Trends in Endotracheal Intubation During

In-Hospital Cardiac Arrests: 2001 -

OBIJECTIVES: Airway management during in-hospital cardiac arrest represents a
fundamental component of resuscitative efforts, yet little is known about temporal
trends in intubation during in-hospital cardiac arrest. Our objective was to inves-
tigate changes in in-hospital cardiac arrest airway management over time and in
response to national guideline updates.

DESIGN: Observational cohort study of a prospectively collected database.

SETTING: Multicenter study of hospitals participating in the “Get With The
Guidelines—Resuscitation” registry from January 1, 2001, to December 31, 2018.

SUBIJECTS: Adult patients who experienced an in-hospital cardiac arrest and did
not have an invasive airway in place prior to the arrest.

INTERVENTIONS: The primary outcome was the rate of intra-arrest intubation
from 2001 to 2018. We constructed multivariable regression models with gener-
alized estimating equations to determine the annual adjusted odds of intubation.
We also assessed the timing of intubation relative to the onset of pulselessness
and other arrest measures. We used an interrupted time-series analysis to assess
the association between the 2010 Advanced Cardiac Life Support guideline up-
date and intubation rates.

MEASUREMENTS AND MAIN RESULTS: One thousand sixty-six eight hundred
patients from 797 hospitals were included. From 2001 to 2018, the percentage of
patients intubated during an arrest decreased from 69% to 55% for all rhythms,
73% to 60% for nonshockable rhythms, and 58% to 36% for shockable rhythms
(0 <0.001 for trend for all 3 groups). The median time from onset of pulselessness
to intubation increased from 5 minutes in 2001 (interquartile range, 2-8min) to 6
minutes in 2018 (interquartile range, 4—10min) (p < 0.001 for trend). Following
the 2010 guideline update, there was a downward step change and a steeper de-
crease over time in the rate of intubation as compared to the preintervention period
(p < 0.001).

CONCLUSIONS: Endotracheal intubation rates during in-hospital cardiac arrest
have decreased significantly over time, with a more substantial decline follow-
ing the updated 2010 guideline that prioritized chest compressions over airway
management.

KEY WORDS: advanced cardiac life support; airway management; cardiac
arrest; intubation; resuscitation

he timing and modality of advanced airway management during in-
hospital cardiac arrest (IHCA) represents a high-stakes clinical deci-
sion given the elevated morbidity and mortality surrounding the event.
Increasingly, both Basic Life Support (BLS) and Advanced Cardiovascular Life
Support (ACLS) guidelines have prioritized chest compressions over airway
management during resuscitative efforts (1). In 2010, the longstanding “airway;,
breathing, compressions” sequence of BLS resuscitation changed to “compres-
sions, airway, breathing,” and the ACLS algorithm was similarly streamlined to
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emphasize the importance of chest compressions (1, 2).
Amidst this paradigm shift, specific airway management
recommendations did not change and have remained
relatively open ended, with guidelines stating that either
a bag-mask or an advanced airway (including supraglot-
tic and endotracheal tubes) can be used (3).

Despite these flexible airway guidelines, endotracheal
intubation remains the most common airway man-
agement technique employed in the IHCA setting (4).
Although potential benefits of intubation include optimi-
zation of oxygenation, improved gas exchange, and some
protection from pulmonary aspiration of gastric contents,
intubation can lead to a prolonged interruption in chest
compressions and may interfere with evidence-based
interventions during the arrest (4). Although randomized
trials comparing intubation with alternative airway man-
agement techniques in the out-of-hospital cardiac arrest
setting have yielded variable results, no randomized trial
has been performed in the IHCA setting (5-7). Further,
the highest quality IHCA observational data suggest
poorer survival in patients who are intubated relative to
those who are not (8, 9).

