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Introduction: 
Emergency endotracheal intubation (ETI) is high-risk. Pre-procedural 
checklists may enhance safety, but evidence in emergency ETI is 
limited. This preliminary, exploratory study evaluated a checklist's 
impact on ETI complications and mortality. 
 

Materials and Methods:  
This prospective cohort study enrolled adult Emergency Department 
(ED) patients requiring emergency ETI (August 2021-December 2022). 
A control group (pre-checklist) was compared to an intervention group 
(post 12-point checklist implementation and training). Data on 
procedure-related complications and 24-hour mortality were collected 
and analyzed using relative risks. 
 

Results:  
131 patients (control n=68, checklist n=63) were included. The overall 
composite complication rate was similar (RR 1.01, p=0.90), potentially 
masking individual effects. Checklist use was associated with reduced 
aspiration (RR 0.36, p=0.045) but an unexpected increase in post-
intubation hypoxia (RR 3.24, p=0.004); reasons, possibly procedural 
delays or altered team dynamics, require further investigation. Other 
individual complications and 24-hour mortality (RR 1.38, p=0.22) 
showed no significant differences. 
 

Conclusion:  
In this underpowered, preliminary, and exploratory study, a pre-
procedural checklist did not significantly reduce overall ETI 
complications. The observed decrease in aspiration alongside increased 
hypoxia warrants cautious interpretation and underscores the 
complexity of checklist implementation in emergency airway 
management. Further research with larger sample sizes is crucial to 
optimize checklist design and confirm its impact on patient safety. 
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Introduction 
  Emergency endotracheal intubation (ETI), 
while often life-saving, is a high-risk 
procedure associated with a significant 
incidence of complications, including 
hypoxia, aspiration, hypotension, esophageal 
intubation, and traumatic injury, which can 
contribute to increased morbidity and 
mortality (1,2). Given the time-sensitive and 
often chaotic nature of emergency situations, 
procedural errors during ETI are not 
uncommon, even in experienced hands. 
Strategies to mitigate these risks and enhance 
patient safety during emergency ETI are 
therefore of paramount importance (3). The 
adoption of standardized checklists has 
emerged as a promising approach to improve 
the safety and reliability of complex medical 
procedures across various clinical settings 
(4). Checklists have been shown to reduce 
errors and improve outcomes in diverse 
fields, from aviation to surgery, by ensuring 
adherence to essential steps and promoting a 
culture of safety (5,6). In airway 
management, pre-procedural checklists have 
been advocated as a tool to standardize 
preparation, optimize equipment readiness, 
and enhance team coordination, potentially 
leading to a reduction in procedure-related 
complications (7). 

However, the evidence regarding the 
effectiveness of checklists in the specific 
context of emergency ETI remains limited 
and somewhat inconsistent (8). While some 
studies suggest that checklists can improve 
adherence to recommended guidelines and 
reduce specific complications, their impact on 
the broad spectrum of ETI-related adverse 
events and mortality is less clear, particularly 
given the modest effect sizes typically 
observed with such interventions in real-
world emergency settings. Furthermore, the 
dynamic and unpredictable nature of 
emergency airway management may present 
unique challenges to the straightforward 
application of checklists, potentially 
impacting their effectiveness in this setting. 
This preliminary and exploratory study aims 
to contribute to the understanding of the role 
of pre-procedural checklists in the context of 
emergency ETI. 

The purpose of this study was to evaluate 
whether the routine implementation of a 
standardized 12-point preprocedural 

checklist for endotracheal intubation in adult 
patients presenting with medical 
emergencies can reduce complications and 
in-hospital mortality. The primary objective 
was to assess if the use of this checklist 
decreases the incidence of procedure-related 
complications, including hypoxia, 
bradycardia, hypotension, esophageal 
intubation, cardiac arrest, traumatic 
intubation (comprising dental, laryngeal, and 
tracheal trauma), aspiration, pneumothorax, 
multiple intubation attempts, and unplanned 
or accidental extubation. The secondary 
objective was to determine whether the 
checklist affects in-hospital mortality rates at 
24 hours post-procedure. 

