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HISTORY

Dominique Jean Larrey ( 8 July 1766 — 25 July 1842 )

French surgeon in Napolean’s army and an important innovator in battlefield medicine
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DEFINITIONS

Interfacility Transfer — Any transfer, after initial
assessment and stabilization, from and to a health
care facility. Examples would include:

hospital to hospital;

clinic to hospital;

hospital to rehabilitation; and

hospital to long-term care.
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DEFINITIONS

Standard — Is described as a basis for compari-
son; a reference point against which other
things can be evaluated. Standards set a bench-
mark for subsequent work.

Transfer — The comprehensive infrastructure and
process involved before, during, and after moving a
patient from one location to another.

Transport - The physical process of moving a
patient from one location to another.

Facility — Licensed health care entity (e.g.,
hospital, clinic, rehab, nursing home)
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* Primary transfer — home/street to ED

« Secondary transfer — Intra / Inter hospital

* Emergency or elective
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Patient Transfer

 To provide for a safe transport, at least four
concerns need to be addressed through written
hospital policies and procedures:

v Communication, (organization)
v'Personnel, (fransfer team)

v Equipment, (technical factor)
v'Patient factors
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Levels of Patient Acuity — In order to provide
safe and effective care, provider capabilities must
match the patient’s current and potential needs.

It is important to have consistent terminology to
define the levels of patient acuity. For each level,
examples are provided of the types of needs the
patient might have and the level of care likely to be
required at each level.

Stable with no risk for deterioration —
Oxygen, monitoring of vital signs, saline lock,
basic emergency medical care).

Stable with low risk of deterioration —
Running I'V, some IV medications including
pain medications, pulse oximetry, increased
need for assessment and interpretation skills
(advanced care).

Stable with medium risk of deterioration —
3-lead EKG monitoring, basic cardiac
medications, e.g., heparin or nitroglycerine

WWW.AMIRSALARLIR



Stable with high risk of deterioration — Patients
requiring advanced airway but secured, intubat-
ed, on ventilator, patients on multiple vasoactive
medication drips (advanced care +), patients
whose condition has been initially stabilized,
but has likelihood of deterioration, based on
assessment or knowledge of provider regarding
specific illness/injury.

Unstable — Any patient who cannot be stabi-
lized at the transferring facility, who is deterio-
rating or likely to deteriorate, such as patients
who require invasive monitoring, balloon pump,
who are post-resuscitation, or who have sus-
tained multiple trauma (critical care or available
crew with time considerations).
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DEFINITIONS

Critical Care Transport — The level of transport
care that is provided to patients with an immediate
life-threatening illness or injuries associated with
single or multiple organ system failure. This level
of care requires an expert level of provider knowl-
edge and skills, a setting providing necessary
equipment, and the ability to handle the added
challenge of transport. Critical care transport
requires a high level of medical direction and
sophistication of care because of the patient’s com-
plex medical problems.
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 Critically 1ll patients are at increased risk of
morbidity and mortality during transport.

* Risk can be minimized and outcomes
Improved with:

d Careful Planning

d  Qualified Personnel
d Appropriate Equipment
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Adverse Events

Equipment related

Personnel related

Monitor shutdown

Ventilator Disconnection/ventilator failure
0, supplies exhaustion

Sp0, sensor failure

Tangled or kinked tubes

ECG wires disconnection

Gaps in monitoring

Medication administration failure
Accidental extubation

Hypoventilation

Hyperventilation

Chest drain loss

Venous or arterial catheter loss
Intracranial monitoring or ventriculostomy drain loss

E

Airways loss

Extubation

Airways obstruction due to breathing circuit kinking or mucus plugs
Inhalation

Respiratory arrest

Desaturation

Hypoxemia, lowering of PaOyFi0; ratio
Ventilator associated pneumonia
Hypertensive pneumothorax

Bronchospasm
Patient-ventilator asynchrony
Selective intubation
Derecruitment

Cardiac arrest

Hemodynamic mstability
Increasing of O, consumption
Bleeding

Gas embolism

Tachycardia

Bradycardia

Arrhythmias

Hypotension

Hypertension

Death

Spine destabilization
Intracranial pressure elevation
Agitation

Pain
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Preparation Check List

Checklist for preparation

A: airway e s the airway safe? If in doubt, intubate.
e Cervical spine control.

B: breathing e Portable ventilator settings. Check ABG before departure
after 15min on the portable ventilator.
e Self-inflating bag-valve-device in the event of a ventilator/
oxygen failure.
Suction.
Adequate sedation, analgesia, and relaxation.
Adequate O, reserves.
Insert a chest drain if there is a possibility of a
pneumothorax (e.g. fractured ribs).

