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Fig.1 Cases for analysis

Resuscitation attempted

N=17,326
|
18 y.0. SPresumed Cardiac etiology
N=10,711
[ 1
Hospital identified Unknown
N=10,383 N= 328
L—ll
Transported to Transported to
Critical care center Non critical care hospital
N=2,881 (27.7%) N= 7,502 (72.3%)




ZMHH 2,881 Hl(28%) XA L ¥ — (Critical care center, LA CCC) ~
kXA, 7,602 fil(72%) 13O ho AR RE (Non critical care hospital, AT
NCCH) iZffnEsh e,

Table.1 All patient's characteristics

CCC NCCH
2,881 7,502 P
age (yr), mean(S.D.) 69.8 (15.7) 74.7 (14.1) <0.001
male, i (%) 1,781 (61.8) 4,179 (55.7) <0.001
Public location, n (%) 488 (40.2) 722 (9.6) <0.001
Bystander CPR, n (%) 1,005 (34.9) 2,677(35.7) 0.445
Witnessed status, n (%)
EMS 236 (8.9) 525(1.0) <0.001
Bystander 1,159 (40.2) 2,343 (31.2) <0.001
Shockable rhythm, n (%) 673 (23.4) 1,132 (15.1) <0.001
EMS care interval (min), mean (S.D.)
Call to EMS arrival 5.8(2.5) 6.1(2.4) <0.001
Call to hospital arrival 27.6(9.2) 26.1(7.5) <0.001
Field ROSC 354 (12.3) 440 (5.9) <0.001

CCC; Critical Care Center, NCCH, Non critical care hospital

Mk HEER Bl A &7~ T (Table.1) , NCCH BEDEHESL 74.7 £ 14.1 1%
THDHDITHKIL, CCC FEDEHERIL 69.8 £15.7 e A BEIZEMN-T= (P < 0.001),
MR R DM (L) o B8 BRI L LER D R %, BHOEIE | AT
GEPE-BR7RE) | BRilE) e REZR IR ORI RIIF EIL, CCC R CHafEZRLIZP <
0.001), /SARZ L H —|ZL5 CPR OEG IR CH B EZEZBOIRN-T2(P = 0.445),
A LREFEE FCORFRIL CCC 1.*45 5.8 + 2.5 4r& NCCH #:6.1 £ 24 551z
LU C, ARICED -7 (P <0.001), W2 H M SR £ CorEMIX, CCC
B 27.6 £ 9.2 434 NCCH #f26.1+7. 5 &J:l:%xb—cﬁﬁ ZRM-o7(P <0.001),

Table 2 i fiaz 5] DAEFFIRIFER T, 7O AEIECHL—r A D
R SA T % B4 (CPC1 or 2) 13 CCC £ 6.7% (193/2881)F NCCH #¥ 2.8%



(213/T5020 2 i L TR BICEE% /R LT, (OR, 2.47; 95% CI, 2.02 - 3.01; P <
0.001),
Table.1 DZ¢< CCC FHIZRITHIFBERIZE RO B A FFBAGIIE 354 f5il (12.3 a)
& NCCH #f 440 {7(5.9%)& bl <, HEICHEEE L= (P<0.001) , CCC Bl

Table 2 Main Qutcomes

CCC NCCH
Number (%) 2,881 7,502 P
ROSC inED 964 (33.5) 2,002(26.7)  <0.001
Hospital admission 797 (27.7) 1,635(21.8)  <0.001
1-month survival 333 (11.6) 402 (5.4) <0.001

Neurologically ‘
favorable ontcome 193 (6.7) 213 (2.8) <0.001

(CPC 1 0r2)

ED; Emergency Department

BT AR IST DA FB 1T 964 $1(34%)& NCCH #f: 2002 Fl(27%IZ bk T
ARICEEZRU(P <0.001), CCC FEIZIITDAEF AR 797 f51(28%) T NCCH
T 1635 {5l Q2T HERL THEICEE TH -7 (P <0.001), —# HAEFIZONTh
CCC ## 333 ffil (12%]) & NCCH #f 402 ] (5 %]&tbigl CHEICHEERLEEP <

0.001), JAFERIZERTIC H S OMBEBIL QWAERIL CCC #4 12.3 %& NCCH #
f5il 5.9 %IZHERRL CHBRICEMAZRLTEY, WBIE B ORI RERTF 5%
WIRBE R A RTO LT B OF E Clailfgth 217 -7z,
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CCC HEOFHRIL 67.0 = 14.8 & NCCH #£69.6 + 14.1 REICHEL THEIS
otz (P=0.012), ccc BEOF I EIFEFERIE ETORRBIL 30.6 + 9.1 25&
NCCH B 27.2 £ 7.9 SICHBRL THEEICED>72(P < 0.001), B4, At
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T 1% REFHI OFI A 1L CCC B 150 Fil43%]& NCCH ¥ 177 1l [40.9%]&Z2\ MET
(ZhoTe, HBREERD -T2, (OR, 1.09; 95% CI, 0.82 - 1.45; P= 0.553)

(Table3-4),

Table 3 Characteristics of field ROSC patients

e N § CCC NCCH s
354 440 P
age (yr), mean(S.D.) 67.0(14.8) 69.6 (14.1) 0.012
male, n (%a) 245 (69.2) 281 (63.9) 0.113
Public location, i (%) 84 (23.7) 102 (23.2) 0.856
Bystander CPR, n (%) 123 (34.7) 156 (35.5) 0.835
Witnessed status, n (%)
EMS 51(14.4) 79 (18.0) 0.179
Bystander 219(61.9) 248 (56.4) 0.117
Shockable rhythm, n (%) 194 (53.7) 235(53.4) 0.941
EMS care interval (min), mean (S.D.)
Call to EMS arrival 5.4(2.3) 5.5(2.2) 0.461

Call to hospital arrival 30.6 (9.1) 27.2(7.9) <0.001




Table 4 Main Outcome of field ROSC patients

CCC NCCH
Number (%) 354 440 P
Hospital admission 301 (85.0) - 384(87.3) 0.361
0.83(0.55-1.24) Reference
1-month survival 203 (58.2) 245 (56.6) 0.656
1.07 (0.80-1.42) Reference
Neurologically
favorable outcome 150 (43.0) 177 (40.9) 0.553
(CPC1or2)
1.09 (0.82-1.45) Reference

Table 5 Characteristics of patients without field ROSC

' cce NCCH
2,527 7,062 P

age (yr), mean(S.D.) 70.2.(15.7) 75.0(14.0) <0001
male, n (%) 1,536 (60.8) 3,898 (55.2) <0,001
Public location, n (S%6) 404 (16.0) 620 (8.8) <0.001
Bystander CPR, n (%) 882 (34.9) 2,521 (35.7) 0.473
Witnessed status, n (%)

EMS 205 (8.1) 446 (6.3) 0.002

Bystander 940 (37.2) 2,095(29.7) <0.001
Shockable rhythm, n (%) 483 (19.1) 897 (12.7) <0.001
EMS care interval (min), mean (3.D.)

Call to EMS arrival 5.8(2.5) 6.12.4) <0.001

Call to hospital arrival 27.2(2.1) 26.6(7.5) 0.005




TREEIERTNIC B S AEEAELNRR S TEFIZ DN T

CCC HDOEMNIT 70.2 +15.75& NCCH HE 75.0 + 14.0 mICHR L CHEEIZE M

o7z (P < 0.001), BHEDER|E ARGETTOHE, NAAZF7— - FAKIZIDHA

BOE|E | BB ATRE I OFA X NCCH B IR L TH EIC CCC HETHEESR
AT, SARE L H—CPR OEIG L I 2% 7RO -7 (P = 0.473), CCC B
DRHPEAKBEETOME(5.8 £ 2.54)) 1ENCCH (6.1 £ 2.4 57)EEhi
LCHEICED 7P < 0.001), Ll CCC HORHMNBFIETIEF TOMRRM (27.2
+ 9.1 4)) 1L NCCH #(26.6 + 7.5 O L THEICEN o7 (P <0.001), —»
A #% OMR 2R T4 BIFH OEI A1 CCC B NCCH #ICHBL T, A EIEE

otz (CCC R 43[1.7%] versus NCCH B 36 [0.5%]; OR, 3.39; 95% CI, 2.17 - 5.29;

P < 0.001)(Table 5-6),

Table 6, Main Outcome without field ROSC

ccC NCCH
Number (%)
Unadjusted OR 2,527 7,062 P
(95%CI)
ROSC inED 639 (25.3) 1,593 (22.6) 0.005
1.16(1.05-1.29) Reference
Hospilal admission 496 (19.6) 1,251 (17.7) 0.032
1.13(1.01-1.27) Reference
1-month survival 130 (5.2) 157 (2.2) <0.001
2.39(1.89-3.03) Reference
Neurologically
favorable outcome 43 (1.7) 36 (0.5) <0.001
(CPC1or2)
3.39(2.17-5.29) Reference




Cases for analysis (Portland)

Resuscitation attempted

N=2045
|
18 y.o. <Presumed Cardiac etiology
N= 1968
[ |
Transported for ongoing Died in the field
care N= 806
N= 1162
i !
Transported to Transported to
Critical care center Non critical care hospital
N= 1162 N=0
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All patient's characteristics and Outcome

Osaka Portland
CCC:2,881 NCCH:7,502 1,968
age (yr), mean (S.D.) 69.8(15.7) 74.7(14.1) 64.4(16.9)
male, n (%) 1,781 (61.8) 4,179 (55.7) 1296 (65.9)
Public location, n (%) 488 (40.2) 722 (9.6) 334 (17)
Bystander CPR, n (%) 1,005 (34.9) 2,677 (35.7) 905 (46)
Witnessed status, n (%)
EMS 256 (8.9) 525 (7.0) 95 (4.8)
Bystander 1,159 (40.2) 2,343 (31.2) 961 (48.8)
Shockable rhythm, n (%) 673 (23.4) 1,132 (15.1) 638 (32.4)
EMS care interval (min), mean (5.D.)
Call to EMS arrival 5.8(2.5) 6.12.4) 4.5(1.5)
Call to hospital arrival 27.6(9.2) 26.1(7.5) 39,5(10.3)*
Field ROSC 354 (12.3) 440 (5.9) 714 (39.3)
2?&?:?23? {a::) ;};1310 193 (6.7) 213 (2.8) 213 (10.8)*
*Callto termination of resuscitation: 27.1 (10.2) * Survived to Discharge

WITIRBEIZE RN B 2 OAEBE O R BRI 21T -7,
Characteristics and Outcome of field ROSC pts

