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eAppendix. Supplemental Methods

Time-dependent propensity score calculation

The propensity score was calculated using a nonparsimonious multivariable Cox
proportional hazards model. The outcome for the Cox model was time to intubation during
the cardiac arrest. Patients were censored if the resuscitation ended (with or without return
of spontaneous circulation [ROSC]) without intubation. All variables presented in Table 1
were included in the model including quadratic and cubic terms of age' and year as a
categorical variable with each year a separate category. Since administration of epinephrine
is associated with outcomes in in-hospital cardiac arrest™’, we entered receipt of the first
epinephrine dose in the Cox model as a time-dependent covariate. The potential
confounding effects of epinephrine could depend on the initial rhythm and we therefore also
entered an interaction between epinephrine administration and the first documented rhythm
to the model. Timing of the first defibrillation in patients with a shockable rhythm is also
associated with outcomes”. For those with a shockable rhythm, we therefore entered the first
defibrillation in the Cox model as a time-dependent covariate. We chose all variables a
priori based on prior work'**'® and/or clinical reasoning as well as availability in the
GWTG-R registry. The propensity score for each patient was then derived from the Cox
model as the hazard component (i.e. the linear predictor) at any given minute from the
model.'"""? The proportional hazards assumption was tested by including an interaction
between each variable (except time-varying variables) and the natural logarithm of time.
Given the large sample size, the proportional hazards assumption was determined to be met
if the p-value from the interaction was > 0.01. Variables not meeting the proportional

hazards assumption were included as time-varying covariates allowing the variables’
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association with intubation to change every five minutes (i.e. different hazard ratios at 0 — 4,

5-9, and 10 — 15 minutes).

Rationale for the time-dependent propensity score and risk set matching approach
Traditional propensity score matching allows for matching of exposed and unexposed

patients based on a set of measured characteristics at a given point in time.'>"

However,
when covariates and the exposure (i.e. intubation) are time-dependent it is desirable that the
distribution of covariates are balanced not only at baseline but also at any given time where
the patients are at risk of the exposure.'' For example, the risk of intubation (as quantified
by the propensity score) might depend on whether or not the patient has received
epinephrine. As receipt of epinephrine may also be associated with outcomes™, it is
essential that the exposed and unexposed patients are balanced on this covariate to avoid
biased results. Simply adding a variable with yes vs. no epinephrine administration at any
time during resuscitation is not optimal, as epinephrine might have been given after the
intubation. Moreover, the association between a variable (e.g. location of the event) and
intubation may vary over time. By allowing variables not meeting the proportional hazards
assumption to vary over time, a more flexible model is created and we ensure that the
exposed and unexposed are better balanced at any given time-point.

. 3,12,15
As also described elsewhere™ =

, the use of risk set matching is essential to reduce bias
when assessing interventions during cardiac arrest. First, the duration of a cardiac arrest is
associated with intubation i.e. the longer the cardiac arrest the higher the chance of the

patient being intubated. As such, if one were to simply compare intubated to nonintubated

patients, this would essentially be comparing patients with longer vs. shorter duration of
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cardiac arrest. As an extreme example, one could imagine that all patients were intubated at
minute 10. The comparison of intubated vs. nonintubated patients would then be a
comparison of patients with ROSC or termination of resuscitation < 10 minutes to patients
with ROSC or termination of resuscitation > 10 minutes. Since the duration of the cardiac

16.17 and termination without

arrest (i.e. time to ROSC) is strongly associated with outcomes
ROSC is rarely performed before 10 minutes this would create severely biased results.
Secondly, since interventions during cardiac arrest including intubation could theoretically
influence the duration of the cardiac arrest (e.g. intubation leading to rapid ROSC), one
cannot simply adjust for the duration of the cardiac arrest as early ROSC could be a
mediator of the potential effect of intubation on outcomes such as survival to hospital
discharge.

Lastly, the practical importance of using risk set matching is evident from two
observational studies regarding epinephrine administration in out-of-hospital cardiac arrest.
The two studies used the same database but one used time-dependent propensity score
matching'? whereas the other used traditional propensity score matching'®, ultimately
yielding differing results with important differences in the conclusions of the paper. While it

is obviously unclear which study had the correct results, the findings do indicate that the

concepts discussed above are not purely theoretical.

