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BACKGROUND: Providers should estimate a patient’s
chance of surviving an in-hospital cardiac arrest with
good neurologic outcome when initially admitting a pa-
tient, in order to participate in shared decision making
with patients about their code status.
OBJECTIVE: To examine the utility of the “GoodOutcome
Following Attempted Resuscitation (GO-FAR)” score in
predicting prognosis after in-hospital cardiac arrest in a
US trauma center.
DESIGN: Retrospective observational study
SETTING: Level 1 trauma and academic hospital in Min-
neapolis, MN, USA
PARTICIPANTS: All cases of pulseless in-hospital cardiac
arrest occurring in adults (18 years or older) admitted to
the hospital between Jan 2009 and Sept 2018 are includ-
ed. For patients with more than one arrest, only the first
was included in this analysis.
MAIN MEASURES: For each patient with verified in-
hospital cardiac arrest, we calculated a GO-FAR score
based on variables present in the electronic health record
at time of admission. Pre-determined outcomes included
survival to discharge and survival to discharge with good
neurologic outcome.
KEY RESULTS: From 2009 to 2018, 403 adults suffered
in-hospital cardiac arrest. A majority (65.5%) were male
with a mean age of 60.3 years. Overall survival to dis-
charge was 33.0%; survival to discharge with good neuro-
logic outcome was 17.4%. GO-FAR score calculated at the
time of admission correlated with survival to discharge
with goodneurologic outcome (AUC0.68), which occurred
in 5.3% of patients with below average survival likelihood
by GO-FAR score, 22.5% with average survival likelihood,
and 34.1% with above average survival likelihood.
CONCLUSIONS: The GO-FAR score can estimate, at time
of admission to the hospital, the probability that a patient
will survive to discharge with good neurologic outcome
after an in-hospital cardiac arrest. This prognostic infor-
mation can help providers frame discussions with pa-
tients on admission regarding whether to attempt cardio-
pulmonary resuscitation in the event of cardiac arrest.
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INTRODUCTION

In-hospital cardiac arrest (IHCA) affects an estimated 209,000
patients in the USA annually, with an overall rate of survival to
discharge most recently estimated at 25.8%.1 Hospitals are
required to elicit patient choices at time of hospital admission
regarding end-of-life events, including choices about treat-
ment for IHCA, in accordance with the Patient Self-
Determination Act of 1990.2 Discussions with patients about
the benefits and risks of cardiopulmonary resuscitation (CPR)
are a form of informed consent, with unique aspects in that the
discussion takes place typically well in advance of the poten-
tial need for the procedure, and that the default is to perform
the procedure. In many teaching hospitals, the admitting
provider, often a provider-in-training, is responsible for
this discussion and for entering an order to perform
(“Full Code”) or not perform (“Do Not Resuscitate,
DNR”) CPR in the event of IHCA. Providers are re-
sponsible for presenting information to patients about
the likelihood of outcomes after CPR, including quality
of life and survival, in order to participate in shared
decision making. However, providers often fail to give
patients this information and are reluctant to provide a
recommendation to patients about whether CPR should
be performed.3–5 Furthermore, providers’ predictions of
probability of survival after CPR may not be accurate.4

Therefore, providers need a tool that is accessible at time of
admission to supply prognostic information regarding whether
a patient is likely to benefit from CPR for IHCA and specif-
ically, their chance of surviving to discharge with intact cog-
nitive function. Several pre-arrest scoring systems have been
developed in the past;6,7 however, these did not have sufficient
predictive accuracy nor an assessment of a patient’s neurolog-
ical and cognitive function at discharge, and included vari-
ables that were not available at the time of admission.
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The “Good Outcome Following Attempted Resuscitation”
(GO-FAR) score was developed using data available from the
Get With the Guidelines American Heart Association Resus-
citation registry on 51,240 patients suffering an IHCA be-
tween 2007 and 2009.8 Using 13 variables (Table 1), the
GO-FAR score accurately predicted the likelihood of survival
to discharge with good neurologic outcome following IHCA
in the internal validation split sample. Since this publication,

two studies in Sweden (287 adults with IHCA in 2007–2010 at
Skåne University Hospital9 and 717 adults with IHCA in
2013–2014 in six hospitals in Stockholm County10) have
externally validated the utility of the GO-FAR score. In this
study, we not only report the first external validation in a US
hospital of the GO-FAR score for predicting patient outcomes
after IHCA events but also investigate its performance when
calculating the score at the time of admission.

