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Resuscitation duration inequality by
patient characteristics in emergency
department out-of-hospital cardiac
arrest: an observational study

Minoo Kang, Joonghee Kim, Kyuseok Kim

Department of Emergency Medicine, Seoul National University Bundang Hospital, Seongnam, Korea

Objective Out-of-hospital cardiac arrest (OHCA) patients unresponsive to basic life support are
frequently transferred to emergency departments (EDs) for further resuscitation. Although some
survive with good neurologic outcomes, additional resuscitation in EDs is often futile. Without a
dedicated termination of resuscitation (TOR) rule for ED resuscitation, the decision when to stop
the resuscitation is up to emergency physicians. In this study, we assessed the association be-
tween patient characteristics and duration of resuscitation in EDs to understand how emergency
physicians decide when to terminate cardiopulmonary resuscitation.

Methods A retrospective analysis of the OHCA registry of a single ED was conducted. Adult (18
years or older) patients without any return of spontaneous circulation (ROSC) after unsuccessful
ED advanced cardiac life support were included. The primary endpoint was duration of resuscita-
tion attempts. Prehospital and demographic factors were assessed as independent variables. The
relationship between these factors and duration of resuscitative attempts was analyzed with
multivariable quantile regression.

Results From January 2008 to August 2012, ED resuscitation was terminated without ROSC in
266 patients (53.5%). The duration of resuscitative attempts was significantly shorter if any of
the currently recognized poor prognostic factors was present. Interestingly, controversial factors
such as female sex and older age were significantly associated with shorter resuscitation dura-
tion, while factors definitively indicating poor prognosis, such as severe trauma and poor base-
line neurological status, showed no significant association.

Conclusion The results of this study suggest that physicians adjust the resuscitation duration
according to their subjective prediction of futility despite the absence of evidence-based TOR
guidelines.

Keywords Cardiac arrest; Resuscitation; Ethics

Capsu|e What is already known
Summary

It is unknown how emergency physicians decide when to terminate resuscita-
tion attempts for out-of-hospital cardiac arrest patients in emergency depart-
ments (EDs).

What is new in the current study

The results of this study suggest that emergency physicians adjust the duration
of resuscitation effort according to their subjective prediction of futility despite
the absence of an ED-based termination of resuscitation guideline.
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INTRODUCTION

The prognosis of out-of-hospital cardiac arrest (OHCA) is grave,
and prolonged resuscitation attempts for unresponsive OHCA pa-
tients are usually futile."* This has led to the development of the
prehospital termination of resuscitation (TOR) rules.*® However,
OHCA patients not responding to prehospital resuscitation are
often transferred to emergency departments (EDs) for further re-
suscitative attempts, and there is no TOR rule available for this
situation. Therefore, the decision of when to terminate resuscita-
tion attempts is largely determined by resuscitation team lead-
ers.”®"" However, such decisions are difficult to make and can be
subject to significant personal biases,'*'® which might result in
suboptimal care in certain patient groups. In this study, we as-
sessed the validity of our hypothesis that there is significant in-
equality in the duration of resuscitation attempts and that such
inequality is significantly associated with various patient charac-
teristics.

METHODS

Study setting

The study facility was a 950-bed teaching hospital located in a
city with a population of 480,000. The majority of the prehospital
emergency care services in this area are provided by the Fire Ser-
vice administered by the government.”® The level of prehospital
resuscitation care is primarily restricted to basic life support and,
although some advanced cardiac life support (ACLS) interventions
such as endotracheal intubation and rapid intravenous hydration
are occasionally provided, ACLS is generally deferred until arrival
in the ED in most cases. The management of cardiac arrest was
based on the recommendations of the 2005 American Heart As-
sociation cardiopulmonary resuscitation (CPR) guidelines until
the 2010 guidelines from the same organization were published
and rapidly adopted. Field TOR rules are not usually considered
except in unsalvageable cases in which clear indications of futili-
ty are present, such as massive traumatic injuries, putrefaction, or
rigor mortis.'®

Study design and population

This was a retrospective analysis of a prospectively collected reg-
istry of OHCA patients extending from January 2008 to August
2012. Patients aged 18 years or older who received CPR on ED
arrival were identified and included. The institutional review board
at the study hospital approved the analysis and provided a waiver
of consent.
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ED cardiac arrest registry

The registry is managed by ED resuscitation researchers and in-
cludes all OHCA patients of the study facility."”'® It includes pre-
hospital Utstein elements, ED resuscitation events, initial labora-
tory measurements, and patient outcomes. Utstein elements and
ED resuscitation events are primarily collected by emergency
medical technicians (EMTs) working in the study ED and reviewed
by the researchers afterward. Patient outcomes are assessed by
the review of electronic medical records and by telephone inter-
view. The telephone interview is conducted by emergency medi-
cine chief residents every month, and involves inquiries about the
survival and functional status of the patient according to the
published Cerebral Performance Category criteria.'

