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Predicting Survival from In-hospital CPR: 

Meta-analysis and Validation of a Prediction Model 

EVAN B. COHN, MD, FRANK LEFEVRE, MD, PAUL R. YARNOLD, PhD, 
MARTIN J. ARRON, MD, GARY J. MARTIN, MD 

Objective: To better clarify patient factors that predict survival from 
in-hospital cardiopulmonary resuscitation (CPR), using two 
methods: 1) meta-analysis and 2) validation of a prediction model, 
the pre-arrest morbidity (PAM) index. 
Design: Meta-analysis of previously published studies by standard 
techniques. Retrospective chart review of validation sample. 
Setting: University-affiliated teaching hospital. 
Patients/participants: Meta-analytic sample of 21 previous studies 
from 1965-1989. The validation sample consisted of all patients 
surviving resuscitation from the authors' hospital during the period 
September 1986 to January 1991. A matched sample of patients who 
did not survive from the same time period was used as the comparison 
group. 
Interventions: None. 
Measurements and  main results: The strongest negative predictors 
of survival, by meta-analysis, were renal failure (r = 0.088, p < 
0.0002), cancer (r = 0.08, p < 0.0002), and age more than 60 years 
(r = 0.063, p < 0.006). Sepsis (r = 0.046, p < 0.02), recent cere- 
brovascular accident (CVA) (r = 0.038, p < 0.04), and congestive 
heart failure (CHF) class III/IV (r ----- 0.036, p < 0.05) were weaker 
negative predictors. Presence of acute myocardial infarction (AMI) 
was a significant positive predictor of survival (r = 0.15, p < 
0.0001). The PAM score was highly predictive of survival in a logistic 
regression model (p < 0.0003, R 2 = 9.6%). No patient who survived 
to discharge had a PAM score higher than 8. 
Conclusion: Meta-analysis reveals that the most significant negative 
predictors of survival from CPR are renal failure, cancer, and age 
more than 60 years, while AMI is a significant positive predictor. The 
PAM index is a useful method of stratifying probability of survival 
from CPR, especially for those patients with high PAM scores, who 
have essentially no chance of survival. 
Key words: cardiopulmonary resuscitation; meta-analysis; pre-arrest 
morbidity index; survival; prediction. 
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SINCE the  d e s c r i p t i o n  of  c l o s e d - c h e s t  c a r d i a c  massage  
in  1960 ,  ~ t he  s c o p e  and  t e c h n i q u e s  o f  c a r d i o p u l m o -  
na ry  r e s u s c i t a t i o n  (CPR) a n d  a d v a n c e d  c a r d i a c  l i fe  sup-  
p o r t  have  u n d e r g o n e  m a n y  changes .  O r i g i n a l l y  in- 
t e n d e d  as a l i fe -sav ing  t e c h n i q u e  for  t hose  suf fe r ing  
s u d d e n  ca rd i ac  c o l l a p s e ,  i ts use  has e x t e n d e d  to  a m u c h  
w i d e r  s p e c t r u m  o f  h o s p i t a l i z e d  pa t i en t s .  U n l i k e  o t h e r  
invas ive  t e c h n i q u e s ,  CPR n e e d  n o t  b e  o r d e r e d  b y  a phy-  
s ic ian;  ra ther ,  t h e  w i t h h o l d i n g  o f  th is  p r o c e d u r e  re- 

Received from the Division of General Internal Medicine, Northwest- 
ern University Medical School, Chicago, Illinois. 

Presented in part at the Society of General Internal Medicine/ 
American Federation of Clinical Research Midwestern Regional Meet- 
ing, November 22, 199 I, Chicago, Illinois. 

