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ABSTRACT 

The ATTENDING system has been deve loped to 
c r i t i q u e a p h y s i c i a n ' s p l a n o f a n e s t h e t i c 
management, and i s c u r r e n t l y b e i n g used 
e x p e r i m e n t a l l y f o r t e a c h i n g a n e s t h e s i a 
r e s i d e n t s . ATTENDING's a p p r o a c h , Med ica l 
P l a n - A n a l y s i s , o f f e r s a number o f p o t e n t i a l 
s o c i a l , m e d i c a l , and m e d i c o l e g a l advan tages ove r 
systems which s i m u l a t e a p h y s i c i a n ' s 
d e c i s i o n - m a k i n g p r o c e s s , and wh ich t h e r e f o r e have 
the c l i n i c a l e f f e c t o f t r y i n g t o t e l l a p h y s i c i a n 
how t o p r a c t i c e m e d i c i n e . C e n t r a l t o Med ica l 
P l a n - A n a l y s i s i s the need t o i d e n t i f y , a s s e s s , 
and d i s c u s s any p e r t i n e n t r i s k s and r i s k 
t r a d e o f f s . 

I INTRODUCTION 

The ATTENDING system is des igned to c r i t i q u e 
a p h y s i c i a n ' s p l a n f o r a n e s t h e t i c management, and 
i s c u r r e n t l y b e i n g used e x p e r i m e n t a l l y f o r 
t e a c h i n g a n e s t h e s i a r e s i d e n t s . T r a d i t i o n a l AIM 
systems ( K u l i k o w s k i , 1980; S h o r t l i f f e , Buchanan, 
and Fe igenbaum, 1979) have been des igned to 
s i m u l a t e a p h y s i c i a n ' s d e c i s i o n - m a k i n g p r o c e s s . 
From a c l i n i c a l s t a n d p o i n t , these systems have 
the e f f e c t o f t r y i n g t o t e l l a p h y s i c i a n how t o 
p r a c t i c e m e d i c i n e . 

The ATTENDING sys tem, i n c o n t r a s t , l e t s the 
p h y s i c i a n o u t l i n e the management he i s 
c o n t e m p l a t i n g , and t h e n t a i l o r s i t s a d v i c e a round 
t h i s proposed a p p r o a c h . As a r e s u l t , whereas 
t r a d i t i o n a l systems t e l l t he p h y s i c i a n , i n 
e f f e c t , " T h i s i s how I t h i n k you shou ld manage 
y o u r p a t i e n t . " , ATTENDING s a y s , " T h i s i s what I 
t h i n k o f y o u r management p l a n . " 

A number o f A I r e s e a r c h p r o j e c t s have 
e x p l o r e d the a n a l y s i s o f p l a n s . S e v e r a l o f these 
(Sussman, 1975; M i l l e r and G o l d s t e i n , 1977; R i c h , 
Shrobe , and W a t e r s , 1979) have addressed the 
a n a l y s i s o f computer programs ( h i g h l y s t y l i z e d 
p l a n s to a c c o m p l i s h a t a s k ) . Two p r o j e c t s 
d e a l i n g w i t h o t h e r t y p e s o f p l a n s are NOAH 
( S a c e r d o t i , 1977) and MOLGEN ( S t e f i k , 1981 ) . No 
p r e v i o u s s y s t e m , however , has a p p l i e d t h i s 
approach t o m e d i c i n e . 

T h i s r e s e a r c h was pe r fo rmed u s i n g the SUMEX-AIM 
compute r s y s t e m , and was s u p p o r t e d in p a r t by NIH 
Gran t 03978 f r om t h e N a t i o n a l L i b r a r y o f M e d i c i n e . 

There a re a number of p r a c t i c a l reasons why 
M e d i c a l P l a n - A n a l y s i s (MPA) may be a v a l u a b l e 
m o d a l i t y f o r computer a d v i c e . 

1 . The v a r i a t i o n i n h e r e n t i n m e d i c a l p r a c t i c e . 
There a re f r e q u e n t l y s e v e r a l ways to approach a 
p a t i e n t ' s m e d i c a l management, none n e c e s s a r i l y 
r i g h t o r w rong . Even " s u b o p t i m a l " approaches may 
be a d e q u a t e . The u l t i m a t e c h o i c e a p h y s i c i a n 
makes may be q u i t e s u b j e c t i v e : r e f l e c t i n g the 
s t a n d a r d s o f the community where he p r a c t i c e s , 
the i n s t i t u t i o n where he t r a i n e d , and h i s 
accumu la ted e x p e r i e n c e o f what has worked w e l l 
f o r h im i n the p a s t . Most p h y s i c i a n s deve lop 
t h e i r own s t y l e s o f p r a c t i c e , and would no t 
t o l e r a t e a system wh ich d i d no t a l l o w them to 
p r a c t i c e m e d i c i n e i n t h e i r accustomed f a s h i o n . 

