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Abstract 

Background  Tracheal intubation (TI)-associated cardiac arrest (TI-CA) occurs in 1.7% of pediatric ICU TIs. Our objective 
was to evaluate resuscitation characteristics and outcomes between cardiac arrest patients with and without TI-CA.

Methods  Secondary analysis of cardiac arrest patients in both ICU-RESUS trial and ancillary CPR-NOVA study. The 
primary exposure was TI-CA, defined as cardiac arrest occurred during TI procedure or within 20 min after endotra-
cheal tube placement. The primary outcome was survival to hospital discharge with favorable neurological outcome 
(Pediatric Cerebral Performance Category score 1–3 or unchanged).

Results  Among 315 children with cardiac arrests, 48 (15.2%) met criteria for TI-CA. Pre-existing medical conditions were 
similar between groups. Pre-arrest non-invasive mechanical ventilation was more common among TI-CA patients (18/48, 
37.5%) compared to non-TI-CA patients (35/267, 13.1%). In 48% (23/48), the TI-CA occurred within 20 min after intubation 
(i.e., not during intubation). Duration of CPR was longer in TI-CA patients (median 11.0 min, interquartile range [IQR]: 2.5, 
35.5) than non-TI-CA patients (median 5.0 min, IQR 2.0, 21.0), p = 0.03. Return of spontaneous circulation occurred in 32/48 
(66.7%) TI-CA versus 186/267 (69.7%) non-TI-CA, p = 0.73. Survival to hospital discharge with favorable neurological outcome 
occurred in 29/48 (60.4%) TI-CA versus 146/267 (54.7%) non-TI-CA, p = 0.53.

Conclusions  Fifteen percent of these pediatric ICU cardiac arrests were associated with TI. Half of TI-CA occurred 
after endotracheal tube placement. While duration of CPR was longer in TI-CA patients, there were no differences 
in unadjusted outcomes following TI-CA versus non-TI-CA.

Trial Registration  The ICU-RESUS (ClinicalTrials.gov Identifier: NCT 02837497).
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Introduction
A substantial number of children who undergo tracheal 
intubation (TI) in the ICU experience adverse TI associ-
ated events (TIAEs) and/or oxygen desaturation [1, 2]. 
TI associated cardiac arrest (TI-CA) is one of the most 
severe forms of TIAEs, although TI-CA is a relatively 
uncommon event occurring in 1.7% of TIs in the pedi-
atric ICU [3]. In-hospital cardiac arrests are also uncom-
mon, and an important knowledge gap is the incidence 
of TI-CA among all pediatric ICU cardiac arrests. It is 
not known how children who suffer from TI-CA differ 
from children with cardiac arrests that are not associ-
ated with TI (non-TI-CA) in their pre-arrest and arrest 
characteristics, and resuscitation outcomes. Recently, 
European Society of Anaesthesiology has issued airway 
management guidelines for neonates and infants [4]. This 
provides an opportunity to evaluate the pre-arrest man-
agement and TI-CA from the evidence-based guidelines 
perspective.

Our goal was to determine the incidence of TI-CA 
among pediatric ICU cardiac arrests, to characterize pre-
arrest care of TI-CA patients, and to compare TI-CAs to 
non-TI-CAs. We hypothesized that children with TI-CA 
would have lower rates of return of spontaneous circu-
lation and survival with favorable neurological outcome 
compared to children with non-TI-CA.

Methods
This study cohort was prospectively enrolled under the 
ICU-RESUS trial and ancillary CPR-NOVA (Validation 
of Physiologic CPR Quality Using Non-invasive Wave-
form Analytics) with additional TI data collection. The 
ICU-RESUS study (ClinicalTrials.gov Identifier: NCT 
02837497, July 19, 2016) was a parallel-stepped-wedge 
hybrid cluster-randomized trial in 18 pediatric and pedi-
atric cardiac ICUs from 2016 to 2021. The methods and 
primary results have been published [5, 6]. The institu-
tional review boards of each site and of the University of 
Utah data coordinating center approved both the parent 
study and this ancillary investigation with a waiver of 
informed consent. The data are available from the corre-
sponding author on reasonable request.

The inclusion criteria were patients age between cor-
rected gestational age 37 weeks or older to age ≤ 18 years 
old who had cardiac arrest in the ICU. Exclusion crite-
ria were patients with out-of-hospital cardiac arrest prior 
to ICU admission, limitation of ICU care, and crite-
ria for cessation of brain function before cardiac arrest. 
The primary outcome was survival to hospital discharge 
with favorable neurological outcome defined as Pediat-
ric Cerebral Performance Category (PCPC) 1–3 or no 
change from baseline. Data elements followed Utstein-
style reporting [7]. Pediatric Risk of Mortality (PRISM) 

III score and arterial blood gas results were evaluated at 
2–6  h before the cardiac arrest [8]. The vasoactive ino-
tropic score (VIS) was evaluated at 2 h prior to the car-
diac arrest [9]. The end-tidal carbon dioxide (EtCO2) 
data were collected if invasive airway was present during 
the first 2 min of CPR.

