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Intrahospital transport is a common occur-
rence for many hospitalized patients. Critically ill 
children are an especially vulnerable popula-
tion who experience preventable adverse 
events at least once a week, on average.1 
Transporting these patients throughout the hos-
pital introduces additional hazards and 
increases the risk of adverse events.2 The 
transport process can be decomposed into a 
series of steps, each incurring specific risk. 
These risks are numerous and few of these 
risks are specific to the transport process. 
There is a paucity of literature available on pedi-
atric intrahospital transport and related adverse 
events. Therefore, we recently reviewed the 
Wake Up Safe database, a pediatric anesthesia 
quality improvement initiative across member 
institutions to disseminate information on best 
practices, for pediatric perioperative adverse 
events associated with anesthesia-directed 
transport. Below we present several examples of 
airway and respiratory events taken from the 
database and discuss the complexity of the 
transport process.

of spontaneous ventilation with a Jackson-Rees 
circuit to mechanical ventilation. Within one 
minute of this transition, the patient became dif-
ficult to ventilate, acutely hypoxemic, and subse-
quently asystolic. CPR was initiated and a repeat 
laryngoscopy was performed due to concern for 
ETT dislodgement. The ETT was replaced and 
shortly thereafter, there was restoration of 
normal sinus rhythm. The post-event review 
diagnosed bronchospasm and noted that a rou-
tine morning chest x-ray from that day showed 
the ETT positioned in the right bronchus. This 
was not reviewed by the anesthesia team prior 
to transport, in part due to task overload.

Case #3: Ventilatory changes after sedation 
and neuromuscular blockade: 11-month-old infant 
in the ICU, ETT in situ, who required reoperation 
for bleeding following Tetralogy of Fallot repair 
earlier in the day. In preparation for transport to 
the operating room, the team administered mid-
azolam and rocuronium. Shortly after medication 
administration, the patient became difficult to 
hand ventilate. The patient quickly became 
hypoxic, followed by pulseless electrical activity. 
CPR was initiated and during resuscitation, a 
large mucus plug was suctioned from the ETT. 
Afterwards ventilation improved significantly and 
return of spontaneous circulation was achieved. 
The remainder of the procedure and the periop-
erative transport was without further incident.

 AIRWAY AND VENTILATION 
MANAGEMENT RISKS

The majority of complications in the transport 
of critically-ill and anesthetized pediatric 
patients are respiratory in nature.3 From the 
Wake Up Safe data, approximately 40% of 
transport-related events occurred in patients 
less than or equal to 6 months of age, and a 
large majority occurred in patients with Ameri-
can Society of Anesthesiologists (ASA) 3 status 
or greater.3 Of the 15 unplanned extubations 
reported, 14 occurred in patients less than or 
equal to 6 months of age and 11 of 15 occurred 
in patients less than 4 kg. One reason for the 
higher rate of unintended extubation is the 
practice of positioning the ETT between the 
first and second thoracic vertebrae in the neo-
natal ICU, which reduces nonuniform lung aera-
t ion, local ized pulmonary interst i t ial 
emphysema, and pneumothorax.4 However, 
this position may increase risk for inadvertent 
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AIRWAY AND VENTILATION 
MANAGEMENT CASE VIGNETTES

Case #1: 2-week-old, former 32-week pre-
mature infant underwent largely uneventful 
exploratory laparotomy in the operating room 
(OR) for presumed necrotizing enterocolitis. On 
arrival to the intensive care unit (ICU), the infant 
was transitioned to the ventilator with assis-
tance from the respiratory therapist. The venti-
lator tubing fell, dislodging the endotracheal 
tube (ETT). The patient rapidly deteriorated 
requiring chest compressions and reintubation. 
After several minutes of cardiopulmonary 
resuscitation (CPR), return of spontaneous cir-
culation was achieved and the patient stabi-
lized over the next several hours.

Case #2: 8-month-old infant with complex 
medical history including congenital hydroceph-
alus status post ventriculoperitoneal shunt place-
ment, recurrent pneumonia, and current 
respiratory failure was scheduled for tracheos-
tomy placement. Patient was transported to the 
operating room with an ETT in situ. Following 
transfer from patient stretcher to the OR table, 
the team also converted the patient from a state 
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transportation to the radiology, procedural, or 
operating room suites versus having their diag-
nostic or therapeutic procedure done at the 
bedside. Whenever feasible, bedside alterna-
tives should be strongly considered for high-
risk patients.