This study seeks to evaluate temporal trends in in-
tubation and its timing during IHCA. Our goal is to
further understand changes in intra-arrest airway
management over time and in response to guide-
line changes and to contextualize the timing of these
airway decisions within the broader scope of the car-
diac arrest. By evaluating these trends, we hope to in-
form future studies and policy recommendations.

MATERIALS AND METHODS
Study Design

We used data prospectively collected from the “Get
With The Guidelines—Resuscitation” registry. This
registry is a large quality-improvement initiative spon-
sored by the American Heart Association (AHA) that
collects data on IHCA in hospitals throughout the
United States. Details of the registry’s design, data
input, and quality assurance have been described else-
where (10). Hospitals participating in the registry
submit clinical information regarding the medical
history, hospital care, and outcomes of consecutive
patients hospitalized for cardiac arrest using an online,
interactive case report form and Patient Management
Tool (IQVIA, Parsippany, NJ). IQVIA is the data col-
lection coordination center for the AHA/American
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Stroke Association “Get With The Guidelines” pro-
grams. The registry contains data from years 2000
to 2018. The year 2000, the first year of the data reg-
istry, contains relatively few recorded arrests and was
excluded. Entries from January 1, 2001, to December
31, 2018, were thus used for this study.

Ethics Approval

All participating institutions were required to comply
with local regulatory and privacy guidelines and, if re-
quired, to secure Institutional Review Board approval.
Because data were used primarily at the local site for
quality improvement, sites were granted a waiver of in-
formed consent under the common rule. IQVIA served
as the registry coordinating center. The University of
Pennsylvania served as the data analytic center and
granted the opportunity to prepare the data for research
purposes. This analysis was designated as exempt from
review by the University of California, Los Angeles,
Institutional Review Board (number 19-001424) due to
the deidentified, publicly available nature of the data.

Study Population

We included adult patients (18 yr or older) who ex-
perienced an in-hospital index pulseless cardiac
arrest requiring chest compressions. We limited the
analysis to arrests that occurred in the emergency
department or hospital inpatient setting (including
operating and procedural areas) and excluded hos-
pital visitors and employees, as well as arrests that
occurred in pediatric areas of the hospital. Patients
were also excluded if they already had an invasive
airway in place at the beginning of the cardiac arrest
(endotracheal tube, tracheostomy, or laryngeal mask
airway), if the presence of an invasive airway before
the arrest was unknown, if there were missing data
regarding the placement of an endotracheal tube
during the arrest, or if timing data for intubation
and other arrest metrics were missing or inconsistent
(e.g., the “end of the resuscitation” time occurred be-
fore the “onset of pulselessness” time).

Outcomes

The primary outcome was the rate of intra-arrest in-
tubation from 2001 to 2018, tabulated annually. Intra-
arrest intubation was defined as the successful insertion
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of an endotracheal or tracheostomy tube during the
cardiac arrest. An intubation occurring after the time
of return of spontaneous circulation was not included
as an intra-arrest intubation.

For patients who were intubated, we also assessed
the timing of intubation within the broader resusci-
tation attempt. The time to intubation was defined
as the length of time (in whole minutes) from the
onset of pulselessness to intubation. If intubation
occurred during the same whole minute that pulses
were lost, this was recorded as a time to intubation of
0 minutes, whereas a time of 1 minute indicated that
intubation occurred within the next whole minute
after loss of pulses. The timing of intubation relative
to other arrest metrics was calculated similarly. For
metrics where intubation could have occurred either
before or after that measure (e.g., timing of first epi-
nephrine dose), the time could have either a positive
or negative value (e.g., with “~1” indicating that in-
tubation occurred 1 min before the first epinephrine
dose was given, and “1” indicating that intubation
occurred in the first minute after the epinephrine
dose was given).