 

Materials and Methods 
Study Design 

This prospective cohort study was 
conducted with adult patients (≥18 years) in 
the emergency department at Postgraduate 
Institute of Medical Education and Research 
(PGIMER), Chandigarh, spanning from 
August 2021 to December 2022. The protocol 
was approved by the Institute Ethics 
Committee of PGIMER, Chandigarh (Ref. No.- 
INT/IEC/2021/SPL-1749). Initially, patients 
in the control group were recruited over the 
first six months of the study before the 
preprocedural checklist was introduced. 
Following this, emergency physicians and 
nurses underwent a one-week training 
session on the checklist. The checklist was 
then routinely implemented for all 
endotracheal intubations. Training was 
reiterated every two months by the 
investigator to reinforce correct usage. 
During the intervention phase, each checklist 
element was verbally confirmed as 
completed by the attending nurse and 
acknowledged by the attending physician 
prior to proceeding with intubation. 
However, formal quantitative monitoring of 
adherence rates for each checklist item or a 
detailed assessment of implementation 
fidelity beyond this verbal confirmation 
process was not systematically performed, 
which is a limitation of this study. 
Subsequently, the checklist cohort was 
recruited over the following six months. All 
intubations throughout the study period 
were performed by emergency medicine 
residents, with rapid sequence intubation 
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(RSI) consistently employed as the preferred 
method. 
Participants 
  The study population comprised adult 
patients (≥18 years) requiring emergency 
intubation at PGIMER during the designated 
timeframe. Patients were screened based on 
specified inclusion criteria, including those 
with neurological emergencies, 
cardiovascular emergencies, acute or chronic 
kidney disease with pulmonary edema or 
uremic encephalopathy, gastrointestinal 
bleeding, hepatic encephalopathy, sepsis, 
envenomation or intoxication, anaphylaxis, 
or respiratory failure. Exclusion criteria were 
pregnant women, terminal illnesses (e.g., 
disseminated malignancy), patients in 
cardiac arrest, COVID-19 positive patients, 
trauma patients, and surgical emergencies. 
Written informed consent was obtained from 
the participants’ legally authorized 
representatives (LAR) or next of kin. 
Sample Size Calculation and Power 
Considerations 

The initial sample size calculation aimed to 
detect a large reduction in complication rates 
from an anticipated 9.2% in the control group 
to 1.2% in the checklist group, targeting 80% 
power (α = 0.05), which yielded a required 
sample size of 266 participants. This 
represented an anticipated absolute risk 
reduction of 8% (a relative risk reduction of 
nearly 87%). It is acknowledged that this 
assumed effect size was unrealistically large, 
as most complex interventions like checklists 
in emergency settings typically yield more 
modest effect sizes (e.g., 10–30% relative risk 
reduction) (9,10).  Due to logistical time 
constraints within the defined study period 
(August 2021 to December 2022), the 
recruitment target was revised, and a total of 
131 participants were ultimately enrolled (68 
control, 63 intervention). This reduction of 
over 50% from the original target 
significantly limits the statistical power of the 
study. With the achieved sample size, the 
study was underpowered to detect small to 
moderate effect sizes for the primary 
composite outcome and particularly for less 
frequent individual complications. This 
underpowering increases the likelihood of 
Type II errors (false negatives) for outcomes 
where no statistically significant difference 
was found. Consequently, the study findings 

