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As in an aircraft cockpit, all the key data
is intelligently consolidated

has been wrongly connected or remind
caregivers when a particular accessory
has to be replaced. And the fact that the
entire initial ventilation configuration
can be stored on a USB storage device
also makes life a whole lot easier. This
not only makes it much quicker to con-
figure another ventilator but also elim-
inates the possibility of any errors in
manual configuration at this interface.
“These basic concepts can be applied in
any context where doctors and technol-
ogy interact,” explains Dr. Kluge.

Five seconds

Prof. Alwin E. Goetz, Director of the De-
partment of Anesthesiology at Univer-
sity Medical Center Hamburg-Eppen-
dorf, likes to draw on examples from the
world of aviation to describe the para-
digm shift that has taken place in medi-
cal technology (see Interview, page 17).
As he insists, there is no question of using
robots or other machinery to replace doc-
tors at the bedside. Like a pilot, the physi-
cian in the intensive care unit retains full
control over the therapeutic instruments
at his or her disposal. As in the cockpit,
however, at the bedside of an intensive
care patient it’s vital that all the relevant
data is intelligently consolidated and pre-
sented according to the precise clinical
situation. And that means separating the
relevant information from the redundant
data that would otherwise hinder the de-
cision-making process.

The doctor retains the freedom to
add his own individual preferences to
the “doctor-machine interface” via the
touchscreen and various interaction set-

tings, for example. This configuration
can then be saved in exactly the same
way that a pilot can change the scale
and the complexity of the information
displayed on the cockpit instruments ac-
cording to the current requirements and
workload. And just like piloting a state-
of-the-art aircraft, the practice of inten-
sive care medicine is all about enhanc-
ing standardization and eliminating
incompatible interfaces and time-con-
suming searching for the right solution.
All this helps minimize risks and free up
resources.

Yet the UKE is not the only hospital
where the new Evita Infinity V500, as
a component of the Infinity Acute Care
System, is already answering the call
for comprehensive integration in the
clinical setting. Indeed, the new ven-
tilation component is also proving its
worth in Heidelberg, Magdeburg, and
Zurich. What’s more, this approach
is set to spread, because it so patently
meets the needs of a healthcare sys-
tem that is going to be treating more
and more complex cases, introducing
increasingly structured processes, and
continuously enhancing its knowledge
management.

In the middle of explaining all this,
Dr. Kluge is suddenly interrupted by an
acoustic signal coming from the patient
monitor: The patient’s blood pressure
has exceeded a preset limit. Following
five seconds of the doctor’s undivided at-
tention and a quick, experienced scru-
tiny of the display, our conversation con-
tinues. The system has everything under
control. Silke Umbach
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“We’re in a cockpit

situation”

PROF. ALWIN E. GOETZ is Director of the Clinic
and Polyclinic for Anesthesiology and Medical Head
of the Center for Anesthesiology and Intensive Medicine
at the University Medical Center Hamburg-Eppen-

dorf. He believes that the increasing computerization of
medical technology is set to play a crucial role in

the future of healthcare. Here he discusses the medi-
cal and economic aspects of this approach.

Professor Goetz, you’ve long been involved with technological advances in
anesthesiology and intensive care. What have been the landmark moments?
In the past it was common wisdom that a university medical center should have a large
range of equipment, so as to give doctors the chance to get to know all the systems

in use, and adapt their experience to the medical requirements. Today, however, funds
are limited, and the key factor is an increasing computerization of medical equipment.
We're now in what you might call a cockpit situation: thanks to computers we can monitor
a continuous loop of diagnosis and therapy.

Stretching from admission to discharge?

That's right. As soon as a patient is admitted to the emergency room, the essential
parameters get monitored. This monitoring stays with the patient, all the way through
trauma room, radiological diagnosis, anesthetic, operating room, and so on. That

gives us a nonstop feed of vital diagnostic and therapeutic data. And most important

of all, nothing gets lost during transfer to other departments.

