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Transport of the critically ill

E Everest and B Munford

All intensive care units (ICUs) are required to move
critically ill patients for investigations or procedures that
cannot be performed in the ICU. These patients have
reduced or absent physiological reserves and even short
trips can result in significant adverse events.!? These
events can be reduced by the use of trained personnel 3

15 addition, 1CU personnel are frequently involved in
the stabilization and transter of critically il patients into an
1CUF while some wnits may be involved in the pansport of
paticnts from the sitc of a pre-hospitat incident, or between
hospitals.®? The inter-hospital transfer could be due to the
increasing sophistication of eritical care facilities in tertiary
hospitals compared with district or rural hospitals, different
subspecialty capabilities, local bed shortages® or, in cerrain
Jhealth systems, for insurance or financial reasons. In some
cases, the complexity of these inter-hospital transfers can be
further complicated by the need for rapid transport, or the
distances involved. All patient movement is associated with
an increase in mortality or morbidity, but with an inte-
grated approach using high level clinical personnel whao
have the correct equipment and undertake sufficient plan-
ning, adverse events can be reduced 2+¢F Regular ambu-
lances or untrained hospital staff should not be expeeted to
manage ICU patients. Compared with specialist transport
teams, standard ambulances with junior doctor escorts are
associated with more cases of hypotension, acidosis and
death?

The hospital of the future has been deseribed as the
critical care hub of a dispersed network of facilities linked
by information svstems and critical care transport serv:
ices. ' Critical Care gansport should be part of a regional
intensive care network and adhere 1o promulgated
minimum standards for tansport of the critically i1/

INTER-HOSPITAL TRANSPORT

The general principles of patient transport regarding
equipment, paticnt monitoring and checking after
movement are identical, whether inora-hospital or inter-
hospital. in inter-hospital transport the same problems
are encountered but compounded by distance and the
vehicufar environment.

Patients are moved from the ICU for generally two
reasons: (i) diagnostic imaging that cannot be performed
in the ICU, and (3} for procedures, rradigionally the
operating theatre, burt increasingly for radiologically
guided procedures including vascular ¢mbolization,
angioplasty, pereutancous drainage and stent insertion.

Moving an 1ICU patient is a high-risk procedure but
with sufficient planning and preparation there should be
litzle or no compromise to his or her condition.
Unfortunately, this is not always achieved, as there arc
often a number of distractions that will divert staff from
monitoring the patient, or disconnection of infusions or
ventilatian, In up to 70% of ICU patient transports,
adverse cvents occur, of which:

e onc-third are cquipment related!?

e acute deterioration of a0, /Fi0; rtio is common

e ventilator associated preumonia s sigaificantly
increased 1#

However management is changed in 40-50% of patients,
thus justifying the risk. Sufficient notification will allow
the assembly of equipment, monitoring and sufficient
staff who are trained and famitiar with the cquipment
and the patient. The more complex the patieat, the more
capable the team required. In unstable patients the
minimum team should consist of a suitably trained
doctor {e.g. onc capable of re-intubating a ventilated
patient and able to manage any changes occurring in the
patient’s condition), the patient’s nurse and two assis-
tants to move the bed and help to lift the patient. For
more stable, less complicated patients the patient’s aurse
and assistants mav be sufficient.

CT SCANNING

The most common diagnostic investigations nccessitat-
ing trassport is compuierized tomography (CT). On
most oceasions very little planning and preparation is
required for what is almost a routine procedure. The
exceprions are patients with head injurics and the admin-
istration of nasogastric contrast and the increased aspira:
Hou risk in patients with decreased gaseric motiliy.
Repeated CT scanning of head injury patients is common.
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22 TRANSPORT OF THE CRITICALLY ILL

In those patients with decrcased cerebral compliance,
movement and changes in body position or Pato; can
result in marked changes in intracranial pressure (JCI).
Prior 1o transport, Lo, should be measured on the trans-
port monitor while the patient remains connected to the
1CU ventitator. ICP changes caused by ventilator induced
variations in Paco, when switching to the transport ventila-
tor can be reduced by adjusting the minute volume to
maintain a stable Etco, Adequate sedazion will also
decrease movement induced rises in ICE Ideally, the 1CP
shoutd be measured on the transport monitor but this is
often not possible, Whether a staff member remains in the
scanner room or views the patient and monitor from
outside depends on patient stability. Radiation exposure, is
small and is not considered a risk, and depends on where
personnel stand in relation to the scanner’s ‘doughnut’,
from where the radiation is emitted.

MRI SCANNING

The hazards to a patient in MRE are greater due to Hmi-
tations in the proximity of infusion pumps, ventilators
and monitors to the magnet, and at times on catheters
and pacemakers inserted in the patient. The need for the
MRI nceds to be bakanced with the information likely to
be gained. The threc main problems with transport
cquipment are:

e metal objects becoming projectiles when in close
proximity to the magnert

e cquipment interfering with the MRI

o the MRI causing failures in transport cquipment.