C: circulation Stable circulation with good access.

Controlled external bleeding.

Invasive BP and CVP, when indicated.

Inotropes—if in doubt have them prepared and ready to
run.

Pumps and batteries.

e Insert a urinary catheter and monitor output.

D: disability e GCS (mannitol, IPPV), pupillary signs.
e Naso-/orogastric tube.

E: exposure e Temperature loss.
e Splint long bones.

F: forgotten? e All notes, referral letter, results, radiographs

(including CT scans), and blood products.

e Inform the receiving unit that you are leaving the base
hospital.

e Inform relatives.

e Take contact numbers.

e Take warm clothing, mobile phone, food, and credit card/
money for the team!

e Plan for the return journey.

e Medical indemnity and insurance for death or disability of
transfer staff.




Table I: Brief patient assessment process prior to transport

AREAS

ASSESSMENT

Airway

Ensure secured and patent

Ventilation

Adequate; respiratory variables

appropriate; PEEP/CPAP (if set); and
FiO, levels correct

Circulation

Haemodynamically stable; vital signs
displayed on transport monitors

and clearly visible to transport team
members

Venous access

Adequate, secured and patent

IV drips and infusion pumps

Functioning properly

All drains (urinary, wound, or
underwater seal)

Functioning and secured; underwater
seal drain is not clamped

All equipment alarms

Switched on

Patient

Safely secured on trolley

WWW. AMIRSALARLIR
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Check List

Date (dd/mm/yyyy)

Time of start transport (nh/mm)

Time of arrival in ICU {hh/mm)

Procedure

Patiant iabal T cr-scan [ T MRl | T Angiography
Purpose of transport
T Diagnostic | Z  Intervention
T Diagnostic and intervention
Equipment/materials YES | NO | NA In case of CT-Scan with contrast YES | NO | NA
Transport bag present Intravenous cannula 18GA present
Transport trolley fully charged Oral contrast administered
Defibrillator present If “YES™:
Manual resuscitation bag present Renal protection according to protocol
Sufficient oxygen level
Checklength of iv. tubes
in case of MRI; extend lengthi.v. tubes Monitor YES | NO | NA
Shut off necessary l.v. tubes EtCO; monitoring present
Check and set visual and audible alarm
Medication YES | NO | NA
Sufficient intravenous medication
Additional intravenous sedatives Transport ventilator YES | NO | NA
Additional intravenous inotropics Turn on the oxygen
Additional medication Put HME filter between ventilator and ET/TT
Additional infusion pump Check and set visual and audible alarms
Additional intravenous fluids
Stop enteral nutrition | E7/7T depth (cm) |
Stop enteral insulin
Administrative YES | NO | NA

Register baseline vital signs overleaf

Switch patient in POMS to “Transport”™

Radiology department informed

Fill in MRI safety questionnaire
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Check List

Medication and fluids administered

At destination

YES

NO

Medication

Dosage |

1V fluids

D pry

Saline solution

Piug inoxygen

Plug inair

Midazolam

Voluven

Switch off oxygen & 3ir on troliey

Propofol

Ringer's lactate

Plug in transport trolley
Check visibility on monitor during
procedure

Vital signs
Time
HR/Rhythm
8P
MAP
cvp
PAP
Vent mode
F10;
PEEP/PS
RR
Tidal volume
Minute volume
Sp0:
ETCO:
GG
Pupil UR

~Oniy the ciinica! porameters that are aiso recorded in iCU

20 min 40 min 60 min
—

_— =

Connecting patient YES | NO | NA Transport troliey YES | NO | NA
Turn on humidifier Comp! transport bag
Stop extra sedatives Change Oxygen tank if level <50 bar
Start enteral nutrition Change HME filter
Start enteral insulin Plug in transport trofley
Untanglei.v. tubes Report procedure in medical chart
Switch patient in PDMS to “Back inICU” Change suction If used
Check level iv. pump with PD_MS Rm incigents
Specify:

Physican: e Signature: P——

Nurse: Signature: -
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Patient Deterioration

« Patient must be regularly re-assessed in order
to identify changes in patient condition as
soon as possible.










Ambulance Types & Design
and Standards
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US STANDARDS
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STAR OF LIFE

Detection

Transfer to
Definitive Care /@™ 1L\ Response

Care In Transit\{g& 4| [N/ Reporting

On-Scene Care
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THE “STAR OF LIFE” IS
A SIX-BARRED CROSS
UPON WHICH IS SUPER-
IMPOSED THE STAFF OF
AESCULAPIUS (es’cu-
|a’pi-us) WHO, IN BOTH
GREEK AND ROMAN
MYTHOLOGY, WAS THE
GOD OF MEDICINE AND
HEALING.

