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Abstract

Burn injuries are a worldwide health issue, significantly bur-
dening healthcare facilities. Specialized burn centres are only
sometimes available near the site of burn injury. First aid greatly
impacted the outcomes of burns by evaluating the severity of the
burn and associated injuries. Pre-hospital Emergency Medical
Services (EMS) have more remarkable contributions to healthcare
systems. We aimed to reveal the interventions provided by the
EMS staff on the scene of burn injuries and the impact of these
interventions on the outcomes of burn injuries. Furthermore, the
study aimed to identify areas for improvement in pre-hospital burn
care. A systematic literature review was carried out from inception
to 1% July 2023 using twelve databases. All original articles that
included patients with burn injuries who received the necessary
pre-hospital care by EMS staff were included. Nine articles com-
prehending 6149 patients with burn injuries were retrieved. The
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analysis revealed that EMS interventions significantly improved
the outcomes of burn management. This included better control for
pain and vital parameters, and lower mortality risk. The EMS pro-
vided analgesic administration, cooling of the burn wound, and the
necessary urgent therapies. However, the study identified a need
for better EMS training in assessing burn severity and managing
burn injuries effectively. Enhancing EMS providers’ knowledge
and skills in pre-hospital burn management could substantially
improve patient outcomes and reduce the burden on healthcare
systems. Improving the understanding of EMS providers towards
burn care can minimize the risk of burn-related poor outcomes and
reduce the burden on healthcare facilities.

Introduction

Burn injuries are a worldwide health issue, significantly bur-
dening healthcare facilities.! Most burn injuries are caused by unin-
tentional exposure to high temperatures. This includes hot liquids,
hot solids, or gases.! Burn injuries result in a long-term negative
impact on the mental health, physical health, and quality of life
among burn survivors.' In 2019, more than eight million new burn
cases were identified, resulting in more than seven million patients
living with disabilities and approximately 111,000 deaths.? This
burdens patients’ families and healthcare systems.>* The economic
burden is most significant among lower-income countries due to
inadequate infrastructure safety measures. Burn treatment is com-
plex, necessitating high-level decision-making for early prevention
and management. This could lead to quicker healing and avoid
burn-related complications, particularly for mild, non-severe cases.’

Specialized burn centres are sometimes available near the site
of burn injury. In such cases, first aid can significantly impact the
outcomes of burns by evaluating the severity, associated injuries,
and the patients’ general health.® Based on this, the patients must
be transferred to a specialized burn unit for definitive management
after receiving the initial care. Pre-hospital care depends on the
decisions of paramedical staff and emergency physicians at the
burn site.” Immediate interventions can improve burn wounds’
extent, depth, severity, and prognosis. Pre-hospital management
aims to cease burning, cover the burnt area, relieve pain, and cool
the burn wound. This keeps the patient vitally stable and decreases
the progression of burn depth. Adequate pre-hospital management
reduces the possibility of scar formation and directs care towards
more specialized burn centres.® This could minimize the need for
further surgical interventions, such as grafting, and reduce the
length of hospital stays and overall costs.!” While many published
studies revealed the usefulness of pre-hospital EMS in improving
burn outcomes, the available evidence deserved further assess-
ment.!"12 This is due to the lack of sufficient prospective studies
that provide conclusive evidence for future practice. Therefore,
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this meta-analysis was conducted to reveal the services provided
by the EMS providers in managing patients with burn injuries and
to assess the impact of these services on the short and long-term
burn outcomes. The study also addressed the current limitations of
EMS practice towards pre-hospital management of burn injuries.

Materials and Methods

This study was executed following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines' and the recommendations of the Cochrane collabora-
tion."* The methods of this meta-analysis were registered at the
International prospective register of systematic reviews (PROS-
PERO) database before study processing (Registration number;
CRD42023401749) (Supplementary Table 1).