Osaka Portland
CCe NCCH
354 440 774
age (yr), mean (S.D.) 67.0 (14.8) 69.6 (14.1) 64.1 (15.8)
male, n (%) 245 (69.2) 281 (63.9) 510(65.9)
Public location, n (%) 84 (23.7) 102 (23.2) 166 (21.4)
Bystander CPR, n (%) 123 (34.7) 156 (35.5) 346 (44.7)
Witnessed status, n (%)
EMS 51(14.4) 79 (18.0) 46 (5.9)
Bystander 219 (61.9) 248 (56.4) 483(62.4)
Shockable rhythm, n (%) 190 (53.7) 235(53.4) 329 (42.5)
Outcomme
T sicallv favorable
Neurologically favorabl 150 (43.0) 177 (40.9) 197 (25.5)*

outcome (CPC | or 2)*

* Survived to Discharge
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HRZAT % BT RR Tl CCC,NCCH #EH1240% %82 T,
R—hZ R L CliRlg RIF CHALZEN o7,
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Characteristics and Outcome of pts without field ROSC

Osaka Portland
CcCcC NCCH
2,527 7,062 1,193
age (yr), mean (S.D.) 70.2 (15.7) 75.0 (14.0) 64.6 (16.7)
male, n (%) 1,536 (60.8) 3,898 (55.2) 786 (65.9)
Public location, n (%) 404 (16.0) 620 (3.8) 168 (14.1)
Bystander CPR, n (%) 882 (34.9) 2,521 (35.7) 559 (46.9)
Witnessed status, n (%) : v
EMS 205 (8.1) 446 (6.3) 49 (4.1)
Bystander 940 (37.2) 2,095 (29.7) 478 (40.1)
Shockable rhythm, n (%) 483 (19.1) 897 (12.7) 309 (25.9)
Outcome
Neurologically
lavorable outcome 43 (1.7 36 (0.5) 16 (1.3)*
(CEC 1 or2)* ;

* Survived to Discharge
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KEYWORDS Summary

Cardiac arrest; Aim: To explore the rate of survival to hospital discharge among patients who were
Post-resuscitation care; brought to hospital alive after an out-of -hospital cardiac arrest in different hospitals
Survival; in Sweden.

Patients and methods: All patients who had suffered an out-of-hospital cardiac arrest
which was not witnessed by the ambulance crew, in whom cardiopulmonary resus-
citation (CPR) was started and who had a palpable pulse on admission o hospital
were evaluated for inclusion. Each participating ambulance organisation and its cor:
responding hospital(s) required at least 50 patients fulfilling these criteria.
Results: Three thousand eight hundred and fifty three patients who were brought to
hospital by 21 different ambulance organisations fulfilled the inclusion criteria. The
number of patients rescued by each ambulance organisation varied between 5% and
900. The survival rate, defined as alive 1 month after cardiac arrest, varied from
14% to 42%, When correcting for dissimilarities in characteristics and factors of the
resuscitation, the adjusted odds ratio for survival to 1 month among patients brought
to hospital alive in the three ambulance organisations with the highest survival versus
the three with the lowest survival was 2.63 (95% Cl: 1.77-3.88).

Conclusion: There is a marked variability between hospitals in the rate of 1-
month survival among patients who were alive on hospital admission after an
out-of-hospital cardiac arrest. One possible contributory factor is the standard of
post-resuscitation care.

© 2006 Elsevier lreland Ltd, All rights reserved,
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Introduction

Among patients who suffer an out-of-hospital car-
diac arrest, overall survival to discharge or at one
month is low.! To improve outcome, the "' chain of
survival’’ concept has emerged. Itincludes (1) early

recognition and call for the emergency medical ser-

vice (EMS); (2) early cardiopulmonary resuscitation
(CPR); (3) early defibrillation; (4) early advanced
cardiac life support (ALS).

In-recent years, evidence indicates that we
should introduce a fifth link into the chain of sur-
vival, i.e. post-resuscitation care. Until now, there
are no clear recommendations about how survivors
should be treated in the initial phase after cardiac
arrest, Therefore the level of treatment may vary
between hospitals and affect the outcome,

This survey aims to explore differences in sur-
vival between various hospitals in Sweden among
patients who were brought to hospital alive after
having suffered an out-of-hospital cardiac arrest,

Patients and methods

Patients

Patients suffering a cardiac arrest for whom the
ambulance was called were included in the reg-
istry. Cases of arrest witnessed by the ambulance
crew and patients in whom CPR was inappropriate
or who had obviously been dead for a long time,
and were not taken to hospital, were excluded. For
the others, the standardised form was completed
by the ambulance crew,

Registry

This study is based on material collected by the
Swedish Cardiac Arrest Registry, which is a joint
venture between the Federation of Leaders in
Swedish Ambulance and emergency services (FLISA)
and the working group on CPR within the Swedish
Society of Cardiology. Since 1993, the registry has
been funded by the Swedish Mational Board of
Health and Welfare. The registry, which is volun-
tary, started in 1990 with a few ambulance services,
It has been successively joined by others and 57
ambulance services were involved in the registry
during the time of the survey.

Study design

fFor each case the ambulance crew (mostly two per-
sons, one of whom is usually a nurse) filled in a form

with information such as age, place of arrest, prob-
able background to the arrest, bystander occupa-
tion and a standardised description of the resusci-
tation procedure, including intervention times and
interventions such as bystander CPR (a bystander
was defined as someone starting CPR before the
arrival of the first ambulance, regardless of pro-
fession), defibrillation, intubation, drug treatment
and status at the first contact,

In ambulances with manual defibrillators, the
rhythm was defined as ventricular fibrillation,
pulseless electrical activity or asystole. For auto-
mated external defibrillators, the rhythm was
defined as shockable, or non-shockable. In this
study, ventricular fibrillation includes patients with
pulseless ventricular tachycardia.

Professionals included health care professionals
(ambulance personnel were also included but not
the crew of the arriving ambulance). The remain-
ing bystanders were defined as lay persons who also
included policemen. To establish the time of car-
diac arrest in witnessed cases, the ambulance crew
was instructed to interview the bystanders about
the delay from arrest to the ambulance call. The
ambulance crew also classified the aetiology of the
arrest in nine different diagnostic categories (heart
disease, lung disease, trauma, drug overdose, sui-
cide, drowning, suffocation, sudden infant death
syndrome and "‘other'’) based on clinical assess-’
ment and bystander information. Their diagnosis
was accepted for this study and no further control
was made among initial survivors during hospitali-
sation. The form was completed during and imme-
diately after the acute event. Each form was sent to
the medical director with a copy to the central reg-
istry in Goteborg. Another copy was subsequently
sent with additional information about whether the
patient was dead or alive after 1 month. If there
was uncertainty about survival, this was checked
according to the National Registry of Deaths. All
data were computerised in a database in Goteborg.

No absolute validation of adherence to the pro-
tocol was performed. Instead, a questionnaire was
sent to all the medical directors of the ambu-
lance organisations “participating in the registry.
They were asked to estimate the accuracy of the
representation of the study population. They esti-
mated the percentage of the study population that
was wrongly omitted from the study in their own
district. Percentage values from this survey varied
from 0% to 30% (mean 5%).

Inclusion criterion

The inclusion criterion in this study was patients
who were admitted to hospital alive. This was
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Table 1 A comparison between patients from the three corresponding hospitals with the highest survival with

patients from the three corresponding hospitals with the lowest survival

Highest (n=237)

Age (years, mean + 5.0.) (39)* 68115
Sex (%)

Male G 73
Aetiology (%) (87)

Cardiac 78
Initial rhythm (%) (155)

Ventricular fibrillation 65
Bystander witnessed (%) (129) 82
Bystander CPR (%) (58) 45
Interval (median, min)

Call for ambulance-arrival of 4

-ambulance (61)
Start of transport to 10

hospital-—arrival in hospital (181)

Lowest (n=1105) s
69116
62 0.002
62 <0.0001
45 <0.0001
s
43

6

7 <(.0001

* Humber of patlents with missing information (of all 1342 patients).

" pVatue denoted if <0.05,

defined as patients with a palpable pulse on admis-
sion to hospital. This is in line with the Utstein
criteria,?

Statistical methods

Ambulance organisations that brought at least 50
patients to hospital with a palpable pulse on hos-
pital admission were included in the analysis. Each
ambulance organisation brought these patients to
a single hospital, with the exception of the two
largest communities (Stockholm and Goteborg),
where the ambulances brought the patients to
seven and two hospitals respectively. In the anal-
ysis, the seven and two hospitals were counted as
one each, as we had no detailed information for
each of the seven hospitals in Stockholm.

Descriptive statistics

The distribution of variables is given as a percent-
age, mean + standard deviation and median.

Statistical analyses

For comparisons between groups in terms of con-
tinuous variables, Fisher's non-parametric permu-
Ltation test was used. For comparisons of dichoto-
mous variables between the two groups, Fisher's
exact test was used, A p-value of less than 0.05
was regarded as significant. Two-tailed tests were
applied.

Multivariate statistical analyses

A stepwise logistic regression was used to select
independent predictors of dichotomous dependent
variables, i.e. alive 1 month after cardiac arrest.
For all patients, as well as for patients suffering
a bystander-witnessed cardiac arrest with cardiac
aetiology, an adjusted odds ratio was thereby cal-
culated for survival in the three corresponding hos-
pitals with the highest survival versus the three cor-
responding hospitals with the lowest survival. Fur-
ther variables entered into the model were those
that differed between high- and low-risk hospitals
according to Tables 1 and 2 (p=0.05), Variables
entered into the model were sex, aetiology (cardiac
versus non-cardiac), initial rhythm (ventricular fib-
rillation versus no ventricular fibrillation) and trans-
port time to hospital (a continuous variable). For
patients with a bystander-witnessed cardiac arrest,
these variables were age (continuous variable) and
SOX.

Results

Thirty one thousand one hundred and twenty seven
patients suffered an out-of-hospital cardiac arrest
in whom CPR was attempted and which were not
witnessed by the ambulance crew. Of these, 4667
were brought to hospital with a palpable pulse
on hospital admission. Since only hospitals with
an ambulance organisation from which at least
50 patients were admitted to hospital alive have
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Table 2
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A comparison of patients with a bystander witnessed cardiac arrest with a cardiac aetiology from the

three corresponding hospitals with the highest survival with those from the three corresponding hospitals with the

lowest survival

Highest (n=269)

Age (years, mean-t 5.0.) (12)* 681 14
Sex (%) (24)
Male 16
Initial rhythm (%) (78)
Ventricular fibrillation 68
Bystander CPR (%) (18) 53
Interval {median, min)
Cardiac arrest-call for ambulance 2
(147)

Cardiac arrest -arrival of 7
ambulance (126)

Start of transport to 5

hospital--arrival in hospital (94)

Lowest (n=538)  p~
72411 <0.0001

65 0.002

* NHumber of patients with missing information (of all 807 patlents).

