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D isclo su r e s

Re le vant  Financ ial Disc losure s

– Emp loyed  b y Unive rs ity of California, Davis  and  Shrine rs  Child ren’s  Northe rn 
California

– Rece ive  Royalt ie s  as  author of Surgical Nut rit ion top ic s  for Up toDate
– Consultant  for PolyNovo
– Contrac ted  Research for Sp ec t ral MD
– Consultant  for Avita Med ical

None  of the se  are  re le vant  to this  ta lk



D isclo su r e s

Us e  of Art ific ia l In t e llige nc e

– Port ions  of the  visual grap hic s  and  illus t rat ive  d es ign e lements  inc lud ed  in this  p re sentat ion 
were  gene rated  with the  ass is tanc e  of art ific ial inte lligenc e  (AI)- b ased  image  gene rat ion 
tools . 

– All ed uc at ional c ontent , sc ient ific  inte rp re tat ion, and  final ed itorial review were  c reated , 
reviewed , and  ap p roved  b y the  p re sente rs . 

– AI tools  we re  used  sole ly to ass is t  with visual d e s ign and  d id  not  gene rate  the  und e rlying 
ed uc at ional mate rial, re c ommend at ions , or c onc lus ions  p re sented  in this  se ss ion.



O B J E C T IV E S

B y  th e  e n d  o f  th is h o u r , y o u  w ill b e  a b le  to

1
Recognize  inhalat ion injury early 
and  sep arate  the  find ings  that  
threaten the  airway from the  
ones  that  d o not .

2
Ap p ly current  evid ence  to 
vent ila t ion, a irway c learance  and  
inhaled  the rap y at  the  b ed s id e .

3
Antic ip ate  the  comp licat ions : 
c arb on monoxid e , cyanid e , fib rin 
cas ts , p neumonia and  ARDS, then 
p lan the  recove ry.



M r . R , 4 2 , a r r ive s f r o m  a  h o u se  f ir e
Found  b y fire fighte rs  in a  c losed  room. Coughing and  
hoarse , with soot  around  the  nose  and  mouth.

Burns  to the  face  and  neck, ab out  18% TBSA. Drowsy, 
GCS 13.

W h a t  w o r r ie s y o u  m o st? W h a t  d o  y o u  d o  
in  th e  n e x t  10  m in u te s?

O N  A 15  L/ MIN  N O N - REBREATHER

Sp O₂ 9 8 %

RR 28 · HR 118 · BP 9 2/58

Lac tate  9 .2 m m ol/ L

Voice : hoarse , no s t rid or ye t



W H Y IT  M A T T E RS

In h a la t io n  in ju r y  ch a n ge s th e  o u tco m e  o f  a  b u r n

≈2 0 %
of hosp ita lized  b urn p at ients  
have  an inhalat ion injury, and  it  is  
an ind ep end ent  p red ic tor of 
d eath.

2 6 %
In- hosp ital mortality ac ross  
the  e nt ire  SI- ALI c ohort

Rose  to 50 % among p at ie nts  
with >20 % b urn

+2 0 %
ad d ed  exp ec ted  mortality in 
major b urns  with inhalat ion injury 
alone  and  +6 0 % with p neumonia 
+ inhalat ion injury

A skin b urn can b e  exc ised  and  grafted . Injured  airway cannot , so it  is  managed  with sup p ort ive  re sp iratory care .

Sourc e s : Milton- Jone s  20 23 (Crit  Care ); Kad ri 20 16  via 20 25 Chine se  c onse nsus ; Shirani 19 87 (Ann Surg); ABA working group  (JBCR)



P A T H O P H YS IO LO G Y

T h r e e  in ju r ie s in  o n e  p a t ie n t

He a t : up p e r a irwa y
Thermal injury ab ove  the  glot t is . 
Ed ema can p rogre ss  q uickly and  
c lose  the  airway d uring the  firs t  
hours .

Che m is t ry: lowe r a irwa y
Soot  and  irritants  inflame  the  
t rachea and  b ronchi, c aus ing 
b ronchorrhea, s loughing, c as ts , 
then ARDS.

Pois ons : whole  b od y
Carb on monoxid e  and  hyd rogen 
cyanid e  s tarve  t is sues  of oxygen 
while  the  monitor c an look 
normal.

No s kin  b urn  re q uire d . Inhalat ion injury occurs  with and  without  cutaneous  b urns , and  b urns  with inhalat ion injury 
d eve lop  ARDS earlie r and  more  seve re ly.

Sourc e s : Milton- Jone s  20 23 (RAND/UCLA p ane l); Vand e rb ilt  b urn inhalat ion p rotoc ol; Lam & Hung 20 19  (Ann Burns  Fire  Disas te rs )



W H A T  H A P P E N S  W H E N

T h e  in ju r y  e vo lve s fo r  d a y s a f te r  th e  f ir e

0 – 4 8  HO URS

Airwa y e d e m a
Swelling b uild s , 
e sp ec ially afte r fluid  
re susc ita t ion. Loss  of 
a irway control is  the  
early d ange r.

2 4 – 72  HO URS

Sloughing
Mucosa sep arate s . 
Hyp oxemia risk p e rs is ts  
up  to 72 hours  with 
grad e  2 or highe r injury.

DAYS 3 – 7

Ca s t s  a nd  infe c t ion

Fib rin cas ts , thick 
sec re t ions , p neumonia 
and  ARDS d ominate  the  
course .

W EEKS TO  MO NTHS

Re c ove ry
Weak cough, red uced  
vita l c ap ac ity and  
exe rc ise  limits  c an 
p e rs is t  afte r d ischarge .

Sourc e s : Conc annon 20 23 (Eur Burn J ); Vand e rb ilt  p rotoc ol; Won 20 22 (JBCR); c onse nsus  20 25.



