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OverviewOverview
•Clinical problem
• R es earch  parad ig m
•Complex  S y s t ems
• V ariabilit y  analy s is
•Clinical A pplicat ion



Critical Care Critical Care -- h is to ryh is to ry
Adv a nc es  i n c a re o f  t he a c u t ely i nj u red p a t i entAdv a nc es  i n c a re o f  t he a c u t ely i nj u red p a t i ent
• WW I

• Mortality due to irreversible “ w oun d sh oc k ” 2 °  blood loss.
• S p a n i s h  C i v i l  Wa r  &  WW II

• L iberal use of blood tran sf usion p reven ts “ w oun d sh oc k ” .
• Mortality due to ren al f ailure 2 °  in adeq uate resusc itation .

• K o r e a n  Wa r
• C rystalloid resusc itation p reven ts ren al f ailure &  m ortality.

• V i e t n a m  Wa r
• Mortality 2 °  A dult R esp iratory D istress S yn drom e ( A R D S ).

• 1 9 7 0 ’ s
• Multip le O rg an  D ysf un c tion  S yn drom e ( MO D S ) surp asses 
h yp ox ia as p rin c ip al c ause of  I C U  m ortality.



M u ltip le O rg an  D y s f u n ctio n  M u ltip le O rg an  D y s f u n ctio n  
S y n d ro m e ( M O D S )S y n d ro m e ( M O D S )

• Leading cause of ICU mortality 
• D eitch EA , Annals of Surgery 1 9 9 2 .  2 1 6 : 1 1 7 .

• Incidence:  1 5 %  ICU admissions.
• Tran D D  et al, C ri t i c al C are M ed i c i ne 1 9 9 0 ;  1 8 : 4 7 4 .

• Costs:  > $ 1 0 0 , 0 0 0 / p atient ( ~ 5x  / s u rv i v o r)
• D eCam p  MM et al, J AM A 1 9 8 8 ;  2 6 0 : 5 3 0 .
• B eal A L  et al, J AM A 1 9 9 4 ;  2 7 1 : 2 2 6 .



MODSMODS

W h y do research ? H ow do research ?

Im p r o v e  p a t i e n t  c a r e R e s e a r c h  P a r a d i g m



P at h oph y s iolog y  of  M O D SP at h oph y s iolog y  of  M O D S
MAJOR INSULT

Shock, trauma, sepsis

Al t e r e d  s y s t e m i c  h o s t  r e s p o n s e
• ⇑ an ti-in f l ammatory  respon se ⇒ ⇑ in f ection
•microv ascul ar thromb osis ⇒ ⇓ O2 d el iv ery
•mitochon d rial  f ail ure ⇒ ⇓ O2 con sumption
• ⇑ I n f l ammatory  respon se ⇒ ⇑ host in j ury
• activ ation  hy pothal amic-pituitary  ax is
•…

In f e c t i o n

I CU  
m onitoring

O rgan D ys f unction ( MO D S)
•Hypotension, myocardial depression, ARDS, ATN, 
coag u lopath y, coma, ileu s, ch olestasis, g astric u lceration, 
b ow el isch emia, neu romyopath y

C o m o r b i d i t i e s

Mechanis m s
• ⇑ en d othel ia permeab il ity
• ⇑ P M N  d el iv ery / activ ation
• ⇑ compl emen t activ ation
• ⇑ coag ul ation / f ib rin ol y sis
•…



R es earch  E x am p leR es earch  E x am p le
T h e  N e u t r o p h i l

(P M N )
⇒“Fo o t  s o ldi er”  o f  s ys t em i c  

i nf la m m a t o ry res p o ns e
⇒Co m p ri s es  > 9 0 %  

c i rc u la t i ng  p ha g o c yt es  
⇒Fi rs t  &  m o s t  a b u nda nt  

i nf la m m a t o ry c ell /  24  hrs
⇒ N ec es s a ry f o r ho s t  def ens e 
⇒ I m p li c a t ed i n ho s t  i nj u ry
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L  selectinL  selectin ββ2 2 Integ rinInteg rin II--C AM  1C AM  1