Address correspondence and reprint requests to Dr. Cohn: Divi- 
sion of General Internal Medicine, Northwestern University Medical 
School, 750 North Lake Shore Drive, Room 626, Chicago, IL 60611. 

q u i r e s  e x p l i c i t  a n d  d e t a i l e d  d o c u m e n t a t i o n  a n d  p lan-  
n i n g  b y  the  m e d i c a l  p e r s o n n e l .  2-1° Because  o f  t he  
m e d i c a l ,  e m o t i o n a l ,  a n d  lega l  i m p l i c a t i o n s  o f  e i t h e r  
p e r f o r m i n g  o r  w i t h h o l d i n g  CPR i n a p p r o p r i a t e l y ,  i t  is 
e x t r e m e l y  i m p o r t a n t  to  d e t e r m i n e  w h i c h  p a t i e n t s  re- 
c e i v e  t he  mos t  bene f i t  f rom th is  t e c h n i q u e .  R e c e n t l y  
s eve ra l  s tud i e s  have  a t t e m p t e d  to  c o n s t r u c t  p r e d i c t i o n  
m o d e l s  t o w a r d  th i s  end .  t~, ~2 

D u r i n g  the  pa s t  2 5 years ,  n u m e r o u s  o t h e r  inves t i -  
ga tors ,  in  v a r i e d  se t t ings ,  have  e v a l u a t e d  o u t c o m e s  
f r o m  CPR. 13-1a S tud ies  e x a m i n i n g  i n - h o s p i t a l  CPR have  
g e n e r a l l y  f o u n d  a l o w  p e r c e n t a g e  o f  su rv ivors  to  dis- 
cha rge ,  r a ng ing  f rom 3.8% to  24%. 19-43 A l t h o u g h  the  
r ea sons  for  l o w  su rv iva l  f r om CPR are  c o m p l e x  a n d  n o t  
e n t i r e l y  u n d e r s t o o d ,  i t  is p o s s i b l y  d u e  in  pa r t  to  inap-  
p r o p r i a t e  s e l e c t i o n  o f  pa t i en t s  w h o  r e c e i v e  i n -hosp i t a l  
CPR. It  has  b e e n  s u g g e s t e d  tha t  c e r t a i n  p a t i e n t  g roups ,  
for  e x a m p l e ,  t h o s e  w i t h  cance r ,  t h o s e  w i t h  p n e u m o n i a ,  
a n d  the  e lde r ly ,  have  a n e g l i g i b l e  c h a n c e  o f  surv iva l  a n d  
s h o u l d  no t  b e  o f fe red  C P R )  ~, 44, 43 H o w e v e r ,  d u e  to  
va r i a t ions  in p a t i e n t  p o p u l a t i o n ,  va r i a t i ons  in  defini-  
t ions ,  and  the  l o w  n u m b e r  o f  su rv ivor s  in  gene ra l ,  find- 
ings  have  n o t  b e e n  c o n s i s t e n t  ac ross  s tud ie s ,  44, 46.48 a n d  
g e n e r a l i z a b l e  r e c o m m e n d a t i o n s  have  b e e n  dif f icul t  to  
make.6-8, to, 49, 50 

In 1983 ,  Bede l l  e t  al.  4s r e p o r t e d  a c a r e f u l l y  con-  
t r o l l e d ,  p r o s p e c t i v e  s t u d y  on  th is  t r o p i c .  F r o m  this  
s tudy ,  15 p a t i e n t  f ac to rs  w e r e  i de n t i f i e d  tha t  had  a sig- 
n i f ican t  r e l a t i o n s h i p  to  surv iva l  f r om i n - h o s p i t a l  CPR. 
B u i l d i n g  o n  these  resu l t s ,  G e o r g e  e t  al.St d e v e l o p e d  the  
p re - a r r e s t  m o r b i d i t y  (PAM) i n d e x ,  a c o m p o s i t e  s co re  
b a s e d  on  fac tors  tha t  can  b e  i de n t i f i e d  p r i o r  to  c a r d i a c  
a r res t  and  d e s i g n e d  to  s t ra t i fy  p a t i e n t s  as to  t h e i r  l ike l i -  
h o o d s  o f  b e i n g  d i s c h a r g e d  f rom t h e  h o s p i t a l  a l ive .  The  
PAM i n d e x  i n d i v i d u a l l y  eva lua t e s  14 p a t i e n t  m o r b i d i -  
t ies ,  e a c h  a s s igned  a spec i f i c  p o i n t  score ,  in  o r d e r  to  
a r r ive  at  a s ing le  v a l u e  tha t  re f lec ts  PAM. G e o r g e  e t  al .  sx 
s h o w e d  tha t  the  PAM i n d e x  was  p r e d i c t i v e  o f  surv iva l  
f r om CPR. Use o f  t he  PAM i n d e x ,  i f  va l id ,  c o u l d  b e  a 
v e r y  h e l p f u l  a d j u n c t  in  d e c i d i n g  w h e t h e r  to  p e r f o r m  
CPR. 