MRI units vary in policy, from prohibiting any cquipment
in the room to having minimal equipment that is placed as
far away from the magnet as possible. The ability of ventila-
tors and infusion pumps to function in the MRI scan room
must have been tested prior to any patient being scanned,
as some modern transport ventilators have failed in the
MRI. Idcally, the equipment should be left outside the
room with extensions added to the infusion and ventilator
tubing, but this increases the risk of disconnection. There is
one reported case of the external part of a pulmonary
artery catheter burning through during an MRJ scan,té
probably caused by the development of RF eddy currents.
Thermedilution pulmonary artery catheters are probably
safe, but although parients with internal defibriflacors and
permanent  pacemakers have been scanned with 1o
consequence, deaths have been reported. Prior discussion
with individual MRJI units on how ICU) patients can e
scanned is required.

INTER-HOSPITAL TRANSPORT
ORGANIZATIONAL ASPECTS

Provision of critical care transport services needs to be a
part of regional ICU services. The staffing ol critical care

gransport teams will depend on the workload, with
around 300 per vear, being the threshoid for a specific
transport roster, depending on transport duration and
regulations atfecting duty fimes. Qther factors include
regional demographics, resourees and geography. A team
from within that unit, or from another ICU, or an emer-
geney department, or a stand-alone wransport service may
provide transport of patients to a particular TCU. The
merits of each system have been summatrized recently.”
Whatever arrangement is chosen, staff should not be
conscripts but selected from those interested in eritical
care transport, and should be appropriately trained. Use
of junior inexpericnced staff is associated with increases
in preventabic mortality and morbidity.'®" Rostering of
teams needs to be appropriate for the workload and take
into account the potential for significant overtime hours
when urgent requests occur near shift changeovers. If
personnel are atso allocated to other clinical duties, they
need to be readily relieved when required. Equipment
should be prechecked and the team should have a prac-
tised routine to enable prompt departure

A co-ordination centre should be used in systems
involving multiple requests and transport teams.

PERS_QNNEL

The aim of the transport team is to at least maintain
but preferably enhance the fevel of care. This requires
transport teams 1o have diagnostic and procedural skills
to provide the fuli complement of carc for the full
range of paticats ransported. Ideally, the personncel
caring for the patient in transit should be equivatent to
the “front line” clinical team at the destination, implying
a physician based tcam, although transport of well-
stabilized patienrs by non-physician teams has been
reported, 2

The transport team shouid be a minimum of two
people. For multiple patients a formula ot #+1 personnet
for m critical paticnts has been suggested.?! Multi-
disciplinary reams of physicians, nurse and/or ambulance
officers offer advantages of & wider range of skilis and
training than a team from any single profession. In
certain circumstances, other speciafized staff may need to
be taken, for example a surgeon or obstetrician.® It is
preferable and safer to add a specialist 1o the standard
ream because of the fatter’s familianoe with the practicali-
ties of the ransport environnent. Qther desirable astrib-
utes in staff include: good teamwork and communicarion
skiils; adaptability; reasonable body habites and physical
condition; and no significant visual or auditory impair-
ment or susceptibility to motion sickaess. Travel sickness
medications such as hvescine {scopolaming) are of
limited vatue, needing ro be taken up to 4 hours pre-
ransport and may cause significant side-cifects.

Training should encompass:

e principles and praciicalitics ol clinical care i transport
o vehicle faniliarization




e reloiant communicatian, safvnyand emergency

provedures.
Sttt shoutd have:

e appropriaie personal protective equipment

o lighuweight fireproofl overalls or other clothing

o mitorms for pre-hospiial responses, which should be
o high visibilinv and bear identilication.

PATIENT SELECTION

The best utiizasion of a critical care ansport system
i when it s activated Tor appropriate patients, wlnch
will depend on the levels of care available within the
ambulance services, The need for eritical care transport
mav be identified by:

o . diagnosis with the potential to deteriorate

e the requirement for physiological monitoring and
acute interventons

e the continuation of treamment already instituted
during rransport.

Both receiving hospitals and ambulance services need
ro be alert wo possible cases where critical care fransport
-« indicated, but not identificd by the referring team. A
mechanism that is highly sensitive and specific at identify-
ing patients unsuitable for standard ambulance mansport
is required. Triage mechanisms and tables to aid in
patient selection have been deseribed 252

COMMUNICATIONS

A svstematic approach s necessary to easure 2 smooth
pesponse when the nced for transport of a crivicaliv 1ll pa-
vient is ientified. A singie toli-free telephone number with
conference call capability is the ideal. Eacsimile and teke-
radivlogy capabilitics may also be of value. The one call tor

Jssistance should result i the provision of clinical advice if

required, the dispatch of & transpart tean, and finding a
bed in an appropriate hospital. Congise, simple clinical
advice appropriate for the capabilities of the referring hos-
pital by cither the receiving hospital or the TraNsport service
i paramount. No matter how fast the transport ream’s
response, without some interim care the patient with major
drway, breathing or circulatory compromise witl not
survive 7 Ongoing advice including stabilization and
preparation ol the patient for wansport may be required
prior o the arrival of the transport team. The provision 1o
relerring hospitals of a checkdise for patient management
and prepagation for transport may assist.

