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Abstract

Background—During in-hospital cardiac arrests, it is uncertain how long resuscitation should
continue prior to termination of efforts. We hypothesized that the duration of resuscitation varies
across hospitals, and that patients at hospitals with longer attempts have higher survival rates.

Methods—Between 2000 and 2008, we identified 64,339 patients with cardiac arrests at 435
hospitals within a large national registry. For each hospital, we calculated the median duration of
resuscitation before termination of efforts among its non-survivors as a measure of the hospital’s
overall tendency for longer attempts. We then determined the association between a hospital’s
tendency for longer attempts and risk-adjusted survival using multilevel regression models.

Findings—The overall proportion of patients achieving immediate survival with return of
spontaneous circulation (ROSC) was 48-5% while 15-4% survived to discharge. For patients
achieving ROSC, the median resuscitation time was 12 minutes (IQR: 6-21) while it was 20
minutes (IQR: 14-30) for those not achieving ROSC (i.e., non-survivors). Compared with patients
at hospitals with the shortest attempts (median duration, 16 minutes), patients at hospitals with the
longest attempts (median duration, 25 minutes) had a higher likelihood of ROSC (adjusted risk-
ratio 1-12, [95% CI: 1-06-1-18]; p <0:001) and survival to discharge (adjusted risk-ratio 1-12,
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[95% CI: 1.02-1-23]; p=0:021). These findings were more prominent in cardiac arrests due to
asystole and pulseless electrical activity (p for interaction<0.01 for both ROSC and survival to
discharge).

Interpretation—The duration of resuscitation attempts varies across hospitals. Patients at
hospitals with longer attempts have a higher likelihood of ROSC and survival to discharge,
particularly when the arrest is due to asystole and pulseless electrical activity.

Funding—The American Heart Association, the Robert Wood Johnson Foundation Clinical
Scholars Program, the National Institutes of Health.

Of every 1000 patients hospitalized in Western countries, it is estimated that between 1 and
5 will suffer a cardiac arrest with fewer than 20% surviving to discharge.12 One of the most
challenging decisions facing clinicians who care for these patients is determining when to
terminate resuscitation efforts. Clinicians are frequently reluctant to continue efforts when
return of spontaneous circulation (ROSC) has not occurred early on during cardiac arrest,
given the overall poor prognosis for such patients.® However, there is unfortunately a lack of
empirical evidence to guide clinicians regarding an appropriate length of attempts at
resuscitation prior to termination of efforts. In the absence of such data, guidelines have
been unable to directly address this issue,*® and clinicians have come to rely largely upon
case series and expert opinion to guide their practice.36-2 Although this has likely led to
considerable differences in the duration of resuscitation attempts among non-survivors, little
is known about the extent of such variation in routine practice and its potential relationship
with survival.

Accordingly, we assessed patterns of duration in resuscitation attempts and risk-adjusted
survival at a large number of hospitals in the United States. Rather than examining hospital-
level variation in resuscitation duration among a// hospitalized patients with cardiac arrest,
however, we specifically focused on non-survivors in order to approximate each hospital’s
overall tendency for practicing longer attempts prior to termination of efforts. We then
hypothesized that the duration of resuscitation among non-survivors would vary
substantially across hospitals, and that patients at hospitals with longer attempts would have
a higher likelihood of ROSC and survival to discharge.

METHODS

Data source

Formerly known as the National Registry of Cardiopulmonary Resuscitation (NRCPR), the
Get With the Guidelines—Resuscitation (GWTG-R) is a large, multicenter observational
registry of in-hospital cardiac arrests. The database has been described in detail in previous
studies.19.11 Briefly, trained research personnel at participating hospitals prospectively
collect information on consecutive patients with in-hospital cardiac arrests, defined by the
absence of a central palpable pulse, apnea, and unresponsiveness. Cases are identified by
centralized collection of cardiac arrest flow sheets, reviews of hospital paging-system logs,
routine checks for use of code carts (carts stocked with emergency equipment), and hospital
billing charges for resuscitation medications. The registry uses standard Utstein definitions,
which are precisely defined variables for uniform reporting of cardiac arrests developed by
international experts.12

Study population

Between January 1, 2000 and August 26, 2008, we identified 93,535 patients aged 18 years
or older at 537 acute care hospitals with an “index” in-hospital cardiac arrest (i.e., the first
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arrest for a patient during a hospitalization) due to pulseless ventricular tachycardia (VT),
ventricular fibrillation (VF), pulseless electrical activity (PEA), and asystole.