“Star of Life” Symbol”

NOTE:
THE STAR OF LIFE SYMBOL® IS
A REGISTERED TRADEMARK
OF THE U.S. DEPARTMENT OF
TRANSPORTATION

a

Blue White White Border
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AMBULANCE TYPES
Type 1 Ambulance

Body Type Conventional
Truck, Cab Chassis
w/Mod. Body Ambulance

Service Capacity : ALS or
BLS

Classes - Class 1
Two-rear-wheel drive
or Four-wheel-drive
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AMBULANCE TYPES
Type 2 Ambulance

Body Type -Standard van,
Integral Cab Body
Ambulance

Service Capacity: BLS or =
Limited ALS il _
Classes - Class 1
Two-rear-wheel drive

or Four-wheel drive
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AMBULANCE TYPES
Type 3 Ambulance

Body Type - Cutaway van,
w/ Integral or
containerized mod.
body Ambulance 4 e,
Service Capacity: BLS or SN |
ALS D
Classes - Class 1

Two-rear-wheel drive or st
Four-wheel drive
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Seven Levels of Ambulance Services

o Basic Life Support (BLS)

o Basic Life Support (BLS) — Emergency
o Advanced Life Support, Level 1 (ALS1)
o Advanced Life Support, Level 2 (ALSZ2)
o Specialty Care Transport (SCT)

o Paramedic AL S.Intercept (Pl)

o Fixed Wing Air Ambulance (FW)
» Rotary Wing Air Ambulance (RW)
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BRITISH STANDARD

B Lt et )

Medical vehicles and
their equipment —
Road ambulances

BS EN
1789:2000

Incorporating
Amendment No. 1

The European Standard EN 1789:1999, with the incorporation of

amendment A1:2003, has the status of a British Standard

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION

BfltlSh StandardS COMITE EUROPEEN DE NORMALISATION

EUROPAISCHES KOMITEE FUR NORMUNG
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CEN

EN: 1789 2007
Ambulance: type Al,A2,B and C
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Medical vechicles and their equipments —
Road ambulances
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BRITISH STANDARD

B Lt et )

Medical vehicles and
their equipment —
Road ambulances

BS EN
1789:2000

Incorporating
Amendment No. 1

The European Standard EN 1789:1999, with the incorporation of

amendment A1:2003, has the status of a British Standard

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION

BfltlSh StandardS COMITE EUROPEEN DE NORMALISATION

EUROPAISCHES KOMITEE FUR NORMUNG
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+ Wheeled ambulance stretcher
+Stair chair

+Backboard

+Scoop stretcher

+folding ambulance stretcher
+Basket stretcher

+Flexible stretcher
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SCAN 3-4 Patient-Carrying Devices

Portable stretcher. (© Ferno—Washington, Inc.)

g,
v .

Power stretcher. (© Ferno—Washington, Inc.)

Scoop (orthopedic) stretcher. (© Ferno—Washington, Inc.)

(continued)
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SCAN 3-4 Patient-Carrying Devices (continued)

Basket stretcher. (© Ferno—Washington, Inc.)

?/"

Flexible stretcher. (© Ferno—Washington, Inc.) Stair chair.
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FIGURE 3-4 A wheeled
stretcher is carried on every
ambulance.

WWW.AMIRSALARLIR



Emergency. Stretcher




FIGURE 3-5 (A) Challenges occur when patients with a very high BMI need safe transfer to an ambulance. (B) Many
EMS services are now equipped with specially constructed stretchers and loading equipment for bariatric patients.

(C) An increasing number of emergency departments are being equipped with hydraulic lifts to transfer obese patients
onto the hospital cot. (Photo C: © Edward T. Dickinson, MD)

bariatric

having to do with patients who
are significantly overweight or
obese.




Rolling slide/transfer board Transfer belts



Copyright © 2003, Elsevier Science (USA). All Rights Reserved.
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FIGURE 3-6 (A) A modern stair chair has wheels to roll the patient along a floor or level ground. (B) It also has a track that can
be lowered that (C and D) allows EMTs to gently slide the patient down a staircase.




L ‘O 5 @
(Spine board, Trauma board or Long board)
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The Evac-U-Splint
Mattress



PORTABLEKFOLDING STRETCHER




REEVES







Figure 21-2 Patient care in a cave unquestionably represents
wilderness EMS.
Courtesy of Will Smith.