METHODS

Setting and Study Population

This is a retrospective observational study including all pa-
tients 18 years and older suffering pulseless in-hospital cardiac
arrest (IHCA) receiving cardiopulmonary resuscitation (CPR)
between January 2009 and September 2018 at Hennepin
County Medical Center (Hennepin Healthcare, Minneapolis,
MN), a nationally recognized 440-bed level 1 trauma center,
academic training hospital, and safety-net hospital. The Insti-
tutional Review Board of the Minnesota Medical Research
Foundation/Hennepin Healthcare approved this study and
waived the requirement for informed consent.

Data Sources

Cases were identified by a search of the electronic health
record (Epic Systems Corporation, Madison, WI) for
“Code Blue” notes (which are by hospital protocol entered
into the health record upon activation of the Medical
Emergency Response Team) and compared with a data-
base maintained by the hospital quality performance im-
provement team. Of the 1326 Code Blue alert notes re-
trieved, 923 were excluded due to the following reasons:
697 were not pulseless cardiac arrests, 181 were out-of-
hospital cardiac arrests presenting to the emergency de-
partment, 5 were patients < 18 years of age, 30 were
initiated in patients with DNR orders and stopped, 9 had
subsequent cardiac arrests wherein only the first instance
was used in 3 patients, and 1 was a patient on venous-
venous extracorporeal membrane oxygen support at time
of the arrest. A total number of 403 cases remained for
further analysis.
Two of the authors independently calculated the GO-FAR

score for each case, according to the presence or absence of the
variables at time of hospital admission, using an online calcu-
lator (available at MDCalc [www.mdcalc.com]). In cases
where the calculated scores differed, the lead author reviewed
the record and reconciled any differences. The variables in-
cluded in the score calculation were the same as those derived
and validated by Ebell and colleagues,8 with one exception.
Given our goal to use the GO-FAR score at the time of
admission to the hospital to predict the outcome of CPR for
IHCA, several of the variables which Ebell et al.8 defined as
occurring at 4–24 h prior to the event were determined instead

Table 1 GO-FAR Score Determined at Hospital Admission

Variable Definition Score

Neurologically intact at
admission (CPC= 1)

See Table 2 − 15

Major trauma Multisystem injury or single-
system injury associated with
shock or altered mental status

10

Acute stroke Diagnosis of intracranial or
intraventricular hemorrhage or
thrombosis

8

Metastatic or
hematologic cancer

Solid tissue malignancy with
metastasis or any hematologic
malignancy

7

Septicemia Active bloodstream infection 7
Medical non-cardiac di-
agnosis

7

Hepatic insufficiency* Total bilirubin > 2 mg/dL and
AST > 2 times the upper limit of
normal, or cirrhosis

6

Admitted from skilled
nursing facility

6

Hypotension or
hypoperfusion†

SBP < 90 or MAP < 60 mmHg;
vasopressor or inotropic
requirement after volume
expansion (except for dopamine
≤ 3 μg/kg/min); or intra-aortic
balloon pump

5

Renal insufficiency or
dialysis*

Serum creatinine > 2 mg/dL or
ongoing dialysis/ extracorporeal
filtration therapies

4

Respiratory
insufficiency†

Any of the following: PaO2/FiO2
ratio < 300, PaO2 < 60 mmHg, or
SaO2 < 90% (without preexisting
cyanotic heart disease); PaCO2 >
50 mmHg; spontaneous respira-
tory rate > 40/min or < 5/min; or
requirement for artificial ventila-
tion (negative pressure, or posi-
tive pressure either noninvasive,
or via invasive airway) Any of
the following: PaO2/FiO2 ratio <
300, PaO2 < 60 mmHg, or SaO2
< 90% (without preexisting cya-
notic heart disease); PaCO2 >
50 mmHg; spontaneous respira-
tory rate > 40/min or < 5/min; or
requirement for artificial ventila-
tion (negative pressure, or posi-
tive pressure either noninvasive,
or via invasive airway)

