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Summary

Transport of critically ill patients within and between hospitals is a common undertaking in an

effort to improve patient outcomes. Intrahospital transports are frequently conducted to aid in diag-

nosis through advanced imaging techniques or to allow image-guided procedures. Interhospital

transport is most frequently conducted to bring patients to specialized care, including centers of

excellence for cardiac, trauma, transplant, and respiratory failure. Transport outside the hospital

can be accomplished by ground or air, the latter including fixed-wing and rotor-wing aircraft. Often

overlooked, transport of patients from the scene of an accident or illness to the hospital by emer-

gency medical services is less sophisticated but more common than the other methods combined.

Patients are also routinely transported to and from the operating room, a form of transport not

commonly studied. Risks are inherent to transport, and an analysis of risks and benefits must be

part of any risk-mitigation strategy. Monitoring the patient during transport by attendants and

equipment is a key component of risk mitigation. Quicker transport times and specialized transport

teams are associated with improved outcomes, whereas severity of illness is a harbinger of untoward

complications. The type of monitoring during transport varies widely with the environment, the skill

of the attendants, and the severity of patient illness. Standards for patient monitoring during trans-

port are available, but they are predominantly based on expert opinion. This paper reviews guidelines

and the risks of transport as a template for required monitoring, and it discusses common mishaps

associated with transport and how these can be avoided with appropriate monitoring. Key words:
transport; monitoring; capnography. [Respir Care 2020;65(6):882–893. © 2020 Daedalus Enterprises]

Introduction

Transport of critically ill patients within and between

hospitals is a common undertaking. A considerable amount

of research has been devoted to the risks of transport, in

particular the risk of moving a mechanically ventilated

patient.1-4 This includes the purported advantages of using a

ventilator versus manual ventilation,5 as well as the

characteristics of ventilators used.6-9 There are, of course,

risks associated with patient transport, but the benefits of

diagnostic information, intervention, or transfer to special-

ized care are often worth the risk.10-12

Medical transport is a process that involves a wide range

of patients and environments. Although the focus is often

on the mechanically ventilated patient, a range of patients

are subject to transport, from patients receiving only
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oxygen and intravenous fluids to patients on extracorporeal

membrane oxygenation. Aeromedical transport carries ad-

ditional complexities, including hypobarism and the associ-

ated hypoxic atmosphere as well as environmental changes

(eg, low humidity, low light, vibration, reduced ambient

temperature) and resource constraints. Monitoring of a

patient during transport is then defined by the patient’s se-

verity of illness, availability of equipment, and the environ-

ment. This wide disparity within the transport community

likely explains the paucity of guidelines and standards.

The purpose of this paper is to review evidence-based

recommendations and guidelines for monitoring patients

during transport, to identify the need for types of monitor-

ing by reviewing common adverse events, and to propose

areas for future research.

Guidelines for Transport

Despite the frequency of inter- and intrahospital trans-

port, there are only a small number of guidelines relevant to

a wide patient population.13-15 Specific guidelines for dis-

ease states (eg, head injury, stroke, myocardial infarction)

are available, but this review focuses primarily on the trans-

port of patients with respiratory failure. The available

guidelines are mostly over a decade old and likely require

revision.

The American College of Critical Care Medicine

(ACCM) guidelines were last updated in 2004. Expert opin-

ion and research published from 1986 through 2001 were

used to construct these guidelines. The ACCM’s approach

was based on the following framework: (1) pretransport

coordination and communication; (2) personnel; (3) equip-

ment; (4) monitoring; and (5) documentation. The main

emphasis was patient safety through careful preparation,

appropriate personnel, and required technology.13

The ACCM guidelines include alphabetical lists of rec-

ommended transport equipment (65 items) and transport

medications (39 items). Devices for monitoring include pulse

oximeter, capnograph, noninvasive blood pressure monitor,

electrocardiogram (ECG) monitor with vascular pressure

monitoring capabilities, and a stethoscope. Of note, the list

specifies end-tidal CO2 monitors, which could include color-

imetric devices. Monitoring is implied to be continuous with

the exception of noninvasive blood pressure.

The Australian and New Zealand College of Anaesthetists

(ANZCA) published guidelines for transport in 2015.14

This group’s guidelines encompass recommendations

for prehospital, interhospital, and intrahospital trans-

port. The ANZCA’s list of monitoring equipment

includes pulse oximeter, ECG monitor, capnograph,

temperature monitor, vascular pressure monitor, and a

blood pressure cuff. Proposed monitoring includes rou-

tinely assessing the patient’s breathing frequency, SpO2,

capnography (for both ventilated and sedated patients),

continuous ECG, blood pressure, and in select circum-

stances point-of-care arterial blood gas analysis.