STOKES




Figure 21-14 Stokes litter. Some models are made of titanium
for lightweight transport and split into two sections.
Courtesy of David Bowers.
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Box 12-2 Types of Splints

Various splints and splinting materials are available
(Figure 12-6), including the following:

® Rigid splints cannot be changed in shape. They
require that the body part be positioned to fit the
splint's shape. Examples of rigid splints include
board splints (wood, plastic, or metal) and the long
backboard. Rigid splints are best used for long-bone
injuries.
Formable splints can be molded into various
shapes and combinations to accommodate

ong backboard

g

Board splint

ACCCCD]]

Padded board

Aluminum splint

the shape of the injured extremity. Examples of
formable splints include vacuum splints, air splints,
pillows, blankets, cardboard splints, wire-ladder
splints, and foam-covered moldable metal splints.
Formable splints are best used for ankle, wrist, and
long-bone injuries.

Traction splints are designed to maintain mechanical
in-line traction to help realign fractures. Traction
splints are most often used to stabilize femur shaft
fractures.

Ladder splint

—

Cardboard splint

Half ring




Box 12-2 Types of Splints (continued)

Figure 12-6 A. Formable splint. B. Traction splint. C. Vacuum splint. D. Board splint.
B: © Jones & Bartlett Leaming. Photographed by Darren Stahiman. C: Courtesy of Hartwell Medical.




FIGURE 32-17 Splints and
accessories for musculoskeletal
injuries.




SCAN 15-3 Applying a Cervical Collar

STIFNECK® SELECT™ (© Edward T. Dickinson, MD) WIZLOC Cervical Collar.

Philadelphia Cervical Collar™ Patriot Adult and Pediatric. NEC-LOC™ rigid extrication collar, opened. Rigid cervical
collars are applied to protect the cervical spine. Do not apply
a soft collar.




One Piece




Bivalve or Two Piece
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The Kendrick “
Extrication '™ n"

Device (KED)

Note the presence of a
cervical collar, applied
before the KED.







Non-half-ring group Thomas half-ring group
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Kendrick traction device (KIiD)

CI-6

STS  RESCUE DR

slishman traction splint
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Oxygen Tanks

Components:
Tank

O-Ring
Regulator
Sizes:

D

=

\Y/

Stat Date
Pressure Gauge
Flow Valve
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Nasal Cannula (NC)
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Non-Rebreathing Mask (NRB)
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POCKET MASK
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Bag Valve Mask (BVV M)
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SUCTION EQUIPMENT
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Infusion Pump
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Medtronic
LIFEPAK 12

BIPHASIC DEFIBRILLATOR/MONITOR

MANUAL DEFIBRILLATION
1Push ON. A

ap

en directe

PACER OPERATION
« Push PACER 10 tum pacer on

o and adjust up or down as nesded
NT button and adjust to capture

0 Batt Chg
& Service 1

ADVISORY D 'y ENEREY 4
SHOCK
LEAD  SIZE SYNC

PACER

Q@D voea

OPTIONS 'V CURRENTA

EVENT PAUSE

a}

Home
Screen

A Elal0 s (P




Nebulizer
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((Ccce

Oropharyngeal airway

COPA (cuffed oropharyngeal

, Esophageal obturator airway
airway)




Endotracheal Tubes

Standard adapter with
a 1l5 mm external — ————>
diameter

Radiopaque Strip

(visible on x-ray)

Pilot tube —

Body

Pilot balloon =—

Cuff

Beveled distal tip



Alternative airway management devices

e Laryngoscopes e

Handles Blades

McCoy laryngoscope









Alternative airway management devices

e Supraglotic devices e

Laryngeal mask airway (LMA) Intubation LMA (Fastrach)

Laryngeal tube Combitube
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Emergency Kit




Jump Kit
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ICU-CCU Certified Registered Flight Nurses

ER Flight Nurses

Advanced Life Support Critical Care Flight Paramedics
Flight RN & Paramedics

Flight Respiratory Therapists

Anestheologists

Doctors in critical care medicine

o Atleast five years experience in critical care

o Trained in flight physiology, Emergent and Critical Care medicine

o Current certifications in BLS, ACLS, PALS,

o Air Medical Crew-Advanced National Standard class or its equivalent
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THE ATMOSPHERE

The atmosphere 1s the envelope of gases surrounding
the Earth. It 1s divided into four stratified lavers: the
troposphere. the stratosphere. the ionosphere and the
exosphere. The troposphere 1s the laver closest to the
earth. extending upward for 50 000 to 60 000 ft
(15240 to 18 290 m) at the equator and to 25 000 to
30 000 ft (7620 to 9145 m) at the poles.

