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ARDIOPULMONARY RESUSCITA-
tion and advanced cardiac life
support interventions are
used to resuscitate patients
having cardiac or respiratory arrest.
Physicians and other health care work-
ers follow algorithmic advanced car-
diac life support guidelines from the
American Heart Association® in an at-
tempt to restore a spontaneous circu-
lation in these patients. Despite these
guidelines, decision making during re-
suscitation is difficult because cardiac
arrest is a complex common pathway
of a diverse collection of diseases.*
The decision to stop resuscitative ef-
forts can be particularly difficult for phy-
sicians. In these situations, decision
making must balance a “respect for hu-
man dignity” and clinical judgment.’
Prognostic factors that portend a poor
outcome following arrest may help the
latter. Death following resuscitation has
been associated with both prearrest fac-
tors (including hypotension,* renal fail-
ure,”® pneumonia,* low functional sta-
tus,*” and metastatic cancer*®) and intra-
arrest factors (including prolonged
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Context Most patients undergoing in-hospital cardiac resuscitation do not survive
to hospital discharge. In a previous study, we developed a clinical decision aid for iden-
tifying all patients undergoing resuscitation who survived to hospital discharge.

Objective To validate our previously derived clinical decision aid.

Design, Setting, and Participants Data from a large registry of in-hospital re-
suscitations at a community teaching hospital in Georgia were analyzed to determine
whether patients would be predicted to survive to hospital discharge (ie, whether their
arrest was witnessed or their initial cardiac rhythm was either ventricular tachycardia
or ventricular fibrillation or they regained a pulse during the first 10 minutes of chest
compressions). Data from 2181 in-hospital cardiac resuscitation attempts in 1987-
1996 involving 1884 pulseless patients were analyzed.

Main Outcome Measure Comparison of predictions based on the decision aid with
whether patients were actually discharged alive from the hospital.

Results For 327 resuscitations (15.0%), the patient survived to hospital discharge.
For 324 of these resuscitations, the patients were predicted to survive to hospital dis-
charge (sensitivity=99.1%, 95% confidence interval, 97.1%-99.8%). In 269 resus-
citations, patients did not satisfy the decision aid and were predicted to have no chance
of being discharged from the hospital. Only 3 of these patients (1.1%) were dis-
charged from the hospital (negative predictive value=98.9%), none of whom were
able to live independently following discharge from the hospital.

Conclusion This decision aid can be used to help physicians identify patients who
are extremely unlikely to benefit from continued resuscitative efforts.

JAMA. 2001,285:1602-1606 Www.jama.com

duration of resuscitation®”® and initial

cardiac rhythms other than pulseless
ventricular tachycardia or ventricular
fibrillation”*'"). However, decision aids
that use these and other factors to de-
termine a patient’s prognosis following
resuscitation are complicated and diffi-

This could help avoid the “tendency to
try prolonged, excessive resuscitative
efforts.”

For this reason, we previously de-
rived a simple clinical decision aid to
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cult to use at the bedside. They have op-
erated poorly when validated in dis-
tinct populations'? and have been unable
to definitively identify patients with no
hope of survival."’ A simple decision aid
that reliably identifies patients who—
regardless of the cause of their arrest—
have a poor outcome would be helpful.
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identify all patients who were eventu-
ally discharged from hospital after their
arrest.'"* Our goal, when deriving this
decision aid, was to maximize sensi-
tivity for identifying these patients. We
studied 1077 adults undergoing in-
hospital resuscitation who partici-
pated in 2 randomized clinical tri-
als’!® involving 5 teaching hospitals.
Using recursive partitioning, we found
that all resuscitated patients who were
eventually discharged from the hospi-
tal had a witnessed arrest, an initial car-
diac rhythm of either ventricular tachy-
cardia or ventricular fibrillation, or a
pulse within the first 10 minutes of
chest compressions. We proposed that
physicians might safely withdraw re-
suscitative efforts on patients who did
not satisfy the decision aid since none
of these patients were discharged from
the hospital.

In that report we stressed 2 issues.
First, we emphasized that while 100%
of the patients not satisfying the deci-
sion aid eventually died in hospital, the
95% confidence interval (CI) of this
point estimate extended down to 97.1%.
Second, we cautioned that validation of
the decision aid in a separate patient
population was required before the de-
cision aid should be used clinically.*
This was the objective of our current
study.

