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Laryngeal Inhalation Injury

Young-Mo Kim, M.D., Jung-Il Cho, M.D., Jung-Hyuck Im, M.D.,
Yong-Jae Kim, M.D., Chul-Woo Lee, M.D., Myung-Taeck Lee, M.D.

Department of Otorhinolaryngology-Head and Neck Surgery, Inha University,
College of Medicine, Incheon, Korea

Background and Objectives : A burn injury to the glottis differs from a burn injury to the
trachea, bronchi, and lung parenchyma, in that thermal injury does not occur to any significant
degree below the level of the larynx, due to the effective cooling of air by the upper airway and
to reflex closure of the vocal cords from a blast of hot air. Therefore, the laryngeal inhalation
injury give rise to airway problem and voice change. The objectives of this study is to assess
management of laryngeal inhalation injury and voice change after management.

Materials and Methods : Voice changes and laryngeal injuries of eight laryngeal inhalation
patients were analized through questionnaire, voice dynamic laboratory, and laryngeal strobo-
scopy. Operative management was performed to five patients for airway patency and vocal cord
movement on laryngeal pathology and voice therapy was performed to all patients. One-year
after, voice changes and laryngeal injuries were reanalyzed with same methods.

Results : Vocal breathiness, decreased voice intensity, reduced voice range, and easy fatigability
were major complaints of laryngeal inhalation patients. Glottic stenosis were developed to five of
eight patients, and vocal cord atrophy, bowing were developed to others. Vocal cord mucosal
waves were significantly decreased in all patients. Jitter(%), Shimmer(dB) were increased and Ma-
ximal phonation time(MPT) was decreased. One-year after, subjective voice changes and objective
voice parameters were improved. And vocal cord mucosal waves were recovered in all patients.

Conclusions : Subjective voice quality and objective voice parameters were improved after
operative management for laryngeal pathology and voice therapy. And we observed recovery of
vocal fold mucosal waves by laryngeal stroboscopy. We think that early preventable tracheotomy
is necessary to reduce the laryngeal contact injury in laryngeal inhalation patients.

KEY WORDS : Burn - Inhalation - Voice - Glottic stenosis.
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Fig. 1. Stroboscopic finding of case 1 after endoextralary-
ngeal laterofixation for anterior and posterior golttic
stenosis. A : pre-op. B : post-op.
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Fig. 2. Stroboscopic finding of case 2 after microtrapdoor
technique for posterior glottic stenosis. A : pre-op.
B : post-op.

Table 1. Clinical profiles of patients :
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Fig. 3. Strogoscopic finding of case 3 after web lysis with
CO, laser & keel insertion. A : pre-op. B : post-op.

Fig. 4. Subjective voice changes through questionnaire. 0 :
no symptom, 1 : mild, 2 : moderate, 3 : severe, EF
. Easy Fatigability, RPR : Reduced Phonation Ran-
ge, DVI : Decreased Voice Intensity, VB : Vocal Br-
eathiness.

laryngeal pathologies & managements

Pt. No. S/A Intubation Laryngea! injury Operation
1 M/17 6 days Post. glottic stenosis Vocal cord laterofixation
2 M/17 6 days Post. glottic stenosis Microtrapdoor flap
3 F/17 7 days Ant. & post. glottic stenosis Vocal cord laterofixation
4 F/16 5 days Post. gl(_)ttic stengsis End—to-gnd a.nastomosis
Subglottic stenosis T-tube insertion
5 F/18 3 days Ant. glottic stenosis Silastic keel insertion
6 F/17 (—) Vocal cord atrophy (-}
7 F/17 (-) Vocal cord atrophy (-)
8 F/16 (-) Vocal cord atrophy (-)
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Table 2. Laryngeal stroboscopic findings at 2 months &

Table 3. Results of acoustic analysis results at 2 months

1 year & 1 year
2 Mo(No) 1 yr(Mo) 2 Mo 1 yr
Incomplete closure 8 5 Fo(Hz)
Level difference 1 0 Male 140.6 119.5
Asymmetry 1 0 Female 194.5 204.1
Amplitude Jitter(%) 2.56 1.1
Small 8 Shimmer(dB) 0.84 0.3
Abscent 2 0
Mucosal wave Table 4. Results of aerodynamic analysis results at 2 mo-
Small 6 8 nths & 1 year
Abscent 2 0 2 Mo 1 yr
MPT(sec)
27 F A JULEE B3, Aol 4 Male 6.8 8.5
Qe shgo] A8 ZaEol Rem, 2 % 2 Female 57 9.9
A A shEo] 988 adde] ek % gH MmO
5ee A AR 19, T4 HEUR] 3995, Male 300 309
e A P AR 25 U 20 BT FF Female = e
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71984 AAHaerodynamic analysis) 5 #H%
4] A]7Hmaximal phonation time, MPT)e] #H4

AL GA 6.8%, A7t 5.722 F/FA B} go) 3H4AH
Fd BIoH, £& 2 SAANEE W 19 F HA
oAe A} 8.5%, oz} 9922 Fkshes A7 HYo
U A4 w27 9] #islhes VehA gttt gd &
71 (mean flow rate, MFR)< &2} 300ml/sec, <=}
250ml/secel Al ®A}F 300ml/sec, A 216ml/secE &
HEE HolA| &UrHTable 4).