should be interpreted as preliminary and 
hypothesis-generating, and non-significant 
results should not be taken as evidence of no 
effect. 
Intervention 
  Patients presenting to the Emergency 
Department who required endotracheal 
intubation were screened, and those meeting 
inclusion criteria were invited to participate 
following informed consent. The checklist 
was implemented without altering the 
treatment protocols determined by the 
treating physicians according to standard 
procedures. After the initial six months of the 
control period, large printed copies of the 
checklist were displayed in the Emergency 
Department. Education was provided to all 
staff through live sessions, webinars, and 
meetings, emphasizing the checklist’s 
potential to reduce complications. Each 
checklist element was verbally confirmed by 
the attending nurse and acknowledged by 
the attending physician. The checklist 
included essential safety elements such as 
patient identification, indication for 
intubation, adequate positioning (flexion of 
the neck and extension of the head at the 
atlanto-occipital joint), preoxygenation, 
attachment and optimization of monitors for 
blood pressure, ECG, and pulse oximetry, 
apnoeic oxygenation, reliable IV access, 
suction functionality, intubation equipment 
check and backup, drugs for intubation and 
post-intubation sedation, and failed airway 
equipment (Supplement 1) (11). Video 
laryngoscopes and capnography were 
initially considered for inclusion in this 
checklist; however, they were excluded due 
to their limited availability in primary and 
secondary care centers (12). This decision 
was made to ensure broader generalizability 
of the study results across diverse clinical 
settings. 
Outcomes 
  Primary outcomes included any of the 
following procedure-related complications: 
hypoxia, bradycardia, hypotension, 
esophageal intubation, cardiac arrest, 
traumatic intubation, aspiration, 
pneumothorax, multiple intubation 
attempts, and unplanned extubation. 
Definitions for these outcomes were specific: 
hypoxia was defined as oxygen saturation < 
92% measured by fingertip pulse oximetry at 
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5 minutes and 30 minutes after induction 
drugs were administered; bradycardia was a 
heart rate < 60 beats per minute; 
hypotension was a systolic blood pressure < 
90 mmHg at the same time points; 
esophageal intubation was identified by 
auscultation or capnography; cardiac arrest 
was defined as the absence of central pulses 
requiring cardiopulmonary resuscitation; 
traumatic intubations included dental, 
laryngeal, or tracheal trauma; pneumothorax 
was diagnosed via chest X-ray; aspiration 
observed during laryngoscopy or suctioning; 
multiple intubation attempts were defined as 
two or more attempts; and unplanned 
extubation referred to accidental 
displacement of the tube before planned 
extubation. The secondary outcome included 
in-hospital mortality at 24 hours post-
procedure. The choice of 24-hour mortality 
is recognized as a relatively early endpoint, 
which may not fully reflect longer-term 
impacts of the intervention. 
Data collection 
  Outcome data were collected by the primary 
investigator and included patient 
demographics, comorbidities, baseline vitals, 
and reasons for any non-compliance with the 
checklist.   The outcomes were assessed at 5 
minutes, 30 minutes, and 24 hours post-
intubation. Follow-up included checking 
patient status through medical records in 
cases of loss of follow-up. 
Statistical analysis 
  Statistical analysis was conducted using R 
program. Descriptive statistics summarized 

categorical data in percentages and 
proportions, while continuous variables 
were expressed as means/standard 
deviations or medians/interquartile ranges. 
Relative risks for primary and secondary 
outcomes were reported with a 95% 
confidence interval. Differences between the 
checklist and control groups were analyzed 
using the Chi-square test and Fisher's Exact 
test, with statistical significance set at a p-
value of <0.05. No adjustments for multiple 
comparisons (e.g., Bonferroni correction) 
were made for the analysis of multiple 
secondary outcomes. Given the exploratory 
nature of this study and the limited sample 
size, this approach was chosen, but it 
increases the risk of spurious significant 
findings (Type I error). Therefore, all p-
values, especially for secondary outcomes, 
should be interpreted with caution. 
 

Results 
  A total of 144 participants were assessed for 
eligibility in the study. We excluded thirteen 
participants due to the following reasons: 
age less than 18 years (n=6), cardiac arrest 
prior to intubation (n=4), and withdrawal of 
consent (n=3). Consequently, we enrolled 
131 patients in the study. The cohort was 
divided into 68 participants in the control 
group during the first six months and 63 
participants in the checklist group during the 
subsequent six months. Table 1 presents the 
baseline characteristics of the study 
participants, divided into control (N=68) and 
intervention (N=63) groups. 

 

Table 1. Baseline Characteristics of the study participants 
Characteristic Overall N = 1311 Control group N = 681 Intervention group N = 631 p-value2 
Age, in years 50 (35 – 61) 50 (39 – 61) 50 (28 – 62) 0.50 
Gender    0.76 
Female 37 / 131 (28%) 20 / 68 (29%) 17 / 63 (27%)  
Male 94 / 131 (72%) 48 / 68 (71%) 46 / 63 (73%)  
Diabetes mellitus 22 / 131 (17%) 10 / 68 (15%) 12 / 63 (19%) 0.51 
Hypertension 40 / 131 (31%) 27 / 68 (40%) 13 / 63 (21%) 0.018 
Chronic kidney disease 9 / 131 (6.9%) 7 / 68 (10%) 2 / 63 (3.2%) 0.17 
Coronary artery disease 6 / 131 (4.6%) 3 / 68 (4.4%) 3 / 63 (4.8%) >0.99 
Chronic liver disease 10 / 131 (7.6%) 3 / 68 (4.4%) 7 / 63 (11%) 0.19 
History of smoking 29 / 131 (22%) 12 / 68 (18%) 17 / 63 (27%) 0.20 

