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High Altitude IllnessHigh Altitude Illness,  ,  
AMSAMS,, and other and other 

Environmental InjuriesEnvironmental Injuries

Lecture 19Lecture 19

Unit 3Unit 3
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OutcomesOutcomes
At this lecture’s completion,  the learner will be able to:At this lecture’s completion,  the learner will be able to:
⋅⋅ Integrate pathophysiological principles and Integrate pathophysiological principles and 

the clinical presentations of environmental the clinical presentations of environmental 
disorders of:disorders of:

⋅⋅ Discuss the clinical picture and the implications Discuss the clinical picture and the implications 
for treatment of :for treatment of :

⋅⋅ Acute Mountain Sickness and Acute Mountain Sickness and 
the High Altitude Syndromesthe High Altitude Syndromes

⋅⋅ Lightning injuriesLightning injuries
⋅⋅ Blast injuriesBlast injuries
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High Altitude IllnessHigh Altitude Illness

•• Incidence:Incidence:
•• At > 9,000 ft:   30%At > 9,000 ft:   30%
•• MachuMachu PiqchuPiqchu ("Lost City ("Lost City 

of the Incas") of the Incas") 
7,970 ft ,   or 2,430 m7,970 ft ,   or 2,430 m

•• At > 11,000 ft: 100%At > 11,000 ft: 100%
•• Pike’s Peak, ColoradoPike’s Peak, Colorado

14,115 ft ,   or 4302 m14,115 ft ,   or 4302 m
•• La Paz, Bolivia: 11,913 ft La Paz, Bolivia: 11,913 ft 
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AMS and High Altitude IllnessAMS and High Altitude Illness
⋅⋅ EntitiesEntities (3)(3)

⋅⋅ Acute Mountain Sickness (AMS) and high altitude cerebral Acute Mountain Sickness (AMS) and high altitude cerebral 
edema (HACE) can be thought of collectivelyedema (HACE) can be thought of collectively

⋅⋅ High altitude pulmonary edema (HACE) High altitude pulmonary edema (HACE) 
⋅⋅ RiskRisk FactorsFactors

⋅⋅ Less common in women and persons over 50 Less common in women and persons over 50 
⋅⋅ Rate of ascentRate of ascent
⋅⋅ Altitude Altitude 

⋅⋅ Especially the sleeping altitudeEspecially the sleeping altitude
⋅⋅ Fitness : not protectiveFitness : not protective
⋅⋅ Less 1/10,000 Colorado skiers contractLess 1/10,000 Colorado skiers contract HAPE HAPE 

( and HAPE is more common than HACE)( and HAPE is more common than HACE)
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High Altitude Illness PathophysiologyHigh Altitude Illness Pathophysiology
Hypoxic Hypoxic ventilatoryventilatory response (HVR)response (HVR)

⋅⋅ HypoxiaHypoxia--induced over perfusion of the cerebral and induced over perfusion of the cerebral and 
pulmonary vascular beds with resulting:pulmonary vascular beds with resulting:
⋅⋅ ↑↑ hydrostatic pressureshydrostatic pressures
⋅⋅ ↑↑ interstialinterstial thirdthird--spacing and edemaspacing and edema
⋅⋅ ↑↑ intracranial pressure  intracranial pressure  ↑↑ sympathetic reflex sympathetic reflex 

(vasopressin; renin,…)(vasopressin; renin,…)
⋅⋅ Systemic fluid retention Systemic fluid retention ↑↑ hydrostatic hydrostatic 

pressures in lung and brainpressures in lung and brain
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Acute Mountain SicknessAcute Mountain Sickness
An acute high altitude illness :An acute high altitude illness :
⋅⋅ UnacclimatizedUnacclimatized personperson
⋅⋅ Just traveled to altitude > 2500 m (8200 ft) Just traveled to altitude > 2500 m (8200 ft) 
⋅⋅ HAHA and plus and plus 11 or more of the following: or more of the following: 

⋅⋅ GI (N,V, anorexia)GI (N,V, anorexia)
⋅⋅ DizzinessDizziness
⋅⋅ Lassitude; fatigue; insomniaLassitude; fatigue; insomnia

⋅⋅ Onset usually within  1 Onset usually within  1 -- 6 hr6 hr

Signs:  not helpfulSigns:  not helpful
⋅⋅ CheyneCheyne--Stokes respirations  (at > 9,000 ft 100% of persons)Stokes respirations  (at > 9,000 ft 100% of persons)

Significance of early Significance of early sxsx. + signs:. + signs:
⋅⋅ Harbinger of more serious Harbinger of more serious 

highhigh--altitude illnesses: HACE, HAPEaltitude illnesses: HACE, HAPE
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Prevention of AMSPrevention of AMS
•• Acclimation : Slow, staged, 3+ days ascentAcclimation : Slow, staged, 3+ days ascent
•• Acetazolamide (carbonic Acetazolamide (carbonic anhydraseanhydrase inhibitor; sulfa..)inhibitor; sulfa..)