Interpretation of the effect estimates
The interpretation of the results from the analyses using time-dependent propensity scores
and risk set matching is different from that obtained from traditional logistic regression or

propensity score-matched analysis. The effect estimate (i.e. risk ratio) from the current
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study should be interpreted as the risk of the outcome (e.g. survival) in a patient being
intubated during cardiac arrest at a given minute (from 0 to 15) compared to a similar
patient (based on characteristics at that minute) who was not intubated before or at that
minute (“as yet untreated”).” These “as yet untreated” patients include those being
intubated at a later time point as well as patients never intubated. We believe this
interpretation is more clinically relevant as a clinician might consider intubating a patient at
any given minute with future events being unknown.'” That said, the effect estimates
obtained from this approach (assuming no confounding, no selection bias, and no
information bias) would likely be closer to one (i.e. less of an effect) compared to a

randomized controlled trial comparing intubation to strictly no intubation.

Multiple imputation

We performed multiple imputation assuming that the data were “missing at random”.”’ Data
were missing or inconsistent on at least one variable for 35,731 patients (25%) with a
median number of missing variables of 0 (quartiles: 0, 0, mean: 0.5, standard deviation: 1.4).
In order to account for this, missing values for intubation, categorical covariates, and the
outcomes (ROSC, survival and good functional outcome) were imputed using the fully
conditional specification method”' and a total of 20 data sets were created””. Time to
intubation and time to the end of resuscitation were then imputed for each of the 20 data sets
using Poisson distributions and time to epinephrine/defibrillation was imputed using zero-
inflated Poisson distributions for those receiving epinephrine/defibrillation.*** We then

performed the time-dependent propensity score matching and modified Poisson regression

© 2017 American Medical Association. All rights reserved.

Downloaded From: by a Beth |srael Deaconess Medical Center User on 07/18/2018



on each of these 20 data sets and combined the results using SAS “proc mianalyze”. For this

analysis, we accounted for the matching and not hospital-level clustering.

Non-time-dependent propensity score matching

As a post hoc analysis, we conducted a non—time-dependent propensity score—matched
analysis. For this analysis, the propensity score was calculated based on a logistic regression
model with intubation within the first 15 minutes (but otherwise irrespective of timing) as
the outcome. This model included all variables included in our main analysis except
administration of epinephrine and receipt of defibrillation since these are time-dependent
and therefore cannot be included in a meaningful way. Based on the propensity score,
patients were then matched using a nearest neighbor-matching algorithm with a maximum
caliber of 0.01 of the propensity score. After the matching, similar analyses were performed
as for our time-dependent propensity score—matched cohort. However, as discussed above,

this approach has important limitations and the results should be interpreted with caution.
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eTable 1. Definitions of Preexisting Conditions

Variable Definition

History of myocardial Documented diagnosis of myocardial ischemia (acute coronary

infarction syndrome)/infarction prior to this admission

Myocardial infarction this | Documented diagnosis of myocardial ischemia (acute coronary

admission syndrome)/infarction this admission.

History of heart failure Documented diagnosis of congestive heart failure prior to this
admission

Heart failure this Documented diagnosis of congestive heart failure this admission prior

admission to the cardiac arrest

Respiratory insufficiency Evidence of acute or chronic respiratory insufficiency within 4 hours
up to the time of the event, defined by any of the following:
e Pa0,/FiO; ratio < 300 (in the absence of preexisting
documented cyanotic heart disease)
e Pa0, <60 mm Hg (in the absence of preexisting documented
cyanotic heart disease)
e Sa0; <90 % (in the absence of preexisting documented
cyanotic heart disease)
e PaCO,, EtCO; or TcCO, > 50 mm Hg
e Spontaneous respiratory rate > 40/min or < 5/min
e Requiring noninvasive ventilation (e.g., bag-valve-mask, mask
or nasal continuous/bi-level positive airway pressure, negative
pressure ventilation)

Diabetes mellitus Documented diagnosis of Type I or Type II diabetes mellitus
Renal insufficiency Evidence of renal insufficiency prior to the event, defined by any of the
following:

e Requiring ongoing dialysis or extracorporeal filtration therapies
e Creatinine > 2 mg/dL within 24 hours up to the time of the
cardiac arrest

Metastatic/hematologic Any solid tissue malignancy with evidence of metastasis, or any blood
malignancy borne malignancy

Hypotension/hypoperfusion | Evidence of hypotension within 4 hours up to the time of the event,
defined by any of the following:
e Systolic blood pressure < 90 mm Hg or mean arterial pressure
<60 mm Hg
e Vasopressor/inotropic requirement after volume expansion
(except for dopamine < 3 mcg/kg/min)
e Intra-aortic balloon pump