R ollin gR ollin g
A dh eren c eA dh eren c e

T ran sm ig rationT ran sm ig ration

Solu b le LSolu b le L --selectinselectin

C h em otax isC h em otax isP h ag oc ytosisP h ag oc ytosisA p op tosisA p op tosis

B acteriaB acteria ⇑⇑ I n f l ammatory  M ed iatorsI n f l ammatory  M ed iators
T N FT N F --αα, I L, I L --1 , I l1 , I l --6 , I L6 , I L --8 , R OI , P A F ,8 , R OI , P A F , l eukotrien e B 4 , . . .l eukotrien e B 4 , . . .

N e u tr op h i l D e li v e r y  &  C le ar an c eN e u tr op h i l D e li v e r y  &  C le ar an c e
R ollin g

A dh eren c e

T ran sm ig ration

C h em otax isP h ag oc ytosisA p op tosis



B en ch  B en ch  ⇒⇒ b ed s id e?b ed s id e?
H y p o t h e s i s

G i v en PMN  ⇔ ho s t  i nj u ry,  t hen s t u dy PMN  t o
∆ PMN  f u nc t i o n ⇒ i m p ro v e  c li ni c a l o u t c o m e

⇓ P MN  deliv ery
⇑ P MN  clearance ⇓ inf lam m ation ⇓ hos t inj ury

L ab  ex p erim ents anim al m odel clinical trial√
W H Y ?
∅∅

Basic  sc ien c e k n ow ledg e

E f f ec tive th erap y

B en ch  /  B en ch  /  b ed s id e im b alan ceb ed s id e im b alan ce



R es earch  P arad ig mR es earch  P arad ig m
B a s i c  S c i e n c e

• A nalytic, reductionis t
• D ef ine p arts , m echanis m s , 
relations hip s , as s ociation 
with illnes s , …

• P roces s :
• In vitro lab ⇒ in vivo lab ⇒
an im al ex p ’ts ⇒ c lin ic

• B e n c h  ⇒ B e d s i d e

E p i d e m i o l o g y
• P op ulation s cience
• R is k  f actors , s tatis tics , 
treatm ent ef f icacy, …

• P roces s :
• Reviews, case control, 

coh ort, m eta-analy sis, RC T ’ s 
• Ev i denc e b a s ed 
Medi c i ne

In d i v i d u a l  S y s t e m Time
Mi s s i ng ?



D ef in it io n
I t  is  a  s y s t em ma d e o f  p a r t s ;  w h o s e 
p r o p er t ies  a r e n o t  f u l l y  ex p l a in ed  b y  
u n d er s t a n d in g  t h e p r o p er t ies  o f  t h e 
c o mp o n en t  p a r t s .
• G allagher R , A p p enz eller T, Science, 2 8 4 : 7 9 , 1 9 9 9 .

Complex SystemComplex System



Complex SystemComplex System
P a r t s

• N um b er - large & v ariab le
• D eterm inis tic
• N on-linear relations hip s
• R ep roducib le res p ons e
• Sp atial connectiv ity
• V ariab ility ov er tim e

S y s t e m
• P rop erties  dis ap p ear 
when p arts  s ep arated

• Far f rom  eq uilib rium
• U np redictab le res p ons e
• D is p lay negativ e entrop y
• Stab ility ov er tim e



P rinciples  of  a Complex  S y s t emP rinciples  of  a Complex  S y s t em
1. S y s t em c r ea t es  o r d er

• V i o la t es  2’ nd L a w T herm o dyna m i c s
• Em erg ent  o rder =  s ys t em i c  p ro p ert i es
• Sys t em i c  p ro p ert i es  ⇔ hea lt h v s .  di s ea s e

2 . R es p o n s e t o  in s u l t  u n p r ed ic t a b l e
• Ca s c a de,  a v a la nc he b eha v i o u r
• Sens i t i v i t y t o  i ni t i a l c o ndi t i o ns
• Res p o ns e det erm i nes  o u t c o m e



• T he ho s t  res p o ns e t o  s ep s i s ,  s ho c k  o r t ra u m a  
i s  a  c o m p lex  s ys t em .