2 . The p h y s i c i a n ' s u l t i m a t e r e s p o n s i b i l i t y f o r 
h i s p a t i e n t ' s c a r e . MPA f o r c e s the p h y s i c i a n t o 
g r a p p l e w i t h h i s p a t i e n t ' s p rob lems h i m s e l f , 
b e f o r e t u r n i n g t o the computer f o r a s s i s t a n c e . 
S ince he must take the u l t i m a t e m e d i c a l and 
m e d i c o l e g a l r e s p o n s i b i l i t y f o r h i s p a t i e n t , i t 
makes sense to g i v e h im the p r i m a r y r o l e in 
p l a n n i n g h i s p a t i e n t ' s c a r e , and l e t the computer 
p r o v i d e feedback t o h e l p e v a l u a t e and o p t i m i z e 
h i s a p p r o a c h . 

3 . A c c e p t i b i l i t y . MPA c a s t s the computer in the 
r o l e o f a p h y s i c i a n ' s a l l y , r a t h e r t h a n a 
p o t e n t i a l c o m p e t i t o r . 

II AN EXAMPLE 

The ATTENDING system implements M e d i c a l 
P l a n - A n a l y s i s i n the domain o f a n e s t h e s i a , i n 
bo th a c o n s u l t a t i o n mode and a t u t o r i a l mode. In 
the t u t o r i a l mode, the system f i r s t d e s c r i b e s a 
h y p o t h e t i c a l p a t i e n t , f o r examp le : 

A SEVENTY THREE YEAR,OLD MAN WITH A HISTORY 
OF CHRONIC HEPATITIS, MILD RENAL FAILURE, AND 
THREE PRIOR HEART ATTACKS, COMES TO EMERGENCY 
SURGERY FOR POSSIBLE ISCHEMIC BOWEL. 

The a n e s t h e t i s t t hen o u t l i n e s h i s p l a n by a 
p rocess o f menu s e l e c t i o n . For examp le , i n t h i s 
c a s e , h e m i g h t p r o p o s e : 1 . i n d u c t i o n o f 
a n e s t h e s i a w i t h t h i o p e n t a l ( a s h o r t - a c t i n g 
b a r b i t u a t e ) , 2 . r a p i d sequence i n t u b a t i o n u s i n g 
s u c c i n y l c h o l i n e ( a r a p i d - a c t i n g musc le r e l a x a n t ) , 
and 3 . ma in tenance o f a n e s t h e s i a w i t h e n f l u r a n e 
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( an i n h a l a t i o n a l a n e s t h e t i c ) , c u r a r e ( a musc le 
r e l a x a n t ) , and n i t r o u s o x i d e . The ATTENDING 
sys tem c u r r e n t l y c r i t i q u e s t h i s p l a n a s f o l l o w s : 

THERE ARE A NUMBER OF BASIC PRINCIPLES 
INVOLVED IN THIS PATIENT'S MANAGEMENT. FIRST, IN 
THE PRESENCE OF CORONARY ARTERY DISEASE, ONE MUST 
ATTEMPT TO PREVENT HYPOTENSION AND ISCHEMIA. 
SECOND, A PATIENT WITH A FULL STOMACH MUST BE 
PROTECTED FROM ASPIRATION . THIRD, IN A PATIENT 
WITH CHRONIC RENAL FAILURE, ONE MUST CONSIDER THE 
PROBLEM OF RENAL TOXICITY AND COMPROMISED RENAL 
EXCRETION OF DRUGS. ALSO, IN THE PRESENCE OF 
LIVER DISEASE, ONE MUST ATTEMPT TO PREVENT 
HEPATIC DAMAGE. 

INTUBATION OF THIS PATIENT IS DEFINITELY 
APPROPRIATE BECAUSE OF A FULL STOMACH. RAPID 
SEQUENCE INTUBATION IS A REASONABLE APPROACH. 
THIS MIGHT, HOWEVER, HAVE THE RISK OF CARDIAC 
COMPROMISE. AN ALTERNATIVE APPROACH TO RAPID 
SEQUENCE INTUBATION WOULD BE INTUBATION AFTER 
MASK INDUCTION WITH CRICOID PRESSURE. THIS HAS 
THE ADVANTAGE OF HELPING AVOID HYPOTENSION. 
INTUBATION AFTER MASK INDUCTION WITH CRICOID 
PRESSURE MIGHT WELL BE PREFERABLE FOR A PATIENT 
WITH CORONARY ARTERY DISEASE, IF SEVERE, SINCE IT 
ALLOWS MORE GRADUAL INDUCTION WITH LESS DANGER OF 
SUDDEN CARDIAC DECOMPENSATION. 

