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Predicting the Outcome
of Unsuccessful Prehospital
Advanced Cardiac Life Support

Arthur L. Kellermann, MD, MPH; Bela B. Hackman, MD; Grant Somes,.PhD

Cbjective.—To determine if failure to achieve retumn of spontaneous clrculation
following prehospital advanced cardiac life support (ACLS) wartants termination of
efforts at the scene.

Design.—Retrospeclive case series.

Setting—Memphis, Tenn, a city of 610337 people that is served by a fire
department-based emergency medical service system. All city ambulances
provide ACLS. ,

Patients.—Adult victims of out-of-hospital cardiac arrest due to heart disease.

Intervention.—All patients received prehospital ACLS according to the 1986
American Heart Assoclation guidelines. Following prehospital ACLS, all patients
were fransported to the nearest hospital emergency department whether or nota
pulse was restored in the field.

Main Outcome Measures.—Survival to hospital admission, survival to hospital
discharge, and neurological status at discharge.

Results.—Over the 39-month study interval, the Memphis Fire Department
treated 1068 victims of out-of-hospital cardiac arrest. Three hundred ten of thesa

- {29%) had return of spontaneous circulation prior to ransport for some period. The

remalining 758 patients (71%) never regained a pulse and were transported with
ongoing cardiopulmonary resuscitation. Patients who had retum of spontaneous
circulation prior to transport were more likely to be admitted (69% vs 7.0%) and far
more likely to be discharged alive (26.5% vs 0.4%) than patients who failed to re-
spond to prehospital ACLS. Three patienis who survived to hospital discharge de-
spite failure to achieve retum of spontanecus circulation prior to emergency medi-
cal service transport sustained thelr cardiac arrest after pararnedic arrival. All three
were discharged with moderate to severe cerebral disability.
Conclusion.—Rapid transport of adults who fail to respond to an adequate trial
of prehospital ACLS does not resuit in meaningful rates of survival. In such cases,
on-line emergency medical service physiclans should authorize paramedics to

cease efforis in the field.
(JAMA. 1993;270:1433-1436)
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SUDDEN cardiacarrest claims thelives
of approximately 250000 US citizens
each year.! Because collapse typically
occurs within an hour of the enset of
symptoms, the great majority of these
events take place outside of a hospital.®
Although studies show that prompt pro-
vision of prehospital eardiac care results

in substantially higher rates of resusci- _

tation and survival than rapid transport
to the hospital™* uncertainty persists
regarding when (or if) transport should
be initiated if the patient remains in
cardiac arrest.5 - .
Eisenberg et al® and others!® have
identified & number of factors that ap-
pear to be associated with successful
prehospital resuscitation and subsequent
survival to hospital discharge. Some fac-
tors (such as the presence or absence of

2 witness to cail for help) are largely

See also pp 1457 and 1471.

matters of fate. Others, such asthe time-
liness of cardiopulmonary resuscitation
(CPR)and prehospital advaneced cardiae
life support (ACLS), can be improved
by refinements in the emergency medi-
cal service (EMS) system.**¥* Recent
research suggests that physiological pa-
rameters, such as coronary artery per-
fusion pressure,”® end-tidal carben di-
oxide concentration,'* and the amplitude
of the ventricular fibrillation wave
form,' can also be used to predict sue-
cessful resuscitation. However, none of
these indicators are precise enough to
support a decision to stop efforts in the
field.

Between 1988 and 1992, four groups
independently reported that patients
who fail to respond to aggressive pre-
hospital ACLS rarely survive to hospi-
tal discharge.’*!® However, all of these
studies were retrospective innature and
all were based on patients taken to a
single institution. To verify the prog-
nostic utility of this clinical rule, we pro-
spectively identified all cases of ont-of-
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hospital cardiac arrest treated by our
large urban EMS system over a 39-
month period and followed up on each to
determine the patient’s hospital out-
come.

METHODS
Study Site

The Memphis{Tenn) Fire Department
(MFD) EMS Bureau is the sole provider
of advanced life-support care to the citi-
zens of Memphis (1990 population,
610337). The MFD EMS Bureau oper-
ates 20 ACLS ambulances around the
clock and normally staffs each vehicle

.with two paramedics. In addition to para-

medic care, the MFD provides first-re-
sponder care through a network of 48
fire stations throughout the city. In cases
of apparent or suspected cardiac arrest,
the MFD alarm office simulfaneousty
dispatches the nearest truck or engine
company and the nearest available para-
medic unit to the scene.