This  s t u d y  seeks  to  f u r t h e r  de f ine  a n d  q u a n t i f y  
c h a r a c t e r i s t i c s  o f  h o s p i t a l i z e d  p a t i e n t s  tha t  p r e d i c t  suc-  
cess  o r  f a i lu re  f r o m  CPR. W e  first c h o s e  15 p a t i e n t  
va r i ab l e s  tha t  p r i o r  r e s e a r c h  s u g g e s t e d  m i g h t  i n f l uence  
o u t c o m e  f rom i n - h o s p i t a l  CPR. 4s, 31 T h e s e  i n c l u d e d  the  
14 va r i ab l e s  f rom the  PAM i n d e x  p l u s  age.  Next ,  w e  
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TABLE 1 
Predictor Variables (Weights in Pre-arrest Morbidity Index) 

• Age > 60 years (0) 
• Malignancy (3) 
• Pneumonia (3) 
• Homebound lifestyle (3) 
• Azotemia (3) 
• Hypotension (3) 
• Angina (1) 
• Oliguria ( 1 ) 
• Sepsis (1) 
• Congestive heart failure class I l l / IV (1) 
• Acute myocardial infarction ( 1 ) 
• Coma ( I )  
• Cirrhosis ( I )  
• Cerebrovascular accident (recent) ( I )  
• Mechanical ventilation ( I )  

conduc ted  a meta-analysis of  21 studies that  considered 
some or all of  the 15 pat ient  variables in order  to deter- 
mine  to what  extent  each  variable predic ts  success or 
failure f rom CPR. Finally, we  val idated the PAM index 
as a predic t ive  ins t rument  using a sample  of  patients  
f rom our  hospital .  

METHODS 

Table 1 lists the 15 variables chosen  for our  meta- 
analysis and the n u m b e r  of  points  that each receives  in 
the computa t ion  of  the PAM index. Age was not scored 
in the original PAM study because  the authors felt  that 
age was not  an independen t  pred ic tor  of  ou tcome,  but  
rather  was highly corre la ted  wi th  o ther  morbidit ies .  All 
of  these variables can be  assessed pr ior  to an arrest. 

MEDLINE was searched using the key word  re sus -  

c i t a t i o n  f rom 1965 to the present  in the English-lan- 
guage database. Bibliographies f rom 38 articles in our  
possession were  also searched for re levant  citations. 
Any article that conta ined  raw data for survival to dis- 
charge,  or  f rom which  the raw data could  be  calculated 
for at least one pred ic to r  variable l isted in Table 1, was 
inc luded  in the study. Twenty-one studies, represent-  
ing a total of  more  than 7 ,500 patients,  me t  these cri- 
teria. Not every s tudy used in the meta-analysis con- 
tained all 15 pat ient  factors. For example ,  data for 
mechanica l  ventilation, cirrhosis, coma,  and oliguria 
were  available f rom only  one study, and therefore  were  
not  el igible for meta-analysis. Two variables, home-  
bound  lifestyle and hypotension,  did not  mee t  the cri- 
teria for homogenei ty .  52 Although age more  than 65 
years was used in the original format ion of  the PAM 
index, age was found t o  be  stratified by  decade in most  
o ther  studies. The cutoff  used for this meta-analysis was 
age more  than 60 years. 