4

Pneumonia Antibiotic therapy has not yet
been started or is still ongoing

1

Age, years
< 70 0
70–74 2
75–79 5
80–84 6
≥ 85 11

Modified from Ebell et al.8

AST, aspartate aminotransferase; FiO2, fraction of inspired oxygen;
MAP, mean arterial pressure; SaO2, arterial oxygen saturation; SBP,
systolic blood pressure
*Determined with 24 h of cardiac arrest in original study8

†Determined within 4 h of cardiac arrest in original study8
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at time of hospital admission (Table 1). The neurologic/
cognitive status was quantified from admission and discharge
notes according to the cerebral performance category (CPC)
score using the same process described above for the GO-FAR
score (Table 2).11 Good neurologic outcome was defined as
CPC = 1 consistent with the two previous studies. Of note,
HCMChas not contributed data to the GetWith the Guidelines
Registry, and thus, the data we report were not part of the
database used to derive the GO-FAR score.

Outcomes

Pre-determined outcomes were survival to discharge, and
survival to discharge with CPC = 1. Post hoc analyses include
the association between these outcomes and timing of in-
hospital cardiac arrest (weekday vs weekend, before or after
48 h of hospitalization, and year of hospitalization).

Statistical Analysis

We used R (version 3.4.4) for receiving operator characteristic
(ROC) analyses and Stata software (version 15.1; StataCorp)
for all other analyses. Area under the curve calculations and
comparisons were made using the pROC package, using the
DeLong test (Xavier Robin, 2011). For comparisons of pro-
portions, we used chi-squared test when expected frequencies
were greater than 5 and Fisher’s exact otherwise. We calculat-
ed confidence intervals using the Clopper-Pearson exact meth-
od. To reduce risk of type I error from multiple comparisons,
our pre-determined alpha was set at 0.01.

RESULTS

Demographic characteristics of our study population com-
pared with those in the three previous studies using the
GO-FAR score 8–10 are shown in Table 3. Compared with
these studies, our patients had a lower mean age
(60.3 years, 95% CI 58.4 to 61.6) and a slightly higher
proportion were male (65.5%, 95% CI 61 to 70%). In
addition, our overall survival rate to discharge was signif-
icantly higher than the original US study8 (CID 14.5%,
95% CI 9.9 to 19.1%) and the Skåne University study9

(CID 12.7%, 95% CI 6.2 to 19.3%). Similar to the two

previous external validation studies in Sweden,9,10 our
proportion of patients with survival to discharge with
good neurologic outcome (CID 7.0%, 95% CI 3.2 to
10.6%) was significantly higher than reported in the orig-
inal US study.
We compared our rates of survival with good neurologic

outcome (CPC = 1) grouped by GO-FAR score category with
those in the Swedish and original derivation studies (Table 4).
Survival to discharge with good neurologic outcome rates
differed between GO-FAR survival groups (AUC 0.68, 95%
CI 0.62–0.73). Given the low number of patients to survive
with CPC = 1 in our very low and low survival groups, we
combined these two groups into a “below average” survival
group as done in the previous validation study in Sweden.9 Of
the 150 patients in this combined group, only 5.3% (95% CI
2.3 to 10.2%) survived to discharge with CPC = 1, significant-
ly fewer than in the average (22.5%, 95% CI 17.0 to 28.8%) or
above average (34.1%, 95% CI 20.5 to 49.9%) groups
(p < 0.001). Similar to the external validation studies in Swe-
den,9,10 our survival rates were appreciably higher in the
below average (CID 3.9%, 95% CI 0.3 to 7.5%; p = 0.002)
and average survival groups (CID 13.1%, 95% CI 7.4 to
18.8%; p < 0.001) compared with the original study.
Because survival following IHCA has been reported as