((DiamoxDiamox) 250mg BID) 250mg BID--TID ; (3) days:TID ; (3) days:
day before / day of arrival / 1day after ascentday before / day of arrival / 1day after ascent
MOA:MOA:

•• Renal bicarb excretionRenal bicarb excretion
•• Metabolic acidosisMetabolic acidosis
•• H+  + HCO3H+  + HCO3-- <<---->  H2O + CO2>  H2O + CO2
•• Increased respiratory driveIncreased respiratory drive
•• Decreased sleepDecreased sleep--hypoventilationhypoventilation
•• Decreased hypoxic ventilatory responseDecreased hypoxic ventilatory response
•• DecrDecr cerebral vasodilitationcerebral vasodilitation----> capillary leakage> capillary leakage

•• Other: Dexamethasone ; Ginkgo Other: Dexamethasone ; Ginkgo bilobabiloba
•• Worse with hypoventilation  (sedatives, hypnotics)Worse with hypoventilation  (sedatives, hypnotics)
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AMS  TreatmentAMS  Treatment
⋅⋅ O2O2
⋅⋅ Avoid further ascent until symptoms resolveAvoid further ascent until symptoms resolve
⋅⋅ Consider descending  Consider descending  

⋅⋅ 1000 1000 -- 1500 ft : usually adequate)1500 ft : usually adequate)
⋅⋅ ASA, ibuprofenASA, ibuprofen
⋅⋅ Dexamethasone 4Dexamethasone 4--8 mg po, IV, IM8 mg po, IV, IM
⋅⋅ Start Acetazolamide , if not already begunStart Acetazolamide , if not already begun
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HACE HACE 
High Altitude Cerebral EdemaHigh Altitude Cerebral Edema

•• Progression of AMS sx . + signs :Progression of AMS sx . + signs :
•• HA,  N, V HA,  N, V 

•• AtaxiaAtaxia
•• a a hardhard, end organ finding, end organ finding

•• StuporStupor
•• Progression to seizures, comaProgression to seizures, coma
•• Papilledema, retinal hemorrhagesPapilledema, retinal hemorrhages
•• CN palsiesCN palsies
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HACE TreatmentHACE Treatment
⋅⋅ Immediate Immediate descentdescent (definitive Tx)(definitive Tx)
⋅⋅ OO22
⋅⋅ Dexamethasone 8Dexamethasone 8--12 mg IV, IM12 mg IV, IM
⋅⋅ ConsiderConsider

⋅⋅ GamowGamow bag (port. hyperbaric chamber)bag (port. hyperbaric chamber)
⋅⋅ Lasix 80 mg IVLasix 80 mg IV
⋅⋅ Mannitol  0.25 Mannitol  0.25 –– 1.0 gram/kg IV1.0 gram/kg IV
⋅⋅ Intubation and hyperventilationIntubation and hyperventilation

⋅⋅ HACE Dx unlikely if:HACE Dx unlikely if:
⋅⋅ Onset > 3 days after ascentOnset > 3 days after ascent
⋅⋅ No HANo HA
⋅⋅ Failure to respond to O2, steroids, and descentFailure to respond to O2, steroids, and descent
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HAPEHAPE
High Altitude Pulmonary EdemaHigh Altitude Pulmonary Edema

⋅⋅ Leading cause of high altitudeLeading cause of high altitude--related deaths related deaths 
⋅⋅ Risk factors Risk factors 

⋅⋅ Heavy exertionHeavy exertion
⋅⋅ Rapid ascentRapid ascent
⋅⋅ Cold exposureCold exposure
⋅⋅ Excessive salt intakeExcessive salt intake
⋅⋅ Use of sleeping meds, sedativeUse of sleeping meds, sedative--hypnotics (alcohol)hypnotics (alcohol)
⋅⋅ Previous Hx of HAPE / HACEPrevious Hx of HAPE / HACE