Stancfard Operating Procedure

During the study period, 40 MFD en-
gine companies alternated carrying au-
tomated external defibritlators (Laer-
dal Heartstart 2000, Laerdal Medical
Corp, Armonk, NY) as part of a pro-
spective, controlled clinieal trial. Tha re-
maining engine companies initiated CPR
on arrival and continued to provide ba-
sic life support throughout the resusci-
tation attempt. Paramedie-staffed am-
bulaneces were immediately dispatched
to each event and assumed responsibil-
ity for the patient on arrival. Following
provision of ACLS, all patients were
transported tothe nearest hospital emer-
gency department with ongoing treat-
ment, whether or not return of sponta-
neous circulation (ROSC) was achieved.

Case [dentification

Alladult vietims of out-of-hospital car-
diac arrest treated by the MFD were
identified. Cases of cardiac arrest due to
trauma, drug overdose, and other non-
cardiac causes were excluded, as were
cases involving children less than 18
years of age. Patients who were judged
to be obviously dead at the scene prior
to initiation of ACLS (eg, onset of rigor
mortis or dependent lividity) were also
excluded.

Primary surveillance was conducted
by collecting a special cardiae resuseci-
tation record from each paramedic unit.
Secondary surveillance was conducted
by reviewing all ambulance-trip tickets
submitted to fire station headquarters
to identify any unreported cases of car-
diac arrest. In addition to these mea-
sures, EMS radio traffic was monitored
by the city’s regional communications

1434 JAMA, September 22/29, 1993—Vol 270, No. 12

Table 1.—Factors Associated With Successful Retum of Spontaneous Clrculation (ROSC) In the Field

ROSC No ROSC Odds 95% Confidence

{n=310) {n=758) Ratio Interval P
Mean age, ¥y 63.5 64.6 e Sian 19
Male, % 58.7 64.3 0.91 0.82-1.01 09
Black, % . 52.6 58.1 0.91 0.81-1.02 .10
Collapsed at home, % £9.3 70.6 0.98 0.50-1.07 56
Collapse witnessed, % 71.9 56.5 1.27 1.14-1.42 <01
Bystandar CPR,T % 18.1 14.3 1.12 0.82-1.53 AT
Initlal rhythm VF/VT 57.7 44,7 1.29 1.13-1.47 <.01
Flrafighter response time, min 3.38 3.52 Sl e 22
Paramadic response tima, min 5868 5.91 - il 22
Intubated In field, % 88.1 88.6 098 0.95-1.04 .79
Survived to hospital admisslon, % 69.0 7.0 2.9 8.0-12.2 <01
Survived to hospital discharge, % 285 o4 6B.7 37.5-118.9 .01
No ar mild neurclogical deficits, % 19.0 o 2904 18.0-4582.7 <0

*Ellipsas indicate not applicabla.

1CPR Indicates cardiopulmonary resuscitation; VF, vantricular fibrillation; and VT, ventricular fachycardia.

center. Whenever a case was identified
that wasnot documented by a paramedie
report form, the responsible unit was
contacted to minimize missing data. En-
gine company and EMS unit response
times were subsequently verified by the
MED zlarm office.

Assessment of Qutcome .

Since all patients were transported
folowing prehospital ACLS, the receiv-
Ing hospitals were periodieally contacted

to identify those who survived to hos-.

pital admission, The length of stay and
hospital outecome of each of these pa-
tients were also noted, Although sur-
vival to discharge was the primary out-
come of interest, each patient’s neuro-
logieal status at hospital discharge was
determined by contacting the patient’s
attending physician or a nurse familiar
with the patient’s condition. Cerebral
performance was graded as normal (re-
turned to premorbid status), mild im-
pairment (slight impairment, but able
to care for self), moderate impairment
(requires assistance with many aspects
of daily living), or severe impairment
(requires assistance with all aspects of
daily living).

Human Subjects Considerations

Our study involved no experimental
interventions and did not require
changes to existing community policy
regarding EMS transport. Therefore,
the requirement for informed consent
was waived by the Institutional Review
Board of the University of Tennessee,
Memphis. Measures to protect the con-
fidentiality of each study subject, his or
her health care provider, and the hos-
pital providing inpatient care were care-
fully maintained at all times.

