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Background-—Variability in the duration of attempted in-hospital cardiopulmonary resuscitation (CPR) is high, but the factors
influencing termination of CPR efforts are unknown.

Methods and Results-—We examined the association between patient and hospital characteristics and CPR duration in 45 500
victims of in-hospital cardiac arrest who did not experience return of spontaneous circulation (ROSC) and who were enrolled in the
Get With the Guidelines registry between 2001 and 2010. In a secondary analysis, we performed analyses in 46 168 victims of in-
hospital cardiac arrest who experienced ROSC. We used ordered logistic regression to identify factors associated with CPR
duration. Analyses were conducted by tertile of CPR duration (tertiles: ROSC group: 2 to 7, 8 to 17, and 18 to 120 minutes; no-
ROSC group: 2 to 16, 17 to 26, 27 to 120 minutes). In those without ROSC, younger age (aged 18 to 40 versus >65 years;
odds ratio [OR] 1.81; 95% CI 1.69 to 1.95; P<0.001), female sex (OR 1.05; 95% CI 1.02 to 1.09; P=0.005), ventricular tachycardia
or fibrillation (OR 1.50; 95% CI 1.42 to 1.58; P<0.001), and the need to place an invasive airway (OR 2.59; 95% CI 2.46 to
2.72; P<0.001) were associated with longer CPR duration. In those with ROSC, ventricular tachycardia or fibrillation (OR 0.89;
95% CI 0.85 to 0.93; P<0.001) and witnessed events (OR 0.87; 95% CI 0.82 to 0.91; P<0.001) were associated with shorter
duration.

Conclusions-—Age and sex were associated with attempted CPR duration in patients who do not experience ROSC after in-hospital
cardiac arrest but not in those who experience ROSC. Understanding the mechanism of these interactions may help explain
variability in outcomes for in-hospital cardiac arrest. ( J Am Heart Assoc. 2014;3:e001044 doi: 10.1161/JAHA.114.001044)
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A pproximately 200 000 in-hospital cardiac arrests (IH-
CAs) occur in the United States annually, and outcomes

remain poor.1,2 Detailed guidelines dictate how cardiopulmo-

nary resuscitation (CPR) should be performed (eg, rate and
depth of compressions, number of breaths), but comparatively
little is known about when resuscitation should be terminated.
American Heart Association CPR guidelines do not make
specific recommendations regarding the timing of CPR
termination in IHCA.3 No diagnostic tests reliably indicate
which patients will survive a cardiac arrest. Consequently,
health care providers must rely on other factors to determine
when to terminate CPR. The process by which this decision
making occurs is not well understood. In the event of return of
spontaneous circulation (ROSC), CPR is terminated because
the patient is no longer in cardiac arrest. For patients without
ROSC, the decision to continue or terminate CPR is more
difficult in the absence of standardized and objective
measures of futility.

Recent studies suggest that the duration of resuscitation
may be associated with survival. In a recent analysis by
Goldberger et al,4 hospitals with a longer median duration of
resuscitation were found to have higher rates of survival. It is
possible that the wide variability in outcome after IHCA is
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related to differences in how clinicians decide when to start
and stop CPR. Although the contribution of various patient
factors to outcomes in IHCA has been well documented, little
is known about the factors that affect the duration of
attempted CPR after IHCA.5–16 Some studies have shown that
age and sex may affect both the decision to perform CPR and
CPR duration,17,18 but these studies were limited by small
sample size. Furthermore, it is not known whether other
patient- or hospital-level factors affect attempted CPR dura-
tion.

We hypothesized that patient-level factors, such as age,
race, and sex, are related to attempted CPR duration in IHCA.
To evaluate this hypothesis, we used the largest and most
comprehensive registry of IHCA events, the Get With The
Guidelines–Resuscitation (GWTG-R) registry. In our primary
analyses, we evaluated only those without ROSC after IHCA, a
group in which CPR lasts until a decision is made to
terminate. In secondary analyses, we evaluated the associa-
tion between patient- and hospital-level factors and CPR
duration in patients with ROSC after IHCA. In this group, CPR
is terminated because resuscitation was successful rather
than as the result of a physician or team decision to stop
unsuccessful efforts.

Methods
The GWTG-R registry is a multicenter database of IHCA events
maintained by the American Heart Association. In this
retrospective study, data from the GWTG-R registry were
used to determine the predictors of CPR duration in
hospitalized patients.

