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6 
EARTHQUAKES

They seemingly come 
from nowhere and 

shake anything that man 
has ever built. But 

what causes them and 
how can people 

protect themselves?

54 
FETAL SURGERY

They haven’t even been born yet, 
but their lives are already in 
danger. An operation in the womb 
can help fetuses. Knowledge and 
experience above all else are needed 
to ensure a successful procedure. 
Both can be found at University 
Hospital Gießen and Marburg in 
Germany.

22 
GAS CLOUDS

They propagate in the shape of a 
cigar and are mostly invisible. 
Continuous measurements provide 
assurance and a new measuring 
concept defines standard scenarios for 
providing protection from hazardous 
gases, vapors, and aerosols.

Around 688 billion dollars 

will be the value of the global beer market by 2020, according 

to experts – more on page 48.
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EXPERIENCE  FROM AROUND THE WORLD

Sunita Khadka, intensive 
care nurse at Shahid  
Gangalal National Heart 
Center,  Kathmandu/Nepal

“I have previously worked at other  
hospitals, but I trained here to 
be an intensive care nurse. Life in 
 Kathmandu is changing rapidly. There 
used to be hardly any cars, no tele-
vision, and no telephone, so from that 
 perspective, life is better now. I primar-
ily work with adults, some are hard 

to forget. There was once a 55-year-
old man, he’d had a bypass operation 
and recovered quickly after the pro-
cedure. His condition suddenly dete-
riorated and after 30 days we were 
unable to do anything more for him. 
What makes me happy? Serving and 
helping other people. It is not very 
nice when we don’t manage to do that 
and the relatives blame us. Of course, 
it’s a natural reaction, along with the 
helplessness and grief. Sometimes we 
know beforehand when the prognosis 

doesn’t look good, then it is important 
to leave your emotions behind at the 
hospital. At the end of my shift I hand 
over the patients to the night nurse, 
that is also emo tional. Nowadays I 
work more as a manager of the nurs-
ing department and would soon like 
to move into the administrative side 
of things, that would be my next career 
move. When you do the same thing 
day in, day out,  frustration can soon 
set in, but that doesn’t  happen if 
you try new things.”
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Trine Signebøen, 
quality manager at AXXE 
in Berg/Norway

“Even as a kid I wanted to know how 
modern technology worked – like 
when I dismantled my grandmother’s 
radio to study what was going on 
inside. Yes, in the process I have re-
ceived many electrical shocks! This 
also influenced my choice of career; 
I trained to become a radio and 
tele vision engineer. I found my first 
job at a telephone company – there 
were 50 of us, including two women, 
and we installed telephone systems. 
Older people in private households 
were rather skeptical towards me: 
“Young lady, are you sure you know 
what you’re doing?” In factories and 
companies young women had no such 
problems. It is hard to believe that 
I have now been working in the indus-
try for more than 30 years. In the be-
ginning I undertook technical repairs 
and then I undertook additional train-
ing. Nowadays I am responsible for 
quality management and New Product 
Introduction at AXXE. We manufac-
ture complex electronics: from a sam-
ple product and small-scales series 
such as transmitters for GasSecure 
(see also page 62) to batches of hun-
dreds. It’s not just a matter of guar-
anteeing functional quality, but also 
 ensuring compliance with extensive 
regulations – in the case of products 
for the defense industry, for instance. 
I am still familiar with the technolo-
gy of the individual transistors. When 
you see the packing density of the small 
surface-mounted components these 
days, you can appreciate the progress 
made, but also the complexity. May-
be it wasn’t exactly my dream to work 
within four walls all day, but back 
then there was no other alternative in 
our small town. But I still enjoy the 
responsibility that comes with the job.”
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FOCUS  EARTHQUAKES

The 
 Quaking
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A rumble from the depths: 
Tectonic shifts generate a phenomenal 

amount of energy, rising to the earth’s surface 
as earthquakes – often with devastating 

consequences. Research is improving forecasts 
and protection. Some smartphone apps (like 

Earthquake 3D, seen here) offer a fascinating 
view of seismic activity around the globe
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Planet
Earthquakes seemingly come from nowhere: They 
shake and rattle everything built by man. Their 
destructive power is  immense – but what causes them 
and how can people protect themselves? 

Text: Niels Boeing, Steffan Heuer

Anyone who drives south from San 

Francisco will see them all: the head-

quarters of the countless IT compa-

nies whose inventions set today’s digi-

tal pace. Yet while Apple, Google, and 

the rest work on the next big thing, a 

future of a completely different kind 

lurks underground. That’s because the 

global high-tech center is located in one 

of the world’s most dangerous geologi-

cal areas – this is where the huge con-

tinental plates of the Pacific and North 

America grind past one another.

