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ABSTRACT

Endotracheal intubation is a lifesaving procedure, associated with the adverse events. Current study describes
intubation quality improvement bundle and the low occurrence of intubation-associated adverse events after at a
single University affiliated, tertiary pediatric intensive care unit. This prospective single arm cohort observational
study includes 285 patients intubated between April 2014 and April 2018. Patient, procedure, and adverse event data
were summarized, and where appropriate, the difference between groups was assessed using Fisher’s exact test.
Intubation required one attempt in 238 (83.5%), two attempts in 35 (12.3%), and 12 (4.2%) required 3 or more
attempts. Oxygen desaturation (>15% drop from baseline) occurred in 53 (18.6%) intubations. The total adverse event
rate, excluding desaturation, was 26 (9.1%), with 16 (5.6%) non-severe and 9 (3.2%) severe adverse events. There were
no statistically significant trends over time, nor any cardiac arrests or deaths directly attributed to intubation.

Keywords: Emergency intubation, pediatric intensive care, safety, videolaryngoscopy, checklist.

Tracheal intubation is a commonly performed lifesaving intervention. Intubation in the pediatric intensive care unit
(PICU) is often an emergency procedure, performed on children with little physiologic reserve, and executed by
practitioners who may not perform intubation routinely. It is likely for these reasons that adverse events are common,?
234 and occur at a higher rate when compared to intubation performed in the operation room.> Complications
associated with tracheal intubation range from non-severe, such as hypertension, to severe, such as cardiac arrest or
death.

Previous single and multicenter studies report widely variable adverse event rates including 41% for non-severe
events, 20% for severe events? 34 and a 1.7% mortality rate directly linked to intubation.® Further, severe tracheal
intubation adverse events are linked to PICU mortality.’
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Adverse events are closely associated with first intubation attempt failure.® A lack of first intubation attempt success
is particularly important given its association with severe complications,® particularly hypoxia and hemodynamic
instability,? and potentially lead to significant neurological injury.> 7 1° However, published first attempt success rates
in PICUs are as low as 62%.3

Quality improvement initiatives are common in health care, including intensive care, as they have been shown to
improve important patient and system outcomes.!! The high complication rates of intubation in the adult and neonatal
critical care environments prompted numerous reports of improved intubation success with the implementation of
quality improvement initiatives.12 13 Although a recent publication describes a quality improvement bundle designed
to improve intubation safety in the PICU, 4 only a single investigation examining limited outcomes of such a bundle has
been reported in critically ill children from a pediatric emergency department.®

The goal of this study is to describe our institution’s intubation practices, quality improvement bundle, and low rate of
intubation associated adverse events.

METHODS

Ethics:

The study was approved by our institutional ethics board as a quality improvement project with appropriate de-
identification of the data (CHREB 15-0683). Permission was obtained from the National Emergency Airway Registry
for Children (NEAR4KIDS) airway registry to publish our local data.

Settings:

This study was conducted at Alberta Children’s Hospital (ACH) PICU in Calgary, Alberta, Canada. The ACH PICU is a
University affiliated non-cardiac tertiary pediatric intensive care unit, with a Pediatric residency program, but without
a Pediatric Critical Care fellowship program. The PICU has 15 beds, and admits on average 900 patients per year, with
an average length of stay of 4.2 days, and PRISM 3¢ and PIM 2 or 31 standardized mortality ratios less than one
(Virtual Pediatric Systems '€ - VPS data 2014-18).