Briefly, data in the GWTG-R registry are collected according
to standardized Utstein definitions.19 Cardiac arrest is defined
as the absence of a palpable central pulse, apnea, and
unresponsiveness. Cardiac arrests are identified by review of
cardiac arrest flow sheets, review of paging system logs,
routine checks of CPR carts, and screening for charges from
hospital billing offices. The records of patients with docu-
mented cardiac arrest and without active do-not-resuscitate
orders are reviewed by dedicated study staff members, and
deidentified data are transmitted to a central database.
Additional details about the GWTG-R registry have been
described previously.20

Study Population
The study cohort included all subjects with treated cardiac
arrest in the GWTG database from 2001 to 2010. Initially,
137 691 patients with detailed information on IHCA were
identified (Figure 1). We excluded those aged <18 years (n=3)
and hospital employees (n=192). We also excluded patients

with implantable cardioverter-defibrillators (n=2273) and
events that occurred in emergency departments; operating
rooms or postoperative areas; and procedural, ambulatory,
and rehabilitation areas (n=23 388). Events <2 minutes or
>120 minutes in duration (n=3260) were excluded from the
analyses. We also excluded events that were not the first
event in the index admission (n=16 575) and that occurred at
hospitals that reported <6 months of data and had <10
cardiac arrests during the study period (n=342). A total of
91 658 events were included in the final analyses.

CPR Duration
Based on the GWTG-R protocol, a start time and an end time
for CPR were collected from the resuscitation sheet. For the
purposes of this study, CPR duration was defined as the entire
time of CPR in minutes from the start to the end of the event.
The distribution of the CPR duration was determined, and CPR
length was divided into tertiles to categorize events as short
duration, medium duration, and long duration.

Study Variables
Coding of study variables was performed by the hospitals at
which the events occurred. Patient-level factors (demograph-
ics, comorbidities, intra-arrest factors) hypothesized to influ-
ence IHCA CPR duration were evaluated. These factors

137 691 patients with detailed 
information on IHCA 2468 patients excluded :

•3 with age <18
•192 hospital employees
•2273 with ICDs

91 658 events with sufficient 
data for analysis 

45 500 eligible events in non
survivors

23 388 events excluded:
•13 018  emergency departments
•8071 operating and procedural areas
•864 ambulatory and rehabilitation areas
•1435 other areas

19 835 events excluded:
•2797 duration  <2 minutes
•463 duration >120 minutes
•16 575 nonindex events

342 events excluded for hospitals 
reporting insufficient data

46 158 event survivors excluded

135 223 eligible patients

111 835 events which occurred 
in eligible inpatient areas

92 000 index events of eligible 
duration

Figure 1. Study cohort with associated inclusion and exclusion
variables. ICD indicates implantable cardioverter-defibrillator;
IHCA, in-hospital cardiac arrest.

DOI: 10.1161/JAHA.114.001044 Journal of the American Heart Association 2

Factors Associated With CPR Duration Khan et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



included those previously shown to be associated with
outcome after IHCA in this cohort and others. Demographic
factors included age, race, and sex. Comorbidities were
defined as cardiac (arrhythmia, congestive heart failure, and
myocardial infarction), pulmonary (respiratory insufficiency
and pneumonia), neurological (acute stroke, central nervous
system depression, acute nonstroke neurologic events), renal
(renal insufficiency), or metastatic or hematologic malignancy.
Patients who had known prior cardiac arrest were identified.

Intra-arrest factors evaluated included arrest location,
initial rhythm, presence of witnesses, temporal arrest char-
acteristics, and etiology. The location of the event was
identified as 1 of the following areas: unmonitored hospital
bed, monitored hospital bed, or intensive care unit. The initial
rhythm (asystole, pulseless electrical activity, or ventricular
tachycardia or fibrillation) was recorded. The absence or
presence of at least 1 defibrillation during the event was
recorded. Events were categorized as occurring on a weekend
(11:00 PM Friday through 6:59 AM Monday) or nonweekend
day and as occurring during the day (7:00 AM through
10:59 PM) or at night (11:00 PM through 6:59 AM).