It is 110 years since the stress on 

the faults accumulated over centuries 

triggered a devastating earthquake 

and razed large parts of San Francis-

A
co to the ground within minutes. It has 

remained relatively quiet ever since, but 

the earth continues to send signals every 

now and then. In 1989 a quake with a 

magnitude of 6.9 claimed the lives of 63 

people, and when another struck in the 

northern town of Napa in August 2014, 

damage totaling a quarter of a billion 

US dollars was caused in just 26 sec-

onds. Experts say the calm that has pre-

vailed ever since is deceptive. In its lat-

est models, the United States Geological 

Survey (USGS) raised the probability of 

a devastating earthquake with a mag-

nitude of 8.0 occurring within the next 

30 years to seven percent. The poten-

tial damage caused by “The Big One,” 
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FOCUS  EARTHQUAKES

as Californians call it, would be huge. If 

the  particularly stressed Hayward Fault, 

east of the bay, were to slip, it may dis-

rupt water supply lines from the Sier-

ra Nevada and destroy port facilities, 

runways, and expressways. In the IT 

industry, data centers that store huge 

amounts of data could fail. Depending 

on the magnitude of the quake, dam-

age is estimated to be anything between 

25 and more than 200 billion US dol-

lars. Since the Bay Area is linked to the 

entire world via its services, “the effects 

of a high-tech earthquake could be felt,” 

warns the US trend researcher Paul Saf-

fo. The Californian conurbation, which 

continues to grow, is one of around 15 

densely populated regions in the world 

that must be braced for a disaster. The 

world of science is only gradually begin-

ning to understand what is actually 

happening underground and the pic-

ture is far more complex than previous-

ly assumed. Earthquakes are primarily 

the consequence of huge rock masses on 

continents and ocean floors slowly mov-

ing in different directions. If the Pacif-

ic plate drifts in a northwesterly direc-

tion a few centimeters each year and 

the North American plate drifts toward 

the southwest, the two will come into 

contact. Their edges often slide passive-

ly past each other, but sometimes the 

rocks snag on sections measuring sever-

al kilometers – like on the San Andreas 

Fault in California. 

Six earth tremors per minute
While the plates that weigh quadrillions 

of metric tons continue to push forward, 

a tremendous amount of stress builds 

up – until the point is reached when 

both edges are suddenly freed from one 

another with a sudden jolt. The accu-

mulated energy released is sometimes 

thousands of times bigger than the deto-

nation of the Hiroshima bomb. The sur-

faces to the right and left of the fault 

race past one another at lightning speed, 

tearing roads and fences apart and leav-

ing the different sections several meters 

The 
number of 
faults 
is huge

San Francisco 1906: 
Around 3,000 people 
died in this once-in-a-

century earthquake. 
Meanwhile, it helped 

to give mechanic Otto 
Feige a new identity. 
In 1907 he adopted 

the name of Ret Marut 
from San Francisco, 

where all birth registers 
had been destroyed. 

Under the more recent 
 pseudonym B. Traven 

he achieved world fame 
as an author (writing 
The Treasure of the 

Sierra Madre, among 
others)
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apart. The first person to correctly 

explain this process was the American 

geophysicist Harry Fielding Reid. His 

elastic rebound theory published in 1910 

continues to form the core of modern 

seismology to this day. However, Reid 

could never have guessed at just how 

rugged and dynamic the earth’s crust 

is. “The number of faults on our planet 

is huge,” says Professor Onno  Oncken, 

geophysicist at the German Research 

Center for Geosciences (GFZ) in Pots-

dam. It permanently rumbles and trem-

ors on one of the fault lines. There is 

an average of six earthquakes a minute 

worldwide, which in the worst case – at 

a magnitude of 4.9 – can cause crock-

ery to rattle and doors to flap. Almost 

1,000 times a year there are earthquakes 

with a magnitude of between 5 and 5.9, 

which can seriously damage poorly con-

structed buildings. Larger tremors are 

significantly rarer. 

Like a game of pick-up sticks
Less comforting is the fact that the 

faults do not exist independently of 

one another. “They react in unexpect-

ed ways to subtle stress that is caused 

by the slipping and shaking in neigh-

boring faults,” says Ross Stein, who 

worked at the USGS until recently. 

This supposition first came to him and 

his colleagues in 1992 when they were 

investigating the earthquakes in the 

Californian desert locations of Big Bear 

and Landers, which happened within 

three hours of each other. A closely 

linked sequence of events of this kind 

is actually not that unusual. Each large 

Designed to withstand earthquakes, Taipei 101 stands 508 meters tall. The main body of the 
tuned mass damper, whose diameter measures 5.5 meters (right), is made up of 41 circular steel plates, 
each 125 mm thick. The damper is designed to offset movements caused by earthquakes and typhoons.

Helpful energy guzzler 
It is probably the most spectacular symbol of earthquake-resistant architecture: the 
Taipei 101 skyscraper completed in 2004 in the Taiwanese capital of Taipei. Its 
101  stories are not only home to the country’s financial center, but also a glamorous 
mall and the STAY restaurant, which has been awarded three stars by the Michelin 
Guide. The glazed observatory deck on the 88th and 89th floors also invites people to 
stay a while, as does the outdoor observatory deck on the 91st floor. Its architecture 
is based on a bamboo shoot. At 509 meters it is still the second-tallest office building 
in the world and can withstand any movements caused by the wind and the earth. 
This is crucial, because the Eurasian Plate and the Philippine Sea Plate converge 
beneath the island republic. In addition, typhoons with wind speeds of up to 300 
kilometers an hour threaten the region. Both forms of energy cause the building to 
sway. These movements are absorbed by the world’s largest tuned mass damper, 
which weighs 660 metric tons and is suspended between the 87th and 92nd floors by 
16 steel cables, each the thickness of an upper arm. By swaying one and a half meters, 
it reduces the movement of the building by half. This design by the Canadian civil engineer 
Scott L. Gamble cost four million US dollars and has already proved itself in practice 
on a number of occasions. On December 19, 2009, for instance, an earthquake with 
a magnitude of 6.8 whose epicenter was 110 kilometers away in Hualien caused as 
little damage as the subsequent tremors and typhoons. Similar designs also protect 
other skyscrapers – and even the offshore platform Sakhalin-I, which produces oil 
and gas from a depth of over 12,000 meters.
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shock is followed by several aftershocks 

that gradually get weaker. Yet Landers is 

40 kilometers away from Big Bear and 

with a  magnitude of 7.3 the earthquake 

there was stronger than the one that 

 preceded it. 

