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Abstract

Background: Neonates and infants are susceptible to hypoxaemia in the perioperative period. The aim of this study was

to analyse interventions related to anaesthesia tracheal intubations in this European cohort and identify their clinical

consequences.

Methods: We performed a secondary analysis of tracheal intubations of the European multicentre observational trial

(NEonate and Children audiT of Anaesthesia pRactice IN Europe [NECTARINE]) in neonates and small infants with

difficult tracheal intubation. The primary endpoint was the incidence of difficult intubation and the related complica-

tions. The secondary endpoints were the risk factors for severe hypoxaemia attributed to difficult airway management,

and 30 and 90 day outcomes.

Results: Tracheal intubation was planned in 4683 procedures. Difficult tracheal intubation, defined as two failed attempts

of direct laryngoscopy, occurred in 266 children (271 procedures) with an incidence (95% confidence interval [CI]) of 5.8%

(95% CI, 5.1e6.5). Bradycardia occurred in 8% of the cases with difficult intubation, whereas a significant decrease in

oxygen saturation (SpO2<90% for 60 s) was reported in 40%. No associated risk factors could be identified among co-

morbidities, surgical, or anaesthesia management. Using propensity scoring to adjust for confounders, difficult anaes-

thesia tracheal intubation did not lead to an increase in 30 and 90 day morbidity or mortality.

Conclusions: The results of the present study demonstrate a high incidence of difficult tracheal intubation in children

less than 60 weeks post-conceptual age commonly resulting in severe hypoxaemia. Reassuringly, the morbidity and

mortality at 30 and 90 days was not increased by the occurrence of a difficult intubation event.
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Editor’s key points

� A study of a large European cohort was carried out to

determine the incidence of difficult tracheal intubation,

and the related complications in neonates and infants.

� Difficult tracheal intubation in children less than 60

weeks post-conceptual age commonly resulted in se-

vere hypoxaemia.

Tracheal intubation is commonly performed in patients

requiring mechanical ventilation, protection of the airway, or

both. This procedure is potentially life-threatening, particu-

larly in patients with low oxygen reserves, and it requires

specific competencies1 whereas failure to oxygenate and

ventilate is strongly related to morbidity and mortality.2

Neonates are prone to hypoxaemia because of high oxygen

consumption, low functional residual capacity, small closing

capacity, and increased riskof airwaycollapse exacerbatedafter

induction of general anaesthesia.3 Desaturation rapidly occurs

after cessation of spontaneous or assisted ventilationwith two-

thirds of neonates undergoing non-emergency nasotracheal

intubation suffering from prolonged hypoxia.4 Although previ-

ous reports provided some informationondifficult intubation in

children,5,6 none of them targeted specifically the youngest

population, from prematurity to early infancy.

The recently published prospective cohort study

NECTARINE (NEonate and Children audiT of Anaesthesia

pRactice IN Europe) collected incidences of acute critical

events and related interventions occurring during anaesthesia

management of neonates and infants less than 60 weeks post-

conceptual age (PCA).7 Airway management interventions

were recorded as part of primary outcome, and difficult

tracheal intubation was defined as more than two unsuc-

cessful attempts of intubation by direct laryngoscopy and that

required alternative strategies to achieve successful tracheal

intubation. The primary aim of this analysis was to determine

the incidence of difficult tracheal intubation in neonates and

infants in this European cohort and the resulting cardiovas-

cular and respiratory complications. As a secondary aim, we

analysed the immediate post-anaesthesia, and 30 and 90 day

morbidity and mortality.
Methods

This study is registered with ClinicalTrials.gov (NCT02350348).

Detailed study design and data collection for the NECTARINE

were previously published.7,8 In summary, NECTARINE is a

multicentre/multinational European, prospective, observa-

tional cohort study funded by the European Society of

Anaesthesiology (ESA) through the Clinical Trial Network

(CTN) grant and collected perioperative data that described the

anaesthesia management of children aged from birth to 60

weeks PCA. Participating centres were selected through a ‘call

for centre’ launched by the ESA, and after ethics approval

recruited patients during a 3 month period between March 1,

2016 and January 31, 2017.

All neonates and infants up to 60 weeks PCA undergoing

anaesthesia for surgical and non-surgical procedures, in the
operating room, ICU, or diagnostic suite, were eligible for in-

clusion. Medical history, current physical medical status, and

presence of co-morbidities at the time of anaesthesia were

also documented.