TI data collection and TI‑CA definition
To evaluate the association of TI-CA with resuscitation 
outcomes, an ancillary CPR-NOVA study added TI-
related queries to the study data collection form in Octo-
ber 2019 and prospectively collected these data in all 
subsequently enrolled patients. The TI-CA was defined 
as the cardiac arrest events during the TI attempt or soon 
(within 20  min) after the placement of an endotracheal 
tube, consistent with the National Emergency Airway 
Registry for Children definitions [1, 4]. Cardiac arrest 
events before TI procedure was commenced were not 
considered as TI-CA.

Statistical analysis
A priori sample size calculation was not performed. 
Demographics and pre-event characteristics were sum-
marized by TI-CA, illness category and survival to hos-
pital discharge. Summaries were created with counts and 
percentages for categorical variables and with median 
and interquartile range (IQR) for continuous variables. 
The unadjusted resuscitation outcomes were evaluated 
with Fisher’s exact test for nominal variables and with the 
Wilcoxon rank-sum test for ordinal and continuous vari-
ables. P-values were reported based on a two-sided alter-
native and considered statistically significant when less 
than 0.05. Analyses were performed using SAS 9.4 (SAS 
Institute; Cary, NC, USA).

Results
Demographics
Among 315 cardiac arrests, 48 arrests (15.2%) met crite-
ria for TI-CA. Pre-existing medical conditions were simi-
lar between TI-CA patients versus non-TI-CA patients. 
(Table  1) Respiratory insufficiency was a preexisting 
medical condition for most patients in both groups. 
PRISM III scores were lower in TI-CA patients.

Event characteristics and outcomes among TI‑CA patients 
versus non‑TI‑CA patients
Approximately half of the TI-CA patients (25/48, 52.1%) 
had a cardiac arrest event during the TI procedure before 
an endotracheal tube was placed. For the remaining 
23/48 (47.9%) patients, the cardiac arrest occurred within 
the first 20 min after intubation (i.e., not during the pro-
cedure). Eighteen out of 25 (72%) TI-CA patients who 
had cardiac arrests during TI procedure were supported 
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Table 1  Demographics and pre-event characteristics

Overall
(N = 315)

Tracheal intubation-associated cardiac arrest

Yes
(N = 48)

No
(N = 267)

Demographics

 Age

  < 1 month 41 (13.0%) 5 (10.4%) 36 (13.5%)

  1 month– < 1 year 130 (41.3%) 19 (39.6%) 111 (41.6%)

  1 year– < 12 years 102 (32.4%) 18 (37.5%) 84 (31.5%)

  > 12 years 42 (13.3%) 6 (12.5%) 36 (13.5%)

 Weight (kg) 7.7 [4.2, 20.0] 7.5 [4.3, 22.4] 7.7 [4.2, 20.0]

 Male 158 (50.2%) 21 (43.8%) 137 (51.3%)

 Race

  White 147 (46.7%) 24 (50.0%) 123 (46.1%)

  Black or African American 99 (31.4%) 13 (27.1%) 86 (32.2%)

  Other 13 (4.1%) 2 (4.2%) 11 (4.1%)

  Unknown or Not Reported 56 (17.8%) 9 (18.8%) 47 (17.6%)

 Hispanic or Latino 34 (10.8%) 9 (18.8%) 25 (9.4%)

Preexisting medical conditions

 Respiratory insufficiency 263 (83.5%) 42 (87.5%) 221 (82.8%)

 Hypotension 198 (62.9%) 30 (62.5%) 168 (62.9%)

 Congestive heart failure 43 (13.7%) 7 (14.6%) 36 (13.5%)

 Pneumonia 36 (11.4%) 8 (16.7%) 28 (10.5%)

 Sepsis 46 (14.6%) 7 (14.6%) 39 (14.6%)

 Trauma 14 (4.4%) 0 (0.0%) 14 (5.2%)

 Renal insufficiency 46 (14.6%) 11 (22.9%) 35 (13.1%)

 Malignancy 13 (4.1%) 2 (4.2%) 11 (4.1%)

 Pulmonary hypertension 43 (13.7%) 3 (6.3%) 40 (15.0%)

 Congenital heart disease 173 (54.9%) 25 (52.1%) 148 (55.4%)