Statistical Analysis

Descriptive tests of association were used to char-
acterize the study population, reporting contin-
uous variables as medians with interquartile ranges
(IQRs) and categorical variables as counts with
frequencies, with categorical outcomes compared
using chi-square tests and continuous outcomes
compared using Welch’s ¢ tests for unequal variance.
The rate of intra-arrest intubation and the median
time from onset of pulselessness to intubation were
tabulated annually from 2001 to 2018. To evaluate
changes over time, we performed a nonparametric
test of trend across ordered groups. We addition-
ally assessed the timing of intubation with respect to
the onset of chest compressions in all arrests, as well
as with respect to first defibrillation in arrests with
initial shockable rhythms (e.g., ventricular fibrilla-
tion, ventricular tachycardia) and first epinephrine
dose in patients with initial nonshockable rhythms.
We additionally performed a preplanned sensitivity
analysis to evaluate for changes in intubation rates
based upon resuscitation duration.

To further assess whether intubation rates changed
over time independent of other arrest factors, we
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constructed multivariable regression models with gen-
eralized estimating equations (GEEs) with clustering
at the level of hospital for the entire cohort and strati-
fied based upon the initial rhythm. Our model adjusted
for hospital characteristics, patient characteristics (in-
cluding age, sex, race, and preexisting conditions), and
case characteristics including preexisting interventions,
with variables chosen by the authors and based on prior
literature (Supplemental Tables 1 and 5, http://links.
lww.com/CCM/G505) (11). Calendar year was the
independent variable for these analyses and was cal-
culated as a categorical variable, with 2001 as the ref-
erence year. Unadjusted analyses and analyses after the
application of the GEE model above are presented.

Given our hypothesis that changes in the 2010
AHA BLS and ACLS algorithms would have an
effect on intubation rates and intubation timing,
we performed an interrupted time-series analysis
using segmented linear regression. This model in-
cluded estimations of the trend before and after the
guideline change. Given that the updated guidelines
were released in October 2010, the first three quar-
ters of 2010 (January to September) were included
in the preguideline period, and the last quarter
(October to December) was included in the post-
guideline period.

All statistical analyses were conducting using
STATA 16.1 (StataCorp, College Station, TX). All tests
were two sided, with significance set at p value of less
than or equal to 0.05.

RESULTS
Study Sample Characteristics

Over the 18-year study period, 166,849 patients from 797
hospitals met inclusion criteria (Supplemental Fig. 1,
http://links.Iww.com/CCM/G506), with a progressive in-
crease in the number of patients and hospitals included
over the years (Supplemental Table 2, http://links.lww.
com/CCM/G505). The median age was 69 years (IQR,
58-79 yr), and 58% were male (Table 1). Patients were
hospitalized throughout all areas of the country (14%
Northeast, 27% Southeast, 20% Midwest, 19% Southwest,
15% West), and most (81%) were located in academic
hospitals (Supplemental Table 3, http://links.lww.com/
CCM/G505). Most events had an initial nonshockable
rhythm (76%). The median length of resuscitation was 16
minutes (IQR, 8-27 min); this decreased over time from
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TABLE 1.
Trends in Baseline Characteristics in Patients With an In-Hospital Cardiac Arrest

Overall 2001-2010 2011-2018
Variables (n = 166,849) (n =75,892) (n =90,957)
Age, median (IQR) 69 (58-79) 70 (58-80) 69 (568-78)
Male sex, % 58 58 59
Race, %
White 70 71 70
Black 21 19 22
Asian 1 1 2
Other 2 2
Unknown 6 6 6
Preexisting conditions, %
Respiratory insufficiency 33 33 33
Pneumonia 12 12 12
Septicemia 113 12 14
Hypotension 19 21 18
Renal insufficiency 34 33 36
Hepatic insufficiency 7 6 7
Acute CNS event 7 7 6
Metastatic malignancy 12 13 11
Congestive heart failure (this admission) 17 19 16
Myocardial infarction (this admission) 16 17 14
Initial pulseless rhythm, %
Asystole 31 37 27
Pulseless electrical activity 45 39 50
Pulseless ventricular tachycardia 7 7 7
Ventricular fibrillation 11 13 9
Unknown 7 5 8
Hospital location of arrest, %
ICU 32 31 32
Inpatient ward 50 51 48
Emergency department 11 10 12
Other 8 7 8
Arrest at night (11 Pm to 7 am), % 33 34 32
Resuscitation length in minutes, median (IQR) 16 (8-27)2 17 (10-27)2 14 (6-27)2
Witnessed arrest, % 79 75 83
Return of spontaneous circulation achieved, % 67 60 73
Survival to hospital discharge, % 26 22 30