The presumed cause of the arrest was divided into the
following categories: cardiac (active or evolving myocardial
infarction, arrhythmia, pulmonary edema), respiratory (pulmo-
nary embolus, acute respiratory insufficiency, inadequate
natural or invasive airway, ventilator malfunction, and pneu-
mothorax), neurological (acute stroke, status epilepticus), or
systemic/metabolic (hypotension or hypoperfusion, hypother-
mia, metabolic or electrolyte abnormalities). Events could be
classified as having >1 cause. In the coding instructions for
this registry, hypotension or hypoperfusion is defined as
systolic blood pressure <90 mm Hg or mean arterial pressure
<60 mm Hg. Acute respiratory insufficiency is defined by the
need for emergency assisted ventilation within 1 hour up to
the time of the cardiopulmonary arrest, PaO2:FiO2 ratio <300,
PaO2 <60 mm Hg, SaO2 <90%, PaCO2 >50 mm Hg, or a
spontaneous respiratory rate >40 breaths per minute or <5
breaths per minute. Hypothermia is defined as a core
temperature <34°C. Metabolic or electrolyte abnormalities
were defined as blood glucose <60 mg/dL, lactate
>2.5 mmol/L, magnesium >4 mEq/L, arterial pH <7.3 or
>7.5, potassium <2.5 or >6 mEq/L, and sodium <125 or
>150 mEq/L. The presence or absence of assisted ventilation
(either a mechanical ventilator or invasive airway) and the
need to place an invasive airway were evaluated.

Hospital Factors
CPR duration may be related to institutional factors like
hospital policies and practices. Consequently, we evaluated
several hospital factors to determine their impact on CPR
duration: geographic region (Atlantic, north central, south

central, Mountain–Pacific), inpatient-bed volume (<250 beds
[small], 250 to 499 beds [medium], >500 beds[large]), and
academic training program status (presence or absence of
residency or fellowship training programs). Also evaluated
were urban versus rural status, for-profit versus public status,
and event volume. Hospitals were coded as high volume if the
median IHCA volume was greater than the median in the
entire study sample.

Outcome Measures
The main outcome variable was CPR duration in minutes.

Statistical Methods
The baseline characteristics of the study sample were
evaluated using ANOVA for continuous variables and chi-
square tests for categorical variables. Summary statistics
were used to characterize CPR duration, and a graph was
used to determine the distribution. Differences in baseline
characteristics by tertile of CPR duration were analyzed using
ANOVA or chi-square tests. Ordered logistic regression was
used to examine the multivariable associations of patient- and
hospital-level factors with CPR duration. CPR duration was
included in the model in tertiles.21 Multivariable analyses
included CPR duration as the dependent variable and age, sex,
race, pre-existing comorbidities, prior cardiopulmonary arrest,
prior intensive care unit stay, event location, initial rhythm,
witnessed versus unwitnessed event, weekend versus non-
weekend, night versus day, pre-existing airway or mechanical
ventilation, the need to place an invasive airway, cause of
arrest, academic hospital status, hospital size, urban versus
rural status, public versus for-profit status, hospital location,
and high versus low volume as the independent variables. To
determine the proportion of the variability that occurred
between hospitals, an intraclass correlation coefficient was
calculated as between-hospital variance divided by the sum
of between-hospital variance and within-hospital variance.
Events of <2 minutes in duration were included in the
sample in a secondary analysis.

All statistical analyses were performed using SAS version
9.1 (SAS Institute Inc). This study was approved by the
institutional review board at the Hospital of the University of
Pennsylvania.

Results
The final study cohort, including those both with and without
ROSC, consisted of 91 658 patients from 470 hospitals
(Figure 1). Baseline characteristics of the study sample are
shown in Table 1. Compared with the ROSC group, those
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Table 1. Baseline Characteristics of the Study Participants and Hospital Characteristics in the Entire Sample and by Survival
Status

Entire Sample N=91 658 No ROSC n=45500 ROSC n=46 158 P Value (ROSC vs No ROSC)

Patient-level characteristics

CPR duration in minutes, median (IQR) 17 (18) 21 (17) 12 (15) <0.001

Male sex, n (%) 53 049 (58) 27 136 (60) 25 913 (56) <0.001

Age in years, mean�SD 66.5�15.8 67.1�16.1 66.0�15.4 <0.001

Black race, n (%) 18 496 (20) 9649 (21) 8847 (19) <0.001

Pre-existing diagnoses, n (%)

Neurological 20 680 (23) 10 377 (23) 10 303 (22) 0.08

Cardiac 55 503 (61) 26 455 (58) 29 048 (63) <0.001

Pulmonary 45 232 (49) 22 210 (49) 23 022 (50) 0.001

Renal 32 741 (36) 15 642 (34) 17 099 (37) <0.001

Metastatic or hematologic malignancy 12 367 (13) 6809 (15) 5558 (12) <0.001

Prior cardiac arrest 1895 (2) 747 (2) 1148 (2) <0.001

Arrest location, n (%)