-- believed to be due to (1) a reduced believed to be due to (1) a reduced ventilatoryventilatory response to response to 
hypoxia; and (2) an exaggerated pulmonary hypoxia; and (2) an exaggerated pulmonary 
vasoconstrictive response to both hypoxia and to exercisevasoconstrictive response to both hypoxia and to exercise
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Clinical Presentation of HAPEClinical Presentation of HAPE
Hackett, PHHackett, PH N N EnglEngl J Med 345 (2): 107, July 12, 2001J Med 345 (2): 107, July 12, 2001
does not use a severity classification does not use a severity classification [[HultgrenHultgren HN]HN] exactly.exactly.
You may find it helpful to grade the severity: 1/2 or 2/2 You may find it helpful to grade the severity: 1/2 or 2/2 

SeveritySeverity:  mild to moderate:  mild to moderate
⋅⋅ Dyspnea on exertion (DOE)Dyspnea on exertion (DOE)
⋅⋅ Dry coughDry cough
⋅⋅ FatigueFatigue
⋅⋅ Dusky nail bedsDusky nail beds
⋅⋅ Localized rales (typically beginning in right lung)Localized rales (typically beginning in right lung)
⋅⋅ 50% (but only 50%) have had  prior AMS sx50% (but only 50%) have had  prior AMS sx
⋅⋅ Occurs on the Occurs on the secondsecond night [“2 lungs on night 2”]night [“2 lungs on night 2”]

⋅⋅ Rarely occurs after four nightsRarely occurs after four nights
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Severe  HAPE Severe  HAPE 
⋅⋅ Dyspnea at restDyspnea at rest
⋅⋅ Weakness and fatigue at minimal exertionWeakness and fatigue at minimal exertion
⋅⋅ Increasing raspy coughIncreasing raspy cough
⋅⋅ Blood tinged  sputumBlood tinged  sputum
⋅⋅ HR > 110HR > 110
⋅⋅ RR > 30RR > 30
⋅⋅ ↑↑ bilateral ralesbilateral rales
⋅⋅ Cyanotic nail beds  and facial cyanosisCyanotic nail beds  and facial cyanosis
⋅⋅ FeverFever
⋅⋅ Severe desaturation and respiratory alkalosisSevere desaturation and respiratory alkalosis
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Treatment  of  HAPETreatment  of  HAPE
⋅⋅ Immediate decentImmediate decent
⋅⋅ OO22

⋅⋅ MorphineMorphine
⋅⋅ LasixLasix
⋅⋅ Dexamethasone  Dexamethasone  NOTNOT helpfulhelpful
⋅⋅ PPV with BVM  or CPAPPPV with BVM  or CPAP
⋅⋅ BetaBeta--agonistsagonists
⋅⋅ Nifedipine ; Nifedipine ; sildenafilsildenafil ((viagraviagra))
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HARHAR ++ HAFEHAFE

⋅⋅ HAR HAR 
⋅⋅ High Altitude Retinopathy High Altitude Retinopathy 

⋅⋅ HAFEHAFE
⋅⋅ Boyle’s law (volume of a gas varies inversely Boyle’s law (volume of a gas varies inversely 

with the pressure)with the pressure)
⋅⋅ NonNon--lethallethal
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Lightning InjuryLightning Injury

•• Prior to Katrina: lightningPrior to Katrina: lightning
causedcaused more fatalities more fatalities 
than than most other disasters combined most other disasters combined 
(150(150--250 deaths / yr)250 deaths / yr)
(world: 8 million strikes /  day )(world: 8 million strikes /  day )

•• Mechanism of injury:Mechanism of injury:
•• Massive DC Massive DC countershockcountershock
•• Up to 20 million V [usu. Up to 20 million V [usu. 

Injury << 70,000V]Injury << 70,000V]
•• Duration only 1Duration only 1--100 100 msecmsec..
•• Passes over body rapidly; Passes over body rapidly; 

may spare deep tissue injurymay spare deep tissue injury
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Lightning Morbidity and MortalityLightning Morbidity and Mortality

MortalityMortality : : 25%25%

MorbidityMorbidity : : 70%70%

PregnancyPregnancy
⋅⋅ fetal mortality : fetal mortality : 2/42/4
⋅⋅ newborn mort.:  newborn mort.:  1/41/4