Because of the distinct circumstances of cardiac arrests in certain settings, we excluded a
total of 18,604 patients who were in emergency departments, operating rooms, post-
operative areas, procedure areas (e.g., cardiac catheterization, electrophysiology, and
angiography suites), rehabilitation areas, or whose location was unknown or missing at the
time of their cardiac arrest.

We also excluded 1,330 patients with implantable cardioverter-defibrillators. We further
restricted our sample to hospitals with 10 or more arrests during the study period and that
reported at least 6 months of data, excluding 6,099 patients from 96 hospitals that did not
meet these criteria. Finally, we excluded 3,163 patients with cardiac arrests that lasted less
than two minutes to avoid “partial” resuscitations, or incomplete data on resuscitation
duration. Our final study population consisted of 64,339 patients at 435 hospitals (see
Appendix Figure 1).

Study definitions and endpoints

Our 2 primary study endpoints focused on survival: (1) immediate survival with ROSC
during the cardiac arrest; and (2) survival to hospital discharge. ROSC was specifically
defined as the restoration of a pulse for at least 20 minutes during the cardiac arrest. In
addition, we performed analyses to evaluate concerns about whether longer resuscitation
attempts resulted in worse neurological status despite improvements in survival (see details
below). Neurological status was available for 8,724 (84-6%) patients who survived to
discharge and was categorized into 5 groups based on previously developed cerebral
performance categories (CPCs), measured at the time of hospital discharge: no major
disability, moderate disability, severe disability, coma or vegetative state, and brain death.13

Consistent with prior work, a favourable neurological status was defined as a CPC score of 1
or 2.14.15

Covariate of interest

The key independent variable for these analyses was the median duration of resuscitation
attempts at a hospital among its non-survivors—patients who never achieved ROSC prior to
the termination of efforts. Duration (in minutes) was coded as integers, and specifically
defined as the time from onset of cardiac arrest to when efforts were terminated and the
patient declared dead. Onset of cardiac arrest was defined as when the absence of a palpable
central pulse, apnea, or unresponsiveness was first recognized. Efforts were considered
terminated at the time when cardiopulmonary resuscitation was stopped in patients without
ROSC. We focused on non-survivors (rather than all patients) when calculating the median
duration of resuscitation attempts for a hospital, given that a hospital’s overall propensity for
longer resuscitation efforts would be best reflected by its length of attempts in patients who
ultimately did not survive. For instance, a hospital that routinely performed resuscitation for
a median of 30 minutes among its non-survivors would be considered to practice more
prolonged attempts than a hospital whose non-survivors were resuscitated for a median of 15
minutes.

Statistical analyses

We stratified patients by survival status and resuscitation duration (<10, 11-19, 20-29, and
=30 minutes). We employed Kruskal-Wallis and Chi-square tests, as appropriate, to
compare baseline patient differences in demographics and clinical characteristics across
strata of resuscitation duration. We then graphed the cumulative rates of ROSC in the entire
study cohort, as well as the distribution of resuscitation duration in non-survivors.
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We used multilevel Poisson regression models with hospital-specific, random intercepts to
determine the association between patients achieving ROSC and their hospital’s median
duration of resuscitation attempts.16 Because odds ratios generated from logistic regression
may overestimate risk when the frequency of outcome is high,1718 we used Poisson
regression to directly estimate risk-ratios for ROSC. We classified hospitals into quartiles
based on their median duration of resuscitation among non-survivors, prior to their inclusion
in these models.