The meta-analysis was conduc ted  according to 
standard techniques.  52 We e m p l o y e d  the p r o d u c t -  
m o m e n t  correlat ion coefficient (r) as our  est imate of  
effect size. Combined  effect sizes were  calculated 
using Stouffer's p rocedure .  Each variable was tested for 
homogenei ty ,  and failsafe values were  computed .  The 

failsafe value indicates the n u m b e r  of  studies wi th  op- 
posi te  effect that wou ld  invalidate the results shown. 

Qual i ty  reviews of all 21 studies were  conducted  
by  two board-certif ied internists (GJM and MJA) who  
were  b l inded  to both  author  and journal. Both internists 
independent ly  rated the studies, using a nine-point  Li- 
kert  scale ranging f rom "highes t  qual i ty"  (1)  to " low- 
est qual i ty"  (9) ,  on seven qual i ty  criteria. Study char- 
acteristics rated were:  1) design of s tudy clearly 
defined; 2) definition of  CPR clear and logical; 3) in- 
clusion and /o r  exclusion criteria for individual pa- 
t ients c lear ly defined; 4) pat ient  factors (e.g., age, 
cancer,  renal failure) c lear ly defined; 5) sample  size 
sufficient to suppor t  conclus ions  made; 6) s tudy group 
general izable to other  medical  centers; and 7) overall 
quality. The interrater  rel iabil i ty of  the qual i ty  ratings 
was calcula ted by  the Pearson correlat ion.  

To de te rmine  whe the r  the results o f  poor ly  de- 
signed studies had influenced the overall  results ob- 
tained, meta-analysis of  the 11 studies that received the 
highest-quali ty scores was then  conducted .  These re- 
sults were  compa red  wi th  results f rom the meta-analy- 
sis o f  all 21 studies. The results repor ted  refer  to those 
obtained f rom analysis of  all 21 studies. 

To validate the PAM index, a list of  all patients who  
received resuscitat ion charges after admission to a large 
Midwestern university-affiliated hospital  f rom Sep- 
t ember  1986 to January 1991 was obta ined f rom the 
automated  bi l l ing records of  the s tudy hospital. All 
charts for pat ients  w h o  received resuscitat ion charges 
and survived to discharge were  reviewed,  and an assess- 
ment  of  whe the r  the appl ica t ion of " immedia t e  life- 
sustaining resusci ta t ion"  had occur red  was made.  For 
the purpose  of  PAM validation, the definition of  imme- 
diate life-sustaining resuscitat ion was that death wou ld  
be imminent ,  wi thin  minutes,  if life suppor t  were  not  
instituted. This definition was felt  to more  accurately 
reflect the appl ica t ion  of  life-sustaining t rea tment  than 
would  o ther  definitions of  CPR. As in the original PAM 
study, pat ients  requir ing only  electrical  countershock  
for the convers ion  of ventr icular  tachyarrythmias or  
ventr icular  fibrillation were  excluded.  

These charts were  then abstracted in accordance 
wi th  the me thod  descr ibed by  George  et al. 51 and PAM 
scores were  obtained.  Each survivor was then  randomly 
matched  by  year wi th  a pat ient  w h o  received CPR but  
did not survive to discharge. Matching by  year was done 
to compensa te  for potent ial  t empora l  differences in the 
deliveries of  CPR. The PAM score was also obtained for 
the matched  control  patient.  

RESULTS 

Meta-analysis 

Table 2 provides  a summary  of  the studies in- 
c luded in the meta-analysis. A wide  variety of  study 
types, medica l  centers,  and factors examined  are in- 
cluded,  spanning a large t ime period.  There  is approxi-  
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TABLE 3 

Meta-analysis Results 

Number of 
Studies Combined r p<  Failsafe N 

Azotemia 6 -- 0.088 0.0001 24 
Cancer 8 -- 0.080 0.0002 29 
Age > 60 years 9 --0.063 0.006 13 
Sepsis 7 -- 0.046 0.02 4 
Cerebrovascular accident 7 -- 0.038 0.04 2 
Congestive heart failure 7 -- 0.036 0.05 1 
Acute myocardial infarction 7 O, 149 0.0001 80 
Pneumonia 6 0.032 0.0002 1 
Coronary artery disease 5 0.032 O. 14 3 
*Hypotension 2 --O. 137 0.0005 6 
*Homebound lifestyle 4 -- O. 126 0.0001 1 

*Failed to meet homogeneity criteria, 

mately  a sixfold difference in the percentages  of  survi- 
vors to discharge among  the studies examined.  