Data Analysls

Since our study was designed to as-
sess the predictive value of ROSC prior

to EMS transport, group outcomes were
initially compared on this basis. The sen-
sitivity, specificity, positive predictive
value, and negative predictive value of
ROSC were then compared with corre-
sponding values for other well-charac-
terized predictors of cardiac arrest
ontcome. Patients who survived despite
failure to achieve ROSCinthe field were
examined individually to see if their po-
tential for survival could have been pre-
dicted at the time of EMS transport.

RESULTS

Between March 3, 1989, and June 8,
1992, the MFD treated 1068 victims of
out-of-hospital cardiac arrest. A total of
310 of these (29%) were noted to have
restoration of a pulse prior to EMS trans-
port. The remaining 758 patients (71%)
never regained a pulse and were trans-
ported at high speed to the nearest hos-
pital emergency department.

Anjnitial univariate analysis revealed
that the age, sex, and race of patients
who achieved ROSC at the scene were
not significantly different than that of
individuals who failed to respond to
ACLS at the scene. Patients who were
successfully resuscitated were more
likely to have been witnessed (or heard)
to eollapse and these persons were more
often found in a state of ventricular
fibrillation. The EMS response times
were generally fast in both groups, but
successful prehospital resuseitations
were not associated with sipnificantly
shorter response times than these re-
ported in eases of refractory cardiac ar-
rest (Table 1).

Patients who responded to prehospi-
tal ACLS were substantially more likely
to be admitted to the hospital (69% vs
7.0%; odds ratio, 9.9; 95% confidence in-
terval, 8.0 to 12.2) and were far more
likely to survive to hospital discharge
(26.6% vs 04%; odds ratio, 66.7; 95%
confidence interval, 85.7 to 118.9) than
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Table 2.—Crileria for Predicting Survival From Cardiac Arrest

Posltive Negative
. Predictive Predictive
No.* Sensltivity Speclficity Value Value
Ago =80 y 1060 g2.9 141 8.6 95.8
Female * 1088 40.0 62.8 -85 92.4
Witnessed collapsa 922 78.0 40.7 114 95,3
Bystander CPRT 1044 21.4 85.7 11.8 82.6
Initlal rhythm VF/VT 1068 741 538 12.2 i 96.0
Fiefighter response =3 min 1022 65.4 458 24 93.9
Paramedic response =5 min 1068 64.7 652.3 10.5 84.5
ROSC prior to EMS transport 1088 865 76.8 255 99.6

*Number of obssrvations with complete data.
4CPR indicates cardi

resuscitation; VF, ventricular Gbrillation; VT, ventricular tachycardia; ROSC,

opulmonary ;
retum of spontaneous circulation; and EMS, ememgency medical service.

patients who failed to respond to pre-
hospital ACLS (Tzble 1). Eighty-two
patients who were resuscitated in the
field survived tohospital discharge, com-
pared with only three of 7568 patients
who were transported in full cardiac ar-
rest. These three patients who survived
despite failare to achieve ROSC prior to
transport had a spontaneous.pulse at
the time paramedics arrived but dete-
riorated to cardiac arrest prior to EMS
transport. All three were eventually dis-
charged with moderate to severe neu-
rological deficits. No patient who was
found in cardiac arrest and failed to
achieve ROSC prior to transport sur-
vived to hospital discharge.

The predictive value of ROSC at the
scene was then compared with those of
other well-characterized criteria.** Al-
though several were significantly linked
with survival to hospital discharge, all
but one misclassified a substantial num-
ber of cases. The only criterion confirmed
to have a high degree of predictive value
was failure to achieve ROSC prior to
transport (Table 2).

COMMENT

Despite two decades of progress in
the management of out-of-hospital ear-
diac arrest, a minority of victims sur-
vive to hospital discharge. Most- die
quickly as a result of refractory ven-
trienlar dysrhythmias, pulseless electri-
cal activity, orasystole, Others succumb
hours or even days later from cardio-
genie shock, anoxie brain injury, multi-
system failure, or other complications
following cardiac arrest.? The emotional
and financial costs of these deaths are
high.

These grim statistics must be tem-
pered, however, by the realization that
many lives are saved by effective and
timely prehospital cardiac care.! Highly
proficient systems, such as the EMS sys-
tems of Seattle® and King County,
‘Washington,? resusecitate more than half
of all vietims of out-of-hospital ventricu-
lar fibrillation in the field. The majority
ofthose who survive are discharged from

JAMA, Seplember 22/29, 1993—Vol 270, No, 12

the hospital to their homes without neu-
rological deficite.®

Unfortunately, the prognosis for pa-
tients who fail to respond to prehospital
ACLS is far less faverable. In 1988, we
analyzed the outcome of 281 consecu-
tive patients who arrived at the Re-
gional Medical Center at Memphis in
refractory or recurrent cardiac arrest
following unsuccessful prehospital
ACLS."® Although 82 were resuscitated
in the emergency department, only four
(1.4%) survived to hospital discharge.
Two had good neurological outeomes.
Bothhad a palpable pulse and bloed pres-
sure while en route to the emergency
department, but deteriorated to cardiac
arrest shortly before arrival.