Based on previous work,1? the regression models adjusted for additional patient-level
covariates that may be linked to outcomes: “shockable” initial pulseless rhythms (pulseless
VT and VF); age; race; illness category (medical non-cardiac, medical cardiac, surgical
cardiac, surgical non-cardiac and trauma, obstetric, and other); pre-existing conditions
(none, myocardial infarction during hospitalization, hypotension/hypoperfusion, hepatic
insufficiency, baseline depression in central nervous system function, acute stroke, infection
or septicemia, metastatic or haematologic malignancy, renal failure, major trauma);
interventions in place at the time of cardiac arrest (invasive airway, chest tube, assisted or
mechanical ventilation, vasopressors, antiarrhythmics, vasodilators); monitoring with an
arterial line; a witnessed arrest; event location (intensive care unit [ICU], general floor/
telemetry); and the time from admission to event. The models also accounted for: off-hours
cardiac arrest (weekend or nights [11pm-7am]); initiation and time to first chest
compressions; and study period (years 2002—-2002, 2003-2005, and 2006—2008).

Finally, we adjusted for hospital characteristics that were available in 411 (94-5%) of the
435 hospitals after merging the data with information available from the 2009 American
Hospital Association Annual Survey,20 with missing information accounted for using an
indicator variable as a separate covariate. The hospital characteristics included were:
geographic region, rural location, availability of cardiothoracic surgery, and the presence of
an emergency department.

Similar regression models were constructed to evaluate survival to discharge, and survival
rates after stratifying patients based on their presenting rhythm (asystole and PEA versus
pulseless VT and VF).

Finally, we evaluated the concern of whether higher survival rates at hospitals with longer
attempts may be associated with a worse neurologic status among survivors at those
hospitals due to potentially prolonged efforts. For these analyses, we constructed similar
regression models that examined the likelihood of survival with a favourable neurological
status (i.e., defined as a CPC score of 1 or 2) across the quartiles of hospitals.

During all analyses, p-values of <0-05 were considered significant and all test were 2-sided.
Stata version 11 (StataCorp, LP, College Station, TX) was used for all analyses.

Role of the funding source

Oversight for the entire process of data collection, analysis, and reporting is provided by the
American Heart Association (AHA), its National Center staff, the NRCPR/GWTG-R
Scientific Advisory Board (SAB), and the AHA Executive Database Steering Committee
(EDSC).2! Research proposals to the GWTG-R are sequentially reviewed by a Data
Manager, the Research Task Force, a Scientific Advisory Board Sponsor, and final approval
is granted by the AHA EDSC. The original draft of the manuscript was reviewed by the
EDSC, and appropriate revisions were incorporated prior to submitting for publication. The
institutional review board of the University of Michigan Medical School approved this study
and waived the requirement for written informed consent. Drs. Goldberger and Nallamothu
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had full access to the study data, vouch for the accuracy and completeness of the analysis,
and had final responsibility to submit for publication.

Study Population

We identified 64,339 patients with an in-hospital cardiac arrest at 435 hospitals. The initial
cardiac arrest rhythm was VT or VF in 12,924 (20-1%), and PEA or asystole in 51,415
(79-9%) patients. Overall, the median resuscitation duration in the study population
including both survivors and non-survivors was 17 minutes (interquartile range [IQR]: 10—
26). A total of 31,198 (48-5%) patients achieved ROSC, while 33,141 (51-5%) patients died
after termination of resuscitation efforts. For patients achieving ROSC, the median
resuscitation time was 12 minutes (IQR: 6-21) while it was 20 minutes (IQR: 14-30) for
non-survivors who died after termination of efforts.

