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Abstract

Purpose Pediatric prehospital endotracheal intubation
(PHETY) is a difficult and rarely performed procedure that
remains the gold standard for prehospital airway manage-
ment when ventilation and/or anesthesia is required, but
high complications rates, including malposition continue to
concern. We reviewed the experience in our institution of
pediatric intubations with particular emphasis on the posi-
tion of the endotracheal tube (ETT) tip within the trachea
and related complications.

Method Intubated pediatric patients presenting directly
from the scene to our level 1 trauma center, between 2006
and 2014, were included in our study. Patient records and
radiographs were retrospectively reviewed to identify the
ETT tip-to-carina distance and possible intubation-related
complications. ETT tips identified beyond the carina on
radiographs or by clinical diagnosis were defined as mis-
placed. Because head movement causes a significant ETT
movement within the trachea, which is age related, we also
defined ETT tip placement (1) less than 2 cm above the
carina in children younger than 8 and (2) less than 3 cm
above the carina in children 8 years or older as “near miss”
intubations.

Results From a total of 34 cases, ETT misplacement was
identified in seven cases. Diagnosis was made radiologi-
cally in five cases and clinically in two cases. Four of these
patients had left lung atelectasis due to tube misplacement.
Tube thoracotomy was performed in two of these patients
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without concurrent evidence of chest injury. “Near miss”
intubations accounted for 7/9 and 9/25 in children <8 years
and >8 years old, respectively, totaling 16/34, with two of
these leading to late displacements.

Conclusions Pediatric endotracheal tube intubation car-
ries a high rate of tube malposition and left lung atelecta-
sis in our experience of pediatric trauma patients, with less
than a third of ETTs placed in a safe position.

Keywords Pediatric intubation - Pediatric prehospital
endotracheal intubation - Safe zone - Tip-to-carina
distance - Near miss intubation - Complication

Introduction

Respiratory arrest is a primary cause of mortality in criti-
cally ill and injured pediatric patients [1]. Securing safe and
effective airway control is a priority in the prehospital set-
ting. Prehospital endotracheal intubation (PHETI) is con-
sidered by many the gold standard of airway management.
It provides the most secure and effective airway in pediatric
patients according to the European Resuscitation Guide-
lines [2]. This assertion remains, however, at the center of
debate and controversy as research has failed to show ben-
efit from endotracheal intubation (ETI) when compared
to bag-valve-mask ventilation (BVM) in the prehospital
setting, including in head injured patients [3, 4]. A higher
mortality rate has also been related to PHETT patients com-
pared to hospital intubations or no intubation [5]. Despite
these findings, endotracheal tube (ETT) intubation is still
the practiced norm in many emergency services [1]. There-
fore, research into the optimal form of pediatric prehospital
airway management still remains a top research priority [6].
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Injured children present a particular challenge to the
emergency medical services as pediatric intubations are
rare high-skill procedures performed under suboptimal
and emotive circumstances. Anatomic differences between
adults and children, unfamiliar drug dosages, as well as
inappropriately sized equipment, have led to concern over
the safety and necessity of performing this potentially haz-
ardous high-risk emergency procedure. Research into the
optimal form of pediatric prehospital airway management
has led to several studies looking into this controversy [7].

Children have short tracheas and, therefore, are at
greater risk of misplacement of the ETT during intubation.
The importance of intubation depth in children is often
emphasized, but no gold standard could be identified in the
literature. In adults, the Goodman’s criteria recommend
ETT tip placement 5 cm +2 cm above the carina [8]. For
pediatric patients, recommendations for tube tip placement
2 cm above the carina have been made and this recom-
mendation has been supported by recent studies looking at
pediatric ETT insertion depth [9-11].

Clinical experience from our institution suggests that
ETTs are commonly placed too distally in the short tra-
cheas of pediatric patients. The aim of this study was to
identify the position of the tip of the ETT within the tra-
chea of pediatric trauma patients presenting to our tertiary
trauma center and identify associated complications and
potential pitfalls of pediatric prehospital endotracheal intu-
bations (PHETISs).