ICU 53 546 (58) 25 672 (56) 27 874 (60) <0.001

Monitored 19 382 (21) 9225 (20) 10 157 (22)

Unmonitored 18 730 (20) 10 603 (23) 8127 (18)

Initial rhythm, n (%)

VT/VF 17 551 (19) 6585 (14) 10 966 (24) <0.001

PEA 39 580 (43) 19 516 (43) 20 064 (43)

Asystole 34 527 (38) 19 399 (43) 15 128 (33)

Weekend, n (%) 29 633 (32) 15 200 (33) 14 433 (31) <0.001

Night, n (%) 32 448 (35) 17 298 (38) 15 150 (33) <0.001

Witnessed arrest, n (%) 72 688 (79) 34 595 (76) 38 093 (83) <0.001

Interventions present at time of arrest, n (%)

Mechanical/assisted ventilation 28 776 (31) 14 508 (32) 14 268 (31) 0.002

Invasive airway 28 609 (31) 14 233 (31) 14 376 (31) 0.66

Need to place an airway at time of arrest 48 386 (53) 24 367 (54) 24 019 (52) <0.001

Cause of event, n (%)

Cardiac 57 569 (63) 27 455 (60) 30 114 (65) <0.001

Respiratory 38 383 (42) 18 986 (42) 19 397 (42) 0.36

Neurological 871 (1) 386 (1) 485 (1) 0.002

Systemic/metabolic 41 486 (45) 21 083 (46) 20 403 (44) <0.001

Hospital-level characteristics

Academic hospital, no. of events (%) 60 409 (66) 29 194 (64) 31 215 (68) <0.001

Urban hospital, no. of events (%) 86 346(94) 42 614 (94) 43 732 (95) <0.001

For-profit hospital, no. of events (%) 10 484 (11) 5431 (12) 5053 (11) <0.001

High CPR volume*, no. of events (%) 79 985 (87) 39 016 (86) 41 969 (89) <0.001

Hospital size, no. of events (%)

Small (<250 beds) 19 243 (21) 10 473 (23) 8770 (19) <0.001

Medium (250 to 499 beds) 39 454 (43) 19 686 (43) 19 768 (43)

Large (≥500 beds) 32 961 (36) 15 341 (34) 17 620 (38)

Continued
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without ROSC were older (mean age 67.1�16.1 versus
66.0�15.4 years; P<0.001) and more likely to be male
(60% versus 56%; P<0.001).

Attempted CPR duration was highly variable, and the
distribution was right-skewed in both groups (Figure 2). The
median CPR duration in those who did not experience ROSC
was 21 minutes (interquartile range: 17 minutes) compared
with a median duration of 12 minutes (interquartile range:
15 minutes) for those who experienced ROSC. The tertiles of
CPR duration were 2 to 7, 8 to 17, and 18 to 120 minutes for
the ROSC group and 2 to 16 minutes, 17 to 26 minutes, and
27 to 120 minutes for the no-ROSC group.

Primary analyses were limited to those without ROSC. This
group was predominantly male (60%, n=27 136), and 21%
were black (n=9649). The most common pre-existing condi-
tions at the time of the arrest were cardiac (58%, n=26 455)
and pulmonary (49%; n=22 210), with fewer patients having
neurological (23%; n=10 377) or renal (34%; n=15 642)
diagnoses. The most common initial rhythms were pulseless
electrical activity (43%; n=19 516) and asystole (43%;
n=19 399). Most events (76%; n=34 595) were witnessed,
and 33% (n=15 200) occurred on the weekend. The most
common etiology of arrest was a cardiac cause in 60%
(n=27 455). The majority of events occurred at academic
(64%; n=29 194) and urban (94%; n=42 614) hospitals.

Association of Factors With CPR Duration in
Patients With No ROSC

Patient-level factors

In multivariable analyses (Table 2), female sex (odds ratio
[OR] 1.05; 95% CI 1.02 to 1.09; P=0.005) and younger age
(aged 18 to 40 versus >65 years; OR 1.81; 95% CI 1.69 to
1.95; P<0.001) were associated with longer CPR duration.
There was no association between black race and CPR
duration (OR 0.99; 95% CI 0.95 to 1.03; P=0.61). Events with
ventricular tachycardia or fibrillation as the presenting rhythm
(OR 1.50; 95% CI 1.42 to 1.58; P<0.001), events that