• Res p o ns e t o  i nt erv ent i o n i s  u np redi c t a b le;  
c o nt ro lled ex p eri m ent s  m a y no t  a p p ly t o  I CU .

• T he em erg ent  p ro p ert i es  o f  t he ho s t  res p o ns e 
def i ne hea lt h v s .  di s ea s e,  res u lt i ng  i n MO DS.

• Em erg ent  p ro p ert i es  m a y b e di f f erent i a t ed b y 
a lt ered v a ri a b i li t y &  c o nnec t i v i t y o f  t he 
i ndi v i du a l p a rt s  o f  t he s ys t em .
• Seely AJE, Christou NV. Crit Ca re  M e d ,  2 8 : 2 1 9 3  2 0 0 0 .

MODS: ObservationMODS: Observation



V ariabil ity  A nal y sis (V ariabil ity  A nal y sis ( ∆∆ / t)/ t)
E x is t ing  applicat ionsE x is t ing  applicat ions

• E E G
• G l u c o s e
• N e u t r o p h i l  c o u n t s
• R e n a l  b l o o d  f l o w
• G H  v a r i a b i l i t y
• L H  v a r i a b i l i t y
• …

• H R
• B P
• In t e r b r e a t h  In t e r v a l s
• T i d a l  v o l u m e
• A i r w a y  i m p e d a n c e
• P 0 . 1  p r e s s u r e
• …



T ec h nol og y  ofT ec h nol og y  of
V ariabil ity  A nal y sisV ariabil ity  A nal y sis

1. Time D o ma in  a n a l y s is
2 . F r eq u en c y  D o ma in  a n a l y s is
3 . E n t r o p y  mea s u r emen t
4 . P o w er  L a w  a n a l y s is
5 . D et r en d ed  F l u c t u a t io n  a n a l y s is
6 . …



1 )  T im e D o m ain  A n aly s is1 )  T im e D o m ain  A n aly s is
• D a t a  e v a l u a t e d  a s  a  s e r i e s  i n  t i m e
• M e a s u r e  v a r i a t i o n  w i t h  t i m e -b a s e d  s t a t s :
• St a nda rd Dev i a t i o n
• V a ri a nc e
• L o ng  t erm  v a ri a t i o n:
• Eg:  Standard D ev iation of  data av eraged ov er 
f ix ed p eriods  ( e. g.  SD A N N )

• Sho rt  t erm  v a ri a t i o n
• Eg:  R oot m ean s q uare Standard D ev iation 
( R MSSD )  =  Sq uare root of  m ean s q uared 
dif f erences  of  cons ecutiv e data p oints



T im e d o m ain  an aly s isT im e d o m ain  an aly s is
E . g .  H e a r t  R a t e  V a r i a b i l i t y  (H R V )

• variation of interbeat interval
• R-R i nt erv a l - m ea s u re o n EK G
• Mea s u rem ent  a nd a na lys i s  o f  H RV

• G lass L ,  K ap lan  D . M e d P rog  T h rou g h  T e c h 1 9 9 3 ;  1 9 : 1 1 5 .
• T ask  F orc e,  C irc u l a tion 1 9 9 6 ;  9 3 : 1 0 4 3 .