Materials and methods
Study type: retrospective review of medical records.
Setting

The Helsinki University Hospital’s trauma unit is a tertiary
referral trauma center with a population catchment area
of about 2 million in southern Finland. The unit primar-
ily treats adult blunt trauma patients, but severely injured
children or children with suspected head injury also present
to our institution as per local emergency medical response
protocols. The regional emergency medical service con-
sists of an anesthetist-staffed ambulance and an anesthetist-
staffed helicopter in addition to EMT-(emergency medical
technician) staffed ambulance service. Physician assistance
is readily available for intubating patients in the urban sur-
roundings close to Helsinki, but in rural areas, intubations
may have to be performed by EMT personnel.

Since January 2006, all trauma admissions to the Hel-
sinki University Hospital’s trauma unit with a new injury
severity score (NISS) of greater than 15 have been entered
into the Trauma Registry of the Helsinki University
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Hospital trauma center. This prospectively collected reg-
istry was used to retrospectively identify all intubated
patients under the age of 16 years that presented directly
from the scene to our trauma center between January 2006
and December 2014. Patients arriving as hospital trans-
fers were excluded from the study even if intubated at the
scene, as manipulation of the ETT at the referring hospital
could not be ruled out. Patients without radiological confir-
mation of the position of the ETT on admission were also
excluded. Ethical approval for the study was granted by the
Helsinki University Central Hospital review board.

Data collection

Patient notes and radiological investigations were reviewed
and relevant data were collected. This data included epi-
demiological data, such as age, sex, height, and weight,
as well as injury-related parameters, such as mechanism
of injury, ISS (Injury Severity Score), NISS (New Injury
Severity Score), and initial on-scene GCS (Glasgow Coma
Scale) [12-14]. Factors related to the intubation, such as
indication, by whom, tube insertion depth and size were
retrieved from the patient records. Patient vitals and gas
exchange parameters, including arterial blood gas analysis
results as well as time delays, were recorded. Patient sur-
vival and length of hospital stay were also noted. Intuba-
tion tube depth was compared to the pediatric advanced life
support (PALS) manual’s recommended lipline ranges for
children under 2 years and using the [age (years)/2+ 12]
formula for older children [2, 15].

Radiographs from the index admission were reviewed
and the endotracheal tube tip-to-carina distance was meas-
ured from admission plain chest radiographs and/or CT
scans using the AGFA IMPAX 6 PACS (picture archiving
and communication system) software. We defined any ETT
tip placement beyond the bifurcation of the carina as mis-
placed. This could be based on radiographic confirmation
or clinical diagnosis based on a lack of or decreased breath
sounds on chest auscultation leading to ETT pull back with
subsequent radiography.

The previous work on the safe placement of ETTs in
children has looked at the “tube tip-to-carina” distance and
has shown marked movement in the tip of the ETT with
head movement in extension and flexion [16—18]. The mag-
nitude of this movement varies with the child’s age, but an
approximate 2 cm of movement can be shown in all chil-
dren and this increases to about 3 cm by age 8 [19, 20]. To
prevent inadvertent endobronchial intubation or displace-
ment during patient handling, this movement should be
accounted for in the ETT tip-to-carina safety margin. We
therefore defined any (1) ETT tip placement less than 2 cm
above the carina in children younger than 8 years as well as
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(2) any ETT tip less than 3 cm above the carina in children
8 years or older as “near miss” intubations.

No specific proximal safety margin for the ETT position
was defined as the vocal chords are not visualized on plain
radiography. Position of the ETT on admission radiography
and radiographic evidence of intubation-related complica-
tions such as atelectasis, pneumothorax, and aspiration
were recorded. Placement of tube thoracotomies was also
recorded as well as delayed ETT displacements and manip-
ulations following admission.

Due to the nature of the study and the small patient
numbers, we only used descriptive statistics to express our
results.

Results
Basic epidemiology

For the 8-year study period, a total of 34 intubated pedi-
atric patients were identified from the trauma register with
an average age of 10 years (median of 12 years). Male
patients accounted for 23 (68%) cases. Five patients died
within 30 days of injury at an average of 13 h from admis-
sion. The average length of stay (LOS) was 6 days in the
intensive care unit (ICU) and 17 days in total. The patients
had a mean ISS of 30 and NISS of 37 and initial GCS of 6.
Mechanism of injury is shown in Table 1.