[

At
=

U4 Bom A% UREY S4e EAE 3]
o o% ABA G4 B ohje} 337 B

(neutrophil sequestration), cytokines®] Z+-&-, EA|
@ TS 5 d &4 Ui AAe 1T 9
olo 2 Agall? TFY] Ao FVEH FF, F
% az)3m HAAQ 7=t A 28 58 /T
A B} o] A AL IV FUAE HE
HA WAL} 7| me Ao FIEARAZ At 7]
T B3] %o §& AF £4do] EAYEA Ha o]
= A0 A&y Ao o9F A 32 A8 2
#ats T utE 9 YA = opr|3HA Hrk
o33 35 &40 Antg TEG E 47Nt
fure = glow | B3] 7=3EE 3 ZlddTE
NG A4 olv] G £47) g5t &5 Al T

o Ao & ThE JAAY £4€ 7P ol

o

— 14 -



gk Fo) FEFA] B F Slt}, oje 7|=RA
S} AT MAS 8l 42 S 88t Ha
meba 241759 BEd = e nx)A drt.

B AT g9 gdea 7 e AU A5
Ad deurge] 7Hagks Bl ¥hE UeA] sdle &
T dutel ukEy} g3 F A £ 5 S48 Bion,
o] 59 BAEL BT F F S0 ZlEA

= Ao 7| ¢ @71153—4 A8 glo] 38Ulx] 7Y
A ARE FAS F “e“*o}ﬁi ALAY 7 |=HAE
A& 71EaEe AT FIA sRe] 13
& Al71d] #g BAlS o7 =39 4ol Ha
AEd, Millerst Graye R1&2<1 UAZAAAL At

2 27 713ENEE F4% va ¥ Calhoun®t
Deskin 4}#to] B71sdtA U dato] Asfgt 75t
o] 7|1#Aa & A-&Foe] Evkx &A1Y Herndon
7N BENE R} A7l gk SEe 932 glon,
Z—T Bate) Adefol uhe} EA o7 getsfof gtk

A1t Hennings2 71= @32 29l 1849 &
?l’é 3 B 5 WS APEA sk 330l
M 7|% Pao] HARSE Huslgn® & At
N 28lolM AdRES 2A dFE UA Ye
Hol] Po] HAYE 2o Hol A FU
T 7% g3t fle] # £ AN, AxEL V]
A F 2ol AREAMNEE Aldse Rol FFel &
4E Folu SR BET 4 e 4ol &
T 9g Aoz Azae.

FF gz AR Tud F9d /g &9) Vet
, WHEo] SEAZ7 5% st AHdle Mdut
Y] (pseudoparalysis) & F&3A HBg F7Ald 4
el o4& Asld XA o]
= Ade WdE At e B4 Had] o
714 & 2@} ol tiglA] Whited 52 6~
1047 A4S AT 259 4%0lA 112497

A% A 6% T 45 Ao] TAYE S Bt
th? F9A 3 Afele 7Y AFA e
7} theket A4 WA E = aldehydes, ammonia, ]

a1 hydrochloric acid Sl €3 54 &9 18|z A
GEZ g 7 =fA] BF R Aldske 73R
A 5o 98] Iud B duddx Faleo] =AY
A Boh. 28y, FRI4 stez Q% 5 A

B37h @A % ol el AgEe] FU5

‘mrl‘

[o

il
2=
=

FO ox M
H Moox K

-
T,

> 5 o =)
IEEEL sl

Rzoz Qg At FioA AgEly] WEelH,
AAZ Moritz 5& 48 FEEA 30T 2 A
2% F71E TN @J—P INFY] BFoR FE Y
o] RE FEE & B33 vt gl
Bogdasarlan-b} Olson< 4k A& & 4714
o2 Urlorn ® A7 E tE-E o] EFE
Eﬂi A S AEsta itk Type 19
&3] {3 AAnens N8I} 7HeEAl
Ao PARAEo] dBHE Type I
Argo st ALec] ¥ Ao Hudy
290 oA BHE 2 JH XY AA F =2d

F% e

£ ox %9. fo 2 o
o
id

Ao &S AT & gle e IS A9st
o} gt}
H 29 29X CO; laser® B2 ¥4 Al

% silastic keel& AUstAY T-tubed stent2A 4
F2F $A189 2, WA 3 microtrapdoor flap# en-
doextralaryngeal vocal cord laterofixation &2
T3 e AFElon BE ddA g3 59 A
Al F =@ gAR-9 e Federt £498 WA o

