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T h e  r a p id  e x p a n s io n  o f  m e d ic a l  k n o w le d g e  a n d  

t e c h n o lo g y  h a s  b e e n  p a r t ly  r e s p o n s ib le  fo r  th e  

d e v e lo p m e n t  o f  c r it ic a l c a re  m e d ic in e  o v e r  th e  p a st  

2 0  y e a rs . F o r  th e  m o s t  p a r t, th is  d e v e lo p m e n t  h a s  

b e e n  fa v o r a b le ,  b u t  i t  h a s  a ls o  r e su lte d  in  n e w  

p r o b le m s . O n e  o f  th e s e  p r o b le m s  h a s  b e e n  th e  sh ift  

o f  a t t e n t io n  a w a y  fr o m  th e  g lo b a l  a s s e s sm e n t  o f  th e  

p a t ie n t  to w a r d s  c o lle c t in g  e n o r m o u s  a m o u n ts  o f  d a ta .  

W e  o f te n  b e c o m e  in te n t  o n  o b ta in in g  a  ‘n u m b e r ’ th a t  

w il l  a l lo w  ea r lier  id e n t if ic a t io n  o f  a  d e v e lo p in g  

p r o b le m  o r  c la r if ic a t io n  o f  a  p a t ie n t ’s  p h y s io lo g ic  s ta te .  

In  th is  p r o c e s s ,  w e  h a v e  o f te n  n e g le c te d  th e  a r t o f  

o b s e r v in g  t h e  p a t ie n t  a n d  in te r p r e tin g  th e  e x p r e s s io n  

o n  th e  p a t ie n t ’s  fa c e  a n d  b e in g  s e n s it iv e  t o  th e  s lig h t ly  

d iffe r e n t  s o u n d  in  th e  n o is y  in te n s iv e  c a r e  u n it  ( I C U )  

e n v ir o n m e n t  th a t  m ig h t  h e lp  u s  d e te c t  p a t ie n t  d istr e ss  

o r  th e  m a lfu n c t io n  o f  a  p ie c e  o f  l ife  s u p p o r t  e q u ip m e n t .
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T o o  o f te n  w e  fo r g e t  th a t  th e  b e s t  p a t ie n t  m o n ito r  

is  a  s ta f f  m e m b e r  a t  th e  b e d s id e  a n d  th a t  th e  m o s t  

v a lu a b le  s k il l  th e  n u rses  a n d  th e r a p ists  h a v e  is  th e ir  

a b il ity  t o  in te rp re t su b t le , n o n s p e c if ic  c h a n g e s  in  th e  

p a t ie n t  a n d  h is  e n v ir o n m e n t ,  in d ic a to r s  th a t  w e  a re  

u n a b le  t o  p u t  in to  n u m e r ic a l  fo r m .

A d d i t i o n a l  p r o b l e m s  a r is e  w h e n  i m p o r t a n t  

in fo r m a t io n  is  o b s c u r e d  b e c a u s e  o f  th e  m a s s  o f  d a ta  

g e n e r a te d  a n d  r e c o r d e d  in  m o d e r n  I C U s . T h is  h a s  

r e su lte d  in  th e  n e e d  t o  c o m m u n ic a t e ,  o r g a n iz e , a n d  

in te g r a te  th e  la r g e  v o lu m e  o f  d a ta  in  a  m a n n e r  th a t  

w il l  a c c e n tu a te  a n d  fo c u s  o n  th e  in fo r m a t io n  th a t  

is  m o s t  p e r t in e n t  to  th e  c a r e  o f  th e  p a t ie n t

D a t a  c o lle c t io n  a n d  o r g a n iz a t io n  is  c o m p l ic a t e d  

b y  se v e r a l  fa c to r s . T h e  p a t ie n t  w it h  m u lt i-o r g a n -  

s y s te m  fa ilu r e  is  c a r e d  fo r  b y  a  te a m  o f  p h y s ic ia n s ,  

n u rses , th e r a p ists , a n d  te c h n ic ia n s ,  e a c h  c o n tr ib u t in g  

o b s e r v a t io n s  a n d  m e a su r e m e n ts . In  a d d it io n , p a t ie n t  

d a ta  c o m e  fr o m  a  v a r ie ty  o f  o th e r  so u r c e s  in  th e  

h o s p ita l  (T a b le  1 ) a n d  m u s t  b e  tr a n sm itte d  t o  th e  

p r im a r y  c a r e  p r o v id e r s  w h o  m a k e  th e  th e r a p e u t ic  

d e c is io n s .  A s  a  r e su lt , h u n d r e d s  o f  i te m s  o f  d a ta  a re  

tr a n sm itte d  d a i ly  b y  o r a l c o m m u n ic a t io n ,  c h a r t, 

t e le p h o n e ,  m e s s e n g e r , p n e u m a t ic  tu b e , e le c tr o n ic  

m e s s a g e  d e v ic e s ,  a n d  c o m p u te r .  T h is  r e su lts  in  a  

h o d g e p o d g e  o f  r ep o rts  a n d  n o te s  th a t  m u s t  b e  

a s s e m b le d , o r g a n iz e d , a n d  in te g r a te d  p r io r  t o  a n a ly s is .  

M is ta k e s  a r e  p o s s ib le  w h e n  in fo r m a t io n  is  p a s se d  

a lo n g  b y  se v e r a l p e r so n s  p r io r  t o  b e in g  r e c e iv e d  b y  

th e  u lt im a te  d e c is io n  m a k e r .

I f  o n e  e x a m in e s  h o w  th e  la r g e  q u a n t i t y  o f  

la b o r a to r y  d a ta  is  g e n e r a te d  a n d  p r o c e s s e d , i t  is  

su rp r is in g  th a t  th e r e  are  s o  f e w  errors. C o m m o n ly ,  

a  n u rse  d r a w s  th e  b lo o d  fo r  a  c h e m is tr y  s tu d y  o r d e r e d



DATA GATHERING, ANALYSIS, & DISPLAY 299

Table 1. Sources o f Data Used in the ICU

ICU
Clinical Laboratory
Pulmonary Function Laboratory (blood gases)
Pharmacy
ECG Laboratory
Radiology
Medical Records
Echocardiography Laboratory
Food Services
Catheterization Laboratory
Biophysics
Pathology
’Emergency Room or Admitting Office

b y  th e  p h y s ic ia n . T h e  c le r k  la b e ls  it , a n d  a  m e sse n g e r  

ta k es it  t o  t h e  la b o r a to r y , le a v in g  it  a t  th e  d e s k  to  

b e  lo g g e d  in .  L a ter , i t  is  ta k e n  in to  th e  la b o r a to r y ,  

w h e r e  a  te c h n ic ia n  ru n s th e  te s t  a n d  th e n  p h o n e s  

th e  r esu lts  t o  a  c le r k , w h o  c o p ie s  th e  in fo r m a tio n  

o n  a  p ie c e  o f  sc r a tc h  p a p e r  fo r  th e  n u rse . T h e  n u rse  

c a lls  th e  resu lts  to  th e  p h y s ic ia n ’s o f f ic e ,  w h e r e  a  

se c r e ta r y  tr a n sc r ib es  th e  d a ta  a n d  g iv e s  th e m  t o  th e  

p h y s ic ia n . T h is  p r o c e s s  m a y  b e  r e p e a te d  h u n d re d s  

o f  t im e s  a  d a y  in  a  la r g e  h o s p ita l.

O n c e  th e  d a ta  a r e  o b ta in e d , a d d it io n a l p r o c e s s in g  

m a y  b e  r e q u ir e d  t o  c la r ify  t h e  p h y s io lo g ic  s ta te  o f  

th e  p a t ie n t . F o r  e x a m p le ,  fr o m  b lo o d  g a s  d a ta  a n d  

th e  m e a su r e d  h e m o d y n a m ic  v a lu e s , a  la r g e  a rra y  o f  

d e r iv e d  d a ta  is  c o m p u te d .  I n  o u r  I C U , o v e r  1 4 0  

d iffe re n t  d a ta  ite m s  a r e  g e n e r a te d  d a i ly  o n  e a c h  

p a tie n t . B e c a u s e  m a n y  i t e m s  a r e  m e a su r e d  a n d  

r e c o r d e d  m o r e  th a n  o n c e ,  o v e r  5 0 0  se p a r a te  ite m s

o f  d a ta  a re  tr a n sm itte d  p e r  p a t ie n t  e a c h  d a y . In  th e  

m id s t  o f  th is  m a ss  o f  d a ta , m o s t  o f  it  u n c h a n g in g , 

m a y  b e  s o m e  v e r y  im p o r ta n t  n e w  in fo r m a tio n . T h u s ,  

e m p h a s is  o n  im p o r ta n t  c h a n g e s ,  a s  w e l l  a s  c o l le c t io n ,  

in te g r a t io n , a n d  a n a ly s is  o f  t h e  d a ta , is  r eq u ired .