Literature search

A systematic review of the literature was conducted from the
inception of databases to 1t July 2023 through twelve databases:
PubMed, Web of Science, Scopus, Google Scholar, NYAM,
SIGLE, Clinical trials, EMBASE, VHL, Controlled Trials (mRCT),
ICTRP, and Cochrane Collaboration. The search strategy did not
implement any limitations regarding age, type of burn injury, sex,
language, ethnicity, race, or place. Each database was searched
using specified keywords, customized based on the technicality of
the searched database. The medical subject heading (MeSH) was
used. The cross-referencing method, citation tracking, and screen-
ing of the references of the relevant studies were used to reveal all
potentially relevant articles. These keywords were used: ‘Pre-hos-
pital’, ‘Out of Hospital’, ‘Pre-Hospital’, ‘Emergency medical ser-
vices’, ‘EMS’, ‘Paramedical’, ‘Paramedic’, ‘Burn’, ‘Burns’,
‘Thermal’, ‘Burnt’ (Supplementary Table 2).

Eligibility criteria

All original studies that included patients with burn injuries
who received pre-hospital care by EMS staff were considered for
inclusion. The studies must retrieve the services provided by EMS
or the outcomes of burn management. Studies with unextractable
data, review articles, letters, comments, non-human reports, guide-
lines, case reports, books, editorials, and posters were excluded.
Two authors performed the screening steps to minimize the risk of
bias. The discussion dissolved the inconsistency between the
authors, and the authors made the final decision after the discus-
sion. The PRISMA Flowchart documented the systematic search of
the literature.

Data extraction

The characteristic data of the eligible articles were extracted.
This included the study’s title, the first author’s second name, pub-
lication year, study methodology, study period, and study country.
Patients’ characteristics were retrieved, including sample size, age,
and geographical distribution. The burn injury-related variables
were revealed, comprehending the burn’s depth, site, size, mecha-
nisms, and total body surface area. The data associated with EMS
were extracted, including the drug administered at the injury loca-
tion, the interventions held by EMS providers, mission details,
time to reach the place of call, and hospital transport time. The out-
comes of burn management were revealed, including mortality,
vital data at the transportation site, and severity of pain. Two
authors extracted and reviewed the data using a Microsoft Excel
spreadsheet to reduce the risk of information bias.
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Quality assessment of the eligible studies

The quality of the analyzed articles was assessed and scored
using the National Institute of Health (NIH) quality assessment
tool."” The tool comprises 14 items evaluating the research ques-
tion, study population, sampling methods, exposure, outcomes,
follow-up, and confounders. The quality of the included observa-
tional studies was categorized into bad, good, and fair.

Statistical analysis

Standardized Mean Difference (SMD) or Weighted Mean
Difference (WMD) was used to compute the continuous variables.
The mean and Standard Deviation (SD) were calculated from the
median and range or mean and range.'® The mortality risk was
assessed by calculating the event rate and 95% Cls for each study,
followed by pooling the effect sizes of all analyzed articles to eval-
uate the summary risk with 95% Confidence Interval (CI). The
random-effects model was used when statistical heterogeneity was
revealed; alternatively, the fixed-effect model was used. Statistical
heterogeneity was evaluated using Higgins P statistic and the
Cochrane Q (Chi® test). Meta-analysis was carried out using
Review Manager (Revman) v5.4 and Comprehensive Meta-
Analysis (CMA) v3 software.'”!'® The significant difference was
established at the value of probability (P) value < 0.05.

Results

A systematic search of the literature resulted in 538 reports. Of
these, 186 reports were duplicated, leaving 351 articles for screen-
ing. The title and abstract screening process excluded 332 reports,
yielding 19 articles eligible for full-text screening. This step result-
ed in nine articles being selected for data extraction, of which one
was excluded due to overlapping data. An additional study was
recognized using citation tracking, resulting in nine articles being
finally included for meta-analysis. The PRISMA Flowchart for
searching the literature and screening is shown in Figure 1.

Demographics of the included studies

Nine studies were analysed, comprising 6149 patients with
burn injuries.!*?” Eight articles of retrospective design and one of
prospective design were included. The average age of the burn
patients ranged from 5.4 to 42.7 years. Moreover, there were 2304
(67.8) males and 1094 (32.2%) females. There were 113 (33.53%)
patients with scald injuries, 70 (31.53%) with contact injuries, and
36 (36%) with explosion injuries. Furthermore, 203 (3.93%)
patients had burn injuries on their limbs, while 404 (7.7%) patients
sustained burn injuries on the face or head. Multiple burn injuries
were documented among 1695 (32.84%) patients. The quality of
the eligible articles was good, with scores ranging from 66.66% to
83.33% (Table 1).