3/43/4
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Cause of DeathCause of Death
in Lightning in Lightning Mt WhitneyMt Whitney

elevation 14,491'    (4417 meters)elevation 14,491'    (4417 meters)Trauma ; electrocution can occurTrauma ; electrocution can occur
Cardiac arrest Cardiac arrest 
⋅⋅ 22°° to asystole to asystole 
⋅⋅ Often may spontaneously Often may spontaneously 

convert convert sinus sinus tachtach
Resp. arrest Resp. arrest 
⋅⋅ Immediate cause of death: Immediate cause of death: 

apnea apnea hypoxiahypoxia VFVF
⋅⋅ ProlongedProlonged, usually , usually 
⋅⋅ Vent. assistance required, Vent. assistance required, 

usually Resp. arrest usually Resp. arrest 
⋅⋅ Early CPR, rather than AEDEarly CPR, rather than AED
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Lightning CasualtiesLightning Casualties

•• Radio / Radio Equip. (1.2%)Radio / Radio Equip. (1.2%)
•• Farm andFarm and (5.%)(5.%)

Heavy EquipmentHeavy Equipment
•• TelephoneTelephone (4.%)(4.%)
•• Open FieldsOpen Fields (45.%)(45.%)
•• Under TreesUnder Trees (23.%)(23.%)
•• WaterWater (13.6%)(13.6%)
•• GolfGolf (6.5%)(6.5%)
•• Golf and TreesGolf and Trees (1.7%)(1.7%)

Types of strikeTypes of strike (4):(4):
•• Direct hitDirect hit
•• SplashSplash
•• ContactContact
•• Step Step 
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Lightning SceneLightning Scene

⋅⋅ DDXDDX
⋅⋅ MI MI 
⋅⋅ AssaultAssault
⋅⋅ CVACVA
⋅⋅ SeizuresSeizures

⋅⋅ SceneScene :  ongoing risk :  ongoing risk 
⋅⋅ to rescuersto rescuers
⋅⋅ of ACLS in the rainof ACLS in the rain

TypesTypes of strike (4):of strike (4):
•• Direct hitDirect hit
•• SplashSplash
•• ContactContact
•• Step Step 
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Lightning  Lightning  TriageTriage

⋅⋅ ““ ReverseReverse triagetriage ””
⋅⋅ if there are multiple victims : if there are multiple victims : 
⋅⋅ the “walking wounded” the “walking wounded” 

⋅⋅ do not need immediate attention do not need immediate attention 
⋅⋅ the “lifeless” the “lifeless” 

⋅⋅ may survive if given CPR / ALCSmay survive if given CPR / ALCS

⋅⋅ ““WalkingWalking woundedwounded” ” 
⋅⋅ initially “uninjured” survivors can have significant initially “uninjured” survivors can have significant 

neuroneuro. . sequelaesequelae (see: (see: Cohen, M. )Cohen, M. )
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Lightning InjuriesLightning Injuries
•• TM rupture (Type I blast injury)TM rupture (Type I blast injury)
•• “Cobweb“Cobweb--like”  flashover burnslike”  flashover burns
⋅⋅ Clothing disintegration, partial or complete Clothing disintegration, partial or complete 
•• Neuro Neuro 

•• Confusion, amnesia, paralysis, and loss of consciousness Confusion, amnesia, paralysis, and loss of consciousness 
(result of the passage of current through brain)(result of the passage of current through brain)

•• KeraunoparalysisKeraunoparalysis:  transient paralysis with vasomotor :  transient paralysis with vasomotor 
instability (cold, mottled) and sensory disturbances of instability (cold, mottled) and sensory disturbances of extr(sextr(s))

•• Prolonged Prolonged extrextr. paralysis: R/O  spinal cord injury. paralysis: R/O  spinal cord injury
•• Fixed and dilated pupils (paralysis of iris) transient ; not Fixed and dilated pupils (paralysis of iris) transient ; not 

necessarily serious head injurynecessarily serious head injury
•• Hypotension Hypotension 

•• R/O  intraR/O  intra--abdabd , thoracic hemorrhage, fx pelvis, or cord injury, thoracic hemorrhage, fx pelvis, or cord injury
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KeraunographicKeraunographic MarkingsMarkings
•• Injuries commonly seen Injuries commonly seen 

•• TM ruptureTM rupture
•• KeraunoKeraunoparalysisparalysis
•• KeraunoKeraunographicgraphic marking: marking: 

•• transient, transient, erythematouserythematous
dendriticdendritic mark(smark(s) on the skin ) on the skin 

•• KeraunographicKeraunographic markingmarking
•• pathognomonicpathognomonic of lightning of lightning 

strikestrike
•• If observed on unresponsive pt., If observed on unresponsive pt., 

indicates person was a lightning indicates person was a lightning 
victim: pt may benefit from victim: pt may benefit from 
aggressive CPR and ALSaggressive CPR and ALS

