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James Rosenthal, MD* avoid those complications, and how  their risks to the patient and, one pate
Department of Critical Care to maximize the risk-benefit ratio of hopes, increases their information- | ther
transdportshso that patients are ex- gathering potential.
posed to the hazards of leaving the The most critical systems to mon-
g;t:g(l;:gael Ounham, MD ICY environment for only justifiable itor and support during patient Res)
Departmant of T causes. transport are respiratory, cardiovas-
epanment of Trauma A patient may need to leave the cular, neurologic, metabolic, and re- | Nume
Surgery trauma ICU for surgery, diagnostic nal (see box below). Common com- | may
or therapeutic radiologic proce- plications in each of these systems cally
dures, treatment in another spe- are discussed (see box, page 381), | ICU.
Shock Trauma Clinical Center cialty care area (for example, hy- together with some ways to antici- videc
Maryland Institute for perbaric oxygen therapy), or an in- tient
Emergency Medical terhospital transfer. Support and prab.
Services Systems g‘onito:!ng téeg;.l;'lhin the !CU must ho:"
. e conlinued at the same levels renc
Baltimore, Maryland during the transport, Support must Systemic parameters to spor
be maintained to avoid deterioration monitor during transport quer
in organ system function: monitor- Respiratory mon.
In the critical care setting, gains in pa-  ing must be continued so that such = Respiratory or ventilator rate asse
tient well-being and hemodynamic deteriorations, whether from = Skin color, breath sounds
stability are made with great effort changes in support or from worsen- = Ventilator tidal volume (inspired | | Airw
on the part of medical and nursing ing of intrinsic disease, are appar- and expired)
staff and patient. Too often, the ent to trained observers accompa- * Delivered PEEP, peak and Ai
ground gained by resuscitation is nying the patient. Simply monitoring mean airway pressures mon
lost to a variety of avoidable de- vital signs during transport does not * Arterial and venous O,, CO,
stabilizing influences during trans- ensure the safety and continued partial pressures
port of critically ill patients out stability of an ICU patient; elec- * Pulse oximetry readings of O, —
of the trauma intensive care unit tronic monitoring must be continued Saturation
(ICU): as well. Cardiovascular : Co
* Inadequate temperature control The focus of transport support * Heart sounds, skin color, capil- E:
with consequent hyperihermia or and monitoring is to preserve the lary refill time _ e
hypothermia hometzgstasi_s achieve? ;n the iCU; . glg%ogigéfosﬁsgrg u(lr;l;an systolic :
L ) new therapies are not begun during C ' . )
gggl?!ergtgfllg?er?ini?ifel.rlg%?':sogfp\:gso- patient transport except as needed " Cardiac rate and rhythm; isch- i
active drugs o correct acute events occurring emic changes on ECG .
* Loss of ventilatory control settings during that time. Neither should a = Central venous pressure, mean
that h Yy 9 patient be moved from the ICU dur- pulmonary arterial pressure, !
ave been carefully matched ; ; : ;
to the needs of a particular pa- Ing or soon after changes in ventila- and mean arterial pressure by _
tient P P tory or hemodynamic support ex- vascular catheters Ce
» Disturbances of fractures in close f ept as urgent circumstances dic- ;]Pac?mgker function .
proximity to neurovascular struc- ate. In that event, the patient eurologic .
tures, resulting in neurologic defi- should be moved from the ICU only * Level of consciousness
Gits o regionat ischa mia for diagnostic procedures that will = Cranial nerve function
g guide major freatment decisions or = Extremity function, deep ten- .
All of these elements combine toin-  for therapeutic procedures essential don reflexes "
crease patient morbidity and mor- to recovery. * Intracranial pressure
tality through the common path- Finally, a cogent reason for com- ®= Qccurrence of seizures N
ways of poor tissue perfusion and plex electronic monitoring of pa- Metabolic .
hypoxia. tients during transport is to ensure = Acid-base balance
To avoid transport-related mor- the continued function of monitoring = Serum glucose, electrolytes
bidity and mortality, one must know systems themselves. Vascular ac- Renal M
what complications may occur dur- cess lines, intracranial pressyre * Urine output .
ing transport of patients outside the  monitors, and other invasive de- » Serum creatinine, BUN
trauma ICU, how to anticipate and vices provide useful information but . OUfPL;: of C?Irt'“quoug a]rteriove- R
. . i also expose the patient to numer- nous hemofiltration dialysis
oy Wosis P Do oL agarce, narha et 0 numer- systems -
Center, Balfimore, Md. monitoring of such devices lessens —
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pate complications and deal with
them should they arise.

Respiratory System

Numerous respiratory problems
may occur during transport of criti-
cally ill patients outside the trauma
ICU. These problems can be di-
vided into difficulties with the pa-
lient's airway (natural or artificial),
problems with mechanical ventila-
tion, worsening of thoracic or pa-
renchymal disease process (either
spontaneously or as a conse-
quence of transport), and loss of
monitoring capability with which to
assess adequacy of ventilation.

