
ORIGINAL CONTRIBUTION 
CPR, survival rates 

O u t c o m e  of CPR in a Large  Met ropo l i tan  Area  
-- W h e r e  are  the  Survivors? 

Study objectives: Survival from out-of-hospital cardiac arrest in cities 
with populations of more than i million has not been studied adequately 
This study was undertaken to determine the overall survival rate for Chi- 
cago and the effect of previously reported variables on survival, and to 
compare the observed survival rates with those previously reported. 

Design: Consecutive prehospital arrest patients were studied prospec- 
tively during 1987. 

Setting: The study area Was the city of Chicago, which has more than 3 
million inhabitants in 228 square miles. The emergency medical services 
system, with 55 around-the-clock ambulances and 550 paramedics, is sin- 
gle-tiered and responds to more than 200,000 emergencies per year. 

Type of participants: We studied 3,221 victims of out-of-hospital cardiac 
arrest on whom paramedics attempted resuscitation. 

Measurements and main results: Ninety-one percent of patients were 
pronounced dead in emergency departments, 7% died in hospitals, and 
2% survived to hospital discharge. Survival was significantly greater with 
bystander-witnessed arrest, bystander-ini t iated CPR, paramedic-wit-  
nessed arrest, initial rhythm of ventricular fibrillation, and shorter treat- 
ment  intervals. 

Conclusions: The overall survival rates were significantly lower than 
those reported in most  previous studies, all based on smaller commu- 
nities; they were consistent with the rates reported in the one comparable 
study of a large city The single factor that most l ikely contributed to the 
poor overall survival was the relatively long interval between collapse and 
defibrillation. Logistical, demographic, and other special characteristics of 
large cities may have affected the rates. To improve treatment of cardiac 
arrest in large cities and maximize  the use of communi ty  resources, we 
recommend further study of comparable metropolitan areas using stan- 
dardized terms and methodology Detailed analysis of each component of 
the emergency medical services systems will aid in making improvements 
to max imize  survival of out-of-hospital cardiac arrest. [Becker LB, Os- 
trander MP, Barrett J, Kondos GT, CPR Chicago: Outcome of CPR in a 
large metropolitan area - Where are the survivors? Ann Emerg Med April 
1991;20:355-361.] 

INTRODUCTION 
Survival from out-of-hospital cardiac arrest in cities with populations of 

more than 1 million has not been studied adequately. Most reports origi- 
nate from midsized cities (population, approximately 500,000). Survival 
rates in these studies range from less than 1% to 33%. 1 Among the studies 
that document more than 200 arrests per year and include patients with all 
initial rhythms, survival rates also vary considerably - from less than 1% 
to 18% (Table 1). 2-14 The only published study that represents the overall 
experience of a large city reported a survival rate of 1%. 12 Bachman et al 
(northeastern Minnesota) and Stuhs et al (Iowa) demonstrated lower sur- 
vival rates among rural and small city emergency medical services (EMS) 
systems.2,1~ Similarly, survival rates in large cities warrant description and 
evaluation for special characteristics that significantly affect survival rates. 

The CPR Chicago project was created to answer questions about sur- 
vival from cardiac arrest in the Chicago metropolitan area. The primary 
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goals of the project were to establish 
a citywide data base of all Chicago 
Fire Department  (CFD) cardiac ar- 
rests 1) to determine prospect ively 
the overall survival rate for the city 
of Chicago, 2} to assess the effect of 
previously reported variables on sur- 
vival, and 31 to compare the observed 
survival rates with those previously 
reported. 

METHODS 
System Description 

The study area comprised the city 
of Chicago, which has approximately 
3 million inhabitants in 228 square 
miles. 16 The Chicago EMS system is 
activated by dialing 911. All calls to 
911 are answered by a Chicago Police 
Department d ispa tcher .  The  dis- 
patcher refers calls for medical assis- 
tance to the CFD Fire Alarm Office, 
which receives more than 300,000 
medical aid requests and dispatches 
more than 200,000 ambu lance  re- 
sponses per year. Patients who are 
transported go to one of 46 desig- 
nated CFD receiving hospitals. Only 
cardiac arrest victims not called in to 
911 are excluded from this data base. 

In the Chicago EMS system, two- 
person crews trained in advanced life 
support (ALS} staff 55 ambulances on 
a 24-hour-a-day basis. Training fol- 
lows the Na t iona l  D e p a r t m e n t  of 
Transportation curr iculum used in 
most cities and covers intubation,  
defibrillation, IV line access, and 
pharmacotherapy. The curr iculum 
requires a min imum of 390 hours of 
training plus 40 hours of continuing 
education per year: All 550 CFD 
paramedics were re-examined and re- 
certified by uniform testing on car- 
diac disease during January 1987, the 
first month of the studyl 

Ambulance equipment is standard 
and meets the Illinois Department of 
Public Health requirements. Proto- 
cols to treat cardiac arrest, recom- 
mended by the American Heart As- 
sociation, emphasize the importance 
of early defibrillation. ~7 Medical con- 
trol, education, and training are coor- 
dinated by five project medical direc- 
tors. 