0 1
R e co gn ize  it
Red  flags , the  airway d ec is ion, and  b ronc hosc op y



RE C O G N IZE  IT

Su sp e c t  it  f r o m  th e  h isto r y , th e n  th e  e x a m

His t ory
Fire  in an enc losed  sp ace

Prolonged  exp osure

Loss  of consc iousness

CPR at  the  scene

Othe rs  d ied  in the  same  fire

Up p e r a irwa y
Fac ial and  neck b urns

Singed  fac ial or nasal hair

Oral or p haryngeal ed ema and  
b lis te rs

St rid or

Lowe r a irwa y
Cough, wheeze , hoarseness

Carb onaceous  sp utum

Inc reased  sec re t ions

Dysp nea, acce ssory musc le  use

Alte red  consc iousness

• No s ingle  s ign  ru le s  it  in  or out .

• In one  c ohort , s inged  nasal hair and  hoarseness  d id  not  p red ic t  e arly intub at ion. 

• Re a s s e s s  oft e n .

Sourc e s : Milton- Jone s  20 23 (RAND/UCLA p ane l); e arly- intub at ion c ohort , PMC56 74455



T H E  A IRW A Y D E C IS IO N

In tu b a te  fo r  a  th r e a te n e d  a ir w a y , n o t  fo r  so o t  a lo n e

Se c ure  t he  a irwa y whe n
Full- thickness  cent ral fac ial b urns  

St rid or or re sp iratory d is t re ss

Swe lling seen on laryngoscop y, or up p e r a irway t rauma

Alte red  mentat ion, hyp oxia  or hyp e rcarb ia

Hemod ynamic  ins tab ility

Think t wic e  a b out
Soot  in the  mouth or face  and  neck b urns  alone : in a  
20 19 – 20 23 cente r review, ne ithe r p red ic ted  intub at ion 
b eyond  24  hours .

Unnecessary intub at ion is  common b e fore  arrival a t  
b urn cente rs .

But the  airway can b e  los t  within hours , and  ad vanced  
b urn life  sup p ort  ad vise s  securing it  wheneve r p atency 
is  in d oub t .

Sourc e s : De fining c rit e ria  for intub at ion, Burns  20 18; Burge ss  & Dub e nsky, JBCR 20 25 (ab s t rac t  59 3); Conc annon 20 23; ABLS via Re v Colomb  Ane s te s iol 20 18



T H E  A IRW A Y D E C IS IO N

C h o o se  th e  tu b e  y o u  w ill n e e d  o n  d a y  tw o

8 .0  m m  in te r n a l d ia m e te r , cu f fe d

If p os s ib le .
Us e  t he  la rge s t  t ub e  p os s ib le

Why la rge : a  smalle r tub e  limit s  the  b ronchoscop e  channe l for lavage  and  ad d s  
re s is tance  on top  of s t iff, sec re t ion- filled  lungs .

Why it  m a t t e rs : 7.0  and  7.5  mm tub es  often arrive  from the  scene , and  up s izing 
means  anothe r airway inte rvent ion.

Tra c he os t om y: Timing d ep end s  on seve ral fac tors .  Early (within 7 d ays) often 
used  with large  b urns . Rep eated  extub at ion and  re intub at ion b e tween op e rat ing-
room t rip s  is  not  id eal.

Cos t  of re in t ub a t ion: each one  raise s  laryngeal injury risk b y roughly 1.5  t imes .

Sourc e s : Milton- Jone s  20 23 (RAND/UCLA p ane l; tub e s  und e r 8 .0  mm we re  unc e rtain, DI 1.19 ); 20 25 Chine se  c onse nsus , Chin J  Burns  Wound s



D IA G N O S IS

B r o n ch o sco p y  w ith in  2 4  h o u r s is th e  sta n d a r d

IN- HO SP ITAL SURVIVAL BY AIS  G RADE

8 4 %
grad es  0 – 1

57%
grad es  2– 4

Confirm s  a nd  gra d e s the  injury and  guid es  the rap y. 
Cons id e r send ing a  b ronchoalveolar samp le  for culture

Re p e a t  a t  24 – 4 8  hours to lower false  negat ive s , s ince  
injury evolves .

Lim it s : grad ing is  sub jec t ive , and  the re  is  not  consensus  
on it s  p red ic t ive  value  with re sp ec t  to mortality

Sourc e s : Inhalat ion Injury, StatPe arls  (PMC110 9 0 6 54); Flinn 20 23 (JBCR 773); 20 25 Chine se  c onse nsus ; Vand e rb ilt  p rotoc ol; Charle s  20 22 (Burns)



G r ad e s o f In h a la t io n  In ju r y



G RA D IN G

W h a t  th e  sco p e  sh o w s a n d  w h a t  e x p e r ts d id  a b o u t  it

Gra d e Bronc hos c op ic  find ings Sugge s t e d  Tre a t m e nt

0  · none No de pos it s , e rythe ma, e de ma, b ronc horrhe a 
or obs t ruc t ion

No inhalat ion- spe c ific  t re atme nt

1 · mild Patc hy e rythe ma, minor de pos it s Standard  c are , Poss ib le  Init ial Lavage

2 · mode rate Mode rate  e rythe ma, de pos it s , se c re t ions Init ial lavage , he parin, albute rol, NAC

3 · se ve re Se ve re  inflammat ion with muc osal s loughing, 
c arbonac e ous  de b ris , and  part ial airway 
obs t ruc t ion.

Init ial and  se rial lavage , he parin, albute rol

4  · mass ive Mass ive  injury with muc osal ne c ros is , se ve re  
airway narrowing, and  ne ar- c omple te  
obs t ruc t ion.

Init ial and  se rial lavage , he parin, albute rol

Sourc e s : Walke r 20 15 (Crit  Care ) AIS tab le ; Milton- Jone s  20 23, Figs  3 and  7. Pane l d isagre e me nt  on mild - injury ne b ulize d  the rap y.