Alrway

Airway problems are fairly com-
mon during transports, A patient not

T
.Common problems with trans-
"‘port equipment

'Respiratory

» Tracheal tube: dislodgment,

i obstruction, cuff leaks

¥ Ventilator unit failure, oxygen
“*exhaustion, battery failure
2-Dislodgment of chest tubes, in-
;;%t_erruption of water-seal drain-
wage systems
:Cardiovascular

* Alterations in drug infusion
& Pacemaker generator failure
% (usually battery or electrode
% placement)

rologic

,,‘;,Dlslodgment of ICP monitors,
= fallure of ICP monitoring
2 equipment

;ﬁ_fétabolic

grations in drug infusion (in-
ulin, bicarbonate, CAVHD di-
.a!y§ale) . C e

Behal,

PRy

PCI
L
\ e

already receiving mechanical venti-
fation may suffer airway compro-
mise as a result of neurologic dete-
rioration (sedation, analgesia, spon-
taneous worsening of central
nervous system [CNS] injury) and
require emergent securing of the
airway by endotracheal intubation
or cricothyroidotomy while out of
the critical care area. Expanding
neck hematoma or a history of pen-
etrating neck injury should also
raise concern about the patient's
airway before the transport. Doubt
about airway integrity mandates in-
tubation before the transport, when
the tracheal tube can be placed in
a controlled environment, with less
patient risk,

Artificial airways (endotracheal
and nasotracheal tubes, tracheosto-
mies) are prone to problems as
well. Loss of ventilation in a me-
chanically ventilated patient may be
caused by tube malfunctions such
as change in position (the tube may
be dislodged upward, losing the air-
way entirely, or downward, gener-
ally into the right main stem bron-
chus) or obstruction by pulmonary
secretions, clotted blood, or tissue.
The pressurized cuff of the endotra-
cheal tube may develop a leak,
causing loss of the airway's effec-
tive seal. This situation is a particu-
lar problem in patients requiting
high airway pressures to maintain
ventilation, in whom cuff leaks can
allow a substantial part of the ventj-
latory tidal volume to be lost to the
upper airway. Effective positive
end-expiratory pressure (PEEP)
can be lost to cuff leaks also. Bron-
chospasm may develop in patients
outside the ICU, either sponta-
neously or in reaction to drugs
given any time in the hospital
course,

Mechanlcal ventilation

Problems with mechanical venti-
lation during transport are legion.
Some of these are a result of the
fact that patients dependent on me-
chanical ventilation are inherently
sicker than those not dependent.

Also, ventilators are complex elec-
tropneumatic devices prone 1o a va-
riety of malfunctions, most of which
compromise the process of ventila-
tion itself,

Ventilated patients commonly
“fight the ventilator,” that is, they at-
tempt respiration on their own in a
manner not synchronized with the
machine. Such loss of synchrony
will compromise air exchange and
result in hypoxia and hypercarbia,
reflected in the blood gas. Seda-
tion, which may ensure adequate
ventilation in the ICU, may not be
adequate during transport, when
patients may become agitated and
hard to ventilate as a resuit of
being moved from bed to stretcher
Or to a new environment or under-
going painful or frightening proce-
dures. Sedation may need to be
reinforced. Fighting the ventilator
may lead to very high airway pres-
sures and consequent barotrauma,
resulting in pneumothorax in a sity-
ation in which detection is difficuit
until serious deterioration in respira-
tory function occurs. Excessive air-
way pressures may require neuro-
muscular blockade and a change to
controlled ventilation if additional
sedation does not produce accept-
able ventilatory compliance.

Patients who have been ade-
quately maintained with mechanical
ventilation may suffer rapid and
marked (and possibly frreversible)
deterioration in respiration if, during
transport, their ventilation is main-
tained by “bagging” instead of the
mechanical ventilator. With bag-
ging, it is very difficult to ensure ad-
equate air exchange and stability of
critical ventilatory parameters such
as PEEP and respiratory rate in pa-
tients with restrictive lung disease,
especially patients with adult raspi-
ratory distress syndrome (ARDS). If
one has any doubt as to whether
an artificially ventilated patient will
do well with bagging, the benefit of
that doubt must be given and the
patient transported with a poriable,
self-contained transport ventilator,
preferably of identical design fo the
patient’s ICU ventilator. Most pa-
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Intrahospital Transpor

tients at the Shock Trauma Center
of the Maryland Institute for Emer-
gency Medical Services Systems
are ventilated with a Siemens
Servo 900C machine (Siemens-
Elema Ventilator Systems, Schaum-
burg, Iii.); therefore, we use an
identical ventilator equipped with
battery pack and oxygen tanks to
transport high-risk patients. Our cri-
teria for moving patients on the
transport ventilator include intrapul-
monary shunting (Qs/Qt) >15%,
compliance <35 mi/cm H.O, PEEP
>10 cm H,0, use of a ventilator
mode such as pressure control, or
moderate to severe brain injury with
poor intracranial compliance, A
modified, nonparamagnetic version
of this machine is used to transport
ventilator-dependent patients for
magnetic resonance imaging (MRY)
studies. For transport to and venti-
lation in the hyperbaric oxygen
chamber, we use a pneumatically
powered ventilator capable of
PEEP, which does not require elec-
trical power.