R e c e n t ly ,  B r a d sh a w  id e n t if ie d  d a ta  th a t w e r e  m o s t  

c o m m o n ly  u s e d  fo r  d e c is io n  m a k in g  in  a n  I C U .1 H e  

s tu d ie d  t h e  d e c is io n -m a k in g  p r o c e s s  d u r in g  fo r m a l  

I C U  r o u n d s  e a c h  m o r n in g  a n d  a t  th e  b e d s id e  d u r in g  

th e  d a y . T h e  in fo r m a t io n  u s e d  in  th e  p r o c e s s  w a s  

d iv id e d  in to  s ix  c a teg o r ie s :  c lin ic a l  la b o r a to r y  d a ta ;  

b lo o d  g a s  d ata ; p h a r m a c y  o r d e rs , in c lu d in g  in ta k e  

a n d  o u tp u t  d a ta ; b e d s id e -m o n ito r  reco rd s; p h y s ic a l  

o b s e r v a t io n s ;  a n d  “ o th e r ”  (e g ,  h is to r y , e le c tr o c a r d i­

o g r a m  [E C G ], a n d  r a d io lo g y  d a ta ) .  L a b o r a to r y  d a ta  

a c c o u n te d  fo r  32%  o f  th e  in fo r m a t io n  u s e d  in  d e c is io n  

m a k in g  d u r in g  fo r m a l r o u n d s , b u t  fo r  o n ly  18%  o f  

th e  in fo r m a t io n  u s e d  fo r  d e c is io n s  a t  th e  b e d s id e  

(T a b le  2 ) .  C o n v e r s e ly ,  b e d s id e -m o n ito r  d a ta  a n d  

b lo o d  g a s  in fo r m a t io n  w e r e  m o r e  im p o r ta n t  t o  

d e c is io n  m a k in g  a t  th e  b e d s id e  th a n  to  d e c is io n  

m a k in g  d u r in g  r o u n d s  (2 2 %  v s  12%  a n d  20%  v s  10% , 

r e s p e c t iv e ly ) .  I t  is  in te r e s t in g  to  n o t e  th a t th e  c o m p u te r  

r e c o r d  c o n s is te d  p r im a r ily  o f  in t a k e /o u t p u t  r e c o r d s  

a n d  d r u g  d a ta  (3 6 % — s e e  T a b le  2 )  a n d  b e d s id e  

m o n ito r in g  d a ta  (32% — s e e  T a b le  2 ) ,  w i t h  th e  rest  

o f  th e  r e c o r d  b e in g  d iv id e d  fa ir ly  e v e n ly  a m o n g  

la b o r a to r y , o b s e r v a t io n a l,  b lo o d  g a s , a n d  o th e r  d a ta .

T h e  fr e q u e n c y  o f  d a ta  u s a g e  a n d  th e  m e th o d  o f  

in te g r a t io n  o f  d a ta  in  d e c is io n  m a k in g  a r e  k e y  t o  

d a ta  o r g a n iz a t io n  a n d  p r e se n ta t io n . M o s t  w r it te n  a n d  

p r in te d  r ep o r ts  a re  q u ite  b u lk y , o f  d iffe re n t  s iz e  a n d

Table 2. Percentages of D ata Used in Decision Making, Shown by Source and by Circumstance of Decision Making, Together with 
Percentages o f Kinds of D ata Available in Computer Record

Laboratory*

Drugs:
Inpu t/
Output Observations

Bedside
Monitor

Blood
Gases Other

In formal rounds 32 23 21 12 10 2
At bedside 18 13 22 22 20 5
% o f data in computer record 

that comes from each source 9 36 7 32 8 8

*For example, laboratory data comprises 32% of the data used for decision making during formal rounds but only 18% of data 
used for decision making on other occasions a t the bedside; and laboratory data comprises 9% of all the data that is available in 
the computer record. '
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fo r m a ts , a n d  n o t  c h r o n o lo g ic a l ly  o r g a n iz e d . It is  

d iff ic u lt  t o  f i le  th e m  in  a  c h a r t  s o  th a t  r e la ted  d a ta  

are  d isp la y e d  in  a  m a n n e r  th a t a ss is ts  th e  h e a lth  care  

p r o v id e r  in  m a k in g  d e c is io n s . T h e r e fo r e , t o  h e lp  

o r g a n iz e  a n d  c o r r e la te  th e  d a ta  fo r  d isp la y  a n d  

d e c is io n  m a k in g , d a ta  u sers  r e c o p y  th e  d a ta  o n t o  f lo w  

sh e e ts  (F ig .  1 )  o r  re -en ter  th e m  in to  d e d ic a te d  IC U  

c o m p u te r s . S o m e  h o sp ita ls  h a v e  fu l ly  in te g ra te d  

sy s te m s  in  w h ic h  th e  d a ta  fr o m  a ll  h o s p ita l se r v ic e s  

are  o n - l in e  a n d  c a n  b e  p r o c e s se d  a n d  o r g a n iz e d  

a u to m a tic a lly  fo r  o p t im u m  d isp la y .2

O p in io n s  a b o u t  h o w  t o  d isp la y  th e  d a ta  a re  a s  

v a r ia b le  a s  th e  n u m b e r  o f  u ser s  in  th e  h o sp ita l.  A  

s im p le  m e th o d  is  t o  g e n e r a te  th e  r ep o r ts  in  a  

c h r o n o lo g ic a l  o r d e r  s o  th a t w h e n  th e y  a r e  r e v ie w e d ,  

tren d s c a n  b e  q u ic k ly  r e c o g n iz e d . M o s t  c o m p u te r iz e d  

la b o r a to r y  rep o rts  u se  th is  fo r m a t, a s  s h o w n  in  F ig u re

2 . In  th is  c a se , th e  c o m p u te r  d isp la y s  th e  o ld  d a ta  

a s  w e l l  a s  m o r e  r e c e n t  v a lu e s . A l l  d a ta  a re  s to r ed  

a n d  a v a ila b le  fo r  e a sy  re tr iev a l. T h is  e lim in a te s  th e  

p r o b le m  o f  h a v in g  s o m e  d a ta  lo s t  o r  u n a v a ila b le  fo r  

tren d  a n a ly sis . T h is  fo r m a t, a  s im p le  lis t, d o e s  n o t  

a l lo w  m a n ip u la t io n  o f  th e  d a ta  t o  h e lp  c la r ify  th e  

p h y s io lo g ic  s ta te  o f  th e  p a t ie n t  n o r  d o e s  it  h e lp  

in terp ret th e  d a ta  o r  l in k  th e m  t o  o th e r  r e la ted  item s.  

F ig u r e  3  d e m o n s tr a te s  h o w  c o m p u te r  fu n c t io n s  c a n  

b e  fu rth er  u se d  t o  a ss is t th e  h e a lth  c a re  p r o v id e r .  

In  th is  e x a m p le , th e  c o m p u te r  d e r iv e s  th e  b ic a r b o n a te  

( H C O 3 )  a n d  b a s e  e x c e s s  (B E )  fr o m  th e  p H  a n d  

P C O 2 to  h e lp  c la r ify  th e  a c id -b a se  s ta tu s o f  th e  p a tien t. 

In  a d d it io n , it  u se s  th e  m e a su r e d  P O 2, sa tu ra tio n  

( S O 2) ,  a n d  h e m o g lo b in  (H B )  t o  c a lc u la te  th e  O 2 
c o n te n t  ( O 2C T ) a n d  lin k s  th e  a s s o c ia t io n  b e tw e e n  

th e  a rter ia l a n d  v e n o u s  sa m p le s  b y  c a lc u la t in g  th e  

a r te r ia l-v e n o u s  c o n te n t  d iffe r e n c e  ( A V O 2)  a n d  th e  

p u lm o n a r y  v e n o u s  a d m ix tu r e  ( Q s / Q t ) .  In  a d d itio n ,  

th e  m o s t  r e c e n t  c a r d ia c  o u tp u t  ( C .O .)  d a ta  are  

r e tr ie v e d  fr o m  th e  c o m p u te r  f i le  a n d , i f  th o s e  d a ta  

w e r e  o b ta in e d  w ith in  1 5  m in u te s  o f  th e  b lo o d  

sa m p lin g , th e  o x y g e n  c o n s u m p t io n  ( V O 2)  is  a lso  

c a lc u la te d . T h e se  d e r iv e d  v a lu e s  h e lp  c la r ify  th e  

p a tie n t’s  p h y s io lo g ic  s ta te  a n d  a l lo w  m u c h  m o r e  

so p h is t ic a te d  d e c is io n s  t o  b e  m a d e  r eg a rd in g  th e  

o x y g e n  tra n sp o rt s ta tu s o f  th e  p a tie n t. A ls o  in c lu d e d  

a re  th e  in sp ire d  o x y g e n  c o n c e n tr a t io n  (%02.), th e  

p o s i t iv e  e n d - e x p ir a t o r y  p r e s s u r e  ( P P ) ,  a n d  th e  

v e n t ila to r y  ra te  ( m a c h in e  ra te  [M R ]  o r  sp o n ta n e o u s  

ra te  [S R ]) .  B e lo w  th e se  v a lu e s  is  r ec o r d e d  th e  to ta l  

n u m b e r  o f  b l o o d  g a s e s  d r a w n ,  t h e  p a t i e n t ’s

te m p er a tu r e , a n d  th e  b r e a th in g  sta tu s  ( in  th is  c a se ,  

th e  p a t ie n t  is  o n  a  v e n t ila to r  se t  in  th e  a s s is t /c o n tr o l  

m o d e ) .  T h is  in fo r m a tio n  is  n e c e s sa r y  fo r  th e  p r o p e r  

in te rp re ta tio n  o f  a c id -b a se  a n d  o x y g e n  tra n sp o rt d a ta .  