Paramedics  c o m m u n i c a t e  w i th  
physicians at any of eight telemetry 
stations throughout the city. On re- 
ceipt of a 911 call, a dispatcher notes 
the time and dispatches a paramedic 
unit. If a paramedic unit is not im- 
mediately available or is more than 
18 blocks from the address, an ambu- 

TABLE L Survival rates for different locations 

No. of Cases Duration of Cases per Survival Rate 
Reported Study Year N % 

513 24 257 71 3 
405 12 405 72 18 

216 12 216 1 0 
3,221 12 3,221 54 2 

2,995 24 1,498 198 7 

2,043 89 275 373 18 

300 12 300 30 10 

Location/Year/Reference 
Arrowhead/19862 
Auckland/19863 

Brighton/19734 

Chicago/1990 
Israel/19885 
King County/19856 

Los Angeles/19837 

Lucas, Kent Counties, 
Michigan/19858 

Milwaukee/19899 
Pittsburgh/1984 ~o 

SeattW198811 

Stockholm/1989 ~2 

Vancouver/1983 ~3 
Winnipeg/1980 TM 

3,849 84 550 274 T 

1,660 27 738 138 8 

187 6 374 18 16 
1,287 25 618 155 12 

548 12 548 4 1 
358 10 430 34 9 

849 18 566 33 4 
All studies listed reported an average of more than 200 arrests per year and ati rhythms. When more than one report was available for a given city, we cited 
the larger series. Cases of obvious noncardiac cause, if included in the report, have been omitted 

lance assist unit staffed by firefight- 
ers trained in CPR is dispatched first, 
with paramedics following as soon as 
possible. This occurred in 10% of our 
cases. An ambulance assist unit  is 
also dispatched if dispatchers recog- 
nize a cardiac arrest or paramedics 
Call for backup at the scene of a car- 
diac arrest. 

Sources of Information 
The data were derived from four 

sources: 1) the dispatcher records for 
t ime of call to 911, 2) the mobile in- 
tensive  care uni t  (MICU) reports  
completed by CFD paramedics dur- 
ing or after each ambulance call, 3) 
quest ionnaires completed by para- 
medics ,  and 4) hosp i t a l  records.  
Emergency department and inpatient 
records of each cardiac arrest victim 
were abstracted by trained nurses and 
pa ramed ics  on the CPR Chicago 
staff. All 200,473 MICU reports filed 
with the CFD during 1987 were re- 
viewed. In addition, each CFD dis- 
trict identified cardiac arrest records 
on a daily basis for the study. 

The final data base for this project 
contained the patient's age, race, sex, 
and address; ambulance field times 
recorded by the CFD dispatchers (dis- 
patch,  arrival at scene, departure  
from scene, and arrival at hospital); 
pa t i en t ' s  v i ta l  signs and cardiac 
rhythms as assessed by paramedics 
with the times each was observed; 
record of CPR, defibrillation, intuba- 
tion, and drug therapy performed in 

the field with the t imes they were 
initiated; location of the arrest; prob- 
lems encountered in gaining access 
to the patient; witnesses to the ar- 
rest; es t imated t ime from collapse 
u n t i l  p a r a m e d i c  a r r i v a l  (p re -  
paramedic interval); number  of res- 
cuers; presence or absence of by- 
stander CPR; pat ient ' s  vital  signs, 
cardiac rhythm,  and pr imary diag- 
nosis as assessed in the ED; resus- 
citative measures in the ED; medical 
history; dates and times of hospital 
admission; and hospital discharge or 
death of patient. 

Case Definition 
The study included all victims of 

n o n t r a u m a t i c  c a rd i ac  a r r e s t  on 
whom CFD paramedics a t t empted  
resuscitation. Chicago EMS system 
pol icy dictates  tha t  only pa t ien ts  
wi th  decapitation, rigor mortis ,  or 
signs of physical decomposition are 
tO be excluded from resuscitative at: 
tempts. Patients less than 18 years 
old, with physician-reported "termi- 
nal cancer," and in whom the cardiac 
arrest was secondary to an obvious 
noncardiac process were excluded. 
Obvious noneardiac processes identi- 
fied in the ED chart included drug 
overdose, trauma, carbon monoxide 
poisoning, smoke inhalation, drown- 
ing, electrocution, gastrointest inal  
bleeding, a i rway obst ruct ion,  and 
ruptured abdominal aortic aneurysm. 
No ED or hospital record was located 
for 296 cases. The 232 cases wi th  
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A. C a l l  f o r  h e l p  i n t e r v a l  C .  A m b u l a n c e  d r i v i n g  i n t e r v a l  
C a l l - P r o c e s s i n g  i n t e r v a l  D .  d e f i b r i l l a t i o n  i n t e r v a l  2 B. 

conflict ing or miss ing data were ex- 
cluded from analysis. The analysis  of 
overa l l  surv iva l  was pe r fo rmed  on 
the remaining  3,221 cases (Figure iI. 