The most common indication for intubation was air-
way protection due to reduced GCS in 88% of patients,
while other indications included: facial injury or vom-
iting (3 patients) and pain control (1 patient). Intuba-
tions were performed by the acute care anesthetist of the
helicopter service (24 patients) or the acute care anesthe-
tist of the ambulance service (10). Three patients were
younger than 2 years of age and the only non-cuffed ETT
was used in one of these cases. For 91% of cases, the ETTs
were placed more than 1 cm deeper than the PALS recom-
mended lipline (average 2.9 cm deeper; range 1-7 cm),
while in the remaining 9%, the ETT was within 1 cm of the
recommendation.

Table 1 Mechanism of injury

Mechanism of injury

Motor vehicle accident 15
Fall from height
Sport

Pedestrian

5
5
Bicycle 4
4
Other (battered child) 1

The mechanism of injury of the included 34 pediatric patients

Radiology and endotracheal tube placement

The primary radiological investigation was performed at
an average of 37 min from arrival to the trauma unit. This
primary investigation was either a chest radiograph (16
patients) or a trauma CT scan (18 patients). Eleven patients
went on to have a secondary investigation in the emergency
department following their primary investigation. A total of
26 patients had CT scans done. Due to the greater accuracy
of CT scans, measurements of the ETT tip-to-carina dis-
tance from CT scans were used in preference to chest radio-
graphs (if both available), as long as no ETT manipulation
had taken place between the investigations.

Misplaced

A total of 7/34 (21%) patients had tube misplacement
beyond the carina as determined by clinical or radiological
examination and 4/34 (12%) patients had left lung atelec-
tasis as a complication of endobronchial intubation. Mis-
placements occurred in 2/9 (22%) patients younger than
8 years and in 5/25 (20%) patients 8 years or older.

Radiological examination identified 5/34 (15%) patients
with ETT tip distal to the carina. Three of these had cuffs
obstructing the contralateral main bronchus with two of
these patients having contralateral lung atelectasis on radi-
ological examination (see Fig. 1). In addition, one patient
had left lung atelectasis despite right endobronchial intu-
bation without cuff obstruction of the left main bronchus.
Radiographic diagnosis of misplacement was made on
chest X-ray and CT in two and three cases, respectively. All
ETT misplacements identified entered the right main bron-
chus. Concern regarding ETT placement was raised in one
case by the performing physician, but nevertheless the ETT
remained misplaced on admission.

Clinical diagnosis of ETT misplacement through lack
of breath sounds on auscultation was made in 2/34 (6%)
patients and their ETTs were pulled back prior to radiologi-
cal examination. One of these patients had complete left
lung atelectasis that resolved quickly on a ventilator and
was therefore presumed to have been caused by cuff block-
age of the left main bronchus. The other patient’s ETT was
pulled back more than 4 cm (originally being 7 cm deep
to PALS lipline recommendation), but radiography did not
reveal any associated complication.

Near miss

Based on our assigned “near miss” criteria in patients
younger than 8 years, 7/9 patients (78%) had “near miss”
intubations. For patients aged 8 years or older, an ETT tip-
to-carina distance of less than 3 cm was identified in 9/25
(36%) patients, making these also “near miss” intubations.
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Fig. 1 Admission chest X-ray taken in the resuscitation bay of a
13-month-old boy following a fall from a height, showing left lung
atelectasis associated with right endobronchial intubation

In addition, two patients with “near miss” intubations had
delayed ETT displacement beyond the carina during the
subsequent hospitalization. In total, 10/34 (29%) patients
had their ETT pulled back and one ETT (a “near miss”
intubation) was exchanged due to air leak.

Other findings

There were 11 patients (all older than 8 years) that did not
fall into our misplaced or “near miss” criteria and these
were considered safe zone intubations (see Table 2). No
proximal or esophageal ETT misplacements were identi-
fied. There was also no subsequent in-hospital displace-
ments of the ETT to above the vocal chords or accidental
ETT pullouts identified. Despite three patients intubated on
scene due to vomiting or facial injury none of these patients
had evidence of aspiration. In total, seven patients had tube
thoracotomies placed, of which five patients had signifi-
cant concurrent chest injuries identified. The remaining two
patients with tube thoracotomies performed had radiologi-
cally identified misplaced ETTs and concurrent left lung
atelectasis despite no other evidence of significant chest
injury, raising suspicion that these were unnecessary per-
formed due to ETT misplacement (see Fig. 2).