F in a lly , a  c o m p u te r -g e n e r a te d  in te rp re ta tio n  o f  th e  

a c id -b a se  sta tu s  is  g iv e n , a lo n g  w ith , in  th is  c a s e ,  a  

w a r n in g  th a t  th e  s e v e r e  h y p o x e m ia  sh o u ld  b e  b r o u g h t  

to  th e  a t te n t io n  o f  th e  h e a lth  c a r e  p ro v id e rs . P r e v io u s  

b lo o d  v a lu e s  a re  rep o r te d  fo r  tren d  a n a ly s is  a n d  

c o m p a r is o n  p u r p o se s . N o r m a l  h ig h  a n d  l o w  v a lu e s  

a re  p r e se n ted  a s r e fe re n c e  p o in ts  a t  th e  to p  o f  th e  

rep ort.

A n o th e r  e x a m p le  o f  in te g ra te d  r ep o r tin g  is  se e n  

in  F ig u r e  4 .  H er e , th e  c o m p u te r  m e a su r e s  c a r d ia c  

o u tp u t  ( C .O .) ,  h ea r t ra te  ( H R ) ,  a n d  v a sc u la r  p ressu res  

( V P )  a n d  m a n ip u la te s  th e se  v a lu e s , u s in g  th e  p a t ie n t ’s 

h e ig h t  a n d  w e ig h t  to  c a lc u la te  b o d y  su r fa c e  a rea , 

w h ic h  is  u s e d  to  n o r m a liz e  th e  d a ta  fo r  th e  p a t ie n t’s 

b o d y  s iz e . O th e r  d e r iv e d  v a r ia b le s  in c lu d e  c a r d ia c  

in d e x  (C I ) ,  s tr o k e  fu n c t io n s  ( S V  a n d  S I ) ,  le f t  a n d  

r ig h t v e n tr ic u la r  w o r k  in d e x e s  ( L W I  a n d  R W I ) ,  a n d  

s y s te m ic  a n d  p u lm o n a r y  v a sc u la r  r e s is ta n c e  ( S  V R  a n d  

P V R ) .  T h e  r o u tin e  r ep o rtin g  o f  d e r iv e d  in fo r m a tio n  

h e lp s  p h y s ic ia n s  b e c o m e  fa m ilia r  w ith  it  a n d  e n a b le s  

th e m  to  b e c o m e  c o m fo r ta b le  w ith  its u se  in  r o u tin e  

d e c is io n  m a k in g . A s  in  th e  b lo o d  g a s  rep o r t in  F ig u r e

3 , n o r m a l h ig h  a n d  l o w  v a lu e s  a re  r e p o r te d  a t  th e  

to p  o f  th e  r ep o r t  to  a ss is t  th o s e  w h o  m a y  b e  u n fa m ilia r  

w it h  n o r m a l v a lu e s . In  a d d it io n , t o  fu rth er  a id  

in te rp re ta tio n , th e  c o m p u te r  r e tr iev es  d a ta  fr o m  th e  

p h a r m a c y  s e c t io n  o f  th e  c o m p u te r  r e c o r d  a n d  d isp la y s  

th e m  b e lo w  th e  h e m o d y n a m ic  data; th is  in fo r m a tio n  

in c lu d e s  a l l  cu rren t d ru g s  (a n d  d o s a g e s )  th a t m ig h t  

in f lu e n c e  th e  c a r d io v a sc u la r  sy s te m . A s  in  th e  b lo o d  

g a s  rep o rt, th e  c o m p u te r  g e n e r a te s  a n  in te rp re ta tio n  

t o  h e lp  th e  h e a lth  c a r e  p r o v id e rs .

K e y  in fo r m a tio n  th a t c a n  g r e a t ly  a id  th e  h e a lth  

c a r e  p r o v id e r  in  d a ta  a n a ly s is  a n d  in te rp re ta tio n  w i l l  

c o m m o n ly  b e  a b se n t  u n le ss  h e  p e r so n a lly  c o lle c ts  th e  

d a ta  a t  th e  b e d s id e . T h is  g lo b a l  a ss e s sm e n t  in c lu d e s  

fa c to r s  l ik e  th e  p a tie n t’s  p o s it io n  w h e n  th e  d a ta  w e r e  

c o lle c te d , th e  p a tie n t’s d e g r e e  o f  c o o p e r a t io n , m e n ta l  

sta tu s , a n d  m u s c le  to n e , a n d  f in d in g s  fr o m  th e  p h y s ic a l  

e x a m in a t io n . W ith o u t  th is  in fo r m a tio n , th e  p r o p e r  

in te r p r e ta t io n  o f  p u lm o n a r y  m e c h a n ic s — s u c h  a s  

t h o r a c ic  c o m p l i a n c e ,  v i t a l  c a p a c i t y ,  o r  e v e n  

v e n t i la t o r y  r a te — is  d if f ic u lt .  H e a r t  r a te , b l o o d  

p ressu re , a n d  c a r d ia c  o u tp u t  m a y  a ls o  s ig n if ic a n t ly  

c h a n g e  b e t w e e n  p e r io d s  o f  d istre ss  a n d  r e la x a tio n .
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N a m e .
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Fig. 1 . A typical ICU flowsheet on which data users write in data concerning the patient’s status in order to organize 
the data in a chronological order and allow health care providers to go to one place to find most of the current 
information. Laboratory values are also frequently placed on such flowsheets.
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LAB DATA -  CBC
DATE TIME WBC RBC HGB HCT new MCH mchc PLAT

I3SEP 05s 10 B 6.1 4.74 14.7 43.1 90.7 30.9 34.1 46
12SEP 21* JO B 4.5 4.44 13.6 40.6 91.5 30.7 33.5 68

COMMENTI STAT RESULTS PHONED TO THE FLOOR
12SEP 17*26 B 3.3 4.52 13.5 41.7 92.4 29.9 32.3 68
12SEP 13*05 B 3.7 4.63 13.? 42.2 91.2 30.1 33.0 107

COMMENT: STAT RESULTS PHONED TO THE FLOOR
12SEP OSt 15 B S.O 4.50 14.0 40.6 90.0 31.0 34.5 29

LAB DATA -  SMA-7
DATE TIKE NA+ K+ CL- C02 BUN GLUC CREAT

13SEP 05* 10 B 143 4.5 91 18 49 425 7.2
13SEP 01:05 B 146 4.5 95 12 51 618 7.2
12SEP 21* 10 B 143 4.4 94 12 43 634 6.4

COMMENT* SEE PRINTED LAB REPORT FOR COMMENTS
12SEP 17*26 B 148 4.8 94 12 48 530 6.6
12SEP 05* 15 B 145 6.1 101 11 58 322 6.7

COMMENT* SEE PRINTED LAB REPORT FOR COMMENTS

LAB DATA -  LACTIC ACID
DATE TIME VALUE 
135EP 05:10 B 19.0 
12SEF 21:10 B 25.4 
12SEP 17:26 B 27.6 
12SEP 13:05 B 2S.0 
12SEP 05:15 B 25.4

LAB DATA - PTT
DATE TIME SECONDS 
13SEP 05s 10 B 47

COMMENT! RESULT RECHECKED 
12SEP 21110 B 69

COMMENT I STAT RESULTS PHONED TO THE FLOOR 
12SEP 17126 B > 130

COMMENT: STAT RESULTS PHONED TO THE FLOOR 
12SEP 13:05 B 44

COMMENT: RESULTS PHONED TO THE FLOOR 
12SEP 05:15 B 4a

Fig. 2. A typical computer-generated laboratory report. 
The sets of laboratory values are placed in chronological 
order to facilitate trend analysis.