The risk of inadequate ventilation
with bagging during transport is es-
pecially high in patients with ARDS,
who frequently depend on high

Fig. 1. Tension pneumothorax. Antaro-
posterior chest radiografh in supina
batient demonstrates a arge pheumo-
thorax on right with leftward shift of

mediastinum indicating a tension com-
ponent,

levels of PEEP to ensure alveolar
expansion and gas exchange or
who require medical paralysis and
controlled ventilation. Such patlents
should be transported only with a
ventilator, one capable of the same
Support as the ICU ventilator. Fre-
quent samples for blood gases
must be drawn to ensure that oxy-
genation has not changed, because
such patients generally have con-
siderable ventilation-perfusion in-
equality and may deteriorate mark-
edly simply from altered position.

Pleural cavity and chest wal]

Pleural cavity or chest wall prob-
lems may arise during transport.
Common problems are a sponta-
neous pneumothorax or worsening
Or recurrence of a previous pneu-
mothorax thought to be stable or
reduced. Frequently, patients have
had previous pneumothoraces that
responded well to tube thoracos-
tomy and maintenance of suction
through a water-seal device, Usu-
ally, the suction is discontinued at
the beginning of the transport be-
cause maintaining suction with the
patient out of the ICU and away
from wall fixtures is quite difficult,

Air may then reaccumulate in the
pleural cavity, causing recurrent
pneumothorax and loss of ventila-
tion or increased ventilation to per-
fusion ratio (V/Q) inequality, Staff
Supervising the transport of a pa-
tient with tube thoracostomy suction
must be alert to the possibility of
reaccumulation of intrapleural air
and emergent pleural decompres-
sion if the patient's ventilation dete-
riorates.

Pneumothorax may alsoc occur
de novo during transport, as a re-
sult of invasive chest procedures
{computed tomography [CT] or son-
ographically guided aspirations or
biopsies) or vascular access proce-
dures performed shortly before or
during transport. Thus obtaining a
chest radiograph is mandatory after
central venous access is attempted.
If the need for transport is so acute
that time does not permit a chest
radiograph, then one should be ob-

tained at the earliest possible op-

portunity and the fransport person- |

nel should be made aware of the
possibility of an occult pneumo-
thorax or hemothorax. Any deterio-
ration in ventilation during transpor
that is not rapidly correctable by
simple means strongly suggests the
need for a chest film along with any
other required diagnostic and thera-
peulic maneuvers, such as pleural
decompression.
Frequently, patients undergo intu-
bation and ventilation for muitiple
rib fractures, especially when a flail
chest is present. PEEP and a me-
chanically supported tidal volume
are commonly used in such pa-
tients to maintain alveolar expan-
sion; these patients' conditions may
deteriorate if they are transported
without PEEP or ventilated by
means that cannot deliver a consis-
tent PEEP and tidal volume. Again,
the solution is to transport these
patients with a sophisticated venti-
lator capable of consistently deliver-
ing the needed support.

Monitoring during transport

Monitoring of ventilatory parame-

ters during transport can be divided
into:

Flg. 2. Hemothorax, Anteroposterior
chest radiograph in Supine patient ob-
tained after trauma to right side of
chest demonstrates large area of in-
creased density over right side of
chest. Mediastinum s displaced to left,
Thoracostomy tube blaced on right
drained a large hemothorax consisting
of pleural and extrapleural hemorrhage.
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= Physical examination and tracking
of vital signs

» Evaluation of blood gas results

= Observance of serial readings
from pulse oximeters and trans-
cutaneous oxygen—carbon diox-
ide monitors

= Observance of displayed data
from mechanical ventilators

Close assessment of skin color,
respiratory rate (with and without
the ventilator), breath sounds by
chest auscultation and chest wall
motion, neurologic status, and the
presence or absence of air bubbling
or leaking from the mouth and nose
in intubated patients will provide
much information about respiratory
status and oxygenation. Increased
heart rate or blood pressure may
alert the clinician to developing hyp-
oxia or hypercarbia; tachycardia
and hypotension may herald a ten-
sion pneumothorax. Blood gases
give additional evidence of ventila-
tory adequacy, especially if both ar-
terial and mixed venous specimens
are examined simultaneously.
Pulse oximetry and transcutaneous
oxygen monitoring can help the
clinician recognize and evaluate
frends in the patient's reaction to
changes in ventilatory support,
and, combined with other data,
help o assess the respiratory pic-
ture. However, these modalities
are often insensitive to moderate
respiratory deterioration, which
is more commonly elucidated by
the arterial blood gas. Monitoring
ventilator data is especially impor-
tant; early airway obstruction may
manifest as a rise in airway pres-
sures, loss of ventilatory volume,

o increased respiratory rate. Com-
ce can be calculated rapidly if
te ventilator displays paired airway
Pressures and volume. Changes in
Compliance frequently herald a
ge in ventilatory function and
may proy:jde valuable information at
side.
& Patients not maintained with me-
cal ventilation who are trans-
3 18d out of the ICU are prey to
unique risks. Painful diag-
Sudies or therapies, or those

requiring the patient o hold still for
image quality, may require sedation
or analgesia. Such sedation may, if
administered in excess or to a pa-
tient with preexisting airway or neu-
rologic compromise, cause suffi-
cient deterioration in respiration to
require intubation and assisted ven-
tilation, This risk can be minimized
by the judicious use of tranquilizing
drugs, local anesthesia, carefu|
dosing of drugs known to be respi-
ratory depressants, and considera-
tion of intubation and ventilation in
the ICU before transport if ventila-
tion is believed to be at all mar-
ginal.