The transport team should communicate with the
receiving hospital, especially where changes in the
patient’s condition change the time of arrival, post-
transport management or destination within the hospital
or 1o another centre. Cellular telephones have revolu-
Honized communication in transit, but their use may not
be possible in all circumstances. Radio communication
between groand and air ambuaiances and relevant hospi-
tals i g preferred backup,
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EQUIPMENT
GENERAL CONSIDERATIONS

Minimun standards for supplics, cquipment and moni-
toring for entical care transport Tave been descloped 0
Lauipment sclection is a compramise between providing
for cvery conceivable scenario and being mobile. The
T showld be 1o have a core set ol equipment plus
optional items for specific seenarios plus some backup
redundaney for vital supplics and cquipment such as
oxvgen, airway devices, and basic circulatory monitorg.
A suggested cquipment schedule is appended in Table 3.1
Meticulous checking of equipment alter cach use and on
a regular basis is essential.

Transport monitors, infusion pumps and ventilators
must work outside the transport vehicke. This TeqQUITes
equipment 1o be batrery powered and readily poriable.
Although newer monitors and other devices have
rechargeable batteries with improved endurance, problems
can still oceur. The equipment checking process includes
different charging regimes. Nickel cadmivm (NiCad}
parterics need to be fully discharged before recharging
to decrease memory effecr, which reduces endurance.
whereas sealed lead-acid or lithium batteries perform
best when continually charged between uses.

Intesnal batterics should not be relicd upon uniess
transport. duration is jess than half the estimated battery
life. For longer trips, a supplementary power souree from
cither an external battery pack or the tansport vehicle
should be available to reduce bartery use or even charge
the batreries. An external supply combined with a wiring
harness o run and recharge internal batteries on all
devices is preferable. Spare batteries are not ideal, as many
devices are not amenable to rapid “on the joly' batrery
swaps without interruption of monitoring and therapy.

Portability can be addressed in two ways. Equipment
can be vehicle mounted but readily detachable to accom-
pany the patient, cither as individua!l devices or more
conveniently as a modular unit.2® Alternatively, a mobile
intensive care module can be incorporated into the
stretchers either in the base? oras a “strercher bridge’
straddling the parient.? Such designs are now widehy
used and allow the padent and equipment to he assem-
bled into one unit at the referral point ihis reduces
joading and unloading time, ventilator and other deviee
disconnections, and the risk of leaving cqupment
behind. Minor disadvantages include the increase in
weight (25-30 kg), with corresponding reduction in
maximum patient weight; and slight wp heaviness of the
streteher Apatient combination.

MONITORING

Clinical chservation by experieneed personnel rensains
the maminstar of monitoring 'Y but some clinical assess
ments such s ausculiation are impossible during rans.
Flence monitoring by appropriate cquipment should

a1 the same of higher leved than what the patient s

i the staionary setting. Referring INsUIIHORs *
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Table 3,1  Suggested equipment schedule for inter-hospital critic

al care transport

RESPIRATORY EQUIPMENT

Intubation kit
Endotracheal tibes & connectors - adult & paediatric sizes
introducers, bougies, Magill forceps
Laryngoscopes, blades, spare globes & batteries
Ancillaries: culf syringe & mancmeter, clip forceps,
‘gooseneck” tubing, HME/filter(s), securing ties, fubricant

Alternative airways:

Simple: Guedel & nasopharyngeal
Supraglottic: laryngeal masks &/or Combitube
infraglottic: cricothyrotorny kit & tubes

Oxygen masks (including high Fio, type}, tubing, nebulizers

Suction equipment:

Main suction system - usually vehicle mounted
Spare (portable} suction - hand, Q,, or battery powered
Suction tubing, handles, catheters & spare reservoir

Self-inflating hand ventilator, with masks & PEEP valve
Portable ventitator with disconnect & overpressure alarms
Ventilator circuit & spares
Spirometer & cuff manometer
Capnometer/capnograph.
Pleural drainage equipment;
Intercostat catheters & cannuiae
Surgical insertion kit & sutures (see below}
Heimlich type valves & drainage bags
Main oxygen system (usually vehicle mounted) of adequate
capacity with flowmeters and standard wall outlets
Portable/reserve oxygen system with flowmeter & std outlet

CIRCULATORY EQUIPMENT

Defibrillator/monitor/fexternat pacemaker, with leads, electrodes

& pads
i.v. fluid administration equipment;
Range of fiuids: isotonic crystalloid, dextrose, colloids
High flow & metered flow giving sets
L.v. cannulae in range of sizes: peripheral & centralfiong lines
Lv. extension sets, 3 way taps & needle free injection system
Syringes, needles & drawing up cannulae
Skin preparation wipes, i.v. dressings & bandaids
Pressure infusion bags (for arterial line also)

Blood pressure monitoring equipment:
Arterial cannulae with arterial tubing & transducers
Invasive & non-invasive (automated) BP pressure monitors
Aneroid {non-mercury) sphygmomanometer & range of
cuffs (preferably compatible with NIBP also}
Pulse oximeter, with finger & multi-site probes
Syringefinfusion pumps (minimum 2) & appropriate tubing

MISCELLANOUS EQUIPMENT

Urinary catheters & drainage/measurement bag

Gastric twbes & drainage bag

Minor surgical kit (for ICC, Cv lines, cricothyrotomy, etc):
Sterile instruments: scalpels, scissors, forceps, needle holders
Suture material & needies
Antiseptics, skin preparation packs & dressings
Sterife gloves (various sizes); drapes +/— gowns

Cervical collars, spinal immobilization kit, splints

Preumatic anti-shock garment {MAST suit)

Thermometer (non-mercury} &/or temperature probe/monitor
Reflective (space) blanket & thermal fnsulation drapes
Bandages, tapes, heavy duty scissors {shears}

Gloves and eye protection

Sharps & contaminated waste receptacles

Pen & foider for paperwork

Torch +/- head light.