The experts came to the conclu-

sion that they must have been separate 

events. An analysis of the measurement 

data led to the discovery that part of the 

energy released from the earthquake in 

Big Bear propagated as far as the fault in 

Landers and triggered the next quake. 

It is a little like a game of pick-up sticks: 

If you pull out a stick, others can start 

to topple and the weight redistributes 

itself. “We have to go on the assumption 

that every quake can trigger another,” 

says geophysicist Oncken, confirming 

one of the most important seismolog-

ical insights of recent decades. When 

the intensity of all recorded quakes is 

analyzed, it is clear that their frequen-

cy follows a special mathematical dis-

tribution. It is typical of a chaotic sys-

tem whose future development cannot 

be precisely calculated. “Large parts 

of the earth’s crust are located close to 

the critical point where a butterfly effect 

can occur,” explains Oncken. Unlike in 

 classic physics, minute changes can 

have a huge impact. A single grain of 

sand that falls on a pile of sand in a crit-

ical state can cause an avalanche – it 

cannot be calculated when this effect 

will next occur.

This is also the reason why the 

 Potsdam-based geoscientists literally 

conduct experiments in a sandbox to 

simulate linked earthquakes and bet-

ter understand what causes them. It 

simply isn’t possible to do this in the 

great outdoors. “We would need to sit 

next to the same fault for about 1,000 

years in order to do that,” says Onck-

en.  Others are also investigating this 

phenomenon. The Moscow-based seis-

mologist  Vladimir Kossobokov suspects 

that the range relating to the impact 

that stress changes have on other frac-

ture zones could be ten times bigger 

than the fault itself. Kossobokov and 

other geophysicists consider it plausi-

ble that the  devastating seaquake in 

the Indian Ocean at the end of 2004, 

whose  tsunami killed 230,000 people, 

is responsible for the string of serious 

quakes in the years that followed. The 

fact that the serious earthquakes in 

Sichuan in central China (2008) and 

Christchurch in New Zealand (2010) 

surprised many seismologists also fits 

in with this new theory. Even though 

they were aware of faults in both loca-

tions, they didn’t  consider them to be 

acutely at risk. 

The problem with forecasts
So is there really no possibility of unlock-

ing the secrets of the earth’s crust? 

The situation isn’t quite as hopeless 

as that. “It is now possible to combine 

observations at ground level, in deep 

What should you 
do when the 
tremors come?
Anyone traveling to a country vulnerable 
to earthquakes should heed the 
advice of the German Research Center 
for  Geosciences (GFZ) in Potsdam:

•  Only stay in apartments or hotel 
rooms that have been built in line with 
earthquake-resistant standards.

•  If the earth begins to quake while 
you are inside a building, do not leave 
it and also avoid using the elevator. 
Instead, you should take cover under 
a heavy piece of furniture, stand 
in a  stable door frame, or lie down 
between  densely packed furniture 
that would lean against each other 
if they toppled over. 

•  If outside, you should seek a wide 
open space so as to avoid being hit by 
falling building parts. If you happen 
to be  driving, you should remain in the 
vehicle and stop by the side of the 
road, but not close to trees, buildings, 
or bridges.
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Leaflets on earthquakes and tsunamis 
The GFZ provides 
comprehensive information: 
http://www.gfz-potsdam.de/en/
media-communication/infothek/
leaflets/

Practice makes perfect: Regular disaster 
drills like this one in Japan are performed 
in many regions vulnerable to earthquakes.
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EARTHQUAKES  FOCUS

boreholes, and from space,” says GFZ 

 researcher Jochen Zschau. With the 

help of the Global Positioning System 

(GPS) the movements of rock masses 

along the fracture zones can be record-

ed at ground stations. While the stations 

continue to move in unison with the tec-

tonic plates at many points, they bare-

ly budge in the places where the faults 

are snagged. Based on the various move-

ments, calculations can be made to 

determine whether the stress is increas-

ing. In turn, with the help of radar inter-

ferometry, it is possible to trace how the 

rock masses rise or fall in the ongoing 

play of forces. 

When will it happen again?
With the knowledge of previous quakes, 

it is possible to identify sections along 

thousands of kilometers of tectonic 

plate joints where activity is overdue. 

One such 400-kilometer-long “seismic 

gap” was the area around the central 

Chilean city of Concepción. Here the 

Nazca Plate was unable to move under 

the South American Plate at its usu-

al speed of 6.6 centimeters a year, but 

instead was snagged on it. On February 

27, 2010 the rock masses could no lon-

ger withstand the pressure and the accu-

mulated stress erupted in an earthquake 

with a magnitude of 8.8 – the fifth most 

powerful since the beginning of modern 

measurements. A large seismic gap still 

remains in northern Chile. The earth-

quake that occurred there on Septem-

ber 17, 2015 with a magnitude of 8.3 only 

relieved the tectonic stress locally to a 

limited extent. 

When will it happen there again? 

