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Navigating through Anesthesia

A pilot needs to know not only the plane’s current position but also whether it is on a

collision course with a dangerous obstruction ahead. Anesthesiologists are faced with a similar task

when monitoring patients during an operation, which is why Drager has developed an
INTELLIGENT DISPLAY that is based on the idea of the moving maps used in aircraft navigation.

INFORMATION TECHNOLOGY
has become part of the very fabric of
modern life. It enables us to store huge
amounts of data, for example, and to stay
in touch at any time and any place. Many
people can still vividly remember their
first text message. For the anesthesiolo-
gist and scientist PD Dr. Thomas Bouil-
lon, it was the encounter with digital nav-
igation systems in the late 1990s that left
an abiding impression. Dr. Bouillon had
just started a fellowship at the University
of Stanford in California, and was taking
advantage of the sunny climate to train
for his pilot’s license. “It was my first ex-
perience of moving maps,” he recalls.
“Back then, they were just being intro-
duced into aircraft cockpits.”

A lesson from the cockpit

Obviously, moving maps are a great help
when it comes to navigation —just think
of GPS applications. In addition, they also
enhance safety. For a pilot, it is crucial to
not only know the plane’s present posi-
tion; he or she must also ensure that the
aircraft isn’t on a collision course with a
dangerous obstruction ahead. The pilots
do this by projecting the aircraft’s coor-
dinates—obtained from the GPS—onto a
topographic chart showing the aircraft
in its surroundings. The limits of high
mountains or closed airspace appear so
early in the display that the pilot has am-
ple time to react.

Thomas Bouillon was perhaps not the
first flying anesthesiologist to recognize
the potential of moving maps for the oper-
ating room. For him, the similarities are
obvious: after all, isn’t it the anesthesiol-

ogist’s job to pilot a patient safely through
anesthesia? Indisputable, however, is the
fact that he was one of the very first an-
esthesiologists to do something about ex-
ploiting the potential of this technology for
the benefit of his profession. “The aim,”
he explains, “was to develop a real-time vi-
sualization of the actual state of anesthe-
sia that would help the anesthesiologist in
the operating room to administer the cor-
rect dosage of drugs without the need for
any in-depth understanding of pharma-
cokinetics or pharmacodynamics.”

In the fall of this year Dréger is set to
introduce such an intelligent display to
the market, which will be launched under
the name of SmartPilot View. Dr. Bouil-
lon, who today works as a senior expert
in the Modelling and Simulation depart-
ment at the pharmaceuticals company
Novartis in Basel, Switzerland, is one of
numerous scientists, engineers, doctors
and managers who have contributed to-
ward the development of this high-tech
device.

The key question at the start of the de-
velopment work was how to describe the
real-time state of anesthesia in such a way
that it could be captured and mapped on
atwo-dimensional graph. The problem is
that during anesthesia, a variety of hypnot-
ics and opioids are used. These are admin-
istered either intravenously or as a gas;
their effects last for different lengths of
time. Most importantly, they have an in-
fluence on one another. Some drugs rein-
force, while others diminish, the effect of
other drugs. Despite such complexity, de-
velopers were able to devise a model that
graphically shows the interaction between

hypnotics and opioids during anesthesia.
This was the first step toward the crea-
tion of an anesthesia map. The x-axis
shows the concentration of opioids, the
y-axis the concentration of hypnotics.
The current level of anesthesia is repre-
sented on this graph as a point of light
that moves within the graph. Taking into
account parameters such as age, weight,
and gender, a change in the opioid con-
centration is represented by a movement
of this point of light along the y-axis, and
a change in the hypnotics concentration
by a movement along the x-axis. As the op-
eration comes to an end, the anesthesio-
logist must alter the dosage of drugs in
such a way that the patient wakes up and
experiences as little pain as possible. In
the process, the point of light sinks to zero
on the x-axis. In other words, the concen-
tration of soporifics has been reduced,
while the analgesics are still preventing
the patient from feeling pain.

Remaining within the isoboles

The next step was to mark out the dan-
ger areas on the graph. These indicate
the maximum and minimum concentra-
tions of anesthetic agents and must be
avoided during anesthesia. They show,
for example, where the patient might re-
gain consciousness although surgery is
still in progress, or where the anesthetic
becomes so deep that it would protract
the wakeup phase beyond a reasonable
length of time.

Based on the example of a moving
map, the developers of the SmartPilot
introduced a number of boundary lines
(so-called isoboles) into the graph. The
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upper isobole marks a statistically deter-
mined state in which 90 percent of all
patients show no reaction, whether in
the form of perspiration, increased blood
pressure, or an increased pulse, to the
irritation caused by a laryngoscopy. As
a rule, it therefore makes little sense to
increase the concentration of anesthetic
agents at this point. The lower isobole
marks a state in which only half of all
average patients do not react when spo-
ken to or shaken. Assuming that the pa-
tient is to remain unconscious, it might
therefore be prudent at this juncture
to increase the concentrations of anes-
thetic agents.

What works fine in theory has now
been confirmed by initial practical tests
with the SmartPilot. Experts were partic-
ularly impressed with the operability and
the quality of visualization of the solution,
which Drager will integrate into its Infin-
ity Explorer software platform. “The dis-
play is highly intuitive to use and doesn’t
overtax the anesthesiologist in any way
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during an operation,” says PD Dr. Mar-
tin Luginbiihl, senior physician in the De-
partment of Anesthesiology at Bern Uni-
versity Hospital, Switzerland.

“Ideally suited”

The display features not only a graph
showing the real-time state of anesthesia
but also a variety of other data presented
in easily comprehensible form. This in-
cludes the current concentration of each
administered drug, represented in a dif-
ferent color. In addition, the anesthesio-
logist can mark different points in time
on the display during the course of the
operation. These might include, for ex-
ample, the moment of incision, and thus
enable not only the recording of the pa-
tient’s “flight” through the anesthesia
but also monitoring and allowing for
any differences between the patient on
the operating table and the model data
based on a statistically relevant sample
of patients. “SmartPilot View is particu-
larly useful for helping young anesthesi-

ologists control the course of anesthesia
and the dosage of drugs,” says Martin Lug-
inbiihl. “It’s therefore ideally suited for
training purposes.”

Professor Jiirgen Schiittler, Director of
the Department of Anesthesiology at Er-
langen University Hospital and President
of the German Society of Anesthesiology
and Intensive Care Medicine, agrees. At
the same time, he also underlines the solu-
tion’s importance in supporting processes
beyond the operating room. “First of all,
it improves the overall course of recovery
when the patient is not sent into an un-
necessarily deep narcosis,” he explains.
“And secondly, it reduces the wakeup time
and therefore relieves the burden on per-
sonnel in the recovery room.” Moreover,
there is also a possibility that the SmartPi-
lot might find a use in the intensive care
unit. “If it can be adapted to the param-
eters of a medically induced coma,” says
Prof. Dr. Jiirgen Schiittler, “then it could
bring huge benefits in this area of hospi-

tal activities as well.” Frank Griinberg
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