Definition of Terms 
"Survival"  was defined as survival  

to h o s p i t a l  d i s cha rge .  " B y s t a n d e r -  
wi tnessed  arrests"  were arrests seen 
or hea rd  by  a w i tne s s  before para-  
medic  arrival "Paramedic-wi tnessed  
ar res ts"  were  arrests  occurr ing  after  
the arrival of paramedics.  Paramedic- 
wi tnessed  arrests were excluded from 
ana lys i s  of b y s t a n d e r - w i t n e s s e d  ar- 
rests,  bys tander  CPR, and response  
t ime.  "Ini t ial  r h y t h m "  was the first 
r h y t h m  d o c u m e n t e d  by paramedics .  
Rhy thm data were not  verified inde- 
pendently.  

T ime  intervals  from collapse unt i l  
the in i t ia t ion  of CPR and defini t ive 
care crucial ly  affected survival  from 
cardiac arrest  but  were diff icul t  to 
measure  precisely in the prehospital  
setting. 18 We a t t empted  to obtain the 
best  es t imates  possible  for t imes  and 
intervals  from pat ien t  collapse unt i l  
arrival at the  ED {Figure 2). A " t i m e "  
referred to a single point,  whereas an 
" i n t e r v a l "  r e f e r r ed  ro t h e  p e r i o d  
e lapsed  b e t w e e n  two t i m e  poin ts .  
"Col lapse  t ime"  was the m o m e n t  the 
p a t i e n t  c o l l a p s e d  as e s t i m a t e d  by  
wi tnesses .  The "911 call  t i m e "  was 
the t ime  the call was received by the 
CFD d i s p a t c h e r .  " A m b u l a n c e  dis-  
patch t ime"  was the  t ime  the central  
d i spa tcher  i n s t ruc t ed  an a m b u l a n c e  
to respond.  " A d d r e s s  a r r iva l  t i m e "  
was the t ime  paramedics  radio that  
they had arrived at the address. No  
data  were avai lable  for the  t ime  of 
paramedic 's  arrival a t  the side of the 
pa t ien t .  " D e f i b r i l l a t i o n  t i m e "  was 
the t ime the first defibri l la t ion was 
admin i s t e red  as e s t ima ted  by para- 
medics. Times  and intervals  were de- 
fined schemat ica l ly  (Figure 2). 

The  mean  cal l -process ing in te rva l  

(Figure 2) of one m i n u t e  was deter-  
m i n e d  from two sources:  11 a CFD 
EMS O v e r s i g h t  C o m m i t t e e  Repor t  
from 1987 that  documented  a mean 
interval  of one minute ,  and 2} a ran- 
dom survey of 100 records of cardiac 
arrest showing a median  interval  of 
one minute .  

Statistical Analyses 
All  analyses were performed using 

S t a t i s t i c a l  A n a l y s i s  S y s t e m  (SAS' 
sof tware ISAS Ins t i tu te ,  Cary, Nor th  
CarolinaL For cont inuous  data, the  t 
s t a t i s t i c  was ca lcu la ted  to tes t  the  
null  hypothes is  of no difference be- 
tween the means  of the two outcome 
groups isurvivors  and nonsurvivors l .  
Results  are given as mean  _+ SD, 

The X 2 s ta t is t ic  was calculated to 
test the assumpt ion  of no difference 
between the ou tcome groups for the 
discrete variables. A two- ta i led  P < 
.05 was c o n s i d e r e d  s i g n i f i c a n t .  A 
m u l t i v a r i a t e  ana lys i s  to d e t e r m i n e  
which  variables were most  predict ive 
of survival  could  not  be per formed 
because of the  low numbers  of sur- 
vivors m the populat ion.  

RESULTS 
The  s tudy  popu l a t i on  c o m p r i s e d  

1,812 (56%1 m e n  and  1.409 144%1 
w o m e n .  In a l l .  1.689 [52%} were  
whi te ,  1,390 (43%1 were  black, and 
142 (4%1 were Hispanic,  Asian, or of 
unknown  race. The mean age of the 
group was  67 + 16 years .  W o m e n  
were on average five years older (70 
+_ 16) than men  (65 + 11 years). The 
inc idence  of ou t -of -hosp i ta l  cardiac  
arrest as defined in the s tudy was 107 
of 100,000 in the populat ion.  

Mos t  (77%) of the  cardiac  arrests  
o c c u r r e d  in  p r i v a t e  r e s i d e n c e s .  In 
29% (923 of 3,221) of cases, the  para- 
medics  reported a specific problem in 
gaining access to the  pa t ien t .  Prob- 
lems mos t  frequently ci ted were con- 
fined space of cardiac arrest  environ- 

FIGURE 1. CPR Chicago cases. 

