
OUTDOOR EMERGENCY CARE, 5th Edition                     Instructor’s Manual
Chapter 28  Altitude-Related Emergencies

OEC Instructor Resources: Student text, Instructor’s Manual, PowerPoints, Test Bank, IRCD, myNSPkit (online resource)

OEC Student Resources: Student text, Student CD, myNSPkit (online resource)

Chapter Objectives

Upon completion of this chapter, the OEC Technician will be able to:
28-1.

Define altitude. 

28-2.

Describe the principles of altitude physiology.

28-3.

List risk factors for the development of altitude illnesses. 

28-4.

Describe strategies to prevent altitude illness.

28-5.

List the signs and symptoms of the following altitude illnesses: 

(
acute mountain sickness

(
high-altitude pulmonary edema

(
high-altitude cerebral edema

28-6.

Describe how to assess a patient with altitude illness.

28-7.

Describe the treatment of a patient with altitude illness.

Essential Content
I.
Altitude physiology

A.
Altitude is the height or vertical elevation above sea level


B.
Altitude classifications


1.
Low altitude 




a.
Elevation less than 5,000 feet (1,500 m)




b.
Body’s compensatory mechanisms can adapt within this range, in most instances




c.
Symptoms usually minor and resolve in 24–48 hours




d.
Patients with chronic medical condition may suffer more serious or longer lasting effects



2.
Intermediate altitude




a.
Extends from 5,000 to 8,000 feet (1,500 m to 2,400 m)



b.
Compensatory mechanisms will adjust within 72–96 hours depending on genetic makeup, underlying health, altitude where one starts, and rate of ascent


3.
High altitude




a.
Elevation from 8,000 to 12,000 feet (2,400 m to 3,500 m)



b.
Physiologic effects of atmospheric oxygen pressure generally first felt, resulting in decreased exercise performance and increased rate of respiration




c.
Body attempts to increase intake of oxygen




d.
Altitude illness most commonly occurs within this altitude range



4.
Very high altitude




a.
12,000 to 18,000 feet (3,500 m to 5,500 m)




b.
Low blood oxygen content (hypoxemia) may occur during exercise and sleep




c.
Those with underlying lung disorders can be severely affected




d.
Serious and deadly altitude illness occurs most commonly in this range



5.
Extreme altitude




a.
Elevation more than 18,000 feet (5,500 m)




b.
Oxygen levels are so low that work becomes difficult and progressive deterioration of physiologic function eventually outstrips ability for humans to acclimatize




c.
No permanent human habitation exists above 5,500 m




d.
Acclimatization is critical because without supplemental oxygen, prolonged visits can result in severe altitude illness and death


C.
High altitude dramatically affects amount of oxygen available to cells, which can have profound effect on normal body function


D.
As altitude increases, weight of atmosphere decreases as does partial pressure of oxygen; amount of oxygen per volume is less

E.
As one ascends in altitude the barometric pressure decreases, causing a decrease in air density, which makes air become lighter, or thinner; means there are fewer oxygen molecules per breath, resulting in hypoxia which can lead to altitude intolerance and altitude illness


F.
Altitude acclimatization


1.
Acclimatization is process in which body makes series of physiologic adjustments that increase delivery of oxygen to cells



2.
Changes are designed to preserve homeostasis and include:



a.
Increased rate and depth of respiration; helps bring more oxygen into body and is affected by genetic predisposition of the hypoxic ventilatory response




b.
Increased heart rate; allows more blood and oxygen to be pumped throughout body and results in mild elevation in systolic blood pressure




c.
Increased red blood cell production; allows more oxygen to be carried to tissues




d.
Constriction of pulmonary blood vessels




e.
Increased enzyme production; facilitates oxygen release from hemoglobin to body tissues



3.
Ability to acclimatize varies from person to person




a.
Some fail to acclimatize and develop life-threatening condition




b.
Degree of hypoxia, rate of ascent, and individual physiology are primary determinants as to whether body successfully acclimatizes or becomes ill

II.
Altitude-related problems

A.
Acute mountain sickness (AMS)


1.
Common condition that affects thousands of outdoor adventurers each year



2.
Defined as presence of headache and feeling of sickness at high altitude in otherwise healthy individual


3.
Occurs when rate of ascent outpaces body’s ability to adjust to change in altitude



4.
Severity depends on rate of altitude ascent, ultimate elevation attained, time spent at altitude, level of exertion, and genetic susceptibility



