769 0.037736
7.48 1 1 0.173077 0.037736
7.49 1 1 0.153846 0.037736
75 2 1 3 0.134615 0.037736
7.51 3 3 0.096154 0.018868
7.53 1 1 0.038462 0.018868
7.54 1 1 0.019231 0.018868
7.56 1 1 0 0.018868

Grand Total 52 53 105
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