Pneumonia Documented diagnosis of active pneumonia, where antibiotics have not
yet been started or the pneumonia is still being treated with antibiotics
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eTable 1. Definitions of preexisting conditions (continued)

Variable

Definition

Baseline depression in
central nervous system
function

Evidence of chronically depressed central nervous system function
including a motor, cognitive, or functional baseline deficit (at time of
system entry)

Metabolic/electrolyte

Evidence of metabolic/electrolyte abnormality within 4 hours up to the

abnormality time of the event, defined by any of the following:
e Sodium < 125 or > 150 mEq/L
e Potassium <2.5 or > 6 mEq/L
e pH <73 or>7.5 (arterial)
e Lactate > 2.5 mmol/L,
e Blood glucose < 60 mg/dL
Septicemia Bloodstream infection where antibiotics have not yet been started or

the infection is still being treated with antibiotics. Documentation of
"presumed sepsis" without confirmatory positive blood cultures would
not constitute septicemia

Acute central nervous
system nonstroke event

Evidence of decreased mental status, delirium, or coma not due to
acute stroke within 4 hours up to time of the event

Hepatic insufficiency

Evidence of hepatic insufficiency within 24 hours up to the time of the
event, defined by any of the following:
e Total bilirubin > 2 mg/dL and aspartate aminotransferase > 2
times normal
e Cirrhosis

Acute stroke

Documented diagnosis during this hospitalization of stroke, ischemic
stroke, or hemorrhagic stroke

Major trauma

Evidence of multi-system injury or single system injury associated with
shock or altered mental status during this admission and prior to the
cardiac arrest
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eTable 2. Intubation Confirmation Method(s) in Those Intubated Within 15

Minutes

Confirmation method Intubation within 15 min
(n=70,279)*

Expired carbon dioxide detector 47,872 (68)

Flexible/fiberoptic laryngoscope 376 (1)

Esophageal detector device 485 (1)

Other (except auscultation) 50,189 (71)

None documented 5058 (7)

* Data missing on 1,336 patients

eTable 3. Documented Drugs Administered During the Cardiac Arrest Other Than

Epinephrine
Drug All patients
(n =107,351)*
Vasoactive drugs other than epinephrine
Norepinephrine 11,274 (11)
Phenylephrine 3314 (3)
Dobutamine 2371 (2)
Dopamine 19,519 (18)
Other vasopressor 2904 (3)
Antiarrhythmic drugs
Amiodarone 18,256 (17)
Lidocaine 9051 (8)
Atropine 65,507 (61)
Procainamide 189 (0)
Adenosine 379 (0)
Others
Sodium bicarbonate 52,383 (49)
Calcium chloride/carbonate 27,349 (25)
Dextrose bolus 6425 (6)
Magnesium sulfate 10,077 (9)

* Data missing on 728 patients
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eFigure 1. Proportion of In-Hospital Cardiac Arrest Patients Intubated Within 15

Minutes Over Time
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Proportion of patients with in-hospital cardiac arrest intubated within 15 minutes
according to year. The error bars represent exact binomial 95% confidence intervals.
There was a significant decrease in the proportion of patients intubated (p < 0.001 for

trend).
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eFigure 2. Distribution of Time to Intubation in Those Intubated (A) and
Cumulative Proportion of Patients Intubated in the Entire Cohort (B)
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A: Distribution of the time to intubation in those intubated (n = 75,579). In those
intubated within the first 15 minutes, the median time to intubation was 5 minutes
(quartiles: 3, 8)

B: The cumulative proportion of patients intubated within the first 15 minutes in the full
cohort (n = 108,079). 66% of all patients, corresponding to 95% of those intubated, were

intubated within the first 15 minutes.
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eFigure 3. Risk Ratios (A) and Survival to Hospital Discharge (B) Comparing
Intubation to No Intubation According to the Time of Matching
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A: Risk ratios for the comparison of intubation to no intubation in the matched cohort
according to the minute of matching for the outcome survival to hospital discharge.
Values below one indicates that intubation was associated with decreased survival. When
time of matching was treated as a linear continuous variable, there was no interaction

between intubation and the time of matching (p = 0.22).
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B: Survival to hospital discharge in the matched cohort according to intubation and
minute of matching with 95% exact binomial confidence intervals.

The sample size for each minute is provided below the figure.
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