Children were observed for the occurrence of intra- and

postoperative medical intervention triggered by a predefined

list of critical events. The definitions of the severe critical

events were previously reported.8 The occurrence of difficult

tracheal intubation, defined as more than two unsuccessful

attempts of intubation by direct laryngoscopy regardless of

CormackeLehane grading and requiring alternative strategies

or specific intervention, either expected or unexpected, was

reported. A consensus was obtained among the members of

the steering committee to use this definition for difficult

tracheal intubation, retrieved from previously published re-

ports. When a difficult tracheal intubation occurred, the

alternative technique used, number of attempts, eventual

concomitance of difficult face-mask ventilation, the brady-

cardia (defined as heart rate <80 min�1), or both, and/or sig-

nificant decrease in oxygen saturation (defined as SpO2 <90%
for at least 60 s, or severe oxygen desaturation when SpO2

<85%) were also documented. The immediate outcome,

defined as successful intubation or unsuccessful (patient wo-

ken from anaesthesia or surgical procedure carried out with

face mask or laryngeal mask airway) were documented. As for

the NECTARINE protocol, the previous neonatal medical condition

and congenital anomalies, the preoperative need for intensive care

support and the current co-morbidities at the time of anaesthesia

were documented. All included children were followed up 30

days after anaesthesia for morbidity and mortality, and a

second follow-up 90 days after anaesthesia for in- and out-of-

hospital mortality. Detailed definitions of patient character-

istics, medical history, and parameters related to the general

anaesthesia are available in the study protocol (www.esahq.

org/nectarine).
Statistical methods

Study size determination for NECTARINE was based on the

estimation of approximately 5000 patients in order to provide

the 95% confidence interval (CI) for the overall incidence of

severe critical events with an acceptable confidence width

assuming that the lowest incidence of severe critical events is

0.1% (i.e. the exact 95% CI is 0.065e0.147). An a priori statistical

analysis plan for the primary and secondary analysis was

defined in the initial protocol which is accessible online (www.

esahq.org/nectarine).

Continuous variables are summarised asmedianswith first

and third quartiles (Q1 and Q3, respectively), whereas absolute

frequencies and percentages are presented for categorical

variables. The incidence of difficult intubation was deter-

mined after excluding those whose tracheas were already

intubated and is reported as a percentage with a 95% exact

binomial CI.

Propensity score matching was performed to reduce the

effects of confounding on the assessed 30 and 90 day out-

comes between children with and without difficult intubation.

Variables listed in Table 1 were selected to calculate

http://www.esahq.org/nectarine
http://www.esahq.org/nectarine
http://www.esahq.org/nectarine
http://www.esahq.org/nectarine
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propensity scores using a logistic regression model. One-to-

one matched groups were created using nearest-neighbour

(greedy) matching without replacement. Covariate balance

between the resulting groups of children was assessed using

the mean standardised difference (MSD), which compares the

difference in means in units of the pooled standard deviation,

with values <0.1 considered sufficiently balanced. McNemar’s

tests with continuity correction were performed for uni-

variable comparisons between thematched cohorts, to correct

the error introduced when a discrete distribution was

approximated by a continuous distribution.

Univariable Poisson regression models with a robust error

variance and age and gender adjustment were fitted to identify

the potential risk factors associated with a significant reduc-

tion in oxygen saturation.

Statistical analyses were performed using R V4.0.2 (R Core

Team [2020]; R Foundation for Statistical Computing, Vienna,

Austria) with the ggplot2, lmtest, MatchIt, sandwich, and stats

packages.

A P-value less than 0.05 was considered statistically

significant.
Results

Participants

Peri-anaesthetic data included 5609 patients undergoing 6542

procedures, betweenMarch 1, 2016 and January 31, 2017, in the

165 centres of the NECTARINE network. A total of 2056 pro-

cedures had at least one intervention,8 with 271 requiring an
Table 1 Comparison of matched samples (n [%] for categorical, mea
variables). *McNemar’s test with continuity correction. SMD, standard

The control group is defined as:
� Only those children in whom there were no interventions at all d
� Only the last procedure for each child: 3535 procedures
� Only those procedures where status at day 30, the presence of bra

procedures
� Only those procedures where tracheal tube was used: 1876 proce
� Only those procedures where the values of all the matching varia
The difficult airway group is defined as:
� Intervention for difficult intubation occurred in 271 procedures o
� Only those procedures where status at day 30, the presence of bra

procedures on 240 children.