Interventions performed by EMS

Emergency medical services were performed using a heli-
copter for 2,657 patients with burn injuries. Subsequently, 62
patients were transferred using ambulance services offered by the
EMS. They provided urgent support to the ground-based medical
rescue teams. However, transport from rural areas was significant-
ly longer than from urban areas. Furthermore, EMS providers
administered analgesics to 1818 patients. Cooling the burn wound
at the site of burn injury was carried out for 131 patients, while
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peripheral intravenous lines were established for 366 patients.
Oxygen was supplied to 450 patients, while wound washing was
performed on 80. Fluid replacement was administered to 1,784
patients, and primary wound dressings were applied to 209
patients. Prophylactic intubation was performed on 742 patients.
The average response time for calls ranged from 19 to 19.9 min-
utes, whereas the transport time to the hospital ranged from 11 to
32.71 minutes (Table 2).

Level of training of EMS for managing patients
with burn injuries

Fein et al., (2014) reported inadequate training among EMS
regarding caring for burn patients. They highlighted a significant
need for improved data documentation. Ghaffarzad et al. (2017)
reported a low level of training among EMS providers for the pre-
hospital management of burn patients, with only 30% having
received the necessary training. They reported a significant associ-
ation between the level of EMS training and burn-related deaths.

Article

This association was also significant with the quality of pre-hospi-
tal services provided by the EMS, particularly adequate fluid ther-
apy. They highlighted that the lack of necessary knowledge neces-
sitates well-structured guidelines and educational programs for
EMS providers. These programs should focus on evaluating and
managing patients with burn injuries on the scene of acci-
dents‘19,20,26,27

The impact of EMS on the outcomes of burn
Vital data

Temperature

Two articles?>?* that included 124 burn patients reported the
difference in mean temperature levels before and after EMS man-
agement. There was no statistical heterogeneity between the
included studies (I> = 0%, P = 0.80), and the mean temperature did
not differ significantly after EMS management (MD -0.56; 95% CI
-1.19 t0 0.08; P = 0.09) (Figure 2A).
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Figure 1. PRISMA Flow chart showing the process of the literature search, title, abstract, and full-text screening, systematic review, and

meta-analysis.
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Respiratory rate

Two studies that included 182 patients with burn injuries eval-
uated the difference in mean respiratory rate before and after EMS
intervention.?!?? There was a statistically significant reduction in
the mean respiratory rate after EMS intervention, with an MD of -
5.18 (95% -6.64, -3.72; P<0.001), and significant homogeneity
between the included studies (I’=28%, P=0.24). (Figure 2B).

A Post-Intervention Pre-Intervention
Study or Subgroup  Mean SD _Total Mean SD _Total Weight

Feinetal, 2014 356 322 117 362 23 117 783%
Halletal, 2017 358 14 7 362 119 7 N7%
Total (95% CI) 124 124 100.0%

Heterogeneity: Tau*= 0.00; Chi*= 0.06, df=1 (P = 0.80), F= 0%
Test for overall effect Z=1.72 (P = 0.09)

Article

Systolic blood pressure (mmHg)

The impact of EMS management on the mean systolic blood
pressure (SBP) was reported in two articles that included 182
patients with burn injuries.?!?? There was a statistically significant
reduction in SBP after EMS intervention (MD -29.16; 95% -54.30,
-4.01; P= 0.02), with substantial heterogeneity between the ana-
lyzed studies (I>=93%, P<0.001) (Figure 2C).