Pre-event characteristics

 Illness category

  Medical cardiac 82 (26.0%) 17 (35.4%) 65 (24.3%)

  Medical non-cardiac 108 (34.3%) 19 (39.6%) 89 (33.3%)

  Surgical cardiac 93 (29.5%) 11 (22.9%) 82 (30.7%)

  Surgical non-cardiac 19 (6.0%) 1 (2.1%) 18 (6.7%)

  Trauma 13(4.1%) 0 (0.0%) 13 (4.9%)

 Active order for iNO due to pulmonary hyper-
tension

23 (7.3%) 2 (4.2%) 21 (7.9%)

 Receiving pharmacologic treatment for pulmo-
nary hypertension

17 (5.4%) 1 (2.1%) 16 (6.0%)

 PRISMa 3.0 [0.0, 10.0] 3.0 [0.0, 7.5] 4.0 [0.0, 10.0]

  Lowest systolic BP (mmHg) 77.0 [66.0, 92.0] 80.0 [67.0, 100.0] 77.0 [66.0, 90.0]

  Highest heart rate (bpm) 150.0 [122.0, 169.0] 148.0 [128.0, 162.0] 150.0 [121.0, 170.0]

  Lowest pH 7.3 [7.3, 7.4] 7.3 [7.3, 7.4] 7.3 [7.2, 7.4]

  Highest pH 7.4 [7.3, 7.4] 7.3 [7.3, 7.4] 7.4 [7.3, 7.4]

  Lowest PaO2 (mmHg) 70.0 [46.0, 107.0] 91.0 [54.6, 165.0] 66.0 [45.0, 107.0]

  Highest PCO2 (mmHg) 47.0 [40.5, 56.0] 49.0 [48.0, 62.0] 46.1 [39.3, 56.0]

  Lowest total CO2 (mmol/L) 23.0 [19.0, 27.0] 23.5 [21.0, 26.5] 22.5 [19.0, 27.0]

  Highest creatinine (mg/dL) 0.4 [0.3, 0.9] 0.8 [0.3, 1.2] 0.4 [0.2, 0.8]

  Highest PT (s) 18.4 [15.6, 26.7] 23.0 [18.7, 35.0] 17.4 [15.6, 24.9]

 Vasoactive inotropic scoreb 0.0 [0.0, 6.8] 0.0 [0.0, 3.9] 0.0 [0.0, 7.5]
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by non-invasive mechanical ventilation immediately 
before TI procedure. (Table  2) Immediate causes of the 
TI-CA were hypotension in 47.9% and acute respiratory 
decompensation in 62.5%.

Duration of CPR was longer in TI-CA patients (median 
11.0  min, IQR 2.5, 35.5) versus non-TI-CA patients 
(median 5.0 min, IQR 2.0, 21.0), p = 0.03. Among TI-CA 
patients, the duration of CPR was median 6.0 min (IQR: 
2.0–25.0) in those who had cardiac arrest during TI pro-
cedure versus median 18.0  min (IQR 3.0–42.0) in those 
who had cardiac arrest occurred within 20 min after intu-
bation, p = 0.20. The hemodynamic data for pre-arrest 
and intra-arrest were similar in children who had an arte-
rial line. (Supplemental file).

There was no difference in the unadjusted resuscita-
tion outcomes between the two groups. Return of spon-
taneous circulation occurred in 32/48 (66.7%) of TI-CA 
patients versus 186/267 (69.7%) in non-TI-CA patients 
(Table  2). There was no difference in survival to hospi-
tal discharge with favorable neurologic outcome: 29/48 
(60.4%) in TI-CA patients versus 146/267 (54.7%) in non-
TI-CA patients, p = 0.53.

Discussion
We found that 15% of pediatric ICU cardiac arrests in the 
ICU-RESUS trial were TI-CAs. In 52% of TI-CAs, the 
event occurred during the intubation before completing 
endotracheal tube placement, whereas in 48% of TI-CAs 
the event occurred within the first 20  min after intuba-
tion. Major unadjusted resuscitation outcomes were sim-
ilar among the TI-CA and non-TI-CA group.

A previous multi-center prospective study demon-
strated that the TI-CA occurred during 1.7% of pediatric 
ICU TI procedures [4]. The majority of these (82%) had 
return of spontaneous circulation. Hemodynamic insta-
bility and oxygenation failures were strongly associated 

with TI-CA (adjusted odds ratio 6.3 and 4.3). Similarly, 
we found that 63% of TI-CA patients had hypotension as 
a pre-arrest condition and 44% were receiving a vasoac-
tive medication infusion at the time of cardiac arrest.