Table 3 contains a summary  of  the meta-analysis 
results. Combined  r represents  the strength of effect, 
which  is a measure  of  h o w  strongly the factor of  interest 
was related to ou tcome.  A negative value for combined  
r predicts  death and a posit ive value predicts  discharge 
alive f rom the hospital .  Azotemia, cancer,  and age more  
than 60 years were  the strongest  predic tors  of  negative 
ou tcome,  fo l lowed by  sepsis, cerebrovascular  accident  
(CVA), and congest ive heart  failure (CHF). The pres- 
ence  of  an acute myocardial  infarction (AMI) corre- 
lated relat ively strongly wi th  survival. Pneumonia  was 
significantly associated with  survival, a l though wi th  a 
smaller  r and a low failsafe. This low failsafe value of  1 
indicates a weak  association, in that a single study wi th  
oppos i te  results wou ld  neutral ize the findings obta ined 
here. Hypotens ion and lifestyle, a l though not meet ing  
the criteria for homogenei ty ,  showed  a strong tendency  
toward predic t ing  an unfavorable ou tcome.  

Blinded quali ty reviews of all studies were  tabu- 
lated as descr ibed previously.  The quali ty scores re- 
por ted  in Table 2 represent  the mean  of the two re- 

v iewers '  scores for overall  quality, ranging from 1 
(highest)  to 9 ( lowest) .  The interrater reliabili ty of  the 
quali ty ratings was r = 0.73, p < 0.001.  Meta-analysis 
was repea ted  using only studies receiving moderate  to 
high qual i ty  ratings (11 studies, qual i ty score cutoff = 
5.5).  Using only these high-quali ty studies, similar re- 
sults were  obtained,  and in general the strength of ef- 
fect was increased. 

Validation of PAM Index 

The PAM index was calculated for 43 patients re- 
ceiving CPR who  survived to hospital  discharge and 43 
who  did not survive. Figure 1 shows the distributions of  
the PAM indexes by discharge status. Although there is 
substantial overlap be tween  the two groups,  at the low 
end there is a larger p ropor t ion  of pat ients  who  sur- 
vived, whi le  at the high end  of  the scale, a threshold is 
reached where  all of  the patients  died. The mean over- 
all PAM score was 4.5 (SD = 3.0).  Those patients who  
were  discharged alive had a mean PAM score of  3.4 
(SD = 2.0),  whi le  those w h o  died had a mean of  5.9 
(SD = 3.2).  The difference be tween  means of these 

itl [ 
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FIGURE 1. Pre-arrest morbidity (PAM) 
index distribution by discharge status. 
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two independent  groups  is statistically significant by  
t-test (p < 0 .001) .  

To fur ther  examine  PAM's abili ty to predic t  out- 
come  from CPR, we  used a logistic regression mode l  
wi th  ou tcome  as the dependen t  variable and the PAM 
score as an independen t  variable.  In this model  the PAM 
index was highly predic t ive  of  ou t com e  (p  < 0 .0003 ,  
R 2 = 9.6%). The odds ratio for the PAM score was 1.49, 
meaning that each one-poin t  increase in PAM increased 
the chance of  dying 1.49 times. The relat ively low R 2 
value indicates that the majori ty of  the variat ion in out- 
come  is expla ined  by factors other  than those in the 
PAM index. 