Participants and data collection

The primary endpoint of this study was the duration of resuscita-
tion attempts when there is no return of spontaneous circulation
(ROSC) during CPR. We defined ROSC as detection of any pulse
regardless of its duration because we thought that even very brief
ROSC could influence physicians' decisions regarding the timing
of TOR. Prehospital factors including arrest location, initial
rhythm, cause of arrest, prehospital noflow flow time, and time
of ED arrival, as well as patient factors such as sex, age, and pres-
ence of terminal illness, severe trauma, and poor baseline neuro-
logic function were assessed as independent variables. The pres-
ence of terminal illness, severe trauma, and poor baseline neuro-
logic function were determined from review of medical records.
All of the other information regarding prehospital and patient
factors was retrieved from the registry. The detailed definitions of
the terms used in this study are provided in Table 1.

Statistical analysis

The median and interquartile range (IQR) of continuous variables
were reported unless the variables followed a normal distribution,
in which case the mean and standard deviation (SD) were report-
ed. Analysis of variance, Kruskal-Wallis, chi-square, or Fisher ex-
act test were performed for comparison between groups as ap-
propriate. The association between resuscitation duration and in-
dependent variables was analyzed with multivariable quantile re-
gression. The choice of the 25th and 75th percentiles in addition
to the 50th percentile (median) was due to a non-obligatory tra-
dition of routinely providing 30 minutes of CPR in the study facil-
ity. We presumed that the process of decision-making would be
different according to whether CPR was terminated before or af-
ter the 30-minute margin. The results of quantile regressions are
presented as regression coefficients (B) and their 95% confidence
intervals (Cls). A P-value <0.05 was considered significant. All
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Table 1. Definition of terms and detailed criteria used in this study

Term

Definition

Public location

Witnessed cardiac arrest

Presumed cardiac etiology

Prehospital no flow time
Prehospital low flow time
Shockable initial rhythm

Street, park, beach or public buildings such as shopping center, sports facility, entertainment center, airport, railway station, church or
office building. A cardiac arrest that occurred in a nursing home facility or ambulance was categorized as non-public location in this study.
Cardiac arrest witnessed by another person or monitored by EMTs.

Witnessed sudden collapse suggestive of sudden cardiac death or unwitnessed cardiac arrest without any documented evidence of
non-cardiac conditions that might have caused cardiac arrest such as acute infection, trauma, pulmonary embolism, advanced ma-
lignancy, exacerbation of underlying disease, major stroke or bed-bound status.

Amount of time elapsed from first recognition of cardiac arrest to initiation of chest compression.

Amount of time elapsed from initiation of chest compression to ED arrival.

The first rhythm documented by EMTs or ED physician where immediate electronic shock is indicated (i.e., ventricular fibrillation and

pulseless ventricular tachycardia).

Terminal illness
chronic heart failure).

Severe trauma

Medical conditions generally considered irreversible and progressive leading to death (i.e., advanced malignancy, decompensated

Cardiac arrest caused by blunt or penetrating injury from unequivocal injury mechanism such as fall or traffic accident. Other injury

mechanisms that have been traditionally categorized as "trauma" such as intoxication, hanging, drowning or asphyxiation were not

included in this category.

Poor baseline neurology
vious stroke, advanced dementia).

Night-duty time arrival

Patients with poor baseline neurologic function requiring constant care due to irreversible or partially reversible conditions (i.e., pre-

Patients arrived at study emergency department from 10 PM to 9 AM.

Return of spontaneous circulation ~ Documented return of spontaneous circulation regardless of its duration.

Survival discharge

Good neurologic outcome

6-Month cerebral performance category score 1-2?

Patients discharged to home or long-term care facility, regardless of his or her functional status

JFour- to 5-month cerebral performance category (CPC) was used in patients who were resuscitated in the study emergency department from July to August 2012.

