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ABSTRACT

Background Among adults who have a cardiac ar-
rest outside the hospital, the survival rate is known
to be poor. However, less information is available on
out-of-hospital cardiac arrest among children. This
study was performed to determine the survival rate
among children after out-of-hospital cardiac arrest
and to identify predictors of survival.

Methods We reviewed the records of 101 children
(median age, two years) with apnea or no palpable
pulse (or both) who presented to the emergency de-
partment at the Hospital for Sick Children in Toronto.
The characteristics of the patients and the outcomes
of iliness were analyzed. We assessed the functional
outcome of the survivors using the Pediatric Cere-
bral and Overall Performance Category scores.

Results Overall, there was a return of vital signs
in 64 of the 101 patients; 15 survived to discharge
from the hospital, and 13 were alive 12 months after
discharge. Factors that predicted survival to hospital
discharge included a short interval between the ar-
rest and arrival at the hospital, a palpable pulse on
presentation, a short duration of resuscitation in the
emergency department, and the administration of
fewer doses of epinephrine in the emergency de-
partment. No patients who required more than two
doses of epinephrine or resuscitation for longer than
20 minutes in the emergency department survived
to hospital discharge. The survivors who were neu-
rologically normal after arrest had had a respiratory
arrest only and were resuscitated within five min-
utes after arrival in the emergency department. Of
the 80 patients who had had a cardiac arrest, only
6 survived to hospital discharge, and all had neuro-
logic sequelae.

Conclusions These results suggest that out-of-
hospital cardiac arrest among children has a very
poor prognosis, especially when efforts at resuscita-
tion continue for longer than 20 minutes and require
more than two doses of epinephrine. (N Engl J Med
1996;335:1473-9.)
©1996, Massachusetts Medical Society.

N children, the outcome of cardiac arrest out-
side the hospital has been poor, with very high
rates of mortality and neurologic morbidity.!
Many survivors remain in a persistent vegeta-
tive state,! recovery from which is unlikely.2 Recent-
ly, much has been written on the prediction of out-
come after cardiopulmonary resuscitation (CPR) in
adults,? and distinct criteria for terminating resusci-
tation efforts have been developed.* In a large study
of adults, only 0.4 percent of the patients who failed
to respond to advanced cardiac life support before
arrival at the hospital survived to discharge from the
hospital, and all had moderate-to-severe cerebral dis-
ability.? Bonnin et al.* and Kellermann et al.? recom-
mend that resuscitative efforts be terminated at the
scene if normothermic adults with cardiac arrest out-
side the hospital do not regain spontaneous circula-
tion within 25 minutes after the start of standard ad-
vanced cardiac life support. Is there a similar time
limit for advanced life support in children, beyond
which there is no further increase in survival? In a
recent survey, there was no clear consensus among
clinicians on the optimal duration of resuscitative ef-
forts in pediatric patients.>
In our study, we sought to determine the rate of
survival among children after an out-of-hospital ar-
rest, to compare current survival rates with survival
10 years ago, to identify predictors of survival in pe-
diatric patients, and to propose guidelines for limit-
ing the duration of CPR in children.

From the Departments of Critical Care Medicine (M.B.S., D.B., PN.C.,
J.E., G.B.) and Pediatrics (B.W.M., A.].), Hospital for Sick Children, Uni-
versity of Toronto, Toronto. Address reprint requests to Dr. Schindler at
the Paediatric Intensive Care Unit, Great Ormond Street Hospital for Chil-
dren, Great Ormond St., London WCIN 3JH, United Kingdom.
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METHODS

The hospital records of patients who arrived at the Hospital for
Sick Children in Toronto after a cardiac or respiratory arrest were
reviewed. The hospital is a 350-bed tertiary care pediatric hospital.
Its emergency department sees 52,000 patients a year. Cardiopul-
monary arrests were managed by a resuscitation team consisting of
a senior and a junior pediatric resident, an anesthetic and surgical
resident, and an emergency department physician. Efforts at resus-
citation and the administration of drugs were based on the guide-
lines of the American Heart Association for pediatric resuscita-
tion.® All patients who presented to the emergency department
without spontancous respiration or a palpable pulse (or with nei-
ther) between January 1986 and June 1993 were included in the
study. Study subjects were identified by reviewing all deaths that
occurred in the emergency department and all patients admitted
to the intensive care unit (ICU) after CPR. Only patients in whom
resuscitation was attempted were included.

