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Figure  5. Illustration of th e  top five  fe ature s  indicating 

acute  coronary syndrom e  as give n by th e  ann e ns e m ble  

and an e xpe rie nce d ph ys ician. Th e  s e le cte d fe ature s  are  

m ark e d in re d (ANN e ns e m ble ), gre e n (ph ys ician) and blue  

(com m on inte rpre tation) in th e  tw o ECGs.

Figure  1. To th e  le ft is  an Illustration of th e  diffe re nt 

s e ctions a le ad from  th e  standard e le ctrocardiogram  is  

divide d into. Th e  righ t picture  s h ow s w h at h appe ns to th e  

h e art during a late  stage  of acute  coronary syndrom e .

Figure  3. D istribution of s e le cte d input fe ature s  w ith in e ach  

rank  for th e  artificial data s e t. For e xam ple : th e  first s ix 

bars te lls us h ow  m any tim e s  variable  1,2,3,4,5 and 6 w as 

vote d th e  m ost im ortant e xplanational fe ature  for a give n 

patie nt. Th e  ne xt s ix bars re pre s e nt th e  s e cond m ost 

im portant fe ature  and so on. In th is  data s e t only fe ature s  

1, 2 and 5 m atte rs. Th e  re st is  nois e .

Figure  2. Illustration of th e  Euclide an distance  m e th od. Th e  

distance  ve ctor to th e  de cison boundary is  divide d into its 

com pone nts i.e . th e  re d ve ctors. Th e  m agnitude  of th e s e  

ve ctors de te rm ine  th e  e xplanational pote ntial for e ach  

fe ature . 
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Figure  4. Illustration of th e  distribution of probability for 

acute  coronary syndrom e  stratifie d on th e  num be r of 

ove rlapping s e le cte d fe ature s  be tw e e n a ph ys ician and th e  

ne ural ne tw ork  e ns e m ble . probabilitie s  ne ar 0.4 indicate  

unce rtain pre dictions.

Eq uation 1. Math e m atical re pre s e ntation of th e  s e ns itivity 

m e th od for a fe ature  l in a patie nt x.
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Introduction

•  Artificial ne ural ne tw ork  (ANN) e ns e m ble s is  a 

pow e rful class ification tool for m any clinical 

proble m s.

•  Th e s e  tools h as  long suffe re d from  lack  of 

inte rpre tability due  to th e ir com ple x nature . Th is  

h as  s e ve re ly lim ite d th e  practical usability of ANNs 

in s e ttings w h e re  an e rrone ous de cis ion can be  

disastrous.

•  Se ve ral atte m pts h ave  be e n m ade  to alle viate  

th is  proble m . Many of th e m  are  bas e d on 

de com posing th e  de cis ion boundary of th e  ANN 

into a s e t of rule s.

•  W e  e xplore  and com pare  a s e t of ne w  m e th ods 

for th is  e xplanation proce s s  on one  artificial data 

s e t, and one  acute  coronary syndrom e  data s e t 

cons isting of 861 e le ctrocardiogram s (ECG) 

colle cte d re trospe ctive ly at th e  e m e rge ncy 

de partm e nt at Lund Unive rs ity H ospital.

Conclus ions

•  Th e  algorith m s h as  th e  pote ntial to be  us e d as a 

cas e -by-cas e  e xplanatory aid w h e n us ing ANN 

e ns e m ble s in clinical de cis ion support syste m s.

Aim

•  Inve stigate  th e  poss ibility of e xplaining th e  

de cis ion of an artificial ne ural ne tw ork  e ns e m ble , 

cas e  by cas e , in a clinical s e tting.

Explaining th e  ANN ens em ble

•  O ur algorith m s m anage d to e xtract 9 9 %  good 

e xplanations on th e  s im ulate d data s e t.

•  Th e  ove rlap of s e le cte d e xplanational fe ature s  

be tw e e n ph ys ician and m e th od w as s im ilar to th e  

ove rlap be tw e e n ph ys ician 1 and ph ys ician 2.

Sens itivity M eth od

•  Analyze  h ow  s e ns itive  th e  ne tw ork  de cis ion is  

w ith  re spe ct to a give n fe ature  by m odifie d partial 

de rivative s.

•  Th e  de rivative  of th e  oute r s igm oid function of 

e ach  ne tw ork  in th e  e ns e m ble  is  re m ove d in orde r 

to avoid truncating e ffe cts. Se e  Eq uation 1.

Euclidean Distance M eth od

•  Find th e  s h orte st distance  from  data point D to 

de cis ion boundary B by ne tw ork  inve rs ion.

•  Cre ate  a ve ctor V = D - B and divide  it into its 

com pone nts. Th e s e  are  m ark e d by re d arrow s in 

Figure  2.

•  Th e  m agnitude  of e ach  com pone nt de scribe s  th e  

im portance  of th e  corre sponding fe ature . 

Feature s  Selected

•  Th e  distribution of fe ature s  s e le cte d on th e  

artificial data is  cons iste nt w ith  th e ir im portance  to 

th e  class ification.

•  Th e  ave rage  ove rlap of th e  s e le cte d 

e xplanational fe ature s  be tw e e n ph ys ician and 

m e th od incre as e s  w ith  th e  pre dictive  ce rtainty of 

th e  ann e ns e m ble . 