H ea l t h y  ⇒ h ig h d eg r ee o f  H R V  
S ic k  ⇒ d ec r ea s ed  H R V



V ariab ility  V ariab ility  -- tim e d o m aintim e d o m ain
• A p p l ic a t io n s  - ex a mp l es :
• ⇓ H R V  p redicts  m ortality with dilated cardiom yop athy

• Tuininga Y S et al, B r H eart J  1 9 9 4 ;  7 2 : 5 0 9 .
• ⇓ H R V  p redicts  m ortality p os t MI

• B igger J T et al, A m  J  Cardiol 1 9 8 8 ;  6 1 : 2 0 8
• ⇓ H R V  as s ociated with cardiac s udden death  

• Singer D .  J  E l ect r o ca r d io l  1 9 8 8 ;  2 1 : S4 6 .
• …

• A d v a n t a g es / c a v ea t s
• Si m p le t o  c o m p u t e
• B i a s  du e t o  no n-s t a t i o na ri t y
• Do es  no t  reli a b le di s t i ng u i s h di s t i nc t  s i g na ls



2 )  F req u en cy  D o m ain  A n aly s is2 )  F req u en cy  D o m ain  A n aly s is
• M ea s u r e v a r ia t io n  b y  f r eq u en c y :
• Fa s t -Fo u ri er T ra ns f o rm :  t i m e ⇒ f req u enc y

• P o w e r  S p e c t r u m  
• Plo t  o f  a m p li t u de ( p o wer) v s  Freq u enc y
• T o t a l a rea  u nder c u rv e =  Po wer =  V a ri a nc e
• Fi rs t  p erf o rm ed o n hea rt  ra t e v a ri a b i li t y

• A k selrod S  et al,  S c ie nc e 1 9 8 1 ;  2 1 3 : 2 2 0 .
• A s s u m p t i o n s
• L i nea ri t y &  s t a t i o na ri t y



F req u en cy  D o m ain  A n aly s isF req u en cy  D o m ain  A n aly s is
E x a mp l es  o f  I C U  a p p l ic a t io n s

• S e p s i s :  ⇓ t o t a l  H R V ,  ⇓ L F  H R V ,  ⇓ L F / H F  
• G arrard C S  et al,  C lin  A ut R es 1 9 9 3 ;  3 : 5 .
• A n n an e D  et al. A m  J  R esp  C rit C are Med 1 9 9 9 ;  1 6 0 : 4 5 8 .
• K orac h  M et al,  C rit C are Med 2 0 0 1 ;  2 9 :  1 3 8 0 .

• E v a l u a t i o n  o f  m e c h a n i s m  o f  ∆ H R V  p o w e r  
s p e c t r u m  - s l e e p ,  p o s t u r e ,  a c t i v i t y
• F urlan  R  et al. C irc ulation  1 9 9 0 ;  8 1 : 5 3 7 .



F req u en cy  D o m ain  A n aly s isF req u en cy  D o m ain  A n aly s is
E . g .  H R V  in s ep s isE . g .  H R V  in s ep s is

• 26  m edi c a l I CU  p t s ,  da y 1 ,  3 0  m i n H R a na lys i s ,  
&  rem o v a l o f  ec t o p i c  b ea t s  ϖ i nt erp o la t i o n

• Po wer Sp ec t ru m  c a lc u la t ed wi t h FFT
• I n teg ration  of  V L F  ( 0 .0 2 -0 .0 4  H z ),  L F  ( 0 .0 4 -0 .1 6 ),  H F  ( 0 .1 6 -0 .3 0 )

• L o w L F/ H F a s s o c i a t ed ϖ s ep s i s  &  m o rt a li t y
• L F / H F  < 1  ⇔ lik elih ood ratio of  6 .5  f or sep sis
• May iden tif y p atien ts w ith  sep sis earlier ⇒ earlier th erap y

C r it ica l  C a r e M ed icine 2 0 0 1 ;  2 9 : 1 3 8 0 -8 5



3 )  E n tro p y  A n aly s is3 )  E n tro p y  A n aly s is
• S i g n a l  e n t r o p y  =  m e a s u r e  o f  i r r e g u l a r i t y ,  
r e l a t e d  t o  t h e  i n f o r m a t i o n  w i t h i n  s i g n a l
• R egular rep eating s ignal - low entrop y
• I rregular non-rep eating s ignal - high entrop y

• A p p r o x i m a t e  e n t r o p y  (A p E n )
• Meas urem ent of  p rop ortion and degree to which 
v ectors  within data s et that rep eat them s elv es  
within the s et.
• SM P incus , P r o c N a t l  A ca d  Sci U SA 1 9 9 1 .



