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Abstract. Neonatal intubation is one of the most common procedures performed by neonatologists, however, the procedure is
extremely difficult, and high risk. Neonates who endure the procedure often experience adverse events, including bradycardia
and severe oxygen desaturations. Because of low first attempt success rates, neonates are often subjected to multiple intubation
attempts before the endotracheal tube is successfully placed. These factors conspire to make intubation one of the most
dangerous procedures in neonatal medicine. In this commentary we review key elements in the journey to improve neonatal
intubation safety. We begin with a review of intubation success rates and complications. Then, we discuss the importance of
intubation training. Next, we examine quality improvement efforts and patient safety research to improve neonatal intubation
safety. Finally, we evaluate new tools which may improve success rates, and decrease complications during neonatal intubation.
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1. Introduction27

As the fellow inserted the laryngoscope blade the28

heart rate dropped precipitously, followed shortly29

thereafter by the oxygen saturations. This was the30

third attempt at intubation for this 25 week infant.31

The resident, who had failed the first two attempts,32
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stood dejected at the bedside. As the heart rate and 33

saturations continued to fall, the fellow pulled out 34

the laryngoscope blade, stating helplessly, “I couldn’t 35

see the cords”. I prepared myself to attempt the pro- 36

cedure, and hopefully, this time, get the tube in the 37

trachea. 38

The above anecdote is familiar to those who prac- 39

tice neonatal medicine. Neonatal intubation is a 40

fundamental skill that every neonatologist must be 41

competent to perform, however, it is extremely dif- 42

ficult in practice and fraught with risk. Neonates 43
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who endure the procedure often experience adverse44

events, including bradycardia and severe oxygen45

desaturations. Due to low first attempt success rates,46

neonates are often subjected to a second, third, or even47

fourth intubation attempt before the endotracheal48

tube is successfully placed. These factors conspire49

to make intubation one of the most dangerous pro-50

cedures in neonatal medicine. Despite the risks, little51

attention has been paid to neonatal intubation safety.52

This is in contrast to significant efforts devoted to53

improving the safety of less common, and less imme-54

diately life threatening, procedure-related adverse55

events in neonatal medicine, such as central line asso-56

ciated blood stream infections.57

Improving neonatal intubation safety cannot be58

accomplished with a single step. As with any patient59

safety initiative, multiple factors must be consid-60

ered. In this commentary we review some key61

elements in the journey to improve neonatal intu-62

bation safety. We begin with a review of intubation63

success rates and complications. Then, we discuss the64

importance of intubation training. Next, we examine65

quality improvement (QI) interventions and research66

to improve neonatal intubation safety. Finally, we67

evaluate new tools which may aid providers in achiev-68

ing higher success rates, and fewer complications,69

when performing neonatal intubation.70

2. Neonatal intubation success rates71

and complications72

How do we define a successful neonatal intu-73

bation? Before we can study neonatal intubation74

success, we must first acknowledge that this outcome75

has never been adequately defined. Some practition-76

ers may consider the insertion of the endotracheal77

tube into the trachea as success, regardless of the78

conditions of the intubation. However, the placement79

of the endotracheal tube into the trachea on the first80

attempt, without adverse events or complications,81

may be a better definition of success.82

Most available data on neonatal intubation suc-83

cess come from single-site observational studies.84

These studies have consistently identified experience85

level and provider discipline as significant factors86

associated with intubation success (Fig. 1) [1–8].87

Experienced providers, such as attending neonatol-88

ogists, have the highest success rates of around89

64%. Novice providers, such as pediatric residents,90

have the lowest success rates, with recent stud-91

ies citing success rates of only 20–26% [6–8].92

Fig. 1. Neonatal intubation first attempt success rates, presented as
mean ± standard deviation, by provider type based on pooled data
from eight published single center and multicenter observational
studies (8,066 total intubations) [1–8]. First attempt success rates
by provider type are as follows: pediatric residents 42 ± 9%, NICU
non-physician clinicians (nurse practitioners, physician assistants,
respiratory therapists and transport nurses) 52 ± 9%, NICU fellow
63 ± 14%, NICU attending 64 ± 16%. The overall first attempt
intubation success was 50 ± 8%.