EMT, emergency medical technician; ED, emergency department.

analyses were performed using STATA ver. 10.1 (Stata Corp LP,
College Station, TX, USA).

RESULTS

Patient characteristics

There were 594 adult (aged 18 or older) OHCA patients during
the study period from January 2008 to August 2012, among
which 572 were still in cardiac arrest upon ED arrival. After ex-
clusion of patients with any ROSC event, a total of 266 were in-
cluded for analysis. Prehospital and patient factors of the study
population are described in Table 2. Of the patients, 170 (63.9%)
were male, and the median patient age was 65 years (IQR, 50 to
78 years). Terminal illness, severe trauma, and poor baseline neu-
rologic function were found in 25 patients (9.4%), 47 patients
(17.7%), and 24 patients (9.0%), respectively. Further, 102 pa-
tients (38.3%) arrived at the ED during the night duty period. The
duration of resuscitation attempts before termination had a me-
dian value of 29 minutes (IQR, 20 to 33 minutes) and its distribu-
tion showed a high peak around the median value with a kurtosis
of 20.552 (P<0.001).

Association between resuscitation duration and patient
characteristics
Patient characteristics were stratified into quartiles according to

Clin Exp Emerg Med 2014;1(2):87-93

Table 2. Patient characteristics of study population (n=266)

Characteristic No. (%)
Sex (male) 170 (63.9)
Age (yr), median (IQR) 65 (50-78)
Cardiac arrest in public location 52 (19.5)
Witnessed cardiac arrest 132 (49.6)
Shockable initial rhythm 16 (6.1)
Cause of arrest, cardiac 126 (47.4)
Terminal illness 25(9.4)
Severe trauma 47 (17.7)
Poor baseline neurology 24 (9.0)
Night-duty time arrival 102 (38.3)
Prehospital no flow time (min), median (IQR) 8 (1-15)

Prehospital low flow time (min), median (IQR) 16 (11-24)

IQR, interquartile range.

the duration of resuscitation attempts (Table 3). Median age, wit-
nessed arrest, presumed cardiac etiology, and the presence of ter-
minal illness were factors that differed significantly (P=0.015,
0.011, 0.002, and 0.003, respectively). To identify independent
factors associated with the duration of resuscitation attempts,
multivariable quantile regression analysis was performed (Table 4,
Fig. 1). Age > 65 years (B, -2.62; 95% Cl, -4.47 to -0.76), public
location (B, 2.17; 95% Cl, 0.72 to 3.62), witnessed arrest (B, 6.07;
95% Cl, 3.21 to 8.93), terminal illness (B, -9.43: 95% Cl, -14.70
to -4.16), night duty arrival (B, 2.42; 95% Cl, 0.85 to 4.00), pre-
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Table 3. Characteristics of patients without return of spontaneous circulation stratified by resuscitation duration

Characteristic <10 (n=26) 10-19 min (n=42) 20-29 min (h=90) 30-39 min (h=84) =40 min (n=24) P-value
Sex (male) 14 (53.8) 25 (59.5) 58 (64.4) 53 (63.1) 20 (83.3) 0.244
Age (yr) 74 (58-84) 67 (42-79) 66 (52-78) 65 (48-77) 53.5 (37.5-67.5) 0.015
Age =65 yr 18 (69.2) 23 (54.8) 50 (55.6) 43 (51.2) 7(29.2) 0.071
Public location 4(15.4) 3(7.1) 21 (23.3) 19 (22.6) 5(20.8) 0.185
Witnessed cardiac arrest 13 (50.0) 14 (33.3) 38(42.2) 52 (61.9) 15 (62.5) 0.011
Shockable initial rhythm 1(3.8) 1(2.4) 5(5.6) 6(7.3) 3(12.5) 0.544
Cause of arrest, cardiac 5(19.2) 14 (33.3) 50 (55.6) 47 (56.0) 10 (41.7) 0.002
Terminal illlness 8 (30.8) 5(11.9) 8(8.9) 3(3.6) 1(4.2) 0.003
Severe trauma 7 (26.9) 8(19.0) 14 (15.6) 10 (11.9) 8(33.3) 0.098
Poor baseline neurological function 2(7.7) 6 (14.3) 6(6.7) 9(10.7) 1(4.2) 0.591
Night-duty time arrival 10 (38.5) 12 (28.6) 30 (33.3) 38 (45.2) 12 (50.0) 0.221
No flow time (min) 10 (5-22) 8.5(1-18) 9(1-15) 7 (1-11) 8(1-12.5) 0.300
Low flow time (min) 18 (10-19) 18 (11-26) 17 (11-24) 15.5 (10-24) 14,5 (7-24) 0.533

Values are presented as number (%) or median (interquartile range).