The characteristics of the patients that were recorded and cor-
related with outcome were age, diagnosis, the time elapsed and
the treatment given between the arrest and arrival at the hospital,
pulse, temperature, preexisting illness, cardiac rhythm, the num-
ber of doses of resuscitative drugs administered, the duration of
attempted resuscitation, arterial-blood gas values, and glucose
values. Three indexes of survival were analyzed: the sustained re-
turn of a spontancous circulation and subsequent admission to
the ICU, survival to hospital discharge, and survival 12 months
after discharge. The time spent in the ICU, the subsequent course
and treatment of the disease, and the duration of the hospital stay
were noted. A 12-month follow-up was conducted by a review of
clinic charts and interviews with care givers by telephone. The
cight children who left the hospital with neurologic deficits and
survived for at least 12 months had a full neurologic assessment
in the outpatient clinic at 12 months. The outcomes of the sur-

vivors were classified with the Pediatric Cerebral and Overall Per-
formance Category scores.” Their status before the arrest, at the
time of discharge from the hospital, and one year thereafter was
evaluated, and the incremental changes in their scores (delta
scores) were calculated. The terms for describing resuscitation
were defined according to the Pediatric Utstein Style.® Our results
were then compared with previously reported outcomes of CPR
in children.

Descriptive statistics for the patients were obtained and are re-
ported as means (=SD), medians with ranges, or frequencies, as
appropriate. Risk factors influencing survival after an out-of-hos-
pital cardiac or respiratory arrest were identified with chi-square
tests, t-tests, and Kruskal-Wallis analysis of variance. Variables found
to be significant were then tested in a stepwise multiple logistic-
regression analysis, and independent predictors of outcome were
identified. Beta coefficients from significant independent predic-
tors were converted to adjusted odds ratios with 95 percent con-
fidence intervals.

RESULTS

During the 7.5-year study period, CPR was initi-
ated in the emergency department in 101 children
without vital signs. The median age was 2 years (range,
3 days to 18 years). Other demographic and clinical
characteristics of the patients are shown in Table 1.
When they arrived in the emergency department, all
the patients had no spontaneous respiration, and 80
were pulseless. Attempts at resuscitation were unsuc-
cessful in 37 patients. The remaining 64 patients
were transferred to the ICU with a perfusing cardiac
rhythm. Fifteen patients (15 percent) survived to

TABLE 1. CHARACTERISTICS OF THE PATIENTS.

PATIENTS WITH

RESPIRATORY ARREST

CHARACTERISTIC OnLy (N=21)
Age — yr
Median 6
Range <1-16
Weight — kg
Median
Range
Sex — M/F
Diagnosis or cause of arrest
— no. (%)
SIDS*
Trauma
Sepsis
Drowning
Heart disease or
arrhythmia
Seizures
Cancer
Smoke inhalation
Asthma or anaphylaxis
Neuromuscular disease
Blocked shunt
Acute hyperkalemia
Drug overdose
Pulmonary embolus
Cerebral hemorrhage
Progeria

20
4-50
12/9

oD

OO O WOk

PATIENTS
SURVIVING
PATIENTS WITH TO HosPITAL
CARDIAC ARREST ALL PATIENTS DISCHARGE
(N=280) (N=101) (N=15)
1 2 2
<1-18 <1-18 <1-15
10 12 10
2-60 2-60 3-50
40/40 52,/49 9/6
24 24 0
15 21 0
10 12 4 (33)
9 9 0
6 7 1 (14)
3 7 2 (29)
3 4 1 (25)
4 4 1(25)
0 3 3 (100)
2 3 0
1 2 1 (50)
1 1 1 (100)
0 1 1 (100)
1 1 0
0 1 0
1 1 0

*SIDS denotes sudden infant death syndrome.
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hospital discharge, and 13 were alive 12 months af-
ter discharge. Of the patients, 21 had a respiratory
arrest only (i.e., they had a palpable pulse through-
out resuscitation); 9 of these 21 (43 percent) sur-
vived to hospital discharge. Of these 9 patients,
5 were neurologically normal after discharge. Of the
80 patients who had a cardiac arrest (those without
a palpable central pulse) only 6 patients (8 percent)
survived to hospital discharge, and all 6 had moder-
ate-to-severe neurologic sequelae (Fig. 1).