occurred in an intensive care unit (OR 1.24; 95% CI 1.17 to
1.31; P<0.001), witnessed events (OR 1.25; 95% CI 1.20 to
1.32; P<0.001), and events that occurred at night (OR 1.05;
95% CI 1.01 to 1.09; P=0.007) were associated with longer
CPR duration. The need to place an invasive airway (OR 2.59;
95% CI 2.46 to 2.74; P<0.001) was also associated with
longer CPR duration. Pre-existing renal disease (OR 0.94; 95%
CI 0.91 to 0.98; P=0.002), pulmonary disease (OR 0.95; 95%
CI 0.91 to 0.98; P=0.005), neurological disease (OR 0.82; 95%
CI 0.79 to 0.86; P<0.001), and metastatic or hematologic
malignancy (OR 0.79; 95% CI 0.75 to 0.82; P<0.001) were
associated with shorter CPR duration. Results were not
substantively different when events <2 minutes in duration
were included in the sample, with the exception of a
strengthened association between the need to place an
invasive airway and CPR duration (analyses excluding events
<2 minutes: OR 2.59; 95% CI 2.46 to 2.72; P<0.001; analyses
including events <2 minutes: OR 2.97; 95% CI 2.83 to 3.13;
P<0.001) and the presence of an association between high
hospital CPR volume and CPR duration (analyses excluding
events <2 minutes: OR 1.01; 95% CI 0.95 to 1.06; P=0.82;
analyses including events <2 minutes: OR 1.02; 95% CI 1.02
to 1.03; P<0.001).

Hospital-level factors and CPR duration

Academic hospital status was associated with longer CPR
duration (OR 1.36; 95% CI 1.30 to 1.41; P<0.001), as was
urban location (OR 1.20; 95% CI 1.12 to 1.30; P<0.001). There
was no association between higher IHCA volume (OR 1.01;
95% CI 0.95 to 1.06; P=0.82) and CPR duration.

Association of Factors With CPR Duration in
Those Who Experienced ROSC

Patient-level factors

In a secondary analysis, we examined the association of
patient-level factors and CPR duration in the group that
experienced ROSC. There was no association between sex

Table 1. Continued

Entire Sample N=91 658 No ROSC n=45500 ROSC n=46 158 P Value (ROSC vs No ROSC)

Hospital location, no. of events (%)

Atlantic 37 816 (41) 19 489 (43) 18 327 (40) <0.001

North central 22 037 (24) 10 501 (23) 11 536 (25)

South central 16 898 (18) 8373 (18) 8525 (18)

Mountain–Pacific 14 907 (16) 7137 (16) 7770 (17)

CPR indicates cardiopulmonary resuscitation; ICU, intensive care unit; IQR, interquartile range; PEA, pulseless electrical activity; ROSC, return of spontaneous circulation; VT/VF,
ventricular tachycardia/fibrillation.
*High CPR volume defined as cardiopulmonary arrest volume greater than median volume for the entire sample.
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(OR 0.97; 95% CI 0.94 to 1.01; P=0.11), age (aged ≤40 versus
age >65 years; OR 1.00; 95% CI 0.93 to 1.07; P=0.93), or
black race (OR 0.99; 95% CI 0.95 to 1.03; P=0.61) and CPR
duration (Table 2). Overnight events were associated with
longer CPR duration (OR 1.08; 95% CI 1.04 to 1.12; P<0.001).

Either the presence of assisted ventilation or an invasive
airway at the time of the arrest (assisted ventilation: OR 1.14,
95% CI 1.08 to 1.21; P<0.001; invasive airway: OR 1.23; 95%
CI 1.16 to 1.30; P<0.001) or the need to place an invasive
airway at the time of the event (OR 2.64; 95% CI 2.51 to 2.76;
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Figure 2. Distribution of cardiopulmonary resuscitation duration. The y-axis represents the frequency of occurrences, and the x-axis
represents the median duration of the resuscitation event. A, Patients who did not experience ROSC after IHCA. B, Patients who experienced
ROSC after IHCA. IHCA indicates in-hospital cardiac arrest; ROSC, return of spontaneous circulation.
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Table 2. The Association of Patient and Hospital Level Factors With CPR Duration