Postoperative transport appears to be a 
period associated with numerous potential com-
plications. Almost 75% of respiratory complica-
tions and 70% of cardiac arrests occurred in the 
postoperative period.3 For patients who received 
anesthetics, patients may emerge from anesthe-
sia during transport. Many patients are extu-
bated prior to postoperative transport, during 
which it is often more difficult to detect or treat 
respiratory adverse events. This is due to the 
increased cognitive load of navigating hallways, 
availability of emergency equipment, and assis-
tance. In fact, task overload was often noted as a 
secondary contributor in these events.3

EFFECTIVE COMMUNICATION 
AND TEAMWORK

We recommend the use of standardized 
handover tools, appropriate training of pro-
viders directly involved in transportation, 
and close communication with ordering cli-
nicians regarding the possible risks associ-
ated with transporting patients throughout 
the hospital. Freely available and validated 
tools are available here: https://www.hand-
offs.org/patient-handoff-resources/. Each 

tial unintended consequences when using neu-
romuscular blockade for transportation of 
intubated pediatrics patients. It has been asso-
ciated with worsened mucus plugging of the 
endotracheal tube leading to two cardiac 
arrests in two children through unclear mecha-
nisms.3,11 It eliminates patient respiratory effort, 
which may require changes in ventilator set-
tings and can worsen an existing endotracheal 
tube leak. Additionally, sedative medications 
may reduce sympathetic tone creating the 
potential for hypotension, and neuromuscular 
blockade may reduce basal metabolism which 
may lead to hypocarbia. The decision to use 
neuromuscular blocking agents and sedatives 
during the transportation of pediatric patients 
should be predicated on the aforementioned 
advantages and disadvantages.

IDENTIFYING AND MITIGATING RISK
Before any transport of a critically ill child is 

undertaken, the risks, benefits, and alternatives 
should be carefully considered. Potential for 
harm includes line dislodgement, derange-
ments in hemodynamics, unplanned extuba-
tion, hypoxemia, hypo- and hypercarbia, 
hemorrhage, pneumothorax, elevation of ICP in 
at-risk patients, hypothermia, and increased risk 
for hospital-acquired infections.3,12-15 If a patient 
is on an advanced mode of ventilation, such as 
high-frequency oscillatory or jet ventilation 
(HFOV/HFJV), or on an extra-corporeal device, 
such as extra-corporeal membrane oxygen-
ation (ECMO), there should be a multidisci-
plinary discussion regarding the risk of 

From “Transport and Safety,” Preceding Page

extubation if there is extension of the head/
neck that may lead to cephalad movement of 
the ETT.5,6 On the contrary, ETTs that are posi-
tioned close to the carina can lead to mainstem 
intubation with inadvertent caudad movement, 
leading to hypoxemia, hypercarbia, pneumo-
thorax, and mucosal injury.4,7 Therefore, we rec-
ommend review of the most recent chest x- ray 
and positioning the ETT in the mid-thoracic tra-
chea for transportation to mitigate this risk. Aus-
cultation of bilateral breath sounds and 
utilization of continuous capnography can also 
mitigate these risks. A pillow can be used to 
help stabilize the head and care taken to avoid 
any tension on the ETT during transport. During 
transportation, the removal of these ventilator 
circuit holders that off-load tension while in the 
ICU can lead to ETT obstruction from kinking of 
smaller ETTs (Figure 1a and Figure 1b). Caution 
should be taken to ensure the ETT and circuit 
are positioned in a way to prevent kinking by 
off-loading the weight of breathing circuits used 
during transportation. A transport ventilator pro-
vides more consistent minute ventilation and 
will avoid hypo- or hypercarbia in high-risk 
patients.8,9 However, it will not prevent the risks 
associated with inappropriate ETT positioning, 
kinking, or obstruction. The specific devices 
that secure ETT to the face can vary from unit 
and institution, but typically securing devices 
that minimize skin breakdown are preferred in 
pediatric patients in the ICU. Furthermore, the 
seemingly simple act of moving an intubated 
patient can be quite stimulating, which can 
result in sympathetic activation, leading to 
tachycardia, agitation, and coughing, which 
may lead to bronchospasm from airway irritabil-
ity. Movement may result in altered pulmonary 
compliance and the ability to provide adequate 
oxygenation and ventilation.