FIGURE 2. Times and intervals dur- 
ing emergency cardiac care. 

merit  1437 of 923; 47%}, broken ele- 
v a t o r s  1135 of 923;  15%}, h e a v y  
pat ients  (46 of 923; 5% }, bad weather  
140 of 923; 4%), hos t i l e  bys tanders  
[26 of 923; 3%1, and misce l l aneous  
p r o b l e m s ,  i n c l u d i n g  b a r k i n g  dogs, 
w r o n g  a d d r e s s e s  d i f f i c u l t  ex t r i ca -  
tions, and locked doors 1239 of 923: 
26%}. 

S u r v i v a l  was  d e t e r m i n e d  for  all 
3,221 c a rd i a c  a r r e s t  cases .  In all,  
2 ,925  i91%1 p a t i e n t s  w e r e  p ro-  
nounced dead in the ED, and an addi- 
t ional  241 (7%} were admi t ted  to the 
h o s p i t a l  b u t  s u b s e q u e n t l y  d ied .  
There were 55 survivors; the survival 
rate  for all 3,221 was 2%. Survival  
was s ign i f ican t ly  greater  among pa- 
t ients  wi th  bys tander-wi tnessed  car- 
diac arrest, bys tander- in i t ia ted  CPR, 
or p a r a m e d i c - w i t n e s s e d  ca rd iac  ar- 
rest (Figure 31. 

Survival  among pa t ien t s  w i th  an 
ini t ia l  r hy thm of vent r icular  fibrilla- 
t ion or ven t r i cu la r  t achycard ia  was 
s i g n i f i c a n t l y  g r e a t e r  t h a n  a m o n g  
those wi th  an in i t ia l  r h y t h m  of asys- 
t o l e  or  p u l s e l e s s  i d i o v e n t r i c u l a r  
rhv thm (P < .0011. Of the 2,949 ar- 
rests  nor wi tnessed  by paramedics .  
surv iva l  in pa t ien t s  w i th  an in i t i a l  
r h y t h m  of v e n t r i c u l a r  f i b r i l l a t i o n  
was 3% (17 of 664), ventr icular  tachy- 
cardia was 13% (two of 15), asystole 
was less than  1% (six of 1,780), and 
pulseless  id ioventr icular  r h y t h m  was 
0% (none of 248). 

S u r v i v a l  a l s o  i m p r o v e d  w i t h  
shorter  t r ea tment  intervals  (Table 2). 
The mean  preparamedic  interval  was 
8 -+ 7 m i n u t e s .  T h e r e  w e r e  Sig- 
n i f ican t  differences in p repa ramedic  
i n t e r v a l s  a m o n g  s u r v i v o r s  (3 + 3 
minu te s )  and  n o n s u r v i v o r s  (8 -+ 7 
minutes )  (P < .05). The  mean  dell- 
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FIGURE 3, Survival rates among 
paramedic and bystander-witnessed 
arrests and arrests wi th  bystander 
CPR. 

brillation interval (address arrival un- 
til defibrillation} for pat ients  wi th  
initial rhythms of ventricular fibrilla- 
tion and ventricular tachycardia was 
8 +- 5 minutes. The combined pre- 
paramedic interval and defibrillation 
interval (from collapse unt i l  defi- 
brillation) totaled a mean of 16 min- 
utes. 

Among patients with combined fa- 
vorable variables of bystander-wit-  
nessed arrest, bys tander - in i t i a ted  
CPR, and initial rhythm of ventricu- 
lar fibrillation or ventricular tachy- 
cardia, the survival rate was 10% 
lFigure 4). Among patients whose ar- 
rests were paramedic-witnessed and 
whose initial rhythm was ventricular 
fibrillation or ventricular tachycar- 
dia, the survival rate was 13%. 

DISCUSSION 
This study of cardiac arrest in a 

large urban population found signifi- 
cantly lower  surv iva l  ra tes  t han  
those predicted by previous studies, 
which predominately originate from 
midsized cities with populations ap- 
proximating 500,000. This suggests 
that special p roblems in Chicago 
(and perhaps in other large cities as 
well) may adversely affect outcome 
for patients in cardiac arrest. 

In our review of the literature, we 
examined all articles published in 
peer-reviewed journals from 1970 to 
1989 that reported survival for out-of- 
hospital nontraumatic cardiac arrest 
patients, included all rhythms, and 
had a study population of more than 
200 patients per year (Table 1). The 
only published data on large cities, 
based on this review, are from Stock- 
holm (population, 1.6 million) and 
Los Angeles (population, 3 million}. 
A year-long study of early defibrilla- 
tion in Stockholm reported four sur- 
vivors among 548 victims of cardiac 
arrest (less than 1%).1z By design, the 
study reported only the subgroup of 
cardiac arrest patients treated with 
automat ic  external  defibri l lators.  
Nevertheless, this finding of a sur- 
vival rate of less than 1% was our 
best source of published data about 
the experience in a large city. 