T h is  p o in t  is  d e m o n s tr a te d  in  F ig u r e  5 ,  t h e  resp ira to ry  

c a r e  r e c o r d . T h e  m e a su r e d  a n d  d e r iv e d  v a r ia b le s  a t  

th e  to p  a re  f o l lo w e d  b y  o b s e r v a t io n s— in c lu d in g  th e  

p a t ie n t’s b o d y  p o s it io n , s ta te  o f  a p p r e h e n s io n  a n d /  

o r  c o o p e r a t io n ,  p h y s ic a l  e x a m in a t io n  resu lts , a n d  e v e n  

c o m m e n ts  o n  sp u tu m  p r o d u c t io n — a s a n  a id  in  d a ta  

in te rp re ta tio n . W h e n  th e  p e r s o n  w h o  m a k e s  th e  

th e r a p e u tic  d e c is io n s  is n o t  p r e se n t  w h e n  th e  d a ta  

are  c o lle c te d ,  a  m e a n s  o f  c o m m u n ic a t in g  p o s s ib le  

m o d ify in g  fa c to r s , su c h  a s in  th is  r ep o rt, sh o u ld  b e  

c o n s id e r e d .

M a n y  b u s y  c lin ic ia n s  fe e l  th a t th e  p r im a ry  a im  

o f  d a ta  o r g a n iz a t io n  s h o u ld  b e  t o  s a v e  th e m  tim e . 

T h e y  w a n t  t o  b e  a b le  t o  g o  t o  o n e  p la c e  a n d  re tr iev e  

th e  d a ta  w h e n  th e y  m a k e  b e d s id e  r o u n d s . T h u s , a  

fo r m a t, s u c h  as a  1 2 -h o u r  sh ift  f lo w s h e e t  (F ig .  6 )  

th a t in te g ra te s  th e  b e d s id e -m o n ito r  d a ta  a n d  n u rs in g  

c a re  in fo r m a t io n  (su c h  a s  m e d ic a t io n s  d e liv e r e d ,  

in ta k e , o u tp u t ,  w e ig h t ,  a n d  b e d s id e  m o n ito r in g  o f  

u r in e  a n d  g lu c o s e ) ,  a lo n g  w i t h ' t h e  la te s t  c o m p le te  

b lo o d  c o u n t  (C B C ) , b lo o d  g a s  v a lu e s ,  a n d  S M A -  

7 ,  is  id e a l fo r  th is  p u r p o se . H e r e , th e  v ita l s ig n s  are  

g iv e n  in  g r a p h  fo r m , t o  th e  r ig h t o f  w h ic h  a p p ea r s  

a  2 4 -h o u r  in ta k e  a n d  o u tp u t  s u m m a r y , w it h  th e

p a t i e n t ’s w e ig h t s  a n d  r e s u lt s  o f  b e d s id e  u r in e  

m o n ito r in g . In  a d d it io n , a l l  m e d ic a t io n s ,  in c lu d in g  

d o s a g e s  a n d  m e th o d  o f  a d m in is tr a t io n , a r e  g r a p h e d  

a c c o r d in g  t o  t im e  a d m in is te r e d , a s  is  th e  ty p e  a n d  

q u a n tity  o f  I .V . f lu id , w ith  th e  t im e  p e r io d  o f  I .V . 

f lu id  in fu s io n  d e n o te d  b y  th e  se r ie s  o f  a ster isk s . O n  

th is  sh e e t ,  7 0 0  m l o f  D 5 /0 .4 5 %  N S  w a s  in fu s e d  o v e r  

th e  e n tir e  1 2 -h o u r  p e r io d . A  m o r e  d e ta ile d  b r e a k d o w n  

o f  in ta k e  a n d  o u tp u t  fo r  th e  1 2 -h o u r  sh ift  is  g iv e n  

b e lo w  th e  m e d ic a t io n s  lis t in g .

T h e  la te s t  C B C  a n d  e le c tr o ly te  d a ta  a re  g iv e n  b e lo w  

th e  2 4 -h o u r  in ta k e  a n d  o u tp u t  s u m m a r y  in  th e  u p p e r  

r ig h t-h a n d  c o r n e r . T h e  r e su lts  o f  b lo o d  g a s  a n a ly se s  

p e r fo r m e d  d u r in g  th e  la st  sh ift  a r e  r e p o r te d  a t  th e  

b o t to m . B y  p r e se n tin g  th e  m o s t  c o m m o n ly  u s e d  d a ta  

o n  o n e  s h e e t , th is  f o r m a t  a l lo w s  th e  c lin ic ia n  t o  q u ic k ly  

r e v ie w  th e  p a t ie n t ’s  s ta tu s  w ith o u t  h a v in g  t o  g o  t o  

s e v e r a l  p la c e s  in  th e  ch a r t. H o w e v e r ,  m o r e  d e ta ile d  

d a ta , su c h  a s  o th e r  la b o r a to r y , r e sp ira to r y  th e r a p y ,  

a n d  E C G  r ep o rts , c a n n o t  a l l  b e  in c lu d e d  o n  su c h  

a  su m m a r y  sh e e t  b e c a u s e  o f  sp a c e  l im ita t io n .

F o r  lo n g -te r m  tr e n d  a n a ly s is , th e  1 2 -h o u r  sh ift  

r e p o r ts  c a n  b e  c o n d e n s e d  in to  w e e k ly  su m m a r ie s  a s  

s h o w n  in  F ig u r e  7 .  O n  th is  r ep o rt, th e  2 4 -h o u r  v ita l  

s ig n s  a re  r e d u c e d  t o  a  th in  c o lu m n . T h e  m e d ic a t io n s  

a r e  l is te d  in  th e  m id d le  o f  th e  sh e e t  b y  to ta l  2 4 -  

h o u r  d o s a g e . B e lo w  th a t, a  s u m m a r y  o f  in ta k e  a n d  

o u tp u t  is  g iv e n , a lo n g  w it h  th e  d a i ly  w e ig h ts ,  a n d ,  

a t  th e  b o t to m , a n  a n a ly s is  i s  p r e se n te d  o f  th e  n u tr ie n ts  

d e l iv e r e d  e a c h  d a y . T h is  r ep o r t  g iv e s  r e a d y  a c c e s s  

t o  lo n g - te r m  a n a ly s is  o f  s u c h  ite m s  a s n u tr it io n a l  

th e r a p y  a n d  f lu id  b a la n c e .

In  te a c h in g  r o u n d s , w e  u se  a n o th e r  m e th o d  o f  

r e v ie w in g  d a ta  o n  p a t ie n t  s ta tu s— d a ta  d is p la y  b y  

o r g a n  sy s te m  (F ig .  8 ) .  In  th is  rep o rt, a l l  p e r t in e n t  

d a ta  r e la tin g  t o  a n y  g iv e n  o r g a n  sy s te m  a r e  g r o u p e d  

to g e th e r  s o  th a t  th e y  m a y  b e  r e v ie w e d  c o n jo in t ly .  

T h u s , w e  s e e  u n d e r  “c a r d io v a s c u la r ”  th e  h e m o d y ­

n a m ic  d a ta , cu rren t b lo o d  p ressu re , a n d  h e a r t  ra te , 

a lo n g  w ith  th e  m a x im u m  a n d  m in im u m  v a lu e s  in  

th e  p a s t  2 4  h o u rs , th e  la te s t  E C G  rep o rt, th e  se r u m  

la c ta te , la c ta s e  d e h y d r o g e n a s e  ( L D H ) ,  a n d  c r e a t in in e  

p h o s p h o k in a s e  ( C P K )  v a lu e s . A  s im ila r  fo r m a t  is  u s e d  

fo r  e a c h  o r g a n  s y s te m . A t  th e  b o t t o m  o f  th e  rep o rt, 

a l l  th e  in v a s iv e  c a th e te r s  a re  lis te d , a s  a r e  th e  

m e d ic a t io n s .  T h e r e  a re  m a n y  p a tie n t-s ta tu s  d a ta , su c h  

a s  th e se  fr o m  th e  p h y s ic a l  e x a m in a t io n , t o  w h ic h  th e  

c o m p u te r  d o e s  n o t  h a v e  a c c e s s .  T h e s e  are  r e p r e se n te d  

b y  a  b la n k  l in e  a n d  m u s t  b e  a d d e d  b y  th e  c lin ic ia n .



LDS H 0 S P I TAL BLOOD GAS RE PO R T

NO., 3515624 DR STEVENS, LAURENCE E. RM E402

SEP 13 84 pH PC02 HC03 BE HB CO/MT P02 S02 02CT 202 AV02 V02 c.o. A-a Qs/Qt PK/ PL/PP MR/SR

NORMAL HI 7.45 40.0 25.0 2.5 19.0 2/ 1 85 95 25.4 5.5 300 7.30 5
NORMAL LOU 7.35 34.0 19.0 -2.5 15.0 0/ 1 68 93 19.6 3.0 200 2.90 0
12 22:51 V 7.23 38.8 15.8 -10.9 13.6 1/ 1 36 56 10.7 70 / /18 25/
12 22:50 A 7.26 32.6 14.3 -11.4 13.6 1/ 1 52 81 15.4 70 4.70 385 8.20 333 48 / /18 25/

SAMPLE « 28, TEMP 37.6, BREATHING STATUS s ASSIST/CONTROL 
MODERATE METABOLIC ACIDOSIS-INADEQUATE RESP COMPENSATION 
HYPERVENTILATION CORRECTED
SEVERE HYPOXEMIA BREATHING OXYGEN ĈONTACT MD OR RN!!!!