The ANZCA guidelines note some caveats regarding

monitoring: “Monitoring of certain physiological variables

should be carried out during transport. Some or all of these

basic recommendations will need to be exceeded routinely

depending on the physical status of the patient. Clearly any

monitoring method may fail to detect unfavourable clinical

developments, and monitoring does not guarantee any spe-

cific patient outcome.”14 This is a cogent reminder that,

despite best practice and technology, careful eyes-on moni-

toring by personnel remains critical.

The AARC guidelines specifically address the mechani-

cally ventilated patient during transport. The list of recom-

mended monitoring activities includes integral monitoring

of pressure, checking volume and flow values from the

portable ventilator, pulse oximetry, ECG, monitoring vas-

cular pressure, and use of a stethoscope and a hand-held

spirometer. The spirometer was recommended to verify

ventilator volumes or record spontaneous breathing. Re-

commended routine monitoring includes continuous ECG

monitoring, continuous or intermittent blood pressure

monitoring, intermittent recording of breathing frequency,

continuous monitoring of airway pressure and volume,

intermittent breath sounds, and SpO2. A comparison of these

guidelines is shown in Table 1.

Guidelines for transport are forced to cover such a

wide-ranging class of patients and environments that it

is difficult to create a document to cover every eventu-

ality. Monitoring standards are based on expert opinion

and common-sense application. Transport without pulse

oximetry might seem unthinkable, yet nothing in the lit-

erature points to improved outcomes from monitoring

SpO2. It is interesting that the AARC guidelines do not

include capnography, which may be due to the time of

the writing (2003) and the cost and size of capnography

devices of that time. Capnography may play an impor-

tant role in monitoring spontaneously breathing patients

as a method to detect apnea and in ventilated patients to

assure adequacy of ventilation and airway position.

Current guidelines require updating.
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Adverse Events as a Guide to Required Monitoring

Adverse events are frequent during transport due to the

stresses of moving a patient and the patient’s underlying

pathophysiology. However, these physiologic perturbations

are often reported in studies of patient movement when the

important events to capture are serious adverse events.

Mishaps or incidents during transport are often overre-

ported, leading to the concern about the risks of transport.

Coupled with the memory bias that allows most clinicians

to remember “the catastrophe in radiology,” an overestima-

tion of transport risks is likely. Undoubtedly, serious

adverse events occur during patient movement, but these

should be compared to events commonly observed in sta-

tionary patients in the ICU setting.16-19 Serious adverse

events or critical incidents can often be defined as changes

in patient condition that require an intervention (eg, change

in ventilator settings, change in vasoactive medications,

cardioversion, etc.). A list of common physiologic perturba-

tions (ie, adverse events) compared to serious adverse

events during transport are shown in Table 2.

Adverse Events During Intrahospital Transport

A number of studies in the late 1980s and early 1990s

provided a basis for understanding the risks of transport and

the frequency of adverse events.16,17,20,21 Changes in tech-

nology and practice allow this data to be viewed in light of

more recent publications. Pertinent studies on adverse

events during intrahospital transport are reviewed here.

Fanara et al1 performed a systematic review of intraho-

spital transport of critically ill subjects based on publications

from 1998 to 2009. They identified 8 papers that focused on

adverse events, of which 6 were prospective trials and 2

were retrospective trials.18,22-28 These publications included

35 to 290 subjects, of whom two thirds received mechanical

ventilation. The analysis specifically addressed clinical prob-

lems including cardiovascular incidents, respiratory inci-

dents, and materiel incidences (eg, staff error or equipment

failure).1 Importantly, the authors identified global adverse

events separately from severe adverse events.

The global adverse event incidence was > 50% in each

of the studies, whereas important incidents occurred in only

0–30% of transports. Doring et al23 reported severe hypo-

tension in 2% and hypoxemia in 30% of neurosurgical sub-

jects. Shirley and Stott27 reported a global adverse events

rate of 59% but no cardiovascular or respiratory events. In

this trial, equipment failure and human error accounted for

the majority of incidents.27 In a prospective trial of subjects

moved from the emergency department to the ICU, Lovell

et al26 reported cardiovascular clinical problems in 31% of

subjects and reported 1 death after cardiac arrest.

Beckmann and colleagues28 studied 176 patients trans-

ported from the ICU and reported severe hypotension in

3%, cardiac arrest in 3% and hypoxemia in 11%. As with

other trials, the rate of equipment and human failures far

Table 1. A Comparison of Monitoring Recommendations From Published Guidelines

Organization
Publication

Date
Monitoring Equipment

Physiologic Variables To Be

Monitored

American College of Critical Care

Medicine

2004 Pulse oximeter Heart rate and rhythm

Capnograph Blood pressure

Noninvasive blood pressure monitor Breathing frequency

Electrocardiogram monitor End-tidal CO2

Vascular pressure monitor Breath sounds

Stethoscope SpO2

Australian New Zealand College of

Anaesthetists

2015 Pulse oximeter Heart rate and rhythm

Electrocardiogram monitor Blood pressure

Vascular pressure monitor Breathing frequency

Stethoscope End-tidal CO2

Capnograph Breath sounds

Temperature SpO2

POC-ABG (select cases) Arterial pH and blood gases

American Association for

Respiratory Care

2002 Integral monitoring of pressure, volume,

and flow from portable ventilator

Heart rate and rhythm

Pulse oximeter Blood pressure

Electrocardiogram monitor Respiratory frequency

Vascular pressure monitor Airway pressures and volume

Stethoscope Breath sounds

Hand-held spirometer SpO2

POC-ABG ¼ point-of-care arterial blood gas analysis
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exceeded physiologic insults.28 Damm et al22 prospectively