Pediatric residents’ suboptimal success rates likely 93

stem from the limited experience with neonatal intu- 94

bation. Gozzo et al. observed that pediatric residents 95

performed few procedures in the NICU [9]. In a 2015 96

study of pediatric resident neonatal intubation com- 97

petency, DeMeo et al. cited a median number of 3 98

intubation opportunities per resident during training 99

[10]. The limited clinical experience is multifacto- 100

rial, resulting from restrictions in duty hours and 101

NICU rotations [11], increased presence of advanced 102

practice providers in the NICU [9, 12], changes in 103

management of infants with meconium-stained amni- 104

otic fluid [13], and increasing usage of non-invasive 105

ventilation strategies [14]. As opposed to residents, 106

neonatal fellows report considerably more neonatal 107

intubation experiences, with an average of 60 intu- 108

bations by graduation [15]. However, the amount of 109

experience needed to establish competency with the 110

procedure is unknown, and will vary by the indi- 111

vidual. This highlights the importance of developing 112

empiric methods to establish procedural competency 113

in trainees [15]. 114

Less is known about the safety of neonatal intu- 115

bation. Only two studies have focused on neonatal 116

intubation complications and adverse events. Foglia 117

et al. conducted a single-center prospective obser- 118

vational cohort study of infants intubated in a 119

level IV referral NICU. The authors reported an 120

adverse event rate of 22%, with the most common 121

events being esophageal intubation (16%), mainstem 122
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intubation (2%), oral/airway trauma (2.7%), vom-123