All unpressurized fixed-wing aircraft and most

pressurized fixed-wing aircraft used for medevac fly
in the troposphere. Unpressurized fixed-wing aircraft
usually fly within the first 10 000 ft (about 3000 m)
above the ground. As an aircraft ascends 1n the
troposphere. the following factors come into play:

the temperature drops (by 2°C for every 1000 ft
[300 m] ascended)

atmospheric pressure falls

water vapor 1s reduced

weather problems and turbulence occur
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BAROMETRIC (ATMOSPHERIC) PRESSURE

Barometric (atmospheric) pressure 1s the pressure
exerted against an object or a person by the
atmosphere. The pressure 1s usually measured in
millimeters of mercury (mm Hg) for medical
purposes. As an aircraft ascends. barometric pressure
falls (see Table 2 -2).

Table 2-2: Barometric Pressure at Various Altitudes

Barometric Pressure

Altitude (ft)* In mm Hg In psi

Sea level 760 14.7

1000 33 14.2

3 000 581 13.2

5 000 632 11.8

7 000 586 11.3

10 000 523 10.1

12 000 83 93

14 000 447 86

16 000 412 80

18 000 360

20 000 350

25 000 282

30 000 226

35000 179

Note: psi = pounds per square inch.
1000 ft = 304.8 m.




GAS LAWS

Changes in atmospheric pressure affect the human
body according to the following laws governing
atmospheric gases.

DALTON’S LAW

The total pressure of a mixture of gases 1s equal to
the sum of the partial pressures of the individual
gases present.

Phvsiological significance: Oxygen transfer from the
air to the vital organs of a human being 1s a direct
result of atmospheric pressure. Increasing altitude
results in a drop 1n atmospheric pressure. As this
occurs, the pressure of the individual gaseous
components in the atmosphere also decreases.
Therefore. the availability of oxygen declines as
altitude increases, which results in oxygen deficiency
(hypoxia). Even healthy people will suffer hypoxia
during flight, and the impact on a sertously 11l or

injured person is greater than that on a healthy
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BOYLE'S LAW

The volume of a gas 1s inversely proportional to 1ts
pressure when temperature remains constant.

Phvsiological significance: As altitude increases.
atmospheric pressure drops. and gases (including
gases trapped 1n any body cavity) expand. The
expansion of gases causes an increase 1n the pressure
on swrrounding tissues and may result in tissue

damage. This expansion of gases explains the effects
of changes 1n atmospheric pressure on ears, sinuses,
teeth and the gastrointestinal tract. Gas mn the nuddle
ear or the sinuses that expands under these conditions
may not be vented adequately. which can result mn

pain, inflammation and. in the case of the muddle ear.
the possibility of rupture of the ear drum.




HENRY’S LAW

The amount of gas that will dissolve 1n a solution and
remain in solution 1s directly related to the partial
pressure of the gas over the solution.

Physiological significance: Henry’s law explains the

phenomenon of decompression sickness. As
decompression occurs, nitrogen may evolve out of
solution 1n the body’s tissues. causing localized
irritation., localized manifestations such as the
“bends” and skin manifestations. and systemic
responses such as neurological effects or shock.
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TYPES OF AIRCRAFT

PRESSURIZED AIRCRAFT

Pressurized aircraft can fly at higher altitudes.
including those that are dangerous to human life,
while maintaining physiologically compatible
conditions inside the cabin. The aviation benefits of
using a pressurized aircraft and flyving at higher
altitudes are the ability to fly over bad weather and
improvements in gas nmuleage. In medical terms, use
of a pressurized aircraft allows control of the
atmospheric pressure within the aircraft (“cabin
altitude™) to meet the client’s needs. Pilots and air
nedical escorts can work together to provide the
optimal cabin altitude for the client. according to
clinical needs and aviation safety.