* p-Value denaoted if <0.05.

been included, this means that hospitals to which
patients were brought alive by 21 different ambu-
lance organisations, comprising 38% of all 56 par-
ticipating ambulance organisations, took part, The
evaluated patients (n = 3853) correspond to 83% of
all the patients brought to hospital alive,

All patients

Figure 1 shows the percentage of survivors at 1
month in each hospital; this figure varied from 14%
to 424,

Table 1 lists the patients from the hospitals cor-
responding to the three ambulance organisations
with the highest survival rate (mean 38%) com-
pared with the patients from the three correspond-

s |
20 | |
16 + .
10 I

54

0

Figure 1 Survival to 1 month in 21 corresponding hospi-
tals among all patients who were alive on hospital admis:
sion after out-of-hospital cardiac arrest (crew-witnessed
cases not included).

ing hospitals with the lowest survival rate (mean
15%).

From the table it can be seen that patients in
hospitals with the highest survival rate differed
from those with the lowest survival rate in that
there was a higher percentage of men, a cardiac
aetiology, ventricular fibrillation and a longer trans-
port time to hospital.

Patients with a bystander-witnessed cardiac
arrest with a cardiac aetiology

Only hospitals corresponding to ambulance organ-
isations where at least 50 patients fulfilled the
criteria and were brought to hospital with a pulse-
generating rhythm on admission to the emergency
department were included in the registry, As a
result, the survival rate varied between 18% and
46% and only hospitals corresponding to 12 ambu-
lance organisations were included in the analysis
(Figure 2).

Patients from the hospitals with the highest sur-
vival differed from those with the lowest survival
by being younger and including more men (Table 7).
Otherwise, no significant difference was seen.

Adjusted survival rate

All patients

When adjusting for the difference in baseline char-
acteristics, i.e. sex, aetiology, occurrence of ven-
tricular fibrillation and transport to hospital time,
the odds ratio and 95% confidence limit for being
alive at 1 month in the hospitals corresponding to
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Figure 2 Survival to 1 month in 12 corresponding hospi-
tals among patients with a bystander-witnessed cardiac
arrest with a cardiac aetiology who were alive on hospital
admission after out-of-hospital cardiac arrest.
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the three ambulance organisations with the high-
est survival rate versus the three hospitals with the
lowest survival was 2.63 (1.77 3.88). Due to miss-
ing information on the variables that were adjusted
for, these data were based on 66% of available
patients.

Patients with a bystander-witnessed cardiac
arrest with a cardiac etiology

When adjusting for the difference at baseline, i.e.
age and sex, the odds ratio for being alive at 1
month was 2.49 (1.77-3.51) if the three corre-
sponding hospitals with the highest survival were
compared with the three with the lowest sur-
vival. Due to missing information on the variables
adjusted for these data were based on 93% of avail-
able patients.

Larger versus smaller communities

When the three largest communities, Stockholm,
Goteborg and Malmé, which are the three largest
communities in Sweden, were compared with the
remaining communities, suryvival to 1 month was
19% versus 26% (p<0.0001),

Discussion

In this survey comprising hospitals corresponding to
21 ambulance organisations in Sweden participating
in the Swedish Cardiac Arrest Registry, we describe
the variation in survival to 1 month among patients
who were brought to hospital alive after having suf-
fered an out-of-hospital cardiac arrest. The survival
rate varied between 14% and 42%, i.e. there was a
three-fold increase in survival in the most success-
ful hospitals compared with the least successful.

J. Herlitz et al.

There are a variety of possible explanations for our
observations.

Firstly, patients differed markedly in terms of
characteristics and in various factors at the resus-
citation event when different hospitals were com-
pared. For example, more males were found in the
hospitals with a higher survival rate. Furthermore,
in these hospitals, patients appeared to be younger
and ventricular fibrillation appeared to be more fre-
quent as the initial rhythm. Finally, it was surprising
to find that the transport time was longer to these
hospitals.

However, when correcting for these discrepan-
cies, there is still a difference between hospitals in
terms of survival,

The most plausible explanation for this differ-
ence is variability in the level of post-resuscitation
treatment provision between hospitals. Since this
information was not available, it remains a matter
of speculation,

However, this hypothesis is supported by previ-
ous experience. Engdahl et al.* reported a differ-
ence in survival rate between two hospitals receiv-
ing survivors after out-of-hospital cardiac arrest
from the same EMS system. At the same time, they
also found differences in the use of various post-
resuscitation treatments between the two hospi-
tals. They were not, however, able to prove that
these differences in treatment regimes explained
the difference in survival.

Langhelle et al.* also found a difference in sur-
vival to discharge from hospital when comparing
initial survivors after out-of-hospital cardiac arrest
in four hospitals in Norway. In this survey, four
different predictors of a worsening outcome were
described, i.e. a high body temperature, elevation
of blood glucose, acidosis and seizures. However,
the authors were not able to demonstrate a major
difference in any of these risk factors that could
explain the difference in survival.

The observation that survival was higher in
smaller than larger communities is important. We
have no clear explanation for this finding.

Limitations

There are number of limitations to this survey,

(1) Information is missing for a number of patients
for each variable. We cannot exclude the pos-
sibility that the number of patients with miss-
ing information have influenced the interpre-
tation of data, particularly with regard to the
first multivariate analysis. In the analysis of
bystander witnessed cases of a cardiac aeti-
ology only 7% had missing information on all
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(2

—

(3)

“4)

variables and here the interpretation of data
was probably not markedly influenced by miss-
ing information,

We cannot exclude the possibility of a differ-
ence in neurological and cardiovascular func-
tion on admission to hospital between hospitals
which might have influenced outcome. This is
the most disturbing limitation, since we know
that neurological status on admission to hospi-
tal will influence outcome substantially.® 7
We have no information about the post-
resuscitation care in the different hospitals,
i.e. how patients were actually treated.

The information on presumed cardiac aetiol-
ogy was based upon the initial assessment by
the ambulance crew. We cannot exclude some
errors here,

Conclusion

In a Swedish survey of initial survivors of out-of-
hospital cardiac arrest, the percentage of patients
who survived to 1 month varied between 14% and
42%. This could be explained to some extent by
a difference in patient characteristics and fac-
tors at resuscitation. However, differences in post-
resuscitation care between hospitals cannot be
ruled out as a contributory factor.
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Summary

Background: A recently published study has shown that survival after out-of-hospitat
cardiac arrest (OHCA) in Goteborg is almost three times higher than in Stockholm,
The aim of this study was to investigate whether in-hospital factors were associated
with outcome in terms of survival,

Methods: All patients suffering from OHCA in Stockholm and Gateborg between Jan-
uary 1, 2000 and June 30, 2002 were included. The two groups were compared
with reference to patient characteristics, medical history, pre-hospital and hospi-
tal course (including in-hospital investigations and interventions) and mortality. All
medical charts from patients admitted alive to the different hospitals were studied.
Data from the Swedish National Register of Deaths regarding long-term survival were
analysed, Pre-hospital data were collected from the Swedish Ambulance Cardiac
Arrest Register.

Results: In all, 1542 OHCA in Stockholm and 546 in Goteborg were reaistered during
the 30-month study period. In Goteborg, 28% (153 patients) were admitted alive
to the two major hospitals whereas in Stockholm 16% (253 patients) were admit-
ted alive to the seven major hospitals (p<0.0001). On admission to the emergency
rooms, a larger proportion of patients in Stockholm was unconscious (p=0.006),
received assisted breathing (p =0.008) and ongoing CPR (p = 0.0002). Patient demog-
raphy, medical history, in-hospital investigations and interventions and in-hospital
mortality (78% in Goteborg, 80% in Stockholm) did not differ between the two groups.

A Spanish transtated version of the summary of this article appears as Appendix in the final online version at

10.1016/j.resuscitation. 2006,12.014.
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Various pre-hospital time intervals were significantly longer in Stockholm than in
Goteborg. Total survival to discharge after OHCA was 3,3% in Stockhelm and 6.1%

in Goteborg (p=0.01),

Conclusion: An almost 2-fold difference in survival after OHCA between Stockholm
and Goteborg appears to be associated with pre-hospital factors only (predominately
in form of prolonged intervals in Stockholm), rather than with in-hospital factors or

patient characteristics,

© 2007 Elsevier lreland Ltd. All rights reserved.

1. Introduction

Death from cardiac disease is the single most
common cause of mortality in the western world
and the majority of these deaths occurs out-
of-hospital.! The vast majority of studies made
so far on out-of-hospital cardiac arrests (OHCA)
have focused primarily on features related to
Emergency Medical Services (EMS), including the
four links of the ''chain-of-survival’’ concept,
i.e., eaily access, early CPR, early defibrillation
and early advanced life support.? Some of these
factors, predominately early CPR and early defib-
rittation, have been associated with increased
survival rates.® ® However, during the last few
years questions about the in-hospital phase have
atso been raised, Following the publication of two
randomised, controlled studies that demonstrated
improved neurological outcome in comatose sur-
vivors after ventricular fibrillation,®’ therapeutic
mild hypothermia is becoming implemented in clin-
ical practice. This has led to the proposition of
an additional fifth link to the ‘‘chain-of-survival"’
concept called post-resuscitation care. However,
the effects of post-resuscitation care on survival
after OHCA are still poorly recognised and are
sparse,

A recent study in Sweden® has shown that
survival after OHCA in Goteborg is almost three
times higher than in Stockholin and the pro-
portion of patients with shockable rhythms is
much lower in Stockholm compared with Goteborg.
Ihis is probably due to the longer intervals in
Stockholm from the time of the cardiac arrest
to critical resuscitation. The aim of this study
was to explore whether there were differences
also in in-hospital investigations and interven-
tions between the two largest cities in Sweden,
Stockholm and Géteborg, and to study possi-
ble mechanisms behind such differences. We
therefore wanted to investigate whether in-
hospital factors were associated with outcome
in terms of survival or whether the differ-
ence in survival is due to pre-hospital factors
only. ¢

2. Methods and patients

2.1, Organisation and equipment

The ambulance organisations in Stockholm and
Goteborg work according to a two-tier system,
i.e. for each call judged as a cardiac arrest,
a mobile coronary care unit (if available), and
an ambulance, are dispatched. Ambulances usu-
ally did not carry nurses but were equipped with
specialised ambulance personnel trained in basic
CPR and the use of defibrillators. The educational
programme for the ambulance personnel is the
same in both cities. The mobile coronary care
units in both cities are equipped with a registered
nurse trained in anaesthesiology with additional
courses in advanced cardiac life support. Both
mobile coronary care units and ambulances are
equipped with defibrillators. The ambulances are
stationed throughout the two cities and are not
predominantly situated at the hospitals. The pre-
hospital (ambulance) pharmacological treatment
does not differ between Goteborg and Stockholm
nor from that given in other parts of Sweden. Fur-
ther details on organisation, equipment and crew
training levels are described elsewhere.? All ambu-
lance organisations have physicians as medical
directors.

There are seven major hospitals in the County
of Stockholm and two major hospitals in Goteborg.

‘They are situated predominately within the city

centers and in larger suburbs, and are geographi-
cally spread in densely populated areas.