0 2
T h e  p o iso n s
Carb on monoxid e  and  c yanid e : what  the  monitor misse s



C A RB O N  M O N O XID E

T h e  p u lse  o x im e te r  ca n n o t  se e  ca r b o n  m o n o x id e

9 9 %
Sp O₂ can read  this  while  
c arb oxyhemoglob in is  near 40 %.
Stand ard  oxime t ry re ad s  COHb  as  
oxyhe moglob in. PaO₂ is  also normal, s inc e  it  
me asure s  d issolve d  oxyge n.

Me a s ure  it : COHb  b y co- oxime try on an arte ria l or venous  samp le .

Tre a t  firs t : give  high- flow oxygen without  wait ing for a  leve l.

A 15  L/ m in  non- re b re a t he r is  not  10 0 % FiO₂ (ab out  6 0 %). Use  a  t ight -
fit t ing c ircuit , high- flow sys tem or the  vent ila tor.

Sourc e s : Up ToDate  CO p oisoning; Me rc k Manual; p ulse  CO- oxime t ry me ta- analys is  (EUSEM 20 22); EMCrit  423.



C A RB O N  M O N O XID E

O x y ge n  sh o r te n s it ; h y p e r b a r ic  o x y ge n  is a  ju d gm e n t  ca ll

AP P RO XIMATE C O HB HALF- LIFE

Room air ~5  h

10 0 % oxygen ~1 h

Hyp e rb aric  (2.5  b ar) ~20  m in

In  Burns : Transfe r out  of a  b urn unit  for hyp e rb aric  t re atme nt  inap p rop riate . 

Sourc e s : Dtsc h Arzte b l CO re vie w (PMC6 381775); ACEP 20 25 p olic y via Me d sc ap e ; UHMS; Milton- Jone s  20 23. Half- life  value s  are  typ ic al, not  p at ie nt - sp e c ific .



C YA N ID E

Su sp e c t  it , t r e a t  it , a n d  w a r n  th e  la b / n e p h r o lo gy

Sus p e c t
Enc losed - sp ace  fire  p lus  a lte red  
consc iousness , se izure , 
unexp lained  card iac  d ys func t ion 
or arre s t .

Lac tate  of 8  mmol/L or more  is  a  
t rigge r to t re at .
A normal lac tate  argue s  agains t  it .

Tre a t
Hyd roxocob alamin, with high- flow 
oxygen. 

Do not  wait  for lab  confirmat ion 
when lac tate  is  high.

Avoid  re flexive  sod ium nit rite  
when CO is  a lso p re sent . 

Wa t c h
The  de e p  re d  d rug c olor c an d is tort  
c o- oxime try and  c olorime tric  lab s . 

Draw COHb and  labs  firs t  if poss ib le .

Follow renal func t ion: acute  
kid ney injury and  oxalate  
nep hrop athy have  b een rep orted .

Sourc e s : Milton- Jone s  20 23; AHA 20 25 guid e line  via me d ic altoxic .c om; Me rc k Manual CO; sc op ing re vie w (20 26 ); Kid ne y Int  Re p  c ase 20 21



0 3
Ve n t ila te
Lung p rotec t ion, the  mod e  d eb ate , re sc ue  the rap ie s  and  ECMO



V E N T ILA T IO N  · A T  T H E  B E D S ID E

D ia lin g  in  th e  ve n t ila to r : a  sta r t in g  p o in t
Se t t ing St a rt ing t a rge t Burn- s p e c ific  wa t c h- out

Tid al volume Ab out  6  mL/kg PBW (6 – 8  ac c ep tab le ) Use  he ight , neve r ac tual we ight : ed ema c hanges  we ight  d aily

Pressures Plateau und e r 30 ; d riving p re ssure  und e r 15  
c mH₂O

A t ight  c hes t  e sc har raise s  p re ssures  without  lung d isease

PEEP At  leas t  5 ; many unit s  run 8  with inhalat ion 
injury

Avoid  aggress ive  rec ruitment  (ART t rial); watc h b lood  p re ssure

FiO₂ 10 0 % unt il CO is  exc lud ed , then t it rate  
d own

Pulse  oxime t ry mis read s  while  COHb  is  high; use  ABG and  c o-
oxime t ry

Rate  and  p H Se t  rate  to p H; some  hyp e rc ap nia is  
tole rab le

CO₂ p rod uc t ion is  high; a fixed  low Vt  c an leave  p at ients  
ac id ot ic

Sourc e s : Milton- Jone s  20 23; 20 25 Chine se  c onse nsus ; LAMiNAR 20 21 (Burns  Trauma); ARDSNe t  e xt rap olat ion. Start ing p oint s , not  ord e rs .



V E N T ILA T IO N

S ta r t  w ith  AR D S-sty le  lu n g  p r o te c t io n

6  m l/ k g
p red ic ted  b od y we ight

<3 0
cmH₂O p lateau p re ssure , with or 
without  ARDS

ΔP
Watch d riving p re ssure  and  
ind ivid ualize  PEEP

Hone s t  c a ve a t : ARDSNet  exc lud ed  major b urns , so 
this  is  ext rap olated . 

St ill, Lung- p rote c t ive  ve nt ilat ion is  wid e ly ad op te d  
with 74% of b urn p at ients  in an inte rnat ional cohort  
got  low t id al volumes ,.

Why b urns  c om p lic a t e  it : sec re t ions  and  s loughed  
mucosa, re susc ita t ion ed ema, and  hyp e rme tab olism 
that  ra ise s  CO₂ p rod uc t ion.

Sourc e s : Milton- Jone s  20 23; 20 25 Chine se  c onse nsus ; Sc hultz 20 21 (Burns  Trauma) via c onse nsus ; ARDS re vie ws  20 25 (Crit  Care  Re s  Prac t )



V E N T ILA T IO N  · RE A L- W O RLD  D A T A

W h a t  b u r n  IC U s a c tu a lly  d o
LAMiNAR: 16 0  vent ila ted  b urn p at ients  in 28  ICUs  ac ross  16  countrie s

74 %
got low t idal volume  (8  mL/kg PBW or 
le ss ). Me d ian 7.3, with or without  
inhalat ion injury.