worse when events occur on weekends,12 we evaluated wheth-
er we had disproportionately fewer IHCA occurring on week-
ends accounting for better outcomes than previously reported.
Of 403 IHCA events, 293 (72.7%, 95% CI 68.4 to 77.1%)
occurred on weekdays (p = 0.71). Of IHCA occurring on
weekdays, survival to discharge with CPC = 1 was 18.7%,
compared with 13.6% of that on weekends (CID 5.1%, 95%
CI − 2.7 to 13.0%; p = 0.24). The utility of the GO-FAR score
calculated on admission was not significantly affected by
weekday or weekend timing of IHCA (AUC 0.74 vs 0.65;
p = 0.17).
Because our study enrollment spanned 10 years, we also

checked to determine whether a disproportionate number of
IHCA occurred in the latter years of the study, given reported
trends in increasing survival after IHCA over the past decade.1

Although more cases of IHCA occurred from 2014 to 2018
(232 compared with 171 from 2009 to 2013), overall dis-
charge to survival was not statistically different (CID −
1.5%, 95% CI − 10.7 to 7.8%; p = 0.83) nor was survival to
discharge with CPC = 1 (CID 3.3%, 95% CI − 4.2 to 10.9%;
p = 0.42) between the most recent 5 years and earlier years.
Again, the GO-FAR score performed similarly in both groups
(AUC 0.67 vs 0.68; p = 0.87).
Given a recent report that adults suffering IHCAwithin the

first 48 h of hospitalization had better overall rates of survival
to discharge and to discharge with good neurologic out-
come,13 we considered whether a disproportionate number
of IHCA events occurred during the first 48 h of hospitaliza-
tion. During our 10-year study period, 44.6% of total IHCA
events occurred within the first 48 h of hospitalization. Con-
sistent with a recent report,13 a significantly higher proportion

Table 2 Cerebral Performance Category (CPC) Score

CPC Description

1 Alert, able to work, and lead a normal life. May have minor
psychologic or neurologic deficits

2 Conscious, able to work in sheltered environment, able to
perform independently activities of daily life. May have
hemiplegia, seizures, ataxia, dysarthria, or permanent memory
or mental changes.

3 Conscious, at least limited cognition, but dependent on others
for daily support. Ranges from ambulatory patients with severe
memory disturbances or dementia or paralysis.

4 Coma or vegetative state
5 Brain dead

Modified from Rittenberger et al.11
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of these patients survived to discharge (39.4%, 95% CI 32.3 to
47.0%) than did those suffering IHCA after hospital day 2
(CID 11.6%, 95% CI 2.4 to 20.9%; p = 0.01); and similarly,
those with earlier IHCA had a higher incidence of discharge
with good neurologic outcome (23.3%, 95% CI 17.4 to
30.2%) than did those suffering IHCA after hospital day 2
(CID 10.8%, 95% CI 3.2 to 18.3%; p = 0.005). The GO-FAR
score performed similarly regardless of timing of IHCA (AUC
0.68 vs 0.67; p = 0.88).

DISCUSSION

This is the first confirmation of the potential value of the GO-
FAR score in a US hospital, which along with previous exter-
nal validation studies in Sweden9,10 shows that the GO-FAR
score is practicable for categorizing patients by probability of
survival after IHCAwith good neurological function (defined
as CPC = 1). Demonstration of the utility of the GO-FAR
score at admission also indicates that this score, which can
be easily calculated with an online tool (MDCalc) can be used
at time of hospital admission when discussing the benefits and
risks of CPR for IHCA. The GO-FAR score, in contrast to
other prediction scores, uses variables that can be assessed
prior to the IHCA event. Peri-arrest variables, such as the
initial rhythm, duration of resuscitation, location, response
time, and medications/interventions used, are highly predic-
tive of outcomes,7 but are not knowable at the time when a
clinician must discuss code status with a patient. The GO-FAR
score was initially developed looking at some variables only in
the immediate pre-arrest time period (Table 1).We deliberately
determined whether these variables on admission were

predictive of survival to discharge, given our goal of assessing
prognosis at that time.
Both this study and the two external validation studies in