IOR = interquartile range.
nis 163,957 for Overall, n is 74,739 for Group 1, n is 89,218 for Group 2.

17 minutes (IQR, 10-27 min; years 2001-2010) to 14 min-  (years 2001-2010) to 73% (years 2011-2018) (p < 0.001).
utes (IQR, 6-27 min; years 2011-2018) (p < 0.001). Twenty-six percent of patients survived to hospital dis-

Return of spontaneous circulation was achieved in  charge, with an increase over time from 22% (years
67% of patients, with an increase over time from 60%  2001-2010) to 30% (years 2011-2018) (p < 0.001).
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TABLE 2.

Trends in Airway Management in Patients With an In-Hospital Cardiac Arrest

Variables

Intubated during arrest, %

Airways used, %
Laryngeal mask airway
Endotracheal tube
Tracheostomy tube

Time to intubation from onset of pulselessness
in minutes, median (IQR)

Time to intubation from onset of chest
compressions in minutes, median (IQR)

Time to intubation from first epinephrine in minutes, median (IQR)

Time to intubation from first shock in minutes, median (IQR)

Group 1: Group 2:
Overall 2001-2010 2011-2018 p (Group 1
(n=166,849) (n=75,892) (n=90,957) vs Group2)

64 71 58 <0.001
0.3 0.1 0.4 <0.001
63 70 58 <0.001
0.4 0.2 0.5 <0.001

5 (3-9) 5 (2-8) 6 (3-9) <0.001

5 (3-8)° 5 (2-8)° 6 (8-9)° <0.001

3 (0-6)° 2 (0-5)° 4 (1-7)° <0.001

5 (2-8)¢ 4 (2-8)¢ 5 (2-9)¢ <0.001

IOR = interquartile range.

2n = 106,356 for “Overall’ n =53,539 for “2001-2010, n = 52,807 for “2011-2018"
tn= 105,428 for “Overall’ n = 53,042 for “2001-2010, n = 52,386 for “2011-2018"
°n = 99,283 for “Overall! n = 48211 for “©2001-2010,;" n = 51,072 for “2011-2018;" only including patients with an initial

nonshockable rhythm.

dn=21731 for “Overall’ n = 5,640 for “2001-2010" n= 16,091 for “2011-2018;" only including patients with an initial shockable rhythm.

Intubation Rates

Overall, 64% of patients were intubated during the
arrest (Table 2). The percentage of patients intubated
during an arrest decreased over time from 69% in
2001 to 55% in 2018 (p < 0.001 for trend) (Fig. 1).
There was a similar decline in the percentage of
patients intubated for both nonshockable rhythms
and shockable rhythms, with a reduction from 73%
in 2001 to 60% in 2018 for nonshockable rhythms
(p < 0.001 for trend) and from 58% in 2001 to 36%
in 2018 for shockable rhythms (p < 0.001 for trend).
In the adjusted analysis, patients in 2018 had a 42%
reduction in odds of intubation relative to patients in
2001 (adjusted odds ratio [aOR], 0.58; 95% CI, 0.51-
0.66; p < 0.001). This decrease remained significant
when stratified by both shockable (aOR, 0.37; 95%
CI, 0.31-0.45; p < 0.001) and nonshockable initial
rhythms (aOR, 0.63; 95% CI, 0.54-0.74; p < 0.001). In
the sensitivity analysis, intubation rates were lower in
the 2011-2018 period as compared to the 2001-2010
period across all resuscitation durations (< 5, 5-10,
11-15, and > 15min) (Supplemental Table 4, http://
links.lww.com/CCM/G505).
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Time to Intubation