METHODS

This validation study was a secondary
analysis of a resuscitation registry at the
Medical Center of Central Georgia
(MCCG) in Macon. The MCCG is a
550-bed community teaching hospital
affiliated with the Mercer University
School of Medicine. It is the major hos-
pital for the metropolitan area as well
as the tertiary center for the surround-
ing rural areas and has approximately
25000 admissions per year.
Multidisciplinary teams consisting of
nurses, residents, staff physicians, res-
piratory therapists, and pharmacists
conducted the resuscitations. Staff phy-
sicians or senior medical residents di-
rected the resuscitations using stan-
dard protocols published by the
American Heart Association.” Team

©2001 American Medical Association. All rights reserved.
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members were all trained in basic life
support and most were trained in ad-
vanced cardiac life support. All mem-
bers underwent regular updates. Dur-
ing the study period, resuscitation was
attempted for approximately 1.5% of
admissions.

With the exception of arrests occur-
ring in the neonatal intensive care unit
or operating room, all in-hospital ar-
rests occurring between 1987 and 1996
were entered into the registry. The re-
suscitation registry was reviewed and
approved by the Institutional Review
Board of Mercer University School of
Medicine and MCCG. Resuscitation
was defined, as has been suggested by
the Utstein Conference,'” as “any ef-
fort to reverse a clinical death in
progress.” Code sheets were com-
pleted after each resuscitation attempt
and were used to identify events. To en-
sure complete capture of resuscita-
tions, the records of patients without
a code sheet but whose hospital charges
included cardioversion, defibrillation,
or the administration of epinephrine
were also reviewed to determine if a re-
suscitation attempt occurred. Data were
entered into the registry by MCCG
project staff and were checked prior to
analysis. All data were cross-checked for
accuracy through an extensive review
of hospital records and death logs.
Clinical categories, such as whether or
not the arrest was witnessed and ini-
tial cardiac rhythm, used standard-
ized definitions that had interrater
Kk values exceeding 0.9 before final clas-
sification of the data set was complete.
Questionable cases were reviewed by 2
researchers (D.C.P., K.M.D.C.) for con-
sensus definition in the final review.
This was done before this study was
conceived. A detailed description of the
registry was previously published.

All resuscitations in the registry were
eligible for this study. Resuscitations
were excluded if they were performed
on patients younger than 16 years old
or were performed on patients in the
operating room at the time of the ar-
rest. Our decision aid applies to pa-
tients who were pulseless at the start
of the resuscitation. Therefore, resus-

citations were excluded if the initial
rhythm was any other than pulseless
ventricular tachycardia, ventricular fi-
brillation, pulseless electrical activity,
or asystole. Resuscitations were also ex-
cluded if patients received no chest
compressions, if information required
by the decision aid was missing, or if
time to initial chest compressions ex-
ceeded 15 minutes. Each of these ex-
clusion criteria was used for patient se-
lection in the decision aid derivation."

To apply the decision aid, we deter-
mined the time from the start of chest
compressions to the end of the resus-
citation. This was the return of any
spontaneous circulation lasting 2 or
more minutes or the end of resuscita-
tive efforts. The former criterion ad-
dressed a concern of our decision aid,>
namely, that patients who regained a
pulse for most of the resuscitation only
to lose it before the 10-minute mark
might have resuscitation stopped if the
aid was applied. Patients who were di-
rectly seen to lose spontaneous circu-
lation were classified as “witnessed.”
Also, all patients who had an arrest
while on a cardiac monitor, in the in-
tensive or coronary care unit or in the
cardiac catheterization laboratory, were
classified as “witnessed arrests.” This
was regardless of whether or not the pa-
tient was directly visualized to lose
spontaneous circulation. Patients in the
emergency department were included
in the study only if they actually had
an arrest after they arrived in the de-
partment. Finally, we applied the de-
cision aid in this study in a more clini-
cally intuitive order than that presented
in the derivation study. This altered or-
der does not affect the model’s statis-
tical significance or operating charac-
teristics.

A 2 X2 contingency table compar-
ing actual discharge status to that pre-
dicted by the decision aid was used to
calculate the classification perfor-
mance of the clinical decision aid with
95% Cls. We reviewed the medical re-
cord of all patients who did not satisfy
the decision aid but survived more than
24 hours to determine their course in
hospital. Analyses are by resuscitation.