8  v  5
me dian PEEP, c mH₂O, with ve rsus  
without  inhalat ion injury. Pe ak 
p re ssure  31 ve rsus  20 .

16  v  2 1
ve ntilator- fre e  days  at  day 28 with 
ve rsus  without  inhalat ion injury (39 % 
lowe r c hanc e  of libe rat ion).

The  c a t c h: low ve rsus  high t idal volume  was  not  assoc iate d  with ve nt ilator- fre e  days  (HR 0 .9 9 ). The  s tudy was  
unde rpowe re d  (16 0  of a p lanne d  30 0 ), and  the  inhalat ion c omparison was  pos t  hoc .

Sourc e s : LAMiNAR inve s t igators  20 21, Burns  Trauma 9 :tkab 0 34 (p rosp e c t ive  ob se rvat ional c ohort , 20 15– 20 17)



V E N T ILA T IO N

T h e  m o d e  d e b a te : n o  c le a r  w in n e r

APRV
Ap p ro p r ia t e  wit h  ARDS; u n c e r t a in  wit h o u t

Firs t  choice  in the  20 25  Chinese  consensus , b ut  no 
b urn- sp ec ific  t ria ls .

HFPV
Ra t e d  in a p p ro p r ia t e  b y  t h e  p a n e l

An RCT matched  low t id al volume ; la te r re t rosp ec t ive  
d ata  show no mortality gain and  more  kid ney injury.

HFOV
Ra t e d  in a p p ro p r ia t e  b y  t h e  p a n e l

No b ene fit  in the  OSCILLATE and  OSCAR ARDS t ria ls ; 
le s s  e ffec t ive  with coexis t ing inhalat ion injury.

Conve nt iona l, p ro t e c t ive
Ap p ro p r ia t e : t h e  d e fa u lt

Pick the  mod e  your te am runs  b e s t  and  monitor 
p re ssure s  c lose ly.

Sourc e s : Milton- Jone s  20 23; c onse nsus  20 25; Chung 20 10  (Crit  Care  Me d ); Hall 20 0 7 (JBCR); Cartot to 20 0 9 ; HFPV VAP sys te mat ic  re vie w (inc onc lus ive )



V E N T ILA T IO N  · T H E  O N E  RA N D O M IZ E D  T RIA L

H F P V ve r su s lo w  t id a l vo lu m e : C h u n g 2 0 10
Single - c e nte r burn ICU, 6 2 adults  with re sp iratory failure , 31 pe r arm. About  35– 40 % had  inhalat ion injury; me d ian burn s ize  34%
TBSA.

12  v  11
ve nt ilator- fre e  days  (HFPV v low Vt). 
No s ignific ant  d iffe re nc e .

Sa m e
mortality and  othe r se c ondary 
outc ome s . No c le ar winne r.

2 9 % v  6 %
ne e de d  a re sc ue  mode  on low Vt  
ve rsus  HFPV (p=0 .0 2).

How t o  re a d  it : HFPV d id  not  be at  p rote c t ive  ve nt ilat ion on 
outc ome s , but  it  more  re liab ly me t  oxyge nat ion and  
ve nt ilat ion goals . It  is  a  re asonab le  re sc ue  op t ion whe re  the  
te am is  t raine d ; it  is  not  a  de fault .

Lim it s : one  c e nte r, unb linde d  by nature , mode s t  s ize , and  
no inhalat ion- spe c ific  subgroup  re sult . The  e xpe rt  pane l s t ill 
rate d  HFPV inapp rop riate .

Sourc e s : Chung KK e t  al. Crit  Care  Me d  20 10 ;38:19 70  (NCT0 0 351741); Milton- Jone s  20 23 (RAND/UCLA)



V E N T ILA T IO N  · T RO U B LE S H O O T IN G

W h e n  th e  p r e ssu r e s c lim b : a  b e d sid e  d if fe r e n t ia l

Pe a k up , p la t e a u unc ha nge d
An airway re s is tanc e  p rob le m: c as ts  or muc us  p lugs , kinke d  
or b it te n tube , b ronc hospasm (inc lud ing from NAC), or a  
s a t ura t e d  e xp ira t ory filt e r.

Pe a k a nd  p la t e a u b ot h  up
A c omplianc e  p rob le m: lung or c he s t - wall e de ma, 
pne umonia, ARDS, pne umothorax, mains te m intubat ion, or a  
t ighte ning c he s t  e sc har that  ne e ds  surgic al re le ase .

Sud d e n d e s a t ura t ion
Think p lugging firs t . A c as t  at  the  c arina or in a main 
b ronc hus  c an mimic  worse ning ARDS. Suc t ion, c he c k the  
tube , and  c all for b ronc hosc opy.

Ris ing CO₂
Highe r CO₂ produc t ion, de ad  spac e  from obs t ruc t ion, or 
auto- PEEP whe n b ronc hospasm and  a high rate  t rap  air. 
Che c k the  flow wave form.

A d oc um e nt e d  e ve nt : in a neb ulized - hep arin t rial, one  p at ient  had  ris ing p eak p re ssures  and  no measurab le  exp ired  minute  volume  
from p rob ab le  filt e r saturat ion, and  need ed  vasop ressors  for 20  minute s .



V E N T ILA T IO N

R e fr a c to r y  h y p o x e m ia : a  ste p w ise  la d d e r

1 Rule  out  p lugging: cas ts  and  sec re t ions  can mimic  worsening ARDS. Suc t ion, lavage , check the  tub e .

2 Cons id e r p rone  p os it ioning a nd  ne urom us c ula r b loc ka d e .

3 Inha le d  n it ric  oxid e  or p ros t a c yc lin : ap p rop riate  for re frac tory hyp oxemia.

4 Re c ruit m e nt , ge nt ly: aggre ss ive  rec ruitment  with PEEP t it ra t ion raised  28- d ay mortality in the  ART t ria l (55% vs  
49 %) and  can d rop  b lood  p re ssure .