In contrast, investigators from Los 
Angeles reported a survival rate of 
10%. However, this study, again by 

7 

6 

5 

4 

3 

2 

1 

0 

6.6 

2.9 

- -  p< 0.001 3.4 

ParamedicWitnessed ~ Bys~nderWimessed ~ Bys~nderCPR 
n=272 n=1112 n=SB2 

~ P . . . . .  dic Unw, . . . . . .  d ~ Bys~nder Unwi . . . .  d ~ NoByst,nd~r CPR 
n=294B n=1445 n=1479 

From alt 3~21 C ~ S  From the 2949 Parame(llc 
Unwltn~Nd ca~s 

A. Bystander -CPFt status was B 392 C~s deleted I~c.a~se 
determined for Bystander- witness er test sl~us 
W~nessed & Unwit n~sed was unk~wn or missin 9 
arrests, 

TABLE 2. IntervaJ durations 

From th= 2949 F~r~ld[¢ 
Unw#nlmzed ca.= 

C, ,B88 ca~es d oletod 13~¢au ~ 
Bystander -CPR status was unkawn 
or missi~ 9, 

Interval Symbol N 

Call for help* A 692 

Activation+* B 1 

Ambulance drivingt C 3,221 

befibrillation~ D 473 

Preparamedic* ... 711 

Total time to defibrillation*§ ... 473 
*Reported in 711 (72%) of 994 bystander-witnessed arrests. 
rCentrally monitored and recorded. 
.~Estimated one-minute constant interval (see "Methods"). 
§Estimated by paramedics lor patients in ventficular Iibrfllation and ventricular tachycardia. 

Time 
(Mean _+ SD min) 

2 

5 + _ 2  

8 ± 5  

8 ± T  

16 

design, combined suburban and met- 
ropolitan data and drew on a small 
overall number of patients relative to 
the total population. 7 Therefore, no 
published studies of survival from 
out-of-hospital cardiac arrest provide 
data on cities with more than 1 mil- 
lion inhabitants, include all patients 
within city boundaries, and include 
patients with all rhythms. 

Emergency Cardiac Care System 
in Chicago 

High survival rates from out-of- 
hospital cardiac arrest depend on all 
phases of the emergency cardiac care 
sys tem to work efficiently. Like a 
weal< link in a chain, a single defi- 
ciency in the system can lower over- 

all survival rates. The major compo- 
nents of an effective emergency car- 
diac care sys tem include a trained 
citizenry that is able to call rapidly 
for help and initiate bystander CPR, 
a rapid EMS response, and prompt  
defibrillation. 

We analyzed these components in 
the Chicago system and highlighted 
areas that may be particularly prob- 
lemat ic  in large cities. Differences 
among studies in terminology, re- 
porting practices, and methods of cal- 
culating time and incidence make it 
difficult to compare findings directly. 
This complicates the attempt to dis- 
tinguish real problems of large cities 
(eg, EMS sys tems ,  demographics )  
f rom dif ferences  p roduced  by re- 
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[ All Cases r 
n=3221, % Survival =1.7 

J F 

Paramedic Witnessed 1 Paramedic Unwitnessed I 
0--272, % Survival=6.6~ [ n=2949, % Survival=t.3 

I r 
[ I B I 'L 

V-fib/V-tach [ ~  Asystole/PIVR ~ n=lBystander W i t 1 , 2 ,  % Survival . . . . .  =2.9d I [Bystander Unwit . . . . .  d 1 n=7., O,o surviva,=t 33 I n_-t.0, O,o surviva, I /o=t..,°,o su i a, =03j 
i q 

o [ F _ _  
I Bystander CPR I rNoo Bystander CPR i 

n=292, % Survival=6.5 i n=603, % Survival=l.5 
_ _ 1  D [ - - I  

Initial Rhythm, V-fib/V-tach Initial Rhythm, Asystole/PIVR i 
n=137, % Surv val=10.2 I n=135, % Survival=1.5 

A. 51 cases among paramedic witnessed arrests had other rhythms as their initial rhythm. 
B. 392 cases deleted because Bystander-witnessed status missing or unknown. 
C. 217 cases deleted because Bystander-CPR status missing or unknown. 
D. 20 cases excluded because initial rhythm classified as other; ie., not VF, VT, AS, ID. 

search design and terminology. 19 

C i t i z e n  R e s p o n s e  
We could not accurately determine 

the level of citizen training in CPR. 
However, the rate of bystander CPR 
(28%) was comparable to that in 
midsized cities with better survival 
rates.1 The quality of performance of 
bystander CPR, rarely reported in the 
literature, is not reported here.ZO, 21 

E M S  R e s p o n s e  
The mean ambulance driving in- 

terval of five minutes was compara- 
ble to reports from midsized cities, 
but communities with shorter EMS 
response time intervals invariably 
show significantly better survival 
rates.6,7, 9-11 Large-city traffic, high- 
rise buildings, and other city access 
problems may significantly delay the 
optimal EMS response. Paramedics 
reported difficulties gaining access to 
patients in 29% of the cases. The pre- 
cise time the paramedics arrived at 
the patient's side was not in our data 
base and was not reported in other 
studies. The time interval between 
the address arrival time and the para- 
medics' arrival at the patient's side 
may be critical in large cities and re- 
quires further investigation. 