Types of Pressurized Aircraft
— Citation 1

— King Air Lear Jet

— Electra

— Boeing 737

— Hawker Siddeley 748




UNPRESSURIZED AIRCRAFT

Unpressurized aircraft are useful for transporting
clients with non-emergency conditions. However. the
role of unpressurized aircraft in the transport of

acutely 11l clients 1s severely limited by the altitude
restrictions mdicated for various medical conditions

- T = =

These restrictions force the unpressurized aircraft to
fly at altitudes much lower than usual. This factor has
several important implications for the transport of
acutely 1ll clients:

— Loweraltitude trips may take longer because of
inclement weather, which delays the arrival and
subsequent treatment of the client at the receiving
hospital

Types of Unpressurized Aircraft
Cessna 185
Twin Oftter
Beechcraft 1900
Beaver
Chinook helicopter
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PHYSIOLOGICAL EFFECTS OF FLIGHT ON THE HUMAN BODY

ALTITUDE AND OXYGEN DELIVERY

Table 2-3: Effects of Altitude on a Typical Healthy Person

Altitude”

Oxygen Saturation

Effects on Vision

Other Effects

4000 to 5000 ft ASL

5000 to 8000 ft ASL

5000 to 10 000 ft ASL

10 000 to 14 000 ft ASL

14 000 to 20 000 ft ASL

> 20 000 ft ASL

>83% (no effects of hypoxia)

90% to 93%

88% to 90%

83% to 85%

Severe hypoxia

Some impairment of night
vision

Greater impairment of night
vision

Some impairment of day
vision

Reduced ability to perform
tasks

Critical loss of judgment,

accompanied by euphoria
and fatigue

Severe loss of judgment,
accompanied by belligerence
or euphoria

Death occurs in a short time

Note: ASL = above sea level.

*1000 ft = 304.8 m.




ENVIRONMENTAL FLIGHT STRESSO
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HEAD AND NECK (FACE, EYES,
EARS, NOSE AND THROAT)

Aviation factors affecting disorders of the HEENT

— Reduced partial pressure of oxygen (hypoxemia)
— Reduced atmospheric pressure (gas expansion)

— Decreased presence of water vapor (dehydration)
— Gravitational forces

— Motion sickness

— Vibration




RESPIRATORY SYSTEM

Aviation factors affecting lower respiratory tract

condifions (e.g.. asthma., COPD. bronchiolitis):

Reduced atmospheric pressure (gas expansion)
Decreased presence of water vapor (dehydration)
Gravitational forces

Reduction in partial pressure of oxygen leading to
hypoxia (see “Hyvpoxia,” above, this chapter)

Overpressurization syndrome (relating to Bovle’s
law: see above) may develop when alveoli
spontaneously rupture in association with gas
expansion during ascent. This 15 most common in
clients with air-trapping disease such as asthma.
bronchiolitis or emphysema. Sudden decompression
in the awrcraft results in rapid expansion of gases.
which could result in pneumothorax.
pneumomediastinum or air embolus.
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OXYGEN REQUIREMENTS AT
SPECIFIC ALTITUDES

The following equation is used to determine the
fraction of mnspired oxygen (F10:) requirement when
flying to a different altitude.

Fio, x AP,
= Fio,(a
AP, 2(3)
where
Fo, = fraction of mmspired oxygen that client 1s

currently receiving

AP, = current barometric or atmospheric
pressure (in mum Hg)

AP> = destination barometric or atmospheric
pressue (in mm Hg)

Fios(a) = fraction of inspired oxvgen that client will
need at destination altitude

EXAMPLE

Client is receiving 30% oxygen. current altitude is
2000 ft (where pressure 1s 706 mum Hg). and flight
altitude 1s expected to be 6000 ft (where pressure is
609 mm Hg).

0.30 = 706
609

= 0.35




DURATION OF OXYGEN SUPPLY

The following equation 1s used to calculate duration
of oxygen supply:

To calculate the length of time that an oxygen tank

will last, you must be familiar with the capacity of
the various sizes of tanks, the “tank factors” and the pressure in tank— 200 (residual) x tank factor
equation that follows.

= duration of supply
flow rate

Tanks come 1n a variety of sizes. each with its own
multiplying factor used in calculating capacity:
where tank pressure 1s i pounds per square mch,

Tank Size Tank Capacity (L) Tank Factor flow rate is in liters per minute, and duration of

D 300 0.16 supply 1s In minutes.
E 600 028 EXAMPLE
M 3450 1.37

For an E cylinder with a pressure of 1500 psi and a
flow rate of 3 L/min:

1500 psi-200 « 0.28
3 L/min

=121 min
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CARDIOVASCULAR SYSTEM

Aviation factors affecting cardiovascular conditions:

Reduced partial pressure of oxygen (hypoxemia)
Reduced atmospheric pressure (gas expansion)
Decreased presence of water vapor (dehydration)
Gravitational forces

Cardiorespiratory stresses associated with flight. such

as hypoxia, fatigue and increased catecholamine
levels. can be hazardous for anyone with

cardiovascular disease.