At the time of this study, hypothermia as treat-
ment after OHCA had not been introduced in
Goteborg or Stockholm.

2.2, Study design

In order to achieve the aim of this study, two groups
of patients suffering OHCA were studied. One group
consisted of patients resuscitated after OHCA in the
city of Goteborg and the other group comprised
patients resuscitated after OHCA in the county of
Stockholm. As described above, the EMS systems
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in both cities work in an almost identical manner.
Our purpose was to study patient characteris-
tics, in-hospital investigations and interventions
and mortality. Medical history, pre-hospital and
hospital course were studied. All medical charts
from patients admitted alive to the different hos-
pitals were studied by Hollenberg and co-workers.,
Moreover, death certificates, laboratory results and
FCGs were studied and if there was uncertainty
about survival, confirmation was obtained from
the Swedish National Register of Deaths. For the
pre-hospital phase, data were collected from the
‘Swedish Ambulance Cardiac Airest Register which
contains data from the specific reports completed
after every OHCA. The ambulance crews in Stock-
holm and Goteborg filled in the same forms with
relevant information such as age, place of arrest,
bystander CPR, witnesses, resuscitation procedure,
probable cause of arrest, intervention times, defib-
rillation, intubation, drug treatment, type of initial
rhythm and clinical findings at first contact. To
estimate the time of cardiac arrest in witnessed
cases, the ambulance crews were instructed to
interview the bystanders about the delay from
arrest to call, It was stressed in written instruc-
tions that a maximum effort had to be made to
obtain these times. The Swedish Ambulance Car-
diac Arrest Register has been described in detail
elsewhere.?

This study was approved by the local ethics com-
mittee,

2.3. Patients

2.3.1. Target populations

On December 31, 2000 the municipality of Goteborg
had a population of 466,990 inhabitants with a pop-
ulation density of 1036 inhabitants/km? compared
with a population of 1,823,210 inhabitants with a
population density of 280 inhabitants/ km? in Stock-
holm,

The two cities are the largest in Sweden. The
proportion of men in both Stockholm and Goteborg
is 49%. The mortality per 100,000 inhabitants
in ischaemic heart disease and acute myocardial
infarction during 20002001 was slightly higher in
Goteborg compared with Stockholm 215 versus 170
and 120 versus 98, respectively.?

2.3.2. Patients included

All cases of OHCA in Stockholm and Goteborg where
any type of resuscitation measure (airway assis-
tance, chest compressions, administration of drugs,
intubation and defibrillation) was used between
January 1, 2000 and June 30, 2002 were included,
regardless of cause of arrest and age. Ambulance

J. Hollenberg et al.

personnel in Stockholm and Gaéteborg have used
identical guidelines for exclusion, i.e. when not

" to start resuscitation. Patients with cardiac arrest

prior to the amrival of the ambulance as well as
during ambulance transport were included in the
survey. Furthermore, the criteria for terminating
CPR are the same in both cities and the decisions to
do so could only be taken by the mobile care unit
personnel, Protocols were completed on all cases of
cardiac arrest, but patients in whom no resuscita-
tion attempts at all were made have been excluded
in this study as were patients who suffered from in-
hospital cardiac arrest. The patients admitted alive
to the hospitals were further studied with regard to
medical history and risk factors, Patients admitted
alive were defined as patients admitted alive from
the emergency departments to the hospitals wards
and who accordingly had not been declared dead in
the emergency rooms.

2.4. Definitions

Acute myocardial infarction (AMI) was diagnosed
if two of the three following conditions were ful-
filled: (1) chest pain, (2) elevated serum enzyme
activity specific to myocardial damage (various
enzymes were used during the period studied),
(3) development of Q-waves in at least 2 leads
in a 12-lead standard electrocardiogram. In our
internal nomenclature for data collection, a pos-
sible myocardial infarction in connection with an
OHCA denotes cardiac arrest in combination with
elevated serum cardiac enzymes or in combi-
nation with dynamic ECG changes suggestive of
AMI,

Cerebral Performance Categories (CPC) were
classified as follows: (1) good cerebral perfor-
mance, (2) moderate cerebral disability, (3) severe
cerebral disability, (4) coma and (5) brain death
(verified at angiography).'? CPC scores were deter-
mined retrospectively when reviewing notes of
examination.

3, Statistical methods

The distribution of continuous variables is given as
mean | standard deviation and median. For com-
parisons between two groups in terms of ordered
and continuous variables, Fisher's non-parametric
permutation test was used. Fol comparisons
of dichotomous variables between two groups,
Fisher's exact test was used. A p-value of less than
0.05 was regarded as significant. Two-tailed tests
were applied. Kaplan—Meier curves were used for
assessing long-term survival.
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Logistic regression was used, in a backward step-
wise selection mode to identify clinical factors
predictive of in-hospital mortality, and for calcula-
tion of adjusted odds ratio for the relation between
the two regions.

The following variables were entered: (1) age;
() sex; (3) ischaemic heart disease (IHD); (4)
diabetes mellitus; (5) congestive heart failure
(CHF); (6) previous stroke; (7) chronic obstructive
pulmonary disease (COPD); (8) hypertension; (9)
confirmed AMI as final diagnosis; (10) unconscious-
ness on arrival at the ER; (11) assisted breathing on
arrival at the ER; (12) ongoing CPR on arrival at the
ER; (13) palpable pulse on arrival at the ER; (14)
sinus thythm on arrival at the ER; (15) treatment in
the emergency room: defibrillation; (16) treatment
in the emergency room: adrenaline (epinephrine);
(17) treatment in the emergency room: atropine.

4. Results

In all, there were 1542 OHCA in Stockholm and 546
OHCA in Goteborg during the study period. The inci-
dence was 34 per 100,000 inhabitants per year in
Stockholm and 47 per 100,000 inhabitants per year
in Goteborg,

Atotal number of 153 (28%) patients were admit-
ted alive in Goteborg whereas 253 (16%) patients
were admitted alive in Stockholm (p < 0.0001).

4.1, Patient demography and medical
history

The patients admitted alive were studied further
with regard to medical history and risk factors. The
two groups were similar in terms of age, sex and
medical history prior to the index event. Almost
identical percentages of smokers and chronic alco-
holism were observed. Furthermore, the use of
long-term medication at the time of cardiac arrest
was similar in the two groups. Ninety-seven percent
in Goteborg and 98% in Stockholm were considered
to have CPC score 1 (or 2) prior to cardiac arrest
(Table 1).

4.2. Pre-hospital course and location of
cardiac arrests

Pre-hospital data are displayed in Tables 2 and 3.
Almost all intervals measured were significantly
longer in Stockholin, both when comparing all
patients or admitted patients only.

Sixty-two percent of all victims in Goteborg were
reached by an ambulance within 5min after call
versus 29% in Stockholm (p < 0.0001).

Ventricular fibrillation (VF) as the initial rhythm
registered, was more common in Goteborg (29%
versus 19%, p=0.00002), In Goteborg, 36% of the
patients found with VF were defibrillated - 5min
after call versus only 9% in Stockholm (p < 0.0001).

The majority of cardiac arrests in both cities
occurred at home and during day-time. Further-
more, the two groups were similar in terms of the
proportion of victims with witnessed arrests,

When studying patients admitted alive, the two
groups were similar in terms of proportion of
victims with CPR started prior to arrival of the
ambulance. However, when comparing all OHCA,
there was a significantly higher proportion of
patients in Stockholm receiving CPR prior to arrival
of the ambulance (36% versus 30%, p=0.029).

4.3, Status on admission at the emergency
room

The clinical findings at the time of admission to
the emergency room for patients admitted alive
are described in Table 4. On admission, a signifi-
cantly higher proportion of patients admitted alive
in Stockholm were unconscious (p = 0.0056), receiv-
ing assisted ventilation (p=0.0084) and ongoing
CPR (p=0.0002).

The initial ECG-patterns with signs of acute
ischaemia did not differ between the two groups.
ST elevation was present in 33% of the patients
in Goteborg and 27% of the patients in Stockholm
(non-significant).

4.4, In-hospital treatment, investigations
and neurological status

Mo significant differences were found between the
two groups regarding patients subjected to acute
investigations such as coronary angiography and
echocardiography or acute interventions such as
thrombolysis, percutaneous coronary intervention
(PCl) or coronary artery bypass grafting (CABG)
(Table 5). When comparing patients with CPC scores
1 and 2 only, the proportion of patients under-
going acute interventions was evidently higher,
however, the absence of differences between the
groups remained. Furthermore, subacute investi-
gations and interventions such as exercise testing,
electrophysiological testing, CABG operations and
implantable cardioverter-defibrillator (ICD) were
performed in a similar proportion of cases.

4.5, Survival, diagnosis and cause of death

Information on survival was available for 100% of
patients in Stockholm and Géteborg. Total survival
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Table 1
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Patient demography and medical history {admitted patients only)

Age '(yea'rsl

Mean (5.0.) 66,9 (16.3)
Sex (K)
Men () 62 (155)
History of (%)
IHD i
Hypertension 25
Diabetes mellitus 17
Congestive heart failure’ 21
Stroke 17
CoPD 20
Smoking 29"
Chronic medication at time of cardiac arrest (%)
Beta-blockers 28"
Calcium antagonists 12*
Diuretics 364
Digitalis 1
Other anti-arrhythmic drugs DA
ACE inhibitors/ARB 19
Salicylates 25"
Anticoagulants 1
Lipid-lowering drugs 12%
Psychopharmaceutical agents 6"
© Beta-stimulants 167
CPC score before cardiac arrest (%)
1 91
7 7

Stockholm (n= 253)

ch!ehoyg {n= l‘)}} p
66.9 (16.3)
65(99)

36
23
16
20
i
15
297

3
10
32
13

i
19
0
12

8
12
10

G0
74

p-Values denoted only 1f <0.05, IHD, {scheamic heart diseasa; COPD, chronfc obstructive pulmonary disease; ACE, anglatansin
converting enzyme; ARB, anglotensinreceptor-blockers; CPC, carebral performance category,
- % Proportion of patfents with missing information betwean 10 and 25%,

b proportion of patients with missing information »>25%.

to discharge after OHCA during the study period was
6.1% in Goteborg and 3.3% in Stockholm (p=0.01).
The significant difference in survival remained at a
J-year follow up: 5.5% versus 2.3% (p=0.0007).

Of the patients admitted alive to hospital,
20% (51 patients) survived to discharge in Stock-
holm, versus 22% (33 patients) in Goteborg
(non-significant). One and three year survival data
are displayed in Tables 2 and 3.

For patients admitted alive, acute myocardial
infarction (AMI) was determined as the final diagno-
sis and cause of cardiac arrest in 60% in Stockholm
compared with 50% in Goteborg. Conversely, in
Goteborg 13% of the patients were judged to have
probable myocardial ischaemia (but no AMI) com-
pared to 3% in Stockholm (Table 5). Thus, the
fraction that was judged to have an acute coronary
syndrome as the underlying aetiology was identi-
cal in both cities. Of the patients admitted alive,
25% of the patients in Stockholm versus 24% of the
patients in Goteborg underwent an autopsy (NS).