5 Re fe r for VV- ECMO b efore  the  p at ient  is  morib und , even if that  means  t rans fe r.



V E N T ILA T IO N

E C M O  in  b u r n s: a  sa lva ge  o p t io n  w ith  r e a l t r a d e -o f fs

4 9 %
p ooled  hosp ita l mortality in b urn p at ients  on ECMO

55%
p ooled  mortality when half or more  p art ic ip ants  had  
inhalat ion injury, ve rsus  32% when und e r half d id

C O NSIDER W HEN
P/F und e r 80  afte r op t imal management , or 
hyp e rcap nia  with p H und e r 7.25 . Dec id e  with a  
mult id isc ip linary te am.

TRADE- O FFS
Comp licat ions  are  more  freq uent  than in othe r ICU 
p at ients  (6 7.5% vs  40 .2%), with b leed ing risk around  
exc is ion surge ry.

Sourc e s : He ng 20 23 (Burns  Trauma) me ta- analys is ; 20 25 Chine se  c onse nsus ; JBCR 20 25 ab s t rac t s . Evid e nc e  is  ob se rvat ional with se le c t ion b ias .

6 5%
were  weaned



0 4
C le a r  th e  a ir w a y
Casts , neb ulized  the rap y, b ronc hosc op y and  c hes t  p hys iothe rap y



N E B U LIZ E D  T H E RA P Y

T h e  ta r ge t  is th e  f ib r in  ca st

Bronchial b lood  flow rise s  and  
p lasma leaks  into the  airway

Clot t ing fac tors  b uild  fib rin with 
mucus  and  s loughed  mucosa

Cas ts  p lug small a irways : 
ob s t ruc t ion and  p oor gas  
exchange

He p a rin
5 ,0 0 0  IU. Blocks  fib rin format ion.

N- a c e t ylc ys t e ine
20 % solut ion (ab out  30 0  mg). 
Thins  mucus .

Alb ut e rol
Bronchod ila tor, and  counte rs  NAC 
b ronchosp asm.

Typ ic a l re gim e n: eve ry 4  hours  for 5– 7 d ays  or unt il extub at ion, with coagulat ion and  p late le t  monitoring. Protocols  vary, 
so follow yours .

Sourc e s : 20 25 Chine se  c onse nsus  (re c . 8 ); ABA b urn inhalat ion guid e line ; Vand e rb ilt  p rotoc ol; Elsharnoub y 20 14; Mc Ginn 20 19



H E P A RIN  · T H E  D E E P  D IV E

W h y  h e p a r in ? Str o n g b io lo gy , th in n e r  h u m a n  d a ta

The  t a rge t
Injure d  airways  le ak p lasma. Clot t ing 
fac tors  build  fib rin c as ts  that  p lug 
small airways . He parin b loc ks  fib rin 
format ion whe re  it  s tart s .

Be yond  c lo t t ing
Pre c linic al work sugge s ts  ant i-
inflammatory e ffe c ts  too. A me ta-
analys is  of animal smoke - inhalat ion 
s tud ie s  re porte d  a p rote c t ive  e ffe c t  
of ne bulize d  he parin.

Why ne b ulize
De live ry to the  airway aims  to 
c onc e nt rate  d rug loc ally. Sys te mic  
e ffe c ts  are  unc ommon but  not  ze ro: 
one  t rial pat ie nt  had  an aPTT above  
150  se c onds .

The  e vid e nc e  la d d e r s o  fa r: animal s tud ie s , then re t rosp ec t ive  human se rie s , then a  few small rand omized  t ria ls , 
then p ooled  analyse s . The  top  rung is  s t ill thin.



H E P A RIN  · H U M A N  S T U D IE S  1 O F  2

S tu d ie s th a t  fa vo r e d  h e p a r in
St ud y De s ign Re gim e n Re s ult

Mc Ginn 20 19 Re t rosp ec t ive , n=48 Hep arin + NAC + alb ute rol Vent ilator d ays  3.0  v 6 .5 ; ICU d ays  5 .5  v 13

HIHI s tud y 20 18 Matc hed  re t rosp ec t ive , 36  
v 36

10 ,0 0 0  unit s  eve ry 4  h for 7 
d ays , alte rnat ing with alb ute rol 
and  NAC or b ic arb onate

Vent ilator- free  d ays  21 v 13.5  (p =0 .0 31). 
Mortality 2.8% in b oth. Major b leed ing 5 .6 % v 
11.1%, not  s ignific ant

Hakim 20 24 (QJM) Rand omized , n=88 Neb ulized  hep arin Highe r P/F rat io; no c hange  in seve re  ARDS, 
failed  weaning or mortality

Ca ut ion: HIHI's  p rimary outc ome  re ac he d  s ignific anc e  only afte r e xc lud ing pat ie nts  who d ie d  or le ft  on the  ve nt ilator

Sourc e s : Mc Ginn 20 19  (J  Pharm Prac t  32:16 3); HIHI s tud y 20 18 (J  Inte ns ive  Care  Soc ); Hakim 20 24 (QJM)



H E P A RIN  · H U M A N  S T U D IE S  2  O F  2

S tu d ie s th a t  fo u n d  n o  b e n e f it , o r  p r o b le m s
St ud y De s ign Re gim e n Re s ult

Glas  20 20  (Dutc h-
Be lgian)

Doub le - b lind  RCT, 
s top p ed  early; 13 
rand omized

25,0 0 0  IU eve ry 4  h for up  to 
14 d ays  v saline

No e ffic ac y analys is . 30 % of hep arin d oses  
withhe ld  v 15% (b leed ing c onc e rn). Two 
se rious  vent ilatory events

White  20 25  
(ab s t rac t )

12- year re t rosp ec t ive , 
n=16 2

Single - c ente r p rotoc ol No d iffe renc e  in vent ilator- free  d ays , 
mortality or p neumonia. Bleed ing 6 8% v 55% 
(p =0 .0 81)

Ris inge r 20 25  (Am 
Surg)

Re t rosp ec t ive , grad e  II– III 
injury, 40  p at ients

Hep arin + NAC + alb ute rol 
p rotoc ol (47.5% rec e ived  it )

Vent ilator d ays  5  v 6  (p =0 .76 ); survival 57.9 % 
v 52.4% (p =0 .73)

Re a d ing a c ros s  b ot h  s lid e s : re t rospe c t ive  s tud ie s  c ut  both ways , and  the  only b linde d  t rial was  too small to answe r the  
que s t ion.