(Reprinted) JAMA, March 28, 2001—Vol 285, No. 12 1603

Downloaded from www.jama.com by guest on August 3, 2009


http://jama.ama-assn.org

DISCONTINUING IN-HOSPITAL RESUSCITATIONS

RESULTS

When this study was conducted, the
registry recorded 3960 resuscitations.
We excluded 1779 events for the fol-
lowing reasons: no chest compres-
sions were given during the resuscita-
tion (n=1147), the patient was not
pulseless at the start of the resuscita-
tion (n=254), the patient was younger
than 16 years (n=85), the patient was
in the operating room when the arrest
was called (n=1), the time from arrest
being called to the first chest compres-
sion exceeded 15 minutes (n=9), orin-
formation required to apply the deci-
sion aid was missing (n=283).

]
Table 1. Description of 2181 Attempted
Resuscitations™

Location
Ward 958 (43.9
Off ward 1223 (56.1)
Mean delay to start 0(0-14)
of CPR, min (range)
Arrest type
Cardiac 663 (30.4)
Respiratory 17 (0.8)
Cardiorespiratory 1498 (68.7)
Unknown 3(0.1)
Initial rhythm
Pulseless VT or VF 481 (22.1)
Asystole 570 (26.1)
Pulseless electrical activity 1130 (51.8)
Arrest witnessed 721 (78.9)
Return of spontaneous 1064 (48.8)
circulation
Mean duration of arrest, 34 (0-225)
min (range)
Discharged from hospital 327 (15.0)

*Data are presented as number and percentage unless
otherwise indicated. CPR indicates cardiopulmonary re-
suscitation; VT, ventricular tachycardia; and VF, ven-
tricular fibrillation.

This left 2181 attempted resuscita-
tions comprising 1884 patients. These
patients had a mean age of 65 years (95%
CI, 64.3-65.7) and 47.3% were female.
Most arrests occurred off ward, had a car-
diorespiratory cause, and were wit-
nessed (TABLE 1). The predominant ini-
tial rhythms were asystole and pulseless
electrical activity, and for 2094 (96.0%)
resuscitations, chest compressions were
delivered within 5 minutes of arrest. A
spontaneous circulation was attained in
almost half of resuscitations, and for
15.0% of resuscitations, patients sur-
vived to discharge from hospital.

The FIGURE illustrates how the de-
cision aid identified patients who would
be discharged from the hospital. Of the
327 resuscitations for which patients
were discharged from hospital, 287 sat-
istied the first component of the deci-
sion aid (“arrest was witnessed”). Of the
remaining 40 resuscitations, 10 satis-
fied the second component of the aid
(“initial rhythm was ventricular tachy-
cardia or ventricular fibrillation”).
Twenty-seven of the remaining 30 re-
suscitations satisfied the final compo-
nent of the decision aid (“pulse re-
gained during the first 10 minutes of
chest compressions”).

TABLE 2 presents the classification per-
formance of the decision aid. Of the 327
resuscitations for which patients were
discharged from hospital, all but 3 sat-
isfied the decision aid, resulting in a sen-

-]
Figure. Application of the Decision Aid to the Validation Set of Attempted Resuscitations

1721 Arrest Witnessed

1912 Decision Aid Predicts

287 (16.7%) Discharged
49 Initial Rhythm

2181 Arrests VT or VF

Some Chance
of Discharge

327 (15.0%)

Discharged | 460 Arrest Not

Witnessed
L 7= B
40 (8.7%) Discharged

VT or VF

L =" <
30 (7.3%) Discharged

The Patient Has a Chance of Hospital Discharge if
Any of the Following Is True:

@ The Arrest Was Witnessed

The Initial Cardiac Rhythm Was Ventricular
Tachycardia (VT) or Ventricular Fibrillation (VF)

© Pulse Was Regained During the First
10 Minutes of Chest Compressions

411 Initial Rhythm Not

10 (20.4%) Discharged

142 Pulse Regained
Within 10 min

27 (19.0%) Discharged

269 Pulse Not Regained
Within 10 min

3 (1.1%) Discharged

269 Decision Aid
Predicts No
Chance of Discharge
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sitivity 0f 99.1% (95% CI, 97.1%-99.8%).
That is, the decision aid correctly iden-
tified all but 0.9% of those who were dis-
charged from the hospital. The deci-
sion aid had a negative predictive value
0f 98.9% (95% CI, 96.5%-99.7%). That
is, 1.1% of arrests that the decision aid
predicted had no chance of survival were
actually discharged from the hospital.

Likelihood ratios allow clinicians to
measure the quantitative importance of
test results.' The negative likelihood ratio
of the decision aid was 0.064. To put this
into perspective, assume that we could
accurately determine the probability that
hospitalized patients will survive to dis-
charge if they required resuscitation. Also,
assume that we have 3 patients whose
probability of surviving to hospital dis-
charge, in the event of an arrest, is 30%,
15%, and 5%. If these patients did not
satisfy the decision aid during their resus-
citations, their probabilities of surviv-
ing to discharge would decrease to 2.7%,
1.1%, and 0.3%, respectively.