Table 4. Multivariable quantile regression analyses of the association between resuscitation duration and patient characteristics

Variable Median duration Earlier period Later period Mean duration using
(50th percentile) (25th percentile) (75th percentile) linear regression

Sex (male) 2.41 (-0.83 to 5.64) 3.15 (0.85 to 5.46)* 0.43 (-2.61 to 3.47) 3.00 (-0.41 to 6.40)

Age 2 65 -2.62 (-4.47 to -0.76)* -3.62 (-6.16 to -1.07)* -3.79 (-6.40 to -1.18)* -6.26 (-9.65 to -2.88)*

Public location
Witnessed arrest
Shockable initial rhythm
Cardiac etiology
Terminal illness

Severe trauma

Poor baseline neurological function

Night-duty time visit
No flow time (/min)
Low flow time (/min)

2.17 (0.72 to 3.62)*
6.07 (3.21 to 8.93)*
0.27 (-2.53 t0 3.07)
2.38 (-0.48 to 5.25)
-9.43 (-14.70 to -4.16) *
-3.17 (-9.51 t0 3.17)
-1.08 (-6.10 to 3.94)
2.42 (0.85 to 4.00)*

-0.18 (-0.33 to -0.03)*
-0.11 (-0.20 to -0.03)*

3.62 (0.95 to 6.28)*
6.23 (2.81 to 9.65)*
-1.15 (-5.63 t0 3.32)
415 (1.24 to 7.07)*
-9.69 (-15.25 to -4.14)*
-5.23 (-11.74 to 1.28)
-0.08 (-6.71 to 6.56)
246 (-1.11 to 6.03)

-0.15 (-0.30 to -0.01)*
-0.08 (-0.20 to 0.05)*

-0.21 (-3.00 to 2.59)
3.12 (0.66 to 5.57)*
0.89 (-15.38 t0 17.16)
0.57 (-1.95 to 3.09)

-3.43 (-8.28 to 1.41)

-1.80 (-9.23 t0 5.64)

-2.24 (-7.68 t0 3.21)
2.23 (0.23 to 4.23)*

-0.09 (-0.25 t0 0.07)
-0.08 (-0.17 to 0.01)

1.59 (-2.89 to 6.06)
5.76 (2.44 to 9.08)*
5.71 (-1.56 to 12.99)
2.76 (-1.13 to 6.66)
-9.14 (-15.00 to -3.28)*
-4.58 (-10.24 to 1.09)
-1.60 (-7.94 to 4.73)
3.61(0.32 to 6.90)*

-0.15 (-0.29 to -0.02)*
-0.12 (-0.23 to 0.00)

*Statistically significant.

hospital no flow time (B, -0.18; 95% Cl, -0.33 to -0.03), and pre-
hospital low flow time (B, -0.11; 95% Cl, -0.20 to -0.03) were in-
dependently associated with the median duration of resuscitation
attempts. Multivariable quantile regression analysis at the 25th
and 75th percentiles was also performed to identify independent
factors associated with the resuscitation duration during the ear-
ly (25th percentile) and late (75th percentile) resuscitation peri-
ods. During the earlier resuscitation period (25th percentile), male
sex (B, 3.15; 95% Cl, 0.85 to 5.46), age > 65 years (B, -3.62; 95%
Cl, -6.16 to -1.07), public location (B, 3.62; 95% Cl, 0.95 to 6.28),
witnessed arrest (B, 6.23; 95% Cl, 2.81 to 9.65), cardiac etiology
(B, 4.15; 95% Cl, 1.24 to 7.07), terminal illness (B, -9.69; 95% Cl,
-15.25 to -4.14), prehospital no flow time (B, -0.15; 95% Cl, -0.30
to -0.01), and prehospital low flow time (B, -0.08; 95% Cl, -0.20

90

to 0.05) were significant factors, while only age > 65 years (B,
-3.79; 95% Cl, -6.40 to -1.18), witnessed arrest (B, 3.12; 95% Cl,
0.66 to 5.57), and night duty arrival (B, 2.23; 95% Cl, 0.23 to 4.23)
were significant during the later resuscitation period (75th per-
centile).