Drugfadditive labefs & marker pen

Nasal decongestant (for barortitis prophylaxis)

PHARMACOLOGICAL AGENTS

CNS drugs:
Narcotics +/-— nen narcotic analgesics
Anxiolytics/sedarives
Major tranguillizers
Anticonvulsants
iv. Hypnotics/anaesthetic agents
Antiemetics
Local anaesthetics
Cardiovascular drugs:
Antiarrhythmics
Anticholinergics
Inotropes/vasoconstrictors
Nitrates
« & [} blockers; other hypotensives
Electrolytes & renal agents:
Sodium bicarbonate
Calciurn {chloride}
Magnesium

Potassium
Loop diuretics
Osmotic diuretics
Endocrine & metabolic agents:
Glucose {concentrate} +/— glucagon
Insulin
Steroids
Cther agenes:
Neuromuscular blockers: depolarizing & non-depolarizing
Anticholinesterases (neuromuscular block reverszl}
Narcotic & benzodiazepine antagonists.
Bronchodifators
Antihistamines
H, blockers/protan pump irthibitors
Anticoagulants
Thrombolytics
Vitamin K



Fabie 3.1 {cont'd)

PHARMACOLOGICAL AGENTS {cont'd)

Antibiotics
Oxytocics

Tocolytics
Diluents (saline & sterile water)

ADDITIONAL/QPTIONAL EQUIPMENT

Transvenous temporary pacing kit & pacemaker
Blood (usually O negative) &for blood products
Additonal infusion pumps & associated L.v, sets
Chstetrics kit

Additional paediatric equipment {depending on capability
of basic kit)

Antivenene (polyvalent or specific)

Specific drugs or antagonists

|otercostal catheter ({CC). Centrat venous (CV), Heat moisture exchanger {(HME}. For cther abbreviations, see text.

not allow patients to be transported by teams with inferior
monitoring capability. Compact mransport MONILors
offering ECG, $pQy, non-imvasive and multi-chanacl
vasive  pressures, capnography and  remperature
moniroring have largely superseded older technigues,
such as systolic pressure estimation by palpation and mean
arterial pressure monitoring via an aneroid interface and
gauge. These older technigues can still be used for
backup, as can defibrillators tor ECG, while small hand-
held pulse oximeters and Ltco, detector are also avail-
abie. Non-invasive blood pressure and pulse oximerry
devices are suseeptible to artefact® 3 and the use ol inva-
cve arrerial monitoring or shiclding pulse oximetry
probes may be required. Mercury-containing devices are
unstitable especialivin aireraft. For longer transports, or
patients with major biochemical or respiratory distur-
bances, compact biochemical and blood gas analysers
mav be valuable #

VENTILATION AND RESPIRATORY SUPPORT
A mechanical ventifator should be used on all ventilated
paticnts during transport. Manual ventilation occupics
one team member fully and cannot reliably deliver con-
srant tidal volumes and stable Eioo,.# Transport ventila-
tors are a compromise between portability and featuyes.

Table 3.2 Features of an ideal transport ventilator®

« Small, light, robust, and cheap.
+ Not dependent on external power source.
Easy to use and clean, with foolproof assembly.

-

« Economical on gas consumption.

Suitable for patients from neonates to large adults.

Fio, continuously variable from ambient air to {00% oxygen.
Able to deliver PEER, CPAPR, SIMVY & pressure support.
Variable |:£ ratios

Flow or pressure generator maodes

Integrated monitoring & alarm functions with audio & visual
signals

Altitude compensated

.

 For abbreviations, see text.

The characteristics of an ideal ransport ventilator are
outhined i Table 3.2, No currently available transport
ventilator meets afl of these, and different models are
optimized for different seenarios, so sciection of a trans-
port ventilator should take into account likely clinical
and operational requirements. Backup manuai ventlation
cquipment must be available. In some cases of severe
respiratory discase, a standard 1CU ventilator may be
needed. This may require medical air and AC power
Athough newer hybrid 1CU ftransport ventilators can
provide enhanced ventilation capability without supply of
these.® Similar requirements will apply to wansport of
patients on extracorporeal membrane oxygenation.

The provision of continuous positive AITWAYS Pressure
(CPAP) in transport remains problematic, “Clapper
board’ type systems are cconomical on gas consumption,
but being gravity driven perform poorly during move-
ment. Conventional CPAD systems have extremely bigh
gas consumption, rendering them impractical except for
short road transports. Electronicaily wiggered CPAP is a
feature of some newer transport ventilators; however,
though they have been successfully used on occasions,
poor performance with mask CPAD has been reporeed,™
and some patients may need to be converted to SIMV or
intermittent positive pressurc ventilation (1PTV) for
transport,

Maintenance of humidification of inspired gases is
important during transport. In most cases, heat and
moisture exchangers should provide adequate protection
for intubated patients.® In special circumstances, for
example, tn neonates and cystic fibrosis patients, it mav
be necessary to nse active humidification.