Is a greater degree of system integration possible?

Definitely. A system that uniformly integrates all the various components such as
monitoring, ventilation, and volume/cardiovascular therapy also enables greater automation
of the combination of diagnosis and therapy. The ventilation system generates a
stimulus, the patient reacts, and the monitoring system provides feedback. The physician
monitors and receives advisory and early diagnostic and therapeutic notifications.

That generates enormous savings on training. With the old system, there was a host of
different technical platforms, which meant you needed months to get acquainted with

all the technology. At the same time, the old system undoubtedly led to safety issues, as
data was repeatedly getting lost between the different processes. You also had to
constantly readjust. There's a very good reason why airline pilots only fly an A320, for
example, and not a different aircraft every other day. The airlines have learnt that the pilot
and aircraft adapt to one another, and they know the importance of systems integration.
What do such advances mean for the development of new technologies?

We have a genuine cooperation agreement with Drager—we contribute our experience.
If we like something, we get behind this development. If not, as clinicians we also

have ideas about how it might be improved. The demand placed on developers is really
the same as that on the technology itself: integration. In the past, there were
specialists working in their own specialist fields; today, they all have to cooperate

and coordinate their development work with one another.

Will the trend toward greater integration prevail throughout

the healthcare system?

It's normal that cutting-edge technology first gets used in hospitals providing the

very highest levels of care. We conduct very complex surgical procedures here and
treat a lot of difficult cases, so we're certainly right at the forefront of the field.

At the end of the day, however, everyone will benefit from this gain in knowledge.
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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

the anesthesiologist needs in

columns. On the left is a 2D
graph marked with isoboles,

middle column shows impor-
tant vital parameters of the
patient and data related to

tion of active agents. On

the right is various information,
including a prognosis of how
concentrations of anesthetic
agents and effective ingre-
dients will develop over time.
A glance at the display

with information on a
host of parameters and

below the event markers. The

medication and the concentra-

provides the anesthesiologist
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Plain Little Pellets

Drager has always made SODA LIME in house, for its anesthesia devices and closed-circuit breathing

apparatus. It may look a little like cat litter, but it is developed and produced using a high-tech process.

THE RIGHT TOUCH: Thorsten Peters
takes a small lump of white soda lime
paste in his left hand and scrapes part of
it off with the thumb of his other. The Pro-
cess Technician—who originally trained
as an Electrician—can tell whether or
not the paste has the correct properties
for further processing, simply by studying
the shine of the fresh surface. Peters is
standing in a large hall, where soda lime
is manufactured 24 hours a day, 365 days
ayear. “We develop and manufacture our
soda lime ourselves, so we can ensure that
everything works together trouble-free,”
says Mechanical Engineer Benoit Donot,
explaining the reasoning behind the con-
cept. As Project Manager, Donot planned
and supervised expansion of production,
while his colleague Peters was in charge
of the move from the old production lo-
cation to the large factory hall on Reval-
strasse, Liibeck, Germany.

Soda lime. It absorbs carbon dioxide
from exhaled air flowing through it (see
also box p. 22). In fact, the world’s first
anesthesia device with a rebreathing sys-
tem (1924) relied on a development from
Drager’s plant. At a glance, today’s gran-
ules look a little like cat litter, only whiter
and in the form of half-round (planocon-
vex) lenses, each weighing in at just 25
milligrams. The cartridge of a CLIC dis-
posable absorber contains about 40,000
of these pellets, which in total have an in-
ternal surface area roughly equal to that
of a soccer field. As Peters explains, only
this regular form of soda lime can ensure
the high efficiency and consistently repro-
ducible performance that is the objective
of in-house production.