Intervention

No (n¼243)

Covariates used for matching
Gestational age at birth (weeks) 35.8 (35.3e3

38 (34e39
Age at inclusion (days) 63.8 (57.8e6

54 (26e96
Weight at inclusion (kg) 4.1 (3.9e4.2)

4 (3e5.1)
ASA physical status (�3) 96 (39.5)
Use of neuromuscular blocking agent (yes) 190 (78.2)
Anaesthesia induction (intravenous) 95 (39.1)
Degree of urgency (urgent/emergency) 115 (47.3)
Outcome
Overall morbidity at day 30 36 (14.8)
Brain complication at day 30 5 (2.1)
Respiratory complication at day 30 19 (7.8)
Cardiovascular complication at day 30 6 (2.4)
Mortality at 30 and 90 days 5 (2.1)
intervention for airway management (13.2%; 95% CI,

11.8e14.7%). Figure 1 displays the flow chart of included/ana-

lysed patients. The median age (inter-quartile range) of the

included children in the present analysis was 58 (31e91) days,

38 weeks gestational age (34e39), with 17 patients (6%) less

than 37 weeks PCA at inclusion, and 102 (38.4%) being born

premature.

Primary outcomes

Three or more attempts for tracheal intubation were neces-

sary in 266 children (271 procedures) included in this cohort

with an incidence of 5.8% (95% CI, 5.1e6.5). Table 2 summa-

rises the patient characteristics and anaesthesia procedures of

those with difficult intubation. Almost half of the children had

a congenital abnormality and 40% of the cohort had an ASA

physical status �3. In 13% of those cases with difficult intu-

bation, a difficult face-mask ventilation was reported. Suc-

cessful intubation was achieved in 98% of the cases. A switch

towards laryngeal mask airway was performed in three pa-

tients, whereas three other patients were woken up from

anaesthesia. There were no incidences of impossible mask

ventilation. Morbidity and mortality of children with difficult

intubation are summarised in the Supplementary table.

Secondary outcomes

The majority of tracheal intubations (85%) were performed

orally, and the use of cuffed vs uncuffed tubes was equally

distributed. Difficult intubation was expected in 31% of the
n [95% confidence interval] and median [Q1eQ3] for continuous
ised mean difference.

uring any of their procedures: 3821 procedures on 3535 children

in, respiratory, and cardiovascular complications is known: 3117

dures
bles is known: 1871 procedures

n 266 children
in, respiratory, and cardiovascular complications is known: 243

for difficult tracheal intubation SMD

Yes (n¼243)

6.4)
)

36.19 (35.6e36.7)
38 (34e39)

0.068

9.9)
.5)

63.72 (58.5e68.9)
58.00 (32e91)

0.003

4.11 (3.9e4.3)
3.9 (3.2e5)

0.032

100 (41.1) 0.034
180 (74.1) 0.097
99 (40.7) 0.034
111 (45.6) 0.033

P-value*
43 (17.7) 0.464
4 (1.6) 1
28 (11.5) 0.212
14 (5.7) 0.118
5 (2.1) 0.724



165 participating centres in 31 countries
5609 patients and 6542 procedures

Medical intervention/treatment was performed
in response to a critical event in

2306 procedures

No perioperative intervention:
4235 procedures
Missing value: 1

No intervention for difficult airway
management: 2023 procedures

Missing value: 4

Difficult airway management which needed
intervention(s) occured in 279 procedures

Excluded: interventions for difficult
airway management

Face mask: 1
Supraglottic airway: 7

Included for analysis
Interventions for difficult intubation in 271

procedures (266 patients)
(108 participating centres in 26 countries)

Fig 1. Flow chart of patients included/analysed in the study.
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cases, whereas in the remaining it was unanticipated. A

complication during the procedure occurred in 164 cases

(60%). In particular, a significant decrease in oxygen satu-

ration for longer than 60 s occurred in approximately 40% of

cases with SpO2 threshold reported in 66 patients (26% of

patients reaching a SpO2 of less than 90%, 9% less than 80%,

and for 65% of them, SpO2 decreased to less than 80%).

Moreover, bradycardia occurred in 8% of the cases mostly as

a result of severe hypoxaemia (90% of the cases). All the

above results are summarised in Table 2, including

morbidity and mortality at 30 and 90 days (Supplementary

table). Successful intubation was achieved in 265 cases

(97.8%) with an average of three attempts (Fig. 2), whereas

for the remaining cases four to seven attempts were

required. In one patient, 10 attempts were needed to achieve

successful intubation.

The univariate analysis indicated no specific risk factors

associated with the significant decrease in oxygen saturation

during difficult intubation in this cohort of patients (Table 3).

The most frequent intervention used to achieve a successful

tracheal intubation consisted in changing the laryngoscope

blade (43%) and calling for help (32%). Advanced techniques

such as video-assisted intubation or fibreoptic intubation were

adopted in 12% and 4% of cases, respectively. All the in-

terventions performed in case of difficult intubation are
summarised in Table 4. In patients in whom difficult intuba-

tion was expected, video-assisted intubation was used in 16%

of the planned difficult intubation, whereas the use of

fibreoptic bronchoscopy was reported in only 12% of the cases.

There was no surgical airway access reported.

