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ABSTRACT

Laryngeal inhalation injury carries a significant increase in mortality rate and often indicates
immediate airway evaluation. This may be difficult in the setting of clinical deterioration
necessitating immediate intubation, which itself can synergistically cause mucosal damage.
Prior studies do not encompass predictive factors or long-term outcomes for the
laryngotracheal complex. This systemic review of PubMed, Embase, and Cochrane identified
studies investigating inhalational injuries of the upper airway. Demographic data as well as
presentation, physical findings, and delayed sequelae were documented. Laryngotracheal
burn patients were divided into two cohorts based on timing of laryngeal injury diagnosis
(before- versus after-airway intervention). 1051 papers met initial search criteria and
43 studies were ultimately included. Airway stenosis was more common in patients that
were intubated immediately (50.0%, n = 18 versus 5.2%, n = 13; p = 0.57). Posterior glottic
involvement was only identified in patients intubated prior to airway evaluation (71.4%, n =
15). All studies reported a closed space setting for those patients in whom airway
intervention preceded laryngeal evaluation. Laryngeal inhalational injuries are a distinct
subset that can have a variety of minor to severe laryngotracheal delayed sequelae,
particularly for thermal injuries occurring within enclosed spaces. Given these findings,
early otolaryngology referral may mitigate or treat these effects.

Published by Elsevier Ltd.

1. Introduction

prophylactic intubation. Taken together, these factors limit
quantification of laryngotracheal and pharyngeal injury pat-

Inhalation injuries occur in about 10% of burn patients and are
linked to an increased overall mortality in the range of 25%
[1-5]. Diagnosis is generally made on clinical suspicion with
flexible videolaryngoscopy [6—8] and imaging [9—11] employed
for confirmation. Clinical deterioration may necessitate imme-
diate intubation prior to upper airway evaluation. In addition,
traditional criteria [12] for inhalational injury often lead to

terns and tissue injury progressionin many cases. Endotracheal
intubation in the setting of an inhalation injury has been linked
to long term laryngotracheal injuries ranging from dysphonia
and dysphagia to tracheal and posterior glottic stenosis (PGS)
[13—17]. Studies quantifying these laryngotracheal outcomes
based on initial thermal injury pattern to the laryngotracheal
complex and pharynx are lacking.
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Laryngotracheal mucosal injury with concomitant intuba-
tion may initiate posterior glottic stenosis [18]. During
intubation and with an endotracheal tube (ETT) in place, the
airway is at risk of insults to delicate epithelium and
submucosal areolar and tracheal tissues leading to edema
and subsequent airway narrowing [19]. latrogenic injury
secondary to ETT intubation accounts for approximately 90%
of acquired subglottic stenosis (SGS) and an even higher rate of
PGS [20]. Dysregulated wound healing in response to ETT-
induced ulceration helps to propagate rapidly progressive
fibroplasia and pathologic scarring in subglottic injury [21]. A
recent study identified acute laryngeal injury in more than half
of patientsintubated greater than 12 h, with findings persisting
for more than two months [22]. Evidence also suggests early
intervention may be ideal in treating these patients [23]. With
the lack of therapies to prevent these complex complications,

PubMed Search

efforts traditionally have focused on improving treatments
and minimizing the associated impacts. Although well studied
in other intubated populations, the prevalence and impact of
these adverse effects of ETT are less well understood in the
cohort of patients with inhalation injury.

The majority of existing inhalational injury studies focus
specifically on pulmonary injuries, as these play a directimpact
in early survival outcomes. Despite numerous studies charac-
terizing inhalational injuries, there is a paucity of data on
thermal injury patterns or impact of inhalational injury on
upper airway function. Specific to inhalational injury to the
laryngotracheal complex, it is hypothesized that the subglottic
region, comprised of respiratory epithelium, may be more
sensitive to inhalational injury compared to the stratified
squamous epithelium above the vocal folds [15]. In addition,
airflow patterns below the vocal folds may increase the area of