Cardiovascular System

Trauma patients requiring trans-
port are generally monitored for
blood pressure by intraarterial can-
nula and transducer, for central ve-
Nous pressure by subclavian or in-
ternal jugular vein catheter, and for
cardiac alterations by continuous
single-lead electrocardiography.
Pulmonary artery occlusive pres-
Sures are not menitored routinely

out of the trauma ICU except in the
operating room. In patients with pul-
monary artery catheters, mean pul-
monary artery pressure is moni-
tored instead of central venous
pressure, Alterations in blood pres-
sure and in cardiac rate and thythm
frequently occur in critically ill pa-
tients. These changes in hemody-
namic state may reflect a worsen-
ing of disease processes indepen-
dent of therapeutic interventions,
inadvertent changes in medications
delivered by mechanical means,
noxious stimuli (or the refief of
same), or worsening of pretrauma

conditions such as ischemic heart
disease.

Hypertension

Elevations in blood pressure dur-
ing transport, diagnostic proce-
dures, or therapettic procedures
may result from increased pain to
the patient or inadvertent increase
in the delivery rate of vasoactive
drugs such dopamine, dobutamine,
isoproterenal, epinephrine, or nor-
epinephrine. Infusions of antihyper-
tensive drugs such as nitroprusside

Fig. 3. CT of pneumothorax. Close-up axial CT section obtained through lung base
as part of abdominal CT study after biunt trauma revealed a small anterior pneumo-

thorax on right anteriorly (arrows). The pneumothorax was not demonstrated on ad-
mission chest radiographs.
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! or nitroglycerin may be interrupted
by failure of infusion pumps, intra-
venous (iV) tubing bending or kink-
ing while moving the patient, or
dysfunction of a centraj venous ac-
cess line. Lack of sedation during
frightening or painful procedures
may also raise the patient's blood
pressure. Infusions of sedatives
and analgesics such as morphine
or fentanyl may be interrupted by
pump, tubing, or line problems,
causing increased discomnfort and
Consequent elevation in blood pres-
Sure or heart rate. Ventilation dis-
turbances causing hypoxemia or
hypercarbia may raise blood pres-
sure; therefore, the workup of unex-
plained hypertension in the patient
should include evaluation of ventila-
tory status and arterial blood gases
as needed. Finally, an unnoticed
rise in intracranial pressure (ICP) in

the patient with brain injury can ele-

vate blood pressure as well.

[P

Hypotension

Hypotension in the 1CU trauma
patient during transport can appear
from a variety of causes, Chief
amang them is hypovolemia, either
from sudden losses of intravascular
volume caused by “third-spacing” of
fiuids, hemorrhage, or urinary
losses caused by diabetes insipi-
dus, or from relative losses of vol-
Ume caused by progressive sepsis,
drug side effects, and shock. For
example, manipulating a vascular
catheter associated with an unsus-
Pected infection during patient prep-
aration for transport may induce a
sudden episode of hypotension
S00n after the patient leaves the
ICu, Inadequate replacement of
fluid losseg Suifered either before
transport (hemorrhage, diabetes in-
Sipidus) or during transport (forced
glure5|s from contragt imedia, bleed-

re hypovolemia re-
quiring prompt and aggresive yol.
ume resuscitation while i patient
is out of the trauma ICU,
Cardiac ventricular dysfunction
may produce hypotension and re-
duce organ perfusion. Causes of

384

such cardiac failure include myocar-
dial contusion or infarction, valvular
cardiac disease including papillary
muscle rupture, or cardiac tampon-
ade resulting from hemopericardium
or effusion. Tension pneumothorax
can cause hypotension as well, by
shifting the mediastinum and
preventing effective cardiac filling.
injury to the cervical and thoracic
spinal cord may cause a sympa-
thectomy (spinal shock) and hypo-
tension,

Disturbances of infusions of va-
soactive drugs may lead to hypo-
tension by several paths: loss of jn-
fusion of inotropic or chronotropic
drugs will lead to decreased blood
Pressure or heart rate, and exces-
sive infusion of antihypertensives
may lead to lowered blood pressure
and compensatory tachycardia. Ex-
€ess narcotic administration wij|
produce hypotension. In either
case, the remedy is simple: flow
rates of all drugs infused must be
observed carefully and recorded
before, during, and after transport.