5.
Symptoms develop within 12–24 hours after arrival, but can appear in as few as 4–6 hours



6.
Symptoms decrease in severity by about third day



7.
No specific diagnostic signs, often misdiagnosed



8.
Headache can be accompanied by dizziness, fatigue, shortness of breath, loss of appetite, nausea, sleep disturbances, and general feeling of malaise


B.
High-altitude pulmonary edema (HAPE)



1.
Condition in which fluid accumulates in lungs at high altitude, not due to a preexisting cardiac disorder



2.
Fluid build-up is caused by excessive blood pressure in pulmonary artery, causing extracellular fluid to leak into alveoli, reducing gas exchange and oxygenation, then cellular hypoxia



3.
Most common cause of death related to high altitude, rarely occurs at elevations below 8,000 feet


4.
Develops as result of individual susceptibility, ascent rate, altitude reached, physical exertion, and certain underlying medical conditions



5.
Occurs within first 2–4 days of ascent to altitudes above 8,200 feet and is heralded by onset of marked fatigue with exercise



6.
Untreated, is soon accompanied by severe dyspnea upon exertion 



7.
Can develop persistent dry cough, and cyanotic nail beds and lips



8.
Condition usually worsens at night



9.
Labored breathing at rest and audible chest congestion are signs of development of serious, potentially life-threatening condition



10.
May strike abruptly, especially in sedentary person who may not notice early stages



11.
Pink or blood-tinged, frothy sputum is late finding accompanied by profound hypoxia



12.
Untreated can be fatal within a few hours



13.
Can be completely and easily reversed if recognized early and treated properly


C.
High-altitude cerebral edema (HACE)



1.
Potentially deadly condition in which brain swells


2.
Most severe form of mountain illness; encountered at elevations over 9,600 feet


3.
Preceded by AMS, HAPE may also be present



4.
Medical emergency that can rapidly lead to death if not recognized and quickly treated



5.
Progression of symptoms that usually begins with headache and nausea, progresses to ataxia and any of the following: altered mental status, fatigue, drowsiness, difficulty speaking, paralysis, coma, hallucinations and psychotic behavior also commonly observed, and seizures can occur



6.
Death is due to brain herniation from increased intracranial pressure



7.
Progression can be as fast as 12 hours but usually requires 1–3 days



8.
Recovery can be very quick, especially if treated early, but can be very low and result in long-term complications, including decreased cerebral or neurologic function


D.
Other altitude-related problems


1.
Decrease in available oxygen at altitude can complicate preexisting illnesses, especially those involving cardiovascular or respiratory systems


2.
Altitude can adversely affect some medical equipment; use of air splints at high altitude must be closely monitored as one descends to prevent overinflation, which could result in neurovascular compromise



3.
Other medical conditions associated with altitude




a.
Khumbu cough




i.
Also known as high-altitude bronchitis (spending time at altitudes above 14,000 feet)




ii.
Persistent cough caused by prolonged exposure to cold, dry air which dries out lower airway passages, resulting in severe bronchial irritation and constriction





iii.
Cough can become so severe as to break ribs




b.
Peripheral edema




i.
Edema of face, hands, or feet is common among cold weather travelers at altitudes greater than 8,000 feet





ii.
Condition is usually self-limiting and is not a sign of illness




c.
High-altitude retinal hemorrhage (HARH)





i.
Condition in which small blood vessels in the back of eye rupture





ii.
Symptoms can include blurred vision and small blind spots





iii.
Usually resolves spontaneously and seldom has any long-term effects




d.
Radial keratotomy blindness




i.
Persons who have had surgical method to correct nearsightedness (RK) may become blind at high altitude




ii.
Generally not seen below 9,000 feet





iii.
Begins with blurring of vision and loss of refraction





iv.
Lasik does not seem to cause same effect




e.
Solar keratitis (snow blindness)





i.
Caused by increased amount of UV radiation exposure from sun at altitude in individuals who wear inadequate or no protective eyewear




ii.
UV light may be reflected off snow or water and is similar to types of eye burns suffered by welders