(("Pharynx"[Mesh:NoExp] OR "Oropharynx"[Mesh:NoExp] OR "Nasopharynx"[Mesh:NoExp] OR
"Hypopharynx"[Mesh:NoExp] OR "Larynx"[Mesh:NoExp] OR "Glottis"[Mesh:NoExp] OR
"Trachea"[Mesh:NoExp] OR pharyn*[tiab] OR oropharyn*[tiab] OR oro pharyn*[tiab] OR nasopharyn*[tiab]
OR naso pharyn*[tiab] OR hypopharyn*[tiab] OR hypo pharyn*[tiab] OR laryn*[tiab] OR supraglotti*[tiab]
OR glotti*[tiab] OR subglotti*[tiab] OR supra glotti*[tiab] OR sub glotti*[tiab] OR trachea*[tiab] OR
laryngotrachea* [tiab] OR laryngo trachea*[tiab] OR upper aerodigestive tract*[tiab] OR upper aero digestive
tract*[tiab] OR upper respiratory tract*[tiab] OR airway*[tiab] OR air way*[tiab])) AND
(((("Burns"[Mesh:NoExp] OR burn*[tiab] OR thermal[tiab]) AND inhal*[tiab])) OR "Burns,

Inhalation"[Mesh])

EmBase Search

('pharynx'/de OR 'oropharynx'/de OR 'nasopharynx'/de OR 'hypopharynx'/de OR 'larynx'/de OR 'supraglottis'/de
OR 'glottis'/de OR 'subglottis'/de OR 'trachea'/de OR 'upper respiratory tract'/de OR pharyn*:ti,ab OR
oropharyn*:ti,ab OR subglotti*:ti,ab OR trachea*:ti,ab OR laryngotrachea*:ti,ab OR 'upper aerodigestive
tract':ti,ab OR 'upper airway':ti,ab OR 'upper respiratory tract':ti,ab OR 'oro pharyn*':ti,ab OR 'naso
pharyn*"ti,ab OR 'hypo pharyn*':ti,ab OR 'supra glotti*":ti,ab OR 'sub glotti*":ti,ab OR 'laryngo trachea*":ti,ab
OR 'upper aero digestive tract™":ti,ab OR 'upper air way*"ti,ab) AND ('burn'/de OR burn*:ti,ab OR 'thermal
injury'/de OR thermal:ti,ab) AND (inhal*:ti,ab OR 'inhalation injury'/exp)

Cochrane Search

((MeSH descriptor: [Pharynx] this term only OR MeSH descriptor: [Oropharynx] this term only OR MeSH
descriptor: [Nasopharynx] this term only OR MeSH descriptor: [Hypopharynx] this term only OR MeSH
descriptor: [Larynx] this term only OR MeSH descriptor: [Glottis] this term only OR MeSH descriptor:

[Trachea] this term only) OR ((pharyn*):ti OR (pharyn*):ab OR (oropharyn*):ti OR (oropharyn*):ab OR (oro-
pharyn*):ti OR (oro-pharyn*):ab OR (nasopharyn*):ti OR (nasopharyn*):ab OR (naso-pharyn*):ti OR (naso-
pharyn*):ab OR (hypopharyn*):ti OR (hypopharyn*):ab OR (hypo-pharyn*):ti OR (hypo-pharyn*):ab OR
(laryn*):ti OR (laryn*):ab OR (supraglotti*):ti OR (supraglotti*):ab OR (supra-glotti*):ti OR (supra-glotti*):ab
OR (glotti*):ti OR (glotti*):ab OR (subglotti*):ti OR (subglotti*):ab OR (subglotti*):ti OR (sub-glotti*):ab OR
(trachea*):ti OR (trachea*):ab OR (laryngotrachea*):ti OR (laryngotrachea*):ab OR (laryngo-trachea*):ti OR
(laryngotrachea*):ab OR ("upper aerodigestive tract"):ti OR ("upper aerodigestive tract"):ab OR ("upper aero-
digestive tract"):ti OR ("upper aero-digestive tract"):ab OR ("upper respiratory tract"):ti OR ("upper respiratory
tract"):ab OR ("upper airway"):ti OR ("upper airway"):ab OR ("upper air-way"):ti OR ("upper air-way"):ab))
AND ((burn*):ti OR (burn*):ab OR (thermal*):ti OR (thermal*):ab) AND (MeSH descriptor: [Burns,
Inhalation] explode all trees AND ((inhal*):ti OR (inhal*):ab))

Fig. 1 - Search terms used in the PubMed, Embase, and Cochrane databases.
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exposure to toxin and thermalinjury [24]. Conversely, the glottic
closure reflex, an airway protective mechanism activated by
receptors within the larynx [25], may functionally create a heat
sink protecting the lower airway from thermalinjury. Addition-
ally, heat capacities of inhaled fluids can vary by orders of
magnitude, such as with steam verses hot dry air, widely
alteringresulting tissue damage from inhalational injuries [26].