A suction system and preferably a reserve are needed
during ali phases of transport, These may be ventur
systems, clectrical powered pumps or namet aspirators.
Ohxygen venturi systems are lighter than clectrical systoms
and ousperform manual aspirators, but have high oxvgen
consumption, >40 1/min

INFUSIONS
Crivicatly il patienss often have multiple drug infu-
sions which need to be continued during transpari.
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A reduction in pumps mav be obtained by combining
sedation infusions or by suspending some infusions lor
rransport and giving them as intermittent boluses,

During the referral process it is important 1o ascertdin
the number of infusions running o ensure suflicient
pumps are raken. Modern lighoweight syringe drivers are
preferable for most infusions but a volumetric pump is
superior iF an infusion of large volumes ol fluid is
required, Glder *drop counting’ type infusion pumps are
susceptible to disruption by movement and ambient
pressure change and should not be used. Infusion pres-
sure bags should also be available to maintin Ly Bow
rates, as only minimal cievation of fluid bags is possible
in most transport vehicles.

MISCELLANEOUS EQUIPMENT
Transcutancous pacing is adequate in an cmergency, or
during very short transporis, but in other circumstances
clective trans-venous pacing should be instituted.
Equipmenz to institure or maintain other specialized
therapy en route should be carried if required. In some
cases situations such as with an intra-aortic balloon
pump, the equipment may be bulky and can influence
the selection of the rransport vehicle 3

Heimlich or similar one-way flap valves for pleural
drainage are essential, as underwater seal drainage
systems are not suitable for transport, owing to the likeli-
hood of tipping and /or syphoning. Equipment to main-
rain nasogastric, urinary, and wound drainage is also
required.

MODE OF TRANSPORT

Three types of transport vehicles are commonly
emploved: road, acroplane (fixed wing), and helicopter
{rotary wing). Basic requirements for crirical care trans-
port vehicles are listed i Table 3.3, Tdeally, dedicated
vehicles for all transport modes should be used, bur the
workload mav not justify this and often vehicles that can
be readily converted for mobile ICU use are seconded as
required. The mode of transport depends on distances
involved between referring and receiving, hospitals and
transport team locations; alse the vrgeney of the casc,
which is often influenced by the clinical capability of the
referring centre. Guidelines for vehicle utilization should
be developed but should have some flexibilioe for special
crcumstances ¢.g. workload, traffic congestion, weather.
Features and limitations of dilferent modes ol transport
are summarized in Table 3.4

ROAD TRANSPORT

The ground ambulance renaing the most commonty
used critical care vehicle, With patients for whom time
is not eritical and level of care in transit is more impor-
tant than speed, road tansport over considerable dis
rances is feasible and may be safer in some patient
groups.

Table 3.3  Essential features of transport vehicles

* Readily available

Adequate operational safaty

Capable of carrying (at least one) stretcher and mobife
intensive care equipment set

Safe seating for full medical team, including at head and side
of patient

Adequate space and patient access for observation &
procedures

* Equipped with adequate supply of oxygenfother gases for
duration of transport

Fitted with medical power supply of appropriate voltage and
current capacity

« Appropriate speed {coupled with} comfortable ride, without
undue exposure to accelerations in any axis

Acceptable noise and vibration levels

* Adequate cabin lighting, ventilation and climate control.
Fitted with overhead i.v, hooks, and sharps/bichazard waste
receptacles

Straightforward embarkation & disembarkation of patient and
team

Fitted with appropriate radies and mobile telephone

Fy

L3

FIXED WING TRANSPORT

Conventional aireraft are the most suitable for long-
range transport. Their faster speed s offser by the see-
ondary ambulance transport at both ends. Advantages
over helicoprers include pressurized cabing {in most
models), decreased cabin neise compared with helicopeers
and the alality o fiv in cing conditions.

ROTARY WING TRANSPORT

Helicoprers remain the most controversial, high profile and
expensive vehicles which require significant internal adapra-
tons by clinical teams ro enable them o perform patient
care. Smaller helicoprers are relatively or wotally unsuitable
as atr ambulances. Appropriate helicopters are versatile
vehicles, witly the abiliny to perform mansport both inside
and bevond their 53-300 km optimum range ‘doughnur’.
Maxinum value is obtained witly & high workload, ensuring
efficient climcal eam utilization and berween hospitals with
on-site helipads to avoid secondary transport.