Mean Difference Mean Difference
IV, Random, 95% CI IV, Random, 95% CI
060132012
-0.40 [-1.76, 0.96]
-0.56 [-1.19, 0.08] -
RI i

-2 2
Post-Intervention Pre-Intervention

Post-Intervention Pre-Intervention Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Halletal, 2017 1583 6.02 96 2166 522 96 56.6% -5.83[7.42,-4.24) =
Maudet et al., 2020 16  6.03 86 2033 678 86 434% -4.33[6.25,-2.41) -
Total (95% CI) 182 182 100.0% -5.18[-6.64,-3.72] *

Heterogeneity: Tau®= 0.32; Chi*=1.39, df= 1 (P = 0.24); F= 28%
Test for overall effect Z= 6.97 (P < 0.00001)

Post-Intervention Pree-Intervention
Study or Subgroup  Mean SD Total Mean SD Total Weight

Halletal, 2017 122 18.09 91 13866 29.37 91 513%
Maudetetal, 2020 84.33 2412 86 12666 452 86 487%

Total (95% CI) 177 177 100.0%
Heterogeneity: Tau®= 307.68; Chi*= 15.11, df= 1 (P = 0.0001); F= 93%
Test for overall effect Z= 2.27 (P=0.02)

20 -0 0 10 20
Post-Intervention Pre-Intervention

Mean Difference Mean Difference
IV, Random, 95% CI IV, Random, 95% CI
-16.66 -23.75,-0.57) -
-42.33-53.16,-31.50] -
-29.16 [-54.30, -4.01) ~—
100 -50 0 50 100

Post-Intervention Pre-Intervention

D Post-Intervention Pre-Intervention Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hall etal,, 2017 9333 2407 98 10066 285 98 46.4% -7.33[-14.72,0.06]
Maudetetal,, 2020 966 226 86 100.33 2337 86 536% -3.73[1060,3.14]
Total (95% CI) 184 184 100.0% -5.40[-10.43,-0.37) L 4
Heterogeneity: Tau®= 0.00; Chi*= 0.49, df=1 (P = 0.48), F= 0% t _2:5 0 2=5 5:0
Testfor overall effect Z= 2.10 (P = 0.04) Post-Intervention Pre-Intervention
Post-Intervention Pre-Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Feinetal,2014 55 75 117 366 75 117 504% 0.24 [-0.01,0.50]
Maudet et al., 2020 333 226 86 566 3.76 86 49.6% -0.75 [-1.06,-0.44] =
Total (95% CI) 203 203 100.0% 0.25[1.22,0.72)
Heterogeneity: Tau®= 0.47, Chi*= 23.37, df=1 (P < 0.00001); F= 96% 5‘ 51 ) % i
Testfor overall effect Z=0.50 (P = 0.62) Post-Intervention Pre-Intervention
Post-Intervention Pre-Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Maudet et al., 2020 1433 583 86 1366 143 86 347% 0.67[-2.59,3.93) -
McCulloh etal,, 2017 189 125 139 283 181 67 295% -9.40[-14.21,-459] ——
Tranetal, 2022 59 99 120 86 128 120 358% -270[-5.60,0.20) -
Total (95% CI) 345 273 100.0%  -3.51[-8.45,1.44] -
Heterogeneity: Tau*= 15.61; Chi*= 11.55, df= 2 (P = 0.003); F= 83% 4 R
Test for overall effect Z=1.39 (P = 0.16) Postntervention Pre-Intervention
G Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate  limit limit Z-Value p-Value
Ghaffarzad et al., 2017 0.130  0.077 0.211 -6.393 0.000
Hall et al.. 2017 0.038 0.014 0.097 -6.333 0.000
Maudet et al., 2020 0.093 0.047 0.175 -6.134 0.000
Newberry et al.. 2018 0.554 0.507 0.599 2.239 0.025
Schiefer et al.. 2020  0.153  0.139 0.168 -30.854 0.000
0.150 0.053 0.360 -2.939 0.003
-8.00 -4.00 0.00 4.00 8.00

No Death Death

Figure 2. Forest plot of summary analysis of the (A) Mean Difference (MD) and 95% CI of mean temperature (°C) level pre and after

EMS management (B) Mean Difference (MD) and 95% CI of mean re

spiratory rate (breath per minute) before and after EMS intervention

(C) Mean Difference (MD) and 95% CI of mean systolic blood pressure (mmHg) pre and after EMS management (D) Mean Difference
(MD) and 95% CI of mean heart rate (beats per minute) pre and after EMS management (E) Standardized Mean Difference (SMD) and