In a bivariate analysis, predictors of successful resus-
citation in the emergency department were identified.
Patients who survived beyond treatment in the emer-
gency department were more likely to have had a
pulse on arrival (P<<0.001); required significantly
fewer doses of epinephrine, bicarbonate, and calcium
(P<0.05); and had a shorter duration of resuscitation
in the emergency department (P<<0.001). In the ini-
tial arterial-blood gas assay, these patients had a sig-
nificantly higher pH, a lower partial pressure of arte-
rial carbon dioxide, and a higher partial pressure of
arterial oxygen (P<<0.01 for all three variables).

In another bivariate analysis, we identified predic-

tors of survival to hospital discharge (Table 2). Age,
weight, sex, and initial arterial-blood gas values were
not significant predictors of survival to hospital dis-
charge. Patients who survived to hospital discharge
had a significantly shorter interval between the ar-
rest and arrival at the hospital and were more likely
to have had a pulse present on arrival. They had a
shorter duration of resuscitation in the emergency
department and received significantly fewer doses of
epinephrine and bicarbonate than did those who
died. They were more likely to have a preexisting ill-
ness and had a higher initial body temperature. They
were less likely to have received advanced CPR (re-
suscitation administered by emergency medical tech-
nicians) before arrival, and they were less likely to
have been in asystole in the emergency department.

In our multiple logistic-regression analysis, the
independent predictors of survival to hospital dis-
charge were the use of only basic CPR (or no CPR)
before arrival at the hospital (adjusted odds ratio,
0.032; 95 percent confidence interval, 0.004 to
0.25; P<0.001) and a short duration of resuscita-
tion in the emergency department (adjusted odds

No respiration on arrival in emergency room

(n=101)
| ' |
Never lost pulse Cardiac arrest
(n=21) (n=80)
I
|
Admitted to ICU Admitted to ICU Died
(n=21[100%]) (n=43 [54%]) (n=237 [46%])
| | | |
Died Survived to discharge from ICU Survived to discharge from ICU Died
(n=12[57%]) (n=9[43%]) (n=6[8%]) (n=237 [46%])
Survived to hospital discharge Survived to hospital discharge
(n=9[43%]) (n=6 [8%])
Normal Mild Moderate Severe Moderate Persistent
(n=5) deficit deficit deficit deficit vegetative state
(n=1) (n=1) (n=2) (n=3) (n=3)
Unchanged Unchanged Unchanged Unchanged
at 12-month at 12-month at 12-month at 12-month
follow-up follow-up follow-up follow-up
Dead at Unchanged Dead at Unchanged
12-month at 12-month 12-month at 12-month
follow-up follow-up follow-up follow-up
(n=1) (n=1) (n=1) (n=2)

Figure 1. Outcomes of 101 Children Arriving at the Emergency Department without Respiration, with No Palpable Pulse, or Both.

ICU denotes intensive care unit.
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ratio, 0.058; 95 percent confidence interval, 0.010
to 0.33; P=0.001). The observation that the use of
advanced CPR before arrival at the hospital is a pre-
dictor of death can be explained by the association
of advanced CPR with a longer interval between the
arrest and arrival at the hospital. The median time
from the arrest to arrival at the emergency depart-
ment for those who received advanced CPR was 20
minutes (range, 5 to 60; n=69), as compared with
5 minutes (range, 1 to 15) for those who received
basic CPR or no CPR before arrival (P<<0.001). Pa-
tients in the latter group had their arrests very close

to the hospital and were brought to the emergency
department by private transport. The logistic-regres-
sion model successtully predicted survival to hospital
discharge for 90 percent of the patients with a sen-
sitivity of 98 percent and specificity of 47 percent.
The relation of survival to hospital discharge to the
duration of resuscitation in the emergency depart-
ment is shown in Figure 2. No patients who required
more than two doses of epinephrine or resuscitation
in the emergency department for longer than 20 min-
utes survived to hospital discharge. The only statisti-
cally significant predictors of survival to hospital dis-