Sourc e s : Glas  20 20  (J  Clin Me d  9 :89 4); White  20 25 (JBCR 46  Sup p l 1:S156 ); Ris inge r 20 25 (Am Surg). Ab s t rac t - le ve l for White  and  Ris inge r.



H E P A RIN  · P O O LE D  E V ID E N C E

T h e  2 0 2 5 m e ta -a n a ly sis: p r o m isin g , b u t  p o o le d  f r o m  
w e a k  p a r ts
7 s tud ie s  (3 randomize d , 4  c ohort ), 9 50  pat ie nts , se arc he d  20 14– 20 24

0 .79
Mort a lit y, risk rat io (0 .6 4– 0 .9 7)

−0 .50
Ve nt ila t ion  d ura t ion , SMD (−0 .85  to 
−0 .15)

0 .3 5
Ve nt ila t or- fre e  d a ys , SMD (−0 .0 5  to 
0 .75): not  s ignific ant

0 .9 5
Pne um onia , RR (0 .80 – 1.13): no e ffec t

1.15
Ma jor b le e d ing, RR (0 .88– 1.50 ): not  
s ignific ant

Why c a ut ion : he te rogene ity of 45– 6 0 % 
on the  main outc omes , mixed  d es igns , 
and  the  authors  themse lves  c all for large  
rand omized  t rials .

Sourc e s : Ne b ulize d  he p arin for inhalat ion injury in b urn p at ie nts : up d ate d  sys te mat ic  re vie w and  me ta- analys is  (Biosc ie nt ia  Me d ic ina, 20 25); e arlie r p oole d  
analys is : Burns  Trauma 20 20  (tkaa0 15)



H E P A RIN  · D O S E  A N D  S A F E T Y

N o  sta n d a r d  d o se , a n d  a  r e a l sa fe ty  jo b  fo r  R T s

5,0 0 0
units  eve ry 4  h for 5– 7 d ays , with NAC 
(20 25 Chinese  c onsensus)

10 ,0 0 0
units  eve ry 4  h for 7 d ays , alte rnat ing with 
alb ute rol and  NAC (HIHI)

2 5,0 0 0
units  eve ry 4  h for up  to 14 d ays  (Dutc h-
Be lgian RCT)

Wha t  we nt  wrong in  t ria ls
Blood - s tained  sp utum and  b leed ing worry c aused  hep arin d oses  
to b e  withhe ld ; one  p at ient 's  aPTT exc eed ed  150  s ; a  saturated  
exp iratory filt e r c aused  a p re ssure  emergenc y.

RT c he c klis t
Exp iratory filt e r and  humid ifie r se t - up  p e r p rotoc ol. Trend  p eak 
p re ssures  afte r eac h t reatment . Rep ort  b lood  in sp utum. Know 
who hold s  d oses  and  c hec ks  aPTT and  p late le t s .

Sourc e s : 20 25 Chine se  c onse nsus ; HIHI 20 18; Glas  20 20 . Dose s  d iffe r b y p rotoc ol; follow your p harmac y and  b urn- se rvic e  guid e line . The  c he c klis t  is  a  
p rac t ic e  summary.



N E B U LIZ E D  T H E RA P Y

D e live r in g  th e  co ck ta il: th e  R T 's r e a l jo b

4 2
treatments  in a  7- d ay, eve ry- 4- hour 
course , p lus  the  alb ute rol that  goes  
with each

Filt e rs  a nd  c irc uit s : NAC and  hep arin can c log exp iratory filte rs  and  
sensors . Check re s is tance  often and  change  p e r your p rotocol; Vand e rb ilt  
sugges ts  a t  le as t  eve ry shift .

Bronc hos p a s m : NAC can p rovoke  it . Give  alb ute rol with or b e fore  it  and  
watch p eak p re ssure s .

Sa fe t y la b s : know who is  t racking coagulat ion and  p late le ts , and  hold  the  
d ose  if b leed ing ap p ears .

Fe a s ib ilit y: a  Dutch- Be lgian t ria l s top p ed  early p art ly b ecause  the  
sched ule  was  hard  to d e live r.

Sourc e s : Vand e rb ilt  b urn inhalat ion p rotoc ol; Glas  20 20 ; ABA guid e line ; 20 25 Chine se  c onse nsus



B RO N C H O S C O P IC  C LE A RA N C E

T h e r a p e u t ic  b r o n ch o sco p y : w h o  b e n e f its?

Injury s e ve rit y In it ia l la va ge Se ria l la va ge

Mild Inap p rop riate Inap p rop riate

Mod e rate Ap p rop riate Unce rtain

Seve re Ap p rop riate Ap p rop riate

Nat ional Burn Rep os itory (ove r 9 ,0 0 0  p at ients ): 
the rap eut ic  b ronchoscop y p lus  p neumonia was  linked  
to 18% lower mortality. Ob se rvat ional.

Prop hylac t ic  seq uent ia l b ronchoscop y t ria l (Carr 20 13): 
no s ignific ant  d iffe rences  in outcomes .

RT role : se t  up  suc t ion and  saline , raise  FiO₂ and  watc h p re ssure s  during the  p roc e dure , manage  the  airway and  se dat ion inte rfac e , 
and  re c ord  what  was  found .

Sourc e s : Milton- Jone s  20 23 (RAND/UCLA); Hall 20 0 7; Carr 20 13; 20 25 Chine se  c onse nsus . 



P U LM O N A RY H YG IE N E

C h e st  p h y sio th e r a p y  a n d  m o b iliza t io n

The  e vid e nc e
Kub o 20 21: 47 p at ients , che s t  PT twice  a  d ay for 20 – 40  
minute s , with le ss  p neumonia.