iii.
Starts several hours after exposure and begins with intense eye pain and gritty feeling in eyes




f.
Chilblains





i.
Common skin condition that results from prolonged exposure to cold, wet conditions





ii.
Often misdiagnosed as frost nip or frostbite because it can be similar in appearance





iii.
Is an inflammatory response to cold that most commonly affects the ears, tip of nose, fingers, and toes





iv.
Results in edematous nodules, blue or red in appearance and painful to touch





v.
Usually self-limiting and generally has no long-lasting effects




g.
Sunburn





i.
More prevalent at higher altitudes because of decreased air density, which increases exposure to penetrating effects of sun’s ultraviolet rays

III.
Prevention of altitude illnesses
A. Gradual ascent is most effective method 

B. Avoid rapid ascent above 10,000 feet (3,000 m), especially from sea level

C. Incorporate layover at an intermediate altitude

D. Above 10,000 feet (3,000 m), limit increase to 1,000 feet (~300 m) per day, and for every 2,000 feet (~600 m) of elevation gained, take 1–2 extra rest days

E. As you increase altitude, more rest and less altitude gain per day may be necessary

F. Avoid heavy physical exertion for first 24–48 hours at altitude

G. Stay hydrated—altitude acclimatization is often accompanied by fluid loss

H. Avoid alcohol and other depressant drugs; alcohol promotes diuresis, leading to excessive fluid loss; tobacco constricts peripheral blood vessels, reducing peripheral circulation
I. Eat high-carbohydrate diet (70 percent)
J. If begin to show symptoms of altitude illness, do not go higher until symptoms resolve
K. People acclimatize at different rates—make sure everyone is properly acclimatized before going higher
L. "Climb high and sleep low," a common mantra among climbers, helps reduce adverse effects of high-altitude climbing—if feeling well, climb during the day, descend to lower altitude to sleep

M. Medications are available by prescription and over the counter to reduce or even prevent altitude illness

1.
Acetazolamide (Diamox)


a.
Prescription taken to prevent AMS


b.
Speeds acclimatization by forcing kidneys to excrete bicarbonate, causing pH of blood to drop and causes hyperventilation and increased oxygen absorption


c.
Medication is taken 24 hours before ascent to altitude and continued 48–72 hours at maximum altitude


d.
Side effects include tingling of lips/fingertips, blurred vision, alteration of taste



i.
Severe reactions can occur to those allergic to sulfa drugs



ii.
Take trial course before going to remote location

2.
Dexamethasone


a.
Prescription steroid that decreases brain and other swelling and may reverse symptoms of AMS


b.
Dosage is started a few days before ascent


c.
Use caution as can mask signs of progressing disease

3.
Ginkgo biloba


a.     OTC herbal supplement producing conflicting results


b.
Cannot be reliably recommended for AMS prophylaxis

IV.
Patient assessment

A.
OEC Technician’s job is to recognize patient exhibiting signs and symptoms of emergent condition and to quickly initiate lifesaving treatment, if needed


B.

Examine ABCDs and initiate lifesaving treatment for potential emergent conditions


C.

Primary survey is followed by secondary survey which includes thorough history, physical exam, and vital signs

D.
Use SAMPLE and OPQRST for medical history and symptoms


E.

Underlying cardiac or respiratory conditions could be worsened by altitude


F.

Determine any/all AMS-related symptoms


G.
In outdoor setting use L.A.P. exam: looking, auscultating, and palpating


H.
Look at patient for cyanosis, edema, and/or pink, blood-tinged saliva or sputum


I.

Auscultate lungs for abnormal sounds for presence of pulmonary edema


J.

Palpate body for areas of tenderness or swelling, skin temperature, CMS


K.