Tracheal Intubation at ACH PICU:

Approximately 80 intubations are performed in ACH PICU annually. To improve the intubation process, a literature
review was undertaken to identify implementable elements to improve intubation and reduce adverse events
attributable to intubation. At the completion of the literature review the following changes were introduced:

1. Development and introduction of a comprehensive intubation checklist (termed the ‘intubation preparation
guideline’) (Figure 1) in June 2012. Starting in January 2016, checklist compliance has been recorded for every
intubation. Intubation is considered to be compliant if the full checklist was verbalized pre-intubation.
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2. Introduction of the Storz C-MAC™ videolaryngoscopy system in 2013. The Storz C-MAC™ videolaryngoscopy
system was selected because it allows intubation using both direct and video laryngoscopy, allowing trainees
to gain experience using both techniques, and allowing the pediatric intensivist to more easily viusalize
supervised intubations. Furthermore, the screen improves the grade of view compared to direct view,
facilitating intubation success.18

3. Aspart of the intubation guideline, we screen all patients to identify those children that may be difficult to
intubate due to acquired or congenital abnormalities of head, neck, or upper airway. When the airway was
anticipated or known to be difficult, we referred the patient to anesthesiology where intubation management
was left to the discretion of the anesthesiologist on call.
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4. Allintubations were supervised by the PICU attending physician, who determined the airway provider
(physician, nurse practitioner (NP)/clinical assistant or associate (CA), respiratory therapist (RT), or resident),
balancing the status of the patient and the skills of the team members.

5. All patients were intubated in the PICU using intravenous induction. Ketamine and rocuronium were used in
virtually all cases. A modified delayed sequence induction was used, with pre-oxygenation aided by ketamine
sedation prior to muscle relaxation.

6. Bagand mask assisted positive pressure ventilation with positive end expiratory pressure was commenced
prior to and continued throughout muscle relaxation.?

7. Cricoid pressure was not used to prevent reflux, vomiting and aspiration.2° External laryngeal manipulation
was used as a means to manipulate the larynx into better view, aided by airway visualization on the C-MAC
screen.

8. Apneic oxygenation via nasal cannula delivered oxygen at high flow rates (5-15 liters per minute dependant on
the age of the child) during pre-oxygenation, induction and intubation. Apneic oxygenation has been used
consistently for all intubations starting in 2018.

9. Cases suspected to have a low cardiac output (e.g. poor perfusion or low blood pressure) were pre-emptively
volume resuscitated and/or started on epinephrine infusions when time permitted. Hypotension during
intubation was usually initially managed by a bolus dose of epinephrine at 1/10 the resuscitation dose. This
dose was prepared in advance.

Study Cohort:

All patients intubated in PICU between April 2014 and April 2018 were included in the study. Only primary
intubations were included in the analysis. Re-intubations, performed for example to alter the tube size or type (e.g.
uncuffed to cuffed), were reported but excluded from the analysis. Patients intubated in the operating room by
anesthesiology, including most cases of croup and those with a predicted difficult airway, were also excluded from the
analysis.

Data Collected and Outcomes:

Patient demographic data collected included: age, weight, and indication for intubation. An intubation attempt was
defined as the process of attempting to place a tracheal tube into the trachea, from the laryngoscope introduction to
its removal. Laryngoscopy data included type of laryngoscope used, airway provider, number of attempts, Cormack
and Lehane airway grade, and initial maximal and lowest oxygen saturations within 20 min of the intubation event. We
generally adopted NEAR4KIDS definitions for adverse events including the definitions of non-severe and severe
adverse events.? 21 Non-severe adverse tracheal intubation associated events include: mainstream bronchial
intubation (when confirmed on chest X-ray and/or recognized after the clinical team had secured the tracheal tube),
esophageal intubation with immediate recognition, emesis without aspiration, hypertension requiring treatment,
epistaxis, dental or lip trauma, benign arrhythmia (e.g. brief SVT), and pain and/or agitation requiring additional
medication and causing a delay in intubation. In addition, we also included bronchospasm, pulmonary edema,
bradycardia (not due to hypoxia), and hypotension not requiring treatment. Severe adverse tracheal intubation
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associated events include: cardiac arrest, esophageal intubation with delayed recognition, emesis with witnessed
aspiration, hypotension requiring intervention (fluid boluses, inotropes or vasopressors), life-threatening arrhythmia,
laryngospasm, malignant hyperthermia, pneumothorax/pneumomediastinum, direct airway injury, and mortality
attributed to intubation. Oxygen desaturation, reported separately, was defined as a decrease in the pulse oximetry
reading of more than 15% from the best pre-oxygenation value and related to airway management.