TABLE 2. PREDICTORS OF SURVIVAL TO HOSPITAL DISCHARGE
AFTER A CARDIAC OR RESPIRATORY ARREST.*

VARIABLE

Interval between arrest and hospital arrival
— minf
Median
Range
Preexisting illness — no.
Prehospital treatment — no. (%)
Basic or no CPR
Advanced CPR
Palpable pulse on arrival in emergency
department — no.
Body temperature in emergency
department — °Ci
Electrocardiographic rhythm in emergency
department — no. (%)
Asystole
Sinus
Other
Unknown
Initial blood gas values in emergency
department§
pH
PaCO, — mm Hg
PaO, — mm Hg
Median
Range
Base deficit — mmol/liter
Median no. of doses in emergency
department (range)
Epinephrine
Bicarbonate
Calcium
Atropine
No. of defibrillations
Median
Range
Duration of resuscitation in emergency
department — min
Median
Range

SURVIVAL TO
HosPITAL
DISCHARGE DEATH
(N=15) (N=86) P VALUE
10 20 0.02
2-30 1-60
8 21 0.02
0.01
8 (38) 13 (62)
7 (9) 73 (91)
9 12 <0.001
36.8%£2.0 34.4+32 0.03
0.006
3(5) 52 (95)
10 (29) 25 (71)
1(12) 7 (88)
1 (33) 2 (67)
7.05+0.26 6.94+0.31 0.28
64*51 69+49 0.76
186 103 0.16
61-314 10-510
—15*+6 —18*9 0.33
0(0-2) 2 (0-9) <0.001
0(0-2) 2 (0-7) 0.002
0 (0-1) 0 (0-3) 0.12
0 (0-0) 0 (0-3) 0.17
0 0 0.94
0-1 0-5
6 16.5 <0.001
2-18 3-115

*For patients with preexisting illness and palpable pulse, percentages are the proportions of all pa-
tients with each outcome who had the characteristic. For other characteristics, percentages are the
proportions of all patients with the characteristic who had each outcome. Plus—minus values are

means £SD.

tData were available for 13 patients who survived to discharge and 70 who died.

fData were available for 10 patients who survived to discharge and 42 who died.

§Data were available for 10 patients who survived to discharge and 64 who died. PaCO, denotes
the partial pressure of arterial carbon dioxide, and PaO, the partial pressure of arterial oxygen.
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charge after a cardiac arrest were a relatively shorter
duration of resuscitation in the emergency depart-
ment and fewer doses of epinephrine (Table 3).

A total of 235 bed-days in the ICU (median, 2;
maximum, 92) were attributable to the 49 patients
who were transferred there with a perfusing cardiac
rhythm but did not survive to hospital discharge. In
comparison, 144 ICU bed-days (median, 5; maxi-
mum, 55) were used by the 15 patients who sur-
vived to hospital discharge. The cause of death in
the majority of the patients (38 of 49) who were
transferred to the ICU but did not survive to hospi-
tal discharge was withdrawal of treatment due to se-
vere hypoxic—ischemic encephalopathy; 16 of these
had reached brain-stem death when treatment was
withdrawn. Of these patients, 11 (69 percent) had
undergone efforts at resuscitation for 20 minutes or
less in the emergency department.

The outcomes of the patients who survived to
hospital discharge are shown in Figure 1. The Pedi-
atric Cerebral Performance Category and the Pediat-
ric Overall Performance Category scores were calcu-
lated. Since these two scores were identical in our
patients, only the Pediatric Overall Performance Cat-
egory scores will be described. Of the nine patients
who survived to hospital discharge after a respiratory
arrest, only seven had no change in the score from
before the arrest until hospital discharge, and two
(22 percent) had a one- or two-category deteriora-
tion in function. All five of the neurologically nor-
mal patients who survived to hospital discharge had
a palpable pulse on presentation (respiratory arrest
only), and they were resuscitated within five minutes
in the emergency department. Only one of the five
received epinephrine, which was given to manage se-
vere bronchoconstriction. All six of the patients who
survived to hospital discharge after a cardiac arrest,
however, had a substantial deterioration (median,
2 categories; range 1 to 4) in their Pediatric Overall
Performance Category scores and required one or
two doses of epinephrine and 6 to 18 minutes of re-
suscitation in the emergency department. Three of
these six patients (50 percent) were discharged from
the hospital in a persistent vegetative state. Two were
still in a persistent vegetative state 12 months after
the arrest, and one died 6 months after discharge.
No improvements in the Pediatric Overall Perform-
ance Category scores of the six patients who sur-
vived cardiac arrest were noted between hospital dis-
charge and 12 months after discharge.