This study highlights the importance of TI-CA as a 
substantial portion of cardiac arrest events in the pediat-
ric ICU. It is notable that half of TI-CA events occurred 
shortly after the endotracheal tube was placed, similar 
to a report from a pediatric emergency department [10]. 
This is likely related to changes of hemodynamics with 
transition from negative pressure spontaneous breath-
ing to positive pressure ventilation, such as decrease in 
the cardiac preload [11]. This may also reflect effects of 
induction medications, including decreases in the vascu-
lar tone, as well as negative inotropic effects [12–14]. In 
addition, hypoxemia and respiratory acidosis may have 
contributed to the cardiovascular compromise. These 
findings suggest that optimizing peri-intubation hemody-
namics with volume resuscitation and/or vasoactive infu-
sions and optimizing peri-intubation oxygenation and 
ventilation are potential preventative strategies. Recently 
published guidelines for airway management in neonates 
and children recommend the use of apneic oxygenation 
during laryngoscopy but do not address interventions for 
these patients with hemodynamic instability [4].

Our study also demonstrated that a substantial propor-
tion of TI-CA patients were supported by non-invasive 
ventilation before the event. Several studies have shown 
that non-invasive ventilation failure may be associated 
with severe events at the time of TI procedure [15, 16]. 
Future studies should explore strategies to prevent TI-CA 
in this population.

The CPR duration was longer in the TI-CA group. We 
speculate that some of the TI-CA patients did not have 
effective ventilation during the initial CPR period and 
thus needed completion of the TI procedure to establish 

PRISM, Pediatric RISk of Mortality; PCPC, Pediatric Cerebral Performance Category
a PRISM was evaluated 2 - 6 hours prior to the event
b Vasoactive inotropic score was evaluated 2 hours prior to the event
c Baseline PCPC represent subject status prior to the event leading to hospitalization

Table 1  (continued)

Overall
(N = 315)

Tracheal intubation-associated cardiac arrest

Yes
(N = 48)

No
(N = 267)

 Baseline PCPC scorec

  1—Normal 206 (65.4%) 29 (60.4%) 177 (66.3%)

  2—Mild disability 46 (14.6%) 7 (14.6%) 39 (14.6%)

  3—Moderate disability 28 (8.9%) 7 (14.6%) 21 (7.9%)

  4—Severe disability 34 (10.8%) 5 (10.4%) 29 (10.9%)

  5—Coma/vegetative state 1 (0.3%) 0 (0.0%) 1 (0.4%)
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Table 2   Event characteristics and outcomes

CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; ECMO, extracorporeal membraneoxygenation; PCPC, Pediatric Cerebral Performance Category
a Favorable neurologic outcome is defined as no more than moderate disability or no worsening from baseline Pediatric Cerebral Performance Category (PCPC)
b Wilcoxon rank-sum test
c Fisher’s exact test

Overall
(N = 315)

Tracheal intubation-associated cardiac arrest P-value

Yes
(N = 48)

No
(N = 267)

Interventions in place prior to event

 Central venous catheter 213 (67.6%) 27 (56.3%) 186 (69.7%)

 Vasoactive infusion 154 (48.9%) 21 (43.8%) 133 (49.8%)

 Invasive mechanical ventilation 219 (69.5%) 23 (47.9%) 196 (73.4%)

 Non-invasive ventilation 53 (16.8%) 18 (37.5%) 35 (13.1%)

 End-tidal CO2 monitoring 198 (62.9%) 24 (50.0%) 174 (65.2%)

Immediate cause(s) of event

 Arrhythmia 49 (15.6%) 7 (14.6%) 42 (15.7%)

 Cyanosis without respiratory decompensation 17 (5.4%) 4 (8.3%) 13 (4.9%)

 Hypotension as immediate cause of event 164 (52.1%) 23 (47.9%) 141 (52.8%)

 Respiratory decompensation 162 (51.4%) 30 (62.5%) 132 (49.4%)

Duration of CPR (min) 5.0 [2.0, 23.0] 11.0 [2.5, 35.5] 5.0 [2.0, 21.0] 0.030b

Duration of CPR (min)

 < 6 169 (53.7%) 18 (37.5%) 151 (56.6%)

 6–15 51 (16.2%) 9 (18.8%) 42 (15.7%)

 16–35 43 (13.7%) 9 (18.8%) 34 (12.7%)

 > 35 52 (16.5%) 12 (25.0%) 40 (15.0%)

First documented rhythm

 Pulseless electrical activity / asystole 153 (48.6%) 27 (56.3%) 126 (47.2%)

 Ventricular fibrillation / tachycardia 31 (9.8%) 3 (6.3%) 28 (10.5%)