History of alcohol consumption 34 / 131 (26%) 14 / 68 (21%) 20 / 63 (32%) 0.15 

Cerebrovascular accident 5 / 131 (3.8%) 4 / 68 (5.9%) 1 / 63 (1.6%) 0.37 
Hypothyroidism 4 / 131 (3.1%) 2 / 68 (2.9%) 2 / 63 (3.2%) >0.99 
No comorbidities 38 / 131 (29%) 20 / 68 (29%) 18 / 63 (29%) 0.92 
Indication of Intubation    0.001 
Cardiovascular illness 3 / 131 (2.3%) 2 / 68 (2.9%) 1 / 63 (1.6%)  
Gastrointestinal disease 14 / 131 (11%) 4 / 68 (5.9%) 10 / 63 (16%)  

Neurological illness 63 / 131 (48%) 42 / 68 (62%) 21 / 63 (33%)  

Renal disease 9 / 131 (6.9%) 5 / 68 (7.4%) 4 / 63 (6.3%)  

Respiratory illness 27 / 131 (21%) 13 / 68 (19%) 14 / 63 (22%)  

Others 15 / 131 (11%) 2 / 68 (2.9%) 13 / 63 (21%)  
Experience of the physician    0.10 

Less than one year 94 / 131 (72%) 53 / 68 (78%) 41 / 63 (65%)  

more than one year 37 / 131 (28%) 15 / 68 (22%) 22 / 63 (35%)  
1Median (IQR); n / N (%)                                      2Wilcoxon rank sum test; Pearson's Chi-squared test; Fisher's exact test 
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  The median age was 50 years in both 
groups, with no significant difference 
(p=0.50). Gender distribution was similar, 
with 28% females and 72% males overall 
(p=0.76). Key comorbidities included 
diabetes mellitus (17%), hypertension 
(31%), and chronic kidney disease (6.9%). 
Notably, hypertension was significantly 
more prevalent in the control group (40%) 
compared to the intervention group (21%) 
(p=0.018). The primary indications for 
intubation (as broad categories) varied 
significantly between groups (p=0.001), 
with neurological illness being the most 

common (48%), followed by respiratory 
illness (21%). The experience of the 
physicians performing the intubations was 
predominantly less than one year (72%), 
with no significant difference between 
groups (p=0.10). Control and Intervention 
groups were comparable in most baseline 
characteristics, except for a significantly 
higher prevalence of hypertension in the 
control group and differences in the overall 
distribution of primary intubation 
indications. Supplement 2 (Table 3) 
provides a detailed breakdown of these 
indications.  

 

Supplement 2- Table 3 . Indications for intubation among study participants 

Characteristic 
Overall   

N = 1311 
Control group   

N = 681 

Intervention 
group   

N = 631 
p-value2 

Neurological disease    0.41 

Altered sensorium causes unknown 25 / 63 (40%) 16 / 42 (38%) 9 / 21 (43%)  

Intracranial Hemorrhage 11 / 63 (17%) 9 / 42 (21%) 2 / 21 (9.5%)  

Meningitis 3 / 63 (4.8%) 1 / 42 (2.4%) 2 / 21 (9.5%)  

Neuromuscular illness 3 / 63 (4.8%) 3 / 42 (7.1%) 0 / 21 (0%)  

Seizures 9 / 63 (14%) 7 / 42 (17%) 2 / 21 (9.5%)  

Stroke 10 / 63 (16%) 5 / 42 (12%) 5 / 21 (24%)  

Subarachnoid Hemorrhage 2 / 63 (3.2%) 1 / 42 (2.4%) 1 / 21 (4.8%)  

Respiratory disease    0.55 

Type 1 respiratory failure 15 / 27 (56%) 8 / 13 (62%) 7 / 14 (50%)  

Type 2 respiratory failure 12 / 27 (44%) 5 / 13 (38%) 7 / 14 (50%)  

Cardiovascular disease    0.33 

Heart failure 1 / 3 (33%) 0 / 2 (0%) 1 / 1 (100%)  

Myocardial infarction 2 / 3 (67%) 2 / 2 (100%) 0 / 1 (0%)  

Renal disease    0.52 

Acute/Chronic kidney disease 5 / 9 (56%) 2 / 5 (40%) 3 / 4 (75%)  