A client with unstable angina or MI 1s at risk of more
1schemia 1f not managed appropriately in flight. The
potential for arrhythmias must be recognized.

Expansion of gases in the abdominal or chest cavity

may impair venous return to the heart. reducing
cardiac output and compromising tissue perfusion




GASTROINTESTINAL SYSTEM

Aviation factors affecting GI conditions:

Reduced atmospheric pressure (gas expansion)
Reduced water vapor (dehydration)
Gravitational forces

Turbulence

Gas pressure 1n the GI tract 1s normally equal to the
surrounding atmospheric pressure. With increasing
altitude (ascent). this gas expands (according to
Boyle’s law; see above). but pressure can usually be
equalized by belching or passing flatus. However, gas
expansion in a client with closed-loop intestinal
obstruction may cause significant pain. nausea.
vomiting. syncope and deterioration: in the worst
case, a partial obstruction may be converted into a
complete obstruction.




MUSCULOSKELETAL SYSTEM

Aviation factors affecting musculoskeletal
conditions:

— Reduced partial pressure of oxygen (hypoxemuia)

— Reduced atmospheric pressure (gas expansion and
tissue swelling)

— Gravitational forces

Reduced atmospheric pressure during flight causes
mjured tissue to swell. This can result in
neurovascular compromise, particularly if there are
casts or restrictive splints on the extrenuty. Traction
splints must not be based on free-hanging weight

systems but should be replaced with transport-
compatible traction splints




NEUROLOGICAL SYSTEM (CNS)

Aviation factors affecting neurological disorders:

Reduced partial pressure of oxygen (hypoxemia)
Reduced atmospheric pressure (gas expansion and
tissue swelling)

Gravitational forces

Motion sickness

Lack of hunudity (especially dehydration of the
COInea in an unconscious person)

Increased risk of seizure activity (see below)
caused by “flicker vertigo™ from strobe lights on
aircraft

A decrease 1 atmospheric pressure increases
intiacranial pressure, reducing blood flow. The
resulting tissue hypoxia compounds the problem.
leading to further edema.




Seizure activity may occur as a result of anxiety.
hypoxia or hyperventilation. The r1sk of seizures may
be enhanced 1n any client with head injury or a
history of seizures.

Certain skull fractures. particularly basal fractures
involving the sinuses. have the potential to introduce
air 1nto the brain. a condition called

pneumoencephalopathy. Gas trapped in the brain 1s
very dangerous for two reasons:

— Brain tissue 1s highly sensitive to damage because
of 1fs soft, pliable consistency

— The rigidity of the skull means that the brain
cannot adapt to the volume expansion




THE SKIN (INTEGUMENTARY
SYSTEM)

Aviation factors affecting conditions of the skin:

— Reduced partial pressure of oxygen (hyvpoxemia)
— Reduced atmospheric pressure (gas expansion)
— Decreased presence of water vapor (dehydration)

SKIN WOUNDS (LACERATIONS, SURGICAL
INCISIONS)

Air may be trapped in certain wounds. so there may
be increased tension on sufture lines or compression
of local circulation as the gas expands with ascent.

Bleeding may increase during flight. Therefore,
control bleeding before transport.




BURNS

The condition of clients with inhalation burns may
worsen during flight because of increased swelling of
the airways, resulting in hypoxia. Inhalational injury
may also result in carbon monoxide poisoning and
poisoning by other types of inhaled substances. Such
poisoning may result in both hypemic and histotoxic
hypoxia. Oxygen saturations may not be accurate in
the presence of carbon monoxide poisoning!

Clients with major burns are at risk of hypothermua.
as the skin represents a very important means of

thermoregulation. Maintenance of a warm cabin
temperature 1s important.

Generalized swelling may be enhanced.

Circumferential burns may cause neurovascular
compromise and impair respiratory excursion.




BAROBARIATRAUMA IN OBESE
CLIENTS

Adipose tissue has greater nitrogen content than other
tissue. This nitrogen can be released at high altitudes
(according to Henry's law and Boyle’s law: see
above). The fragility of the cell membrane 1n fat
increases the risk of fat and nitrogen embol..

Obese clients may be at greater risk during long.
high-altitude flights and may experience dyspnea.
chest pain. petechiae on the upper body. pallor.

tachycardia or tachypnea. or any combination of
these.




ENDOTRACHEAL AND
TRACHEOSTOMY TUBES

Cuffs on tubes such as endotracheal and
tracheostomy tubes are usually filled with air. During

flight this air can expand. putting pressure on the
trachea and causing 1schemia. Therefore, before the
flight. replace the air with sterile water.