iting (1.6%) and cardiac arrest (0.9%) [7]. Severe124

oxygen desaturation, defined as ≥20% decrease in125

oxygen saturation, occurred in 51% of encounters126

[7]. Hatch et al. studied intubations in a level IV127

academic NICU and reported an adverse event rate128

of 39% [8]. The types of adverse events were sim-129

ilar to those reported by Foglia et al., and included130

esophageal intubation (21%), oral/airway bleeding131

(9.5%), mainstem intubation (7%) and hypotension132

(3.7%) [8]. These studies shed light on the high rate133

of complications associated with neonatal intubation134

and should motivate the neonatal community to focus135

attention on this area.136

The success and safety of neonatal intubation are137

intrinsically linked. Factors that are associated with138

improved intubation success, such as attending-level139

provider and paralytic premedication, were both pro-140

tective against adverse events in the report by Foglia141

et al. [7] Similarly, Hatch et al. found that the odds142

of adverse events increased with increasing num-143

ber of intubation attempts [8]. Thus, interventions144

to improve provider proficiency at intubation may145

increase the safety of the procedure.146

3. Neonatal intubation training147

According to the Accreditation Council for Grad-148

uate Medical Education, both pediatric residents and149

NPM fellows must be competent to perform neonatal150

intubation by the completion of training [11, 16]. As151

noted above, current pediatric residents have limited152

experience with neonatal intubation and are unlikely153

to perform more than a handful of intubations dur-154

ing training. Due to limited clinical opportunities155

for neonatal intubation and other procedures during156

pediatric residency, Lopreiato and Sawyer suggested157

adjunctive simulation-based training [17].158

Simulation-based procedural training can be opti-159

mized using evidence-based educational practice.160

The ‘Learn-See-Practice-Prove-Do-Maintain’ (LSP-161

PDM) training pedagogy is one such approach [18].162

Using this method, training in a procedural skill, like163

neonatal intubation, is divided into 4 phases. In the164

first phase the trainee is required to learn the proce-165

dure through reading, didactic teaching, or e-learning166

modules. In the second phase, the trainee sees the167

procedure performed either via direct observation or168

video review. In the third phase, the trainee delib-169

erately practices the procedure using simulation.170

In the fourth phase, the trainee proves proficiency171

with the procedure on a simulator by reaching 172

a pre-defined ‘mastery’ standard on a validated 173

observational assessment tool. Once initial training 174

and simulation-based assessment are complete, the 175

trainee is then permitted to “do” the procedure on a 176

patient. During initial attempts, close clinical super- 177

vision is required. With increased competency the 178

trainee is allowed to perform the procedure with 179

decreasing levels of supervision through the pro- 180

cess of graduated responsibility, or entrustment [19]. 181

Once clinical competency is established, the trainee 182

is allowed to perform the procedure independently, 183

without direct supervision. Procedural competency is 184

maintained through ongoing clinical experience sup- 185

plemented by simulation-based practice, as needed, 186

when clinical opportunities to perform the procedure 187

are limited. 188

Neonatal intubation training using the LSPPDM 189

approach has the potential to improve first time suc- 190

cess rates, and thus decrease complications. Using 191

a simulation-based mastery learning method, as out- 192

lined in the LSPPDM pedagogy, Barsuk et al. were 193

able to improve success rates and decrease compli- 194

cations during central venous catheter placement by 195

residents [20, 21]. It is possible that the same results 196

could extend to intubation [22]. Methods to enhance 197

the practice, prove and do phases of neonatal intuba- 198

tion training include innovative technologies such as 199

the use of haptic technology to improve the fidelity 200

of the simulation training, and video laryngoscopy 201

to allow for real-time coaching [23, 24]. Developing 202

ways to maintain neonatal intubation competency for 203

providers who perform the procedure infrequently 204

is important [25, 26]. Simulation offers the only 205

viable means for such training [17, 18]. While ensur- 206

ing provider competency with intubation is critical, 207

technical proficiency alone does not guarantee a suc- 208

cessful and safe intubation. 209

4. Neonatal intubation safety research 210

Performing a successful neonatal intubation is 211

a complex task, involving more than the techni- 212

cal skills of the provider performing the intubation. 213

The factors at play include: provider characteristics, 214

such as competency and experience, practice char- 215

acteristics, such as the medications and equipment, 216

patient characteristics, such physiologic stability and 217

airway anatomy, and system characteristics, such 218

as the microsystem and safety culture of the unit 219

(Fig. 2). While acquiring the technical skills needed to 220
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Fig. 2. Factors associated with intubation success and safety.

perform neonatal intubation is critical, building a sys-221

tem to support neonatal intubation safety is equally222

important. Quality improvement (QI) methods can be223

used to build and strengthen these systems.224

Hatch et al. described a multi-disciplinary QI225

project to decrease the incidence of intubation asso-226

ciated adverse events in a large, academic NICU227

[27]. The project tested three interventions using the228

Institute for Healthcare Improvements (IHI) Model229

for Improvement: 1. an “Intubation Timeout” tool to230

standardize pre-procedural preparation and improve231

team communication and situational awareness,232

2. an evidence-based premedication algorithm for233

non-emergent intubation, and 3. an intubation-234

specific computerized provider order entry set.235

With these interventions adverse events decreased236

from 46% (126/273) of intubations during their237

pre-intervention period to 36% (85/236) of intu-238

bations during the intervention/sustainment period239

(RR = 0.78, 95% confidence interval [CI] 0.63–0.97).240

Bradycardia and hypoxemia significantly decreased241

as well. Using statistical process control methods,242

the improvements were temporally related to imple-243

mentation of the “Intubation Timeout” tool [27].244

The authors concluded that the improvements noted245

were due to improvements in team communication246

and function prior to, and during, the intubation247

encounter, a finding which has been reported in adult248

and pediatric intubations as well [28–30].249

In addition to QI reports a growing body of250

literature exists to inform the safe practice of neona-251

tal intubation. One area of this literature seems252

especially important – premedication for intubation.253

Premedication regimens that include neuromuscular254

blockade have been shown to improve intubation 255

conditions [31], decrease bradycardia and oxygen 256

desaturation [32] and decrease the duration and 257

number of intubation attempts [33, 34]. While sup- 258

ported by the American Academy of Pediatrics [35], 259

premedication is still not widely utilized in many 260

American NICUs [36]. 261

Given the evidence documenting frequent adverse 262

events during neonatal intubation and the paucity 263

of rigorously tested interventions to decrease these 264

events, well-designed multi-center projects are 265

needed to identify and test new interventions to 266

improve airway safety, and to document the con- 267

textual and adaptive factors which allow these 268

interventions to be effectively implemented. Future 269

interventions must target those factors shown to 270

be associated with adverse events. These factors 271

include the experience of the intubating clinician, 272

use of muscle relaxants, intubation urgency (emer- 273

gent vs. non-emergent) and the number of attempts 274

necessary to secure the airway [7, 8]. Interventions 275

such as the use of premedication with muscle relax- 276

ants to decrease the number of intubation attempts, 277

checklists to improve team communication and iden- 278

tification of infants at highest risk of a difficult 279

intubation, and selective criteria for who will per- 280

form the intubation will likely improve the safety 281

of this common procedure. The recently formed 282

National Emergency Airway Registry for Neonates 283

(NEAR4NEOS), based at the Children’s Hospital of 284

Philadelphia, provides a robust tool for institutions to 285

benchmark tracheal intubation success and adverse 286

event rates, to identify best practices, and to test novel 287

interventions aimed at improving both the success 288
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and safety of neonatal intubation. The NEAR4NEOS289