SAFETY AND TRAINING

Transpore by any mode imvolves risk 1o staft and patients,
and also imposes imitations on the delivery of care. In
the acromcedical covironment enfamiliar personnel
perform clinical wsks poorte,™ so reams must be appro-
priateh mained and equipped to function effecrively and
sately in cach mode of transport. They need to be faml-
wr with use of the various transport vehicles” oxvgen,
suction, medical power, communications sestems, uwd
other cquipment and stores. A senior member of their
own professional group should wain and accompany new

personnel for several missions. Orher speciadise siafl
added 1o 1 e shoukd reccive a thorough salety bricl

]




Launch time 3-

10-120 km/h dependent on
roads & traffic

Speed

Secondary transport MNot applicable

fifective range 0-100 km (longer if required)

Noise Low, except at high speed

Yibrations Variable with speed & road
surface

Accelerations Variable and sometimes

unpredictable in ail axes

Special features Base vehicles readily available

Acquisition cast Lowest

Operating costs {per km) Intermediate

and work under the direction of reghiar transport team
members. Acromedical crew traning should encompass
safcry cquipment. crash response, cmergency cgress and
swrvival, Salety should be & foramost consideration in any
transport. Activities that compromise road and air safery
such as hazardous diiving or flving helow sate minima
are not acceprable, and clinical teams must avoid
attempting 1o cocree drivess or pilots to take risks. This
has been recognized as a contributor 1o air ambulance
accidents.®

ALTITUDE AND TRANSPORT PHYSIOLOGY

All transpart modes result in increased naise, vibration,
rurbulence and acceleratons in various or all axes (sec
Table 3,43, Personnel need 1o be aware of alritude-
refated complications that can oucur with air transport.
lncreasing altitude yesults in decreasing oxygen partial
pressure in accordance with Dalton™s Laws while gas
volumes inerease or where volume change is restricted
relative increases in pressurc
Bovle's Law {see Table 3.5). Good introductory?! 4 and
more detailed? ™M aviation physiology tests are avafable.

oceur i accordance with

OXYGENATION AND HYPOXIA

Critical patientx who are already dependent onan
mercased Flo, will be compromised by reduction in
Further oxveen supplementation
will b reguired o maintain arterial Paos. Only i special
or nnexpected creamstances, for example, alpine helicoprer

atmospheric pressure.

Helicopter
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Fixed wing

510 min (more il IFR)

120150 knots (220-290 km/h),
straight line

Sometimes

50--300 km (fonger or shorter
in special cases)

Moderate to high
(headsets required)

Moderate in most phases
{varies with rotor type)

Minimal & usually vertical only

Versatility; peint to point
capability

High (US$1-4.5 million new)
depending on capabilities

Intermediate to high

opcerations of

expected 10 affect the medical crews
aware of the risk and alert to symptoms.

should be

The manifestations ol hypoxia are well

elsewhere 3710

GAS EXPANSION

30-60 min

| 40180 knots {piston)
230-270 knots (turboprop)
375--460 knots (jet)

Inevitable

2002000 km

Low to moderate (cruise).
Higher on takeoff/landing

Low in cruise, moderate or
high on takeoffflanding

Significant {fore/aft) on takeofl
& landing

Cabin pressurization & ali
weather capability {most}

Moderate (piston) to very high
(je0)

L.ow to intermediate

cabin decompression, would hypoxia e

however, they

deseribed

Expansion of mrapped gases can manifest in (a) physio-

fogical air spaces,
containing cquipment.
The first category inc
sinuses, and the
tions can altect crew

{b) pathological air spaces, and {¢) air-

ludes the middle car, nasal

gastrointestinal ract. These manifesta-
as well as patients; consequently
staff with upper respiratory tract mnfections or

gastro-

intestinal disturbances shoukd not flv.

The sccond category

cmphysematous lung cvs

includes  pneumothoraces,

ts or bullac, intraocular oy

intracranial air from open injurics, bowel obstruction or
rupture, and gas emboli. Such paticnts should be trans:
ported at the Towest possible cabin or ambicat altitude,
with close monitoring and extreme care, especiaily on
the ascent phase. The effect of trapped gas expansion can
be reduced with denitrogenation by reathing 100% G

Brefore and during fhight.
Air-containing cquipme

at includes: endotracheal and

racheostamy tube cutisy Sengstaken-Blakemore tubes;
pulmaonary arrery catheter batloons: air splints, pneu-

matic antishock garments
and some wound drainage bags.

gasiric

cufl pressures need to be adjusted

(AAST suit) and pleural,
Endoracheal
during fight, or filled
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Table 3.5 Changes with altitude

Altitude  Pressure Alyeolar Po, Gas space  Std Temp Notes

{feet) (mmHg) (onair)  (100% O;) expansion {"Celcius)

Sea Level 760 103 663 - 15 15°C is ‘reference’ average temp — actual
obviously varies.

1600 733 98 636 +3.6% 13 Minimum altitude above ground level for
helicopter transports

2000 706 94 609 +8% It Likely altitude for most {VFR} helicopter flights
over sea level terrain

3000 68l 89 584 +17% g Likely range of cabin altitude for standard flights
in most turboprop air ambulance craft (e.g.

4000 656 85 559 +16% 7 Raytheon-Beech King Air series)

7000 586 73 489 +29% : Standard cabin altitude for airliners & most jet
air ambulances (e.g. Lear 35)

10000 523 61 426 +45% -5 Likely ceiling of helicopter operations & hypoxic
threshold in normal individuals

15 GO0 479 45 332 +77 - 4.5 Threshold for hypoxic decompensation in non
acclimatized individuals
Likely upper range of cruise altitude for

20000 349 34 252 +i17 T245 turboprop aircraft. Decompression: at these

25 000 282 0 185 =170 —34 altitudes causes rapid loss of consciousness &
death without C,

40000 141 <i0 6l +439 —56 Cruise ceiling for airliners & jets. Limit for

with water. Increases in tidal volume in pncumarically
controlicd ventilators can occur with altitude, necessitat-
ing setring changes.