Due to the chaotic and critical state 

of the earth’s crust, most scientists 

assume that we will always have to set-

tle for an unsatisfactory estimate of 

the probability. Others hope to employ 

sophisticated mathematical meth-

ods to discover patterns that would 

Sumatra 2004: The epicenter of this 
extreme earthquake (magnitude: 9.1) was 
located 85 kilometers northwest of the 
 Indonesian island. It also caused a tsunami, 
killing a total of 230,000 people
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earthquakes 
indicate 
where 
 activity may 
occur soon
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make the impossible possible after 

all. Stuart Crampin,  geophysicist at 

the  University of  Edinburgh, is con-

vinced that he has found a reliable key: 

a change in the shear waves caused 

by countless micro-faults in the rock. 

If the  intervals between the signals of 

both shear wave components suddenly 

drop, this would indicate a change in 

stress that presages an earthquake. The 

direction and  distance of the seismic 

center could then be identified with 

the help of  various signals sent from 

sensors in three  separate boreholes. 

Crampin calls this method “stress fore-

casting” –  drawing a deliberate analo-

gy with weather  forecasting, which may 

not be exact in the long term, but at 

least provides  reliable forecasts in the 

short term.

The Briton proposes the building of 

a global network of 200 measurement 

stations, each with three depth  sensors. 

The costs are not  inconsiderable. 

Crampin puts them at between five and 

ten billion US dollars. But he stresses the 

investment is worth it when compared 

to the damage that could be avoided as a 

result. There is  another advantage: The 

sensors could also be installed in sub-

marine  boreholes, because half of all 

quakes occur on the ocean floor. “Sat-

ellites are not useful for observing geo-

logical processes here,” says Crampin. 

He has only tried out his approach in 

Iceland so far. Meanwhile, China has 

expressed an interest in an experimen-

tal station, says the  researcher, who is 

 disappointed about the fact that he has 

thus far been unable to convince the 

experts of his approach, despite “clear 

evidence.”

Early warning system 
controls elevators
It is likely that people will have to con-

tinue to live with the uncertainty in 

future. And yet: “The earthquake ear-

ly warning system has made good prog-

ress,” says Hiroo Kanamori, one of the 

most renowned seismologists at the Cal-

ifornia Institute of Technology. A pio-

neer in this field was his native Japan, 

which is particularly vulnerable and has 

two comprehensive early warning sys-

Seismo-
graphs brake 
Japan’s 
Shinkansen 
high-speed 
trains

Kobe 1995: More than 6,000 people 
perished in just 20 seconds. 

That’s how many lives were claimed by 
the  earthquake with a magnitude 

of 7.3. It even folded up reinforced 
concrete bridges like origami
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tems. One of them, the UrEDAS (Urgent 

Earthquake Detection and Alarm Sys-

tem), was built by Japan Railways. If 

seismometers pick up unusual earth 

tremors along or near the railway lines 

on which the Shinkansen high-speed 

trains travel, the brakes will be automat-

ically applied to the trains. The other 

system, operated by the Japanese weath-

er service JMA, was a reaction to the 

surprising earthquake in Kobe. Around 

1,000 measuring stations, which are no 

further than 20 kilometers apart from 

one another, cover the entire island 

state. If the fast yet innocuous P-waves 

are detected at some of the stations, 

the location and strength of the quake 

is calculated in a computer center on 

the basis of the vibration pattern record-

ed. Within a matter of seconds a mes-

sage is relayed to the authorities, radio 

broadcasters, and mobile phone opera-

tors, who convey the alarm to the gen-

eral public. Areas situated more than 

30 kilometers from the epicenter gain 

valuable seconds to prepare for the 

arrival of the slower (yet much more 

dangerous) S-waves. Every September 

there is a nationwide disaster drill so 

that every Japanese person instinctive-

ly knows what to do in the event of an 

alarm. Elevators have also been linked 

to the system since 2007 so they can 

automatically stop at the next floor and 

open the doors after the warning has 

been received. Other states have also 

established regionally limited systems. 

The alarm signals are not made pub-

lic everywhere for fear of triggering a 

mass panic –unjustly, as scientific stud-

ies of earlier warnings in Mexico and 

Japan have shown. Thanks to the ubiq-

uity of the smartphone, experts are also 

working on personal early warning sys-

tems designed to make residents aware 

of at-risk areas – ideally long before the 

danger occurs. One of them is the for-

mer USGS employee Ross Stein. He has 

developed the Temblor app, which cal-

culates the individual risk and the cost 

of any potential protective measures. 

Users simply have to enter their address 

and the app determines the “seismic 

risk” based on several public databases, 

taking into account the ground condi-

tions. Depending on the data available, 

it is even possible to calculate the cost 

of any potential repairs, retrofit mea-

sures, and earthquake insurance cover. 

“Those who live in an at-risk area are 

often not even aware of the dangers,” 

says Stein. 

Shear walls protect – 
so do woven mats!
It is all the more important for at-risk 

regions to make alternative plans. A 

comparison between Port-au-Prince 

(Haiti) and Christchurch (New Zea-

land) shows the difference made by 

whether a country can adhere to safe-

ty standards or not. Both earthquakes 

occurred in 2010 and were of a simi-

lar magnitude of 7.0 or 7.1. Yet 230,000 

people died on the Caribbean island, 

while nobody died in New Zealand. The 

fact that only three-quarters of a mil-

lion people live in New Zealand’s sec-

ond-largest city compared to 2.2 mil-

lion people in Port-au-Prince only goes 

some way toward explaining the extent 

of devastation. “New Zealand is one 

of the world’s leading countries when 

it comes to making existing buildings 

earthquake-resistant and complying 

with safety standards for new build-

ings,” says James Daniell, disaster 

researcher at the Karlsruhe Institute 

of Technology. These measures would 

have been unaffordable in poverty-

stricken Haiti (see Dräger Review 113; 

p. 6 ff.). Daniell puts the cost of retro-

fitting a building at 30 to 40 percent of 

the overall value. From a technical per-

spective, quite a lot can now be done 

to prevent a building from collapsing. 