There was no significant difterence in outcome be-
tween patients who arrived at the hospital from Janu-
ary 1986 to December 1986 and patients who arrived
from July 1992 to June 1993. In 1986, 10 of 16 pa-
tients with arrests survived to be transferred to the
ICU, and 3 of the 16 (19 percent) survived to hospital
discharge. In 1993, 22 patients arrived at the emer-
gency department, 17 of whom were admitted to the

100 -
£ 80
T o 60 -
o 2 44%
+ (@©
=< 40
25 26%
=)
> 20
n
0.6% 0.8% 0%
0 L T T T T 1
0-5 6-10 11-15 16-20 =21

Duration of Resuscitation (min)

Figure 2. Probability of Survival to Hospital Discharge According
to the Duration of Resuscitation in the Emergency Department.

Ninety-three percent of the 15 survivors were resuscitated with-
in 11 minutes.

ICU and 22 percent of whom survived to hospital
discharge. Slightly larger doses of epinephrine were
used in 1993 (0.04=0.03 mg per kilogram of body
weight) than in 1986 (0.03%=0.02 mg per kilogram),
and fewer patients received calcium in 1993 than in
1986 (18 percent vs. 50 percent). However, neither
of these differences was statistically significant.

DISCUSSION

In this study, the rate of survival to hospital dis-
charge in children requiring CPR in the emergency
department was 15 percent. This disappointingly low
survival rate is similar to the rates in previous studies
of cardiopulmonary resuscitation in children, which
range from 0 to 23 percent.b101! This rate is also sim-
ilar to those associated with out-of-hospital arrests in
adults in whom asystole or electromechanical disso-
ciation was initially recorded by medical personnel.
In adults, survival rates of 5 to 10 percent are seen.12
In our study no change in survival occurred between
1986 and 1993. The use of larger doses of epineph-
rine, which have been associated with an increase in
the rate of return of spontaneous circulation,!® does
not appear to have had an influence on survival to
hospital discharge. This echoes the results of other
studies.®* In our patients, the most common causes
of arrest were the sudden infant death syndrome,
trauma, and near-drowning. This is similar to the
pattern found in previous pediatric studies and has
not changed over the past 10 years.!

The predictors we identified for short-term sur-
vival (i.e., for admission to the ICU) were similar to
the predictors of survival to hospital discharge ex-
cept for the arterial-blood gas indicators. Fiser and
Wrape!5 noted that an initial pH of less than 7.0 was
a predictor of poor outcome, but other researchers
found that metabolic and acid-base variables during
resuscitation did not significantly affect long-term
outcome.'!7 Similarly, in our study, initial blood gas
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TABLE 3. PREDICTORS OF SURVIVAL TO HOSPITAL DISCHARGE
AFTER A CARDIAC ARREST.*

SURVIVAL TO
HospitaL
DISCHARGE DEATH
VARIABLE (N=6) (N=74) P VaLUE
Interval between arrest and
hospital arrival — minf
Median 5 20 0.08
Range 2-30 2-60
Preexisting illness — no. 2 18 0.5
Prehospital treatment — no. (%) 0.06
Basic or no CPR 4 (25) 12 (75)
Advanced CPR 2(3) 62 (97)
Body temperature in emer- 36.1x2.1 344*34 0.18
gency department
—°Ct
Electrocardiographic rhythm 0.1
in emergency department
— no. (%)
Asystole 3(5) 52 (95)
Sinus 2 (12) 15 (88)
Other 1(12) 7 (88)