Unlike many cities studied, Chi- 
cago has a one-tiered rather than a 
two-tiered EMS system. A two-tiered 
system includes a first-response unit 
t rained in basic life support (BLS) 
and, in many cases, defibrillation, 
followed when necessary by para- 
medics trained in ALS. In the Chi- 
cago one-tiered system, ALS para- 
medics respond to all requests for 
aid. An ambulance assist (BLS) unit 

may be dispatched for the reasons 
noted previously. However, in the 
majority of cardiac arrest cases, the 
ambulance assist unit is not present 
when the paramedics arrive and even 
when present, does not have defi- 
brillation capability. Eisenberg et al, 
in analyzing 29 different EMS sys- 
tems, reported the highest survival in 
systems that are two-tiered with the 
first responder capable of defibrilla- 
tion. 

I n t e r v a l  t o  D e f i b r i l l a t i o n  
Prompt defibrillation is an impor- 

tant factor in surviving cardiac arrest. 
We found a mean total interval of 16 
minutes  from collapse unti l  defi- 
brillation and an interval of eight 
minutes from paramedic arrival at 
the address until defibrillation. For 
comparison, the Milwaukee report 
stated that the "average EMT re- 
sponse time" is two minutes, and the 
King County report stated that the 
"average time interval from call until 
EMT arr ival"  is four minutes .  9,6 
However, Los Angeles and Pittsburgh 
reported an average ambulance driv- 
ing interval of five and six minutes, 
respectively, almost identical to our 
intervals.7,1° None of these studies 
estimated a specific time point for 
the initiation of defibrillation and 
thus did not directly report the defi- 
brillation interval. If Chicago data 
were presented only as the ambu- 
lance driving interval (five minutes 
on average), the time interval data 
would blend in with previous reports 
and neglect a potentially important 
interval in the treatment of cardiac 
arrest in large cities. 

This lengthy interval until defi- 

FIGURE 4. Percent survival of most 
favorable subsets. 

brillation is probably the one runs1 
important factor in Chicago's lo~' 
survival rates. Accordingly, efforts di. 
rected at shortening this interval are 
our most promising approach to im 
proving outcome. 

An additional concern was the 
finding of 13% survival for patients 
who had paramedic-witnessed car- 
diac arrest, a figure lower than that 
reported by others. 2z One possibility 
is that these patients may have had 
different underlying diseases. A sec- 
ond possibility is that the interval 
between paramedic witness of the ar- 
rest and the actual initiation of defi- 
brillation was longer than it needs to 
be, again raising the question of ex- 
cessive time until defibrillation. Un- 
fortunately, no data on these factors 
were available in Chicago, nor do 
most earlier studies provide data for 
comparison. The study of survival 
from paramedic-witnessed cardiac ar- 
rest warrants further study. 

For Chicago, potent ial  improve- 
ments in the emergency cardiac care 
system include educating the patient 
community, enhancing the ability of 
dispatch personnel to recognize car- 
diac arrest, improving traffic manage- 
ment for emergency vehicles, imple- 
menting a two-tiered response with 
the first responders using automatic 
defibrillators, creating additional first 
responders by training and equipping 
pol ice  and o ther  n o n t r a d i t i o n a l  
health care providers, and re-empha- 
sizing the priority of rapid defibrilla- 
tion. 

D e m o g r a p h i c s  of  Large  C i t i e s  
The demographics of large cities 

may influence outcome. Differences 
in socioeconomic characteristics and 
comorbid illnesses may be responsi- 
ble for some differences between our 
results  and those from midsized 
cities. The mean age of 67 _+ 16 years 
seen in our study population is com- 
parable to the mean ages reported by 
other cities, but other demographic 
differences exist. 1 According to 1980 
census data, the population of Chi- 
cago is 48% white, 38% black, and 
14% Hispanic and other minorities. 
Approximately 20% of the popula- 
tion has a family income at or below 
the proverty level.16 In comparison, 
none of the cities listed (Table 1) re- 
ported such diversity. The effect of 
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these demographic factors on sur- 
vival rates requires further study. 

Time Estimates 
As suggested (Figure 2), the entire 

time sequence associated with the 
treatment of cardiac arrest is com- 
plex. As in most  studies, data on 
times of events or treatments in the 
field are frequently estimated and re- 
corded by paramedics after the arrest. 