One common option is the use of robust 

shear walls that extend asymmetrical-

ly from the foundations to the roof of a 

new building. This counters the lateral 

forces acting on the building during the 

“rolling” motion of the ground, which 

simultaneously moves back and forth as 

well as up and down due to the effects of 

the Rayleigh waves. On floors that mere-

ly rest on the struts of the one below, 

they can buckle and their load can lead 

to others collapsing. In Chile, for exam-

ple, all new reinforced concrete build-

ings are designed with shear walls. With 

success: After the huge Maule earth-

quake in 2010 just 0.5 percent of all new 

multistory buildings (constructed since 

EARTHQUAKES  FOCUS
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1985)  suffered significant damage – and 

the figure was just 2.8 percent for high-

rise buildings with more than nine sto-

ries. “The earthquake showed that it 

is possible to employ a wide range of 

technical measures,” says Dr. Michael 

Spranger, geophysicist and earthquake 

expert from ERN in Mexico, a compa-

ny which, among other things, models 

earthquake risks based on data. 

There are now also intelligent 

damping systems that require sen-

sors throughout the entire building. 

On the basis of the movements they 

measure during an earthquake, con-

trol commands are calculated in real 

time in order to use motors to tension 

steel cables in the building shell, for 

instance, or activate shock absorbers 

in the foundations that contain special 

liquids. These are in the form of oils 

with metallic particles which turn into 

a highly viscous gel when an electri-

cal field is suddenly applied, making it 

possible to better absorb the forces. But 

buildings can also be made even safer 

retrospectively by reinforcing concrete 

pillars so that they do not collapse under 

the pressure of the upper stories. To this 

end, Masoud Motavalli, a civil engineer 

at Empa, the Swiss state research insti-

tute, has the pillars wrapped in car-

bon-fiber-reinforced plastic (CFRP): 

“Unlike steel strips, CFRP cannot cor-

rode, is easier to install, and occupies 

less space.” At the same time, the ten-

sile strength of the joints is four to five 

times greater than that of steel strips. 

Even simple brick-built structures can 

be made safer in a similar way. Howev-

er, researchers at the University of Kas-

sel and Stanford University do not affix 

expensive plastics to the brickwork, but 

mats made from natural fibers, which 

are also available in poorer countries. 

The mats may be made from rice or 

potato sacks, or from hemp. 

Yet even the best early warning sys-

tems and perfectly observed building 

regulations will not prevent thousands 

of injuries or even deaths after a serious 

earthquake, especially if it occurs during 

rush hour rather than the middle of the 

night, as was the case in Christchurch. 

Even in countries with good medical 

care it is not a given that hospitals will 

continue to function in the aftermath 

of an earthquake. This is also the rea-

son why Dräger began to give its med-

icotechnical equipment a good shake 

at a testing center in the Japanese city 

of Yokohama following the Kobe earth-

quake. “Our devices withstood every 

kind of stress – even the maximum stress 

(9.0), which is equivalent to the Tohoku 

earthquake on March 11, 2011,” says 

Owe Hartz from Dräger, who is respon-

sible for the Asia–Pacific region. Elec-

tronic components, cable connections, 

and housing fittings have to be very 

robust to ensure that  operating lights 

and even ceiling supply units are able 

to withstand severe tremors. The seri-

ous earthquake in Chile, among  others, 

pro vided the acid test for the Dräger 

de vices, which survived unscathed. 

Equally important are initiatives of 

the kind for which the residents of San 

Francisco regularly prepare. They keep 

essentials ready in a rucksack so that 

they have vital supplies for at least 72 

hours – principally water and cash. This 

is why the campaign and the Web site 

are also called sf72.org. Experts warn 

that constantly fueling fear isn’t very 

helpful, which is why the message on 

the Web site is “connection not catastro-

phe.” It is clear: The threat from under-

ground will not disappear this century, 

whether in California, Japan, or else-

where. Yet with forward-looking invest-

ment in early warning systems, building 

technology, and medical systems, there 

is a good chance such events will one 

day be a thing of the past. 

A highly 
viscous 
gel in the 
 foundations 
can make 
 buildings 
safer

VIDEO: TEST IN YOKOHAMA 

Dräger supply units and 
operating lights passed simulated 
earthquake tests in Japan
www.draeger.com/114/japan
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Inside and outside: There is an 
air of calm on the benches in front of 
the Shahid Gangalal National Heart 
Center, while the foyer is bustling
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Ravioli
 in Bed
Internationally trained doctors help patients to recover in Nepal’s biggest 
cardiac hospital in Kathmandu, while relatives provide sustenance.