Until the end of the 1970s, production
in Liibeck was exclusively in the form of
broken lime, which was always irregu-
lar in texture, despite careful comminu-
tion into defined grain sizes—and so suf-
fered from associated inconsistencies in
its properties. Manufacturing the mate-
rial was a very dusty process, and this un-
desirable formation of dust continued to
cause problems: The sharp edges of the
grains rubbed against one another during
transport in containers and cartridges,
remembers Thorsten Peters. In addition,
formation of unwanted channels through
the broken lime was a recurring problem
during its use —the respiratory air would
take the path of least resistance through
the irregular lime, forming channels.
These channels in turn reduced the con-
tact time, and therefore the useful life of
the soda lime.

Recipes for every application

The quality of the soda lime thus clearly
has a decisive effect on how the overall
system functions. That is another reason
why Dréger keeps the entire production
chain in house. “Thanks to the compa-
ny’s wide range of recipes, it can make
sure that anesthesia devices with re-
breathing systems or closed-circuit div-
ing and breathing apparatus function op-
timally for their specific application and
according to the latest technology,” says
chemical engineer Annette Kosegarten,
explaining a decision made in 2002 that
called for initially putting two production
lines in a new hall —to which a third line
was recently added, in order to keep up
with the strong demand.
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Quality starts |
at the beginning:

paste to finished
soda lime, in !
cartridges and
ready for
use—Thorsten
Peters and six
employees have
the entire pro-
cess chain well
under control.

T
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Machines develoged
:Eirduse ensure
efficient production,
all the way to the
cartridge-filling stage.
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The production sequence is basically the
same for all lines and all recipes. Highly
reactive and pure white lime from a spe-
cific quarry in central Germany is exclu-
sively used for the starting material, be-
cause, as Kosegarten says, quality starts
at the beginning.

The food-grade ground lime is deliv-
ered in semi-trailers capable of trans-
porting up to 26 tons, and compressed
air is used to blow the material from the
trailer tanks into the silos. Water and
other chemicals are then added to form
a paste. This triggers a strongly exother-
mic reaction, rapidly releasing enormous
amounts of heat.

Parallels with industrial baking

“For reasons related to environmental
protection and economics, the company
uses a cyclic system,” explains Donot,
who has also saved significant amounts
of energy by utilizing the reaction heat.
Calcium hydroxide is the main constit-
uent of the paste. The most important
minor component is sodium hydrox-
ide, which serves to accelerate the de-
sired reaction with carbon dioxide. Ad-
ditional chemicals, for example in the
Drégersorb Free soda lime, which was
developed for use in anesthesia, prevent
the formation of unwanted decomposi-
tion products, which can occur in con-
tact with standard halogenated inhala-
tion anesthetics—particularly in low and
minimal flow anesthesia. These recipes
also include an indicator to show when
the CO, has dissolved in the water of the
soda lime and formed carbonic acid. The

pH value changes from basic to acidic, >
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A hall full of details that deserve to be patented: Every production step is optimized for perfectly consistent quality.

causing the previously white-colored in-
dicator to turn distinctly violet. This pro-
vides a clearly visible signal indicating
that it is time to change the absorber.
The parallels between the produc-
tion of soda lime and industrial baking,
which also relies on secret recipes and
process steps, should already be appar-
ent—and they are unmistakable in the
next steps. After being placed in a vat,
the paste is granulated. The pellets of
soda lime are dried and shaken out of a
mold. And that is it, finished. Yet even the
steps from the paste to the pellets are the
fruit of many patent-worthy processes
and long series of experiments. Drager
specified and developed the machines in
close collaboration with plant engineers,
Donot says, referring to the construction
of the production line. The process in-
volved give and take between equal part-
ners. An open exchange of ideas and a

transparent, fair price for the machinery
lead to constant but affordable improve-
ments, adds Peters, who also uses a con-
cept called TPM (Total Productive Man-
agement), which makes it possible for
suggestions for improvement from pro-
duction personnel to be rapidly imple-
mented in the production process.