IN REGARD TO INDUCTION, INDUCTION USING 
THIOPENTAL INVOLVES THE CONCEIVABLE RISK OF 
HYPOTENSION DUE TO CARDIAC DEPRESSION. AN 
ALTERNATIVE APPROACH TO INDUCTION USING 
THIOPENTAL WOULD BE AN INHALATIONAL INDUCTION. 

FROM THE STANDPOINT OF MAINTENANCE, THE 
CHOICE OF ENFLURANE COULD HAVE AT LEAST THE 
THEORETICAL RISK OF RENAL TOXICITY DUE TO 
METABOLIC RELEASE OF FLUORIDE ION. AN 
ALTERNATIVE WOULD BE HALOTHANE. HERE, HOWEVER, 
IN A PATIENT WITH LIVER DISEASE, THERE IS THE 
THEORETICAL RISK OF HALOTHANE INDUCED 
HEPATOTOXICITY. 

LOOKING AT OTHER ASPECTS OF THE PROPOSED 
PLAN, CURARE IS WELL SELECTED FOR A PATIENT WITH 
CHRONIC RENAL FAILURE. ONE CONSIDERATION WORTH 
MENTIONING, HOWEVER, IS THAT CURARE COULD HAVE 
THE RISK OF HYPOTENSION DUE TO HISTAMINE RELEASE. 

I l l RISK: THE HEART OF MEDICAL PLAN-ANALYSIS 

To a n a l y z e a p h y s i c i a n ' s management p l a n , as 
o u t l i n e d above , a computer must d e a l w i t h i s s u e s 
o f r i s k in a comprehens ive way. The assessment 
o f r i s k and the e v a l u a t i o n o f r i s k t r a d e o f f s l i e s 
a t t h e h e a r t o f m e d i c a l management. 

I n a n e s t h e s i a , each u n d e r l y i n g m e d i c a l 
p r o b l e m i m p l i e s c e r t a i n r i s k s f o r a p a t i e n t ' s 
management. C e r t a i n agen ts and t e c h n i q u e s may 
i n c r e a s e these r i s k s , o t h e r s may decrease them. 
F u r t h e r m o r e , i n c o m p l i c a t e d p a t i e n t s w i t h s e v e r a l 
p r o b l e m s , r i s k t r a d e o f f s f r e q u e n t l y e x i s t . H e r e , 
t e c h n i q u e s w h i c h a r e b e n e f i c i a l f o r one p rob lem 
may be d e t r i m e n t a l to a n o t h e r and v i c e - v e r s a . As 

a r e s u l t , to implement M e d i c a l P l a n - A n a l y s i s , a 
sys tem must be a b l e to a s s e s s , m a n i p u l a t e , and 
d i s c u s s r i s k i n a g e n e r a l , f l e x i b l e way. 

IV HEURISTIC RISK ANALYSIS: THREE PRINCIPLES 

The c o n v e n t i o n a l approach t o r i s k a n a l y s i s , 
as used i n economic c o s t / b e n e f i t a n a l y s i s and 
c l i n i c a l d e c i s i o n a n a l y s i s ( W e i n s t e i n e t a l . , 
1980 ) , reduces r i s k t o numbers. The d i f f i c u l t i e s 
i n h e r e n t i n t h i s numer ic approach t o r i s k a re 
w e l l r e c o g n i z e d . F i r s t , i t i s ha rd t o a s s i g n 
v a l u e s to many ou tcomes. Second, the l i k e l i h o o d 
v a l u e s may be d i f f i c u l t t o d e t e r m i n e . I n 
a d d i t i o n , i t i s o f t e n hard t o know how g e n e r a l 
s t a t i s t i c s a p p l y t o a g i v e n p a t i e n t w i t h a 
p a r t i c u l a r s e t o f m e d i c a l p r o b l e m s . 

I n s t e a d o f r e d u c i n g the r i s k s o f a n e s t h e t i c 
management to numbers , ATTENDING uses a h e u r i s t i c 
approach based on t h r e e p r i n c i p l e s , wh i ch a re 
a p p l i e d a t each l e v e l o f d e c i s i o n and 
s u b - d e c i s i o n i n a n a l y z i n g a p l a n . These t h r e e 
p r i n c i p l e s a re d i s c u s s e d i n t u r n b e l o w , t o g e t h e r 
w i t h ATTENDING's c u r r e n t i m p l e m e n t a t i o n o f e a c h . 
As the deve lopment o f ATTENDING c o n t i n u e s , the 
i m p l e m e n t a t i o n o f the p r i n c i p l e s may w e l l be 
augmented and r e f i n e d . I t i s a n t i c i p a t e d , 
however , t h a t the p r i n c i p l e s themse lves w i l l 
r ema in c o n s t a n t . 