DISCUSSION

In this study, we found significant disparities in the duration of
resuscitative attempts. As we had hypothesized, significant in-
equality was observed in the duration of resuscitation attempts,
and such inequality was significantly associated with the pres-
ence or absence of various patient characteristics. In general, fa-
vorable prognostic findings were associated with longer resusci-
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Fig. 1. Beta coefficients (solid line) and their 95% confidence intervals (dash) from multivariable quantile regression analyses showing various influences

of factors over the duration of resuscitation effort.

tation duration while unfavorable findings were associated with
shorter duration. These results suggest that physicians are adjust-
ing the resuscitation duration according to their estimation of
prognosis despite the lack of published guidelines.'®" This finding
is important, as it is possible that the duration of the resuscita-
tion attempts can influence the overall outcomes. Goldberg et
al.” reported significant interinstitutional variation in the dura-
tion of in-hospital resuscitation attempts. In their study, patients
at hospitals with shorter resuscitation duration had a decreased
likelihood of ROSC and survival to discharge. If resuscitation at-
tempts for certain patient groups are terminated earlier, for what-
ever reason, the prognosis of those groups will be poorer. Further-
more, this association will perpetuate itself into a “self-fulfilling
prophecy” if providers continue adjusting the resuscitation dura-
tion according to their estimation of prognosis.

Accurate prognostication is often difficult, and the clinical sig-
nificance of known prognostic factors is difficult to quantify.'*'
Therefore, the tendency toward early TOR in elderly patients and

Clin Exp Emerg Med 2014;1(2):87-93

women observed in this study is noteworthy. There are many re-
ports suggesting that old age itself is not significantly associated
with poor outcome.”? As for the sex difference, female sex has
generally been associated with better outcomes.?*?’ The shorter
resuscitation duration in women found in this study might pro-
vide an explanation for the findings reported by Akahane et al.®
that neurologic outcomes in women of younger age were superi-
or despite superior survival in men. These results could be due to
the younger women undergoing relatively shorter resuscitative
attempts, leading to selective survival of patients with lesser isch-
emic brain injury.

Interestingly, patient characteristics defining clear futility, such
as traumatic cardiac arrest and poor baseline neurological func-
tion, did not show a significant association with the duration of
resuscitative attempts in the current study. Traumatic cardiac ar-
rest has been known to have very high mortality.*® Thus, although
there is plenty of room for improvement in trauma resuscitation,
this patient characteristic should be considered as an indication
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for early termination if a shorter resuscitative attempt is to be
justified by the expectation of poor outcome. On a similar note,
resuscitation of a patient with poor baseline neurologic function
should be assessed as futile because there is no way to improve
that patient's functional status following cardiac arrest. The exact
reason why these factors were not associated with early termina-
tion in the present study remains unknown. Do emergency physi-
cians overestimate the prognosis of traumatic cardiac arrest pa-
tients? Do they neglect obvious prognostic indicators such as
baseline neurologic status? Further research on the capacity of
emergency physicians for long-term prognostication might pro-
vide some clues to answer these questions.

This study has several limitations. First, the results of this study
are based on a retrospective analysis of an ED OHCA registry and
medical records, and are thus limited by possible biases that are
intrinsic to such a design. Second, the results of this study do not
provide additional clinical data that either support or oppose the
appropriateness of the differences in the duration of resuscitation
attempts. What the results do provide is evidence of the inequali-
ty in the duration of resuscitation attempts, which might play a
role as a source of a “self-fulfilling prophecy.” Third, this is a sin-
gle center study, and the results may not be generalizable to oth-
er facilities. There can be significant interinstitutional variation in
resuscitation duration according to ED policy. For example, some
institutions may put more effort into resuscitating futile cases in
order to procure organs. Similarly, other institutions might adopt
a policy of an equal duration of resuscitation attempts in every
unresponsive patient for simplicity.

In summary, the results of this study suggest that physicians
are adjusting the duration of resuscitation according to their sub-
jective prediction of futility despite a lack of evidence-based
guidelines. We suggest that this disparate care applied within the
OHCA population should be considered (or controlled for) in fu-
ture research, at least when newly discovered or biologically
equivocal prognostic factors are studied.
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