Our  final goal was to est imate the percentage  of  
patients  who  received CPR that wou ld  not have been  
expec ted  to benefit f rom the intervention.  As suggested 
by George  et al., sl there  exists a threshold in the PAM 
score above which  the probabi l i ty  of  survival to dis- 
charge approaches  0. This value was p roposed  as 
higher  than 7 in the earlier study, since 7 was the high- 
est PAM score of  any pat ient  w h o  survived to discharge. 
In the present  study, one pat ient  wi th  a PAM score of  8 
survived to discharge, whi le  no pat ient  wi th  a PAM 
score higher than this survived. Using the PAM cutoff  
poin t  of  higher than 8, 14.6% of  our  sample  fell into the 
category of  having an ex t remely  small chance  of  sur- 
vival. Applying a PAM score of  higher  than 7, as pro- 
posed  by George et al., 19.5% of  the patients  in our  
sample  had very little chance  of  benefit ing f rom CPR. 

DISCUSSION 

Our  meta-analysis examined  individual  variables 
that were  thought  to be  predic t ive  of  CPR ou tcome.  
Azotemia, cancer,  and age more  than 60 years were  
strong significant predic tors  of  a negative ou tcome,  
whi le  sepsis and CVA were  slightly weaker  predictors,  
a l though still significant. In contrast,  the presence  of  an 
AMI was a relatively strong predic tor  of  survival. These 
findings suppor t  the original appl ica t ion of CPR to pa- 
tients wi th  electr ical  cardiac disturbances.  In o ther  
words,  patients suffering AMIs theoret ical ly  represent  a 
highly appropr ia te  g roup  for CPR. In contrast,  CPR is 
not  therapy for under lying systemic disease and hence  
is less effective in such cases, especial ly  w h e n  the sys- 
temic  disorder is chronic  and not readily reversible.  

Although many of  the pat ient  variables examined  
in our  meta-analysis were  significant predic tors  of  out- 
come,  the issue of h o w  to p rope r ly  combine  them is 
wi thin  the realm of the PAM index. Confirming pr ior  
research,30.31 the present  findings suggest that the PAM 
index was a statistically significant discr iminator  be- 
tween  patients  w h o  survived to hospital  discharge and 
those who  did not. However ,  the results of  the meta- 
analysis suggest ways in which  the PAM index might  be  
improved.  One shor tcoming of  this index is that it 
weights  all morbidi t ies  as negative predic tors  of  sur- 

vival. This is p robab ly  not  valid, especial ly  in the case 
ofAMI. Also, our  meta-analysis suggests that  p n e u m o n i a  
may be a pred ic tor  of  survival, a l though weaker  than 
AMI. Since pneumon ia  is a potent ia l ly  reversible,  acute 
illness in many  instances, extraordinary measures  
might  be  warranted.  However ,  the results for pneumo-  
nia must  be  v iewed  in the contex t  of  the low combined  
r and the very low failsafe. For patients wi th  mul t ip le  
morbidi t ies ,  the presence  of  posit ive predic tors  must  
be  weigh ted  in relat ion to negative predictors.  For ex- 
ample ,  CPR may be more  appropr ia te  for a 70-year-old 
pat ient  wi th  renal failure and AMI than for the same 
pat ient  wi thou t  AMI. I f  the pat ient  wi th  AMI is to suffer 
an arrest, it is possibly due to an acute,  reversible (i.e., 
e lectr ical)  disturbance.  Conversely,  if the same pat ient  
wi thout  an AMI suffers an arrest, it is m u c h  more  l ikely 
due to chronic,  i rreversible disease. Future research 
with  larger, be t ter -control led  samples  should  thus de- 
ve lop  more  sophis t icated scoring rules in an a t tempt  to 
increase classification accuracy.  