12 21:36 V 7.23 36.9 15.0 -11.6 13.3 1/ 1 35 58 10.8 70 60/ 45/15 25/
12 21:35 A 7.27 29.9 13.4 -11.9 12.9 1/ 0 52 83 15.0 70 4.53 422 9.30 335 47 60/ 45/15 25/ 

SAMPLE « 27, TEMP 37.6, BREATHING STATUS : ASSIST/CONTROL 
MODERATE METABOLIC ACIDOSIS-INADEQUATE RESP COMPENSATION 
HYPERVENTILATION NOT IMPROVED 
SEVERE HYPOXEMIA BREATHING OXYGEN «CONTACT MD CR RN!!!!

12 18:46 V 7.20 33.2 12.6 -14.3 12.3 1/ 1 34 55 9.5 64 55/ 45/15 25/
12 18:45 A 7.23 28.4 11.6 -14.4 12.3 1/ 0 53 82 . 14.2 64 4.74 300 44 55/ 45/15 25/

SAMPLE < 26, TEMP 37.5, BREATHING STATUS : ASSIST/CONTROL 
MODERATE METABOLIC ACIDOSIS-INADEQUATE RESP COMPENSATION 
HYPERVENTILATION (PREVIOUSLY NORMAL)
SEVERE HYPOXEMIA BREATHING OXYGEN ĈONTACT MD OR RN!!!!

KEY: CO=CARBOXY HB, MT=MET KB, 02CT=02 CONTENT, AV02=ART VENOUS CONTENT DIFFERENCE (CALCULATED H1TH AVERAGE OF A fc V HB VALUES) 
V02S0XYGEN CONSUMPTION, C.O.=CASDIAC OUTPUT, A-a=ALVEOLAR arterial 02 DIFFERENCE, Qs/Qt=SHUNT» PK=PEAK. PL=PU>TEAU, PP=PEEP 
KR=t1ACHINE RATE, SR=SP0NTANE0US RATE. *** SPECIMEN IDENTIFICATION: BLOOD (A=ARTERIAL, V=VENOUS, C=CAPILLARY, H=tOGE),

FLUIDS (P=PLEURAL, J=J3INT, B=ABDOMINAL, S= ABCESS)> E=EXPIRED AIR.

Fig. 3. In this example of integrated reporting, the raw data (pH, PO2, PCO2, SO2, Hgb, carboxyhemoglobin, and FIO2) are processed 
by the computer to give HCO3", BE, 62 content, and A-a gradient. In addition, the venous and arterial samples are compared to 
each other, and the A-v02 content difference is calculated along with the pulmonary venous admixture (Qs/Qt). The cardiac output 
is retrieved, and 0 2 consumption (V02) is calculated. The ventilator pressures and rate are also displayed, and an interpretation 
is generated by the computer. Previous values have been retrieved for trend analysis.
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MO. 3515624 DR STEVENS. LAWRENCE E. RH E402 
HT 183 CK MT 153.30 KS BSA 2.64 SSH
TINE CO Cl HR SV SI HSP NP SW UU PW PA PW DM
NDiWl HI 7.30 3.50 89 101 48 5.0 123 105 18 85 12 19 1.0 11.0
NORMAL LOU 2.90 2.80 49 47 38 1.0 80 70 12 48 4 9 0.5 8.0

SEP 13 03:50 8.40 3.15 144 58 22 14.CM 71 54 5 17 14 25 i.3  3.3 
SEP 13 03:00 LEVCPHED (LEVARTERENOLI 21.3 MCG/MIN 
SEP 13 00:05 DOPAMINE UNTROPIN) 15.0 MC6/KC/MIN 
HYPOVOLEMIA AND LV DYSFUNCTION

SEP 12 22:48 8.20 3.08 141 58 22 18.011 71 57 5 16 18 30 l.S  3.6 
SEP 12 22:40 LEVOPHED (LEVARTERENX) 12.8 BCG/MIN 
SEP 12 22:15 BOPAMINE (IWIKOPJN) 13.0 MCO/KG/MW 
SEVERE LV DYSFUNCTION

SEP 12 21:30 9.30 3.49 134 68 24 14.0H 74 54 4 21 18 30 i.3  5.0 
SEP 12 21:30 DOPAMINE (INTROPIN) 15.0 MCG/KG/HIN 
SEP 12 21:30 LEVOPIfi) (LEVAR1EREN0L) 10.0 NCG/HIN 
SEVERE LV OYSHMCTION

SEP 12 04:00 11.10 4.35 114 97 38 13.0K 131 110 9 i l  12 34 2.0 10.9 
SEP 12 00:45 DOPAMINE (INTROPIN) 20.0 NCG/KG/MN 
LV PARAIETERS ARE UITHIN NORMAL LIMITS

Fig. 4. In this integrated report, the cardiac output, heart 
rate, and vascular pressures are processed to give 
indexes based on body surface area for stroke volume, 
stroke work, and vascular resistance. The pertinent 
cardiovascular drugs, with their dosages, that were being 
administered at the time the measurements were 
obtained are reported to help with interpretation.

CARDIAC OUTPUT REPORT

W h e n  n o  d a ta  w e r e  o b ta in e d  in  th e  p r e v io u s  2 4  h o u r s ,  

th e  s p a c e  is  le f t  b la n k , w h ic h  i s  in d ic a t e d  b y  

p a r e n th e se s . T h is  fo r m a t  h e lp s  t o  fo c u s  a t te n t io n  o n  

a l l  p a t ie n t  c a r e  c o n c e r n s  a n d  fo r c e s  m e d ic a l  p e r so n n e l  

t o  c o n s id e r  a l l  th e  p a t ie n t ’s p r o b le m s  a n d  p o te n t ia l  

p r o b le m s  e a c h  d a y . W e  h a v e  u s e d  th is  fo r m a t  in  

p r e se n tin g  p a tie n ts  in  te a c h in g  r o u n d s  e a c h  m o r n in g  

fo r  se v e r a l y e a r s  a n d  f in d  i t  v e r y  u se fu l in  o r g a n iz in g  

p a t ie n t  c a re  a n d  in  c o m m u n ic a t in g  w it h  a l l  h e a lth  

c a re  p r o v id e r s  r e s p o n s ib le  fo r  th a t  ca re .

O th e r  m e th o d s  o f  d isp la y in g  I C U  d a ta  h a v e  b e e n  

d e s c r ib e d  a n d  u s e d  o v e r  t h e  y e a r s  t o  t r y  t o  

c o m m u n ic a te  th e  p a tie n t’s s ta tu s  m o r e  r a p id ly  a n d  

c le a r ly . B ar g r a p h s , s u c h  a s  th e  o n e  s h o w n  in  F ig u r e  

9 , h a v e  b e e n  u s e d  t o  d isp la y  p h y s io lo g ic  p r o f i le s ,3 

b lo o d  g a s  v a lu e s ,  b lo o d  c h e m is tr y  v a lu e s ,  a n d  th e  

n u tr it io n a l s ta te  o f  th e  p a tie n t .4 T h e y  s e r v e  th e  

fu n c t io n  o f  b r in g in g  r e la te d  d a ta  to g e th e r  in  a  m a n n e r  

th a t a l lo w s  th e  r e v ie w e r  t o  q u ic k ly  r e c o g n iz e  v a lu e s  

th a t a r e  o u t s id e  t h e  n o r m a l r a n g e . H o w e v e r ,  su c h  

d isp la y s  a re  c u m b e r s o m e  a n d  n o t  s u ff ic ie n t ly  a c c u r a te  

fo r  t h e  r e v ie w e r  w h o  w a n ts  t o  d e te r m in e  th e  e x a c t  

v a lu e  o f  a  v a r ia b le . F o r  e x a m p le ,  in  F ig u r e  9 ,  th e  

r e v ie w e r  m u s t  s to p  a n d  c o n c e n tr a te  o n  th e  p u ls e  ra te  

s c a le  t o  r e a liz e  th a t th e  s la sh  m a r k in g s  a r e  fo r  e v e r y  

fo u r  b e a ts  a n d  th a t th e  a c tu a l ra te  is  1 2 4  b e a ts  p er  

m in u te . T h e  d is p la y  is  b u lk y  a n d  r eq u ire s  a  lo t  o f  

s to r a g e  sp a c e . T h e  s a m e  d a ta  c o u ld  b e  o r g a n iz e d  in

d ig ita l fo r m  in  o n e  te n th  o f  th e  s p a c e , w it h  t im e  

tr e n d in g  d is p la y e d  o n  th e  s a m e  rep o rt.