Among those who achieved ROSC, mean hospital length of stay (truncated at death or
hospital discharge) was 8-3 days (standard deviation [SD]: 15:0). By comparison, 9,912
(15-4%) patients ultimately survived to discharge with mean hospital length of stay from
ROSC to discharge of 16:6 days (SD: 18:0). Among 8,724 patients who survived to
discharge and who also had CPC assessments, 7,034 (80-6%) had a favourable neurological
status (CPC < 2). The rate of a favourable neurological status among survivors to discharge
did not significantly differ based on resuscitation duration (4,738 of 5,838 [81-2%] for those
with resuscitation durations of <15 minutes versus 1,724 of 2,156 [80:0%] for =15 minutes
to <30 minutes, and 572 of 730 [78-4%] for those with resuscitation durations >30 minutes;
p for comparison, 0-131). However, mean and median CPC assessments were modestly
higher among patients with longer resuscitation durations. A complete breakdown of CPC
assessments by resuscitation duration for the entire cohort overall, and stratified by rhythm
type, is shown in Appendix Table 1.

Baseline characteristics of patients who achieved ROSC and non-survivors are described in
Tables 1 and 2, respectively, stratified by resuscitation duration. A number of statistically
significant differences were demonstrated due to the large size of the study population;
however, sizeable differences between baseline characteristics and shorter attempted
resuscitation duration were less frequent. Among patients who achieved ROSC, those
differences included a higher percentage of patients with resuscitation durations <10 minutes
among those with pre-existing conditions like septicaemia or major trauma; critical care
interventions in place at time of arrest; arrests in the ICU; and witnessed arrests (Table 1).
By comparison, among non-survivors—other than those with myocardial infarction during
admission—a larger percentage of patients with pre-existing conditions were resuscitated
<10 minutes compared with =30 minutes (Table 2).

Figure 1 displays the cumulative rates of ROSC for the overall study cohort over time. Of
the 48-5% who achieved ROSC, 87-6% had restoration of a pulse by 30 minutes
(representing 42-5% of the study sample). These trends were consistent across different
groups based on the rhythm at presentation (Appendix Figure 2). As shown in Figure 2,
among non-survivors, efforts were terminated within 10 minutes in 15-8% and within 30
minutes in 76-6%.

Resuscitation Duration and Survival

The median resuscitation duration among non-survivors of hospitals in the shortest quartile
was 16 minutes, rising to 19, 22, and 25 minutes in subsequent quartiles of hospitals with
longer median resuscitation durations. Overall, patients with cardiac arrests at hospitals with
longer median resuscitation durations had higher overall survival. For example, patients at
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hospitals with the longest median duration (25 minutes) had a 12% higher likelihood of
achieving ROSC (adjusted risk-ratio 1-:12, [95% CI: 1-06-1-18]; p<0-001) compared with
patients at hospitals with the shortest median duration (16 minutes) (Table 3a). This effect
was most prominent among patients with cardiac arrests due to PEA or asystole (p for
interaction effect, 0-002), although in patients with VT or VVF the same trend approached
statistical significance across hospital quartiles. Stratified results in each of these groups are
presented in Table 3b.

Similar results were seen when we examined survival to discharge of the overall population.
Patients at hospitals in the quartile with the longest attempts had a 12% higher rate of
survival to discharge compared with those at hospitals in the quartile with the shortest
attempts (adjusted risk-ratio 1-12, [95% CI: 1-02-1.23]; p=0-0.021) (Table 3a). Furthermore,
when we analyzed survival to discharge by presenting rhythm, the findings were significant
for cardiac arrests due to PEA and asystole, but not for VT or VF (p for interaction effect
<0-001) (Table 3c).

Finally, we investigated whether the improved survival noted at hospitals with longer
median durations of resuscitation attempts occurred at the expense of poorer neurological
functioning among survivors at these hospitals at the time of discharge. Overall, we found
that the proportion of patients surviving to discharge with a favourable neurological status
(CPC < 2) was not statistically different across hospital quartiles (82-0% for patients at
hospitals in the quartile with the longest attempts versus 81-6% for those in the quartile with
the shortest attempts; p=0-858).