See: CohenSee: Cohen : : Acad Emerg MedAcad Emerg Med Volume 8, Number 9 893Volume 8, Number 9 893--931931
http://www.aemj.org/cgi/content/full/8/9/893http://www.aemj.org/cgi/content/full/8/9/893 [the images here and in the above article [the images here and in the above article 

were reproduced in the article with permission for that article]were reproduced in the article with permission for that article]
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Blast InjuriesBlast Injuries
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Blast Injury ClassificationBlast Injury Classification
•• Type IType I

•• Pressure wave or pulsePressure wave or pulse
•• BarotraumaBarotrauma
⋅⋅ Traumatic amputation Traumatic amputation 

⋅⋅ 25% of severe blasts 25% of severe blasts 
⋅⋅ High mortalityHigh mortality

•• Type IIType II
•• Flying debrisFlying debris
•• Penetrating traumaPenetrating trauma

•• Type IIIType III
•• HumanHuman--projectilesprojectiles
•• Deceleration injuryDeceleration injury

•• Type IVType IV
•• Toxic gases; burnsToxic gases; burns

MostMost commoncommon type I injuries type I injuries 

•• EarEar:: TM rupture (15 PSI)TM rupture (15 PSI)
•• LungLung

•• PneumothoraxPneumothorax
•• ContusionContusion
•• Air embolismAir embolism

•• GIGI :: Bowel perforationBowel perforation
•• CNSCNS::

•• ConcussionConcussion
•• Air embolismAir embolism
•• Spinal cordSpinal cord
•• StrokeStroke
•• Traumatic brain injury (TBI) Traumatic brain injury (TBI) 

without a direct blow to head.without a direct blow to head.
Medical experts say TBI is the Medical experts say TBI is the 
signature wound of the Iraq signature wound of the Iraq 
war.war.
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Traumatic Brain Injury  ( TBI )Traumatic Brain Injury  ( TBI )
•• ““A blast creates a sudden increase in air pressure by heating andA blast creates a sudden increase in air pressure by heating and

accelerating air molecules and, immediately thereafter, a suddenaccelerating air molecules and, immediately thereafter, a sudden
decrease in pressure that produces intense wind. These rapid predecrease in pressure that produces intense wind. These rapid pressure ssure 
shifts can injure the brain directly, producing concussion or coshifts can injure the brain directly, producing concussion or contusion. ntusion. 
Air emboli can also form in blood vessels and travel to the braiAir emboli can also form in blood vessels and travel to the brain, n, 
causing cerebral infarcts…”causing cerebral infarcts…” ((MayorgaMayorga MA. The pathology of primary blast overpressure MA. The pathology of primary blast overpressure 
injury. injury. ToxicToxic 1997;121:171997;121:17--28 ).28 ).

•• “…22,600 U.S. soldiers wounded in the conflicts in Iraq, Afghani“…22,600 U.S. soldiers wounded in the conflicts in Iraq, Afghanistan, stan, 
and other locations as of Nov. 4, 2006,  blasts have been by farand other locations as of Nov. 4, 2006,  blasts have been by far the the 
most common cause of injury, and 59% of blastmost common cause of injury, and 59% of blast--exposed patients at exposed patients at 
Walter Reed have been found to have a TBI …”.Walter Reed have been found to have a TBI …”. -- Traumatic Brain Injury in the Traumatic Brain Injury in the 
War Zone  War Zone  OkieOkie, S,  , S,  N N EnglEngl J MedJ Med 2005; 352: 20432005; 352: 2043--20572057

•• “…Kevlar body armor and helmets are one reason for the high “…Kevlar body armor and helmets are one reason for the high 
proportion of proportion of TBIsTBIs among soldiers wounded ….”among soldiers wounded ….” ibidibid

•• “…“…because mortality from brain injuries among U.S. combatants in because mortality from brain injuries among U.S. combatants in 
Vietnam was 75 % or greater, soldiers with brain injuries made uVietnam was 75 % or greater, soldiers with brain injuries made up p 
only a small fraction of the casualties treated in hospitals …”only a small fraction of the casualties treated in hospitals …” ibidibid
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Patient and Event HistoryPatient and Event History inin BlastBlast
⋅⋅ History:History:

⋅⋅ nature of explosivenature of explosive
⋅⋅ closed / openclosed / open
⋅⋅ distancedistance

⋅⋅ SymptomsSymptoms ::