Our standardized data collection tool was populated, using data from our prospective electronic health record
Metavision™. Starting in January 2016, a paper record of all intubations was completed as part of our collaboration
with the National Emergency Airway Registry for Children (NEAR4KIDS) international intubation database. To ensure
accuracy, all records were cross referenced retrospectively with the full medical chart.

Statistical Methods:

Statistical analyses were performed using SPSS 24 (IBM® SPSS® Statistics). Summary statistics were described with
median and interquartile range for nonparametric variables (age and weight). For categorical variables, frequencies
and percentages were reported. Fisher’s exact test was performed to determine if the difference between groups was
statistically significant. A p value <0.05 was considered significant for all hypotheses.

RESULTS

From April 2014 to April 2018 a total of 343 emergency intubations were performed in our PICU population. The
majority (285) were primary intubations performed in the PICU, and 22 were endotracheal tube exchanges. An
additional 36 patients were referred to OR because their airways were anticipated or known to be difficult. The
interquartile range for age was 0.3-6.7 years, with a median age of 1.3 years. The interquartile range for weight was 5
to 20 kg, with a median weight of 10.6 kg. Our classification of intubation indications is shown in Table 1.

Table 1:
Indications for Intubation

Indication No (%)
Oxygenation or ventilation failure 136 (47.7)
Upper airway obstruction 37 (13)
Sepsis/Shock/Unstable hemodynamics 28(9.8)
Procedure 46(16.1)
Neurological (excluding airway obstruction) 24 (8.4)
Other 14 (4.9)
Total intubated patients 285

Note: total is a number of intubated patients 2016-2018. Each represents
a number of patients with specific indication. Some patients had multiple
indications for intubations.
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Guideline and checklist compliance was measured in 162 initial intubations (starting January 2016), and was defined as
compliant if the full checklist was verbalized pre-intubation. This occurred in 154/162 cases (95.1%). The most
common reason for non-compliance was the lack of time during a true emergency. C-MAC™ videolaryngoscopy was
used in 272/285, or 95.4% of all intubations. Direct laryngoscopy without a videoscreen (3 cases) and the Glidescope™
(5 cases) were occasionally used.

Intubation success rates are found in Table 2. There was no significant change in the first attempt success rate over
time. There also was no statistically significant difference between the first attempt success rate and airway provider
designation (Table 3).

Table 2:
Success and Complication Rates of Tracheal Intubation
Time 2014- 2015 2016 2017 2018 Overall
No (%) N (%) N (%) N (%)

Total Intubations 113 75 78 19 285
15t attempt successful 91(80.5) 62(82.7) 68(87.2) 17 (89.5) 238(83.5)
2nd attempt successful 17 (15.0) 11(14.7) 7(9.0) 0(0.0) 35(12.3)
3 or more attempts 5(4.4) 2(2.7) 3(3.9) 2(10.5) 12 (4.21)
Oxygen desaturation 19 (16.8) 16 (21.3) 16 (20.5)* 2(10.5)* 53(18.6)

* Not significantly different (P = 0.52)

Table 3:
Intubation 15t Attempt Success Rate by Designation

Designation 2014-2015 2016 2017 2018 Overall Rate (%)
Total 91/113 62/75 68/78 17/19 238/285(83.51%)
Attending 34/46 16/17 33/36 8/9 91/108 (84.26%)
NP/CA 21/22 12/13 12/13 1/1 46/49 (93.88%)
Resident 16/20 16/18 10/15 5/5 47/58 (81.03%)
RT 17/21 11/19 13/14 3/4 44/58 (75.86%)
Other 1/2 7/8 0/0 0/0 8/10 (80.00%)
Unknown 2/2 0/0 0/0 0/0 2/2 (100%)

From 2016 the Cormack and Lehane airway grade of view was recorded. The majority of patients had a grade one view,
and only one patient had an airway grade of three or higher (Table 4).