We determined the outcome of the 3
people whom the aid predicted had no
chance of being discharged from the hos-
pital. The first patient was a 76-year-
old man with dementia, hypertension,
and chronic obstructive pulmonary dis-
ease who was transferred to another hos-
pital following resuscitation to con-
tinue inpatient medical therapy. When
he was discharged he was in a very poor
condition and required tracheostomy,
gastrostomy, foley catheter, and rectal
tube. These, however, were at least par-
tially required for an obstructive oro-
pharyngeal carcinoma as opposed to is-
chemic cerebral damage. He died 2
months following discharge from the
hospital. The second patient was a 43-
year-old man with chronic obstructive
pulmonary disease and alcoholic cardi-
omyopathy. Although he had minimal
ischemic damage from the arrest, he was
discharged to a nursing home resi-
dence because of problems caring for
himself. The final patient was a 65-year-
old previously well woman who had an
arrest following back surgery. She had
no ischemic injury but required nurs-
ing home placement because of compli-
cations of her back surgery.

©2001 American Medical Association. All rights reserved.
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Of the 269 resuscitations in which pa-
tients were predicted to have no chance
of surviving to hospital discharge, the
mean resuscitation duration was 22.6
minutes (SD, 11.1 minutes; range, 10-72
minutes). In 53 of these resuscitations
(19.7%), patients achieved a spontane-
ous circulation and were transferred to
the intensive care unit. Twenty-six of
these patients remained alive for at least
24 hours but died later during the hos-
pitalization. These 26 patients survived
amean of 8.5 days following the resus-
citation (range, 1-29 days; total, 213
days). Of the 20 patients whose chart was
available, 15 (75%) never regained con-
sciousness. For 9 (45%) of these 20 pa-
tients, a decision was made to with-
draw active care.

COMMENT

Using one of the world’s largest con-
tinuous registries of hospital resusci-
tations, we found that a simple clini-
cal decision aid performed well to
identify patients with any chance of dis-
charge from hospital following resus-
citation. All but 3 patients (1.1%) who
did not meet criteria for the decision aid
died following their arrest. We believe
that this decision aid can be used with
other clinical factors to help physi-
cians identify patients who are ex-
tremely unlikely to benefit from ongo-
ing resuscitation efforts.

Our aid meets the most important
methodological standards for deci-
sion aids.'®*! The outcome predicted by
the aid is important and objective. The
aid is clinically sensible since each com-
ponent (ie, witnessed arrest,® initial ven-
tricular tachycardia or ventricular fi-
brillation,” and duration of resuscitative
efforts*”%22) has been associated with
survival in other studies. The poten-
tial effects of using the decision aid—in
terms of avoided intensive care unit
days—have been estimated in both the
derivation'* as well as this study. Most
important, the aid has been validated
on a distinct population, a standard met
by fewer than half of all decision aids
published between 1991 and 1994 in
4 major medical journals."” We hope
that this aid will be tested further in

©2001 American Medical Association. All rights reserved.
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]
Table 2. Decision Aid Performance for Identifying Patients Who Are Discharged
From Hospital Following Attempted Resuscitation*

Decision Aid Predicted Some Chance

Discharged
From Hospital
[ |

of Discharge From Hospital Yes No Total
Yes 324 1588 1912
No 3 266 269

Sensitivity =99.1% (95% ClI, 97.1%-99.8%)

Specificity =14.4% (95% Cl, 12.4%-16.0%)

Positive Predictive Value =17.0% (95% CI, 15.3%-18.7%)
Negative Predictive Value = 98.9% (95% ClI, 96.5%-99.7%)

*The clinical decision aid predicted some chance of discharge from hospital if the arrest was witnessed or the initial
cardiac rhythm was ventricular tachycardia or ventricular fibrillation or the pulse was regained during the first 10 min-
utes of chest compressions. These patients are represented in the top row of the table above. Cl indicates confi-

dence interval.

other patient populations, preferably in
a prospective fashion, to further en-
sure its validity.