Comparison of the misplaced, “near miss” and safe zone
intubations is shown in Table 3. No clear differences in
the three groups can be identified, including in the arterial
blood gas analysis of patients with lung atelectasis com-
pared to those without. Fatalities occurred in each group
with 2/7 (29%) in the misplaced group, 2/16 (13%) in the
“near miss” group and 1/11 (9%) in the safe intubation
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Table 2 Comparison of findings by age

<8 yearsold >8yearsold Total
n=9 n=25 n=34
Endotracheal tube placement
Misplaced 2 5 (2 clinical) 7
Lung atelectasis 1 3 (1 clinical) 4
Near miss 7 9 16
Safe zone 0 11 11
Intubation by
Ambulance 5 5 10
HEMS (helicopter emer- 4 20 24
gency medical service)
Tube depth compared to +2.0cm +2.9 cm +2.6 cm
PALS
Other variables
Mortality (survival time) 2 (14 h) 3(12h) 5(13h)
Length of stay
ICU 3 days 7 days 6 days
Hospital 14 days 18 days 17 days

Patients are grouped by age into those younger than 8 years and
those 8 years or older. Placement of the endotracheal tube (ETT) as
determined on admission to the trauma unit is categorised as per our
definitions for misplaced, near miss, and safe intubations. Patients
with ETT misplacement diagnosed on clinical grounds are shown in
brackets. Numbers given are patient numbers except those for tube
depth, length of stay, and survival time which are averages. Tube
depth is given as the observed ETT lipline compared to the paediat-
ric advanced life support (PALS) recommended lipline. A positive
number means that the tube is deeper than recommended. Mortality
is given as the number of patients who died in each group and the
survival time is an average in hours from admission. Length of stay is
given in days in the intensive care unit (ICU) and hospital

group, mostly due to massive internal injuries and non-sur-
vivable head injuries. No fatality was deemed to be related
to ETT misplacement. Misplaced intubations were per-
formed by the acute care anesthetist of the ambulance ser-
vice and helicopter service in 1/10 (10%) and 6/24 (25%),
respectively. These differences are small and considering
the small sample size, particularly as no injury adjusted
analysis was performed, no conclusions can be drawn from
these findings.

Discussion

Our results clearly highlight the difficulty of pediatric
PHETI, with only 9% of pediatric patients having ETTs
placed within 1 cm of the PALS lipline recommendation.
Poor adherence to guidelines could explain the alarmingly
low rate of correct ETT lipline placement seen in our case
series. This finding is worrying, but consistent with the pre-
vious reports on pediatric PHETI. A recent Danish study
from a Helicopter Emergency Medical Service (HEMS)
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Fig. 2 Radiographs of an 11-year-old boy involved in a motor vehi- ity prior to imaging due to reduced breath sounds on that side. No
cle accident revealed right endobronchial intubation. Admission CT significant chest injury was identified and the chest X-ray b quickly
scan a shows the intubation tube in the trachea and left lung atelec- resolved following endotracheal tube pull back, raising suspicion that
tasis. Note that a chest drain has been placed in the left pleural cav- tube thoracotomy with its added morbidity was unnecessary

Table 3 Comparison of groups

by endotracheal tube position on

admission

Patient variables Misplaced Near miss Near miss By age Safe zone
n=7 n=16 <8 years >8 years n=11
21% 47% n=17 n=9 32%
Males n==~6 n=10 n=>5 n=>5 n=17
Age 9 years 9 years 4 years 13 years 13 years
ISS 35 26 29 23 34
NISS 42 34 32 35 37
Initial GCS 6 6 6 5 6
Intubation by
Ambulance n= n=6 n=4 n=2 n=3
HEMS n==6 n=10 n=3 n="7 n=28
Tube depth compared to PALS ~ +3.6 cm +2.1cm +1.7cm +2.4cm +2.8cm
ETCO, (%) 4.5 4.4 4.6 4.2 4.6
PaCO, (kPa) 5.7 53 4.8 5.7 53
Base excess (mmol/l) -6.0 -3.3 -1.8 —4.4 -3.3
Mortality
n = (survival time) n=2(6.5h) n=224h) n=1Q24h) n=124h) n=1@3Bh)
Length of stay
ICU 6 days 5 days 4 days 5 days 8 days
Hospital 19 days 14 days 16 days 11 days 20 days