Small, s ingle - cente r and  not  rand omized  in the  way 
large r t ria ls  are , so t re at  it  as  sup p ort ive .

At  t he  b e d s id e
Pos it ioning, manual te chniq ues  and  suc t ion, ad ap ted  to 
b urns  ove r the  ches t .

Ves ts  are  often unsuitab le  with ches t  b urns  or on 
vent ila ted  p at ients .

Use  c losed - c ircuit  suc t ion and  follow the  VAP b und le .

Mob ilize  early with the  te am as  soon as  it  is  safe .

No p rop hyla c t ic  a n t ib io t ic s . Prevent  p neumonia with c learance , hygiene  and  early lib e rat ion, not  with emp iric  
d rugs .

Sourc e s : Kub o 20 21 (Burns); Milton- Jone s  20 23; 20 25 Chine se  c onse nsus



W H A T  N O T  T O  D O  B Y RE F LE X

N o t  r o u t in e  fo r  in h a la t io n  in ju r y

Sys t e m ic  s t e ro id s
Rate d  inapp rop riate  by e xpe rt  pane ls

Prop hyla c t ic  a nt ib io t ic s
Rated  inap p rop riate . Treat  p roven 
infec t ion.

Ne b ulize d  s od ium  
b ic a rb ona t e
Unce rtain, with no sup p ort ing 
lite rature .

Ra c e m ic  e p ine p hrine  a nd  HFOV
Limited  or no sup p ort  as  rout ine  measure s . Use  for a  
sp ec ific  p rob lem, not  as  a  d e fault .

Sourc e s : Milton- Jone s  20 23 (RAND/UCLA); 20 25 Chine se  c onse nsus ; ABA guid e line



0 5
L ib e r a te  a n d  r e co ve r
Extub at ion d ec is ions  and  the  long road  afte r d isc harge



LIB E RA T IO N

E x tu b a t io n : th in  e v id e n ce , h igh  sta k e s

Wha t  t he  guid a nc e  s a ys
Consensus  s ta tements  give  no valid ated  c rite ria  for 
extub at ing inhalat ion injury.

Re intub at ion is  hard  in a  swollen airway, and  each 
ad d it ional intub at ion raise s  laryngeal injury risk b y 
roughly 1.5  t imes .

Pra c t ic e  p oint s
Check cuff le ak, sec re t ion b urd en and  cough s t rength.

Confirm P/F, mental s ta tus  and  hemod ynamics .

Avoid  extub at ing around  OR t rip s ; p lan it  b e tween 
them.

Have  the  d ifficult - a irway kit  and  b e s t  op e rator read y.

Sourc e s : Milton- Jone s  20 23; 20 25 Chine se  c onse nsus ; ABA guid e line ; Stoc kly 20 20



A F T E R T H E  IC U

T h e  r e co ve r y  is lo n g , a n d  it  is r e sp ir a to r y

Wha t  p e rs is t s
At  3 months : lower FEV₁/FVC, p eak cough flow, 
re sp iratory musc le  s t rength and  FVC.

Res t ric t ive  p at te rns  and  low DLCO in some  survivors .

Lower emp loyment  a t  24  months .

Results  vary: an old e r cohort  had  normal PFTs .

Wha t  he lp s
A 120 - p at ient  rand omized  t ria l te s ted  12 weeks  of 
p ulmonary rehab ilita t ion.

The  consensus  s t rongly recommend s  early rehab  
(80 .6 5% voted  "recommend ").

Arrange  PFT follow- up  b e fore  d ischarge .

Afte r CO p oisoning, sc reen cognit ion 4– 6  weeks  out .

Sourc e s : Won 20 22 (JBCR); Conc annon 20 23; He ng 20 23; 20 25 Chine se  c onse nsus ; UHMS; AHA 20 25



B A C K T O  M R.  R

W h a t  w e  d o  fo r  M r . R

1 SpO₂ 9 8% is  unre liab le . Run c o- oxim e t ry and  give  10 0 % oxyge n.

2 Lac tate  9 .2, alte re d  me ntat ion, e nc lose d  fire : hyd roxoc ob a la m in. Draw labs  firs t  and  te ll the  lab .

3 Hoarse , burne d  fac e  and  ne c k: s e c ure  t he  a irwa y e a rly, large s t  tube  poss ib le , mos t  e xpe rie nc e d  ope rator.

4 Lung- p rot e c t ive  ve nt ila t ion: Vt  about  6  mL/kg PBW and  p late au p re ssure  unde r 30 .

5 Bronc hosc opy within 24  hours  with AIS gra d e , the n the  ne bulize d  re gime n pe r p rotoc ol.

6 Call the  b urn  c e nt e r e arly.

Mr. R is  a  fic t ional c omp os ite  c ase .