Two factors regarding the decision aid
require more detailed discussion. First,
this study showed that the decision aid
is very robust since it was valid in a sepa-
rate patient group despite large differ-
ences between the derivation and vali-
dation populations. Compared with the
derivation group,'* patients in this study
were significantly younger (mean age,
65 vs 68 years, P<<.001), and were less
likely to have have had an arrest on the
ward (43.9% vs 55.2%). Outcomes for
the validation group were much better
with a significantly greater number of pa-
tients surviving to 1 hour (48.8% vs 33%,
P=.0001) and discharge (15.0% vs 9.6%,
P<.001). Most important, the patients
used for the derivation and validation
studies were from very different health
care systems. The observation that our
decision aid performed so well in such
adifferent patient population should give
physicians confidence to apply it to their
own patients.

Second, although each component of
the aid is very objective, it must be used
with care since difficulties in measur-
ing time, classifying cardiac rhythms, and
determining the presence of a pulse dur-
ing the resuscitation have been well
documented in the medical literature. All
patients who had an arrest in the inten-
sive care unit or while on a monitor are
considered witnessed arrests when ap-
plying this aid, even if they are not ac-
tually visualized to become unstable.

Similarly, physicians must be confident
about the classification of the initial
rhythm, and special care must be exer-
cised to ensure that perfusing rhythms
with hypotension are not classified as
pulseless electrical activity. Also, physi-
cians must ensure that resuscitative ef-
forts have truly proceeded for a com-
plete 10 minutes, without the return of
a pulse that persisted for 2 or more min-
utes, before the last component of the aid
is determined. Finally, this decision aid
cannot be applied to out-of-hospital re-
suscitations without further research.

Although the resuscitations in this
study spanned over 9 years, we do not
believe that changes in resuscitation sig-
nificantly affected our results. Be-
tween 1987 and 1996, the time period
of the study, no pharmacological or me-
chanical intervention was introduced
that reliably improved the patient out-
comes following resuscitation. Al-
though monitoring technology, such as
telemetry, might have become more
prevalent during the study, the deci-
sion aid would account for this since
all such patients would be classified as
having a witnessed arrest.

This study addresses several criti-
cisms of our decision aid.” There was
concern that patients who regained a
pulse within the first 10 minutes of the
resuscitation, only to lose it again at 10
minutes, would not satisfy the deci-
sion aid and would have resuscitative
efforts withdrawn. Since the registry
used for this study recorded when pa-
tients had any return of spontaneous
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rhythm, we ensured that patients who
regained a pulse for longer than 2 min-
utes within the first 10 minutes of re-
suscitation satisfied the decision aid.
Second, the decision aid only identi-
fied 12% of the study group as pa-
tients with no chance of survival. How-
ever, this is comparable to other
decision aids used to identify patients
with poor outcomes postarrest such as
the Pre-Arrest Morbidity score,'** the
Prognosis After Resuscitation score,'**
and the APACHE (Acute Physiology
and Chronic Health Evaluation) T in-
dex,'? each of which applied to be-
tween 5% and 20% of all resuscita-
tions. Third, we were criticized for both
ignoring prearrest patient factors that
are associated with outcomes and at-
tempting to derive a simple decision aid
to be applied to such a diverse popu-
lation of patients having a broad range
of survival probabilities. As we dem-
onstrated in this article, physicians
could combine the negative likeli-
hood ratio of the decision aid with
estimated prearrest survival probabili-
ties to improve prognostication.'® How-
ever, we believe that freeing physi-
cians from having to calculate a pretest

probability of survival based on vari-
ous factors is a strength of the aid. Since
many patients with a good prognosis
have some return of spontaneous cir-
culation within the first 10 minutes of
the resuscitation, our aid innately ac-
counts for these patients. Finally, we
agree that any time patients are inter-
active with their environment after re-
suscitation—even if they end up dy-
ing later—is valuable. However, we do
not feel that this advocates adopting a
“never give up” mind-set during resus-
citative efforts. Our data show that for
each person who did not satisfy the de-
cision aid but regained consciousness,
approximately 15 people did not. In
many of these cases, family members
are put in the unenviable position of
having to decide whether to withdraw
care from a loved one. Given the stress
that this causes,”*° it is arguably a high
price to pay.

We believe that the decision aid vali-
dated in this study can be used by phy-
sicians to identify patients who are ex-
tremely unlikely to benefit from ongoing
resuscitation efforts. Further validation
of the aid in multiple sites with prospec-
tively collected data would be wel-

come. In addition, this decision aid might
also help patients be more directive re-
garding their resuscitation attempts. Our
data could allow patients and physi-
cians to precisely quantify when resus-
citative efforts would be stopped, such
as when our decision aid is not satis-
fied. Since patients are often afraid of be-
ing resuscitated only to remain on life
support, our decision aid could be used
to help patient decision making that
might avoid such a situation.
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