No ROSC ROSC

OR 95% CI P Value OR 95% CI P Value

Patient factors

Female sex 1.05 1.02 to 1.09 0.005 0.97 0.94 to 1.01 0.11

Age

≤40 years 1.81 1.69 to 1.95 <0.001 1.00 0.93 to 1.07 0.93

40 to 65 years 1.40 1.35 to 1.45 <0.001 1.01 0.98 to 1.05 0.49

>65 years Referent Referent Referent Referent Referent Referent

Black race 0.99 0.95 to 1.03 0.61 0.99 0.95 to 1.03 0.61

Pre-existing comorbidities

Neurological 0.82 0.79 to 0.86 <0.001 0.89 0.85 to 0.92 <0.001

Cardiac 1.14 1.10 to 1.19 <0.001 1.00 0.96 to 1.04 0.85

Pulmonary 0.95 0.91 to 0.98 0.005 0.98 0.94 to 1.02 0.25

Renal 0.94 0.91 to 0.98 0.002 1.02 0.98 to 1.05 0.38

Metastatic or hematologic malignancy 0.79 0.75 to 0.82 <0.001 0.98 0.92 to 1.03 0.33

Prior cardiac arrest 1.10 0.96 to 1.27 0.15 1.06 0.95 to 1.18 0.31

Arrest location

ICU 1.24 1.17 to 1.31 <0.001 0.74 0.70 to 0.78 <0.001

Monitored 1.22 1.16 to 1.29 <0.001 0.85 0.85 to 0.96 <0.001

Unmonitored Referent Referent Referent Referent Referent Referent

Initial rhythm

VT/VF 1.50 1.42 to 1.58 <0.001 0.89 0.85 to 0.93 <0.001

PEA 1.45 1.40 to 1.51 <0.001 0.80 0.76 to 0.83 <0.001

Asystole Referent Referent Referent Referent Referent Referent

Weekend 0.99 0.96 to 1.04 0.97 1.03 0.99 to 1.07 0.11

Night 1.05 1.01 to 1.09 0.007 1.08 1.04 to 1.12 <0.001

Witnessed arrest 1.25 1.20 to 1.32 <0.001 0.87 0.82 to 0.91 <0.001

Cause of event

Cardiac 1.09 1.05 to 1.13 <0.001 0.98 0.94 to 1.02 0.28

Respiratory 1.08 1.04 to 1.12 <0.001 0.96 0.93 to 1.00 0.04

Neurologic 1.07 0.88 to 1.28 0.51 0.89 0.75 to 1.05 0.18

Systemic/metabolic 0.97 0.93 to 1.00 0.09 1.24 1.20 to 1.29 <0.001

Interventions at time of arrest

Assisted ventilation 1.01 0.95 to 1.08 0.69 1.14 1.08 to 1.21 <0.001

Invasive airway 1.15 1.08 to 1.22 <0.001 1.23 1.16 to 1.30 <0.001

Need to place an invasive airway 2.59 2.46 to 2.72 <0.001 2.64 2.51 to 2.76 <0.001

Hospital factors

Academic hospital 1.36 1.30 to 1.41 <0.001 1.07 1.03 to 1.12 0.001

Urban hospital 1.20 1.12 to 1.30 <0.001 1.10 1.02 to 1.20 0.01

For-profit hospital 0.93 0.88 to 0.98 0.01 0.95 0.90 to 1.01 0.07

High CPR volume 1.01 0.95 to 1.06 0.82 0.81 0.77 to 0.86 <0.001

Geographic location

Atlantic 1.36 1.30 to 1.41 0.19 1.12 1.07 to 1.18 0.001

Continued
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P<0.001) were also associated with longer CPR duration.
Compared with asystole, ventricular tachycardia or fibrillation
(OR 0.89; 95% CI 0.85 to 0.93; P<0.001) and pulseless
electrical activity (OR 0.80; 95% CI 0.76 to 0.83; P<0.001)
were associated with shorter CPR duration, as were events
that occurred in the intensive care unit (OR 0.74; 95% CI 0.70
to 0.78; P<0.001) and witnessed events (OR 0.87; 95% CI
0.82 to 0.91; P<0.001).

Hospital-level factors

Both academic hospital status and urban location were
associated with longer CPR duration (academic hospital: OR
1.07; 95% CI 1.03 to 1.12; P=0.001; urban location: OR 1.10;
95% CI 1.02 to 1.20; P=0.01). Higher IHCA volume was
associated with shorter CPR duration (OR 0.81; 95% CI 0.77
to 0.86; P<0.001).

Contribution of Factors to CPR Duration
In patients who did not experience ROSC, the intraclass
correlation coefficient was 0.03. In those with ROSC, the
intraclass correlation coefficient was 0.07. Moreover, 3.29%
of the variance in CPR duration was related to hospital-level
factors in victims of IHCA who did not experience ROSC
versus 7.28% in those with ROSC. The remainder of the
variance in CPR duration was related to differences among
patients, independent of facility. The c statistic for the
model, including both patient- and hospital-level factors,
was 0.64 in those without ROSC and 0.63 in the ROSC
group.