studied 64 ICU subjects transported for diagnostic or thera-

peutic procedures, reporting an average of 2 incidents per

transport. This included 2 cardiac arrests, 11 hypoxemic

events, and 19 instances of hypotension. A striking finding in

this study was ventilator failure in 21% of transports, which

was categorized as oxygen or battery failure in 10 cases and

disconnection from the oxygen source in 7 cases. The paper

by Damm et al22 is also the first paper to identify patient–ven-

tilator asynchrony as a common problem (26%) during trans-

port. This may be related to sedation, pain during movement,

or the inability of portable ventilators to match the perform-

ance ICU ventilators. The authors also observed that patient

incidents were more commonly associated with sedated sub-

jects, subjects undergoing diagnostic procedures, and use of a

turbine ventilator, with the latter likely being an issue with

high gas consumption of ventilators utilizing a bias flow dur-

ing expiration.22 The authors concluded, in disagreement with

other studies, that transport of mechanically ventilated crit-

ically ill patients, was a high-risk procedure associated with

potentially severe complications.22

In the remaining 3 trials,18,24,25 serious adverse events

occurred in < 10% of cases, with cardiac arrest and hypo-

tension being the most common serious adverse events.

Two of these trials involved transport from the emergency

department to the ICU, and incidents were> 1 per transport

in all 3 studies. The study by Papson et al18 is the only one

to report occurrence of a pneumothorax during movement.

Instances of equipment failure ranged from 9% to 46%, and

hypoxemia was uncommon.

A multi-center cohort study from the OUTCOMEREA

trial group (12 ICUs in France) evaluated 1,782 mechani-

cally ventilated subjects undergoing 3,006 transports (1–17

per subject). Unique to this trial was the evaluation of not

only adverse events during transport, but also posttran-

sport complications. After adjustment for propensity score

and confounding factors in the 24 h prior to transport,

transport subjects had a higher risk of complications (odds

ratio 1.9, 95% CI 1.7–2.2). The need for intrahospital

transport was associated with a longer duration of ICU

stay but had no impact on mortality. Reported complica-

tions included pneumothorax, atelectasis, ventilator-asso-

ciated pneumonia (VAP), and electrolyte disturbances.18

Of note, the increase in VAP rate within 4 d of transport is

consistent with data reported by Kollef et al29 and

Bercault et al.30 The etiology for an increased rate of

VAP following transport may be secondary to changes in

patient position, breaking the ventilator circuit, or changes

in endotracheal tube cuff pressures. Monitoring cuff pres-

sure or continuous control of cuff pressure might be useful

in preventing this complication.

A recent systematic review specifically addresses

adverse events during intrahospital transport of critically ill

children.31 This review included 24 studies with a total of

4,104 transports. In this group of pediatric subjects, respira-

tory and airway events were the most common adverse

events, and the risk of an adverse event increased as the se-

verity of underlying illness and the degree of respiratory

support increased. The authors concluded that use of a ven-

tilator was superior to manual ventilation and that most

Table 2. Adverse Events (Physiologic Perturbations) and Serious Adverse Events Observed During Transport

Adverse Event Serious Adverse Event

Cardiovascular Blood pressure change > 20% Severe hypotension (systolic blood pressure < 90

mm Hg or mean arterial pressure < 60 mm Hg)

Heart rate change > 20% Heart rate < 40 or > 120 beats/min

Cardiac arrhythmia Myocardial infarction

Respiratory Decrease in SpO2 > 5% Hypoxemia SpO2 < 88% for > 5 min

Increase in peak airway pressure > 35 cm H2O Severe hypercapnia and respiratory acidosis

Hypocapnia, hypercapnia Pneumothorax (barotrauma)

Breathing frequency change > 25% Unplanned extubation

Bronchospasm Pulmonary embolus

Decrease in endotracheal tube cuff pressure Apnea

Plugged endotracheal tube

Distal endotracheal tube migration

Neurologic Increase in intracranial pressure > 20% Increase in intracranial pressure > 20 mm Hg

Decrease in brain tissue oxygen > 20% Decrease in brain tissue oxygen < 20 mm Hg

Homeostasis Change in body temperature > 2�C Profound hypothermia

Change in blood glucose > 20% Severe bleeding

Profound hypoglycemia, hyperglycemia

Equipment malfunction or failure Battery failure on oximeter, capnograph, or

electrocardiogram monitor

Ventilator failure

Ventilator battery failure

Intravenous pump failure
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adverse events were preventable and could potentially be

mitigated by the use of checklists and redundancy. Table 3

lists the reported respiratory events from 15 studies evaluat-

ing pediatric transport. Many of these studies were con-

ducted with mechanically ventilated subjects, but others

involved subjects with native airway.