⋅⋅ hearinghearing↓↓
⋅⋅ dyspnea dyspnea 
⋅⋅ chest pain chest pain 
⋅⋅ hemoptysishemoptysis
⋅⋅ LOC LOC 
⋅⋅ stroke stroke sxsx

History:History:
Conduction medium (water) Conduction medium (water) 
⋅⋅ Hollow organ  (ear, lung, GI, Hollow organ  (ear, lung, GI, 

CNS)  injuries will occur : CNS)  injuries will occur : 
⋅⋅ with > severity in water with > severity in water 

andand
⋅⋅ at > distances in water at > distances in water 

(than in air)(than in air)
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Blast Injury TreatmentBlast Injury Treatment
•• A / CA / C

•• Facial fractures /  FBFacial fractures /  FB
•• BB

•• O2 100%O2 100%
•• R/O  pnthx. / tension pnthx.R/O  pnthx. / tension pnthx.
•• Cautious ventilation  (Risk of air embolism)Cautious ventilation  (Risk of air embolism)

•• C :  IVC :  IV
•• Support BPSupport BP
•• Monitor Monitor 44

•• D :  D :  
•• Disability (cortex / brain stem / cord)Disability (cortex / brain stem / cord)
•• DrumsDrums
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Blast InjuriesBlast Injuries
D: D: 
⋅⋅ Assess  the  Assess  the  DD rums  (as an indicator of  psi.)rums  (as an indicator of  psi.)

⋅⋅ If  TMs  are intact: If  TMs  are intact: 
⋅⋅ pulmonary injury very unlikelypulmonary injury very unlikely

⋅⋅ TM rupture:  TM rupture:  
⋅⋅ if P > 15psi. : 50 % will have TM ruptureif P > 15psi. : 50 % will have TM rupture

⋅⋅ Lung injury: Lung injury: 
⋅⋅ if << 30 psi : if << 30 psi : 

⋅⋅ unlikelyunlikely
⋅⋅ if P > 75 psi. : if P > 75 psi. : 

⋅⋅ very likelyvery likely
⋅⋅ 75% of victims will have lung injury75% of victims will have lung injury
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Notes: Blast  and TBINotes: Blast  and TBI

OkieOkie S. Traumatic brain injury in the war zone. N S. Traumatic brain injury in the war zone. N EnglEngl J Med J Med 
2005;352:20432005;352:2043--2047. 2047. 

MayorgaMayorga MA. The pathology of primary blast overpressure MA. The pathology of primary blast overpressure 
injury. Toxicology 1997;121:17injury. Toxicology 1997;121:17--28. 28. 

CDC web pages:CDC web pages:

•• Blast Lung Injury: What Clinicians Need to KnowBlast Lung Injury: What Clinicians Need to Know. . 
http://http://www.bt.cdc.gov/masscasualties/blastlunginjury.aspwww.bt.cdc.gov/masscasualties/blastlunginjury.asp

•• See also:See also:
Explosions and Blast Injuries: A Primer for Explosions and Blast Injuries: A Primer for 

CliniciansClinicians http://http://www.bt.cdc.gov/masscasualties/explosions.aspwww.bt.cdc.gov/masscasualties/explosions.asp
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SummarySummary
⋅⋅ Acute Mountain Sickness : a “headache plus” that can develop Acute Mountain Sickness : a “headache plus” that can develop 

into severe HACE.into severe HACE.
⋅⋅ HAPE, which may or may not be preceded by AMS, results HAPE, which may or may not be preceded by AMS, results 

from the HVR (hypoxic ventilatory responsefrom the HVR (hypoxic ventilatory response
⋅⋅ HAPE has the highest lethalityHAPE has the highest lethality
⋅⋅ HAPE is a nonHAPE is a non--cardiogenic pulmonary edema which may cardiogenic pulmonary edema which may 

respond more to O2, CPAP, and beta agents than to a standard respond more to O2, CPAP, and beta agents than to a standard 
NTGNTG--lasix approachlasix approach--but NOT to steroidsbut NOT to steroids

⋅⋅ Lightning injury: Prolonged apnea and the need for rescueLightning injury: Prolonged apnea and the need for rescue--
vent. assistance. Reverse triage. And tellvent. assistance. Reverse triage. And tell--tale signs of injury.tale signs of injury.

⋅⋅ Blast injuries of hollow organ (ear / lung / GI / CNS); and Blast injuries of hollow organ (ear / lung / GI / CNS); and 
what to use as indicator of  psi. and of possible lung burstwhat to use as indicator of  psi. and of possible lung burst