 Bradycardia with poor perfusion 131 (41.6%) 18 (37.5%) 113 (42.3%)

Pharmacologic interventions during event

 Epinephrine 242 (76.8%) 42 (87.5%) 200 (74.9%)

  Number of doses 2.0 [1.0, 5.0] 3.5 [1.0, 7.0] 2.0 [1.0, 5.0]

  Average interval between doses 4.3 [3.1, 6.4] 4.1 [3.1, 5.8] 4.4 [3.0, 6.9]

 Atropine 22 (7.0%) 6 (12.5%) 16 (6.0%)

 Calcium 119 (37.8%) 22 (45.8%) 97 (36.3%)

 Sodium bicarbonate 133 (42.2%) 28 (58.3%) 105 (39.3%)

 Vasopressin 3 (1.0%) 2 (4.2%) 1 (0.4%)

 Amiodarone 12 (3.8%) 6 (12.5%) 6 (2.2%)

 Lidocaine 11 (3.5%) 2 (4.2%) 9 (3.4%)

 Fluid bolus 71 (22.5%) 15 (31.3%) 56 (21.0%)

Immediate outcome of CPR event 0.299c

 ROSC ≥ 20 min 218 (69.2%) 32 (66.7%) 186 (69.7%)

 Transitioned to ECMO 63 (20.0%) 13 (27.1%) 50 (18.7%)

 Died 34 (10.8%) 3 (6.3%) 31 (11.6%)

PCPC at hospital discharge

 1—Normal 81 (25.7%) 14 (29.2%) 67 (25.1%)

 2—Mild disability 50 (15.9%) 6 (12.5%) 44 (16.5%)

 3—Moderate disability 26 (8.3%) 6 (12.5%) 20 (7.5%)

 4—Severe disability 29 (9.2%) 5 (10.4%) 24 (9.0%)

 5—Coma/vegetative state 1 (0.3%) 0 (0.0%) 1 (0.4%)

 6—Death 128 (40.6%) 17 (35.4%) 111 (41.6%)

Survival to hospital discharge 187 (59.4%) 31 (64.6%) 156 (58.4%) 0.524c

Survival to hospital discharge with favorable neurologic 
outcomea

175 (55.6%) 29 (60.4%) 146 (54.7%) 0.529c



Page 6 of 7Nishisaki et al. Critical Care          (2024) 28:286 

effective ventilation. Alternatively, the TI itself might 
have hindered delivery of high-quality CPR or the per-
formance of other critical interventions. Andersen et al. 
reported significantly reduced survival to hospital dis-
charge among children who received TI versus those who 
did not during in-hospital cardiac arrest, potentially sug-
gesting that the TI during the cardiac arrest may hinder 
high-quality resuscitation [17]. Our data showed those 
who had cardiac arrest during TI procedure had rela-
tively short (median 6.0 min) duration of CPR compared 
to those who had cardiac arrest soon after TI procedure 
(median 18 min). Therefore, it appears less likely that the 
TI procedure itself caused the longer CPR duration in the 
TI-CA group.

This study has several limitations. First, all patients in 
the ICU-RESUS trial were treated at large academic North 
American pediatric ICUs; therefore, our findings may not 
be generalizable to other settings. The timing and indica-
tion for TI depended on patient, provider, and practice 
conditions and likely varied in each clinical setting. More 
than half of our TI-CA patients had preexisting cardiac 
conditions, which may limit the generalizability of our 
findings. Second, data surrounding the TI procedure that 
preceded TI-CA are not available, including neuromuscu-
lar blockade, videolaryngoscopy, apneic oxygenation use, 
provider training level, number of TI attempts, and other 
TI-associated adverse events [4, 18, 19]. Third, our data 
are insufficient to evaluate protective factors for TI-CA, 
given that patients who were at risk but did not experi-
ence TI-CA were not included in the study. Fourth, we did 
not conduct an a priori sample size calculation, and our 
findings may be subject to type 2 error due to insufficient 
power and small sample size. Fifth, there is an inherent 
risk of confounding by indication.

In conclusion, TI-CA represents 15% of all cardiac 
arrest events in the pediatric ICU. Half of TI-CAs occur 
soon after placement of the endotracheal tube. While CPR 
duration was longer in TI-CA compared to non-TI-CA 
events, the unadjusted survival and neurological outcomes 
were similar between TI-CA and non-TI-CA patients.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13054-​024-​05065-0.

Supplementary file1.

Acknowledgements
We thank Drs. Murray M Pollack, Bradley Tilford, and Richard Fernandez, for 
their contribution to this study.