Although there are systematic reviews of prognostic
implications in inhalation injuries [27] and risk factors for
developing dysphagia after thermal burn injuries [28], these do
notencompass predictive factors or long term outcomes for the
laryngotracheal complexin the settingofinhalationinjury. Asa
result, in this systematic review, we sought to compile existing
literature addressing thermal inhalation injuries to the laryng-
otracheal complex, defining the presentation, physical find-
ings, and associated short- and long-term sequelae of
inhalational injuries on the upper airway. Ultimately, this
information may help to optimize early consultation and
intervention, where applicable, to reduce long-term morbidity.

2. Methods

A systematic review was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines [29,30]. Guidance was
provided by our institution’s library information specialist
(KB). A review protocol did not exist prior to this study and no
study registration was required. Three search engines were
used to conduct the systematic review: PubMed, Embase, and
The Cochrane Library. An additional search through the
Clinical Trials was performed. Search terms are defined in
Fig. 1. The search was performed for all studies through
November 2019. A specific start date was not set to ensure
comprehensive review. Studies were included if they dis-
cussed inhalational or thermal burn injuries specific to the
upper airway. Anatomical subsites included the pharynx,
oropharynx, nasopharynx, hypopharynx, larynx, supraglottis,
subglottis, glottis, laryngotrachea, upper respiratory tract,
upper airway, or upper aerodigestive tract.

Studies were excluded if they were non-English full texts,
animal studies, in-vitro studies (only histological/molecular
analyses), review articles, or if full text was unavailable. In
order to minimize risk of bias, we excluded any study from the
same institution that included repeat cohorts (Fig. 2). Dedicat-
ed pediatric studies were excluded in order to limit any
confounding factors attributed to differences in anatomy and
physiology in children. Additionally, studies were excluded if
they were limited to the lower respiratory tract, described
inhalational injuries in general terms without objective upper
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Fig. 2 - Flow chart of identification and screening as performed in accordance to PRISMA guidelines.
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airway findings, reported non-inhalational mechanisms of
injury (chemical, electric, iatrogenic airway fire), or involved
blunt/penetrating laryngeal trauma. Many studies included
laryngeal inhalational injuries as a subset of a larger group of
burn patients; in these cases, only the patients and associated
data specific to laryngeal inhalational injuries were collected
for analysis.

All studies were reviewed independently by two authors
(JAT, LN). Studies in which inclusion and exclusion criteria
could not be determined based on abstracts alone warranted
full text review. The bibliographies of all included studies were
hand searched for additional studies potentially missing
capture in the initial search criteria. When necessary, studies
were discussed in detail to achieve consensus and consistency
for inclusion.

All studies meeting inclusion criteria underwent data
extraction (JAT, GA) for the following variables: article year,
lead author, institution, study type, demographics (age, sex,
and race if specified), etiology and circumstance of burn injury,
percent total body surface area (% TBSA), clinical presentation,
airway management, discharge disposition, mortality, de-
layed sequelae, and complications. Specifically, clinical
presentation variables included dysphonia, dysphagia, dys-
pnea, stridor, wheezes/rales, and cough. Documented physical
exam findings include singed nasal or facial hairs, cutaneous
burns to the head and neck, and if endoscopic examination
was performed, soot and/or edema, hyperemia, and hyperse-
cretion. Delayed sequelae were defined as any result not
present upon initial airway evaluation of the patient and
included pneumonia, stricture or stenosis, posterior glottic
web or stenosis, and tracheoesophageal fistula.