Text: Barbara Schaefer

Dr. Jyotindra Sharma – the cardiac 
surgeon is head of the Shahid Gangalal 
National Heart Center in Kathmandu

Dr. Jyotindra Sharma goes into raptures when he thinks of 

Vienna: “I miss the Käsekrainer sausages,” says the director of 

Shahid Gangalal National Heart Center (SGNHC). After grad-

uating in Pakistan, the man from Nepal trained to become a 

cardiac surgeon at Vienna General Hospital. “I used to go jog-

ging along the banks of the Danube at the weekend and I also 

visited the wine taverns.” Only he has bad mem-

ories of the Sturm, as the new wine is known in 

Austria. “I enjoyed drinking it,” says the 44-year-

old, “but hated it the next day.” Jogging by the river 

in Kathmandu is not a good idea. Not just because 

the Bagmati is sacred – they cremate their dead in 

the Pashupatinath Temple and scatter the ashes in 

the river – but because Kathmandu’s air pollution 

is almost legendary. Some people bring a case of 

bronchitis back from their vacation. Mopeds clatter 

through the heavy traffic, buses pollute the air, and 

dust hangs over the rooftops, especially during the 

dry season, when it doesn’t rain for months on end.

D

“There is no state health-care system in Nepal,” explains Shar-

ma. Patients must cover the costs themselves. Under 14s and 

over 75s are treated free of charge; the government pays for 

the diagnosis and therapy. People in need are given assistance 

of 100,000 rupees (850 euros) for an operation. With 180 beds, 

the SGNHC is the biggest cardiac center in the country. It is 

a two-story, light green building housed in a former shoe fac-

tory. Visitors sit on the grass in the garden. Jyotindra Shar-

ma walks across a large room; by one bed a father is reading 

something to his child, who has recently had an operation. 

People crowd around the edges of beds and chairs – women 

in red saris, men in Western clothing. The patients virtual-

ly disappear in their beds. “Sometimes we have to send vis-

itors home if too many relatives turn up. There were hard-

ly any visitors in Vienna.” Since the food has to be purchased 

in the hospital, relatives generally bring sustenance for the 

patients with them. Momos are a particular favorite, a kind 

of Nepalese ravioli. 
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Patients are sent home five days after the operation at 

the  latest; then their extended families care for them. 

 “Furthermore, people in Nepal are much younger when they 

have an  operation. When I started working at the cardiac 

hospital in Vienna, I thought I had ended up in the geriat-

ric department!” While men and women are both often ill 

in Nepal’s cities, women in the countryside are 

affected considerably less. “Women do not smoke 

here,” explains Sharma, while men “smoke like 

chimneys.” In addition, Nepalese women are more 

active, because they do the main agricultural work 

on the land. “They do not develop cardiac illness-

es.” Healthy young men generally leave the coun-

try to work abroad, often in the Gulf States. Tour-

ists are rarely admitted to the cardiac hospital; even 

potential Mount Everest climbers are not among 

the clientele. “They tend to suffer from cerebral or 

pulmonary edemas.”

“Anything that wasn’t 
needed ended up here”
With an annual per capita income of 730 US  dollars, 

Nepal is one of the world’s 20 poorest countries. A 

quarter of the population lives below the national 

poverty line. Rheumatic cardiac illnesses are rela-

tively widespread. The reasons for this can be found 

in the inadequate health care and poor hygienic 

conditions in the countryside. “There is also the fact that many 

Nepalese people only go to the doctor when an illness is at a 

very advanced stage,” explains Prof. Jeju Nath Pokharel. In 

addition, there is a high risk of contagion – such as in the 

 cases of rheumatic cardiac conditions or tuberculosis. This risk 

increases on the overcrowded buses, explains the anesthetist, 

who has worked at the hospital since it opened 15 years ago. 

Nath Pokarel, born in the south of the country, initially stud-

ied in Russia before moving to Pakistan. The 52-year-old says 

that he actually wanted to be an internist. Then he received 

a scholarship to train as an anesthetist. “It’s close enough!” 

A third of all cardiac illnesses are congenital and even the 

smallest patients are operated on. Surgeon Chirurg Jyotindra 

Sharma initially wanted to specialize in this field. “I hardly do 

it at all nowadays – the stress is simply too great, because the lit-

tle patients rarely survive.” Operating on the hearts of adults is 

technically less difficult and the chances of survival are much 

greater. The SGNHC recorded a rise in cardiac conditions after 

the earthquake. “Stress-related,” as Sharma says. “Those who 

were already ill had a particularly bad time.” Patients of all 

kinds were admitted in the first weeks that followed. Relief aid 

arrived. Hospital director Sharma still vividly recalls one con-

signment from Europe: “Two huge crates – full of nasal drops! 

What am I supposed to do with them after an earthquake?” 

Many other drugs had already expired, or were about to. “Nepal 

The number 
of cardiac 
conditions 
rose after the 
earthquake

Simple cooking: 
Improvisational talent 
is needed in the 
hospital kitchen. The 
open pot in which 
the food steams is 
fueled by wood

In his element: Professor Jeju Nath Pokharel 
is an anesthetist who is always close to his 
patients. He has worked at the cardiac hospital 
since it opened 15 years ago
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 Life after the earthquake
Almost 9,000 people lost their lives when a severe 
earthquake struck Nepal in April and May 2015. Everyone 
has memories of the event – and people’s experiences 
are still vivid one year on.