Adverse Events During Interhospital Transport

Interhospital transport typically involves moving patients

between hospitals for specialized or higher echelons of

care.3 Fan et al3 undertook a systematic review of interho-

spital transport in 2006. Relying on 5 studies (n ¼ 245 sub-

jects) in which two thirds of subjects were transported by

air and one third by ground, the authors reported a wide

range of adverse event reporting.45-51 Only 2 of these stud-

ies were prospective, and they included just 25 subjects. In

3 studies, a physician was in attendance for all transports.

Only the report by Barillo et al47 identified a common

adverse event, respiratory alkalosis (19% of subjects), in

subjects ventilated at altitude using pressure control ventila-

tion. In another study, these authors reported similar rates

of respiratory alkalosis during aeromedical evacuation

using high-frequency percussive ventilation.52 These results

can be explained by the use of ventilators that lack altitude

compensation and thus deliver a larger volume when used

higher altitude.53 These results suggest that the presence of

point-of-care arterial blood gas analysis could play a role in

preventing these adverse effects.

Singh and colleagues54 studied the use of mechanical

ventilation during interfacility transport and reported that

the most common adverse event was new-onset hypoten-

sion. In this retrospective study, frequent and repeated seda-

tion was provided in > 70% of cases and neuromuscular

blockade in 22%. Hypotension was transient and was most

often associated with administration of sedation.54 The

same authors performed a retrospective review of land-

based interfacility transports occurring over a 5-y time

frame. They observed 333 (6.5%) critical adverse events in

5,144 transports, which breaks down to 1 in 15 patient

movements. New hypotension was the most frequent

adverse event, whereas respiratory events were seen in only

1.3% of cases. Emergency intubation was performed in 4

instances (0.08%), and hypoxemia was observed in 65

cases (1.3%).

Hypobarism during aeromedical transport would logi-

cally increase the likelihood of hypoxemia during interfa-

cility transfer,55 yet studies by Wilcox et al4 and Barnes et

al56 did not report hypoxemia in ventilated subjects with re-

spiratory failure. In fact, hyperoxemia is more likely. These

results are likely secondary to the use of continuous oxime-

try and the practice of providing additional oxygen to pro-

tect against hypoxemic events.57

Several studies from the United States military evacu-

ation of casualties from the conflicts in Iraq and

Afghanistan provide some insight into adverse events.58,59

These trials included mechanically ventilated subjects in

cases of non-battle injuries (20%) and battle injuries

(60%). In the latter group, subjects were frequently venti-

lated at settings that did not comply with the ARDSNet

tidal volume and PEEP/FIO2 tables. However, the mean

difference in tidal volume between groups was 30 mL.

Table 3. Adverse Events Reported During Intrahospital Transport of Pediatric Subjects and Suggested Monitoring To Mitigate These Events

Event Category Adverse Event Suggested Monitoring Required for Mitigation

Alteration in oxygenation or ventilation Hypoxemia or desaturation35,37,38,39,41,42,43 Oximeter

Hyperoxia41 Capnograph

Hypocapnea or hypercapnia40,41 Airway pressure, volume, and flow

Spontaneous respiratory rate change39 Impedance plethysmography

Respiratory depression, failure, or apnea35,36,41 Respiratory frequency and pattern monitoring

Escalation in ventilator settings32,34,41,42

Decreased PaO2/FIO2
44

Artificial airway events Unplanned extubation or re-intubation33,35,41 Capnograph

Endobronchial intubation41 Airway pressure, volume and flow

Escalation in suctioning requirements32,34,41,42 Impedance plethysmography

Endotracheal tube obstruction36,41,42 Respiratory frequency and pattern monitoring

Ventilator-associated pneumonia29 Acoustic reflectometry

Pneumothorax35 Endotracheal cuff pressure monitor

Emergent tracheostomy36

Airway activation including bronchospasm and coughing26,41

Other Native airway obstruction36 Capnograph

Respiratory depression and apnea35,36 Respiratory frequency and pattern monitoring