These results were soon replicated by
case series from Royal Oak, Mich (181
cases, one survivor),” St Louis, Mo {211
eases, one survivor),® and Providence,
RI (185 cases, no survivors).!® A com-
prehensive review published in January
1993 identified a total of 16 survivors
out of more than 3400 cases of refrac-
tory out-of-hospital cardiac arrest.” On
the weight of findings such as these, the
Emergency Cardiac Care Committee of
‘the American Heart Associationrecently
reached the following conclusion:

Resuscitation may be discontinued in the
prehospital setting when the patient is non-
resuscitable after an adequate trial of
ACLS.... Physician ambulance medical di-
rectors remain ultimately responsible for de-
termination of death, and pronouncement of
death in the field should have the concurrence
of on-line medical control. . . . Return of spon-
taneous circulation for even a brief period is
a positive prognostic sign and warrants con-
sideration of transport te a hospital. Trans-
port may also be warranted in special eircum-
stances such as profound hypothermia?

Our present study was undertaken to
verify the predictive value of failure to
achieve ROSC at the scene. Rather
than restrict our analysis to patients
who were brought to a single institution
in cardiac arrest, we included every
adult vietim of cardiac arrest who was
treated by our city’s fire department—

based EMS system over a 39-month
study period. Rigorous data collection
and quality assurance activity were
maintained throughout the study and
all patients were transported to the
nearest hospital emergency depart-
ment, regardless of their response to
prehospital ACLS. Each patient’s hos-
pital outcome, length of stay, and neu-
rological status at discharge were veri-
fied by contacting an attending
physican or nurse at the receiving in-
stitution who was blinded to the study
hypothesis.

Two potential limitations warrant
comment. First, our study is based on
data generated by a single EMS sys-
tem. However, these observations are
consistent with those reported from 10
other cities.’®** Community rates of
cardiac arrest survival vary widely by
locale, but most (if not all) of this differ-
ence is due to differing rates of prehos-
pital resuscitation rather than intercity
differences in emergency department
or inpatient care® Second, we cannot
exclude the possibility that the weight
of previously published feports led toa
self-fulfiling prophecy. If our emer-
gency department physicians and criti-
cal care specialists expected these pa-
tients to do poorly, the physicians may
have treated them less aggressively
than patients who responded to prehos-
pital ACLS. However, none of the in-
patient physicians at the nine hospitals
who cared for these patients was aware
of the study hypothesis, Furthermore, .
data collection was completed before
the new guidelines of the American
Heart Association were released.! We
do not believe that physician behavior
was influenced to a significant degree.

Our findings confirm that rapid trans-
port of cardiac arrest patients who fail
to respond to prehospital ACLS does
not result in meaningful rates of sur-
vival to hospital discharge. Only three
of 758 patients who failed to improve in
the field following paramedie care sur-
vived to hospital discharge. All three
were left with moderate {o severe nen-
rological deficits. Given the risks asso-
ciated with high-speed transport, the
substantial human resources required
to continue resuscitative efforts in the
emergency department, and the high
cost of ultimately futile intensive care
unit and other inpatient care, policies
that mandate transport of refractory
cardiac arrest patients to the hospital
should be abandoned.*%5*

“This conclusion must be tempered by
three caveats. First, our findings are
based on cardiac arrest outecomes
among adults. They should not be gen-
eralized to children. Second, exceptions
shonld be made for individuals who are
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profoundly hypothermic and possibly for
patients who need an airway that cannot
be secured at the scene. Finally, despite
compelling evidence of the effectiveness
of prehospital defibrillation, EMS provid-
ers in most small towns and many cities
still lack the equipment needed to provide
it.® In these communities, rapid trans-
port for definitive care in the nearest
emergency department remains the only
option, This strategy is far less satisfac-
tory than prehospital defibrillation and
generally yields poor rates of cardiac ar-
rest survival®

Every victim of out-of-hospital car-
diac arrest should receive a determined
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