Making an impact

The smooth, stainless steel walls of the
drying cabinets, in particular, conceal
lots of refinements. Even the fittings of
the doors hold a few secrets. And that is
even more true of the drying process, as
Peters says, because the company wants
to achieve consistent results with a mini-
mum heat energy. Otherwise the soda
lime pellets will fracture, leading to irreg-
ular shapes and an increased tendency
toward dust formation during container
transport. Baking oven manufacturers

test their designs in a similar way, using
a cookie dough that reveals the scope for
improvement if it displays uneven brown-
ing. Once we get to the beater, Peters is
wavering between pride in the design,
which is unique in terms of the mate-
rial and technology used, and the essen-
tially secret nature of one of the central
production steps. This module is equally
important in terms of quality and cost-ef-
fectiveness, and it is the result of a great
deal of inventiveness.

Before the soda lime pellets go on to
be packaged, samples are taken and sub-
jected to strict checks in the in-house
quality assurance department. Only af-
ter this step it can be released for filling.
Disposable absorbers, changeable even
during the operation thanks to the CLIC
concept, have become standard in anes-
thesia, ensuring even greater utilization
of the absorber filling and thus reduc-
ing costs, says Peters. Automatic checks
are carried out at every step, from fill-
ing the absorbers to sealing to packing
into cartons.

The right chemistry:

Exhaled air contains around four percent carbon dioxide. Soda lime removes

this CO,, so that the remaining air—enriched with oxygen—can be fed back into the
breathing circuit. The process takes place in a number of steps:

» Carbon dioxide and the water contained in the soda lime react to form

carbonic acid: CO, + H,0 = H,CO,

» In the second intermediate step, the carbonic acid reacts exothermically with sodium

A total of six employees manu-
facture soda lime, using a fully auto-
mated process in a hall half the size of a
soccer field —with less dust to be found
than you would expect to see in the
back corner of a closet. The computer-
supported processes can be remotely
hydroxide to form sodium carbonate and water: monitored and controlled via the Inter-
H,CO; + 2 NaOH = Na,CO,4 + 2 H,0 + heat
» Finally, the sodium carbonate reacts with the slaked lime to form calcium carbonate
and sodium hydroxide: Na,CO, + Ca(OH), = CaCO, + 2 NaOH

100 grams of soda lime can absorb up to 15 liters of carbon dioxide.

The soda lime produced by Drager utilizes the kinetic limits of these reactions to a very

net, Peters reports. The team ensures
that a consumable material upon which
lives depend will continue to be produced
in Liibeck—in consistent quality, for
various purposes, and in increasing quan-
Nils Schiffhauer

high degree. tities.
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Drug Test from Saliva Sample

A saliva-based drug test can offer an alternative to conventional urine
tests in hospital emergency rooms, emergency physicians’ offices, and
other medical facilities. About 0.0003 liters of saliva are sufficient for
the Drager DrugTest 5000 to provide reliable, mobile, and fast detection
of all commonly encountered narcotics. In a few steps, the unit tests for
amphetamines, designer amphetamines, opiates, cocaine and its meta-
bolites, benzodiazepines, and cannabinoids.

The test cassette with its integrated oral fluid collector
is slid into the analysis unit. Once the unit's door is closed, the inserted
buffer cartridge [21is automatically 141 lowered by a motor. The contents
of the cartridge wash out the sample. A sophisticated temperature and
ventilation system E, (6] ensures constant reaction conditions, thus

ensuring a precise measurement. An integrated rechargeable battery
supplies the unit with power and ensures its mobility. The optical
sensor unit evaluates the characteristic reaction pattern on the test strip
with high precision, and results for each individual substance class are
clearly displayed on the LCD screen (],

The embedded microprocessor can store up to 500 data sets —in
addition to controlling the entire DrugTest 5000, and the Analyzer imme-
diately signals operating errors both acoustically and optically, ensuring
the quality of the procedure. The unit features a number of different
interfaces (PS2, USB, IR) e.g. for a keyboard or a barcode scanner. This
allows not only input of personal data, but also hard-copy documenta-
tion by means of a printer.