During the arrest, the observed time until intubation
increased over time, with a median time from onset of
pulselessness to intubation of 5 minutes in 2001 (IQR,
2-8min) compared with 6 minutes in 2018 (IQR,
4-10min) (Fig. 2). There was a significant prolonga-
tion of the median time to intubation over the entire
study period when measured annually (p < 0.001 for
trend). The time from cardiopulmonary resuscita-
tion (CPR) initiation to intubation also increased over
time, with a median time of 4 minutes in 2001 (IQR,
2-7min) to 6 minutes in 2018 (IQR, 4-10min) (p <
0.001 for trend). For nonshockable rhythms, the me-
dian time from the first epinephrine dose to intuba-
tion also increased over time from 1 minute in 2001
(IQR, 0-4min) to 4 minutes in 2018 (IQR, 2-7 min)
(p < 0.001 for trend). For shockable rhythms, the me-
dian time from first defibrillation to intubation also
increased from 2 minutes in 2001 (IQR, 0-5min) to 5
minutes in 2018 (IQR, 2-9 min) (p < 0.001 for trend).
In contrast, the observed time from onset of pulse-
lessness to CPR initiation did not change over time
(0Omin in 2001; IQR, 0-0 min and O min in 2018; IQR,
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Figure 1. A, Percentage of patients intubated during an in-hospital cardiac arrest by calendar year. B, Adjusted odds ratio of being

intubated each year with respect to the year 2001.
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Figure 2. Time to intubation (min) from the onset of pulselessness, cardiopulmonary resuscitation (CPR), first epinephrine (in
nonshockable rhythms), and first defibrillation (in shockable rhythms), over time.

0-Omin; p = 0.74 for trend) (Supplemental Fig. 2,
http://links.lww.com/CCM/G507). Similarly, for non-
shockable rhythms, the time from pulselessness to the
first epinephrine dose did not change significantly
over time (3min in 2001; IQR, 1-5min and 2min in
2018; IQR, 1-3min; p = 0.29 for trend). Finally, for
shockable rhythms, the time from pulselessness to
defibrillation also did not change over time (1 min in

Critical Care Medicine

2001; IQR, 0-4 min and 1 min in 2018; IQR, 0-3 min;
p = 0.04 for trend).

Time-Series Analysis

The interrupted time-series analysis showed a sig-
nificant downward step change in the intercept and
downward slope change when comparing the pre- and
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postintervention periods (Fig. 3). Prior to the second
half of 2010, there was no significant change over time
in intubation rates (mean difference per half-year 0.0%;
95% CI, 0.0-0.0%; p = 0.5). In the first year of the inter-
vention, there was a significant decrease in intubation
rates of -5.8% (95% CI, 0.0% to —8.4%; p < 0.001). This
drop was followed by a significant decrease over time
in the rate of intubation as compared to the preinter-
vention period (mean decrease per half-year of —1.0%;
95% CI, 0.0% to -1.0%; p < 0.001).

DISCUSSION

Our multicenter observational study, which represents
the largest longitudinal report of IHCA intubation
trends in the United States, reveals that endotracheal
intubation rates during IHCA have declined substan-
tially over time. When intubation occurs, it happens
later in the arrest. As temporal trends in IHCA intuba-
tion rates have never been previously reported to this
extent, these conclusions have important implications
for understanding current practice and guiding future
updates.