For four of the seven cases where more than two attempts were made, the inexperience of the airway provider was
considered the predominant factor noted in the record as the view was graded as one. Factors associated with more
than one attempt were blood and/or secretions obscuring the glottic view, and the need to up- or down-size the
endotracheal tube to fit the airway.
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Table 4:
Number of attempts by Cormack and Lehane grade of view for
2016-2018 (grade of view data was not collected prior to 2016).
Number of attempts
1 2 23
2 | 141 15 5
2
> I 6 3 1
o
S n 0 0 1
o
© \Y 0 0 0

Oxygen desaturation (> 15% decrease from pre-oxygenation baseline) was reported in 53 (18.6%) of initial intubations
(Table 2). In 2018 a non-significant downward trend in the desaturation rate was noted. The occurrence of oxygen
desaturation is significantly higher in patients who were not intubated from the first-attempt (Table 5), although the
difference was not significant between patients intubated successfully on second and those who required more than 2
attempts.

Table 5:
Severe Complications by Number of Attempts to Intubate
Number of Attempts Desaturation Severe complication Comment
1(N=238) 28(11.76%) 5(2.10%)# 3 Hypotension
1 Aspiration

1 Nasal trauma
resulting in aspiration
of blood

1 Laryngospasm

>3(N=12) 9(75.0%)* 1(8.3%) 1 Hypotension

*Fisher’s Exact P < 0.05 compared to 1 attempt
# 2 not significantly different from 1 (P = 0.07)

The total complication rate (excluding desaturation and multiple attempts) was 9.1% (26/285), with 5.6% (16/285) at
3.2% (9/285) experiencing nonsevere and severe complications respectively. The most common nonsevere
complication was bradycardia (not associated with hypoxia), while the most common severe complication was
hypotension requiring treatment (Table 6). There were only two aspiration events. These events did not result in lung
injury. There were only four esophageal intubations and all were immediately recognized. No cases required CPR and
there were no deaths associated directly with the intubation process. There is a higher rate of severe complications in
patients with more than one attempt to intubate, however this increase was not statistically significant (P = 0.07, Table
5).
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Table 6:
Complications of Initial Intubations excluding Oxygen Desaturation and Multiple Attempts.
Some patients had multiple complications.
NONSEVERE (21011; cggelss) ?%1gases) (27081«:735es) (2109lfases) ;r208t; Icases)
Mainstream bronchial intubation 0 2 0 0 2
Esophageal intubation with immediate recognition 0 2 2 0 4
Emesis without aspiration 2 0 1 0 3
Hypertension requiring therapy 0 0 0 0 0
Epistaxis 0 0 0 0 0
Dental or lip trauma 0 0 1 0 1
Benign Arrhythmia 1 0 2 0 3
Pain and/or agitation requiring additional
medication and causing delay in intubation 0 0 0 0 0
Bronchospasm 0 1 0 0 1
Pulmonary edema 3 0 0 0 3
Bradycardia (not due to hypoxia) 5 1 0 0 6
Hypotension not requiring treatment 2 0 0 0 2
TOTAL 13 6 6 0 25(8.7%)
SEVERE
Cardiac arrest 0 0 0 0 0
Esophageal intubation with delayed recognition 0 0 0 0 0
Emesis with witnessed aspiration 1 0 0 0 1
giyezcs)giz)sion requiring intervention (fluid and/or 9 0 4 0 6
Laryngospasm 0 1 0 0 1
Malignant hyperthermia 0 0 0 0 0
Pneumothorax / Pneumomediastinum 0 0 0 0 0
Direct airway injury 0 1 0 0 1
TOTAL 3 2 4 0 9(3.2%)

DISCUSSION

Our results demonstrate that emergency intubation of critically ill children preformed in conjunction with a highly
structured care bundle is associated with a high rate of first attempt success, and lower complication rates than other
published studies.? 224 Additionally we observed no requirement for CPR, no deaths attributable to intubation, and
few esophageal intubations.

