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How	  it	  was	  

Volume	  Control	  

TV	  700,	  RR	  10	  

Airway	  pressure	  

Tidal	  volume	  

FiO2	  
Oxygen	  /	  Nitrous	  

Blood	  Gases	  

How	  it	  is	  
Volume	  Control	  
Pressure	  Control	  
Pressure	  Support	  
SIMV	  
Volume	  guarantee	  
APRV?	  
PEEP	  /	  CPAP	  
	  

Optimized	  ventilation	  
Minimized	  volume	  
Permissive	  hypercapnia	  

Airway	  pressure	  
Inspiratory/Expiratory	  Flow	  

Inspiratory/Expiratory	  Volume	  
Respiratory	  Gases	  

Blood	  oxygen	  saturation	  
Tissue	  oxygen	  saturation	  

Blood	  gases	  
	  

Oxygen	  /	  Air	  /	  Nitrous	  
Risk	  of	  hyperoxia	  
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Graphical	  Displays	  

* Graphs	  and	  Charts	  
* Object	  or	  Configural	  displays	  
* Ecologic	  displays	  
* Metaphor	  displays	  

Example	  Object	  Displays	  

Left	  Heart	  Right	  Heart	  

Flow	  Kinetics	  

9 6  

E 
> 

Vent Spont 
rate rate 

b I- 

~ . . . ~  ,:x 

17102 

1 2 3 4 5 6 

N N N N N 

7 8 9 10 11 12 

N N UN N 
Fig. 4. Volume rectangle representation of the data shown above in Fig. 2 as a table of numbers and as a line graph. Twelve epochs of 
time are summarized in twelve frames. In each frame is room for two rectangles to appear, one for the ventilator and one for the patient. 
Rectangles are drawn from the top downward, with greater tidal volume represented by deeper rectangles. Wider rectangles correspond 
to more rapid rate. The shaded region shows alveolar space with degree of shading corresponding to FIO2, which does not change here. 
The narrow white band at the top of each rectangle represents this patient's dead space. 

Universali ty of application does not imply that a 
graphic will be good for decision support.  Quite the 
contrary. To the degree that a graphic is universal, it 
will tend to squash all the rich variability of the 
natural  world down into a tightly restricted visual 
appearance. It  may be that if we could find an 
alternative visual representat ion of data, a display 
method that was less arbitrary than standard statis- 
tical graphs, we might find that such a representa-  
tion fits bet ter  with human judgment  and decision 
making capabilities and thus would be superior as a 
support  for monitoring and control. One alterna- 
tive to arbitrary/universal graphics is a metaphor 
graphic [11-13] and we have created a metaphor  
graphic that may meet  these criteria, at least for the 
respiratory therapy section of the ICU flowsheet. 

Volume rectangles: 
a metaphor graphic for respiratory data 

Figure 4 shows the same ventilation data as shown 
in Fig. 2, but in a representat ion that is uniquely 
tailored for respiratory data. These volume rectan- 
gles depict the 12 epochs of data as 12 frames on a 
blank background. The key to understanding them 
is in three parts. First, within each f rame there is 
room for two rectangles: a ventilator rectangle on 
the left and a patient  rectangle on the right. If  only 
one rectangle is shown, it will always be the ventila- 
tor alone, since it is through this device that we 
acquire the data. Second, within any frame, the 

ventilator and the patient  each have two key par- 
ameters  that can be represented by the two sides of 
their respective rectangles: how many tides of air 
were exchanged (rate), and the average volume of 
each of these tides (tidal volume).  These are repre- 
sented by the two sides of a rectangle, such that as a 
pa ramete r  increases, the corresponding side gets 
longer. 