We based our time of collapse on 
bystander e s t ima tes  of the pre- 
paramedic interval. On the surface, 
the average estimated preparamedic 
interval of eight minutes  seemed 
plausible, considering that mean am- 
bulance driving time was five min- 
utes. As we examined our data, how- 
ever, we became aware of conflicting 
time information. For example, in ev- 
ery arrest that occurs before 911 is 
called, the preparamedic interval (A 
+ B + C in Figure 2) Should always 
be greater than the sum of the call- 
processing and ambulance driving in- 
tervals (B + C). But we found dis- 
crepancies in 39% of our cases. 
These cases might lead us to con- 
clude that 911 was called before the 
patient collapsed; however, we know 
from the narrative record that the pa- 
tient's collapse came first. 

We conclude that witnesses' esti- 
mates of the preparamedic interval 
were simply not reliable. Likewise, 
the defibrillation interval was not ob- 
jectively recorded but instead was 
taken from the paramedic  report  
completed after the event, l:urther- 
more, there was no synchronization 
among dispatch times, ED times, and 
paramedics' watches. 

Given the vital  impor tance  of 
these t imes  in the field, fu ture  
studies must find methods to docu- 
ment them more accurately. Poten- 
tial solutions may lie in the use of 
c o m p u t e r - a i d e d  d i s p a t c h ,  syn-  
chronized paramedic watches, audio 
recorders with integral time channel 
recorders, audio recorders in defi- 
brillation equipment, and other re- 
cording devices. 

Implications for Change 
As these resu l t s  indica te ,  any 

change that shortens the interval un- 
til defibrillation may improve sur- 
vival. Chicago is now developing a 
two-tiered response system that will 
involve the training of more than 
3,000 firefighter first-responders to 
be capable of carrying out defibrilla- 

tion. Addi t ional  paramedic  uni ts  
have been added. Ambulance  dis- 
patchers are now emergency medical 
technician certified. Funding has 
been provided to improve the 911 sys- 
tem and upgrade radio communica- 
tions. 

The system's effectiveness will be 
re-examined in a future study. At the 
same time, comprehensive data from 
other large cities are urgently needed 
to help determine precisely which 
factors most influence survival rates 
in large urban settings. 

CONCLUSION 
We prospectively studied out-of- 

hospital cardiac arrests during a one- 
year period in Chicago, a city of more 
than 3 million people. We found a 
disappointing 2% survival rate, sig- 
nificantly lower than that predicted 
by research from midsized cities but 
consistent with results from Stock- 
holm, the only other large metro- 
politan area that has been compara- 
bly studied in the literature. These 
findings suggest that we have much 
to learn about out-of-hospital cardiac 
arrest in large cities. 

In the United States, eight cities 
have populations of more than 1 mil- 
lion (New York, Los Angeles, Chi- 
cago, Houston, Philadelphia, Detroit, 
San Diego, and Dallas}. With a com- 
bined population of more than 20 
million, we can predict that in these 
cities, approximately 20,000 cardiac 
arrests will occur each year. Based on 
the most optimistic predictions from 
midsized cities, of these 20,000, as 
many as 3,600 people (18%} could 
survive out-of-hospital cardiac arrest. 
However, if predictions based on 
Chicago and Stockholm are applica- 
ble, only 200 to 400 people {1% to 
2%) will survive. If we are to im- 
prove the survival rate in large met- 
ropolitan areas, we urgently need 1} 
further study of comparable metro- 
politan sites, 2) further study of each 
component of the EMS system, and 
3) rigorous efforts among researchers 
to standardize terms and validate 
measurements. 

The authors acknowledge the vital contri- 
butions of the many people who collabo- 
rated to create the CPR Chicago project. 
They are deeply indebted to the para- 
medics of the CFD's Bureau of Emergency 
Medical Services, who face the daily real- 
ity of treating cardiac arrest and made 
this study possible; the 46 CFD receiving 

hospitals who provided help with medical 
records; the Chicago Police Department; 
and the Metropolitan Chicago Health 
Care Council's Project Medical Directors' 
Consortium. They also thank the CPR 
Chicago Advisory Committee: Morton 
Arnsdorf, MD; Bruce Brundage, MD; 
Paramedic Officer Patrick Howe; Max 
Koenigsberg, MD; Deputy Fire Commis- 
sioner James Joyce; Chief Paramedic Cor- 
tez Trotter; Paramedic Officer Timothy 
Stokes; and Stanley Zydlo, MD. They 
thank Paul Meier, PhD; and David Smith, 
PhD, for statistical consultation. They 
thank the CPR Chicago staff: Linda Alex- 
ander, David Bogolub, Clifford Boyce, 
Robert Cordt,  Shir ley Cour tney,  
Dwaynette Jones, Diana Neubecker, 
Ronald Ray, and Kathy Redd. Additional 
thanks go to William Ashley, MD; Philip 
Bashook, EdD; David Cooke, MD; 
Mickey Eisenberg, MD, PhD; Loring 
Flint, MD; Ahamed Idris, MD; Earl 
Larsen; Katherine Martens, MD; T Paul B 
O'Donovan, MD; Carin Olson, MD; Joy 
Perry; Karin Rhodes, MD; Charles Rob- 
erts; Arthur Rubenstein, MD; Ronald 
Smith; Paula Treichler, PhD; and James 
Walter, MD. Finally, they are indebted to 
the American Heart Association, Metro- 
politan Chicago Affiliate, whose contin- 
uous support has been vital to the project; 
they are also particularly grateful for the 
help of Raymond Restivo, Toba Cohen, 
Nancie Kent, and Bette Naysmith. 