Our study design precludes the definitive identification of which aspects of our intubation care are associated with our
observed low complication rates, but this is likely to be multifactorial. The first of these may be our referral of
potentially difficult airway cases to the anesthesiology service. Over the four year period, 11.2% (36/321) of all
patients intubated during their PICU stay were referred to the anesthesiology service. Patients with difficult airways
are more likely to experience non-severe and severe adverse tracheal intubation associated events, and referral likely
reduced our reported complication rates.22
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The second factor that likely contributed to our intubation outcomes was the direct supervision of all intubations by an
attending intensive care physician. There are conceptual similarities between emergency intubation and other high
stakes medical scenarios including cardiac arrest and trauma care. Improved outcomes in these situations are
associated with care team structures including clear roles and responsibilities.2® 24 2> Furthermore, the attending
intensivist ensured careful selection of the airway provider. It has been shown that intubation adverse event rate is
inversely correlated to intubation experience.2é Although our data does not reflect this relationship, it is likely due to
the experience of the attending intensivist appropriately matching the patient risk to the skill of the airway provider.

A third probable important element of our care bundle includes our oxygenation strategies. We employ a delayed
sequence intubation. As part of this technique, bag mask ventilation is employed throughout induction.?” To facilitate
preoxygenation, a titrated dose of ketamine is administered prior to neuromuscular blockade. The use of ketamine for
this purpose demonstrated less hypoxia and improved hemodynamic stability.28 27 Although the role of apneic
oxygenation in emergency intubation is controversial in adults,3° 31 pediatric studies are promising.? We introduced
apneic oxygenation as a standard part of intubation practice in 2018. Our data suggests a lower rate of desaturation
after its introduction, but further investigation is required. Our practice also includes positive pressure ventilation
throughout induction, after sedative and neuromuscular blockade are administered. Although this practice has been
traditionally discouraged in rapid sequence induction, contemporary reports of the practice reveal reduced incidence
of desaturation and severe hypoxemia in adult ICU patients.?

An additional factor likely associated with favourable intubation outcomes is the use of videolaryngoscopy. A recent
systematic review has shown improved first pass intubation success rates.33 Of the numerous videolaryngoscopy
systems we routinely employ the Storz C-MAC™ system which has a blade shape similar to the familiar Miller and
Macintosh blades, allowing the airway provider to either view the larynx directly through the mouth or indirectly on
the videoscreen. Although not specific to the C-MAC™ system, the use of videolaryngoscopy permits a wide angle
magnified and improved glottic view.3* Additionally, other team members can more easily support the airway provider
with accurate external laryngeal manipulation, early detection of impending or actual esophageal intubation, and
independent observation of endotracheal tube placement.

A final probable factor contributing to our low complication rate is the checklist designed to improve not only first pass
intubation success, but also to avoid and be prepared to treat potential adverse events such as hemodynamic
instability and hypoxemia. The adoption of checklists in high complexity acute care medicine have become common
due to improved patient outcomes.3> 36 37 Adult, neonatal and pediatric studies of intubation checklists demonstrate
less preparation error and improved outcomes.12 13 15

There are several limitations of this study. The most obvious limitation is our inability to definitively attribute our
favourable adverse event rate to our care bundle. Further we are unable to identify which elements of our intubation
process may be most impactful. Additionally our study is likely underpowered to identify trends in improvement over
time of the first attempt success and adverse event rates. It is also unclear how generalizable our findings are to other
centres, as PICU staffing, team structures and patient populations may be different.
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CONCLUSIONS

In summary, a standardized approach to intubation is associated with a high first attempt success rate and a low
complication rate with no mortality when emergently intubating children in an intensive care environment. These
results are likely the result of the combination of a number of well structured practices that address the various risks
associated with emergency intubation.
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