Aspiration18 Impedance plethysmography

Modified from reference 31.
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Subjects with noncompliant ventilator settings had more

frequent inflight events. The most frequent inflight events

were respiratory events, which occurred in 35–43% of all

subjects and in 47% of subjects ventilated outside the

desired settings. These subjects were monitored with

pulse oximetry, capnography, ECG, blood pressure, and

heart rate, and the mean SpO2 was 99%. These data sug-

gest that, even with continuous multimodal monitoring,

adverse events are common. Perhaps an early warning

system is needed.60

In one of the few studies involving subjects who were

not mechanically ventilated, our group evaluated SpO2 dur-

ing aeromedical evacuation of the walking wounded.61 Our

study included 61 subjects who were not receiving supple-

mental oxygen and could walk (also known as the walking

wounded). A mean decrease in SpO2 of 4% was seen in all

subjects upon achievement of cruising altitude (ie, baromet-

ric pressure of 564 mm Hg). SpO2 < 90% were seen in 90%

(55 of 61) of subjects, and SpO2 < 85% (34 of 61) were

seen in 56% of subjects. The mean duration of hypoxemia

at SpO2 < 90% was> 44 min, and the mean duration of hy-

poxemia at SpO2 < 85% was 12 min. The longest period of

hypoxemia at SpO2 < 85% was 44 min. Figure 1 depicts the

incidence and duration of hypoxemia. The long-term

effects of these hypoxemic events are speculative but could

have an impact in patients with head injuries, lung injury,

and infections.62,63

This review of adverse events during transport demon-

strates the frequency and severity of cardiovascular and re-

spiratory compromise seen during transport. Although none

of these trials evaluated monitoring, each provides a list of

undesirable outcomes, around which monitoring can be

designed. Routine use of oximetry, capnography, ECG,

blood pressure monitoring, and values provided by the

ventilator (eg, airway pressures, volumes, and flows)

appear to be required elements for the ventilated patient. In

the nonventilated patient, continuous oximetry, heart rate,

and breathing frequency seem to be prudent measures. New

systems that monitor breathing frequency and volume by

acoustics or chest wall movement should be studied. The

use of systems that can warn of impending failure should

be evaluated. As in many instances, an ounce of prevention

is worth a pound of cure.

Capnography During Transport

Despite the paucity of data on use of monitoring during

transport aside from the reports of current practice, capnog-

raphy has been studied as a method to facilitate ventilation

during transport. This includes use in prehospital care and

during inter and intrahospital transport. In some of these

studies, end-tidal carbon dioxide pressure (PETCO2) is used

as a target, whereas in others the resultant arterial partial

pressure of carbon dioxide (PaCO2) is reported.

The trauma group from Seattle published a series of

papers on CO2 monitoring during prehospital and emer-

gency department ventilation.64-66 The first study evaluated

intubated trauma patients presenting to the emergency

department and receiving mostly manual ventilation. In a

retrospective study of almost 600 subjects, the authors

reported that hyperventilation and severe hypocapnea was

common (18%).64 Hypercapnia was seen in subjects with

higher injury severity scores, and these subjects were more

likely to be hypoxic and acidodic. Those subjects with nor-

mocapnea had better outcomes, particularly in traumatic

brain injury.64 Their second retrospective study focused on

traumatic brain injury, and they reported improved out-

comes in subjects with PaCO2 being 30–39 mm Hg (mortal-

ity rate of 21% vs 33%).65 Despite the use of the term

“targeted PaCO2,” the authors reported the resultant PaCO2
during ventilation.

This group’s third trial was a prospective observational

study comparing PaCO2 and PETCO2 in 180 subjects over a 9-

month observation period.66 They reported a poor correla-

tion between the variables, with hypercapnia a common

finding when PETCO2 was in the target range of 35–40 mm

Hg. They concluded that PETCO2 should not be used to

guide prehospital emergency department ventilatory sup-

port.66 These findings are important given the relationship

between adequate ventilation and outcomes in traumatic

brain injury.67

Helm et al68 evaluated the use of capnography to con-

trol prehospital ventilation in trauma subjects. All subjects

were monitored with capnography and transported by hel-

icopter, but the capnographic results were only visible to

caregivers in half of subjects.68 The subjects with PETCO2
monitoring were normocapnic 3 times more often and

were less likely to be hypoventilated.68 The authors
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Fig. 1. Incidence of hypoxemia in aeromedical evacuation of casual-
ties not receiving oxygen. The total sample was 61 subjects; only 6

subjects had no events with SpO2 < 90%. Of those 55 hypoxemic
subjects, 21 subjects had SpO2 of 85–90%. The duration of hypoxe-
mia was< 10min in 20 subjects and> 10min in 14 subjects.
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concluded that prehospital PETCO2 monitoring was valua-

ble.68 As with any discussion of capnography, the impact

of cardiac output and dead space must be considered. The

relationship of PaCO2 and PETCO2 is often widely disparate

for reasons unrelated to minute ventilation.

Palmon et al69 studied the use of capnography to control

manual ventilation during intrahospital transport. Studying

50 subjects moved from the operating room to the ICU, the

authors reported no advantage of capnography in these

extremely short transport times.69 In a small study (n ¼ 12)

utilizing capnography, Tobias and colleagues40 reported

that unintentional hyperventilation was common in children

during intrahospital transport.