H o w  can an index such as PAM be used most  effec- 
tively? It could  he lp  equ ip  the physician wi th  concrete ,  
quanti tat ive information regarding a pat ient ' s  chances 
of  surviving CPR. This cou ld  aid in the decis ion-making 
process  for physicians,  patients,  and family member s  in 
con templa t ing  whe the r  to wi thho ld  CPR. The most  
useful appl ica t ion  of  this index may be for those pa- 
tients wi th  very high PAM scores. Since no pat ient  wi th  
a PAM score higher than 8 survived to hospital  dis- 
charge (higher  than 7 in the original study),  it may be 
appropr ia te  for physicians and families to wi thhold  
CPR in such  cases. From the data presented  here, an 
es t imated 1 5 -  20% of  pat ients  receiving CPR in our  
hospital  had a negl igible  chance  of survival, as judged 
by  their  PAM scores. Because our  select ion of  patients  
purpose ly  oversampled  survivors, all of  w h o m  had PAM 
scores of  8 or lower  the actual percentage  of  pat ients  
wi th  a negl igible  chance  of  survival is undoub ted ly  
higher. Thus, use of  an index such as PAM to de te rmine  
when  a pat ient ' s  risk of  surviving CPR is ex t remely  low 
could  significantly decrease the inappropr ia te  use of  
CPR. 

It should  be  stressed that PAM is a great deal more  
accurate  in predic t ing death than survival. Patients 
wi th  low PAM scores can, and often do, still die. Also, no 
single n u m b e r  can rep lace  clinical acumen.  There are 
always except ions  and mit igat ing c i rcumstances  for 
each individual  patient.  Nei ther  the PAM index nor  any 
other  single variable cou ld  or should dictate c o m p l e x  
pat ient  management  decisions for a physician, but  the 
PAM rather  can be used as a power fu l  adjunct  tool in the 
decis ion-making process.  

There  are several l imitat ions to this study. Con- 
cerning the meta-analysis, the difficulties of  combin ing  
disparate studies wi th  differing methodologies ,  con- 
duc ted  over  a span of  more  than 25 years, was formida- 
ble.  We ut i l ized only raw data, where  available, and 
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a t t e m p t e d  to  use  o n l y  those  p a t i e n t  m o r b i d i t i e s  that  

w e r e  a d e q u a t e l y  def ined.  Still, m a n y  d i f fe rences  in  pa- 

t i en t  p o p u l a t i o n s ,  r e susc i t a t ion  t e c h n i q u e s ,  and  pa- 

t i en t  c lass i f icat ions  r emain ,  t h r e a t e n i n g  the  va l id i ty  o f  

o u r  meta-analysis .  H o w e v e r ,  severa l  s t rong  t rends  

e m e r g e d  that  w e  b e l i e v e  are va l id  in the  face  o f  these  

l imi ta t ions .  The  factors  m o s t  p r e d i c t i v e  o f  dea th  o r  sur- 

v iva l  (e.g. ,  r ena l  fa i lure ,  ma l ignancy ,  and AMI) are un- 

l i ke ly  to be  spur ious .  Also, o u r  f indings  w e r e  r e p l i c a t e d  

w h e n  o n l y  the  s tud ies  o f  m o d e r a t e  o r  h igh  q u a l i t y  w e r e  
c o n s i d e r e d .  

The  p r i m a r y  l imi t a t i ons  o f  t he  PAM va l id i ty  s tudy  

w e r e  that  o u r  va l i da t i on  s a m p l e  was  a r e l a t i ve ly  smal l  

r e t r o s p e c t i v e  s tudy  and  that  o u r  m e t h o d s  o f  r e t r i eva l  

d id  no t  i n v o l v e  p r o s p e c t i v e  iden t i f i ca t ion  o f  al l  pa- 

t i en ts  u n d e r g o i n g  re susc i t a t ion  in  a g iven  t i m e  p e r i o d .  

Because  it  is o f t e n  diff icul t  to i den t i fy  a d e q u a t e  n u m -  

bers  o f  su rv ivors  based  on  p r e v i o u s  s tudies ,  o u r  m e t h o d  

o f  r e t r i e v i n g  f r o m  c o m p u t e r i z e d  r eco rds  pa t i en t s  w h o  

b o t h  had re susc i t a t ion  cha rges  and  su rv ived  to  dis- 

c h a r g e  a l l o w e d  us to  r ead i ly  iden t i fy  surv ivors  o f  in- 

hosp i ta l  CPR. H o w e v e r ,  the  sens i t iv i ty  o f  o u r  r e t r i eva l  
p roc e s s  in r e l a t i on  to  t he  total  n u m b e r  o f  pa t i en t s  re- 

c e i v i n g  CPR d u r i n g  this  p e r i o d  is u n k n o w n .  