Assess for ataxia if symptoms suggest AMS or HACE

V.
Patient management

A.
Fundamental treatment for all cases of altitude illness is to descend to a lower elevation




1.
May need to be done urgently depending on severity of symptoms


B.
Scene and rescuer safety take precedence; remove potential hazards or move patient to location where they can be safely managed


C.
General management


1.
Initial treatment includes correcting any problems involving ABCDs



2.
Place patient in position of comfort unless spine immobilization indicated



3.
Immediate administration of high-flow oxygen, combined with rapid descent to lower altitude



4.
Keep patient warm 



5.
Anticipate vomiting and use of suction



6.
Monitor patient’s vital signs


D.
AMS treatment


1.
Treat symptoms, halt ascent, and wait for altitude acclimatization to improve



2.
Can take anywhere from 12 hours to several days



3.
Exertion should be minimized to prevent worsening of symptoms



4.
High-flow oxygen



5.
Analgesics may be used for headache



6.
If symptoms do not resolve, descent is indicated


E.
HAPE treatment


1.
Rapid descent is emergent treatment to an elevation at least 1,500–3,000 feet lower; may be delayed if oxygen is available



2.
Gamow bag may be used in severe cases



3.
Self-evacuation should be avoided unless there is no other way to evacuate



4.
Transport to hospital for further evaluation and treatment; usually bed rest and supplemental oxygen



5.
Most patients recover rapidly



6.
Recovery can take up to 2 weeks


F.
HACE treatment


1.
Transport patient to lower altitude at first sign of ataxia or change in responsiveness


2.
High-flow oxygen should be administered if available



3.
Gamow bag can buy time and significantly decrease morbidity and mortality



4.
Transport to hospital for definitive evaluation and treatment; often includes steroids to reduce cerebral swelling


G.
Khumbu cough


1.
Place mask, balaclava, or other porous material over mouth; warms and humidifies air before it is inhaled



2.
Warm beverages can help keep airway passages warm and moist



3.
Inhaled steam can soothe and prevent cough



4.
Prescription medications to suppress cough and decrease airway inflammation can be curative


H.
Treatment of other problems


1.
Other medical problems may be aggravated by altitude; treat in usual manner but may not resolve until patient is brought down to lower altitude



2.
Illness can be avoided by educating patient on proper preventive measures and learning to recognize early symptoms


3.
Those with sleep apnea and related conditions may become severely hypoxic at altitude



4.
People experiencing visual problems need to ascend with help of a guide and seek care from physician trained in pathology of the eye

Case Presentation
You are working first-aid duty in the patrol room at a resort that is at 9,000 feet above sea level when a 45-year-old man slowly walks in complaining of shortness of breath. Noticing that he looks unwell and is slightly cyanotic around his lips, you help him to the nearest gurney and begin to assess him. He tells you that he hasn’t felt great since arriving on his flight from sea level two days ago. He denies any chest pain but says that he is extraordinarily tired, becomes short of breath “just walking to the bathroom,” and has had a little dry cough. He has no significant past medical history, has not suffered any recent trauma, and is not currently taking any prescribed medications. He appears very concerned when he says, “I have never experienced anything like this in my life.”

What should you do?

Case Update
Upon examination of the patient, you notice that his breathing is labored, even at rest. The patient appears physically fit, which he confirms by saying, “I run and cycle more than 50 miles a week.” His heart rate is 116, his blood pressure is 132/80, and his respirations are 36. A pulse oximeter measures the patient’s oxygen saturation at 84 percent. The rest of the physical assessment is negative for any abnormal signs or signs of trauma.

What do you think is wrong with the patient? What should you do?

Case Disposition
You are concerned that the patient has early signs of HAPE. You place him on high-flow oxygen, keep him comfortable, and mobilize resources to transport him to a hospital that is approximately 1,500 feet lower than your present location. Two days later, the patient’s wife stops by the patrol room and thanks you “for taking such great care of my husband.” She reports that his symptoms completely resolved within a day after descent and administration of supplementary oxygen. She further states that her husband was advised to either avoid going to a high altitude or to ascend more slowly on his next trip to a high elevation. He was also encouraged to speak with his private physician about using a prophylactic medication that can help prevent future episodes of HAPE.
Discussion Points
Have you or a family member ever experienced an altitude-related illness? What were some of the symptoms that you or your family member experienced?

If you experienced the symptoms, did you have to descend to a lower altitude to relieve the symptoms?

Why do you think altitude illness is such a frequent occurrence at ski areas in recent years?

Is altitude an issue to be concerned with at your area?

What is the highest altitude that you have been at? Did you take several days to reach that altitude?

Have you experienced a sunburn at higher altitude? What about eye problems?

Have you ever experienced chilblains?
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