DISCUSSION

Despite numerous advances in resuscitation care, overall survival after in-hospital cardiac
arrest remains poor.22:23 Practitioners have been concerned about the tendency to prolong
resuscitation efforts,# although few empirical data are available to guide clinical practice.
Our analysis found substantial variation across hospitals in the duration of resuscitation
attempts. Importantly, we also discovered that patients at hospitals which averaged longer
resuscitation attempts had a higher likelihood of achieving ROSC and survival to discharge,
after accounting for differences in patients across hospitals. In fact, hospitals in the quartile
with the longest resuscitation duration had, on average, more than 50% longer attempts than
hospitals in the shortest quartile (25 minutes versus 16 minutes). While this may appear to
be a modest suggestion on the surface, this amount of additional time has substantial
implications in critically ill patients when one considers it as the time needed for re-
evaluating clinical responses and providing additional treatments.

Investigators have published relatively few studies that examine the impact of resuscitation
duration on clinical outcomes, and most of these studies have important limitations. One
report by Ballew et al. found that in a series of 313 patients, the percentage of patients who
survived to discharge was 45% when resuscitation duration lasted <5 minutes, and <5%
when the resuscitation extended beyond 20 minutes.6 Another series found only a 2%
survival if the resuscitation was continued beyond 10 minutes, while others have
determined that resuscitation duration was an independent predictor of mortality both during
and after the arrest.” More recently, an analysis from a single-hospital registry in Taiwan
suggested that the rate of achieving ROSC was >90% among patients resuscitated for less
than 10 minutes but approximately 50% for those resuscitated for 30 minutes or more.24

Based upon this literature, experts have generally advocated for reassessing efforts when
responses to treatment have not become apparent early on during resuscitation, and these
recommendations may have broad influence in contemporary practice.3 While these findings
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indicate that longer resuscitation durations are clearly associated with worse survival, this
interpretation in isolation may be misleading when trying to make inferences about the
length of resuscitation attempts affect survival. First, these studies include survivors and
non-survivors in their assessments of resuscitation duration. Including survivors in the
determination of resuscitation duration shifts the distribution of resuscitation duration in the
entire study population toward shorter time periods overall, and makes it less optimal as an
explanatory variable, as ROSC typically occurs early on among most survivors. Second, it
does not consider cumulative survival rates over time or examine the potential impact of
extending resuscitation attempts. For example, in the paper by Ballew et al. discussed above,
more than 50% of survivors were resuscitated for longer than 5 minutes and 10% were
resuscitated for longer than 20 minutes. In the analysis from Taiwan, more than 30% of
patients achieving ROSC did so only after 30 minutes of resuscitation. Finally, the earlier
studies above typically represented a single hospital, and resuscitation duration may be
influenced by local practices.

Our analysis addresses limitations of earlier studies and extends this body of work. It
specifically takes advantage of potential differences in the local practice of resuscitation
across hospitals. Our findings suggest that how long resuscitation efforts are continued prior
to their termination varies substantially across hospitals. By looking at the distribution of
resuscitation duration among survivors and non-survivors of cardiac arrest separately, we
also confirmed that most survivors achieve ROSC early on during resuscitation but noted
that a non-trivial number of survivors also require longer than 30 minutes prior to ROSC.
This last observation is important because we also found that fewer than 25% of those who
died during the cardiac arrest were resuscitated for at least 30 minutes, suggesting that
attempts in most patients are rarely extended for this long.

Our most notable finding, however, was that longer attempts at resuscitation may be linked
to higher rates of ROSC and survival to discharge. We found that patients at hospitals where
longer attempts occurred had higher survival rates when compared with hospitals where
attempts were shorter, independent of measured patient characteristics. This may be because
hospitals that more reliably implement guidelines for resuscitation care systematically
perform resuscitation attempts for longer, and this is the reason behind improved survival.
However, the finding also suggests an opportunity for improving care in this high-risk
population by standardizing the time required for continuing resuscitation attempts prior to
decisions regarding termination of efforts.