CABIN PRESSURIZATION

Most fixed wing air ambulances have pressurized cabins,
which deercascs hypoxia and gas expansion. The
pressurization ereares a cabin pressure cquivalent to
fving at a lower altitude, hence the rerm “cabin alritude’,
The maximum pressure ditferentiab that can be generaged
depends on the aireraft model. Most turboprop air
ambulances can provide around 350 mmHHy (46.7 kI’a)
differential, or cabin altitude of 1000 m (3000 ft) while
flving at 6500 m (20 004 ftr. Onee maximum differential
has been achieved lower cabin altitude can ooy be pro-
vided by lower flight, which may be relatively or
absulutely contraindicated — for example, a stower more
rurbulent Might or beneath lowest safe airitude. res-
pectively. The medical ream should not request a lower
cabin altitude than what is required, with the linal dect
sion resting with the pilor. Faiture of cabin pressuriza-
tion s but i1
conseqiences, and teams sloskd be aware of provedures
1o folfow.

rarc, sudden  can have  dramaric

survivable decompression, even with 100% O,
for flight crew

OTHER CONSIDERATIONS

Temperature falls by 2°C for every 300 m (1000 {1y alt-
tude increase. Water partial pressure also falls and is not
corrected by cabin pressurization. Respiratory and other
exposed mucosa can become dehvdrated and could cven-
rualiy lead to systemic hypovolacmia. All intubated
paticnts should have ar least passive humidification. Qo
prolonged journeys, staft may also be affected. Staff
rostered for air transport should refeain from compressed
aas diving for at least 24 hours prior to the shift. o

PATIENT PREPARATION FOR TRANSPORT

The preparation phase for tansport will depend on the
patient’s diagnosis and condition, 10 possible, the patient
should be stable; and efforss, which may inchide surgery,
shoukd be undertaken to obtain stability. The exception
would be a patient requiring time-critical intervention at
the receiving hospitat, These transports are pskicr, but
are Likely to be less futile than atempting 1o stabilize an
inevitably deteriorating patient, Al patients prior 1o any
ransport must have a4 secure drway, cither selfnain
wined or intubaicd and ventilated. and mrivenous
access. Am external bleeding should he controlied.
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Table 3.6 Suggested pre-departure checklists

A. BEFORE LEAVING HOSPITAL

Patient identity & next of kin
Consent for transport
Paperwork & X-rays

Drugs for transport
Emergency drugs/equipment
Medical equipment

Monitors, ventifator & infusions
Tubes, lines, drains & catheters
Altitude request (i applicable)
Receiving unit

Recorded

Obtained & documented
Collected

Present & sufficient
Available

Collected & repacked
Connected & on
Secured

Passed to pilot
Contacted & updated

B. IN VEHICLE & PRE-DEPARTURE

Stretcher & patient restraints
Oxtygen supply

Moniters, ventilator & infusions
Emergency drugsfequipment

Secured & checked
On & sufficient
Working & secure
Stowed & accessible

Other medical packs Stowed
i.v. fluids Hung & running
i.v. injection port Accessible

On & connected
Checked as applicable
On & checked
Onjfchecked (if applicable)

Medical power
Communications
Seatbelts
Stafffpatient headsets

Urgent investigations (c.g. Xerays, arterial blood gases)
should be obtained where indicated. and possible in the
time available. The patient should be secured on the
stretcher and connected to ventifators and monitorig
commensurate to the degree of stability and time con-
straints. Infusions should be rationalized and sedation
may need to be increased during the trip.

Intercostal drains, if present or placed, should be con-
necred o Heimlich tvpe valves. It parenceral nutrition is
discontinued, an appropriate dextrose infusion should be
substituted, with mterval blood glucose estimation.

Appropriate decumentation including a referral letter,
results of investigarions and hospital and ambulance
observations needs to accompagy the patient. The team
should ensure that anv relevant tegal requirements have
been complied with and, where possible, consent for
rransport obained.” The final step prior o transport
should be a series of checks as listed in Table 3.6.

PATIENT CARE DURING TRANSPORT

If the partient is adequately prepared this phase shoult be
uneventful. Special vigilance should be emploved in the
initial stages of movement, as this is the most likely time
for cither physiological decompensation, or technical
problems such as disconnections to occur. Onee i the
rransport vehicle, a further sot of chiecks is advisable {see
Tabic 3.0). Therapy, momroring and documcentation
should continue during tansport. Transported patients
arc vulnerable to hypothermia, capeciatly if intubated

and,or paralvsed and/or receiving multiple infusions 4
Active heating in-transit may be possible using the
vehicle heating, while passive heat conservation shoulkd
be practised during loading and unloading. Transpon
crews should be restrained during transport. If a critieal
event occurs necessitating the crew leaving their seats,
the driver or pilot should be informed.