A m o n g  o th e r  a tte m p ts  a t  g r a p h ic  d isp la y s  a re  

d rd eg ra m s, w h ic h  d isp lay th e  data  o n  radial b ra n d ies  

o f  a  tircle, w ith  norm al values describ ing th e  a i d e 5"7 (F ig . 

10). D e v ia t io n s  fr o m  n o r m a l v a lu e s  c r e a te  p a tte rn s  

th a t  c a n  b e  u s e d  t o  a ss is t  h e a lth  c a r e  p e r s o n n e l  to  

in te rp re t th e  d a ta  v ia  p a tte rn  r e c o g n it io n . W h e th e r  

th is  m e th o d  is  b e tte r  th a n  a  c o m p u te r -g e n e r a te d  

p r in te d -o u t  in te r p r e ta tio n  r e m a in s  to  b e  p r o v e n , b u t  

it  i s  a e s th e t ic a lly  p le a s in g  a n d  e a s y  t o  u se  fo r  q u ic k  

g lim p s e s  o f  th e  p a t ie n t ’s  p h y s io lo g ic  s ta tu s . H o w e v e r ,  

w h e n  o n e  w a n ts  s p e c if ic  v a lu e s , th e  c ir c le g r a m s  are  

a w k w a r d  t o  u se . P e r m a n e n t  c o p ie s  o f  s u c h  d isp la y s  

req u ire  s p e c ia l  e q u ip m e n t ,  d a ta  a r e  b u lk y  t o  s to r e  

in  th is  fo r m , a n d  lo n g -te r m  tr en d in g  a n a ly s is  is  a ls o  

in c o n v e n ie n t .

L in e  g r a p h s , s u c h  a s  t h o s e  s h o w n  in  F ig u r e s  6  

a n d  7 , a re  v e r y  u se fu l fo r  th e  tr e n d in g  o f  d a ta  b u t,  

a g a in , a r e  c u m b e r s o m e  w h e n  e x a c t  v a lu e s  a r e  d e s ir ed .

I C U  d a ta  c a n  b e  d isp la y e d  in  m a n y  w a y s . B e c a u s e  

o f  th e  v a r y in g  n e e d s  a n d  p r e fe r e n c e s  o f  d a ta  u sers, 

m o r e  th a n  o n e  ty p e  o f  d is p la y  m a y  b e  u sed . T h e  

c o m p u te r  a l lo w s  f le x ib ility . B a r  g r a p h s , c ir c le g r a m s ,  

a n d  l in e  g r a p h s  c a n  b e  e a s i ly  a n d  q u ic k ly  d is p la y e d  

o n  th e  v id e o  sc r ee n . F o r  q u ic k  b e d s id e  lo o k s  a t  p r o f ile s  

a n d  fo r  tr e n d  a n a ly s is , su c h  d isp la y s  a r e  c o n v e n ie n t .  

H o w e v e r ,  h a r d  c o p ie s  o f  s u c h  d isp la y s  a r e  s l o w  to  

p r in t, b u lk y  t o  s to r e , a n d  in c o n v e n ie n t  w h e n  a  m o r e  

d e ta ile d  l o o k  is  d e s ir ed . T h e r e fo r e , d ig ita lly  d isp la y e d  

d a ta  m a y  b e  b e tter  fo r  h a r d -c o p y  lo n g - te r m  s to r a g e .

B e c a u s e  o f  th e  v o lu m e  o f  d a ta  g e n e r a te d  in  c r it ic a l  

c a r e  m e d ic in e  u n its , c o m p u te r s  a r e  q u ic k ly  b e c o m in g  

in v a lu a b le  t o o ls .2’8 O u r  e x p e r ie n c e  w it h  c o m p u te r iz e d  

d a ta  m a n a g e m e n t  h a s  b e e n  p o s it iv e .  T h e  c o m p u te r  

e n h a n c e s  t h e  a v a ila b il ity  o f  in fo r m a tio n , a u to m a t i­

c a lly  p r o c e s se s  it  s o  th a t  d e r iv e d  in fo r m a t io n  is  

a c c e s s ib le  fo r  u se , o r g a n iz e s  it  c h r o n o lo g ic a l ly ,  b r in g s  

to g e th e r  a p p r o p r ia te  r e la te d  in fo r m a tio n , a n d  p r e se n ts  

th e  d a ta  in  a  fo r m  th a t  a id s  a n d  e n h a n c e s  th e  d e c is io n ­

m a k in g  p r o c e s s . T h is  n o t  o n ly  s a v e s  th e  h e a lth  c a r e  

p r o v id e r  t im e  b u t  a l lo w s  a l l  th e  d a ta  t o  b e  c o n s id e r e d  

w h e n  d e c is io n s  a r e  b e in g  m a d e , th u s  im p r o v in g  th e  

q u a lity  o f  d e c is io n s .

F r o m  c o m p u te r iz e d  d e c is io n  lo g ic ,  a ler ts  c a n  b e  

s e n t  t o  th e  c lin ic ia n s  s o  th a t  d a n g e r o u s  s itu a t io n s  o r  

tr e n d s  c a n  b e  fo c u s e d  o n  q u ic k ly .  I t  a l s o  c r e a te s  a n d  

o r g a n iz e s  a n  e a s i ly  r ea d  c h a r t  fo r  r e v ie w .
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LDS HOSPITAL RESPIRATORY CARE CHARTING

09/13/84
VENT BODE VR VT 021 PF TEMP PK PL PP ffi-VT c-VT s-VT HR SR TO M-VE S-VE
B-II A/C 16 800 35 50 32.0 45 30 5 616 16 9.9
B-I A/C 16 800 35 50 37.0 50 38 5 674 25 16.8
B-II A/C 16 800 36 50 37.0 55 38 5 582 21 12.2
B-II A/C 16 800 35 50 37.0 44 25 5 658 17 11.2
B-II A/C 16 800 35 50 37.0 52 28 5 590 17 10.0

COMP
24.6 
20.4
17.6 
32.9
25.6

EAR-OX OX
96

91

CUFF P

20

CF
5.1
5.1
5.1
4.6
4.6

09/13/84 THPST#/DUR/ENTRY 
13 08:40 38671/ 10/08:49 

POSITION: FOULER; 
13 06810 46547/ 10/06:16

13 05:50 
13 04:05

13 OU45 
13 00:26

VENTILATOR OBSERVATIONS
INTERFACE: TRACH TUBE! BREATH SOUNDS: RHONCHI. THROUGHOUT INSPIRATION AND EXPIRATION, BOTH LINGS5 
PATIENT CONDITION: ALERT! CCHMENT: SUCTIONED SHALL AHT HHITE SPUTUM. NO MORNING ABGS 

■RESPIRATORY PARAMETERS- HR RR VT VC VE HIP HEP HW PK FLOW
103 22 282 307 6 2 *48 

POSITION: FOULER; PATIENT CONDITION: APPREHENSIVE! POSITION: FOWLER! PATIENT CONDITION: APPREHENSIVE!
46547/ 10/06:11 INTERFACE: TRACH TUBE! EQUIPKENT NOT CHANGED! POSITION: SUPINES
46547/ 10/04:11 INTERFACE: TRACH TUBE! BREATH SOUNDS: WHEEZING. THROUGHOUT INSPIRATION AND EXPIRATION. BOTH LUNGS. 
COARSE CRACKLES. THROUGHOUT INSPIRATION AND EXPIRATION. BOTH LUNGS; EQUIPMENT NOT CHANGED; POSITION: SUPINE! COMMEN 
PROD 2CC THICK YELLOW MUCUS WITH SUCTIONING
46547/ 7/01:52 INTERFACE: TRACH TUBE! EQUIPMENT NOT CHANGED; POSITION: SUPINE!
46547/ 10/00:35 INTERFACE: TRACH TUBE! BREATH SOUNDS: WHEEZING, THROUGHOUT INSPIRATION AND EXPIRATION, BOTH LUNGS. 
COARSE CRACKLES. THROUGHOUT INSPIRATION AND EXPIRATION, BOTH LUNGS; EQUIPMENT NOT CHANGED! POSITION: SUPINE!