Fu ture  r e sea rch  c o u l d  be  d i r e c t e d  t o w a r d  p r o s p e c -  

t ive  s tud ies  that  c a r e f u l l y  e x a m i n e  a ser ies  o f  s e q u e n t i a l  

ca rd iac  arrests  and  a t t e m p t  to d e v e l o p  a p o t e n t i a l l y  

m o r e  accu ra t e  PAM index .  Di rec t  q u e s t i o n i n g  o f  physi-  

c ians  abou t  the  d e c i s i o n - m a k i n g  p roce s s  r ega rd ing  pa- 

t i en t  status c o u l d  be  e x p l o r e d  in r e l a t ion  to  the  PAM 

index .  Is the  p e r f o r m a n c e  o f  CPR on  pa t i en t s  w h o  can- 

no t  be  e x p e c t e d  to benef i t  the  resu l t  o f  phys ic i ans '  

r e l u c t a n c e  to  w i t h h o l d  CPR, pa t i en t s '  o r  f ami l i e s '  insis- 

t e n c e  on d o i n g  " e v e r y t h i n g  p o s s i b l e , "  o r  s o m e  o t h e r  

factors? Finally,  f u tu re  r e sea rch  c o u l d  quan t i fy  the  

a m o n g  o f  m e d i c a l  r e s o u r c e s  e x p e n d e d  d u r i n g  and  af ter  

a t t e m p t s  to r e susc i t a t e  pa t i en t s  w h o  are  u n l i k e l y  to  
benef i t  f r o m  this  i n t e rven t ion .  

The authors thank Betsy Handberg, RN, MM, for her assistance with 
the casemix system; and Chris Gagliano for technical assistance and 
manuscript preparation. 
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REFLECTIONS 

Continuing Medical Education 

It  takes decades  to l ea rn  t he  v a l u e  o f  Kleenex ,  
several  degrees  and  b o a r d  examina t ions ,  years, a f e w  
tears  of  y o u r  o w n  to  k n o w  tha t  t ru th ,  
no t  pa r t  of  t he  s t andard  c u r r i c u l u m ,  no t  e v e n  an  e lec t ive .  
Ana tomy lab, a f e l l o w s h i p  in  card io logy ,  s taying u p  la te  
are no t  e n o u g h ,  g r a d u a t i n g  AOA, an  occas iona l  m e e t i n g  
in  O r l a n d o  are no t  e n o u g h  to t e a c h  you  this.  

I have  l ived  e n o u g h  to k n o w  n r i f led m o r p h i n e  
at  tha t  beas t  angina,  c o c k e d  t he  def ibr i l l a tor  
for  a s e c o n d  sho t  at  pec to r a l s  s izz l ing  over  s inus  r h y t h m ,  
a i m e d  at ve ins  b igger  t h a n  a .30- .30  
w i t h  Silastic w a t e r  guns  b laz ing ,  w a t c h e d  the  c ra te r  
of  b l o o d  spray  faces l e an ing  i n to  the  a b d o m e n ' s  ho le ,  
c l i p p e d  smal l  t h r eads  shor t .  

W o u n d e d  organs  have  b e e n  t eache r s  to  r e m e m b e r ,  
professors  of  m e d i c i n e  emer i t i ,  ye t  n o  m o r e  si lver ,  
n o  m o r e  d i s t i n g u i s h e d  in  t he  wards  o f  l ea rn ing  
t han  th i s  m a n  ou t s ide  his  w i fe ' s  d e a t h  room,  
w i t h  a t i ssue  c o n c e a l e d  b e h i n d  his  back ,  no t  k n o w i n g  
h o w  to cry, b u t  k n o w i n g  h o w  to care,  k n o w i n g  h o w  
to  make  m e  l is ten,  t e a c h i n g  m e  to  b e  a doc tor .  

ERIC DYER, MD 
Nashville, Tennessee 