Author contribution
AN, RMS, RR, VN, RB designed the study. AN, RR, ELM, RM, RMS, RB drafted the 
manuscript text. RR, CP performed statistical analyses and drafted all tables. All 
authors reviewed and approved the final version of the manuscript.

Funding
Financial support was provided through the National Institutes of Health 
Eunice Kennedy Shriver National Institute of Child Health and Human 
Development (U01HD049934, UG1HD049981, UG1HD049983, UG1HD050096, 
UG1HD063108, UG1HD083166, UG1HD083170, and UG1HD083171) and 
National Heart, Lung, and Blood Institute (R01HL131544, R01HL147616, 
K23HL148541, and K23HL153759), and by the Children’s Hospital of Philadel-
phia Resuscitation Science Center.

Data availability
The data that support the finding of this study is available upon reasonable 
requests to the corresponding author.

Declarations

Competing interests
The authors declare no competing interests.

Author details
1 Department of Anesthesiology and Critical Care Medicine, The Children’s 
Hospital of Philadelphia, University of Pennsylvania, Philadelphia, PA, USA. 
2 Department of Pediatrics, University of Utah, Salt Lake City, UT, USA. 
3 Department of Pediatrics, Children’s Hospital of Michigan, Central Michigan 
University, Detroit, MI, USA. 4 Department of Pediatrics, Children’s National 
Hospital, George Washington University School of Medicine, Washington, DC, 
USA. 5 Department of Pediatrics, University of Colorado School of Medicine 
and Children’s Hospital Colorado, Aurora, CO, USA. 6 Department of Critical 
Care Medicine, UPMC Children’s Hospital of Pittsburgh, University of Pitts-
burgh, Pittsburgh, PA, USA. 7 Department of Pediatrics and Human Devel-
opment, Michigan State University, Grand Rapids, MI, USA. 8 Department 
of Pediatrics, Mattel Children’s Hospital, University of California Los Angeles, 
Los Angeles, CA, USA. 9 Department of Pediatrics, Benioff Children’s Hospital, 
University of California, San Francisco, San Francisco, CA, USA. 10 Nemours 
Cardiac Center, Nemours/Alfred I. duPont Hospital for Children, Wilmington, 
DE, USA. 11 Department of Pediatrics, Sidney Kimmel Medical College, Thomas 
Jefferson University, Philadelphia, PA, USA. 12 Department of Pediatrics, 
Washington University School of Medicine, St. Louis, MO, USA. 13 Department 
of Pediatrics, Nationwide Children’s Hospital, The Ohio State University, Colum-
bus, OH, USA. 14 Department of Pediatrics, University of Arkansas for Medical 
Sciences and Arkansas Children’s Hospital, Little Rock, AR, USA. 15 Department 
of Molecular Biology, Princeton University, Princeton, NJ, USA. 16 Department 
of Pediatrics, Nemours/Alfred I. duPont Hospital for Children and Thomas Jef-
ferson University, Wilmington, DE, USA. 

Received: 24 May 2024   Accepted: 11 August 2024

References
	1.	 Nishisaki A, Turner DA, Brown CA 3rd, Walls RM, Nadkarni VM. National 

Emergency Airway Registry for Children (NEAR4KIDS); Pediatric Acute 
Lung Injury and Sepsis Investigators (PALISI) Network: A National Emer-
gency Airway Registry for children: landscape of tracheal intubation in 
15 PICUs. Crit Care Med. 2013;41(3):874–85. https://​doi.​org/​10.​1097/​CCM.​
0b013​e3182​746736.

	2.	 Parker MM, Nuthall G, Brown C 3rd, et al. Relationship between adverse 
tracheal intubation associated events and PICU outcomes. Pediatr Crit Care 
Med. 2017;18(4):310–8. https://​doi.​org/​10.​1097/​PCC.​00000​00000​001074.

	3.	 Shiima Y, Berg RA, Bogner HR, Morales KH, Nadkarni VM, Nishisaki A. Car-
diac arrests associated with tracheal intubations in PICUs: a multicenter 
cohort study. Crit Care Med. 2016;44(9):1675–82. https://​doi.​org/​10.​1097/​
CCM.​00000​00000​001741.

	4.	 Disma N, Asai T, Cools E, et al. Airway management in neonates and 
infants: European Society of Anaesthesiology and Intensive Care and 
British Journal of Anaesthesia joint guidelines. Eur J Anaesthesiol. 
2024;41(1):3–23. https://​doi.​org/​10.​1097/​EJA.​00000​00000​001928.