The owner of a guesthouse near the Boudha Stupa 
will probably never forget April 25, 2015. Hom 
Basnet always cheerfully greets his guests, but he 
furrows his brow as he recalls these hours. 
“The noise was the worst thing,” he says. “This dull 
rumbling sound from below the ground.” He 
gathered all the guests and employees on the roof 
terrace. “It was stable, but swaying back and forth.” 
A few buildings further down the road Sampoorna 
Kumar Lama had just sat down to eat lunch. 
Kumar Lama is the chairman of the Boudha Stupa 
development committee and is currently involved 

in the reconstruction of this Tibetan Buddhist symbol. When it all started, 
“we were unable to leave the restaurant for two hours, because the doors 
were blocked.” The memories of Professor Jeju Nath Pokharel, an anesthe-
tist at Shahid Gangalal National Heart Centre, are particularly dramatic. 
He was working when it happened. “We were in the operating room; bypasses 
were needed in both cases.” Then the walls started to shake; it lasted a 
terribly long time. The catheters had popped out just before as a result of the 
tremors. “It was incredibly stressful! As a human being, you are directly 
affected. You are afraid; you want to follow your instinct and simply run away. 
But two patients were lying there and they would have died. There were 
25 of us working. Some started crying, but we managed to calm ourselves 
down and keep our spirits high and we all remained there. Both patients 
survived. And we were happy and grateful that everything went well.”

Kumar Lama was 
 surprised by the earth-
quake in the restaurant

Reconstruction: 
The earthquake also destroyed 

parts of the Boudha Stupa, 
an important pilgrim destination 

that is currently being rebuilt

ng: 
talent 
e 
n. The 
ch 
s is 

Public transport 
in Kathmandu: 
The buses in the 
capital of Nepal are 
more than just over-
crowded during peak 
times. People have 
also got used to the 
open-air seats
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The doctor who first 
came to trek, then to help
The Viennese doctor and dentist Dr. Gerda Rath set up the Charitable 
Pharmacy project in Nepal. Since then, around 60,000 people have 
received free medication. Rath came to Nepal in 1987 to go trekking. 
After retiring in 1996 she lived for many years in Kathmandu and 
worked in rural areas. She still travels to Nepal and oversees projects.

Dr. Rath, what were the most urgent 
health problems at the time?
I traveled for weeks on end from 
 village to village with health camps and 
mainly came across lung diseases, 
because people cook over open fires. 
But I also saw stomach complaints and 
other physical illnesses as a result 
of carrying heavy loads. Children were 
often malnourished or had heart  
defects following rheumatic fever. 
Tuberculosis was also quite common. 
What is the current situation 
regarding medical care?
There are some outstanding doctors and 
hospitals in the cities, but care is 

still lacking in rural areas. Treatment can often only be paid for by benefits 
or extended families, which frequently leads to complete impoverishment. 
At the most, there are doctors in the district hospitals and health assistants 
are available in sparsely equipped support centers in the villages. 
What needs to happen in order to improve the situation?
Nepal’s village-like structure has been catapulted into the 21st century. 
It will take time, patience, and, above all else, money to cope with 
these changes.
What illnesses are typical these days?
In the cities there is an increasing incidence of lifestyle diseases such as 
diabetes and high blood pressure. When I came to Nepal for the first time 
in the mid-1980s, there were hardly any dental surgeries, but also very 
little tooth decay. Now there are many dental practices and many patients.
Has the situation improved in the meantime?
Yes, clearly! The hospitals offer a wider range of treatments. Health 
awareness has risen among the population and the government offers 
immunization and preventive health care programs in rural areas.
What kind of experiences have you had so far with your pharmacy?
Meagre incomes are often only sufficient for supplying the essentials. 
Tablets and bandages have to be paid for from people’s own pockets. 
With free medication we can help to improve their quality of life. We are 
currently supporting around 450 of them a month. 

Aid deliveries 
are still stacked 
up at the airport
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Mount Everest

Kathmandu

became a dumping ground – anything that wasn’t needed end-

ed up here.” He qualifies this statement by saying that this nat-

urally isn’t the full story. “Many people really did help a lot.” 

The blockade that has been paralyzing the economy and every-

day life for months is affecting them even more. “The rebuild-

ing program has run out of steam; there is hardly any fuel or 

gas and the power fails every day for a few hours.” With bitter-

ness, he says that the tragic thing about it all is that it always 

affects the poor. “We doctors and administrative staff generally 

find a way; we can buy diesel on the black market.” Wood is used 

to cook the food in the hospital kitchen; an employee has built 

an open fireplace in the garden. Many Nepalese hospitals are 

affected, even though their power supply is safeguarded. Hospi-

tal directors from the Kathmandu Valley met with the Ministry 

of Health to discuss how fuel and medical supplies can be dis-

tributed as and when they are needed. Only emergency cases 

are admitted for surgery at the SGNHC. “We normally perform 

up to eight operations a day, but now it is just four – it allows us 

to save medication for emergency cases.”

Fight against corruption
What are the reasons why the distribution of relief aid didn’t 

work? Is it due to corruption? Jyotindra Sharma seems to have 

been waiting for this question. “Name me one country in which 

there is no corruption,” he replies. He also has a related story 

at the ready: “When I left Vienna, a new airport was being built. 

Once it was finally finished a few years later, five managers were 

dismissed – due to embezzlement.” Sharma feels that when peo-

ple talk about developing countries, it isn’t long before corrup-

tion is mentioned. He tries to protect his hospital from it, with-

out knowing if he does this successfully. And as far as the aid 

deliveries are concerned: “There are still crates stacked up at 

the airport. This is also due to the inefficiency of the Nepalese.” 

He says that this is much worse than corruption and hampers 

the country much more.