Fig. 5. The respiratory care record displays the ventilator settings, followed by the measured ventilator pressures, delivered tidal 
volume, and minute ventilation. The thoracic compliance is then calculated. Other data, such as ear oximetry values and endotracheal 
tube cuff pressure, are also given. As further aids to data interpretation, such other items as the results of the chest examination, 
the patient's mental status, and sputum quantity and character are also provided.
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AGE: 59
< 3501251 E412 

HI: 160 CM BSA 1.76 SQK DR: SCHMIDT, C DUHAYNEUT: 73.00 ICG 
P HR TEMP
SO * R SEP 12 84 18:01 - SEP 13 84 06:00 

18 19 20 21 22 23 0 1 2 3-H---1---1---1---1---1— ■ ♦--1--- ^

HEIGHT (KG)
RESP RATE 
URINE OUTPUT (HL) 
URINE SP G 
URINE GLUCOSE 
BLOOD GLU flu/BL 
URINE ACETONE 
URINE PH
UATERSEAL DRG 1 (HLI 
STOOL (ML)

23 23 22 
90 90 1.020 

NEG

NEG
6.0

195 146

SEQUENCE ft 46

YESTERDAY'S WEIGHT: 75.40 
TODAY'S (EIGHT: 73.00 l * 

m i n i m  06:00 TO 06:00 h iiiiiii 
t t 

HAXIMUH TEHP: 38.5

800
INPUT 

IV:
BLOOD:
colloids
TOTAL: 2683 NET: -996

OUTPUT
URINE: 2485 
DRAIN: 50 
TOTAL: 3679 

t i 
*********** LAB RESULTS ***********

tffiC 8.3 SEP 13 84 05:50
HCT 36.7 SEP 13 84 05:50
HGB 12.5 SEP 13 84 05:50

NA 142 SEP 13 84 05:50
K 3 .6 SEP 13 84 05:50
a 101 SEP 13 84 05:50
C02 36 SEP 13 84 05:50
BUN 16 SEP 13 84 05:50
GLUC 167 SEP 13 84 05:50
CREAT 0.5 SEP 13 84 05:50

50
0

SEP 12 84 18:01 - SEP 13 84 06:00 
18 19 20 21 22 23 0 1 2 3_I<--->--4---1---1--->---1---)---1.---h- 4 5 6

PfCNYTOIN (DILANTIN); INJ 250 MGM IV 1 1
NAFCILLIN. INJ 1000 MC* IV 1 1
NYSTATIN, SUSPENSION 5.0 K. ORAL 1
NYSTATIN, CREAM 1 APFUCTQPIC 1
KETAPROTERENOL (ALUPENT), SOLUTION 15.0 B5M INHAL 1 I 1
FUROSEMDE, INJ 20 m  IV 1 1
HEPARIN RUSH 100 UNITS IV 1
HEPARIN. INJ 8000 UNITS SUSS 1
NORMAL SALINE. INJ 3 ML INHAL 1 1 1
D5 IN 0.45 NACL. INJ 700 It IV *****
POTASSIUM CHLORIDE. INJ 14.0 nEQ

SEP 12 84 18:01 TO SEP 13 84 06:00 HCCREADY, DOUGLAS C, RN

18
-I+-

19 23~+- 0 1 2 3 4 5 6

************************************************
INTAKE (IL): NON-BLOOD IV 

ORAL DRUG 
OTHER DRUG

TOTAL

700
5
9

714

OUTPUT (HL): INSENSIBLE LOSS 
URINE OUTPUT 
UATERSEAL DRG. 1 
STOOL 
TOTAL

5711100
500

1721 NET BALANCE -1007

SEP 12 84 pH PC02 HC03 BE HB CO/HT P02 S02 02CT 102 AV02 V02 C.O. Qs/Qt PK/ PL/PP IR/SR

NORMAL HI 7.45 40.0 25.0 2.5 17.0 2/ 1 85 95 22.7 5.5 300 7.30 5
NORMAL LOU 7.35 34.0 19.0 -2.5 13.0 0/ 1 68 93 17.4 3.0 200 2.90 0

13 05:30 A 7.49 47.9 36.4 12.5 11.1 3/ 1 67 92 14.3 40 118 / / 8 22/
SAMPLE * 74, TEMP 38.3, BREATHING STATUS : ASSIST/CONTROL
MODERATE (ETABOLIC ALKALOSIS 
HYPOVENTILATION IMPROVED 
MILO HYPOXEMIA

Fig. 6 . Most of the information the attending physician wants for his bedside rounds is on this one 12-hour nursing 
report. The vital signs are given in graph form with other nursing data (weight, respiratory rate, urine output, and 
bedside tests) below. A 24-hour intake and output summary is given, with the latest CBC and SMA-7 below, to the 
right. In the middle of the sheet are all the medications administered the past 12 hours, with dosage, route, and 
time of administration. The I.V. fluid (D5/0.45% NS) is shown by the asterisks to have run the entire shift A more 
detailed intake-and-output summary and the latest blood gas values are at the bottom.
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SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 
P HR TEMP SEP 02 84 SEP 03 84 SEP 04 84 SEP 05 84 SEP 06 84 SEP 07 84 SEP G8 84 
SD * £01 1 1 1 2  1 1 1 2  1 1 1 2  1 1 1 2  1 1 1 2  1 1 1 2  1 1 1 2  

7 1 5 9 3 3 7 1 5 9 3 3 7 1 5 9 3 3 7 1 5 9 3 3 7 1 5 9 3 3 7 1 5 9 3 3 7 1 5 9 3 3

1 1 1
+I+-+-+-t~+-+I+~l-»~+-4-+I+ 

1112 1112 1 1 1 1 1 1 1 1 1 1 1 1
7 1 5 9 3 3 7 1 5 9 3 3 7 1 5 9 3 3 7 1 5 9 3 3 7 1 5 9 3 3 7 1 5 9 3 3 7 1 5 9 3 3

SEP 02 SEP 03 SEP 04 SEP 05 SEP 06 SEP 07 SEP 03

MORPHINE, INJ KGH IV 14.0 37.0 29.0 54.0 74.0 40.0
ACETAMINOPHEN. SUPP HGM RECT 650 650
DIAZEPAM (VALIUM). INJ KGH IV 10.0 2.0 54.0 75.0 35.0
AMPICILLIN, INJ HGM IV 8000 18000 12000 12000
TOBRAMYCIN. INJ HGM IV 250 100 170 210
CLINDAMYCIN (CLEOCIN). INJ HGM IV 600
CEFAZOLIN (ANCEF). INJ HGM IV 1000 4000 2000
NYSTATIN. CREAM APPLICTOPIC 2
METUBINE IODIDE. INJ KGH IV 128 156 216
DOPMIIKE. INJ 
HICRQNEFRIN. SOLUTICN

HGM IV 150
ML INHAL 0.25 1.50

LIDOCAINE (IYLOCAINE). INJ 
FUROSEMIDE. INJ

ikm
MOM

IV
IV

100
30

AHINOFHYLLINE. INJ HGH IV 775 75
CIKETIDIIC (TAGAfET). INJ 
HYLANTA II. LIQUID

ftjJI IV 600 1500 1200 1200
HL Nj 120

MYLANTA, LIQUID HL NG 30

INTAKE (fi): BLOOD 500 750 585 250

m S rn  IV 1275 2250 5822
1545
.5995 3699 4133

NG DRUG 30 120
TOTAL 1275 2280 6442 8290 4284 4383

OUTPUT (HL): INSENSIBLE LOSS 
URINE OUTPUT

232 757 932 1008 1087 1054
605 1067 1995 2370 3215 3240

UATERSEAL DRG. 1 248 595 260 10
WATERSEAL DRG. 2 
UATERSEAL DRG. 3

206 615 910 880 350 300
150 250 320 295 210

NG TUBE DRG. 200 80 560 200 130
TOTAL 1491 3264 4907 4578 5157 4934

NET BALANCE (HL): -216 -984 1535 3712 -873 -551

HEIGHT (KG) 50.5

NUTRITIONAL: NP ENERGY KCAL (IV) 81 358 1333 2341 1776 2412
TOTAL EKERGY KCAL (IV) 81 358 1476 2646 2042 2700

PROTEIN GH 0 0 36 76 67 72
FAT GM 0 0 0 0 0 50
CHO GK 24 106 392 689 522 548
NP ENERGY/N2 KCAL/GH 222 195 177 201

K2 IN GH 0 0 6 12 10 12
URINE UREA N GM 13
N2 BALANCE 01 -5

Fig. 7. A 7-day report is useful for trend analysis of such items as long-term intake-and-output volumes and nutrition 
therapy. This report also makes it easy to follow long-term medication delivery.
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L O S  H O S P I T A L  I C U  R O U N D S  R E P O R T  
DATA WITHIN LAST 24 HOURS

N/¥E:
IF. STEVENS, LAWRECE E. SEX: H

BD.
AGE:

3515424 ROOK: E402
29 HEIGHT: 183 UEIGHTs 153.30 BSA: 2.44 BEE:

BATE: SEP 13 09:27 
2884 HOF: 6

CARDIOVASCULAR: 1
TINE CO Cl HR SV SI W  BSP IP S W  LWI PH
SEP 13 03:50 8.40 3.15 144 58 22 14.0H 71 54 5 17 14

SEP 13 03:00 LEVOPHED (LEVARTERENOL) 21.3 MCG/NIN 
SEP 13 00:05 DOPAMINE (INTR0P1N) 15.0 HCO/KG/HIN 
HYPOVOLEMIA AND LV DYSFUNCTION