	5.	 Sutton RM, Wolfe HA, Reeder RW, et al. Effect of physiologic point-of-
care cardiopulmonary resuscitation training on survival with favorable 

https://doi.org/10.1186/s13054-024-05065-0
https://doi.org/10.1186/s13054-024-05065-0
https://doi.org/10.1097/CCM.0b013e3182746736
https://doi.org/10.1097/CCM.0b013e3182746736
https://doi.org/10.1097/PCC.0000000000001074
https://doi.org/10.1097/CCM.0000000000001741
https://doi.org/10.1097/CCM.0000000000001741
https://doi.org/10.1097/EJA.0000000000001928


Page 7 of 7Nishisaki et al. Critical Care          (2024) 28:286 	

neurologic outcome in cardiac arrest in pediatric ICUs: a randomized 
clinical trial. JAMA. 2022;327(10):934–45. https://​doi.​org/​10.​1001/​jama.​
2022.​1738.

	6.	 Reeder RW, Girling A, Wolfe H, et al. Improving outcomes after pediatric 
cardiac arrest - the ICU-Resuscitation Project: study protocol for a ran-
domized controlled trial. Trials. 2018;19(1):213. https://​doi.​org/​10.​1186/​
s13063-​018-​2590-y.

	7.	 Nolan JP, Berg RA, Andersen LW, et al. Cardiac arrest and cardiopulmonary 
resuscitation outcome reports: update of the Utstein resuscitation regis-
try template for in-hospital cardiac arrest: a consensus report from a Task 
Force of the International Liaison Committee on Resuscitation (American 
Heart Association, European Resuscitation Council, Australian and New 
Zealand Council on Resuscitation, Heart and Stroke Foundation of Can-
ada, InterAmerican Heart Foundation, Resuscitation Council of Southern 
Africa, Resuscitation Council of Asia). Circulation. 2019;140(18):e746–57. 
https://​doi.​org/​10.​1161/​CIR.​00000​00000​000710.

	8.	 Pollack MM, Patel KM, Ruttimann UE. The Pediatric Risk of Mortal-
ity III– Acute Physiology Score (PRISM III-APS): a method of assessing 
physiologic instability for pediatric intensive care unit patients. J Pediatr. 
1997;131(4):575–81. https://​doi.​org/​10.​1016/​s0022-​3476(97)​70065-9.

	9.	 McIntosh AM, Tong S, Deakyne SJ, Davidson JA, Scott HF. Validation of 
the vasoactive-inotropic score in pediatric sepsis. Pediatr Crit Care Med. 
2017;18(8):750–7. https://​doi.​org/​10.​1097/​PCC.​00000​00000​001191.

	10.	 Dean PN, Hoehn EF, Geis GL, Frey ME, Cabrera-Thurman MK, Kerrey BT, 
Zhang Y, Stalets EL, Zackoff MW, Maxwell AR, Pham TM, Lautz AJ. Identi-
fication of the physiologically difficult airway in the Pediatric emergency 
Department. Acad Emerg Med. 2020;27(12):1241–8. https://​doi.​org/​10.​
1111/​acem.​14128.

	11.	 Walz JM, Zayaruzny M, Heard SO. Airway management in critical illness. 
Chest. 2007;131(2):608–20. https://​doi.​org/​10.​1378/​chest.​06-​2120.

	12.	 Van Berkel MA, Exline MC, Cape KM, et al. Increased incidence of clinical 
hypotension with etomidate compared to ketamine for intubation in 
septic patients: a propensity matched analysis. J Crit Care. 2017;38:209–
14. https://​doi.​org/​10.​1016/j.​jcrc.​2016.​11.​009.

	13.	 Conway JA, Kharayat P, Sanders RC Jr, Nett S, Weiss SL, Edwards LR, 
Breuer R, Kirby A, Krawiec C, Page-Goertz C, Polikoff L, Turner DA, Shults J, 
Giuliano JS Jr, Orioles A, Balkandier S, Emeriaud G, Rehder KJ, Kian Boon 
JL, Shenoi A, Vanderford P, Nuthall G, Lee A, Zeqo J, Parsons SJ, Furlong-
Dillard J, Meyer K, Harwayne-Gidansky I, Jung P, Adu-Darko M, Bysani 
GK, McCarthy MA, Shlomovich M, Toedt-Pingel I, Branca A, Esperanza 
MC, Al-Subu AM, Pinto M, Tallent S, Shetty R, Thyagarajan S, Ikeyama T, 
Tarquinio KM, Skippen P, Kasagi M, Howell JD, Nadkarni VM, Nishisaki A. 
Ketamine use for tracheal intubation in critically ill children is associated 
with a lower occurrence of adverse hemodynamic events. Crit Care Med. 
2020;48(6):e489–97. https://​doi.​org/​10.​1097/​CCM.​00000​00000​004314.