Uremic encephalopathy 4 / 9 (44%) 3 / 5 (60%) 1 / 4 (25%)  

Gastrointestinal disease    >0.99 

Hepatic encephalopathy 12 / 14 (86%) 4 / 4 (100%) 8 / 10 (80%)  

Upper Gastrointestinal bleeding 2 / 14 (14%) 0 / 4 (0%) 2 / 10 (20%)  

Others    0.57 

Drug intoxication/withdrawal 6 / 15 (40%) 1 / 2 (50%) 5 / 13 (38%)  

Envenomation 5 / 15 (33%) 0 / 2 (0%) 5 / 13 (38%)  

Hanging 1 / 15 (6.7%) 0 / 2 (0%) 1 / 13 (7.7%)  

Metabolic 2 / 15 (13%) 1 / 2 (50%) 1 / 13 (7.7%)  

Sepsis 1 / 15 (6.7%) 0 / 2 (0%) 1 / 13 (7.7%)  
1n / N (%) 

2Fisher's exact test; Pearson's Chi-squared test 

 

While the overall distribution of broad 
indication categories differed significantly 
(Table 1, p=0.001), further analysis of the 
specific sub-types within these categories 
(as shown in Supplement 2) did not reveal 

statistically significant differences for 
individual sub-types between the control 
and intervention groups (all p > 0.05 for 
individual sub-type comparisons).  The 
overall composite rate of procedure-related 
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complications was similar between the 
checklist and control groups (73% vs 72%; 

Relative Risk [RR] 1.01, 95% Confidence 
Interval [CI] 0.82-1.25; p=0.90) (Table 2).  

 
Table 2. Primary and Secondary Outcomes 

Complications Control (N=68) n(%)* Checklist (N=63) n(%)* RR (95% CI) P value 

Primary Outcome: Overall 
Complications 

49 (72%) 46 (73%) 1.01 (0.82-1.25) 0.9 

Equipment Failure 3 (4.4%) 6 (9.5%) 2.16 (0.564-8.27) 0.31 
Hypoxia 6 (8.82%) 18 (28.5%) 3.24 (1.37-7.64) 0.004 

Multiple Attempts 14 (20.6%) 5 (7.9%) 0.38 (0.15-1.01) 0.07 

Hypotension 16 (23.5%) 24 (38%) 1.62 (0.951-2.76) 0.07 

Bradycardia 10 (14.7%) 7 (11.1%) 0.75 (0.3-1.86) 0.72 
Aspiration 15 (22.05%) 5 (7.93%) 0.36 (0.14-0.93) 0.045 

Intubation Related Trauma 16 (23.5%) 12 (19%) 0.81 (0.41-1.57) 0.53 

Esophageal Intubation 5 (7.35%) 3 (4.8%) 0.65 (0.16-2.60) 0.72 
Pneumothorax 0 (0%) 1 (1.58%) - 0.48 

Unplanned Extubation 9 (13.2%) 7 (11.1%) 0.84 (0.33-2.12) 0.91 

Cardiac Arrest with ROSC 14 (20.6%) 5 (7.93%) 0.38 (0.14-1.01) 0.07 

Secondary outcome: In Hospital 
Mortality @ 24 hours 

18 (26.5%) 23 (36.5%) 1.38 (0.82-2.3) 0.22 

 

  This composite outcome, however, masked 
differing effects on individual 
complications. Specifically, the 
implementation of the checklist was 
associated with a statistically significant 
reduction in aspiration events (checklist 
7.93% vs control 22.05%; RR 0.36, 95% CI 
0.14-0.93; p=0.045). Conversely, a 
statistically significant and threefold higher 
incidence of post-intubation hypoxia was 
observed in the checklist group compared 
to the control group (checklist 28.5% vs 
control 8.82%; RR 3.24, 95% CI 1.37-7.64; 
p=0.004). This finding for hypoxia should be 
interpreted cautiously given the multiple 
outcomes tested without correction, the 
sample size limitations, and the exploratory 
nature of the study. No statistically 
significant differences were found between 
the groups for unplanned extubation 
(checklist 11.1% vs control 13.2%; RR 0.84, 
95% CI 0.33-2.12; p=0.91), intubation-
related trauma (checklist 19% vs control 
23.5%; RR 0.81, 95% CI 0.41-1.57; p=0.53), 
hypotension (checklist 38% vs control 
23.5%; RR 1.62, 95% CI 0.95-2.76; p=0.07), 
equipment failure (checklist 9.5% vs 
control 4.4%; RR 2.16, 95% CI 0.56-8.27; 
p=0.31), multiple intubation attempts 
(checklist 7.9% vs control 20.6%; RR 0.38, 
95% CI 0.15-1.01; p=0.071), cardiac arrest 
with return of spontaneous circulation 
[ROSC] (checklist 7.93% vs control 20.6%; 
RR 0.38, 95% CI 0.14-1.01; p=0.071), 
bradycardia (checklist 11.1% vs control 
14.7%; RR 0.75, 95% CI 0.3-1.86; p=0.72), 