P r i n c i p l e I : Rough C r i t e r i a E l i m i n a t e O b v i o u s l y 
Poor Cho ices 

I f one o u t l i n e s a l l p o s s i b l e ways t o 
a c c o m p l i s h a t a s k , t h e r e a r e f r e q u e n t l y c h o i c e s 
wh ich a re c l e a r l y i n f e r i o r . When a pe rson i s the 
d e c i s i o n - m a k e r , many of t hese may be weeded ou t 
a t an u n c o n s c i o u s l e v e l . ATTENDING uses rough 
e s t i m a t e s o f the " m a g n i t u d e " o f a r i s k t o h e l p i t 
e l i m i n a t e c l e a r l y i n f e r i o r a l t e r n a t i v e s . 

Each r i s k i s a s s i g n e d a rough m a g n i t u d e : 
LOW, MODERATE, HIGH, or EXTREME. Thus , j u s t as 
many d i a g n o s t i c systems use rough e s t i m a t e s o f 
d i a g n o s t i c l i k e l i h o o d t o d r i v e t h e i r a n a l y s e s 
( S z o l o v i t s and Pauker , 1 9 7 8 ) , ATTENDING uses 
rough e s t i m a t e s o f r i s k . F o r m a l l y , t hese 
magn i tudes c o r r e s p o n d to a rough e s t i m a t e of a 
r i s k ' s l i k e l i h o o d m u l t i p l i e d b y t he v a l u e o f i t s 
ou tcome. C l i n i c a l l y , r i s k magn i tudes seem t o 
con fo rm n a t u r a l l y t o the way an a n e s t h e t i s t 
t h i n k s abou t r i s k s , and a r e t h e r e f o r e q u i t e easy 
t o a s s i g n . 

P r i n c i p l e 2 : D o m a i n - S p e c i f i c Knowledge Focuses 
A t t e n t i o n o n the Most C l i n i c a l l y 
A p p r o p r i a t e A l t e r n a t i v e s 

Us ing rough e s t i m a t e s o f r i s k , ATTENDING i s 
a b l e t o d i s c a r d c l e a r l y poor c h o i c e s . T h i s 
b r o a d b r u s h d i s c r i m i n a t i o n , howeve r , may n o t be 
s u f f i c i e n t t o l e t t h e sys tem f o c u s o n t h e most 
c l i n i c a l l y a p p r o p r i a t e a l t e r n a t i v e s f o r 
d i s c u s s i o n w i t h t h e p h y s i c i a n . More s p e c i f i c 
knowledge may have to be b r o u g h t to b e a r . 
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To a l l o w more s e l e c t i v e f o c u s i n g o f 
ATTENDING's a t t e n t i o n , the system uses 
" C o n t e x t u a l P r e f e r e n c e R u l e s " (CP r u l e s ) . CP 
r u l e s a l l o w ATTENDING to l ook a t approaches wh ich 
have the same r i s k magn i tude (LOW, MODERATE, 
e t c . ) and s e l e c t i v e l y f ocus on a p r e f e r r e d 
approach in a g i v e n c o n t e x t . Each CP r u l e has 
f o u r p a r t s , wh ich r e s p e c t i v e l y s t a t e t h a t 1 ) i n 
the c o n t e x t o f a p a r t i c u l a r m e d i c a l p r o b l e m , 2) a 
c e r t a i n s p e c i f i e d t e c h n i q u e i s most l i k e l y 
p r e f e r r e d t o 3 ) a n o t h e r s p e c i f i e d t e c h n i q u e . The 
CP r u l e a l s o s t a t e s 4 ) the reason f o r t he 
p r e f e r e n c e . 

C P r u l e s p l a y two r o l e s . F i r s t , t hey a l l o w 
ATTENDING t o focus s e l e c t i v e l y o n c e r t a i n 
app roaches . Second, i f t he p h y s i c i a n has 
proposed a " l e s s p r e f e r r e d " c h o i c e , a CP r u l e 
g i v e s ATTENDING a reason i t can use i n j u s t i f y i n g 
i t s s u g g e s t i o n o f the "more p r e f e r r e d " a p p r o a c h . 

P r i n c i p l e 3 : D i s c u s s i o n o f Re levan t R i sks and 
B e n e f i t s i n a P e r t i n e n t , N a t u r a l 
Way. 