Alterations in cardlac rhythm

Alterations in cardiac rhythm,
such as atrial or ventricular ectopy,
junctional rhythms or tachycardias,
bradycardia with various escape
rhythms, ventricular tachycardia, fi-
brillation, and asystole, may oceur
during transport. The causes of
such disturbances include:

* Reactions to various cardiovascu-
lar drugs {digoxin, B-blockers, or
calcium entry blockers)

* The presence of central venous
or pulmonary artery catheters,
which may irritate the heart elec-
trically

® Electrolyte. imbalances

* Hypoxemia

* Failure of permanent or tempo-

rary pacemaker generators or
dislodgment of pacing elec-
tfrodes
* Spontaneous dysthythmias as a
result of primary myocardial dam-
age such as infarction or
contusion
» Brain injuries

* Ischemic heart disease or pree
isting cardiac disease

Such rhythm disturbances are
treated in proportion to their sever-
ity; a detailed discussion of the
treatment of various cardiac dys-
rhythmias is beyond the scope of
this article.

Dysrhythmias that compromise
biood pressure or threaten tissue
perfusion must be treated during
transport. More benign alterations
in normal rhythm may be observed
during transport and exact cause
and treatment sought when the pa-
tient returns to the ICU. Anticipation
is helpful: for example, checking
battery function in a temporary
pacemaker generator before leav-
ing the ICU (with spare battery on
hand) may Prevent a disaster dyr-
ing transport,

Patients with previous rhythm dis-
turbances who are maintained with
continuous infusions of antidys-
rhythmic drugs such as lidocaine,
procainamide, or bretylium are
prone to all the mechanical
infusion-related problems noted
above, and any new cardiac rhythm
should be evaluated accordingly.
Also, antidysrhythmic drugs are
generally negative inotropes, and
their excessive administration may

cause hypotension not otherwise
explained,

Monitoring during transport

Besides monitoring heart rate
and rhythm, systemic blood pres-
sure, central venous pressure, and
mean pulmonary artery pressure,
other information about the patient's
cardiovascular state may be gained
as follows. Clinical observation of
skin color {pink, pale, or Cyanotic)
and temperature (cool, warm,
damp, or dry), the character of the
peripheral and apical puises, and
estimation of fluid loss (especially
via hemorrhage) aid the physician
and nurse in assessing the patient's
hemodynamic state, Blood pressure
measured by arterial line myst be
correlated with periodic cuff pres-
sures. Careful attention should be

fectively
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paid to the appearance of the pres-
sure tracing from all vascular cathe-
ter recordings; a flattened arterial
waveform, or one that contains sub-
stantiai overringing, should alert the
clinician to monitor cuff pressure.
Alterations in central venous cathe-
ter waveform should prompt a
search for changes in catheter posi-
tion or occlusion of catheter lumens
caused by infusion malfunction or

} catheter bending. With these obser-
§ vations, a reasonably accurate pic-

fure of the patient's volume status
and ability to perfuse the tissues ef-
fectively can be drawn, permitting
appropriate preventive or therapeu-

4 tic measures to safeguard the pa-
3 tient's well-being.

Neurologic System

Causes of neurologic deteriora-
tion in ICU trauma patients during
fransport are many. A useful way fo

ook at these causes is to divide

them into those with global worsen-
ing of GNS function during transport
and those developing focal neuro-
logic deficits.

18 Global CNS dysfunction

Causes of global CNS dysfunc-
ion can include inadequate cere-
bral perfusion from cardiovascular
fallure, poor oxygenation of arterial
biood from ventilatory compromise,
or excessive sedation or analgesia
given for transport or procedures.
Selzures may also occur from
preexisting seizure diatheses, toxic-
Ry of various drugs such as lido-
Qine or aminophylline, low serum

e from excessive insulin infu-

- 800, or hypoxia. All of these prob-

will lessen the patient's level
consciousness and alter CNS
tion. Another common cause of
CNS function in trauma pa-

Seats s intracranial hypertension.
This 4

33 condition can result from brain
¥ng from primary traumatic in-
(closed brain injury or penetrat-

1INy {0 the brain substance),

INg mass lesions such as
dl or subdural hematomas, or

direct hemorrhage into the brain
substance (see O'Callaghan et al.,
page 388). Increased intrathoracic
pressure, stemming from tension
pneumothorax or ventilator-patient
phasing problems, may elevate ICP
and, in a patient with marginal cere-
bral perfusion, may cause a signifi-
cant and rapid decrease in cerebral
blood flow and function. Increased
ICP leads to global depression of
CNS function, and, if not checked,
possible transtentorial herniation
and death.