currently has 12 participating sites and has prospec-290

tively collected detailed information on over 2,000291

neonatal intubations performed in both the NICU and292

in the delivery room.293

5. Alternative methods of intubating neonates294

In the 80 years since neonatal intubation was first295

described the technique most commonly used, direct296

laryngoscopy, has remained essentially unchanged297

despite vast improvements in medical technology298

and equipment [37]. Multiple airway devices have299

been developed to improve the success and safety of300

intubation, however, reports of their use in neonates301

has been limited to case reports [38–40] observa-302

tional studies [41] and small pilot randomized trials303

[42, 43]. Clinical use of some technologies has been304

limited by the small size of the mouth and airway of305

the neonate.306

Videolaryngoscopy has shown its clinical use-307

fulness in infants as small as 530 g [44]. Video-308

laryngoscopy incorporates a fiberoptic camera lens309

into the light source of a laryngoscope blade, effec-310

tively positioning the laryngoscopist’s eye at the tip311

of the blade, expanding the viewing angle offered312

by the direct laryngoscope [45]. The videolaryngo-313

scope is connected to a video monitor which displays314

a magnified image [43]. Video-assisted intubation315

offers precious teaching opportunities through better316

identification and recognition of anatomy from the317

magnified view, and the possibility for both teacher318

and trainee to share the same visual landmarks allow-319

ing guidance of the resident throughout the procedure320

[43]. Simulation studies have reported improved321

intubation success rates using videolaryngoscopy322

[46, 48]. Recently, two clinical trials have examined323

the benefits of videolaryngoscope use during neonatal324

intubation [49, 50].325

The first study by O’Shea et al. randomly assigned326

206 intubations to be completed by novice pediatric327

residents using the videolaryngoscope (Laryflex,328

Acutronics, Hirzel, Switzerland). Each intubation329

attempt was randomized to either have the screen cov-330

ered, or visible to a preceptor who could then use the331

image to coach during the procedure [49]. Thirty-332

six residents’ intubated 168 neonates at a median333

corrected gestational age of 29 weeks and a median334

weight of just over 1,100 g. The first-attempt intu-335

bation success rate was higher when the screen was336

visible to the preceptor, compared to when it was337

covered (66% vs. 41%, p < 0.001). The effect was 338

even more significant when patients received pre- 339

medication (72% vs. 44%, p < 0.001). Duration of 340

intubation, lowest oxygen saturation, and lowest heart 341

rate did not differ between study groups. 342

The second study by Moussa et al. randomly 343

assigned 34 junior pediatric residents to perform 344

endotracheal intubations using either the videolaryn- 345

goscope (C-MAC, Karl Storz, Tuttlingen, Germany) 346

or the classic direct laryngoscope [50]. Residents 347

in that study performed 213 intubations on 198 348

infants at a median corrected gestational age of 32 349

weeks and a median weight of approximately 1,500 g. 350

Overall intubation success rate was higher with vide- 351

olaryngoscopy (75% vs. 63%, p = 0.03), and residents 352

reached competency (defined as success rate of over 353

80%) more rapidly with the videolaryngoscope (2nd 354

vs. 7th intubation). Although time to intubation was 355

longer with the videolaryngoscope (57 vs. 47 sec- 356

onds, p = 0.008), this difference was not clinically 357

relevant. There were no differences in number of 358

attempts, number of bradycardia episodes or low- 359

est oxygen saturation between the groups. However, 360

there were more mucosal trauma events with the clas- 361

sic laryngoscope. 362

Based on the results of these two studies, vide- 363

olaryngoscopy has the potential to improve success 364

rates for neonatal intubations performed by trainees. 365

Larger scale, multi-center, research is needed to con- 366

firm these findings. Research to examine the potential 367

benefits of videolaryngoscopy in more experienced 368

providers is also needed. 369

6. Conclusions 370

In this commentary we reviewed 4 elements of 371

neonatal intubation; intubation success rates and 372

complications, intubation training, intubation safety 373

research, and the use of videolaryngoscopy. Under- 374

standing each of these elements has an important role 375

in making intubation safer for the fragile neonates 376

we care for. Conducting effective training in neona- 377

tal intubation requires reliance of evidence-based 378

educational methods. Ensuring adequate procedural 379

experience and tracking competency development 380

in trainees are critical. Conducting QI and clinical 381

research is vital to optimize care and drive practice 382

change. The use of new technology, such as vide- 383

olaryngoscopy, to improve success rates and lower 384

complications is an important area for further inves- 385

tigation. The journey that neonatology must take to 386
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improve neonatal intubation safety is a long one.387

Luckily, the first steps have been taken. Now the388

challenge is to continue the journey.389
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