Table 1 describes the matched samples that were obtained

after adjusting for gestational age, age andweight at inclusion,

ASA physical status (PS) 1e4, the use of neuromuscular

blocking agent, anaesthesia induction, and degree of urgency.

Difficult intubation did not result in a difference in 30 day

morbidity and in 30 and 90 day mortality (Table 1).
Discussion

The current analysis of NECTARINE, a prospective European

multicentre observational study, indicated a high incidence

of difficult tracheal intubation in the studied population,

which was not anticipated in more than two-thirds of pa-

tients. Difficult tracheal intubation was frequently associated

with a significant decrease in oxygen saturation. However,

potential risk factors such as previous neonatal medical

condition and congenital anomalies, presence of medical

comorbidities, surgical plan, or anaesthesia management

were not associated with a decrease in oxygen saturation.

Moreover, using propensity score to adjust for confounders
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Fig 2. Number of attempts until successful intubation.

Table 2 Patients characteristics and anaesthesia procedures (n [%] for categorical, median [Q1eQ3] for continuous variables).

Gestational age at birth (weeks) n¼266 38 (34e39)
Birth weight (kg) n¼264 2.9 (1.9e3.3)
Age on day of anaesthesia (days) n¼271 58 (31e91)
Weight on day of anaesthesia (kg) n¼271 3.9 (3.1e4.9)
Sex (male) 187 (70)
Congenital abnormality Yes 127 (47.7)
Congenital heart disease (among
children with any congenital abnormality)

Yes 29 (22.8)

Physical condition at anaesthesia ASA physical status �3 110 (40.5)
Respiratory problems 62 (22.8)
Cardiovascular problems 48 (17.7)
Metabolic problems 25 (9.3)
Neurological problems 43 (15.9)
Renal problems 19 (7.0)

Degree of urgency Elective 152 (56.0)
Semi-elective/urgent 86 (31.7)
Emergency 33 (12.1)

Type of procedure Surgical 237 (87.4)
Non-surgical 34 (12.5)

Anaesthesia induction Inhalational 164 (60.5)
Intravenous 107 (39.4)

Neuromuscular blocking agent used No 74 (27.3)
Yes 197 (72.6)

Tube type Uncuffed 154 (57.2)
Cuffed 115 (42.7)

Intubation route Oral 229 (85.1)
Nasal 40 (14.8)

CormackeLehane score 1 56 (20.8)
2 85 (31.6)
3 83 (30.8)
4 29 (10.7)

Difficult intubation Planned 85 (31.3)
Unplanned 186 (68.6)

Complication during intubation Difficult face-mask ventilation 36 (13.2)
Decrease in oxygen saturation 107 (39.4)
Bradycardia 21 (7.7)

Outcome of event Successful intubation 265 (97.7)
Unsuccessful intubation, procedure performed
under face or laryngeal mask

3 (1.1)

Unable to intubate, patient woken up from anaesthesia 3 (1.1)

Difficult tracheal intubation in neonates and infants - 1177



(Table 1 ) a dif�cult intubation did not lead to an increased
morbidity and mortality at 30 and 90 days or increased mor-
tality at 90 days.

The results of the present study are consistent with the
current evidence demonstrating that young children are at
higher risk for dif�cult intubation. 5,6,9 However, the overall
incidence for dif�cult intubation is much higher than that
reported by the Pediatric Dif�cult Intubation (PeDI) registry,
which may be partially explained by the fact that registries are
based on voluntary reporting 5 in contrast to the prospective
reporting and data collection of the current study.

The second relevant �nding is that decrease in oxygen
saturation rapidly occurs during attempts to secure airways in
neonates and infants, especially when dif�culties are
encountered after cessation of spontaneous or assisted
ventilation. 3 The younger the child, the shorter the apnoea
time before a desaturation occurs. 10 The lack of identi�ed risk
factors associated with signi�cant reduction in oxygen satu-
ration during dif�cult intubation provides additional evidence
that physiological characteristics of neonates and infants such
as high oxygen consumption, low functional residual capacity,
a small closing capacity, and increased risk of airway collapse
are the prominent factors. 3 This may explain in part the rea-
sons for multiple attempts despite reporting a
Cormack e Lehane grade of 1 e 2 in most patients.



techniques that improve glottis visualisation facilitating
tracheal intubation such as videolaryngoscopy are desirable.
In this regard, the Videolaryngoscopy in Small Infants (VISI)
trial demonstrated that the use of videolaryngoscopy with a
standard blade improves the �rst-attempt success rate and
reduces complications in anaesthetised infants 11,12 Recent
reports demonstrated the bene�cial use of apnoeic oxygena-
tion to prolong the safe apnoeic oxygenation period. 13e 15 The
�ndings of the present study provide further evidence for the
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