Focal neurologic deficits

Focal neurologic lesions occur in
a wide range of locations and de-
grees of severity. The most serious
of these are expanding mass le-
sions (hematomas), which may oc-
cur in the intracranial spaces (pro-
ducing lateralizing signs such as
hemiplegia or hemiparesis) or next
to the spinal cord (producing central
or peripheral lesions of varying de-
grees of lateralization depending on
location and size of the hematoma).
Compressive lesions of the cord
can occur at any level; most com-
monly they occur in the cervical
cord. Inadvertent manipulation of
the spine during transport is a pre-
ventable cause of spinal cord le-
sions. Any patient whose spine has
not been cleared of suspected in-
jury by definitive radiologic diagno-
sis should be transported in appro-
priate immobilization devices until
clearance is possible. Virtually all
life-saving or diagnostic procedures
can be accomplished with the pa-
tient in cervical immobilization; no
occurrence is more tragic than a
spinal cord injury in a patient who
arrived at a trauma center neuro-
logically intact.

Patients who have sustained a
compressive spinal cord injury be-
fore arriving at a trauma center may
suffer progressive cord impairment
as a result of developing edema
and worsening compression at the
site of injury. Reducing bony inju-
ries to the cervical and thoragcic
spine and maintenance of appropti-
ate traction and positioning may

prevent such occurrences. Progres-
sive edema of the spinal cord in the
quadriplegic or high-cord paraplegic
patient may seriously compromise
ventilation. A patient who was able
to maintain adequate ventilation un-
assisted in the ICU may require in-
tubation and mechanical ventilation
for progressive respiratory failure a
very short time later. Such hypoxia
and hypercarbia may well worsen
focal cord edema, thereby further
compromising perfusion. Therefore,
securing the airway early in such
patients is advisable if any doubt
exists about adequacy of ven-
titation.

Focal neurologic lesions in the
periphery may develop as a result
of compartment syndromes and
nerve compression, or as a result
of regional ischemia from vascular
compromise. Generally patients are
transported with suitable immobili-
zation of injured extremities; how-
ever, loss of elevation, accidental
destabilization of injuries, and ex-
pansion of focal hematomas may
contribtite to the appearance or
worsening of focal deficits. Serial
neurologic evaluation of extremity
function will detect these develop-
ing abnormalities and permit treat-
ment before irreversible loss of
function occurs.

Monitoring during transport

Neurologic stability during patient
transport is assessed by evaluating:

* Neural status before undertaking
transport and comparing that
baseline with serial assessments
obtained during transport (includ-
ing eye opening, level of con-
sciousness, extremity function,
pupillary size, and ability to follow
commands)

= Changes in motor function with
regard to either overall strength
or focal impairment

= Changes in cranial nerve func-
tion, particularly relating to pupil-
lary size and reactivity

= Changes in overall mental status

The patient’s neurologic level be-
fore moving from the ICU dictates
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which of these numerous parame-
ters to watch. Patients who are |u-
cid and readily follow commands
are best followed with serial mental
status examinations and tracking of
command-following ability. Patients
with a severely impaired level of
consciousness may need to be fol-
lowed for more basic functions such
as pupiliary reactivity, similarity, and
size; response to painful stimuli;
and local motor function, as well as
basic vital signs. Patients with se-
vere brain injuries, in which ele-
vated ICP is a concern, frequently
have invasive pressure-monitoring
devices such as subarachnoid
bolts, intraventricular cannulas, and
fiber-optic pressure transducers;
such devices should be monitored
during transport. Staff transporting
a patient equipped with such de-
vices must be familiar with methods
of zeroing the monitor and should
be able to interpret the pressure
tracing generated by such devices.
if a patient is transported with an
ICP monitor, the pharmacologic
means of treating elevated ICP
must be brought with the patient.
Such patients are transported with
a ventilator as well,
3

Metabolic System

The development of metabolic
abnormalities during transport often
reflects derangement in other vital
systems as noted above. Although
the means exist 1o monitor many
aspects of a patient's metabolic
state, in practice such monitoring
consists chiefly of attending to acid-
base status, arterial and VEenous ox-
ygenation and carbon dioxide level,
electrolyte levels, and control of
blood glucose.

If at all possible, a patient should
not be moved from the ICY until the
metabolic state is stable, Stabiliza-
tion is generally achieved by exam-
ining laboratory resuits shortly be-
fore transport. Changes in therapy
that will affect metabolic state ought
not to be instituted shortly before
transport because monitoring the
effects of those changes while the
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patient is out of the ICU will be diffi-
cult, if not impossible. For example,
changes in insulin infusion rate or
contents of total parenteral nutrition
and IV solutions should not be
made shortly before the patient is
removed from a controlled environ-
ment. Similarly, major changes in
ventilatory support should not oceur
before transport. The patient who
requires significant increases in res-
piratory support possibly should not
leave the ICU at all, if the reason
for transport is deferrable. Certainly,
if the patient is doing well and

being weaned from the respirator,
such changes should take place
only in the ICU, against the possi-
bility that they will not be well tol-
erated.