oesophageal intubation (checklist 4.8% vs 
control 7.35%; RR 0.65, 95% CI 0.16-2.60; 
p=0.720), or pneumothorax (checklist 
1.58% vs control 0%; p=0.481). In-hospital 
mortality at 24 hours also showed no 
significant difference between the groups 
(checklist 36.5% vs control 26.5%; RR 1.38, 
95% CI 0.82-2.3; p=0.22). 

 
Discussion 
  This prospective, exploratory cohort study, 
conducted in a busy emergency department 
at a tertiary care center in India, evaluated 
the impact of a standardized 12-point pre-
procedural checklist on complications 
associated with emergency endotracheal 
intubation (ETI). Our primary finding was 
that the routine implementation of a pre-
procedural checklist did not result in a 
statistically significant reduction in the 
overall composite of procedure-related 
complications. This null finding for the 
primary outcome, considered in the context 
of the study's limited statistical power due to 
a smaller-than-planned sample size, 
suggests that in our setting, the checklist did 
not demonstrate a measurable impact on the 
broad range of immediate complications 
associated with emergency ETI. However, a 
clinically meaningful effect, particularly a 
modest one, cannot be definitively ruled out. 

It is crucial to acknowledge that the 
composite primary outcome encompassed a 
heterogeneous group of complications, and 
its overall stability may mask clinically 
important differential effects on individual 
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outcomes, potentially understating their 
individual clinical significance. While the 
checklist was designed to address multiple 
aspects of pre-procedural preparation, its 
impact was not uniform. Indeed, when 
examining individual components, we 
observed a mixed picture. Notably, the 
checklist was associated with a statistically 
significant reduction in aspiration events. 
Aspiration is a clinically important 
complication of ETI, linked to aspiration 
pneumonitis and pneumonia (13). The 
checklist elements addressing 
preoxygenation, suction readiness, and 
patient positioning likely contributed to this 
benefit by promoting safer airway 
management practices prior to 
laryngoscopy (14,15). This finding aligns 
with evidence that checklists can improve 
adherence to specific safety measures and 
reduce targeted errors (16). 

However, this potential benefit regarding 
aspiration was counterbalanced by an 
unexpected increase in post-intubation 
hypoxia in the checklist group. Hypoxia is a 
critical peri-intubation event associated 
with significant morbidity and mortality 
(17,18). This paradoxical finding is clinically 
concerning and warrants careful 
interpretation, particularly given the study's 
sample size, the testing of multiple 
secondary outcomes without adjustment 
(which increases the risk of a spurious Type 
I error), and the lack of a definitive 
mechanistic explanation. Several 
hypotheses could be explored in future 
research. The process of completing the 
checklist itself, if not seamlessly integrated, 
might have inadvertently prolonged pre-
procedure time, including apnea duration, 
contributing to desaturation, especially in 
critically ill patients with limited 
physiological reserve (19). It is also possible 
that an emphasis on checklist completion led 
to delays in initiating intubation or a 
'checklist fixation' phenomenon, where 
focus on the checklist detracted from 
dynamic patient assessment and timely 
intervention (the 'checklist paradox') (20). 
For example, if preoxygenation was 
performed as per checklist but was 
inadequate for a patient with very low 
physiological reserve, the team might have 
proceeded with intubation feeling falsely 