A p p ro x im ate E n tro p yA p p ro x im ate E n tro p y
• N a t u ra l i nf o rm a t i o n p a ra m et er f o r a n 
a p p ro x i m a t i ng  Ma rk o v  Cha i n;  c lo s ely rela t ed 
t o  K o lm o g o ro v  ent ro p y

• Ca n b e a p p li ed t o  s ho rt ,  no i s y s eri es
• 1 0 0  <  N  <  5 0 0 0  data p oin ts

• Co ndi t i o na l p ro b a b i li t y t ha t  t wo  s eq u enc es  o f  
m  p o i nt s  a re s i m i la r wi t hi n a  t o lera nc e r
• P in c us S M,  G oldberg er A L ,  A m  J  P h ysiol 1 9 9 4 ;  2 6 6 : H 1 6 4 3

• O t her ent ro p y m ea s u res :  
• C ross-A p E n  - c om p are tw o related tim e series
• S am p le en trop y - does n ot c oun t self  m atc h es

• Rich m an J S , M oorm an J R, A m  J  P h y siol H eart C irc P h y s 2 0 0 0 ;  
2 7 8 : H 2 0 3 9 .



V ariab ility  V ariab ility  -- E n tro p y  E n tro p y  
A n aly s is :  ex am p lesA n aly s is :  ex am p les

I CU  Ap p li c a t i o ns  o f  Ap p ro x i m a t e Ent ro p y
• ⇓ H RV  Ap En a f t er I V  endo t o x i n ( rabbits &  h um an s)

• G oldstein  B et al,  C rit C a re  M e d  1 9 9 5 ;  2 3 : 1 6 9 4 .
• G odin  P J  et al,  C rit C a re  M e d  1 9 9 6 ;  2 4 : 1 1 1 7 .

• ⇓ H RV  Ap En i n p a t i ent s  wi t h MO DS ( c o rrela t ed  
wi t h s ev eri t y)
• G arrard  C S  et al, Clin Auton Res 1 9 9 3 ;  3 : 5 .
• G old stein B  et al, Cr itic a l Ca r e M ed ic ine 1 9 9 8 ;  2 6 : 3 5 2 .



4 )  P o w er L aw  A n aly s is4 )  P o w er L aw  A n aly s is
• D a t a  e v a l u a t e d  i n  f r e q u e n c y  d o m a i n
• M e a s u r e s  l o n g  r a n g e  o r d e r  ( ov er tim e s cales )
• D a t a  o b e y s  P o w e r  L a w :  Magnitude of  v ariation is  
inv ers ely p rop ortional to f req uency of  occurrence.

E =  am p litu d e of  variation
f =  f req u ency  of  its occu rrence
a, b =  constants

aE b =  1 / f L og  f

L og  E

S lop e =  - b

I ntercep t =  - log  a



P o w er L aw  A n aly s isP o w er L aw  A n aly s is
E . g .  H R V  in  c r it ic a l l y  il l  p t s  w it h  M O D SE . g .  H R V  in  c r it ic a l l y  il l  p t s  w it h  M O D S

• 50  p edi a t ri c  I CU  p a t i ent s  ( 1 0 4  m easurem en ts)
• H R m ea s u red f o r 5 m i n,  rem o v a l o f  a rt i f a c t
• Cha ng e i n i nt erc ep t  c o rrela t ed wi t h o rg a n 
f a i lu re,  i ndep endent  o f  a g e &  H R

• Fo u nd Po wer L a w s u p eri o r t o  o t her t ec hni q u es

C r it ica l  C a r e M ed icine 2 0 0 3 ;  3 1 : 2 0 5 9 .



E . g .  H R V  in  c r it ic a l l y  il l  p t s  w it h  M O D SE . g .  H R V  in  c r it ic a l l y  il l  p t s  w it h  M O D S

C ritic a l  C a re  M e d ic ine 2 0 0 3 ;  3 1 : 2 0 5 9 .