Sweden9,10 showed significantly higher rates of survival with
good neurologic function than reported in the original study
(Table 4). We attempted to identify aspects of our study that
might account for these differences. Although survival follow-
ing IHCA has been reported as worse when events occur on
weekends,12 we could not attribute our better survival to a
disproportionate number of IHCA events on weekdays. Sur-
vival after IHCA has been improving over the past decade1

and our study evaluated IHCA occurring since 2009, whereas
the GO-FAR score was developed from events from 2007 to
2009. However, despite increasing numbers of IHCA over the
past 10 years, we found no significant difference in overall
survival to discharge or survival to discharge with good neu-
rologic outcome during the last 5 years compared to the
previous 5 years.
Recently, Qazi et al.13 analyzed data in the Get With the

Guidelines American Heart Association Resuscitation registry
from 225,909 adults with IHCA between 2000 and 2014. In
their study, 47.6% of IHCA occurred during the first 48 h of
hospitalization, similar to 44.6% in our patients, and these
patients had better overall rate of survival to discharge and to
discharge with good neurologic outcome, as in our study. Of
note, hospital day of IHCA was not reported in the three
previous studies using the GO-FAR score.8–10 If a majority
of events occurred during the first 48 h in the more recent
studies, this might explain the increase observed survival for
each GO-FAR group in those studies.
In both our study and the previous studies in Sweden,9,10

the percent of patients surviving to discharge with a good
neurologic outcome was higher than in the original study,8

Table 3 Comparison of GO-FAR Study Populations’ Characteristics

Characteristic Current study 2009–
2018 (n = 403)

Stockholm county10 2013–
2014 (n = 523)*

Skåne University9 2007–
2010 (n = 287)

Original US cohort8 2007–
2009 (n = 51,240)

Male gender, no. (%) 264 (65.5) 324 (62) 176 (61.3) 29,854 (58)
Age, mean (SD), years 60 (16) 71 (14) 70 (NR) 65 (16)
Survival to discharge,
no. (%)

133 (33) 146 (28)† 58 (20) 9479 (18.5)

Survival with CPC = 1,
no. (%)

70 (17) 141 (22) 45 (16) 5329 (10.4)

IHCA, in-hospital cardiac arrest; CPC, cerebral performance category
*Data for complete cases only
†30-day survival reported

Table 4 Comparison of Rates of Survival to Discharge with CPC = 1 by GO-FAR Score Group

GO-FAR
score
category

Survival group* Current study (n =
403), survivors no.
(%)

Stockholm county,
Sweden10 (n = 532),
survivors no. (%)

Skåne University,
Sweden9 (n = 287),
survivors no. (%)

Original cohort, USA8

(n = 51,240), survivors
no. (%)

> 24 Very low 3/60 (5.0) 1/38 (2.6) 1/26 (3.8) 14/1625 (0.9)
14–23 Low 5/90 (5.5) 3/61 (4.9) 1/47 (2.1) 54/3247 (1.7)
> 14 Below average

(very low + low)
8/150 (5.3) 4/99 (4.0) 2/73 (2.8) 68/4872 (1.4)

− 5 to 13 Average 47/209 (22.5) 40/258 (15.5) 12/147 (8.2) 869/9293 (9.4)
− 15 to − 6 Above average 15/44 (34.1) 97/166 (58.4) 31/67 (46) 839/3053 (27.5)

*Likelihood of survival to discharge with CPC= 1, labeled as “risk group” in previous studies
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especially for the patients of particular interest, those with a
GO-FAR score of 14 or greater (the “very low” and “low”
categories), which we and previous authors8,9 combined into a
“below average” survival group. We found a clinically mean-
ingful lower survival with good neurologic outcome in the
below average group compared with the average (and above
average) group. For providers who are looking to distinguish
patients with a poor outcome after IHCA from other patients,
our data combined with that from these previous studies8,9

would suggest that a GO-FAR score of 14 or greater corre-
sponds to a likelihood of survival after IHCA with good
neurologic outcome of approximately 5% or less.