FOLEY CATHETERS

During flight. air in the catheter can expand. putting
pressure on the urethra. Therefore, the balloon should
be filled with sterile water, not air.




ORTHOPEDIC DEVICES

Orthopedic air splints are not to be used because of

the hazards associated with expansion of gas during
ascent,

Back slab casts or wood splints are safer for mnifial
immmobilization. as either can accommeodate tissue

swelling and gas expansion. Full casts that have been
in place for less than 72 hours should be split on two

sides (bi-valving) before flight.




APPENDIX 4-1: SUGGESTED CABIN ALTITUDE RESTRICTIONS

Client’s Condition

Maximum Cabin Altitude (feet AGL)*

Head, eyes, ears, nose and throat

Maxillofacial injury 1000

Eye disorders or trauma 2000
Barotitis or otitismedia 4000
Respiratory system

Epiglottis or croup 3000
Respiratory insufficiency or hypoxemia 2000
Pneumothorax 2000
Chronic obstructive pulmonary disease 20004000
Asthma 20004000
Inhalation burns (client not intubated) 2000
Cardiovascular system

Stable angina or Ml 8—24 weeks ago 6000
Unstable angina, acute MI 2000
Congestive heart failure (mild) 4000
Congestive heart failure (moderate to severe) 2000
Anemia 3000
Sickle cell anemia 2000
Gastrointestinal system

Bowsl obstruction 20004000
Abdominal trauma 20004000
Other Gl problems 4000
Musculoskeletal system

Fractures 4000
Central nervous system

Head trauma: open skull fracture, basal skull fracture Sea level
(where pneumoencephalus is possible)

Closed head injury (where pneumoencephalus is not suspected) 2000
Cerebrovascular accident (stroke) 2000
Intracranial problems (e.g., bleeding, infection) 2000
Seizure disorders (unrelated to head injury) 4000-5000
Spinal cord injury 4000

Skin (integumentary system)

Burns (not including inhalation injury) 4000
Trauma

Major frauma with potential for shock or entrapped gas 2000
Miscellaneous

Anaphylactic shock 2000

Gas gangrene 2000
Decompression illness Sea level

Mote: AGL = above ground level.
*1000 ft = 304.8 m.




BASIC INTERFACILITY TRANSPORT EQUIPMENT

Stretcher with appropriate linen and securement — Glucose monitoring supplies
straps — Dressings

Spinal immobilization equipment:

* Spine board

= Cervical collars (all sizes)

= Straps

» Head immobilizer

= Cardiac arrest board

Oxygen tanks. with regulator. wrench and adapters
100% bag-valve mask (BVM) devices with easy-
seal masks for adults and children

Oral airways for neonates. children and adults
(complete set of sizes)

Oxvygen delivery devices for adults and children

Portable suction device with extra drainage
collection unit

Suction accessories, including tonsil-tip catheters
Backup portable suction device

Stethoscope and sphygmomanometer (adult and
pediatric)

Thermometer

IV supplies: I'V catheters. intraosseous needles. TV

tubing, IV start equipment. IV solutions. tape. arm
board

Pulse oximeter

Flashlight and penlight

Spare batteries

Hygiene supplies: disposable towels, wet wipes.
sanitary napkins, incontinence pads

Sterile gloves, sick bags, garbage bags. tissues,
towels, bedpan. urinal. kidney basin (disposable, if
possible)

Scissors

Tongue depressors

Safety pins

Syringes and needles in a variety of sizes
Sharps container

= ] large pressure dressing (e.g.. abdominal pad)

= 6 sterile gauze pads 10 = 10 cm (4 = 4 inch)

= 0 sterile gauze pads 7.5 = 7.5 cm (3 = 3 inch)

= 2 sterile eye pads

= 1 butterfly dressing

= assorted Band-Aids

= 1 roll of 2.5-cm (1-inch) tape

Bandages

= two 5-cm (2-inch) tensor bandages

= 5-cm (2-inch) Kling stretcher gauze

= 1 triangular sling

Basic medications kit:

= analgesic (e.g.. meperidine. morphine)

= ( analgesic tablets (acetaminophen)

= naloxone
2 ampules of epinephrine (1:1000)
metered-dose inhaler (MDI) with bronchodilator
(e.g.. salbutamol)
glucose 25% and 50% (for IV administration) in
a preloaded syringe or oral glycogel

= nitroglycerin tablets or spray

= antiemetic (dimenhydrinate)

= other dimugs as needed or ordered

Refer to pharmacy standards and regional policy for
storage, handling, dispensing and recording of
controlled substances.