Invasive ventilation is a risk factor for mucus 
plugging given impaired mucociliary clear-
ance10; add to that sedative or neuromuscular 
blocking agents and the intrinsic ability to 
cough and expel mucus is further impaired. 
During transportation, patients are typically 
transported without heat and humidification of 
airway gases which can perpetuate mucus plug 
formation. Many clinicians elect to administer 
neuromuscular blockade along with sedation 
medication to intubated patients. The benefits 
of giving neuromuscular blockade for transport 
include eliminating ventilator dyssynchrony, 
which can be obviated by using a modern por-
table ventilator. Neuromuscular blockade can 
reduce the risk of unplanned line or tube 
removal in agitated patients and also reduce 
transport team workload. There are also poten- See “Transport and Safety,” Next Page 

Effective Teamwork and Communication is Integral  
in Reducing Risk During Transport of Intubated Pediatric Patients

Figure 1a: Endotracheal tubes secured with Hollister 
(Hollister Inc., Libertyville, IL) endotracheal tube fas-
tener, with kink when attached to Ambu bag (Ambu 
Inc., Columbia, MD) without offloading the weight of 
the circuit/ventilation system.

Figure 1b: Endotracheal tubes secured with NeoBar ET 
tube (NeoTech Products LLC, Valencia, CA) with kink 
when attached to ambu bag (Ambu Inc., Columbia, 
MD) without offloading the weight of the circuit/ventila-
tion system. 
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team member involved in transportation 
should have a specific role, with a dedi-
cated provider for airway management, 
medication administration and maneuver-
ing the bed and other devices, as needed. 
It may be “just another imaging study” to 
facilitate a diagnosis or a simple procedure 
to progress care, but if not weighed care-
fully, it could lead to serious and cata-
strophic compl icat ions for  pat ients , 
families, clinicians, ancillary staff, and even 
visitors. Whenever possible, consideration 
should be given to available bedside alter-
natives. Checklists to ensure that all perti-
nent information is transferred correctly as 
well as confirming necessary equipment 
and emergency medications are available, 
may help this sometimes overwhelming 
task seem more manageable and prevent 
information from being lost. Bedside nurse 
handover for direct patient care report 
noting frequency of interventions such as 
f luid/medicat ion boluses or infusion 
changes or ETT suction frequency may pro-
vide context for changes in patient status.

Critical events are best managed by a team 
with a clear leader, effective communication, 
and clear roles for team members.16 These prin-
ciples have been applied to cardiac arrest, life 
support, trauma, and during complex resuscita-
tions in the operating room. These principles 
can also be applied to the transport of critically 
ill and anesthetized children. A team leader 
should be clearly identified, and for unstable or 
complex patients, they should have no other 
tasks other than leading the team. Ensuring 
there are the appropriate number of skilled 
team members dedicated to every task during 
transportation is important. The bed may be 
pushed by ancillary staff so the medical and 
nursing teams can focus on the care of the 
patient. Patients who rely on physiologic sup-
port such as a ventilator, vasoactive infusion, or 
mechanical circulatory support require dedi-
cated and appropriately skilled staff for each 
task. Patients who require frequent sedative, 
vasopressor, or hypertonic saline boluses may 
require a provider be dedicated solely to these 
tasks during transport.

CULTURE OF SAFETY
Creation of local standardized processes for 

transport and team training should improve the 
culture of safety around transport. There is no 
national or international standard of care for the 
intrahospital transportation of patients, and 
there are limited data to validate a specific 

From “Transport and Safety,” Preceding Page transport team at this time. As described above, 
careful risk assessment is essential. Patients 
with reliance on lifesaving technologies such as 
mechanical ventilation, vasoactive medications 
or a ventriculostomy will require a transport 
team knowledgeable, skilled, and experienced 
at using those technologies, with appropriate 
backup equipment and medications. Two stud-
ies identified junior trainee physicians to have 
experienced higher rates of adverse events 
than senior trainees/faculty.17,18 When possible, 
a senior member of the team should transport 
with critically ill patients and help train junior cli-
nicians. A recent multicenter study showed that 
a positive safety climate and effective team pro-
cesses were associated with fewer adverse 
events during intrahospital transport of critically-
ill adults.19 Team experience and mandatory 
training also reduced adverse events.19

CONCLUSIONS
Intrahospital transport represents the inter-

section of numerous patient safety concerns—
airway management, early recognition of 
clinical deterioration, communication, and 
teamwork.20 In our recent review of pediatric 
intrahospital transport events in the Wake Up 
Safe database, the populations most at risk 
were those less than or equal to 6 months of 
age and children with more severe medical 
comorbidities. Despite the relatively short time 
that intrahospital transport requires, this phase 
of care may represent up to 5% of all pediatric 
anesthesia adverse events.3 Standardized risk 
assessment and resource allocation and struc-
tured handovers are an essential way to begin 
to improve our care during this potentially 
tumultuous period.
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