In the multivariate analysis described above clin-
ical factors identified as independent predictors of
in-hospital mortality were age, previous diabetes
mellitus, unconsciousness, assisted breathing, and
ongoing CPR on admission to hospital (Table 6).
When adjusting for these factors there was a
significantly higher rate of survival at discharge
in the Stockholm region (OR 2.75; 95% Cl: 1.29,
5.85, p=0.009) compared to Goteborg. The madel
included 68% of all patients.

5. Discussion

We have confirmed a substantial difference in sur-
vival after OHCA between the two largest cities
in Sweden. This difference appears to be asso-
ciated with pre-hospital factors rather than with
in-hospital care or patient demography and medi-
cal history. Few studies have focused on in-hospital
mortality after OHCA and only a handful have
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Table 2 Pre-hospital course and survival for all patients
/ ~ Stockholm (n=1542) Goteborg (n=546) il
Initial arrhythmia (%)
Yentricular fibrillation 19 298 <(.0001
Asystole 66" 53" <(.0001
PEA 9 154 0.0001
Time intervals (min, median) (mean)
Witnessed patients
Cardiac arrest to call 5 (6) 3 (5) 0.004
All patients
Call for to arrival of ambulance 7(9) 5 (6) <0,0001
Ventricular fibrillation
Call for ambulance to first defibrillation 107 (11) 6 (8) <0.0001
Bystander initiated CPR (%) 36° 30 0.029
Witnessed cardiac arrest (%) 65" 70
Cardiac arrest at home (%) 61 63
Percent probable cardiac etiology (%) 59 68" 0.0002
Percent of patients admitted to hospital (%) 16 28 <0.0001
Patients discharged alive (%) 3.3 6.1 0.01
One-year survival (%) 25 6.1 0.0002
Three-year survival (%) 59 5.5 0.0007

p-Values denoted only 1f <0.05. Information on survival was available for 100% of patients in Steckholm and Goteborg. PEA,
pulseless electiical activity; CPR, cardioputmonary resuscitation.

A Proportion of patients vith missing Information between 10 and 25%.

managed to demonstrate in-hospital factors as hav-
ing a direct effect on survival. To our knowledge,
this is the first study that has attempted to analyse
such factors and mechanisms in depth behind a dif-
ference in survival between the two largest cities
in the same country.

5.1. Patient demography and medical
history

The two groups of patients admitted alive were
very similar in terins of age, sex, previous med-
ical history and chronic medication prior to the
index event. Patient characteristics were also sim-
ilar to cardiac arrest groups studied previously
in Sweden.®'" Age'™ and medical history in
form of cardiac disease'? '? have been shown to
be direct risk factors for sudden cardiac death,
Moreover, no significant differences were found
between the two groups regarding patients sub-
jected to acute or subacute investigations and
interventions such as coronary angiography (includ-
ing PCl), thrombolysis, echocardiography, exercise
testing, electrophysiological testing, CABG or 1CD-
implantation following the index event. In one of
the very few studies that have demonstrated in-
hospital factors to be associated with in-hospital
survival after OHCA, Engdahl et al.'' considered

some of these investigations and interventions as
one of three possible groups of variables affecting
the difference in hospital survival. Smoking as an
independent risk factor for sudden cardiac death
has been confirmed elsewhere in community based
studies, 2% 21 |In our investigation the two groups
had no differences in smoking incidence or chronic
alcoholism. '

5.2. Pre-hospital course and status on
admission at the emergency room

All pre-hospital time intervals analysed were longer
in Stockholm than in Goteborg, both when com-
paring all patients or patients admitted alive only.
It is well established that early CPR can double
or triple survival after OHCA.»*?2 24 The propor-
tion of patients in this study receiving CPR prior
to arrival of the ambulance are in accordance
with those found in previous cardiac arrest stud-
ies in Sweden.®?' Early defibrillation has been
shown to improve survival after OHCA*25 27 with
survival numbers as high as to 74% for witnessed
patients defibrillated within 3 min after arrest.”
For every minute without CPR or defibrillation in
witnessed VF the probability of survival to dis-
charge decreases by around 10%.2%?* The longer
time intervals in this study, especially those in
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Table 3 Pre-hospital course, survival and CPC-scores for patients admitted alive to hospital

Initial arrhythmia (%)
Ventricular fibritlation
Asystole
PEA

Time intervals (min, median) (mean) :
Witnessed patients
Cardiac arrest to call

All patients
Call for to arrival of ambulance

Ventricular fibrillation
Call for ambulance to first defibrillation
Bystander initiated CPR (%)
Witnessed cardiac arrest (%)
Cardiac arrest at home (%)

Patients discharged alive (%)
All patients
VE/IVT
No VF/VT
Bystander witnessed
Bystander witnessed with VF/VT

CPC score at discharge (%)
1
2

One-year survival for patients discharged alive (%)
Three-year survival for patients discharged alive (%)

Stockholm (n=253) Goteborg (n= 15';; D
i6° 4{®
50° 46"
5-‘! l‘h
3" (4) 2"(2) 0.002
(8 4 (5)
8.5 (9) 6*(7) 0.029
40° 3"
831; 80!:
57 56"
20 22
29 35
5 5
15 22
32 36
64 ; 63
26 22
74 100 0.0014
70 88

p-Values denoted only if <0.03. Informaticn on survival was available for 100% of patients in Stockholm and Goteborg, PEA,
pulseless electrical activity; CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; VT,_Venhiculnr tachycardia; CPC,

cerebral performance category
* Proportion of patients with missing Information » 25%,

U proportion of patients with missing information between 10 and 25%,

Stockholm, doubtlessly explain the low number of
patients found in VF. Most certainly, the signifi-
cant difference in survival between Stockholm and
Goteborg derives from a significant difference in VF
- incidence on ambulance arrival. The possible expla-
nations for the lengthy time intervals occurring in
Stockholm compared with Goteborg have been dis-
cussed elsewhere,® _

A significantly higher proportion of patients
admitted alive in Stockholm were unconscious and
were receiving assisted breathing and CPR on
arrival to the emergency room.

5.3. Survival, diagnosis and cause of death

Total survival to discharge from hospital was almost
twice as high in Goteborg than in Stockholm: 6.1%
versus 3.3%. The most likely explanation for this
difference is the delay in pre-hospital care as
there was no difference in patient demography,

medical history or in-hospital mortality (80% in
Stockholm and 78% in Goteborg). A study from
Norway'? that found remarkable discrepancies in
survival between four hospital regions is one of
the few studies which has identified in-hospital
variables related to survival. The four different
predictors of a worsened cutcome were high body
temperature, elevation of blood glucose, acidosis
and seizures, A Finnish retrospective study from
2003%7 of 98 patients admitted alive after VF
OHCA demonstrated age, delay before sustained
return of spontaneous circulation, mean blood glu-
cose and potassium concentrations, and the use of
beta-blocking agents as independent variables asso-
ciated with survival for 6 months. In our study, an
analysis of these variables presented in the Nor-
wegian and Finnish studies was not made as these
results were not available in the database. This,
certainly, is a limitation. In Stavanger, i.e. one of
the four regions included in the Norwegian study,
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Table 4 Patient characteristics on admission to hospital at the emergency reom (admitted patients only)
o G e mStockholmi(n=254) Goteborg (=1 ) et P
Unconscious patients (%) 96 9N 0.006
Spontaneots breathing (%) 17 40 0.008
Ongdoing CPR (%) 220 7 0.0002
Palpable pulse (%) 90 93
Initial ECG pattern (%)
Signs of acute ischemia 531 58
ST-elevation ryid 33
Initial rhythm (%)
Supraventricular rhythm 85* 84
Ventricular tachycardia 5 4
Ventricular fibrillation 3R =2
Asystole ik 0
PEA o 1
Other 6 8
Treatment in the emergency room (%)
Defibrillation " 8
Adrenaline 16 9
Alropine 10 6
p+Values denoted only if <0.05. CPR, cardiepulmenary resuscitation; PEA, pulteless electrical activity.
* Praportion of patients vith missing Information between 10 and 25%.
b proportica of patfents with missing information > 25%,
Table 5 In-hespital treatment and diagnosis
Stockholm (n=253) Goteborg (n=153) p
Intervention/investigation, all patients (%)
Thrombolysis 7 )
Coronary angiography 12 16
PCl 7 10
CABG 2 3
Echocardiography 33 38
Exercise stress test 5 3
Electrophysiological testing 2 3
ICD 3 : 4
intervention/investigation ameng patients with CPC score 1 or 2 (%)
Thrombolysis 22 16
Coronary anglography 55 63
PCl 28 37
CABG 10 i1
Echecardiography 72 74
Exercise stress test 24 15
Electrophysiological testing 10 15
ICD ; 14° 22
Final diagnosis, cause of cardiac arrest (%)
Confirmed AMI 60 50
No AMI but probably myocardial ischemia 3 13 0.0002
Other genesis 37 37

p-Values denoted only if <0.05. PCI, percutaneous corenary Intervention; CABG, coronary artery bypass grafting; AMI, acute
myocardial infarction; 1€D, Implantable cardloverter-defibrillator,
2 Proportien of patients vdth missing information between 10 and 251,
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Table 6 Results of the logistic regression analysis (identification of predictors of in-hospital mortality)

Age = 70 years

Diabetes mellitus

Unconsclousness (on admission to the ER)
Assisted breathing (on admission to the ER)

OR (95% ChH P
2,79 (1,44, 5.43) 0,002
3.03 (1.08, 8.49) (.03
14.96 (3.89, 57.56) <0.0001
3.85 (1.88, 7.87) 0.0002
8.20 (1.62, 41.59) 0.01

OR, odds ratlo, Cl, confidence Interval. The model included 687% of all patients.

20% of the patients were discharged alive in con-
Lrast to the 3.3% in Stockholm. This large difference
in survival can only in part be explained by the
shorter time intervals occurring in Stavanger and
other contributing reasons for these large differ-
ences remain unidentified.

Compared to our previous study (JIM 05),% 12
additional months of OHCA were analysed in order
to achieve greater power and statistical legitimacy.
A corresponding analysis using only the first 18
months in the present study was performed (non-

published data) with similar results and conclusions -

to those presented in this 30-month analysis. During
the last year of analysis total survival after OHCA
in Stockholm improved slightly, whilst total survival

in Goteborg slightly decreased. This is the most

probable reason for the reduction from an almost
3-fold difference in survival (observed in the pre-
vious study) to the 2-fold difference described in
this study. Inclusion criteria were identical in both
studies.