The sides of the rectangle are not assigned ar- 
bitrarily. Rather,  a metaphoric  mapping, an ana- 
logue is created. A deeper  breath  is one that pene- 
trates far ther  down into the lungs, so we represent  
a deeper  tide as a deeper  rectangle. (Note that the 
rectangle is drawn starting at the top and extending 
some variable amount  downward, not drawn start- 
ing at the base then extending a variable amount  
upward.) Rate  of breathing is represented by the 
total width of the rectangle. Recall that this rectan- 
gle represents many breaths over a ten minute ep- 
och. Each breath within that epoch can be imag- 
ined as a single very narrow rectangle. The more  of 
these breaths that come in a given epoch, the wider 
the total rectangle gets as we stack each single 
breath 'slice' alongside the others, yielding a very 
wide total rectangle if there are very many tides 
and a relatively narrow total rectangle if there are 
relatively few tides. Faster rate = wider rectangles. 
Deepe r  breaths = deeper  rectangles. 

Area  of the rectangle is both  of interest in itself 
and also serves as a place to code further informa- 
tion. Minute volume is easily seen as total area 
within the rectangle. Furthermore,  it is easy to 

Cole,	  William	  G.,	  and	  James	  G.	  Stewart.	  "Metaphor	  graphics	  to	  support	  integrated	  decision	  making	  with	  
respiratory	  data."	  International	  journal	  of	  clinical	  monitoring	  and	  computing	  10.2	  (1993):	  91-‐100.	  	  

Simple	  Ecologic	  Display	  
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Fig. 4. Volume rectangle representation of the data shown above in Fig. 2 as a table of numbers and as a line graph. Twelve epochs of 
time are summarized in twelve frames. In each frame is room for two rectangles to appear, one for the ventilator and one for the patient. 
Rectangles are drawn from the top downward, with greater tidal volume represented by deeper rectangles. Wider rectangles correspond 
to more rapid rate. The shaded region shows alveolar space with degree of shading corresponding to FIO2, which does not change here. 
The narrow white band at the top of each rectangle represents this patient's dead space. 

Universali ty of application does not imply that a 
graphic will be good for decision support.  Quite the 
contrary. To the degree that a graphic is universal, it 
will tend to squash all the rich variability of the 
natural  world down into a tightly restricted visual 
appearance. It  may be that if we could find an 
alternative visual representat ion of data, a display 
method that was less arbitrary than standard statis- 
tical graphs, we might find that such a representa-  
tion fits bet ter  with human judgment  and decision 
making capabilities and thus would be superior as a 
support  for monitoring and control. One alterna- 
tive to arbitrary/universal graphics is a metaphor 
graphic [11-13] and we have created a metaphor  
graphic that may meet  these criteria, at least for the 
respiratory therapy section of the ICU flowsheet. 

Volume rectangles: 
a metaphor graphic for respiratory data 

Figure 4 shows the same ventilation data as shown 
in Fig. 2, but in a representat ion that is uniquely 
tailored for respiratory data. These volume rectan- 
gles depict the 12 epochs of data as 12 frames on a 
blank background. The key to understanding them 
is in three parts. First, within each f rame there is 
room for two rectangles: a ventilator rectangle on 
the left and a patient  rectangle on the right. If  only 
one rectangle is shown, it will always be the ventila- 
tor alone, since it is through this device that we 
acquire the data. Second, within any frame, the 

ventilator and the patient  each have two key par- 
ameters  that can be represented by the two sides of 
their respective rectangles: how many tides of air 
were exchanged (rate), and the average volume of 
each of these tides (tidal volume).  These are repre- 
sented by the two sides of a rectangle, such that as a 
pa ramete r  increases, the corresponding side gets 
longer. 

The sides of the rectangle are not assigned ar- 
bitrarily. Rather,  a metaphoric  mapping, an ana- 
logue is created. A deeper  breath  is one that pene- 
trates far ther  down into the lungs, so we represent  
a deeper  tide as a deeper  rectangle. (Note that the 
rectangle is drawn starting at the top and extending 
some variable amount  downward, not drawn start- 
ing at the base then extending a variable amount  
upward.) Rate  of breathing is represented by the 
total width of the rectangle. Recall that this rectan- 
gle represents many breaths over a ten minute ep- 
och. Each breath within that epoch can be imag- 
ined as a single very narrow rectangle. The more  of 
these breaths that come in a given epoch, the wider 
the total rectangle gets as we stack each single 
breath 'slice' alongside the others, yielding a very 
wide total rectangle if there are very many tides 
and a relatively narrow total rectangle if there are 
relatively few tides. Faster rate = wider rectangles. 
Deepe r  breaths = deeper  rectangles. 