⇑ Organ Failure



• In c r e a s e d Zv ar i n  a s t h m a  p a t i e n t s
• P r e d i c t s  s e v e r i t y  o f  a s t h m a  a t t a c k s
• Mack lem  P T et al, A nna l s  R C P SC 1 9 9 8 ;  4 : 1 9 4 .

P o w er L aw  A n aly s isP o w er L aw  A n aly s is
E . g .  R es p ir a t o r y  I mp ed a n c e E . g .  R es p ir a t o r y  I mp ed a n c e 
V a r ia b il it y  (V a r ia b il it y  ( Z v a rZ v a r )  in  a s t h ma)  in  a s t h ma



N orm al

A s thm atic

Mac k lem  P T  et al,  A nna l s  R C P S C 1 9 9 8 ;  4 : 1 9 4 .

R es p ir a t o r y  I mp ed a n c e V a r ia b il it y  R es p ir a t o r y  I mp ed a n c e V a r ia b il it y  ((Zv a rZv a r ))

As t hm a



5 )  D etren d ed  F lu ctu atio n  5 )  D etren d ed  F lu ctu atio n  
A n aly s is  ( D F A )A n aly s is  ( D F A )

• DFA i s  a  m ea s u re o f  lo ng  ra ng e o rder =  
p a t t erns  o f  v a ri a t i o n a c ro s s  t i m e s c a les .

• B a s ed u p o n a  m o di f i ed ro o t  m ea n s q u a re o f  a  
ra ndo m  wa lk

• Des i g ned t o  di s t i ng u i s h b et ween f lu c t u a t i o ns  
2° env i ro nm ent  v s .  t ho s e 2° i nt ri ns i c  dyna m i c s  
o f  t he s ys t em .

• Do es  no t  a s s u m e s t a t i o na ri t y.
• I nt eg ra t ed,  det rended c a lc u la t i o n.

• P en g  C K ,  et al. P h y s  R e v E 1 9 9 4 ;  4 9 : 1 6 8 5 -9 .



Detrended Fluctuation AnalysisDetrended Fluctuation Analysis
• St ep  1 :  I nt eg ra t ed s eri es

• A verag e th e N  values of  Bi in  dataset ( B a v e )
• C reate sum  of  dif f eren c es betw een  in dividual values &  averag e

• Y ( k ) rep resen ts an  evaluation  of  tren ds
• St ep  2:  Det rended t i m e s eri es

• St ep  3 :  Ca lc u la t e rela t i o ns hi p  b et ween F( n)  &  n
• St ep  4 :  Ca lc u la t e s c a li ng  ex p o nent s  

• L og  F ( n ) vs. log  n  - straig h t lin e w ith  slop e α
• T w o straig h t lin es:  α 1 ( n < 1 1 ) &  α2 ( 1 1 < n < 1 0 , 0 0 0 )

• P en g  C K  et al;  P h ys R ev E  1 9 9 4 ;  4 9 : 1 6 8 5



Detrended Fluctuation AnalysisDetrended Fluctuation Analysis
E . g .  ap p lic ation to c ritic al c areE . g .  ap p lic ation to c ritic al c are

• 3 0  p edi a t ri c  I CU  p t s  wi t h s ep s i s ± s ho c k  
• 5-1 0  m i n rec o rdi ng s ,  Da y 1 ,  2,  3 ,  7 ,  1 4 ,  21 ,  …
• ⇑ hea rt  ra t e DFA s c a li ng  ex p o nent  wi t h s ho c k
• Sep s is :  H R  α 1 . 0 0  ± 0 . 0 7
• Sep tic s hock  H R  α 1 . 2 2  ± 0 . 0 6   ( p  =  0 . 0 2 )