Results from the logistic regression indicate a
lower rate of in-hospital mortality in the Stockholm
region after adjustment of independent predictors
of survival. Despite this, the total mortality was
significantly higher in Stockholm indicating that
pre-hospital factors played the major role in pre-
dicting mortality. Due to the amount and unbalance
between regions regarding missing data all results
from the multivariate analysis should be interpre-
ted with great caution. The multivariate analysis,
nevertheless, strengthens our concluding inter-
pretation that a significant higher survival after
OHCA in Goteborg compared to that in Stockholm
is primarily associated with pre-hospital factors.

In-hospitals interventions (such as coronary
angiography, PCl, thrombolysis, CABG) were not
included in the multivariate analysis due to the fact
that these interventions were not performed in the
very acute phase of the hospital stay in a large num-
ber of cases. For instance, amajority of all coronary
angiographies were performed more than 24h
after admission to hospital (non-published data).
Consequently, selection bias towards survivors

is apparent and a multivariate analysis including
also in-hospital interventions was judged to be
inadequate.

The 1-year survival of patients discharged alive
from hospital in Goteborg was 100% compared to
74% in Stockholm. The reasons for this difference
are unknown. However, in a 3-year follow-up, we
found no remaining significant difference in survival
among patients discharged alive. The difference
in total survival between Goteborg and Stockholm
found in this study thus remained significant after
3 years. Other studies have shown that long-term
survival among patients who have undergone rapid
defibrillation after OHCA is similar to that among
age-, sex- and disease-matched patients without
previous OHCA.Y Data from our study are consis-
tent with these findings.

It is well established that the risk of sudden
death from cardiac causes is increased among
patients with previous myocardial infarction and
reduced left ventricular systolic function.'® In our
study, 63% of patients in both groups were judged
to have either acute myocardial infarction (AMI)
or myocardial ischaemia without AMI as final diag-
nosis and cause of cardiac arrest. Approximately
33% of the patients in both groups presented with
ST-elevation in addition to approximately 25% of
the patients presenting with other electrocardio-
graphic signs of acute ischaemia. However, only 19%
of the patients in Stockholm and 21% in Goteborg
underwent revascularisation procedures (thrombol-
ysis or coronary angiography) during their hospital
stay. Impaired consciousness is the most probable
explanation for these low figures as revasculari-
sation efforts were performed in alimost 80% of
patients with CPC scores 1 and 2 during hospital
stay, Acute coronary artery occlusions are common
in survivors of OHCA and furthermore poorly recog-
nised by clinical and electrocardiographic findings.
It seems that immediate coronary angiography
followed by coronary angioplasty in suitable can-
didates improves survival.’' There is, however, no
randomised study as of today with survival data sup-
porting this hypothesis. A number of studies are
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presently evaluating the effect of thrombolysis dur-
ing CPR in patients with QHCA.

The rapid developments of pre-hospital
strategies such as public-access defibrillation,
defibrillation initiated by policemen®*** and other
first responders, an increased use of CPR guidance
by telephone from dispatchers to bystanders®®
and recently released updated guidelines for
resuscitation®® will probably have the beneficial
consequence of a larger proportion of patients
being admitted alive after OHCA. Accordingly,
the in-hospital phase after OHCA will most likely
become increasingly important. As a result, new
guidelines for post-resuscitation care with specific
protocols for in-hospital care were published in
September 2005.%7 More studies are, however,
necded for the establishment of new in-hospital
factors associated with survival.

6. Limitations

(1) In this study, we did not use a recognised coma/
neurological rating scale and used a broad
categorisation scale instead. This is probably
an insensitive predictor of outcome and one
cannot exclude that a more sensitive scoring
system would have revealed more differences
between the two groups.

(?) Socioeconomic differences
accounted for,

(3) Information on some variables was lacking in
a proportion of patients, particularly in regard
to time intervals for bystander witnessed car-
diac arrests. Therefore, these data should be
interpreted with caution.

(4) A substantial number of in-hospital variables
that could influence survival, such as body tem-
perature, s-glucose levels, base excess levels
and other laboratory tests were not available
in the database,

have not been

7. Conclusion

fotal survival to discharge after OHCA in Goteborg
(6.1%) is almost twice as high as in Stockholm
(3.3%), whereas in-hospital survival is almost iden-
tical in these cities (22% versus 20%). We have found
no in-hospital factors or patient characteristics
(including medical history and chronic medication)
associated with increased survival. Thus, the dif-
ference in survival between the two largest cities
in Sweden appears to be related to pre-hospital
factors (predominately prolonged time intervals in
Stockholm) only.
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ABSTRACT

PACKGROUND

We prospectively evaluated a clinical prediction rule to be used by emergency med-
ical technicians (EMTs) trained in the use of an automated external defibrillator for
the termination of basic life support resuscitative efforts during ont-of-hospital
cardiac arrest. The rule recommends termination when there is no rétum of spon-
taneous circulation, no shocks are administered, and the arrest is ot witnessed by
emergency medical-services personnel. Otherwise, the rule recommends transpor-
tation to the hospital; in accordance with rontine practice.

METHODS

The suu]‘y inchuded 24 emergency medical systems in Ontario, Canada. All patients
18 years ol age or older who had an arrest of presumed cardiac cause and who were
treated by EMTs trained in the use of an antomated external defibrillator were in-
cluded. The patients were treated according to standard guidelines, Characteristics
of diagnostic tests for the prediction rule were caleulated. These characteristics
include sensitivity, specificity, and positive and negative predictive values.,

RLSuLTS

Follow-up data were obtained for all 1240 patients, OF 776 patients with cardiac
arrest for whom the rule recommended termination, 4 survived (0.5 pereent). The rule
had a specilicity of 90,2 percent for recommending transport of survivors to the
emergency department and had a positive predictive vale for death of 99.5 percent
when termination was recommended. Implementation of this rule would result in
adecrease in the rate of transportation from 100 percent of patients 1o 37.4 percent.
The addition of other criteria (a response interval greater than eight minutes or a
cardiac arrest not witnessed by a bystander) would further improve both the speci-
ficity and positive predictive value of the mle but would result in the transportation
ol a larger proportion of patients.

COMNULUSIONS

“The use of a clinical prediction rile for the termination of resuscitation may help

clinicians decide whether to terminate basic life suppont resuscitative efforts in
patients having an out-of-hospital cardiac arrest.

NENGL) MED §5505  WWW.NEJMLORG  ABGUST 3, 2000



PREDICTION RULE FORTERMINATION OF RESUSCITATION IN CARDIAC ARREST

CHE SURVIVAL RATE AFTER OUT-OF-HOS-
pital cardiac arrest is low, especially among
patients who have no response to advanced

cardiac life support provided by paramedical per-
sonnel.! Several retrospective studies have identi-
tied patients for whom termination of resuscitative
eftorts outside the hospital can be considered af
ter resuscitative efforts by paramedics trained and
equipped to provide adyanced cardiac life support
have Ciled ' As a result, guidelines exist for the
termination of resuscitation in this setting, and
most emergency medical services (EMS) systems
have protocols to permit the practice.™

However, because of a lack of data, similar
guidelines have not been developed for use when
basic life support is provided by emergency medi-
cal technicians (EMTs) trained in the vse of an
automated external cardiac defibrillator, As a re
sult, substantial numbers of patients with little or
no potential for survival are regularly transported
1o emergency departments, Guidelines for EMTs
trained in the use of an automated external defi-
brillator would be extremely useful, since a snrvey
indicated that several cities in the United States
have EMS systems that consist in whole or in part
of EMTs thus trained.’s

We recently derived a clinical prediction rule
for the termination of basic life support resusci-
tative efforts by EMTs trained in the use of an ex-
ternal cardiac defibrillator on the basis of a retro-
spective review of case records (rom a large, nrban
EMS system.!® The presence of three clinical vari-
ables identified patients who did not survive out-
ofhospital cardiac arrest. The prediction rule
proposed that in the absence of available equip-
ment e personnel to provide advanced cardiae
lite support, termination of resuscitative efforts
conld be considered in the ont-of-hospital setting
il there was no return of spontaneous circulation
before transportation was initiated, no shock was
siven before transportation was initiated, and the
arrest was not witnessed by EMS personnel (..,
a firefighter or an EMT). When applied retrospee-
tively to the study population from which it was
derived, the prediction mle had a sensitivity of 100
percent for identifying patients who survived to
hospital discharge.*

Any prediction rule that is derived in a retro-
speetive fashion requires prospective validation
before it is implemented clinically. % Accordingly,
we nsed methods of prospective validation to test

the predictive value of this rule. The secondary
objective was to evaluate whether a response in-
terval of more than eight minutes (a eriterion
proposed on the basis ol a retrospective study by
Petrie et al.?) would increase the predictive power
of the rule.

METHODS
STUDY DESIGN

The study was conducted to validate a clinical pre-
diction rule according to the method described
by Wasson et al.'” and Laupacis et al.”® A total of
12 urban and rural regions in Ontario, Canada,
served by 24 EMS systems participated inthe study,
The regions included areas ranging in population
from 40,000 to 2.5 million persons, with popula-
tion densities ranging from 8§ to 3939 persons per
square kilometer. All participating EMS systems
received approval from the regional institutional
ethics board. Because of the clinical setting, the
standard requirement of written informed con-
sent was waived.,

STUDY POPULATION

The study population was made up ol conseen-
tively enrolled adult patients (persons 18 years of
age or olden who were treated for an ont-of-hos-
pital arrest of presnmed cardiac cause’ between
January 1, 2002, and January 30, 2004, Patients
who had a cardiac arrest were evaluated and giv-
en basic life support exclusively by an EMT trained
in the use of an automated external defibrillator.
We excluded patients who received adyanced car-
diac life support (e, intubation and administra-
tion of intravenous fluids and medication), those
who had a written or oral do-not-resuscitate or-
der, and those who had an arrest attributable to
an obyvious cause (e.g., trauma or asphyxia).” Pre-
hospital care was documented with the use of a
standard call-report form used by ambulance per-
sonnel throughont the province of Ontario.

RESUSCITATION ALGORITHM

The pratocol for basic life suppon included the
use of an antomated external defibrillator and
conformed with the recommendations of the
American Heart Association and the International
Liaison Committee on Resuscitation.?! In gaecor-
dance with these recommendations, all patients
received cardiopulmonary resuscitation, with paus-
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¢s eyery one or two minutes to assess rhythm
with an auntomated external defibrillator and 1o
deliver a shock as dictated by the antomated
analysis of the defibrillator. The rhythm was
analyzed no more than three times, with the de-
livery of no more than three shocks at cach analy-
sis, as indicated. On either suceesstul defibril-
lation or the completion of this algorithm, the
patient was rapidly transported o the hospital and

cardiopulmonary resuscitation was continued, il

necessdary,

STUDY PROTOCOL

Before the start of the study, all EMTs trained in
the use of an antomated external defibrillator re-
ceived instruction in the prediction rule. After a
patient was transferred to the receiving hospital,
the EMTs completed a data-collection form that
included all relevant clinical characteristics of the
cardiac arrest as well as the elements of the pre-
diction rule. Datients were categorized according
to the recommendations ol the prediction rule.
For patients treated with the complete resuscita-
tion algorithm who had no return of spontane-
ous circulation before the initiation of transport
to the hospital, those who had not received any
shocks before transport was initiated, and those
whose cardiae arrest was not witnessed by EMS
personnel (a firefighter or an EMT), the rule rec-
ommended the termination of resuscitation, On
the data-collection form this recommendation was

abla 1. Categories of Cerebral Performance.®

Category  Classification Description

1 Good cerebral pl-lfuun e Patlent is conscions, ."|t-rt, and ab

"

designated by the term “lerminate.” Otherwise,
the prediction rule recommended continued ba-
sic life support resuscitation efforts and transpor-
tation to the hospital, as designated by the term
“transporl.”