RT  C H E A T  S H E E T  1 O F  2

T h e  f ir st  h o u r  a n d  f ir st  2 4  h o u r s

Firs t  hour
10 0 % oxygen b y non- reb reathe r

Co- oxime try: COHb  and  Me tHb

Look for red  flags : hoarseness , s t rid or, ed ema

Draw cyanid e  lab s  b e fore  hyd roxocob alamin

Intub ate  early

Firs t  24  hours
Vt  ab out  6  mL/kg PBW, Pp lat  und e r 30

Bronchoscop y and  AIS grad e

Start  the  neb ulized  regimen p e r p rotocol

Closed - c ircuit  suc t ion, secure  the  tub e

Rep eat  COHb  unt il normal



RT  C H E A T  S H E E T  2  O F  2

D a y s 2 – 7, lib e r a t io n  a n d  fo llo w -u p

Da ys  2– 7
De live r eve ry neb ulized  d ose  on t ime

Check filte rs  and  c ircuits  e ach shift

Ches t  PT and  mob ilizat ion

Ris ing p re ssure s  or fa lling P/F: think p lugging firs t

Escalate  s tep wise ; know the  ECMO p athway

Lib e ra t ion  a nd  b e yond
Cuff le ak, sec re t ions , P/F, mentat ion

Do not  t ime  extub at ion around  OR t rip s

Pos t - extub at ion airway watch

Arrange  PFTs  and  p ulmonary rehab

Cognit ive  sc reening afte r CO exp osure



T A KE  H O M E

F ive  th in gs to  r e m e m b e r

1 The  a irwa y is  a  m oving t a rge t . Soot  a lone  is  not  an ind icat ion; swe lling is .

2 Sp O₂ lie s  in  s m oke . Co- oxime try, 10 0 % oxygen, and  think cyanid e .

3 Lung p rot e c t ion  firs t . No mod e  has  b eaten it  in b urns .

4 Cle a r t he  c a s t s . Bronchoscop y, neb ulized  the rap y, ches t  PT, and  run the  p rotocol we ll.

5 Pla n  t he  re c ove ry. Early rehab  and  p ulmonary func t ion follow- up .



O P E N  Q U E S T IO N S

W h a t  w e  st ill d o  n o t  k n o w

How accurate  and  rep rod uc ib le  is  b ronchoscop ic  
grad ing?

Does  lavage  he lp , and  at  which seve rity?

Does  neb ulized  the rap y change  outcomes , and  for 
whom?

What  is  the  b e s t  vent ila t ion s t ra tegy?

Can AI grad e  b ronchoscop y images?

Can b iomarke rs  p red ic t  who will d e te riorate?

Who should  ge t  ECMO, and  when?

Regis t rie s  and  mult ic ente r t ria ls  to answer all of the  
ab ove



T H E  H ID D E N  B U RN

Q u e st io n s?
California Soc ie ty for Resp iratory Care  · Oc tob e r 8 , 20 26



RE F E RE N C E S  1 O F  3

G u id e lin e s a n d  co n se n su s
Milton- Jone s  S, e t  al. Inte rnat ional e xp e rt  p ane l (RAND/UCLA ap p rop riate ne ss ) on manage me nt  of inhalat ion injury. 20 23.

Chine se  e xp e rt  c onse nsus  on d iagnos is  and  t re atme nt  of inhalat ion injury, 20 25. d oi:10 .376 0 /c ma.j.c n50 1225- 20 250 50 2- 0 0 20 2

Walke r PF, e t  al. Diagnos is  and  manage me nt  of inhalat ion injury: an up d ate d  re vie w. Crit  Care . 20 15;19 :351.

Ame ric an Colle ge  of Eme rge nc y Phys ic ians . Clinic al guid anc e  on smoke  inhalat ion and  b urns , 20 25.

Ame ric an He art  Assoc iat ion. Guid e line s  for CPR and  e me rge nc y c ard iovasc ular c are : sp e c ial c irc umstanc e s , 20 25.

Und e rse a and  Hyp e rb aric  Me d ic al Soc ie ty. Ind ic at ions  for hyp e rb aric  oxyge n the rap y: c arb on monoxid e  p oisoning.

Vand e rb ilt  Unive rs ity Me d ic al Ce nte r. Burn inhalat ion injury p rotoc ol.

Ame ric an Burn Assoc iat ion. Burn inhalat ion injury c linic al p rac t ic e  guid e line .



RE F E RE N C E S  2  O F  3

N e b u lize d  th e r a p y  a n d  b r o n ch o sco p y
Hakim AA, e t  al. Ne b ulize d  he p arin in inhalat ion injury: re vie w. QJM. 20 24.

White  CE, e t  al. Ab s t rac t . J  Burn Care  Re s . 20 25;46 (Sup p l 1):S156 .

Glas  GJ , e t  al. Ne b ulize d  he p arin and  N- ac e tylc ys te ine  in ve nt ilate d  ICU p at ie nts  with inhalat ion injury. J  Clin Me d . 20 20 ;9 :89 4 .

Mc Ginn KA, e t  al. Ne b ulize d  he p arin with N- ac e tylc ys te ine  and  alb ute rol in inhalat ion injury. J  Pharm Prac t . 20 19 ;32:16 3.

Elsharnoub y NM, e t  al. Ne b ulize d  he p arin/N- ac e tylc ys te ine  in smoke  inhalat ion injury. 20 14.

Rand omize d  t rial of sc he d ule d  b ronc hosc op y with ne b ulize d  he p arin and  NAC, 20 26  (PMC13214837).

Hall J J , e t  al. Use  of b ronc hosc op y in b urn p at ie nts . J  Burn Care  Re s . 20 0 7;28:39 6 .

Re p e r P, e t  al. Burns . 20 0 2;28:50 3. Chung KK, e t  al. 20 10 . Carr JA, e t  al. 20 13.



RE F E RE N C E S  3  O F  3

Ve n t ila t io n , E C M O  a n d  o u tco m e s
He ng JS, e t  al. ECMO in b urn p at ie nts : me ta- analys is . Burns  Trauma. 20 23;11:tkac 0 56 .

Won YH, e t  al. Pulmonary func t ion and  re hab ilit at ion afte r inhalat ion injury. J  Burn Care  Re s . 20 22;43:70 .

Stoc kly OR, e t  al. PLoS One . 20 20 . Conc annon E, e t  al. Eur Burn J . 20 23;4 :16 3.

Burge ss  M, e t  al. Ab s t rac t  59 3, 20 25. Flinn A, e t  al. Ab s t rac t  773, 20 23.

De fining c rit e ria  for intub at ion in inhalat ion injury. Burns . 20 18.

Charle s  AG, e t  al. Burns . 20 22;48:1386 . Kad ri SS, e t  al. Che s t . 20 16 .

Shirani KZ, e t  al. Ann Surg. 19 87. Kub o T, e t  al. Burns . 20 21.

Pulse  CO- oxime t ry me ta- analys is . EUSEM 20 22. EMCrit  Pod c as t  423. Me rc k Manual: smoke  inhalat ion.
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