	14.	 Tarquinio KM, Howell JD, Montgomery V, Turner DA, Hsing DD, Parker 
MM, Brown CA 3rd, Walls RM, Nadkarni VM, Nishisaki A. Current medica-
tion practice and tracheal intubation safety outcomes from a prospec-
tive multicenter observational cohort study. Pediatr Crit Care Med. 
2015;16(3):210–8. https://​doi.​org/​10.​1097/​PCC.​00000​00000​000319.

	15.	 Emeriaud G, Napolitano N, Polikoff L, Giuliano J Jr, Toedt-Pingel I, Miksa 
M, Li S, Bysani K, Hsing DD, Nett S, Turner DA, Sanders RC Jr, Lee JH, 
Adu-Darko M, Owen EB, Gangadharan S, Parker M, Montgomery V, Craig 
N, Crulli B, Edwards L, Pinto M, Brunet F, Shults J, Nadkarni V, Nishisaki 
A. Impact of failure of noninvasive ventilation on the safety of pediatric 
tracheal intubation. Crit Care Med. 2020;48(10):1503–12. https://​doi.​org/​
10.​1097/​CCM.​00000​00000​004500.

	16.	 Cater DT, Fitzgerald JC, Gertz SJ, McArthur JA, Daniel MC, Mahadeo KM, 
Hsing DD, Smith LS, Pike F, Rowan CM. Noninvasive ventilation exposure 
prior to intubation in pediatric hematopoietic cell transplant recipients. 
Respir Care. 2022;67(9):1121–8. https://​doi.​org/​10.​4187/​respc​are.​09776.

	17.	 Andersen LW, Raymond TT, Berg RA, Nadkarni VM, Grossestreuer AV, Kurth 
T, Donnino MW. Association between tracheal intubation during pediat-
ric in- hospital cardiac arrest and survival. JAMA. 2016;316(17):1786–97. 
https://​doi.​org/​10.​1001/​jama.​2016.​14486.

	18.	 Giuliano J Jr, Krishna A, Napolitano N, Panisello J, Shenoi A, Sanders 
RC Jr, Rehder K, Al-Subu A, Brown C 3rd, Edwards L, Wright L, Pinto M, 
Harwayne-Gidansky I, Parsons S, Romer A, Laverriere E, Shults J, Yamada 
NK, Walsh CM, Nadkarni V, Nishisaki A. Implementation of video laryngo-
scope-assisted coaching reduces adverse tracheal intubation-associated 

events in the PICU. Crit Care Med. 2023;51(7):936–47. https://​doi.​org/​10.​
1097/​CCM.​00000​00000​005847.

	19.	 Napolitano N, Polikoff L, Edwards L, Tarquinio KM, Nett S, Krawiec C, Kirby 
A, Salfity N, Tellez D, Krahn G, Breuer R, Parsons SJ, Page-Goertz C, Shults 
J, Nadkarni V, Nishisaki A. Effect of apneic oxygenation with intubation to 
reduce severe desaturation and adverse tracheal intubation-associated 
events in critically ill children. Crit Care. 2023;27(1):26. https://​doi.​org/​10.​
1186/​s13054-​023-​04304-0.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1001/jama.2022.1738
https://doi.org/10.1001/jama.2022.1738
https://doi.org/10.1186/s13063-018-2590-y
https://doi.org/10.1186/s13063-018-2590-y
https://doi.org/10.1161/CIR.0000000000000710
https://doi.org/10.1016/s0022-3476(97)70065-9
https://doi.org/10.1097/PCC.0000000000001191
https://doi.org/10.1111/acem.14128
https://doi.org/10.1111/acem.14128
https://doi.org/10.1378/chest.06-2120
https://doi.org/10.1016/j.jcrc.2016.11.009
https://doi.org/10.1097/CCM.0000000000004314
https://doi.org/10.1097/PCC.0000000000000319
https://doi.org/10.1097/CCM.0000000000004500
https://doi.org/10.1097/CCM.0000000000004500
https://doi.org/10.4187/respcare.09776
https://doi.org/10.1001/jama.2016.14486
https://doi.org/10.1097/CCM.0000000000005847
https://doi.org/10.1097/CCM.0000000000005847
https://doi.org/10.1186/s13054-023-04304-0
https://doi.org/10.1186/s13054-023-04304-0

	Brief report: incidence and outcomes of pediatric tracheal intubation-associated cardiac arrests in the ICU-RESUS clinical trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial Registration 

	Introduction
	Methods
	TI data collection and TI-CA definition
	Statistical analysis

	Results
	Demographics
	Event characteristics and outcomes among TI-CA patients versus non-TI-CA patients

	Discussion
	Acknowledgements
	References