Study coordinators at each study site reviewed
the data-collection forms for accuracy before they
were sent to a central coordinating oftice. The
data were abstracted by four trained abstractors
using a standardized form. Problems related o
missing, wnclear, orambiguous data were resolved
by querying the site for additional information,
Definitions used in the data-collection form con-
formed to the Utstein style of reporting a cardiac
arrest, when possible.”

OUTCOME MEASURES

Study coordinators at each site obtained informa-
tion on patients' outcomes from the receiving hos-
pitals six to eight months after the cardiac arrest,
Outcomes were categorized as follows: the patient
was pronounced dead in the emergency depart-
ment, died after admission to the hospital, was
alive in the hospital at six months, or had been
discharged from the hospital, The oncomes were
analyzed as a binary measure of “died” (the first
two ontcomes) or “survived” (the last two ont-
comes). Cerebral performance (Table 1)222% was
also assessed, either at discharge from the hospi-
tal or at six menths for those in the hospital at
that point,

1.

o work and lead a noraal e, Patient may

Feave minor peychological or neuralogic deficits (e, mild dysphasia, heri
inor psychological o 2 % ¥ i
paresis that is net incapacitating, orniner cranial nesve abnonaalities).

? Moderate cercbiral disability — Patient is conscions and has sulficient cerebral function to be able 10 work
part time in a sheltered envitonnent or perlonm activities of daily living
(e.gr., dress, travel Ly public transportation, or prepare eals) independent:
ty, Patient may have hemiplegia, seizores, ataia, dysartheia, dysphasia, or
permanent changes in memory or mental status,

Patient is conscions, dependent on others for daily support (in an institution

or at hote with an exceptional elfort made by the Lamily), and has o
least lirnited cognitive ability, Awide range of cerebral abnormalities may
be present, ranging from the ability to walk but with severe memaory dis:
tuthanee or dernentia precluding independent living to paralysis and the
ability to corntounicate only with the eyes (as in the locked in syndrorne).

Patient bs unconsclous, unaware of suroundings, and without copnitive

ability; no verbial or paychological interaction with the environment,

3 Severe cerchiral disability
4 Cartna or veget dlve state
) Death

Patient is certilied as brain dead or dead.

# Data are adapied from Satar and Bircher™ and the Brain Resusciiation Clinieal Teial 1.2
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STATISTICAL ANALYSIS
The statistical analysis was performed with SAS
software (version 8.0). The prediction rule was
evaluated as a diagnostic test, and test character-
istics were caleulated. These test characteristics
include sensitivity, specificity, and positive and
negative predictive values. Itwas assumed that an
ideal test wonld not recommend the termination
of resuscitation efforts if the patient could poten-
-tially survive cardiac arrest. Thus, the specificity
of the rule (the praobability that the rule snggests
transport when the patient survives) and its posi-
tive predictive value (the probability of death when
the rule proposes the termination of resuscitative
efforts) were identified as the important test
characteristics. The survival rate among patients
for whom the prediction nile recommended the
termination of resuseitation was also determined.
Similar analyses were performed with the addi-
tion to the prediction rule of the prespecified vari-
able of an EMS response interval of more than
eight minutes, as well as the addition of the post
hoe variable of a cardiac arrest that was not wit-
nessed by a bystander.

The estimated sample size was calenlated on
the basis of a survival rate of 1 percent or less
when the prediction rmle recommended the ter-
mination of resuscitation, This suryival rate of
1 percent or less has been suggested as reflective
of medical futility.”* The rate of survival to dis-
charge [rom the hospital was estimated to be 0.3
percent when the prediction mile suggested ter-
mination of resuscitation. This estimate of 0.3
percent was derived from our previous study in-
volving a single EMS system.™ For a one-tailed
test of sipnificance at the 0.05 level, 773 subjects
were required to provide a one-sample test of
proportions with a statistical power of at least
80 percent o detect a survival rate significantly
lower than 1O percent (PASS 2000 Power Analy-
sis and Sample Size software).

RESULTS

During the survey period, 1620 cligible out-of-

hospital cardiac arrests were recorded; EMTs did
not complete a data-collection form in 379 cases,
and in 1 case, the elements of the prediction rule
conld not be assessed on the basis of the infor-
mation provided, A total of 1240 patients with
cardiac arrest were therefore enrolled. The 12 par-
ticipating sites had an overall enrollment rate of

76.5 percent, ranging {rom 21.1 to 100 percent at
each site, ;

Table 2 shows the demographic characteristics
ol 1240 patients and selected features of each
cardiac arrest. The mean age of the patients was
69.2 years, and 855 were men (69.0 percent). The
cardiac arrest was witnessed in 712 cases (574
percent), and the median time to a response by
the EMS team was 8.0 minutes, With respect to
the variables incinded in the clinical prediction
rile, of 1240 cardiac arrests reported, there was
no return of spontaneous circulation in 1172 cases
(94.5 percent), no shocks were delivered in 868
cases (70.0 percent), and the cardiae arrest was
not witnessed by EMS personnel in 1120 cases
(90.3 percem).

Follow-up data were obtained on all the pa-

tients enrolled in the study (Table 3). A total of

1140 patients with a cardiac arrest (91.9 percent)
were pronounced dead in the emergency depart-
ment, 59 (4.8 percent) died after admission to the
hospital, 2 (0.2 percent) were still in the hospital
at the six-month follow-up, and 39 (3.1 percent)
survived to discharge.

The characteristics of diagnostic tests for the

prediction rule are shown in Table 4. For 37 of

the 41 patients who survived, the prediction rule
recommended transportation to the hospital and
continuing basic life support resuscitative effons,
resulting in a specificity of 90,2 percent (95 per-
cent confidence interval, 88.4 1o 91.8 percent).
For 772 of 1199 patients who died, the prediction
rule recommended the termination of resuscita-
tion, resulting in a sensitivity of 64.4 percent (95
percent confidence interval, 61.6 10 62,0 percem),
Of 776 patients for whom the prediction rule
recommended the termination of resuscitation,
772 died, resulting in a positive predictive value
ol 995 percent (95 percent conlidence interval,
989 1o 99.8 percent), The prediction rule ecom-
mended transportation to the emergency depart-
ment for 464 patients, of whom 37 survived, re-
sulting in a negative predictive valie of 8.0 percent
(95 percent conlidence intervaly 6,6 to .7 per-
cent).

Of the 776 patients for whom the prediction
rile recommended the termination of basic life
support resuscitation efforts, 4 survived (0.5 per-
cent; 95 pereent confidence interyal, 0.1 to 0.9
percent), This survival rate was significantly lower
(P=0.04) than the threshold ol 1 percent that
has been snggested as reflective of medical futil-
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1 1. Characteristics of Pationts and Selected Features of Cardiac Arrests Included in the Study.®

Characteristic
Patients
Age —yr
Mean
Range
Male sex — no. ()
Cardiac arrest witnessed - no. (3)
By bystander
By lieefighter
Hy EMI

Cardiopulinonary resuscination perormed by bystander — no. (32)

. EMSintervals — ming

EMS response

Median

Interquartile range
Patient response

Median

Interquartile range
Transportation w ermerpency departiment

Median ]

In!l'rqu:milt- range
EMS5 response of <8 min — no. (47)
Prediction-rule variables — ne. (%)
No retum of spontancous deolation
No shock advisad

Mot witnessed by EMS personnel

* Plus- minus values are means +50,

No, of Responsas Value 3
1175
692+ 14.1
12-100 !
1240 5% (69.0)
1240

S71 (46.0)
42 (3.4)
99 (£.0)

331 (26.4)

17230 .
20
501720
1776
9.0
60130
1238
6.0
30110
654 (53.2)

1177 (94.5)
862 (70.0)
1170 (90.3)

i The interval between the time the call is recelved by the responding paramedics and the asival of the TMS vehicle at
the scene of the cudine arrest is the EMS response Interval. The interval between the time the call is cecebved Ly the
responding pararmedics and the anival of the ERS vehicle w the scene of the patient with candine arrest s the patient:
tesponse interval. The interval between the time the EMS vehicle leaves the scene of the cardiac arrest and arives
ll'u' CHRIRenCY dt'p.lltmt'lll i lhl' 'El.‘lw'.pnli.i{lnn Lo l!w crergency dup:crtlm-m inn'w.ul.

ity OF these four patients, three were discharged
home or to a lengterm care facility and were con-
sidered 1o have goed cerebral performance (cate-
gory 1) and one patient had severe cerebral dis-
ability (category 3).

Additional variables were added to the original
prediction rule to see il the rate of survival could
be further refined, The inclusion of the prespeci-
fied variable of a response by EMS personnel in
more than cight minutes was associated with a
survival rate of 0.3 percent amonyg patients for

whom the mie recommended the termination of’

resuscitation (Table ). The addition of this vari-
able to the original prediction rule increased the
positive predictive value to 9.7 percent and in-
creased the specificity to 97,6 percent,

The inclusion of the post hoc variable of a
cardiac arrest that was not witnessed by a by-
stander was associated with a survival rate of
0 percent among patients for whom the rule rec-
ommended the termination of basic life support
resuscitative efforts, It increased both the posi-
tive predictive value of the rule and the specific-
ity to 100 pereent.
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The addition of the prespecified variable or the
post hoc variable to the original prediction rule
would have inereased the number of patients rec-
ommended for transportation to the emergency
department. The addition of the prespecilied vari-
able increased this number from 464 (37.4 per-
cent) 1o 348 (684 percent). The addition of the
post hoc variable increased this number to 764
{(01.6 pereent).

DISCUSSTION

We prospectively evaluated a previously derived
clinical prediction rule for the termination of
hasic lile support resuscitative efforts in ont-of-
hospital cardiac arrests in the absence ol advanced
cardiac lite support, The prediction rule indicates
that EMTs may consider the termination of re-
suscitation if there'is no return of spontancons
circulation before a patient is transported to the
emergency department and if the patient received
no shocks before transportation was initiated and
had a cardiac arrest that was not witnessed by
EMS personnel responding to the call. The pre-
diction rule had a positive predictive value of 9.5
percent and a specificity ol 90.2 percent. Among
patients whose condition met these three criteria,
the survival rate was 0.5 percent. The prediction
rule would have resulted in the transportation of
37.4 percent of patients (464 of 1240), rather than
the current rate of 100 percent.