Data regarding metabolic stability
can be obtained fairly rapidly with
the patient outside the ICU; most
useful will be determinations of
blood gases, finger-stick glucose,
serum glucose, and electrolytes. To
a great extent, abnormalities in me-
tabolism can be regulated by ma-
nipulating therapies in place before
the patient leaves the ICU. Supple-
mental insulin, potassium, phos-
phate, magnesium, and the like can
be brought to the patient outside
the ICU and administered as
needed. Problems in acid-base bal-
ance are generally dealt with by
correcting ventilatory abnormalities
or eliminating the causes of meta-
bolic acidosis and alkalosis as they
are uncovered,

Frequently, in patients requiring
pharmacologic controf of glucose
levels, serum glucose determina-
tions obtained with the patient out
of the ICU will be either too low or
too high. Common causes of hypo-
glycemia in such a situation in-
clude:

* Excessive insulin administration

* Interruption of parenteral nutrition
solution flow (such solutions typl-
cally contain large amounts of
glucose and often require exoge-
nous insulin to maintain eugly-
cernia)

= Substitution of low-glucose solu-
tions for high in a situation where
supplementary insulin is not then

adjusted to allow for the de-
creased glucose load

Causes of hyperglycemia in these §
situations include:

* Interruption of insulin infusion

. . on!
*= Changes in IV solutions as notedt ©OMM

= Progressive global metabolic de-§

compensation (for example, as a§
resuit of sepsis)

Generally, problems in blood glu-
cose control can be treated ade-

tuting parenteral nutrition solutions
is difficult and expensive.

Renal System

While the patient is out of the ICU,
the renal system is usually as-
sessed by monitoring urine output,
However, information about blood
urea nitrogen (BUN), creatinine,
and electrolyte levels may be ob-

tained during patient transport when §

laboratory work is obtained for a
decrease or increase in urine out-
put or other reasons.

Decreased urine output

Urine output may be compro-
mised by several factors; those
chiefly responsible are lack of vas-
cular volume and obstruction of urj-
nary drainage systems,

Lack of vascular volume and con-
sequent oliguria or anuria should
not manifest as an isolated phe-
nomenon. Vital sign abnormalities
{reduced blood pressure, narrowed
pulse pressure, tachycardia) ac-
company volume depletion and fre-
quently will be noted along with a
decrease in urine output, Augmen-

tation of volume with infused colloid
or crystalloid will generally improve
the output and provide the diag-
nosis.

Another cause of decreased
urine output is a decrease in the in-
fusion rate of drugs that stimulate
renal blood flow, the most common
being dopamine. This decrease
may manifest over a period of sey-
eral hours; if dopamine infusion is
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- discontinued before transpor, the
consequent decrease in renal blood
flow should be considered as a

these | cause of a later drop in urine
output. :

on Obstructed urinary catheters

; noted | commonly cause apparent cessa-

lic de- | tion of urine output. In a patlen_t

s as a [ alert enough to complain of pain,

- vladder distension and discomfort
may bring the clinician’s attention to

| glu- the problem. In a comatose or le-

ade- thargic patient, tachycardia as a re-
fusion § sponse to pain may be the only
Substi- } presenting sign. Flushing or replac-
utions | ing the urinary catheter will deter-
mine whether it is malfunctioning
and should be done if any question
exists.

Elevated intraabdominal pressure
can compromise renal perfusion
and cause decreased urine output.
Severe cases may require laparot-

wtput. F omy and the placement of a fascial
olood '§ bridge (e.9., Gore-Tex patch [Gore
‘ne, & Associates Inc., Elkton, Md.]) to de-
2 ob- ¥ crease the abdominal hypertension.
art whey, i
: rman_ r Increased urine output
‘§ Causes of increased urine output
- are many; the chief dangers of this
R phenomenon are loss of infravascu-
oro- tar volume and consequent tissue

hypoperfusion and electrolyte im-
5f vasH balances. Polyuria may stem from:

* The osmotic or loop diuretics
(mannitol, furosemide) commonly

used in patients with brain injury
ould =k * Excessive serum glucose causing
he-

an osmotic diuresis from gly-
costria )

* The administration of intravenous
contrast media causing brisk di-
uresis .

* The development of diabetes in-

Sipidus E

E 10 trauma patients, diabetes in-

- $pidus most commonly develops in

.+ 058 with acute serious brain

BIY. Inasmuch as urine output in

£ condition can exceed several li-

'-’epv:scmc;ur, the threat of shock

Yascular coliapse is extremely

ious, particularly if the patient is
rtt?d by inotropic drugs that

maintain blood pressure tem-

porarily in the face of extreme vol-
ume depletion. Acutely, diabetes in-
sipidus is diagnosed by comparing
urine and serum electrolyles and
osmolarity and evaluating the ap-
propriateness of urine output and
concentration with respect to the
patient’s volume status. Treatment
in the acute situation consists of
volume resuscitation with appropri-
ate fluids and pharmacologic ther-
apy with intravenous vasopressin.
For a patient outside the iICU in
whom diabetes insipidus and con-
sequent volume depletion or shock
develops, volume resuscitation will
be the most immediate issue to ad-
dress, with definitive diagnosis and
treatment often begun during trans-
port. Urine and serum chemistries
are obtained immediately; intravas-
cular fluids, vasopressin (Pltressin),
or both are initiated; and chemis-
tries are evaluated as soon as pos-
sible.