Laryngotracheal burn patients were divided into two
cohorts based on the timing of laryngeal injury diagnosis
(before- versus after-airway intervention). This grouping was
selected to categorize patients where a formal airway evalua-
tion was undertaken in a non-instrumented airway compared
to those patients where airway evaluation was only possible
after initial intubation, as the known impacts of endotracheal
intubation may confound airway findings. Airway interven-
tion was defined as any procedure performed to secure the
airway to include: intubation, surgical tracheostomy, and
cricothryoidotomy. Patients were included in the before-
airway intervention group if objective laryngeal inhalation
injury was documented before any airway interventions
(intubation, etc.). Conversely, if the diagnosis of laryngeal
inhalation injury was diagnosed at some point after initial
airway intervention, patients were included in the after group.
The mechanism of laryngeal burn was also investigated based
on closed space (e.g. house fire, trailer) versus open space (e.g.
outdoors).

The data was recorded using Microsoft Excel (Microsoft
Corporations, Redmond, WA). Overall outcome variables
were reported using descriptive statistics (IBM SPSS Statis-
tics, Version 20, Chicago, IL). When applicable, patient
percentages were among reported only as a percentage of
the patient population in those studies reporting the
variable of interest. Overall mortality, tracheostomy rates,
and airway stenosis were reported between groups based on
the timing of laryngeal injury diagnosis (pre- or post-airway
intervention).

3. Results

A total of 1051 papers met initial search criteria of which
41 studies met inclusion criteria (Fig. 2). Hand searches of the
grey literature to include bibliographies of the above 41 articles
identified two additional papers for a total of 43 included
studies. Initial conflicts with 23 studies were resolved through
reviewer discussion.

Included studies were published between 1973 and 2019. In
total, there were nine prospective observational studies,
16 retrospective reviews, and 18 case reports or series.
Collectively, a total of 12,474 burn patients were identified,
1517 of which had objective documentation of laryngeal
inhalation injuries (12.15%). Across 29 studies [6—12,14,31
—51], 1400 patients had laryngeal inhalational injuries docu-
mented prior to airway intervention (Table 1). An additional
117 patients from 14 studies [13,16,52—63] were noted to have
laryngeal inhalational injuries documented after airway
intervention (Table 2). Laryngeal inhalational injuries were
most commonly identified by flexible endoscopy. A small
subset of patients were diagnosed via virtual bronchoscopy in
which CT scans were used to specifically assess laryngotra-
cheal structures [9].

Clinical diagnosis (Fig. 3), physical exam findings (Fig. 4),
and delayed sequelae (Fig. 5) are summarized based on
laryngeal findings of inhalation injury documented before
and after airway intervention. Intubation was the most
common means of airway intervention (n = 483) with surgical
airway/tracheostomy and emergent cricothyroidotomy.

Patients with laryngeal inhalational injury noted prior to
airway intervention had a mortality rate of 17.4%, n = 143 of
824, compared to findings after airway intervention of4.2%,n =
3 of 79. Both cohorts underwent tracheotomy at similar rates
(34.2%, n = 181 of 527, and 34.3%, n = 30 of 77). Airway stenosis
was more common in patients that were intubated immedi-
ately (50.0%, n = 18 of 36, versus 5.2%, n = 13 of 246). Posterior
glottic involvement was only identified in patients intubated
prior to airway evaluation (71.4%, n = 15 of 21). Airway stenosis
was identified as early as one to fourteen weeks after injury
[61]. All studies reported a closed space setting for the subset of
patients in whom airway intervention preceded laryngeal
evaluation and environment was documented.

4, Discussion

This is the first systematic review assessing laryngotracheal
complex sequelae from thermal upper airway injury, adding to
a growing body of literature documenting the voice, swallow,
and breathing effects of upper airway and inhalation burns.
Results of this systematic review illustrate varying physical
exam and clinical presentations and delayed outcomes of
patients with laryngeal thermal inhalational injuries. Long
term sequelae may be minor or may include tracheo-
esophageal fistula or tracheal or posterior glottic stenosis.
Appropriately, most research and patient studies to date on
inhalation injuries focus on acute life-saving therapies;
however, data are lacking on the laryngotracheal sequelae
from these thermal injuries that can negatively impact quality
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Table 1 - Study characteristics including demographics of study population for those in which laryngeal inhalational injuries were noted prior to airway intervention. N

represents the laryngeal inhalational injury sample size. NA, not available; No., number of; trach, tracheostomy; Avg, average; yrs, years.