SP DP HP HR ! UCT CFK
78 38 48 144 !
199 118 138 ‘

PVR
1.3

EXAM:
RHI
3.3

19.0 (05:10)147 
25
PR = 150 OS AXIS * 70

LAST VALUES
haxihum
H1N1HUM 32 17 26 
HEART RATE * 125 ORS = 70

m m  PHYSICIAN OVERREAD m m  
NORMAL ECG

SINUS TACHYCARDIA 
POOR R UAVE PROGRESSION 

10 SIGNIFICANT ECG CHANGES SINCE 09/10/1984.15:04

« )
cpK-re 

(
LDH-l LDH-2

< 1

RESPIRATORY! 2
S02SEP 13 84 pH PC02 HC03 BE IS co/nr P02 02a 102 AVQ2 VQ2 C.0. I K 6»/Qt PK/ PL/PP HR/SR

13 03:51 V 7.30 42.2 20.3 -5,5 13.1 1/ 1 55 10.2 90 57/ 41/10 22/
13 03:50 A 7.34 34.0 18.0 -4.4 13.3 1/ 1 53 80 14.9 90 4.54 452 51 57/ 41/10 22/

SAMPLE * 31. TEMP 38.4. BREATHING STATUS s ASSIST/CONTROL
MILD ACID-BASE DISORDER
HYPERVENTILATION CORRECTED
S&£fi£ HYPOXEMIA BREATHING OXYGEN m CCNTACT MDORRN!!!!

13 01:00 A 7.34 28.4 15.2 -8.7 13.3 1/ 1 57 85 15.9 90 453 55/ 45/ 8 25/
12 23:42 A 7.32 39.4 20.0 -5.3 13.0 1/ 1 49 81 14.8 90 450 / /I5 /
12 22:51 V 7.23 38.8 15.8 -10.9 13.6 1/ 1 34 54 10.7 70 / m 25/
12 22:50 A 7.24 32.4 14.3 -11.4 13.6 1/ 1 52 81 15.4 70 4.70 385 8.20 333 48 / /18 25/
12 21:34 V 7.23 34.9 15.0 -11.6 13.3 1/ 1 35 58 10.8 70 40/ 45/15 25/
12 21:35 A 7.27 29.9 13.4 -11.9 12.9 1/ 0 52 83 15.0 70 4.53 422 9.30 335 47 40/ 45/15 25/

RATE VT

nil

VE VC BIF COMP VD/VT VC02 EXAM:

1

X-RAY:

1•
OFF____ ____ ------ I

NclIRO AND PSYCH: 0 
GLASOM 15 (

DTR_________

) VERBAL . 

BABIN. .

EYELIDS . 

ICP___

lOTOR.

PSYCH.

PUPILS . SENSORY .

COAGULATION: 2 
PT: 15.0 
FSP-CON:

(05:10) PTT:
( ) FSP-PT:

<7 (05:10) PLATELETS: 
( ) 3P:

44 (05:10) 
( )

FIBRINOGEN: ) EXAH:

RENAL. FLUIDS, LYTES: 0
IN 10422 CRYST 8557 COLLOID 715 BLOOD 550 NG/PO
OUT 2529 URINE 21 NGOUT 400 DRAINS 260 OTHER
NET 7893 UT 153.30 tfT-CHS 0.00 S.G.

! NA 143 (05:10) K 4.5 (05:10) a  91 (05:10) 
1848 i C02 18 (05:10) BUN 49 (05:10) CRE 7.2 (05:10) 

! AGAP UDSM UNA CRCL

METABOLIC —  NUTRITION: 0
KCAL 2146 GLU 425 (05:10) ALB 
KCAL/N2 1778 UUN ( ) N-BAL P04

7.0 (05:10) 
( ) FEns ( )

1.4 (05:10)
TIBC
o a

Gl. LIVER. AND PANCREAS: 0 EXAM:
RCT 43.1 (05:10) TOTAL BILI ( ) SGOT ( ) S L B W  ( J OCT ( ) ____
CUA!AC 1+ (04:00) DIRECT BILI ( ) SGPT ( I LDH ( ) AMYLASE ( ) ____

INFECTION: 1
UBC 6.1 (05:10) TEMP 38.8 (04:00) DIFF 57B. 17P, 14L. 50,

CULTURES:
BLOOD______  SPUTUM_______  URINE________  CSF____

E (05:10) GRAM STAIN: SPUTUM . 

__ CATH________ HOUND___

.OTHER.

OTHER .

SKIN AND EXTREMITIES: 
PUSES_______  RASH. KCUBITI ,

TUBES:
MEN. ART.

CHEST. . RECTAL .

SG. NG.

JEJUNAL .

_  FOLEY. 

DIALYSIS _

ET. TRACK . DRAIN-

OTHER.

REDICATIONS:

HJSPHINE, INJ HGM IV 2.0 NOREPINEPHRINE (LEVOPHED), INJ K. IV 14
CLINMIYCIN (CLEOCIN), INJ HGM IV 1800 CMETIDINE (TAGAMET). INJ HGM IV 900
CEFOXITIN (HEF0X1N). INJ HGM IV 2000 SORBITOL 701, SOLUTION It RECT 50
GENTAM1CIN. INJ HGM IV 200.0 SODIUM BICARBONATE. INJ NEO IV 450
DOPAHINE. INJ HGM IV 1980 INSULIN REGULAR, INJ UNITS IV 380

Fig. 8. This report is organized by organ system. Grouping all related data allows a more detailed look at all aspects 
of the patient’s status and care in an organized manner. Data that are important but to which the computer does 
not have access, such as the results of the physical examination, are represented by blank lines and must be filled 
in by health care personnel. When data were not obtained in the previous 24 hours, the space is left blank, which 
is indicated by parentheses.
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Saint Barnabas Medical Center
LIVINGSTON, NEW  JERSEY

A u to m a te d  P h y s io lo g ic  P ro f i le

Cl SI LVSW TPR R V S W  PVR A V  QO, Q^Q* Lactate BE*
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Fig. 9. Data are represented in a bar-graph format with normal ranges in the shaded areas. This report allows medical 
personnel to quickly focus on abnormal areas. (From Reference 3, with permission)
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BUFFALO GENERAL HOSPITAL 
PATIENT* NUMBER* 848527-01

AGE* 44 YRS SEXtF ADMITTED 1 /1 2 /7 8
ATTENDING PHYSICIAN* SIEGEL

B ate  1 /1 6 /7 8  T ine 8*25 
H eig h t 6 6 .0  In  H eigh t 4 2 .0  kg 
P a t  C la s s  R S t a te  DisC To R 4 .1

In te r v e n t io n  No* 6 
BSA 1 .44  «2
D is p e rs iv e  Uol 598 a l

Type C a rria g e  R etu rn  To C o n tin u e

Fig. 10. The circlegram creates patterns from the 
physiologic data that enable health care providers, 
through recognition of changing patterns, to quickly 
classify the patient into certain physiologic states. (From 
Reference 7, with permission)

U n fo r tu n a te ly , w e  c o n t in u e  t o  b e  p r e se n te d  w ith  

a  d a ta  o v e r lo a d  th a t r em a in s  a  m a jo r  p r o b le m  n o  

m a tter  h o w  d a ta  are  o r g a n iz e d  o r  d isp la y e d . V e ry  

f e w  s tu d ie s  e x is t  th at d e m o n s tr a te  w h ic h  v a r ia b le s  

sh o u ld  b e  m o n ito r e d , h o w  fr eq u e n tly  th e y  sh o u ld  b e  

m o n ito r e d , o r  h o w  th e  d a ta  r e la te  t o  p a t ie n t  c a re  

w ith  reg a rd  to  c o m p lic a t io n s ,  c o s t ,  le n g th  o f  h o sp ita l  

s ta y , o r  f in a l o u tc o m e .

E q u ip m e n t  m a n u fa c tu re rs  a re  e x p a n d in g  o u r  a b ility  

t o  m o n ito r  m o r e  v a r ia b le s  m o r e  fr eq u e n tly , a n d  th e  

c o m p u te r  in d u str y  d e liv e r s  m o r e  n u m b e r s  a n d  in  m o r e  

s o p h is t ic a te d  w a y s .  Y e t , n o  o n e  h a s  s h o w n  th a t th is

e x p a n s io n  o f  m o n ito r in g  a n d  d a ta  g e n e r a t io n  is  

b e n e f ic ia l  t o  th e  p a tie n t . M a jo r  e ffo r ts  w i l l  b e  req u ired  

t o  h e lp  a n s w e r  th e se  q u e s t io n s  a n d  r e s o lv e  th e  

p r o b le m s  th a t o u r  in fo r m a tio n -c e n te r e d  s o c ie ty  is 

crea tin g .
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