Transcutaneous CO2 Monitoring During Transport

Transcutaneous monitoring represents another avenue

for monitoring ventilation during transport. Maheshwari

and Luig70 retrospectively reviewed data on 43 neonates

during transport, and they reported no benefit of monitoring

transcutaneous CO2 to prevent hypocarbia or hypercarbia.

Tingay et al71 compared PETCO2 and transcutaneous CO2

during neonatal transport in 21 neonates during transport

and concluded that transcutaneous CO2 was preferable to

PETCO2 for monitoring ventilation; this study did not

address outcomes. Hinkelbein et al72 compared PaCO2 to

PETCO2 and transcutaneous CO2 during ground transport of

critically ill mechanically ventilated adults. Comparing 170

data sets from 34 subjects, the authors concluded that a

combination of capnography and point-of-care arterial

blood gas analysis might provide the best monitoring.72

Early Warning Systems

The use of early warning systems to predict impending

respiratory compromise and need for life-saving interven-

tions has been evaluated by a number of groups.60,73-79 The

use of the National Early Warning Score, National Early

Warning Score 2, Hamilton Early Warning Score, R to R

variability on ECG, SpO2/FIO2, and the ScoreO2 have all

been described as methods to predict poor outcomes in hos-

pitalized patients. To date, none of these systems have been

applied to patients during transport. Given the data in this

review, monitoring is prevalent, yet adverse events remain

a concern, so the ability to stratify risk on the basis of these

scores could prove a fruitful avenue of research.

Checklists

Two recent papers have highlighted the role of documen-

tation and checklists in safety during transport.80,81

Although documentation and checklists are within the

scope of monitoring, this paper has attempted to review

devices for monitoring and those events that monitoring is

designed to avoid. Nonetheless, documentation regarding

patient transport deserves some mention. In both studies,

the use of a checklist or transport tool is described and the

impact on safety is reviewed.80,81 This includes the provi-

sion of adequate staffing, adequate equipment, and moni-

toring. These systems are intended to improve continuity,

mitigate risks, prevent mishaps, and document the process

of transport.

Summary

Monitoring respiratory and cardiac function during trans-

port is routinely done during prehospital, intrahospital, and

interhospital transport. Current guidelines provide a frame-

work for required monitoring, but they need to be updated.

In the mechanically ventilated patient, oximetry, ECG,

blood pressure, capnography, and monitors integral to the

ventilator are standards of care. Monitoring the nonintu-

bated patient has been rarely studied during transport and

requires urgent study. The use of early warning systems

should be explored as methods to reduces adverse events

and improve patient outcomes.
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Discussion

*Kallstrom: Rich, that was great.

One of the things I want to mention is

about 7 years ago the AARC did an

analysis of inter-hospital transports,

and we found that a lot of patients had

adverse episodes, a lot of which were

tied to O2. So we put together a check-

list, and it’s available on our website,

for therapists to customize to their

own hospital and department. We
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have a pediatric, a neonatal, and an

adult checklist available for those who

would like access to them.1

Branson: Right, it basically gives

you how to calculate how much O2

you need based on the time you’re

gone and whether it’s a certain O2

appliance or a mechanical ventilator.

*Kallstrom: Yes, it has that and

other things, too. The pulse oximeter

placement – the problem is, as we

know, a lot of RTs are not doing trans-

ports except for critically sick patients.

So it’s being left to transporters to do

this and we wanted to have a way to

assure the safety of the patient.

Branson: I think that over time, at

least where I work, the RTs used

to always go with the ventilated

patients and stay with them. Now

they take them and leave and go back

to the ICU, and leave the monitoring

to the machine, the radiology staff,

and a nurse. There just isn’t enough

staff.

Blanch: I have a question for you

regarding capnography during trans-

port. There are a couple of articles say-

ing that end tidal CO2 is important in

patients with brain injury. So, end tidal

CO2 is recommended to avoid high or

low levels because these are independ-

ently associated with ICU mortality.

What’s your opinion?

Branson: But most of those are, I

think, prehospital.

Blanch: Prehospital transport, right.

Branson: The issue becomes the

problem of capnography, if you have a

patient with a head injury and also

chest trauma at the scene with multiple

rib fractures, the end-tidal PCO2 and

PaCO2
difference may be quite wide.

The head injury patient with an iso-

lated head injury, may have very simi-

lar end tidal PCO2
and arterial PCO2

.

Those 3 papers I showed you2-4 using

both end tidal and transcutaneous PCO2

were all transport studies– some were

in neonates but the others were looking

at tighter control of end tidal PCO2
, par-

ticularly in brain-injured patients. I

think it’s important, but to my knowl-

edge at my hospital I’ve never seen a

mechanically ventilated patient leave

the ICU with capnography. And

maybe they ought to.

Blanch: I was referring from the

field to the emergency department,

even before the ICU. The time when

they transport the patient either by am-

bulance or air.

Branson: I think that’s important as

well, but I don’t think that gets done

very often. The work by the group

from Seattle has shown an association

between end tidal PCO2
and PaCO2

.