Lead Institution Country Published Study Journal Study type Closed/ Total N No. No. No. Sex Avg TBSA
author date dates open sample deaths intubated trach (M/F) age
space size (yrs)
Haponik Johns Hopkins USA 1987 1982-1984 Am Rev Re-  Prospective NA 38 36 0 6 27/9 348 Mean15.7
etal. [31] University spir Dis + 15%
Desai et al. Singapore General Singap- 2019 2017 Singapore Case Report/ NA 5 5 0 5 5/0 Range 0
[32] Hospital ore Med ] Series —22.5
Chingetal. Morsani College of  USA 2016 2002—2010 ] Burn Care Retrospective NA 9775 22 43.7  Mean
[33] Medicine Res chart review 21.74%
Baietal [6] Changhai Affiliated China 2013 2010 Diagn Pathol Case Report/ Closed 20 20 0 1 7 14/6 542 Rangel
Hospital of the Sec- Series —5%
ond Military Medical
University
Edelman Wayne State Univer- USA 2008 2001-2006 ] Burn Care Retrospective NA 11 7 0 7 7 5/2 44 Mean
et al. [34] sity/Detroit Receiv- Res chart review (range)
ing Hospital 30.7% (10
—60%)
Megahed Menoufiya Universi- Egypt 2008 2004—2008 Ann Burns Retrospective NA 281 130 54 61/69
et al. [36] ty Hospitals Fire Disasters chart review
Yamamura  Osaka City Japan 2013 Crit Care Prospective NA 37 37 4 25 0 31/6 63 Mean
etal. [11] University 11.5%
Badulak etal. University of USA 2018 2008—-2013 Burns Retrospective NA 218 10 10
[12] Washington chart review
Frenoetal.  University of South USA 2018 2012—-2015 Burns Retrospective Closed 210 73 10 41 Median
[7] Alabama School of chart review 5% (IQR2.5
Medicine —9%)
Gohetal. [37] Changi General Singap- 2006 27-Jun-05 Eur ] Emerg Case Report/ Open 22 15 0 0 38.7
Hospital ore Med Series
Rhodes et al. Mount Sinai Hospital USA 1973 1973 Am Rev Re- Case Report/ Closed 15 12 2 3/9
[38] Miami spir Dis Series
Muehlberger Johns Hopkins USA 1998 1996—-1997 Arch Otolar-  Retrospective Closed 11 11 8/3 43
et al. [8] University yngol Head chart review
Neck
Tilney [39] Albany Medical USA 2010 Air Med ] Case Report/ Open 1 1 1 1 1/0 80 Mean
Center Series 100%
Madnani Albert Einstein Col- USA 2006 1998—2003 Ear Nose Retrospective NA 41 41 8 28/13 36
et al. [40] lege of Medicine Throat J chart review
Marek et al.  Slaskie Burn Center Poland 2007 2001-2004 Burns Prospective NA 292 111
[41]
Lowery et al. Vanderbilt Universi- USA 2019 2012—2017 ] Burn Care Retrospective NA 129 129 129 19 76/53 47.1  Mean
[42] ty School of Medicine Res chart review 10.5%
non-LTS
Mean
30.3% LTS

(continued on next page)
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Table 1 (continued)