V ariab ility Analysis S um m aryV ariab ility Analysis S um m ary
• S p e c i f i c  p a t t e r n s  o f  v a r i a t i o n  ⇔ h e a l t h
• A l t e r e d  p a t t e r n s  o f  v a r i a t i o n  ⇔ i l l n e s s  
• C o r r e l a t i o n  w i t h  IC U  s e v e r i t y  o f  i l l n e s s
• C o n s i d e r  a r t i f a c t ,  d u r a t i o n ,  s t a t i o n a r i t y
• N o  s i n g l e  t e c h n i q u e  p r o v i d e s  
c o m p l e t e  d e s c r i p t i o n

• O n g o i n g  r e s e a r c h  r e g a r d i n g  o p t i m a l  
s i g n a l  c h a r a c t e r i z a t i o n



Critical Care Critical Care -- f u tu ref u tu re

• Real-t i m e c o n t i n u o u s  d at a ac q u i s i t i o n
• A n aly s i s  o f  p ar am et r i c  &  w av ef o r m  s i g n als
• Includes HR, BP, CVP, PAP, LAP, RAP, ICP, T, O2 sa t

• F ac i li t at es  d y n am i c al m at h em at i c al an aly s i s
• F u t u r e:  d es c r i b e p at h o p h y s i o lo g i c  I C U  
d i s eas e s t at es  i n  r eal t i m e

C r it ica l  C a r e M ed icine 2 0 0 3 ;  3 1 : 4 3 3 .



ConclusionsConclusions
G en eralG en eral

• M u l t i p l e  o r g a n  d y s f u n c t i o n  i s  t h e  l e a d i n g  
c a u s e  o f  d e a t h  i n  c r i t i c a l l y  i l l  p a t i e n t s .
• C o m p l e x i t y  s c i e n c e  i s  c o m p l e m e n t a r y  t o  
b a s i c  s c i e n c e  a n d  e p i d e m i o l o g y .
• C o n t r o l l e d  a n i m a l  e x p e r i m e n t s  m a y  n o t  
a p p l y  i n  a n  u n c o n t r o l l e d  IC U  e n v i r o n m e n t .
• V a r i a b i l i t y  a n a l y s i s  o f f e r s  a  t e c h n i q u e  t o  
e v a l u a t e  s y s t e m i c  p r o p e r t i e s  c o n t i n u o u s l y .



Conclusions Conclusions 
Clin ical b en ef itClin ical b en ef it

• M u l t i p l e  t e c h n i q u e  v a r i a b i l i t y  a n a l y s i s  
o f f e r s  n o v e l  t e c h n o l o g y  t o  d e t e r m i n e  
s e v e r i t y  o f  i l l n e s s  i n  c r i t i c a l l y  i l l  p a t i e n t s .

• C o n t i n u o u s  o r  r e a l  t i m e  IC U  p a t i e n t  
m o n i t o r i n g  m a y  i m p r o v e  o u t c o m e  b y  
i d e n t i f y i n g  w h i c h  p a t i e n t s  r e s p o n d  t o  
i n t e r v e n t i o n ,  a n d  w h e n .
�Exciting application of math in medicine



I n f o rm atio n  &  ref eren cesI n f o rm atio n  &  ref eren ces
• I nt ernet  res o u rc es

• P h y s ioN e t,  P h y s ioB a nk ,  P h y s ioT ool k it;  
h ttp : / / w w w .p h ysion et.org

• Co m p u t ers  &  m o ni t o ri ng  i n c ri t i c a l c a re
• A dam  S eiver,  K  N iem en en

• H ea rt  ra t e v a ri a b i li t y i n c ri t i c a l c a re
• Brah m  G oldstein ,  T im  Buc h m an

• I nt erp ret a t i o n o f  v a ri a b i li t y
• A ry G oldberg er,  D E  V aillan c ourt,  K M N ew ell,  P aul G odin  

• T ec hni q u es  o f  V a ri a b i li t y Ana lys i s
• H K  S tan ley,  C K  P en g ,  S M P in c us,  P eter Mac k lem

an drew .seely@sym p atic o.c a