Area  of the rectangle is both  of interest in itself 
and also serves as a place to code further informa- 
tion. Minute volume is easily seen as total area 
within the rectangle. Furthermore,  it is easy to 

Complex	  Ecologic	  Display	  

Jungk. J Clin Monit Comput, 2000 

Complex	  Ecologic	  Display	  
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Sample	  Metaphor	  Display	  
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*  Airway	  flows	  and	  volumes	  
*  Insp	  flow,	  Exp	  flow,	  Peak	  flow,	  Insp	  TV,	  Exp	  TV	  

*  Airway	  pressures	  
*  PEEP,	  PIP,	  Pplateau,	  MAP	  

*  Respiratory	  rate	  
*  Respiratory	  gases	  
*  Insp	  and	  Exp	  O2,	  Insp	  and	  Exp	  CO2	  

*  Blood	  gases	  
*  Arterial	  and	  Mixed	  Venous	  O2	  and	  CO2	  

*  Hemoglobin	  saturations	  
*  SpO2,	  SaO2,	  SvO2,	  co-‐oximetry,	  tissue	  oximetry	  

*  Circulation	  
*  Arterial	  and	  venous	  blood	  pressures,	  cardiac	  output	  

*  MV,	  Raw,	  Cdyn,	  Cstat	  

Measurable	  Variables	  

*  Airway	  flows	  and	  volumes	  
*  Insp	  flow,	  Exp	  flow,	  Peak	  flow,	  Insp	  TV,	  Exp	  TV	  	  

*  Airway	  pressures	  
*  PEEP,	  PIP,	  Pplateau,	  MAP	  

*  RR	  
*  Respiratory	  gases	  
*  FiO2,	  FeO2,	  FiCO2,	  ETCO2	  

*  Blood	  gases	  
*  Arterial	  and	  Mixed	  Venous	  O2	  and	  CO2	  

*  Hemoglobin	  saturations	  
*  SpO2,	  SaO2,	  SvO2,	  co-‐oximetry,	  tissue	  oximetry	  

*  Circulation	  
*  Arterial	  and	  venous	  blood	  pressures,	  cardiac	  output	  

*  MV,	  Raw,	  Cdyn,	  Cstat	  

Measurable	  Variables	  

Abstraction	  Hierarchy	  

*  Oxygenation	  
*  Ventilation	  
*  Pulmonary	  Mechanics	  
*  Pulmonary/Cardiovascular	  Interaction	  
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Abstraction	  Hierarchy	  
Oxygenation	  

*  Mixed	  Venous	  Oxygen	  
*  Oxygen	  consumption	  
*  Oxygen	  delivery	  
*  Blood	  flow	  
*  Oxygen	  content	  
*  Hemoglobin	  concentration	  
*  Saturation	  
*  PaO2	  
*  Lung	  factors:	  Shunt,	  PEEP,	  PAO2	  
*  FiO2	  

*  Hemoglobin	  dissociation	  curve,	  Dyshemoglobins	  

Abstraction	  Hierarchy	  
Ventilation	  

*  PaCO2	  (ETCO2)	  
*  CO2	  Production	  
*  CO2	  Clearance	  (VCO2)	  
*  Alveolar	  ventilation	  (EmixedCO2)	  
*  Minute	  ventilation	  
*  Tidal	  volume	  
*  Respiratory	  rate	  

*  Dead	  space	  
*  Anatomic	  
*  Alveolar	  

Abstraction	  Hierarchy	  
Pulmonary	  Mechanics	  

*  Airway	  Pressure	  /	  Tidal	  Volume	  
*  Airway	  Resistance	  (Raw)	  
*  Large	  airway	  
*  Small	  airway	  
*  Lung	  volume	  

*  Pulmonary	  Compliance	  (Cdyn)	  
*  Lung	  
*  Chest	  wall	  
*  Neuromuscular	  relaxation	  
*  Abdominal	  compliance	  
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