Lead Institution Country Published Study Journal Study type Closed/ Total N No. No. Sex Avg TBSA
author date dates open sample deaths intubated trach (M/F) age
space size (yrs)
Onishi et al. Japan Community Japan 2017 2012—2014 Acute Med Retrospective NA 80 71 9 59 Median
[43] Health Care Organi- Surg chart review 9.5%
zation Chukyo
Hospital
Fang-Gang Beijing Jishuitan China 2015 2009-2013 Burns Retrospective NA 443 443 31 353/90 37.2 Mean
et al. [44] Hospital chart review 46.63 +
33.01%
tracheos-
tomy
Mean
21.90 +
20.49%
non-tra-
cheosto-
my
Arakawa Hamamatsu Medical Japan 2007 2002-2004 Burns Prospective Closed 5 5 4 2/3 >20%
et al. [45] Center
Costa Santos Hospital da Prelada  Portugal 2015 2009-2013 Ann Burns Retrospective NA 136 12 6 104 49.8
et al. [46] Fire Disasters
Moshrefi Santa Clara Valley USA 2019 2013-2017 ] Burn Care Retrospective NA 51 51 1 41/10 40.5 Mean
et al. [47] Medical Center Res (range)
6.5% (0.5
—38.0%)
Ikonomidis = University Hospital = Switzer- 2012 Burns Prospective NA 100 79 8 79
et al. [48] land
Yang et al. Chang Gung Memo- Taiwan 1998 1987-1995 Burns Retrospective NA 7 1 0 1 1/0 45 Mean 80%
[49] rial Hospital
Ribeiro et al. Centro Hospitalar de Portugal 2013 J Bronchol In- Case Study Closed 1 1 1 0/1
[35] Vila Nova de Gaia tervent
Pulmonol
Lee and Institute of Radio- Ireland 1988 Clin Radiol Prospective Closed 45 13
O’Connell logical Sciences
[10]
Colice etal. Tampa General USA 1986 Am Rev Re- Case Study Open 3 1 1 1/0
[14] Hospital spir Dis
Jones et al. New York Hospital — USA 1988 1982-1986 Ann Surg Retrospective NA 99 54 39
[50] Cornell
Gore et al. [9] Lokmanya Tilak Mu- India 2004 Burns Case Study NA 10 8 0/8 Range 25
nicipal Medical —70%
Kimetal. [S1] Pusan National Uni- Korea 2019 Iran ] Otorhi- Case Study Closed 1 1 0/1 47

versity Hospital

nolaryngol
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Table 2 - Study characteristics including demographics of study population for those in which laryngeal inhalational injuries were noted after airway intervention. N

represents the laryngeal inhalational injury sample size. NA, not available; No., number of; trach, tracheostomy; Avg, average; yrs, years.

Lead author Institution Country Published Study Journal Study type Closed/ Total N No. No. No. Sex  Avgage TBSA
date dates open sample deaths intubated trach (M/F) (yrs)
space  size
Gherardini Karolinska Hospital Sweden 1994 1987—-1992 Eur ] Plast Case Study NA 5 4 1 4 4 2/2 Range 10
et al. [52] Surg —50%
Bassietal. [53] Universidade de Sdo Brazil 2014 2013 Rev Bras Ter Case Study Closed 4 1 0 1 0 1/0 0%
Paulo Intensiva
Al Kassis et al. Yale New Haven USA 2014 2006—2012 ] Am Coll Surg Retrospective Closed 28 28 0 28 0 15/13 63.8 Mean
[54] Hospital (range) 4%
(0-10%)
Cobley et al. Frenchay Hospital UK 1999 Burns Case Study NA 1 1 0 1 1 0/1 41 35%
[55]
Irrazabal et al. Hospital de Clinicas  Argenti- 2008 26-Jun-05 Burns Case Study Closed 15 13 2 13 4 8/5 225
[56] Jose de San Martin  na
Hantson et al. Hopital Fernand Wi- France 1997 1987-1992 Chest Retrospective  Closed 64 34 47.3 0%
[57] dal, Universite Paris
VII
Valdez etal.  Texas Children’s USA 2006 2003-2004 Laryngoscope Prospective Closed 9 9 0 9 4 2/7 35 Mean
[58] Hospital (range)
19% (9
—45%)
Jayawardena Vanderbilt Universi- USA 2019 J Burn Care Case Study Closed 3 3 0 3 2 3/0 32 4%, 50%,
et al. [59] ty Medical Center Res 10%
Cha et al. [13] Kyungpook National Korea 2007 2003 Burns Prospective Closed 96 6 0 6 35.2 0%
University Hospital
Casper etal.  State University of = USA 2002 J Burn Care Prospective NA 10 7 0 7 6
[16] New York and the Rehabil
Upstate Medical
University
Koshkareva Temple University =~ USA 2018 World J Otol  Case Study Closed 139 1 0 1 0 0/1 34 29%
et al. [60] Hospital Head Neck
Surg
Flexon et al. Massachusetts Gen- USA 1989 1968—1987 Ann Otol Rhi- Case Study Closed 11 8 6 7 6/2
[61] eral Hospital nol Laryngol
Furadketal. [62] University of Szeged Hungary 2011 Interact Car- Case Study Closed 1 1 0 1 1 1/0 22
diovasc Thor-
ac Surg
Ashraf et al. BronxCare Health USA 2018 Medicine Case Study Closed 1 1 0 1 1 1/0 58