They find a poor correlation between

the two measures which is worsened

by poor tissue perfusion. The relation-

ship was closest in subjects with iso-

lated head injury. They report that

patients with an end-tidal PCO2
of 35–

40 mm Hg were under-ventilated 80%

of the time with a PaCO2
of > 50 mm

Hg in one third of cases. They suggest

not using end tidal PCO2
as a guide for

prehospital ventilation.
5

Pham: Are you aware of studies

comparing the safety of transport

between different types of professio-

nals, like RTs and trainees? One of the

things I noticed when I arrived in

Toronto, and I suppose it’s the same in

North America, was people being

transported by nurses and RTs for

mechanical ventilation. Whereas back

in France where I was trained, ICU

patients were transported by physi-

cians, either residents or trainees

depending on how it was staffed. And

I know that for new trainees some-

times it was very challenging and they

were not aware of what were the im-

portant things to monitor during trans-

port and you would have some

accidents or places for improvement in

training or simulations. At least in

Europe, but I don’t know how is the

training done for people here who are

experts in transport?

Branson: I think there are different

models. At my university, we still

send a physician in the helicopter out

to the field, which in North America is

fairly rare. There are a lot of studies

that I didn’t show that look at the use

of critical care paramedics to improve

safety in transport, some of those are

in the hospital and some are outside

the hospital. But these studies are try-

ing to address the issue of reduced RT

and nursing staff availability to go on

transport with these patients. To my

knowledge, no studies have ever

shown that having a physician on

transport, or having a nurse, or having

an RT, or not having one of those peo-
ple changes the outcome for the

patient. It makes sense – we have a

ground transport group who are para-

medics who often come and get the

patients who are going to transported

to our long-term mechanical ventila-

tion facility and they show up with a

very simple portable ventilator and

standard circuit and no humidifier, not

even an HME. And often they will

pick up a patient who’s been in the

ICU for 2–3 weeks who’s been very

sick and has thick secretions and

they’re going to ventilate them with no

humidity for however long it takes

them get set up on the ventilator, trans-

ferred down to the emergency depart-

ment, loaded in the ambulance, and

driven up the interstate. It might be

several hours. As much as I’ve tried to

coach them about that, it’s just not on

their radar as something that’s impor-

tant. Regardless of who is part of the

team – we have to make sure they

have the requisite training.

Scott: I did want to ask you more

about equipment during transport. Did

you say battery failure was a major

issue to consider during transport?
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Branson: In terms of equipment,

battery failure is the most common.

Scott: Does that mean immediate

loss of power, or is it that the battery is

old and doesn’t hold charge as much

as it should?

Branson: I don’t know there’s

enough granularity to distinguish that.

What it means is you left the ICU with

a ventilator that had power supply, you

left the ICU with a physiologic moni-

tor that was running on battery, and

sometime while you were gone the

battery charge is gone and now you

don’t have that device anymore.

Scott: Did you see anything in the

literature about O2 tanks running out

before you get from point A to point B?

Branson: There are a couple but I

would suggest that it doesn’t get

reported very often.

Goligher: I have a question about

transport, probably the most difficult

transport decision that I am involved

in is when we’re called on a patient

with refractory hypoxemia in the com-

munity and we are considering them

for ECMO. Often our practice is to try

and bring them to our center before

cannulation, I don’t know if it’s some-

thing in the air in our ICU but often we

find we can stave off the need for

ECMO just with optimizing ventila-

tion, proning, etc. But sometimes the

patients are a bit marginal and I’ve had

a few cases where we decided to try

and transport without cannulating,

they get put on the LTV ventilator for

transport and they deteriorate substan-

tially on exactly the same settings

as they were on in the other ventilator.

The constant comment is that the

transport ventilator cannot perform at

the same level with the same settings.

I’m curious to know– from a group of

people who really understand the

mechanics of delivering ventilation –

what is it about these transport

ventilators that’s different? Do they

not actually achieve the pressures that

are set or what’s going on?

Branson: In that case, it depends. Is

it the LTV 1000 or 1200?

Goligher: I don’t know.

Branson: The LTV is capable of

high airway pressures and fast flows,

the maximum PEEP is 20 cm H2O, the

triggering is pretty reasonable. The

one area I’ve seen trouble is in pres-

sure control. The LTV1000 operates

like an NIV device. If you set the

PEEP at 10 cm H2O and the pressure

at 10 cm H2O, you actually get noth-

ing, if you want 10 cm H2O of pres-

sure you have to set the pressure at 20

cm H2O. I have seen a number of

occasions where I get calls, ‘we

brought these patients back to wher-

ever we were going and they were

hypercarbic with severe respiratory ac-

idosis’ and it was because they didn’t

appreciate that difference. Other than

that, most of the portable ventilators

that are available are capable of

doing most modes that ICU ventila-

tors can. Although the LTV can’t do

adaptive pressure ventilation, so if

you’re using PVRC or something.