REFERENCES 
l. Eisenberg MS, Horwood BT, Cummins RO, et ah 
Cardiac arrest and resuscitation: A tale of Z9 cities. Ann 
Emerg Med 1990~19:179-186. 

2. Bachman JW, McDonald GS, O'Brien PC: A study of 
out of-hospital cardiac arrests in Northeastern Minne- 
sota. JAMA 1986;256:477-483. 

3. Crawford GC, Denton M, Fisher CA, et ah Resus- 
ci tat ion outside hospital  in Auckland. N Z  Med J 
1986~99:452-455. 

4. White NM, Parker WS, Binning RA, et ah Mobile 
coronary care provided by ambulaIlce personnel. Br Med 
J 1973;3:618-622. 

5. Eisenberg MS, Hadas E, Nuri I, et ah Sudden cardiac 
arrest in Israel: Factors associated with successful resus- 
citation. Am T Er~erg Med 1988;6:319-323. 

6. Cummins RO, Eisenberg MS, Hallstrom AP, et ah 
Survival of out-of-hospital cardiac arrest with early ini- 
tiation of cardiopulmonary resuscitation. Am J Ernerg 
Med 1985;3:114-118. 

7. Guzy PM, Pearce ML, Greenfield S: The survival 
benefit of bystander cardiopulmonary resuscitation in a 
paramedic served metropoli tan area. A m  J Public 
Health 1983;73:766-769. 

8. Goldstein S, Landis JR, Leighton R, et ah Predictive 
survival models for resuscitated victims of out~of-hospi - 
tal cardiac arrest with coronary heart disease. Circula- 
tion 1985;71:873-880. 

9. Troiano P, Masaryk J, Stueven HA, et ah The effect 
of bystander CPR on neurological outcome in survivors 
of prehospital cardiac arrests. Rest~scitation 1989; 
17:91-98. 

RL Roth R, Stewart RD, Rogers K, et ah out-of-hospital 
cardiac arrest: Factors associated with survival. Ann 
Emerg Med 198%13:237-243. 

11. Weaver WD, Hill D, Fahrenbruch CE, et ah U s e  of 
the automatic external defibrillator in the management 
of out-of-hospital cardiac arrest. N Engl J Med 1988; 
319:66l 666. 

20:4 April 1991 Annals of Emergency Medicine 360/53 



CPR OUTCOME 
Becker et al 

12. Jakobssou J, Rehnqvist N, Nyqnist O: One year's ex- 
perience of early defibrillation in Stockholm: Depart- 
ment  of Anesthesia, Karolinska Institute, Danderyd 
Hospital,  Stockholm, Sweden. J Intern Med  1989; 
225:297-301. 

13. Vertesi L, Wilson L, Click N:  Cardiac arrest: Com- 
parison of paramedic and conventional ambulance ser- 
vices. Can Med Assoc J 1983;128:809-813. 

14. Tweed WA, Bristow G, Donen N: Resuscitation 
from cardiac arrest: Assessment of a system providing 
only basic life support outside of hospital. Can Med As- 
soc J 1980;122:297-300. 

I5. Stults KR, Brown DD, Schug VL, et al: Prehospital 

defibrillation performed by emergency medical techni- 
cians in rural communit ies .  N Engl ] Med 1984;310: 
219-223. 

16. US Dept of Commerce, Bureau of the Census: 1980 
Census of Population: Illinois. Washington, DC, US 
Government Printing Office, August 1982. 

17. American Heart Association: Standards for cardio- 
pulmonary resuscitation (CPR} and emergency cardiac 
care (ECC). JAMA 1986;255:2905-2984. 

18. Cummins  RO, Eisenberg MS: Prehospital cardiopnl- 
monary resuscitation: Is it effective? lAMA 1985;283: 
2408-2412. 

See related editorial, p 433. 

19. Eisenberg MS, Bergner L~ Heame T: Out-of-hospital 
cardiac arrest: A review of major studies and a proposed 
uniform reporting system. A m  J Public Health 19801 
70:236-240. 

20. Bossaert L, Van Hoeyweghen R, the Cerebral Resus- 
citation Study Group: Bystander cardiopulmonary re. 
suscitation in out-of-hospital cardiac arrest. Resuscita- 
tion 1989;17{suppll:S55-S69. 

21. Lnnd I, Skulberg A: Cardioputmonary resuscitation 
by lay people. Lancet 1976~2:702-704. 

22. Olson DW, LaRochelle ], Fark D, et al: EMT-defi- 
brillation: The Wisconsin experience. Ann Emarg Med 
1989;i8:806-811. 

54/361 Annals of Emergency Medicine 20:4 April 1991 