[63]

System, affiliated
with Icahn School of
Medicine at Mount
Sinai
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Clinical Presentation
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Fig. 3 - Clinical diagnosis of patients presenting with
laryngeal inhalational injuries stratified by whether laryn-
geal evaluation was performed prior to or after airway
intervention. Data is displayed as percentages of patients in
which studies documented the presence or absence of signs
and symptoms. Raw numbers of patients are displayed
above each bar in parentheses.
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Fig. 4 - Physical findings of patients presenting with
laryngeal inhalational injuries stratified by whether laryn-
geal evaluation was performed prior to or after airway
intervention. Data is displayed as percentages of patients in
which studies documented the presence or absence of
physical exam findings including endoscopic findings.
Raw numbers of patients are displayed above each bar in
parentheses.

of life in survivors. Our study identified a number of early and
late clinical signs and sequelae of these injuries.

Of all the patients with objective documentation of
laryngeal inhalational injury in this review, cough followed
by dysphonia were the most frequently noted clinical

presentations. Dysphagia, dyspnea, wheezes/rales, and
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Fig. 5 - Delayed sequelae of patients presenting with
laryngeal inhalational injuries stratified by whether laryn-
geal evaluation was performed prior to or after airway
intervention. Data is displayed as percentages of patients in
which studies documented the presence or absence of
delayed sequelae (defined as those not present immediately
upon evaluation). Raw numbers of patients are displayed
above each bar in parentheses.

stridor were also commonly reported. In general, clinical signs
and symptoms were specifically mentioned in patients that
did not receive immediate attention to secure the airway, as
often reporting of clinical signs is impossible for those patients
who remained intubated for more than a few days.

On physical exam, cutaneous burns to the head and neck as
well as singed facial and nasal hairs were more frequently
present than absent in patients with laryngeal findings of
inhalational injury. Endoscopic exam also demonstrated
edema, hyperemia, and hypersecretion in a majority of
patients, with or without the presence of soot. Collectively,
in the reported literature in this systematic review, the
presence of soot, singed facial or nose hair, cutaneous burns
to the head and neck, and edema, hyperemia, and hyperse-
cretion were each present in more than 50% of cases of
laryngeal thermal injury, though reported to a lesser extent in
patients intubated prior to formal laryngeal exam. All of these
physical exam findings are suggestive of significant thermal
injury and not isolated to predominately smoke inhalation
injury, which can occur at much lower temperatures. These
associated physical exam findings may be suggestive of
laryngeal thermal injury more so than smoke inhalation lung
injury.

Airway stenosis or stricture, most commonly in the
subglottic region, was identified in half of patients intubated
before laryngeal visualization and developed as early as one
week to fourteen weeks after injury. In addition, all cases of
posterior glottic stenosis or webs were only seen in the group of
patients that were intubated prophylactically. The trend of
patients intubated prior to laryngeal evaluation having
comparatively more severe laryngotracheal complex injuries
may indicate an uncovered link to TBSA or local tissue
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characteristics predisposing to injury. Additionally, local
tissue trauma to the delicate laryngeal tissues from even
careful intubation may precipitate long term injury to the
laryngotracheal complex. Beginning at the time of injury, a
myriad of patient and situational factors in the setting of an
inhalation injury, from mental status to acute signs of airway
obstruction or distress, play an important role in if and how
quickly an airway intervention, generally orotracheal intuba-
tion, is undertaken. In this review, all scenarios where
intubation or a surgical airway was performed to secure the
airway prior to formal diagnostic visualization of the laryngo-
tracheal complex were burns that occurred in an enclosed
space, such as within a trailer or house fire. Many of these
patients were intubated on the scene or during transport to the
hospital. Smoke inhalation injury is more common in enclosed
spaces due to the inability of smoke to dissipate quickly in
enclosed spaces as it would outdoors, and inhalation of large
concentrations of products of combustion such as hydrogen
cyanide and carbon monoxide can quickly lead to a reduced
level of consciousness and subsequent inability to protect the
airway [64].