But if you’re doing pressure control

it really shouldn’t matter.

†Hess: There are 3 issues I think of.

One Rich just mentioned. Another

is that, although all of our critical

care ventilators compensate for the

compressible volume in the circuit, I

don’t know that any of the transport

ventilators do. So, the same set tidal

volume might be less delivered down

the endotracheal tube with a portable

ventilator. The third thing is that many

of the transport ventilator circuits

come with a 6-inch flex tube that adds

dead space. There is a reduction in the

delivered tidal volume due to com-

pressible volume, and then a further

reduction in alveolar ventilation

because of the dead space in the

circuit. I think those issues, in addition

to what Rich said, can result in what

you are describing.

Scott: On top of that 6-inch corru-

gated tube you’re talking about,

there’s an HME attached to it with

another 60 mL of dead space as well.

†Hess: Right. Your patient with re-

fractory hypoxemic respiratory failure

is set on a tidal of 300 mL, but now

a third of that that is dead space

ventilation.

Branson: Ideally you’d use an

HME that is 30 mL or no more than 60

mL. The compressible volume in most

circuits these days is about 2 mL/cm

H2O. So if you’re ventilating a patient

at a pressure of 30 you would expect

to lose 60 mL into the compressible

volume that’s not accounted for, that

would be compensated for if you were

using an ICU ventilator.

Rackley: If I’m on the phone with

the transport critical care team and the

providers at the other hospital have no

idea what you’re talking about here –

what questions should I be asking, and

what should I be thinking about?

Should the first response be to increase

the tidal volume a bit? The airway

pressure measurements should still be

valid, so as long as my plateau pres-

sures are not going extremely high,

I’m not necessarily going to cause

harm by going up on tidal volume by

100 mL, correct? Should that be our

first response in a situation like this, or

should we consider something else?

Branson: I think the answer is try

to make the compensation based on

some educated guess. Again, if you’re

using pressure control instead of vol-

ume control the compressible volume

issue isn’t as important. But still, if

you have the HME and then the tub-

ing that connects the HME to the tra-

cheostomy tube or endotracheal tube

that’s additional dead space the
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patient will rebreathe. In which case

you have to increase either the tidal

volume or the set pressure in pressure

control to achieve the same alveolar

ventilation. As we’re talking I’m

thinking it’d be a useful place for end

tidal CO2. Compare end tidal PCO2
on

the ventilator sitting in the hospital

and then monitor it when you switch

to the transport ventilator and see

what happens and if you see that rise

you’d suspect it’s due to additional

dead space.

Schmidt: How much of the hypoxe-

mia might be related to derecruitment,

either due to disconnects or postural

changes that happen around the time

of transport rather than differences in

the ventilator per se?

Goligher: It’s quite possible with a

disconnect, although I think they

consistently clamp the tube. We’ve

actually kept the patient in the bed

and just switched to the different ven-

tilator because I’ve had that experi-

ence of being worried about it so had

them checked on the transport venti-

lator even before they’re moved to

the paramedics’ trolley. And it still

seems to happen sometimes. But

great points.

Walsh: One of the things we’ve

studied is that clamping of the tube

doesn’t really work. We looked at EIT

and clamping the endotracheal tube

and you still see lung volumes fall. So

if you think you’re helping you’re

likely not helping as much as you

think you are. Doing another recruit-

ment maneuver after you get them on

the ventilator is probably important.

Additionally, the LTV specifically

measures at the airway so your tidal

volume loss should be maintained, in

other words you should be able to see

if the tidal volume is less than what

they were doing on the critical care

ventilator. I think your initial question

of why is the tidal volume important,

because if they switch over and aren’t

getting the same tidal volume with the

same pressure then you are losing al-

veolar ventilation and you should

crank up the pressure to achieve that. I

think re-recruitment is really impor-

tant. I will say from doing transport for

many years, we often suction the

patient up before we move them so we

actually contribute sometimes to dere-

cruitment because we don’t want a

plugged airway between facilities. It’s

often easier to handle it in the ICU

you’re at instead of in the back of a

truck. Sometimes you have to stay a

little bit longer to recover the dere-

cruitment you created and maybe do

some recruitment maneuvers.

Goligher: Does this happen when

you don’t clamp properly or is it that

clamping period doesn’t work?

Walsh: As we talked about earlier

with cuff pressure, it actually does not

seal perfectly. So a lot of times when

you do a 40 for 40 or you clamp on a

high level of PEEP, you actually still

lose airway pressure.

Branson: The group from Ann

Arbor, a huge ECMO referral center,

have published a paper6 where they go

to pick up patients who are being

referred for ECMO and put them on

INO for the transport back to get that

bump in PaO2
and then bring them

back to hospital safely.

Goligher: I guess it’s quite literally

something in the air that makes a

difference.

Blanch: Modern transport ventila-

tors have excellent communication

protocols, so you can track the patient

while waiting for it.
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