secure due to checklist completion, rather 
than proactively optimizing preoxygenation 
further or considering alternative strategies 
(21). Alternatively, the observed increase in 
hypoxia could be an artifact of detection bias 
(e.g., increased vigilance in the checklist 
group) or due to unmeasured confounding 
variables. Without further data on 
procedural timings, detailed fidelity of 
checklist use, and team factors, these remain 
speculative. The non-significant findings for 
other individual complications within the 
primary outcome – including traumatic 
intubation, hypotension, esophageal 
intubation, cardiac arrest, multiple 
intubation attempts, unplanned extubation, 
pneumothorax, equipment failure, and 
bradycardia – further contribute to the 
overall null result for the composite primary 
outcome. Given the study's limited power, 
these non-significant results should not be 
interpreted as definitive evidence of no 
effect; rather, the study may have been 
inadequately powered to detect small to 
moderate, yet potentially clinically relevant, 
differences in these less frequent events 
(potential Type II error). The non-significant 
findings for these individual complications 
and 24-hour mortality further underscore 
the complexity of improving outcomes in 
emergency ETI using a checklist-based 
intervention alone (22). Emergency ETI is a 
complex, multi-factorial intervention, and a 
12-point checklist may be insufficient to 
address all sources of variability and 
potential errors. 
Limitations 
  Our study has several important 
limitations. Firstly, as an exploratory 
investigation with a sample size of 131 
participants, substantially reduced from the 
initial target of 266 due to pragmatic time 
constraints, the study was underpowered to 
definitively detect small to moderate effects 
for both the primary composite outcome 
and individual, less frequent complications. 
The initial power calculation was based on 
an overly optimistic effect size. This 
underpowering increases the risk of Type II 
errors, meaning that true effects of the 
checklist may have been missed for 
outcomes reported as non-significant. 
Secondly, the study's single-center design 
limits generalizability. The quasi-
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experimental design, with sequential cohort 
recruitment, is susceptible to temporal 
confounding and the Hawthorne effect. 
Thirdly, while training on the checklist was 
provided and verbal confirmation of its use 
was part of the protocol, we did not conduct 
formal, quantitative assessments of 
checklist implementation fidelity or 
adherence rates for each item. This lack of 
detailed fidelity monitoring makes it 
difficult to ascertain the degree to which the 
checklist was consistently and correctly 
used, which could impact the observed 
outcomes. Fourthly, multiple secondary 
outcomes were assessed without statistical 
adjustment for multiple comparisons. This 
approach, while chosen for an exploratory 
study, increases the probability of Type I 
errors (spurious significant findings), and 
thus the unexpected increase in hypoxia 
must be interpreted with particular caution.   
   Fifthly, the choice of 24-hour mortality as 
an endpoint serves as an early indicator; it 
may not fully reflect longer-term impacts. A 
more nuanced analysis of causes of death or 
ICU length of stay might provide more 
useful clinical information in future, larger 
studies.  Our study, conducted with 
intubations performed by emergency 
medicine residents with varying levels of 
experience, reflects real-world clinical 
practice in a busy emergency department, 
but also introduces heterogeneity that could 
mask the potential benefits of the checklist. 
The exclusion of video laryngoscopy and 
capnography from the checklist, while 
intended to enhance generalizability to 
resource-limited settings, might also have 
limited the checklist's potential to reduce 
complications such as esophageal 
intubation and traumatic intubation in 
more complex airways (23,24). 
 
Conclusion 
  In this preliminary and exploratory 
prospective cohort study, the 
implementation of a 12-point pre-procedural 
checklist for emergency ETI in adult medical 
patients did not demonstrate a statistically 
significant reduction in the overall composite 
rate of procedure-related complications. The 
study was underpowered due to a smaller 
than planned sample size, which was based 
on an initially optimistic effect size 

estimation; this limits definitive conclusions, 
especially regarding non-significant findings. 
While a reduction in aspiration was observed, 
this was accompanied by an unexpected 
increase in post-intubation hypoxia. This 
hypoxia finding requires cautious 
interpretation due to potential 
methodological limitations, including the risk 
of a spurious association from multiple 
outcome testing without adjustment, and 
warrants further dedicated investigation into 
potential underlying mechanisms such as 
procedural delays. These divergent results 
for individual complications highlight the 
importance of not relying solely on composite 
outcomes in such evaluations. The findings 
underscore the complexities of implementing 
checklist-based interventions in the dynamic 
emergency airway management setting. 
Further, adequately powered research, 
including fidelity assessment and 
consideration of procedural timings, is 
essential to rigorously evaluate the true 
impact of checklists, optimize their design 
and integration, and understand their 
influence on specific complications and 
overall patient safety in emergency ETI. 
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