Aside from an altered mental status, upper airway
obstruction has been noted in up to a third of patients with
inhalational injury [65] and may necessitate immediate
intubation. Inhalation injury can have variable effects above
and below the glottis, and injury to the upper airway does not
automatically imply injury to the lower airway or vice versa
[43]. In fact, Head noted that in patients with oropharyngeal
exams consistent with inhalational injury, bronchoscopy
was negative 38% of the time [66]. Conversely, the respiratory
epithelium immediately below the vocal folds may be more
sensitive to inhalational injury than the squamous epitheli-
um above the vocal fold [15], potentially attributable to
subglottic airflow eddy currents that increases local expo-
sure to toxic components of smoke [24]. Ultimately, either
injury to the supraglottic or subglottic region can necessitate
intubation.

Often, intubation may be performed urgently prior to
visualization of the larynx and upper airway, especially in the
setting where impending airway compromise is anticipated.
However, some studies suggest intubation may be performed
more often than necessary. In fact, Moshrefi et al. [47] reported
that the majority of such intubations are unnecessary, with
50 of 51 intubated patients having a normal flexible exam.
There was one patient who was intubated only after repeat
laryngoscopy, which also speaks to the need for serial
surveillance as the initial airway exam can evolve. It has been
shown that those who undergo more than one endoscopic
exam have shorter lengths of hospital stay [67].

There is likely a synergistic effect of damage from
inhalational injury and intubation that could account for the
increased finding of airway stenosis in patients intubated prior
to laryngeal evaluation [13—15]. When patients are ultimately
extubated, it can be challenging to define a clear distinction or
compound impact between the contributions of inhalational
injury and intubation to mucosal injury, stenosis, and other
soft tissue injuries in the laryngotracheal complex.

Cha et al. [13] noted a high frequency of vocal fold and
tracheal stenosis in patients with isolated smoke inhalation-
al injuries despite only short term endotracheal intubation.

Tracheal stenosis has even been observed as early as 64 h
after intubation, suggesting that intubation alone could not
have been the only factor contributing to such early
development of airway stenosis [14]. Furthermore, more
severe thermal injury and longer duration of intubation have
been shown to be associated with the development of
laryngotracheal stenosis [42]. Given the potential dire
consequences that can result from the combined effects of
intubation and inhalational injury, diagnostic laryngeal
examination prior to intubation may provide diagnostic
information on potential long term voice, airway, and
swallowing function.

As with all systematic reviews, limitations exist in the
variability of each paper in reporting variables important to
the current study. Not every study was systematic in their
documentation of symptoms, and not every study docu-
mented each one of our study variables of interest. We
attempted to display the data in as representative a way as
possible by only counting the population of studies that
mentioned the presence or absence of each variable when
portraying percentages and performing our statistical anal-
yses, rather than counting the entire population of the
studies combined. Unfortunately, not many studies included
long term follow up, which may subsequently underestimate
the prevalence of delayed sequelae reported in this study.

Although limited by the available data in existingliterature,
the findings of this review illustrate the frequency and broad
range of secondary effects from laryngeal thermal injuries,
particularly coupled with early intubation. One consideration
would be more comprehensive or standardized evaluations of
the larynx and upper airway both before intubation, when
possible, involving immediate and repeat after extubation
examination to minimize any negative effects on these
delicate tissues. More globally, the frequent identification of
dysphonia, dysphagia, dyspnea, and cough combined with the
identified long term sequelae of tracheal or posterior glottic
stenosis or tracheo-esophageal fistula suggest that early
Otolaryngology Head and Neck Surgery referral or consulta-
tion may be warranted to supplement care and potentially
mitigate or engage in treatment of delayed sequelae. Future
prospective studies and meta-analyses may better elucidate
these complex injuries and sequelae.

5. Conclusions

Laryngeal inhalational injuries are a distinct subset of
inhalational injuries that can have a variety of minor to severe
laryngotracheal delayed sequelae, particularly for thermal
injuries occurring within enclosed spaces. Given these find-
ings, early Otolaryngology Head and Neck Surgery referral may
be useful to mitigate or treat these effects.
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