Initial blood gas values in
emergency department§

pH 6.9+0.17 6.87+0.29 0.37

PaCO, — mm Hg 62+44 74+52 0.45
PaO, — mm Hg
Median 111 86 0.38
Range 76-207 10-500
Base deficit — —20£2.6 -19.5£7.7 0.49
mmol/liter
Median no. of doses in
emergency department
Epinephrine 1(1-2) 2 (1-9) 0.05
Bicarbonate 1(0-2) 2 (0-7) 0.07
Calcium 0 (0-1) 0 (0-3) 0.3
Atropine 0 (0-0) 0 (0-3) 0.2
No. of defibrillations
Median 0 0 0.4
Range 0-1 0-5
Duration of resuscitation in
emergency department
— min
Median 9 20 0.03
Range 6-18 6-115

*For patients with preexisting illness and palpable pulse, percentages are
the proportions of all patients with each outcome who had the character-
istic. For other characteristics, percentages are the proportions of all pa-
tients with the characteristic who had each outcome. Plus—minus values are
means +SD.

tData were available for 5 patients who survived to discharge and 59
who died.

fData were available for 4 patients who survived to discharge and 34
who died.

§Data were available for 5 patients who survived to discharge and 53
who died. PaCO, denotes the partial pressure of arterial carbon dioxide,
and PaO, the partial pressure of arterial oxygen.

values did not significantly affect survival to hospital
discharge, and a child’s long-term survival, especially
as a neurologically intact person, should be the goal
of pediatric resuscitation efforts.

The predictors of survival to hospital discharge we
identified included a short interval between the arrest
and arrival at the hospital, a palpable pulse on presen-
tation, comparatively fewer doses of epinephrine, and
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a relatively short duration of resuscitation in the
emergency department. Other factors operating be-
fore arrival at the hospital, such as a short time from
the arrest to the beginning of effective CPR, have
been shown to improve the outcome of pediatric re-
suscitation efforts.!8 In our study, as in previous pedi-
atric studies,!019:20 the application of advanced CPR
before arrival did not improve long-term survival.
However, in 72 of the 80 patients in our study who
received advanced CPR before arrival, the treatment
consisted only of bag-—valve-mask ventilation and
chest compressions. For many of these patients there
were long intervals between the arrest and arrival at
the hospital. There are, however, inherent inaccuracies
involved in measuring that interval and in assessing
the quality of prehospital resuscitation; where possi-
ble, we relied on the emergency medical service’s rec-
ords of treatment and the timing of events.

In earlier studies, children with a respiratory arrest
who still had a palpable pulse had a better outcome
than those with a cardiac arrest,172022 and patients
who needed comparatively fewer doses of resuscita-
tive drugs also had improved survival.}11617 None of
our patients who were given more than two doses of
epinephrine survived to hospital discharge, a relation
identical to that found in previous studies.!!-1617.22

A short duration of resuscitation in the emergen-
cy department was a strong predictor of survival in
our study; no patients who required such resuscita-
tion for more than 20 minutes survived to hospital
discharge. A review of the literature identified five
previous studies in which the duration of resuscita-
tion after a pediatric cardiopulmonary arrest had
been assessed. Zaritsky et al.l” noted that all survi-
vors of cardiopulmonary arrest, inside or outside
the hospital, underwent CPR for less than 10 min-
utes. Gillis et al.22 found no survivors if CPR after
an in-hospital cardiac arrest lasted more than 15
minutes. Barzilay et al.1¢ found significantly improved
survival after both in-hospital and out-of-hospital
arrests if the duration of CPR was less than 5 min-
utes; and in the study by Nichols et al.,!! the thresh-
old was 15 minutes. Innes et al.20 found that no
patients survived if CPR after an in-hospital or out-
of-hospital cardiopulmonary arrest lasted more than
30 minutes.

Variations in the patient populations may account
for some of the differences in outcome seen in these
studies. Only a small proportion (range, 0 to 27 per-
cent) of patients had out-of-hospital arrests, which
have a poorer outcome than do in-hospital ar-
rests.!1620 In addition, there were different propor-
tions of patients who had respiratory arrest only
(range, 0 to 50 percent), as opposed to cardiac ar-
rest. In a recent study of 60 children who had an
out-of-hospital cardiac arrest with a median resusci-
tation time of 30 minutes after arrival in the emer-
gency department, there was no evidence of eftective
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