Death in transport should be a rare oceurrence 1 i
does occur, distance and the expectations and location of
relatives should be raken into account in making the
decision whether or not to continue transport to the
destination. Carriage of relatives remains a controversial
issue. For conscious patients, especially children, the pres-
ence of family members may have a beneficial effect. For
unconscious patients it is less clear and needs to be bal-
anced against space constraings in the mobite IC vehicle,
and the potential rcaction of relatives in case of a crirical
event, Transport services should have policies in place
both for carriage of relatives and for death in transit,

QUALITY ASSURANCE IN EDUCATION
AND RESEARCH

Critical care transport is a recent development where
accepted standards and guidelines are still evolving.??
This means there is still considerable fikelihood of prob-
lems, crrors and critical incidents, with correspond-
ing scope for rescarch and quality improvement. This
requires good clinical and operational data coliection and
patient outcomes. Tlie process should be sensitive 1o the
existence of system errors as well as individwal patient,
cquipment or staff incidents. Preliminary results from the
use of a critical incident monitering system have been
reported.t* Users of the service must be informed of
recommendations and svstem changes resulting from this
process. Innovation and research by staff involved in this
arca should be encouraged.

SPECIAL TRANSPORT SITUATIONS
PERINATAL TRANSPORT

This encompasscs both i aeero and extrauterine trans-
port of the neonate. Specialized neonatal teams normally
perform neonatal transport.® Alternatively, part or ali of
the regular transport teans may accompany specialist
neonatal personnel. Neonatal transport strerchers are
butky and heavy, and require a vehicular power output of
up 1o 250 W for the incubator and active humidifier as
well as monitors, ventilator and infusion pumps. They
also require & supphy of medical air to allow precise regu-
lagion of F1o,.21 Transport of the pregnant patient carrics
the risk of precipitating labour, and in rare cases, delivery
in transtt.®? This is suboptimal, espeeially wheee the baby
is premature or otherwise at risk. Where labour cannot
be suppressed, consideration should be given ro debivery
at the refesring hospital, with subsequent neonatal and
maternal transpost.
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TRANSPORT OF DIVING INJURY PATIENTS
Panents with decompression sickness o arterial gas
embohus require expeditious transport o 1 recompres.
sson facility. This must be halanced against the risk of
cven simall decreases in ambient pressure; even a 100m
C300 R increase in altitude can exacerbare pathogenesis. ™
Divers with other problems such as marine animal cnve-
nomation, or other medical conditions will still have
mereased tanal body nitrogen siores and can be at risk of
developing evolved gas disosders during air vansport.
The use of vansportable hyperbarie chambers has been
reported™ but their use severely compromises speed of
response, and therapy possible in transit. Transport at or
very near sea fevel eabin pressure on HO0% oxveen is the
usual procedure.

INTERNATIONAL AND LONG DISTANCE
TRANSPORTS

Imternational ransport of critically #l patients is becom-
ing increasingly common. There are ofien complex
mcdical, social and cconomic factors to return a patient
o their own medical system. These must be balanced
against the immigration, visa, and logistic requirements,
and medical problems of ulua-long disrance transpore.™
A physician based team is Jess likely ro have problems
refating to drug carriage and status compared with a
paramedical team. Logistic problems include carriage of
sutticient supplics, and clinical stafl to work shifts for
profonged transports, Pressure mav be exerted to uilize
cheaper regular passenger transport scevices instead of
much more expensive air ambulances. Most international
airlines will accepr a stable scated patient; but there is
considerable variation among airlines willing to carry
stretcher patients and associated  cquipment. Such
transports require considerable planning to arrange
stretcher fitment and sufficient supplics of oxvgen and
clectric power. A separate oxygen system for eritical care
ransports i required as the aireraft’s emergency oxvgen
system s not permitted for patient care and the oxvgen
svstems for inflight use by passengers with medical
conditions can only deliver up to 4 L/min® Airline
engineering clearance of medical equipment i often
required. Aireraft power needs to he negotiared or
sufficient barteries carricd. An air ambulance mav be
indicated for cases that are wrgent, infective or require
fow vabin altitnde; whereas stable post mvocardial
paticnts can be sately ransported in commercial aireraft
with appropriate cscors 58

CRITICAL CARE SCENE RESPONSES

Crinical care teams offer o wide range of measures o
complement standard pre-bospital providers, especially
for major tawma; ncluding: sedative /relaxant assisted
intubation: cricothvrotomy; tube thoracostomy: intra-
venous cutdown or cenmal line insertion: and blood
administration: as well as triage 1o an appropriaie
hospral® These teams are useful only for apped

paticnts in the urban sctting,™ but combined with heli
COPLLr IFnsport can HNprove outcomes i il paticnts
with blunt rrawma X555 1y qlhese sitnations the team
should include an experienced pre-hospital provider.
With appropriate activation the team may reach the
patient at the scene or supplement management a the
lacal hospital.

Critical care teams may also be of value in disaster
situations.® Disaster medicine involves & change in
emphasis ro performing a small number of basic fife-saving
procedures on a large number of paticnts. Personnel with
tanspore,/pre-hospital experience are kel to be berter
trained and equipped to work ar disaster scenes than tradi-
tional hospital disaster teams.® The order of priority
remains the same as traditional eritical care transpors:
triage, treatment, and then transport.
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