Discussion
We examined factors associated with CPR duration in this
large, registry-based sample of >91 000 victims of cardio-
pulmonary arrest. Our findings are 3-fold. First, CPR duration

was highly variable. Second, in patients who did not
experience ROSC after IHCA, this variability was explained
in part by patient factors such as age and sex but was not
associated with race. Third, hospital factors, such as
academic status, hospital size, and urban location, were
associated with resuscitation duration but explained only a
small proportion of the variance in CPR duration seen in this
study.

A fundamental difference between victims of IHCA with
and without ROSC is that when the patient demonstrates
ROSC, the decision to stop CPR is made because it was
successful and is no longer needed. In victims of IHCA who
never develop ROSC, a decision must be made at some point
to terminate unsuccessful resuscitation efforts. The timing of
this decision is often ambiguous. Because the goal of this
paper was to identify factors associated with CPR duration in
patients in whom a decision to terminate CPR was made, the
primary analyses were focused on patients without ROSC
after IHCA. We performed secondary analyses in patients with
ROSC to assess important differences in predictors of CPR
duration between these 2 groups. To our knowledge, this
study is the first to directly assess patient- and hospital-level
determinants of CPR duration in a large sample of hospitalized
patients. Because recent research by other authors has
shown an association between longer duration of resuscita-
tion and survival, these findings may have important implica-
tions for patient care.

Prior data suggest that prolonged resuscitation is associ-
ated with a decreased chance of survival22–25; however, these
studies had several important limitations, including small
sample size and single-center study design. In a recent
analysis from the GWTG-R registry, Goldberger et al stratified
hospitals by the median duration of resuscitation among
nonsurvivors. The authors demonstrated that hospitals with
higher median resuscitation times had higher likelihood of
ROSC after IHCA and higher probability of survival to
discharge.4

Table 2. Continued

No ROSC ROSC

OR 95% CI P Value OR 95% CI P Value

North central 1.12 1.06 to 1.18 <0.001 1.04 0.99 to 1.10 0.13

South central 1.23 1.16 to 1.31 <0.001 1.13 1.07 to 1.20 <0.001

Mountain–Pacific Referent Referent Referent Referent Referent Referent

Hospital size

<250 beds Referent Referent Referent Referent Referent Referent

250 to 499 beds 1.02 0.97 to 1.07 0.48 0.92 0.88 to 0.97 0.001

≥500 beds 1.06 1.00 to 1.11 0.04 0.92 0.88 to 0.98 0.004

CPR indicates cardiopulmonary resuscitation; ICU, intensive care unit; OR, odds ratio; PEA, pulseless electrical activity; ROSC, return of spontaneous circulation; VT/VF, ventricular
tachycardia/fibrillation.
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These data suggest that the differences in the duration of
resuscitation may have implications for patient outcomes.
Importantly, health care providers may not be well prepared to
make decisions about when to terminate resuscitation.
Physicians at all levels of training perform poorly when asked
to assess the probability of survival after IHCA. Jones et al
found that <50% of medical students, residents, and attending
physicians were able to accurately assess the probability of
survival after an IHCA.26 Patients and families may also
overestimate the probability of survival after an arrest.27 This
difficulty in prognostication, combined with the lack of reliable
indicators about when to terminate CPR, suggests that health
care providers may have difficulty making an informed
decision about when to end resuscitation.

We found that younger age and female sex were
associated with longer duration of resuscitation in those
who did not experience ROSC after cardiac arrest. It is
possible that this finding is related to a perception among
health care providers that these groups have a higher
probability of survival and therefore merit a longer trial of
CPR. Previous data examining the association of sex with
outcome after cardiac arrest are conflicting,28–30 but some
authors have found that sex may be a factor in the decision
to perform CPR.18 Our finding that age is associated with
CPR duration is supported by the results of an analysis by
Fried et al, who studied 122 patients after IHCA at a single
center. In this study, the authors found that both older age
and dependent functional status were associated with a
shorter trial of CPR.17 Our data, taken in aggregate with this
previous work, suggest that CPR duration may contribute to
differences in outcome based on sex and age and should be
taken into account in future work examining sex and
outcome after cardiac arrest.