Three aspects of the overall survival rate of
0.5 percent among these patients should be men-
tioned, Pirst, current guidelines for the termina-
tion of resnscitative eflorts are based on retro-
spective literature that reported survival rates of
0,4 to 1.9 percent when the guidelines suggested
the termination of resuscitative efforts," > See-
ond, the survival rate of 0.5 percent falls below a
previously suggested threshold of less than 1 per-
cent for medical futility.”* This definition of med-
ical futility has been questioned, ¢ particulary in
the field of resuscitation.”” However, such a view
simply raises the guestion of how many times
fathire must oceur before an intervention is con-
sidered futile.”# Finally, we consider that our pre-
diction rule offers guidance for clinicians but is
not obligatory. In an editorial published more
than 20 years ago, Cummins and Eisenberg?
supgested that prediction rules for the termina-
tion of resuscitation efforts shonld remain advi-
sory and that they should be tempered by the

NENGL ) MED 35505
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FORTERMINATION OF EESUSCITATION IN CARDIAC ARREST

« & Outcomes of 1240 Reponted Cardiac Arrests,

| Outeame
: lk“ulh
Deaths pronounced in the einergency depariment
Deaths after admission
| Survival
I fihospital at G o after candine arrest
Discharged
Category of cerebral performance®
Good performance
Moderate disability
Severe dis ll)i“i)‘
¢ olma, vegetative state

“Values for categories of

of the 41 survivors,

full clinical picture, taking into acconnt the very
small possibility of successful resuscitation when
the prediction rules suggest termination.

When the prediction rule was maodified to in-
chude either the prespecified variable (i response
by EMS personnel in more than eight minutes)
or post hoc variable (@ cardiac arrest that is nom
witnessed by a bystanden), the positive predictive
value and the specilicity were increased. Addition
of either of the two variables would have identi-
fied most or all four of the survivors Tor whom
the termination of basic life support resuscitative
efforts was recommended. The addition of these
variables also increased the proportion of patients
{for whom the rule would suggest transportation

to the emergencey department. The number of

patients needed 1o be transported for one patient
to survive was also increased. In the derivation
study, neither of these additional variables added
a predictive value that was not provided by other
variables.' Measurement ol the response inter-
ral was also considered too unreliable to justify
inclusion in the rule,*® and response intervals are
nol routinely available to EMT5 before the patient
is treated.

Clinical prediction mles for the termination of

basic life support resuscitative efforts in ont-of-
hospital cardiac arrest are desirable for many
reasons, The transportation of a patient with a

refractory cardiac arrest limits the availability of

EMS personnel to care for other patients, increas-
es patients’ waiting times in emergency departs

AUGUST 3, 2000

Neo. (%)
1199 (97)
1140 (92)
59 (9)
11 (3)

2 (<l

39 (3)
29(11)
5 (17)

6 {15}
1{2)

cerebral p('rf(snnuu e were calculated as pereentapges
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+ 4 Test Characteristics ofthe Clinical Prediction Rule for the Termination of Resuscitation (TOR) in 1240 Reported
Cardiac Arrests.™

Action Accarding to Prediction Rule Outcome
Total No, o!
Death Survival Cardiac Arrests
Terminate baste hife suppont {test pesitive) 112 4 {16
Transpotiation to cinergency departiient (test negative) 427 3 464 ;
Total 1199 41 1240

Survival patewhen termination recommended by TOR-— 94 (9594 C1) 0% (0.1-0.9)

64.4 (61 6-67.0)

90,2 (55.4-91.8) ‘

995 (989 99.8) 1
8.0 (6.6 9.7)

Sensitivity — 56 (954 C)
Spexificiy - U4 (9594 Cl)§
Positive predictive value - 34 (9535 Q1)

Negative predictive value - 52 (9554 C1)§

= denotes confidence Interval,

i Value is the number of cases in which the patient died when the mile recormmended the termination of basic life support
resuscitative efforts dividal by the total nurmber of cases in which the patient died,

i Value is the nuraber of cases inwhich the patient survived when the mule recommended transportation to an cincrgency
departnent and continuation of basic e support resuscintive effons divided by the tetal number of cases inwhich
the paticnt survivel, [

i Value is the number of cases inwhich the patient died when the mle recormmended the termination of basic life support
resuscitative efforts divided by the total number of cases in which the mile recommended termination,

§ Vahie is the number of cmes in which the patient survved when the le recommended transportation to an erergency
departiient and continuation of basic life support resuscitative effons divided by the total of number of cises inwhich

the rale recorrnended tansportation,

ments, decreases the available beds and equip-
ment in emergeney departments and hospitals,?
and diverts care from patients who are potentially
more likely to survive. Emergency “lights and
sirens” transportation by ambulance carries many
risks 1o motorists, pedestrians, and the EMS per-
sonnel, inchiding that of vehicular collisions.*!
In addition, EMS personnel performing interven-
tions in a moving vehicle or engaged in resuscita-
tive elforts are at increased risk for occupational
biohazards.®* For the health care system, there
are fewer costs involved in the termination of re-

suscitation in the field than in the transferal of

the patient to the emergency department,?:422:34
Provision ol adyanced cawdiac life support in the
hospital is associated with a considerable expense,
approaching 81 billion annually in the United
States.” Finally, rates of termination of resuscitar
tive ellorts vary for different regions, paramedics,
and physicians when the decision 1o cease such
efforts is left to the discretion of the health care
provider, rather than being in accordance with a
clinical prediction rule.* Eckstein et al. reported
significant variability in the rates of termination
of resuscitation (5 to 37 percent) between cases
in which as a matter of policy physicians dele-
rate the decision to paramedics by telephone and

cases in which the decision was lefi to the dis-
cretion of the health care provider.”® Use of a
clinical prediction rule may allow distributive
justice to be applied equally among all patients
having an ont-of-hospital cardiac arrest — in
practical terms, the decision to terminate resus-
citation would be applied equitably in this popu-
lation whether it was applied by a physician, a
paramedic, or EMS personnel.

The EMS system of care needs to consider the
effects of an ont-of-hospital death on a Cumily
who receives notification and on the paramedic
who notifies the amily. Surveys suggest that Lam-
ily members are comfortable with the decision to
terminate resnseitative efforts in and out of the
hospital setting,*® and several studies have shown
that medical personnel who are not physicians
can convey the message regarding a death eflee-
tively to family members.”’ Future research should
aim to measure with a validated instrument the
psychological comfort of the EMS provider who
is terminating resuscitation efforts and provid-
ing notification of death to family members in
the ont-ofhospital setting.?s

In our study, the site-specific rate of the en-
rollment ranged from 21 to 100 percent of all
cligible patiemts who had a cardiac arrest, with
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[ube b outcomes of the Original Termination of Resuscitation (TOR) Prediction Rule, with Additional Prespacified and Post Hoe Variables.#

Survival When Ne. (%) Transparted
Termination Was Positive to the Emergency  No. Needed
Variable Recommended  Predictive Value Specificily Department to Transporl§
7 (955 )
- Original TOR prediction rule 99.5 (28.9-99.8) 902 (834 .91.8) 464 (37.4) 13
No.frotal no. Aj176
Rates (9554 €Iy 05 (0.1-09)
Addition of EMS response 99.7 (992 99.9)  97.6(96.5-98.3) 845 (65.4) 27
| that takes 23 min
Nojtotal ne. 17359
L Rate (955 1) 03 (0.0-1.7)
1 Addition of cardiac arest not 100 (99.6-100) 100 {92.6 - 100) 164 (61.6) 19

wiinessed by a bystander
N(u./hbt.d Hao,
Rate (08552 Cl)

07476
0 (0.0 1.0)

= Ol denotes confidence interval,

Incramental
No. Neaded
to Transports

NA

178

A

,' The number needed to transporl was caleulated as the number :r;m'.pl,ntuj to the erneigency lJ&‘pJI'lIll(‘ll“'fil'ﬂl"l’ll |i) the total numler

of survivors, as predicied by the ke,

i The incrernental number peeded 1o transport was caleulated by obtaining the dif%erence between mnber of patlents transporied to the
cinergency department according to the original TOR prediction mle and the nurmber transported with the addiional variable and then
dividing this ditference by the number of additional survivors predicted according to the revised mle,

an overall rate of 76.5 percent. Data were not in-
cluded for patients who were not included in the
overall sample. However, data on 89 to 100 per-
cent of all eligible patiems were available at the
tour Jargest sites, and the demographic charac-
teristics of the patients and the survival rates
were similar at all 12 sites, We therefore suggest
that the missed cases were probably similar to
those included in the study.

The study was condueted in, and is applicable
to, settings in which EMS systems were staffed
by EMTs trained to provide basic life support and
antomated external defibrillation. The prediction
tule is not applicable to resuscitations involving
EMTs who are trained in advanced Jife support
or to EMTs who are not trained in the vse of an
antomated external defibrillator. It is also not
clear that the prediction rule wounld produce
similar results iCit were used ina basic life sup-
port program in which nonautomated defibrilla-
tors were used, since the administration of shocks
would then depend on the provider's indepen-
dent interpretation of the rhythm.

The basic life support protocols we used were
comsistent with the Guidelines 2000 for Cardio-
pulmonary Resuscitation and Emergency Cardio-
vascular Care.”? Since the completion of the sindy,

NOENGL JMED 3551
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the 2005 American Heart Association Guidelines
for Cardiopulmonary Resuscitation and Emer-
gency Cardiovascular Care, formulated in collab-
oration with the International Lizison Commit-
tee on Resuscitation, have been released.™ They
differ in some respects from the basic life support
protocols we used, As newer guidelines are intro-
duced, such protocols will continue to change, in
an effort to increase survival. The likely resultwill
be an increase in the rate of the return of spon-
taneous cireulation and the incidence of a rhythm
requiring defibrillation. Thus, an increasing mim-
ber of patients wounld receive continued resusci-
tative eftorts and would be transported to the
emergency department if the prediction rule were
to be applied. Although such changes will alter
the rate of transportation to the emergency de-
partment, the rule will continue to be helpful in
identifying patients who are unlikely to survive
despite optimized therapy.

We prospectively evalnated a clinical prediction
nile for the termination of basic life support re-
suscitative efforts by EMTs trained in the use of
an antomated external defibrillator for a cohont
of patients with out-of-hospital cardiac arrest and
found that the rule had a positive predictive value
ol 99.5 percent and a specilicity of 90 percent.
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Among patients who fulfilled the criteria for the
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lermination ol resuscitative efforts, a total of 0.5 Atz Jasary 20, 2

percent survived. The rale may assist clinicians
in making decisions 1o terminate resuscitative

efforts in out-of-hospital cardiac arrest.
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