In our study, we found a decline in intubation that
coincided with the release of the updated 2010 AHA
guideline recommendations, which prioritized chest
compressions over airway management during IHCA.
It is notable that this increased flexibility in the timing
of airway management led to a decrease in the use of en-
dotracheal intubation. This suggests that practitioners

are both attuned to and responsive to national guide-
line changes. A recent study of temporal trends in med-
ication administration during IHCA similarly showed
significant practitioner responsiveness to pharmaco-
therapy guideline changes (11). Explanations for the
responsiveness to AHA guideline changes may include
the widespread accessibility of the internet and the rel-
ative ease with which knowledge can now be rapidly
disseminated, the crisis-type nature of IHCA deci-
sion-making that thus favors an algorithm-based re-
sponse, and the AHA’ training model, which requires
practitioner recertification at regular intervals.

In addition to the substantial decrease in intubation
rates over time, we also found that intubation, when
performed, occurs later in the arrest. During the early
arrest period, optimization of the chest compression
fraction, early defibrillation in shockable rhythms, and
epinephrine administration in nonshockable rhythms
have been shown to be important predictors of survival
(12-14). The increased lag time to intubation over the
years may imply that practitioners are becoming in-
creasingly focused on these other interventions during
the early resuscitation period. Although the optimal
timing and modality of airway management during
IHCA remains unknown, it is possible that early en-
dotracheal intubation may hinder the team’s ability to
comply with these evidence-based interventions.

Despite the decrease in intubation rates over time,
our study found that intubation remains the most
common airway management technique during

THCA, with 55% of patients in
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707 o o
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—

2018 undergoing intubation.
As our study was not designed
to evaluate the relationship be-
tween airway management and
outcomes, future studies are
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Although previous single-
center studies from the IHCA
realm have reached differ-
ing conclusions regarding the
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Figure 3. Interrupted time-series analysis of intubation rates over time.
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suggested that intubation may be associated with harm
(8, 9). In these observational studies, early IHCA in-
tubation was found to worsen the chance of survival
as compared to bag-mask ventilation at the individual
patient level (8), and intubation rates at the hospital
level were found to be strongly inversely associated
with rates of survival to discharge (9). Further, al-
though no randomized trials have been performed
in the IHCA setting, randomized trials in the out-of-
hospital setting have failed to show superiority of en-
dotracheal intubation to alternative airway modalities
(5-7), with one trial even suggesting inferiority when
compared with laryngeal mask airway placement (5).
As these conclusions may not apply to in-hospital set-
tings where expert airway technicians are more avail-
able, however, future randomized studies in the IHCA
realm are needed.

In light of the current pandemic caused by severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), it will be additionally instructive to see how
these intubation trends continue over time. SARS-
CoV-2 spreads via aerosolization, with intubation
ranking among the highest risk procedures for health-
care worker infection (18-20). CPR places multiple
providers in close proximity to the nose and mouth
and may represent an additional threat for aerosoliza-
tion (21, 22). This has led many to advocate for recon-
sideration of hospital resuscitation policies (23). The
extent to which these concerns will impact practice re-
mains unknown.

Limitations of our study include generalizability, as
our analysis only included hospitals participating in
our registry. These hospitals may be more responsive
to AHA guideline changes than nonparticipating hos-
pitals. Further, as the number of contributing hospitals
increased over time, it is possible that baseline differ-
ences between the included hospitals in each time pe-
riod contributed to the observed practice changes over
time (although this was adjusted for in the hierarchical
analysis). In addition, our registry does not include
data on the cause of the arrest, which may limit our
understanding of temporal trends for predominately
respiratory arrests. Nevertheless, our models adjusted
for preexisting conditions such as respiratory insuffi-
ciency and pneumonia, and the subgroup analysis for
nonshockable rhythms showed similar findings to the
total cohort. Finally, although missing data are always
a concern in large registry analyses, missing data were

Critical Care Medicine

relatively uncommon in our report, with less than 10%
missing data for each of the variables included in our
multivariable analysis.

In conclusion, in our large, multicenter, retrospec-
tive observational 18-year study, we found that the rate
of intubation during IHCA has decreased over time
and that changes to the AHA guidelines coincided
with this decline. Future studies should further inves-
tigate the optimal timing and modality of airway man-
agement during IHCA.
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