Several other factors were associated with CPR duration in
our primary analyses. Witnessed cardiopulmonary arrests,
which have been associated with a higher probability of
survival in other studies, were associated with longer
resuscitation times.7 CPR duration may be longer in patients
who did not experience ROSC after witnessed arrest because
providers believed that the likelihood of survival is higher after
a witnessed arrest. Similarly, ventricular tachycardia or
fibrillation, which is associated with a higher probability of
survival than other presenting rhythms,31 was associated with
longer CPR duration. Nighttime events, which have been
associated with a lower probability of survival in the GTWG-R
registry,13 were associated with longer CPR duration in our
analyses. This suggests that the poor outcomes observed
after nighttime IHCA are not related to differences in CPR
duration. Finally, the need to place an invasive airway at the
time of the event was associated with longer CPR duration,
perhaps because of the time required to complete that
process.

Our analyses identified several hospital factors that were
associated with CPR duration. Both academic status and
urban location of cardiac arrest were associated with longer
duration of resuscitation in those both with and without
ROSC. This finding may be related to differences in unmea-
sured patient factors; to process measures, such as the
presence or absence of a hospitalwide CPR team32; or to the
presence of trainees during resuscitation. Importantly, we
found that differences in measured hospital-level factors were
responsible for only 3% of the variability in CPR duration in
those without ROSC, a small proportion. This suggests that
future interventions to address variability in CPR duration
should focus on patient factors and other factors not
measured in this analysis such as process measures and
provider factors.

In secondary analyses, we examined factors associated
with CPR duration in victims of IHCA who experienced ROSC.
We found several important differences between these
patients and those who did not experience ROSC. In contrast
to our findings in those without ROSC, we found no
association between age or sex and CPR duration. Further-
more, multiple factors associated with longer CPR duration in
those who did not experience ROSC were found to be
associated with shorter CPR duration in the ROSC group.
These included intensive care unit or monitored location,
ventricular tachycardia or fibrillation as the presenting rhythm,
and witnessed events. CPR duration may be shorter in patients
with ROSC who have these characteristics because of more
immediate access to interventions such as chest compres-
sions and defibrillation. Conversely, CPR duration may be
longer in those who did not experience ROSC because a higher
perceived likelihood of survival encourages health care
providers to continue resuscitation. Nighttime events were
associated with longer CPR duration in both groups after IHCA,
perhaps because of differences in staffing at that time of day.5

Several issues are important to consider when interpreting
the results of our study. Strengths of our study include the
use of a large, multisite registry with comprehensive adjudi-
cation of cases of cardiac arrest. Our study encompassed a
diverse cohort from a variety of hospitals of varying sizes and
locations. Detailed patient information, including pre-existing
comorbidities and clinical outcomes, were available as part of
this study. However, there are inherent limitations to retro-
spective, registry-based analyses of cardiopulmonary arrests.
We are unable to assess decision making at the time of the
arrest. Importantly, we cannot determine how much informa-
tion, such as age or pre-existing comorbidities, was available
to health care providers at the time of the event. We are
unable to determine the mechanism of association between
factors identified in this study and CPR duration. Family
members’ wishes may also have affected CPR duration and
were not measured by this study. Patient characteristics were
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obtained by retrospective chart review, and it is possible that
not all data were captured or that misclassification of data
occurred. Our ability to assess hospital characteristics was
limited, and it is possible that relevant differences were
missed. Importantly, we could not assess the presence of
hospitalwide code blue teams, which may improve outcomes
and minimize disparities in IHCA outcomes.33 Information
about physician characteristics, such as specialty and years in
practice, was not available for analysis. We examined data
from cardiac arrests that occurred between 2001 and 2010.
There may have been changes in systemic or patient factors
over this period of time that were unmeasured in the current
analysis. Although the large sample size is a strength of the
study, it also increases the likelihood of statistically significant
findings regardless of the clinical significance. Finally, many of
the ORs observed in this study were close to 1, demonstrating
that the impact of each individual factor on CPR duration was
small, and the calculated c statistics are consistent with
models that are only modestly predictive. This suggests that a
significant amount of the variability in CPR duration is not
accounted for by our model in either those with or without
ROSC after IHCA.

Conclusion
CPR duration is highly variable and is associated with multiple
factors. Understanding the mechanism of these interactions
may help explain variability in IHCA outcomes.

Appendix
American Heart Association Get With the
Guidelines-Resuscitation (GWTG-R)
Investigators
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Joseph P. Ornato, Scott Braithwaite, Romergryko G. Geocadin,
Mary E. Mancini, Jerry Potts, Tanya Lane Truitt.
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