Study Limitations

Our study had the inherent limitations of a single-site retro-
spective study. Our hospital has a unique patient population,
availability of a full range of emergency and treatment ser-
vices, and experienced physicians. Although we were able to
collect data from 403 IHCA occurring over a 10-year interval,
the number of observed events was small, especially in the
below average survival likelihood group, similar to previous
external validation studies.9,10

The GO-FAR score is highly dependent on assignment of
CPC category. A CPC of 1 (neurologically intact or with
minimal deficits) on admission will decrease the calculated
GO-FAR score by 15 points, which corresponds to a 3–6-fold
increase in predicted likelihood of survival with good outcome
in all four studies. While widely used in research and quality
assurance studies, most providers have little experience with
and rarely use the CPC score in clinical practice. Consequent-
ly, all retrospective studies must determine the CPC score on
admission and on discharge based upon the (often-limited)
documentation provided in the medical record regarding cog-
nitive and neurologic function. Not surprisingly, there is var-
iable inter- and intra-reviewer agreement in extracting the CPC
score retrospectively from medical records.14

The limitations of a single-site retrospective study with
unique characteristics, improvements in management and out-
comes after IHCA, and variability in assignment of CPC score
may be responsible for varying discrimination of the GO-FAR
score as measured by AUC. Our study had a notably weaker
discrimination (AUC 0.68, 95% CI 0.62–0.73) compared with
the original derivation/validation study8 (AUC 0.78) and the
Skåne University study9 (AUC 0.86, 95% CI 0.82–0.9). Fu-
ture studies should prospectively evaluate the discrimination
of the GO-FAR score in larger US hospital patient populations
to validate this predictive tool further.
Finally, our study and the three previous GO-FAR studies

had data only for patients who actually underwent CPR.
Patients who already had a DNR order written would not be
included in these studies, creating a systematic bias. For ex-
ample, if patients with chronic incurable disease (renal disease,
cirrhosis, metastatic cancer) and poor functional status more
often had DNR orders, compared with those with these

diseases but good functional status, the value of variables such
as renal insufficiency, hepatic insufficiency, and metastatic
cancer to predict survival with good neurologic outcome likely
would be reduced. Further, incidences of DNR orders likely
vary by hospital and patient population,15,16 and may be
increasing over time.17–19

CONCLUSIONS

Most providers assume the responsibility for writing orders to
initiate or withhold CPR when admitting a patient to the
hospital without formal training in obtaining informed consent
or informed refusal.3 In shared decision making, patients look
to providers to supply information about prognosis and, after
ascertaining a patient’s values, to provide a recommendation
about the proposed treatment. The code status discussion on
admission to the hospital is typically suboptimal for multiple
reasons, including that the patient is in crisis, does not know
the provider, and has unrealistic expectations about outcomes
after CPR, and the provider lacks information about survival
and quality of life after CPR for IHCA. Typically, providers
focus their conversation on the immediate risks of the proce-
dure, such as breaking ribs, rather than survival, expected
course of treatment, and quality of life after CPR.
Our study extends findings from three previous studies to

show that the GO-FAR calculator (available online) can provide
important information available at time of admission to the
hospital to guide the informed consent discussion about CPR.
Based upon these data, patients with a GO-FAR score of 14 or
greater can be advised of very low likelihood (approximately 1 in
20) of surviving to hospital discharge being alert, able to work,
and able to lead a normal life, and a 19 in 20 chance of either not
surviving to discharge or survivingwith some degree of cognitive
disability. After eliciting the patient’s values, providers can then
give a recommendation for either a Full Code or a DNR status,
emphasizing that the DNR status does not itself imply any limits
on use of life-sustaining treatments while the patient has a pulse.
Equally important, our results and those of a recent study13

suggest that providers should also readdress code status after
48 h of hospitalization, especially for patients who are Full Code
and have a below average survival likelihood predicted by GO-
FAR score > 14 upon admission, as likelihood for survival to
discharge with good neurologic outcome is even worse if IHCA
occurs on hospital day 3 or later.
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