Transport Logistics

Transporting a critically ill trauma
patient from the ICU, together with
acquiring desired information or
meeting intended therapeutic goals,
can be accomplished safely if a few
simple rules are followed. Although
these guidelines do not guarantee
safe patient transport, they certainly
reduce the chance of additional
morbidity and mortality as a compli-
cation of transport.

Staffing

Adequate and appropriate per-
sonnel must be at hand. To move a
critically ill patient from one environ-
ment to another and back requires
the skill and dedication of numer-
ous individuals. For patients trans-
ported with a ventilator, a critical
care nurse, respiratory therapist,
transport orderly, and another per-
son to bring resuscitation equip-
ment if needed are the minimum
personnel required. A physician
may need to accompany the patient
as well. if a physician is not along,
one should be notified of the trans-

port, the intended destination, and
expected interval of absence from
the ICU. A transport sheet should
accompany the patient and be com-
pleted during the transport, showing
relevant times, therapies, complica-
tions, and all procedures per-
formed. Necessary drugs and re-
suscitation equipment must accom-
pany the patient.

Anticipation of problems

A useful philosophy in dealing
with the problems involved in mov-
ing ICU patients is that complica-
tions are the rule rather than the
exception. Because critically ill pa-
tients are supported by complex
mechanical means, and because
such devices are commonly prone
to failure, some type of breakdown
is virtually unavoidable when a pa-
tient leaves the ICU supported by
multiple infusion pumps; a respira-
tor; and monitoring of arterial, cen-
tral venous, or pulmonary artery
and intracranial pressures.

Certain periods in transport seem
to pose particular types of risks. For
example, intravenous and vascular
lines are most likely to be discon-
nected or pulled out when the pa-
tient is actually moved from bed {0
stretcher or procedure table. Such
movements require adequate per-
sonnel, not only to lift the patient
but also to watch for damage to
monitoring equipment. Similarly, en-
dotracheal tubes are most likely to
be pulled out during movernent of
the patient and must be watched
carefully to prevent extubation.

Inasmuch as mechanical devices
such as pumps, ventilators, and
monitors may fail in transport,
spares should be readily available.
Bringing spare pumps or a spare
ventilator is not necessary if the
means exists to replace malfunc-
tioning equipment rapidly. However,
the personnel to effect such a re-
placement must be readily available
and the locations of spares must be
known.

Certain accessories make trans-
porting patients out of the ICU
much easier and lessen the chance
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of mechanical malfunction. For ex-
ample, the use of a self-contained
transport ventilator with its own bat-
tery pack and oxygen supply re-
duces the risk of ventilatory failure
during transport and frees the respi-
ratory therapist somewhat to help
with moving the patient. A variety of
self-contained beds with racks for
infusion pumps and monitors have
been marketed; however, at pres-
ent we prefer to use a free-standing
wheeled rack for all infusion pumps.
This rack, which is fastened to the
patient's bed with a trailer-hitch ar-
rangement constructed from ortho-
pedic hardware, adds flexibility and
stability. We monitor the electrocar-
diogram (ECG), systemic arterial
pressure, central venous pressure,
mean pulmonary artery pressure,
and ICP when necessary during
transport; one monitor generally
suffices for this. Currently we use a
two-channel portable monitor on
transports; one channel continu-
ously monitors ECG, and the sec-
ond accommodates two cables
from pressure transducers and can
be switched to display either wave-
form. This permits continuous moni-
toring of the arterial pressure with
periodic monitoring of central ve-
nous or m}ean pulmonary artery
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pressure. The fiber-optic ICP moni-
tor has its own display module and
does not require connection to a
central monitor.

Conclusion

Indeck et al.” studied 103 consecu-
tive transports of seriously ill
trauma patients {mean Acute Physi-
ology and Chronic Health Evalua-
tion [APACHE] Il score, 19.4) over
3 months to assess risk, cost, and
benefit of transporting ICU patients.
(Our patient population is similar to
this study group.) Serious physio-
logic changes occurred during 68%
of transports; 113 changes required
an increase in therapy during trans-
port. Twenty-five of the transports
resulted in a change in patient
management within 48 hours.
These findings underscore our be-
lief that transport of critically ili
trauma patients out of the ICU
should be performed only for co-
gent reasons and after adequate
preparation,

At the current state of the art of
trauma intensive care, patients
must be moved many times for rea-
sons that are medically justifiable
and have an acceptable ratio of

benefit to risk. Key to ensuring that B
patients who must move from the §
ICU for diagnosis or treatment wil

do so with the greatest benefit and §
the least risk are '

= Careful planning of patient trans-
ports

» Attention to simple and logical
basics

= Adequate personnel and equip- §
ment to monitor and treat the pa- §
fient

= Adequate patient preparation

* Maximum hemodynamic and ven-§
tilatory stability

= Foreseeing the common prob-
lems with both persons and
equipment :

» Knowing how to treat the compli-
cations that develop

Louis Pasteur stated, “Chance fa-E
vors the prepared man.” When 3
moving critically ill patients out of
the ICU, this dictum applies abso-
lutely.
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