So how may our results impact clinical practice? In one of the earliest studies of in-hospital
cardiac arrest, Dr. Edward Stemmler noted that in 103 patients at his institution, the
“duration of a single resuscitative attempt varied from a few minutes to almost 3 hours” with
most attempts terminated when ROSC could not be established after a 15- to 30-minute
trial.8 In the nearly 50 years that have intervened since this study, we unfortunately have not
come much closer to determining when resuscitation should be terminated, after long
enough efforts. In this context, our findings, utilizing patient and hospital level data from the
largest representative sample of patients with in-hospital cardiac arrest in the United States,
provide empiric evidence that there continues to be a wide variation in clinical practice and
suggest standardized approaches to ensure resuscitation attempts occur for at least a
minimum period of time could improve survival. Of course, we are unable to provide a
specific cutoff from these data, and furthermore, are hesitant to do so. This aspect of care
will always require clinical judgment as increasing the length of resuscitative measures must
be always balanced against the potential downside of futile care. Yet, on the whole, it could
be argued that extending resuscitation attempts by 10 or 15 minutes more will have marginal
effects on resource utilization once efforts have already begun, but may improve outcomes.
This will require further study.
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A particularly noteworthy finding is that patients with PEA or asystole may derive the most
benefit from longer attempts. Some literature has supported stopping resuscitative efforts if
asystole has been present for more than 10 minutes without an identifiable and reversible
cause,3 and that hospitalized patients who sustain an unwitnessed PEA or asystole arrest for
more than 10 minutes are unlikely to survive.2> In our sample of in-hospital cardiac arrests,
the likelihood of achieving ROSC and survival to discharge was significantly worse when
the initial rhythm is PEA and asystole, compared with VT or VF. However, these patients
also appear to be the most likely to benefit from longer resuscitation attempts, with an
increase in ROSC from approximately 42% to 48% between hospitals in the shortest to
longest quartiles. Those with VT or VF had a less pronounced effect. These findings may
reflect the fact that survival among patients with VT or VF is frequently driven mostly by
their immediate response to defibrillation, rather than other factors.

Our study should be interpreted with the following limitations in mind. While GWTG-R
offers a unique opportunity to study resuscitation duration, it is a voluntary registry.
Although our final study population consisted of 435 hospitals with broad regional
representation from across the United States, these findings may not be representative of all
hospitals, since participating hospitals tend to be larger. Second, the observational nature of
this study means that we cannot directly demonstrate a causal relationship between longer
resuscitation attempts and higher survival rates. It may be that factors related to better
resuscitation care, such as more reliable implementation of guidelines, are associated with
longer resuscitation attempts and improved survival. In this regard, unmeasurable variables
that affect the duration of resuscitation—namely, the quality of chest compressions and code
team performance—also may affect decision-making in regard to resuscitation care and
outcomes, but are not collected in this registry adding to the potential for residual
confounding.28:27 This also means that rates of survival to discharge may stem from
hospital-specific administrative practices, such as discharge planning, following
resuscitation. Third, as with any observational registry there remains the possibility that
errors may occur during data collection or that there may be variation in how arrests are
documented across hospitals. However, prior studies that have examined the overall
accuracy of the GWTG-R through a random, re-auditing process suggest mean error rates
are low overall at approximately 2-4%.19 Finally, we were unable to account for long-term
outcomes in survivors of resuscitation, including functional status, after hospital discharge.
The extent to which these critically ill patients benefit from survival months to years after
their cardiac arrest should be the ultimate measure of the utility of resuscitation measures.

In summary, we found significant variation across hospitals in the duration of resuscitation
attempts. Patients at hospitals with longer resuscitation durations had higher rates of ROSC
and survival to discharge, particularly with PEA and asystole. Although the optimal
resuscitation duration for any individual patient will continue to remain a bedside decision
that relies on careful clinical judgment, hospitals may need to consider whether efforts to
systematically increase their duration of resuscitation attempts prior to termination efforts
may improve survival in these high-risk patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Cumulative ROSC of the total population
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Figure 1.

Shown is the cumulative percentage of patients achieving ROSC. Overall, 48-5% of the total
population achieved ROSC. By 30 minutes, 42:5% achieved ROSC.
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Distribution of resuscitation duration among non-survivors
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Figure 2.

Shown is the distribution of resuscitation duration among non-survivors; efforts were
terminated within 10 minutes in 15-8% and within 30 minutes in 76-6%.
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