437 ZE2S 9 5 U, A glo] AFAR 7
EAR 9 BdES 55 AHE EA)

SAANRE B2 7 HT F 1~23]) AAHASH,
3] A8 oF 4083t o] FolH Tt ExlollA SAEA
o] Bl ¥ kA S84 H #EE Ak #
FNGE 4T S48 AHE A FSH
g ’é“"’ﬁ}ﬁi‘ﬂr 94 sPiojte F5E der
e SxtEolg sitags Aol gt Aut
59 Fdo| vekstA et BE BB A H2
L A B8AHIHE AT £ g 38R X5
AL HIHERE S3UF, N2 359 &4, o
-3 HAoY, =R w] Sl 4319 A
I} ¢ it} 3 FY3 o E IAWINE
AAEA5, Al A Z3E RUE Fo2 Al ¥
A7t F=ug ATt

BApEo] FHA o2 e FE AN 74
g, ¥RAES] At 299 Aa, BEAHRRS St

Folger & 32 FAXEE T 19 Felle =
€ g5o] A% UlA] 5502 sHHUT. 58] A&
‘]fﬂ] RAdeo] HEE ™ 7]14%d (breathy voice)°l 7t

g RS e FE ET

£ Q7o vehd £94 $5EY B9 Aus

_15_



o S AR W3 A, 43718 Fa(F)
o] Wizt gl BRE e Sk, oAl FAlE
ANe 24 A¢S Byn B4, jitter(%) 9} shi-
mmer(dB)2] 37t AR, HAPEHAEATMPT)
AT 4 JA, 2371 FEMFR)Y 371 Seld
ot} o] F FHALGAEHAIZHMPT)o] @A) 74
ol FUA sl 93t HAE B avxe &o
2 983 L dg g0 FolEx AT HHHAe]
FutE 7] wEoln], HEZI|F-&(MFR)ol 2713t
RAE GA] AR Aol 3 UlolH, B84 A
o vja] HALPREAT] FAaFo] 7] fEL
AtgEth o33 HAREELS 19 ¥ AARIA jitt-
er(%)9} shimmer(dB) gke] #4asta FHFEYAE
AZHMPT)®] 378k 5 A4atl 7t Foa |
gfahe S B 1831 $5F AEZR A3 F
At A ZAEAY S AAEHAYE AuAte] sE
9 AZL BE oA HEHE &S BT

ol 43} o] FAtgo] FHHOE e 297N
Bo| 3451, A#AQ £ AREC] B3k &
oz ¥gla, Aod e gEe] THHE AR Ko}
F4 3Pdoll o3 3F &4LE 2o FFo I
AE T 28U 48 4% 2 FEEES 2
AL Zole o] Yad Aoz Algdr) FF 3
Zo] FEE Afole AFHA FeA B2 TF
9] 9487 125 FAANA JdFY I8 F=st
o, 3% o] gl A= ASHA 34 8T
o] B2 AulAe 959 35S Amsldol & Ao
Z Alggd

2% A3 2B S9N ABA
474 AESo] TAFE & 5 YA, A A
o HEE HEPS AT 5 YUt 287, =R

A% 93 1B RS BT FAY HIBAL) A
2710 71 EAES Ak Aol o] 4T E £4
3 3o £4S e 359 AAA £48 FY
% 9l ool Y2,

30 BOl: §AY FF &9 FF @R,

References’

1) Flexon PB, Cheney ML, Montgomery WW : Man-
agement of patients with glottic and subglottic steno-
sis resulting from thermal burns. Anal Otol Rhinol La-
ryngol. 1989 Jan ; 98(1) : 27-30

2) Brown DL, Archer SB, Greenhalph DG : Inhalati-
on injury severity scoring system . a quantitative meth-
od. J Burn Care Rehabil. 1996 , 17 . 552-557

3) Miller RP, Gray SD : Airway reconstruction follow-
ing laryngotracheal thermal trauma. Laryngoscope. 1988

; 98 . 826-829

4) Calhoun KH, Deskin RW : Long term airway seque-

lae in a pediatric burn population. Laryngoscope. 1988
98 :721-725

5) Henning AG, Robert HL, Hermes CG : Upper air-
way compromise after inhalation injury. Ann Surg. 1993
Nov ; 218(5) : 672-678

6) Whited RE : A prospective study of laryngotracheal
sequelae in long-term intubation. Laryngoscope.

1984 ; 94 : 367-377
7) Bogdasarian RS, Olson NR : Posterior glottic laryn-
geal stenosis. Otolaryngol Head Neck Surg. 1980 ; 88
1 765-772
8) Cohen SR : Pseudolaryngeal paralysis. Ann Otol Rhi-
nol Laryngol. 1981 ; 90 : 483-488
9) Duncavage JA, Ossoff RH, Toohill RJ : Carbon di-
oxide laser managemnet of laryngeal stenosis. Ann Ot-
ol Rhinol Laryngol. 1985 ; 94 : 565-569
10) Laszlo R, Jozsef J, Marek B : Minimally invasive su-
rgery for posterior glottic stenosis. Otolaryngol Head
Neck Surg. 1999 Jul ; 12(1) : 153-156
11) Lichtenberger G : Endoextralaryngeal needle carrier
instrument. Laryngoscope. 1983 : 93 : 1348-1350

_16_