95% CI of mean severity of pain pre and after EMS management (F)

Mean Difference (MD) and 95% CI of the mean total body surface

area (%) pre and after EMS management. (G) The mortality risk among patients with burn injuries received EMS management. Size of
the green or black squares is proportional to the statistical weight of each trial. The black diamond represents the pooled point estimate.
The positioning of both diamonds and squares (along with 95% CIs) beyond the vertical line (unit value) suggests a significant outcome

(IV = inverse variance).
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Heart rate (/min)

Two studies that included 182 patients with burn injuries eval-
vated the difference in mean heart rate before and after EMS inter-
vention.?!?> There was a statistically significant reduction in the
mean heart rate after EMS intervention, with an MD of -5.40 (95%
CI-1043,-0.37; P = 0.04), and homogeneity among the analyzed
articles (I>=0%, P=0.48) (Figure 2D).

Severity of pain

The severity of pain after analgesic administration by EMS
among patients with burn injuries was assessed among 203
patients across two articles [19, 22]. Post-EMS management, the
mean levels of pain did not show a statistically significant differ-
ence (MD -0.25; 95% -1.22,0.72; P= 0.09) despite significant sta-
tistical heterogeneity (1>=96%, P<0.001) (Figure 2E).

Estimating total body surface area of burn (%)

Three studies that included 345 patients with burn injuries
evaluated the accuracy of total body surface area (TBSA%) esti-
mation by EMS providers.???>?7 In the random-effects model
(1>=83%, P=0.003), there was an overestimation of TBSA by EMS
providers when compared to the final TBSA assessment, although
this difference was not statistically significant (MD -3.51; 95% -
8.45, 1.44; P=0.16) (Figure 2F).

Mortality risk

Five articles included 3239 patients with burn injuries and
assessed the mortality risk among burn patients [20-22, 24, 26]. Of
the included patients, 652 burn-related deaths were reported with a
risk of 15%, ranging from 5.3% to 36% (P=0.003) with significant
heterogeneity (I>=98.7%, P<0.001) (Figure 2E).

Discussion

Providing immediate and effective care for burn-injury
patients impacts their outcomes.*® The present study highlighted
the leading role of EMS providers in managing patients with burn
injuries before transporting them to a more specialized health facil-
ity. These interventions include adequate fluid resuscitation, ade-
quate analgesics, and proper cooling of the burn wound. These
interventions controlled vital parameters, mainly respiratory,
blood, and heart rates. Furthermore, there was a relative improve-
ment in the severity of pain with adequate fluid resuscitation.The
improvement in vital parameters and adequate resuscitation con-
siderably improve the outcomes of burn patients. However, there
was a relative overestimation of the extent of burn injury. In this
respect, Loguidice et al. (2016) reported a significant association
between early post-burn heart rate variability and mortality, partic-
ularly when incorporated with %TBSA.* Adequate early fluid
resuscitation in patients with burns reduces the further need for
resuscitation and minimzes the risk of mortality.*® EMS providers
need more knowledge regarding documenting and managing burn
patients in pre-hospital settings. Of note, a substantial amount of
data was not reported, and the summarized data displays only a
portion of the patients included in the original studies.

The lack of knowledge among EMS providers was mainly
attributed to the need for a more precise assessment of the extent
of the burn at the scene of injuries. Judgment in estimating TBSA
and fluid resuscitation requires revision to prevent fluid overload.
Froutan et al. (2014) identified factors impacting the quality of
pre-hospital services for burn patients. These factors included the
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stress at the burn scene, insufficient information, the nature of burn
care and progressive burnout.?! This highlights the need for infor-
mative guidelines and decisive approaches to standardize pre-hos-
pital care of burn-injury patients.'?202326 These findings indicated
the need for further paramedic educational programs regarding the
initial first aid for patients with burn injuries at the scene of the
accidents.