Patients are grouped by endotracheal tube position as determined on admission to the trauma unit and cat-
egorised as per our definitions for misplaced, near miss and safe intubations. Near miss intubations have
been further subcategorized by age into those younger than 8 years and those 8 years or older. All numbers
given are averages except those denoted by “n =" which are the number of patients from the group. Age is
given in years. Tube depth is given as the observed ETT lipline compared to the paediatric advanced life
support (PALS) recommended lipline. A positive number means that the tube is deeper than recommended.
Mortality is given as the number of patients who died in each group and the survival time is an average in
hours from admission. Length of stay is given in days in the intensive care unit (ICU) and hospital

ISS Injury Severity Score, NISS New Injury Severity Score, GCS Glasgow Coma Scale (given as the initial
GCS on scene), HEMS Helicopter Emergency Medical Service

@ Springer



802

T. Simons et al.

setting reported that pediatric ETTs were placed too deeply
in 55% of patients and that in cases with inappropriate
liplines, the ETTs were placed too deeply in 96.5% [15].
In a recent Swiss HEMS study, tube depth was also found
to be deeper than recommended by the Weiss formula in
38.9% of patients despite a 15% tolerance [21].

All of our patients presented from the field and were
intubated by anesthetists of the ambulance or helicopter
service. Despite this, our study clearly shows that pediatric
intubation carries an alarmingly high rate of misplacements
and “near misses” at 21 and 47%, respectively. A German
study reporting on anesthesia trained emergency physicians
showed a 12.2% complication rate, including two unrec-
ognized endobronchial intubations in 82 patients [7]. This
study estimated that each emergency physician performed
only one pediatric and one infant PHETI every 3 and 13
years, respectively, raising the issue of deskilling even
among physician-led emergency medical systems. Rarity of
pediatric intubations has also been highlighted in the previ-
ous reports from American EMT-led emergency services.
These have described malposition rates of 13% and high
overall complication rates of 23-36% [22, 23].

In our study, 16/34 (47%) ETTs met our “near miss”
definition and were thus at increased risk of placement-
related complications. Adding the seven misplaced ETTs to
this figure gives a total of 23/34 (68%) poorly placed ETTs.
For patients younger than 8 years, all 9 (100%) had either
misplaced or “near miss” intubations, highlighting the dif-
ficulty of safe PHETI in this young age group with shorter
tracheas. By comparison, misplaced and “near miss” intu-
bations accounted for 14/25 (56%) in the 8 years or older
group. Our findings emphasize the significance of younger
age as a risk factor for poorly placed ETTs and associated
potential complications.

Studies on the complications of pediatric PHETI typi-
cally report on the intubation success rate, number of
attempts, intubation-related hypotension, desaturation,
and aspiration, while malposition is reported as esopha-
geal, hypopharyngeal, and endobronchial [24]. Our study
focused on the position of the endotracheal tube within
the trachea as a potential source of complications. Head
movement with minimal additional head flexion could have
resulted in even more misplaced/displaced intubations with
five ETTs lying within 1 cm proximal to the carina. Despite
careful patient handling, these ETTs could easily displace
into the right main bronchus, as happened later to two
patients in our series, increasing the total number of com-
plicated intubations. This highlights the need to emphasize
the concept of a safe tip-to-carina distance of 2 cm for pedi-
atric patients younger than 8 years. The proposed safe dis-
tance of 3 cm proximal to the carina for older children is
in accordance with the Goodman'’s criteria of 5 cm + 2 cm
for adults. In our series, we did not identify any proximal
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misplacements or esophageal intubations. However, aiming
to place the ETT at a more proximal location in the trachea
according to our recommendation and that of PALS may
increase the risk of proximal misplacement.