R i sks have many f a c e t s . Not o n l y do they 
have d i f f e r e n t m a g n i t u d e s , t hey have o t h e r 
c h a r a c t e r i s t i c f e a t u r e s wh ich i n f l u e n c e how the 
p h y s i c i a n t h i n k s about each r i s k , and t h e r e f o r e 
how t h a t r i s k i s bes t d i s c u s s e d . For i n s t a n c e , 
some r i s k s a re v i r t u a l l y c e r t a i n , and o t h e r s a re 
r e m o t e . Some a re unan imous l y r e c o g n i z e d , o t h e r s 
a re c o n t r o v e r s i a l . S t i l l o t h e r s may b e a t bes t 
t h e o r e t i c a l , and o f l i t t l e p r a c t i c a l i m p o r t a n c e . 
Some may be so o b v i o u s as to be i m p l i c i t in any 
d i s c u s s i o n i n v o l v i n g them. 

These c h a r a c t e r i s t i c s m igh t most a p t l y be 
c a l l e d " p r a g m a t i c f e a t u r e s " o f r i s k s . Each r i s k 
has i t s own se t o f p ragma t i c f e a t u r e s . ATTENDING 
must know about these f e a t u r e s i f i t i s t o 
d i s c u s s r i s k s i n t e l l i g e n t l y w i t h the p h y s i c i a n . 

Among the p r a g m a t i c f e a t u r e s used by 
ATTENDING t o c h a r a c t e r i z e r i s k s a r e : 1 . IMPLICIT : 
Some r i s k s a re i m p l i c i t i n the t e c h n i q u e s b e i n g 
d e s c r i b e d . 2 . THEORETICAL: Some r i s k s have o n l y 
t h e o r e t i c a l impo r t ance i n t h a t t hey p r o b a b l y 
never cause s i g n i f i c a n t ha rm, even though they 
may o f t e n i n f l u e n c e a p a t i e n t ' s management. 3 . 
REMOTE: Some r i s k s , a l t h o u g h acknowledged as 
r e a l , may be p e r c e i v e d as remote p o s s i b i l i t i e s . 

P ragma t i c f e a t u r e s a r e necessa ry because the 
p h y s i c i a n has d i f f e r e n t m e n t a l models o f 
d i f f e r e n t r i s k s . Word ing must b e chosen t o 
t a i l o r the d i s c u s s i o n t o h i s men ta l mode l s . I f 
ATTENDING d i s c u s s e s a l l r i s k s i n the same t e r m s , 
t h e n i t sounds l i k e a s c h o o l c h i l d r e c i t i n g f a c t s 
wh i ch i t has memorized bu t does n o t f u l l y 
u n d e r s t a n d . I f , o n t he o t h e r h a n d , the p r a g m a t i c 
f e a t u r e s a r e u s e d , and the d i s c u s s i o n o f each 
r i s k i s a p p r o p r i a t e l y m o d i f i e d , t he a n e s t h e t i s t 
u s u a l l y doesn t n o t i c e t h a t the d i s c u s s i o n o f 
d i f f e r e n t r i s k s i s b e i n g phrased d i f f e r e n t l y . 

Us ing the h e u r i s t i c approach o u t l i n e d a b o v e , 
ATTENDING i s a b l e t o i d e n t i f y , m a n i p u l a t e , and 

d i s c u s s the r i s k s i n v o l v e d i n a n e s t h e t i c 
management in a f l e x i b l e way. 

V SUMMARY 

The ATTENDING sys tem imp lements M e d i c a l 
P l a n - A n a l y s i s i n the domain o f a n e s t h e s i a , and i s 
c u r r e n t l y b e i n g used e x p e r i m e n t a l l y f o r 
t e a c h i n g . I t i s a n t i c i p a t e d t h a t the approach 
can b e p r o d u c t i v e l y ex tended i n t o o t h e r a reas o f 
m e d i c a l management as w e l l . The a b i l i t y t o d e a l 
f l e x i b l y w i t h r i s k w i l l b e a c e n t r a l component o f 
these sys tems. 

M e d i c i n e i s a r i c h domain f o r e x p l o r i n g 
i s s u e s o f r i s k . C l e a r l y , however , the 
deve lopment o f a r o b u s t h e u r i s t i c approach to 
r i s k a n a l y s i s w i l l have p o t e n t i a l a p p l i c a t i o n i n 
many a reas o t h e r t h a n m e d i c i n e . The c u r r e n t 
ATTENDING i m p l e m e n t a t i o n i s a s t e p in t h i s 
d i r e c t i o n . 
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