In the present study, EMS offered a wide range of interventions
for managing patients with burn injuries. This included administra-
tion of analgesics, cooling the wound, wound care, oxygen thera-
py. and intubation. Of note, the mortality rate among burn patients
who received EMS management was 15% in the present study.
This figure was relatively low compared to a risk of 18% among
patients who received EMS care in Brusselaers et al. (2010).3? The
role of the paramedics in stabilizing the patients’ vital data before
transferring to a specialized centre had a prognostic value.
Kallinen et al. (2016) showed that the first SBP measured on the
scene of burn injuries was associated with survival at 30 days and
six months intervals.> Cooling the wound burn at the scene of
injury decreases the need for further skin grafting in pediatric
patients, decreasing the depth and size of the wound and enhancing
the potential for re-epithelialization.’*> This revealed the ultimate
role of EMS providers in caring for burn victims and their contri-
bution to minimizing the burn injuries’ negative repercussions on
the short and long-term outcomes. However, the current knowl-
edge of EMS providers needs further improvement. Consistent
with this finding, Eaton et al. (2020) highlighted the need for
paramedics to be highly skilful in managing patients with life-
threatening conditions.’ Lam et al. (2018) reported inadequate
knowledge regarding the emergency management of burn victims,
particularly with primary healthcare providers. They highlighted
the need for continuous medical education programs for all health-
care providers regarding the optimal management of burn
injuries.”” These findings are localized to the British and
Vietnamese experience, and further studies are necessary to glob-
alize their expertise. Training should empower EMS providers
with confidence in decision-making and professionalism in per-
forming necessary procedures before hospitalization. This could
improve the outcomes of burn injuries and reduce the economic
burden of burns on the healthcare systems.*® Phillips et al. (2022)
recommended regular follow-up and case review protocols to
ensure better burn care in the pre-hospital settings. This will ensure
a better understanding of the patients’ urgent needs at the scene of
burn injuries and provide safe transfer to specialized burn cen-
tres.* Holbert et al. (2023) recommended approach of effective
fast pain relief, rapid wound cooling, and patient support. This sup-
port aims to find vascular access, maintain the normothermic envi-
ronment, and precise assessment of the burn extent. Furthermore,
the patients should be transferred to appropriate facilities for
definitive burn management.** The training of EMS providers
should consider confidence when treating burn patients and clear
guidelines with a simple approach to estimate the burnt area. The
Queensland Ambulance Service Burns and Trauma Guidelines
should be followed.*!

There was a tendency to overestimate the extent of burn injury
in the pre-hospital settings. Parallel with this finding, Brekke ez al.
(2023) highlighted an overestimation of the burn size based on
%TBSA with more than 50% of the actual extent. This was associ-
ated with an underestimation of the burn depth by approximately
50% #* Misreporting the actual status of burn injuries may lead to
improper management of burn cases and may be associated with
poor outcomes. Miscalculating the fluid replacement may increase
the risk of pulmonary oedema, compartment syndrome, and the
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need for escharotomies. Underestimation of the extent of burn
wounds increases the risk of renal dysfunction and circulatory col-
lapse.*> However, accurately determining burn size is more impor-
tant for further care of burn patients. This is critically needed for
adequate calculation of fluid therapy, planning surgical interven-
tions, and continuous nutritional support.

The present study gathered data that presents a nuanced view
of the role of EMS providers in pre-hospital burn care. On the con-
trary, this meta-analysis had some limitations. Substantial statisti-
cal heterogeneity among the analyzed studies affected the evidence
yielded. The heterogeneity may be due to differences in study
methodologies, settings, demographics of the included patients,
and management protocols. The majority of the analyzed articles
were retrospective, with a higher risk of information selection bias.
The factors influencing the quality of care for burn patients should
be evaluated. This included burn-related factors, associated
injuries, and patient demographic characteristics. These factors
may correlate with the quality of EMS care and the outcomes of
burns. Further studies are needed to address the limitations of the
studies analyzed in this meta-analysis for future clinical practice.

Conclusions

This meta-analysis revealed the considerable role of EMS in
providing the necessary care for burn victims. This included trans-
ferring patients to specialized burn centres to receive urgent care.
EMS providers delivered the required care to stabilize burn patients
and reduce pain at the injury scene. Improving the knowledge of
EMS providers towards burn care can considerably reduce the risk
of burn-related poor outcomes and improve the prognosis.
Healthcare providers should implement more training programs for
EMS providers to enhance emergency decision-making practices.
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