In our study, 4/34 (12%) patients had clear radiographic
evidence of ETT-related complications in the form of left
lung atelectasis due to right endobronchial intubation.
One other patient had right endobronchial intubation with
left bronchial obstruction without concurrent evidence
of hypoventilation of the left lung. The ETT entered the
right main bronchus in all five radiographically proven
endobronchial intubations identified in our study. This is
explained by the anatomically more vertical decent of the
right main bronchus from the carina. In addition, the tip
of the ETT is cut at a 45-degree angle opening to the left,
leaving the leading edge on the right to engage with the
carina and direct it into the right main bronchus. Another
report on the complications related to pediatric PHETI
identified a rate of 19% for endobronchial intubations, 2%
for esophageal intubations, 6% for tube dislodgement and
one tracheal injury [25].

The four cases of endobronchial intubation with asso-
ciated left lung atelectasis found in our study represent a
very significant complication that is detrimental to any
severely traumatized pediatric patient. A study carried out
in the optimized setting of a children’s hospital’s emer-
gency department resuscitation room showed a 30% right
endobronchial intubation and 4% left lung atelectasis rate
[26]. These figures are comparable to our findings of 21%
and 12%, respectively, and represent the clinical experience
of emergency pediatric endotracheal intubation from a hos-
pital perspective. It must also be noted that in the trauma
patient setting, endobronchial intubation with loss of left
sided breath sounds can easily lead to unnecessary tube
thoracotomy and its added morbidity as evidenced by two
patients (6%) in our series. We wish to raise awareness of
left lung atelectasis as a complication in the current debate
on prehospital pediatric airway management.

In addition to the importance placed on the depth of
ETTs, there also remains controversy regarding the relative
benefits and disadvantages of using cuffed and uncuffed
ETTs in children [27]. All three patients with left lung
atelectasis had cuffed tubes and it is possible that this det-
rimental complication could have been avoided had an
uncuffed tube been used. Classically, uncuffed tubes have
been preferred in children younger than 8 years as these
have been shown to have a greater safety margin regarding
insertion depth when compared to cuffed ETTs [27, 28].

Our patient series represents severely traumatized
patients with average ISS of 30 and thus, as per local pro-
tocol, all had C-spine immobilization with a hard collar
following intubation. This should prevent any significant
head movement and prevent in-transit ETT displacement
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within the trachea during transport. Neck immobilization
may, however, contribute to the caudal displacement of
ETTs as intubation is carried out with the head in rela-
tive extension and then brought to a more neutral or even
flexed position by a hard collar and spinal board. This
may explain some of the increased rate of tube misplace-
ment seen in our series of trauma patients compared to
other studies looking at pediatric PHETI performed for
all causes. Data on ETT misplacement rates in trauma vs
non-trauma pediatric PHETI patients are limited. Com-
parison of EMT-performed intubations shows endo-
bronchial intubations occurring in 7/59 (12%) pediatric
trauma PHETIs vs 18% endobronchial intubation rate in
186 mainly non-trauma pediatric PHETI [3, 23].

This retrospective study reports on our experience
from a tertiary trauma center that receives a small number
of severely injured pediatric trauma patients. Being a ret-
rospective study relying on the previous documentation,
there were deficits in the data set particularly regarding
patient length. This lack of knowledge or even estimate
of patient length highlights the challenges of prehos-
pital care in selecting appropriate intubation tube sizes
and depths. In addition, radiological confirmation of the
position of the ETT tip only represents its position at one
specific point in time. Patient handling following imaging
may result in additional tube displacements particularly
for “near miss” intubations. The small sample size of our
study limits the generalizability of our findings, but does
represent the experience of our trauma center.

Conclusions

Pediatric prehospital endotracheal tube intubation
remains a challenging procedure, carrying a high rate of
tube malposition and left lung atelectasis, with less than a
third of ETTs placed in a safe position. We wish to draw
attention to the concept of a tube tip-to-carina safety
margin. We suggest that this should be 2 cm for children
younger than 8 years and 3 cm for older children, to mini-
mize “near misses” in an attempt to prevent distal mis-
placement and subsequent displacement of the ETT and
their associated complications.
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