Despite all these difficulties, anesthetist Nath Pokharel says 

that he is proud to work at the SGNHC. “When we started here, 

cardiac patients only had two options: travel abroad or die.” The 

government supported the hospital. “This allowed us to create a 

good infrastructure, with excellent equipment, some 

of which is from Dräger.” Of the many operations he 

has performed, one in particular sticks in his mind: 

A 24-year-old woman who was 35 weeks pregnant was 

admitted. “She had a carotid artery aneurysm the 

size of a child’s head. We had to operate immedi-

ately.” The baby was delivered by Caesarean section 

and was taken to a specialist unit. “We removed the 

aneurysm and repaired the artery – mother and child 

are both doing well today.” Fifteen years ago neither 

would have had a chance. 

Crowded: 
This is how it looks 
in some of Europe’s 
hospitals during 
emergency surgery 
sessions at the 
weekend – in 
Kathmandu it is an 
everyday scene

Nepal: The republic with a population of 26.5 million 
people is situated between China and India. The 

epicenter of the earthquake in April 2015 was 80 kilo-
meters northwest of the capital city Kathmandu
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Continuous measurements are needed to determine the spread of hazardous 
gases, vapors, or aerosols. This goes for chemical accidents as well as major fires. 
A new  measurement concept is defining standard scenarios.

Text: Peter Thomas

Drifting across the mangled earth in 

the Belgian town of Ypres on the evening 

of April 22, 1915 when the German mili-

tary used a chemical weapon on a large 

scale for the first time. The contents of 

6,000 bottles of chlorine gas, a by-prod-

uct of the chemical industry, traveled on 

the northeasterly wind toward French 

and British positions. Around 1,000 peo-

ple lost their lives; more than four times 

as many were injured. Ypres is consid-

ered the birthplace of chemical warfare. 

Chlorine, phosgene, and sarin painfully 

burned its way into the health and col-

lective memory of the soldiers. The new 

characteristic about these warfare agents 
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Danger

Carbon monoxide

Ammonia

was their targeted deployment and the 

sheer scale of their use. However, it has 

been known for much longer that gas-

es can be fatal. There was a good reason 

why miners didn’t go underground alone 

for centuries – Singvögel warned them of 

the dangers of a lack of oxygen. Likewise 

winemakers took a burning candle with 

them into the cellar during the must fer-

mentation period, not only as a source 

of light but also as a rudimentary warn-

ing device to prevent accidents caused by 

 carbon dioxide. 

EX-OX-TOX
However different the examples may be, 

they highlight three fundamental risks 

that firefighters have to face when deal-

ing with hazardous chemical substances 

(in the form of gases, aerosols, or vapors). 

Summarized under the abbreviation EX-

OX-TOX are the risks posed by explosions 

(e.g. due to methane), oxygen suppres-

sion (e.g. due to carbon dioxide), and tox-

icity caused by irritants and corrosives 

affecting the blood, nerves, and cells (e.g. 

due to chlorine). Special nerve gases such 

as tabun open up additional flanks.

In Germany the following guidelines 

form the basis for incident tactics:

DRÄGERHEFT 399 | 1/ 2016
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• Fire department regulation 500 (“Units 

in ABC incidents”)

• Guidelines issued by the German Fire 

Protection Association (vfdb) in Report 

10, particularly 10/05 “Detection of 

hazardous substances in incidents” 

with parts 1 (“Detection technology”), 

2 (“Detection tactics”), and 3 (“Train-

ing of personnel, evaluation, and person-

al protection”).

In some federal states or regions 

measurement concepts have also been 

developed in order to adopt a standard 

approach to detecting and measuring 

hazardous substances, since this forms 

the basis for measurements that can be 

interpreted at all times.

Start measuring immediately
Dräger has been providing measurement 

concepts for a long time and is now mak-

ing another available that can be used 

independently of the regional affilia-

tion of a fire department. The knowl-

edge (see opposite page) is passed via 

training courses, for instance. “The tar-

get groups primarily include local fire 

department ABC units that immediate-

ly have to begin taking measurements – 

to the extent that this is possible – in the 

event of an incident,” says Nicolai Gäding 

from the fire department business unit at 

Dräger. The concept is based on the use 

of Dräger tubes and multi-gas detection 

devices. “The corresponding tube sets 

Clouds that 
cannot be seen, 

heard, or smelled

Hazardous fire gases 
are not only able to escape 

in industrial incidents or 
traffic  accidents. All kinds 
of fires  generally release 

hazardous substances, which 
are then carried further 

by the ambient air
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and devices are widely distributed in the 

specialist units.” The devices are mostly 

equipped with sensors for detecting explo-

sion risks, oxygen, hydrogen sulfide, and 

carbon monoxide. There are individu-

al variations depending on the different 

threats at local level.

Dangerous cigar
What exactly makes gas clouds so hazard-

ous? You can’t see, hear, or smell them! 

In addition, they propagate at different 

speeds, depending on the properties and 

weather conditions (wind speed, tem-

perature, humidity, precipitation). Take 

the example of dilution: The zone affect-

ed by a substance shrinks by more than 

half at double the wind speed, because 

the substance concentration sinks more 

than just linearly as a result of air move-

ment. The vfdb’s “Leverkusen Model” 

from 1981 made allowances for this. Due 

to the dynamics of the ambient air, prop-

agation from a fire source, leak, or acci-

dent site usually takes the form of an elon-

gated bubble with a defined beginning. 

From here the cloud propagates laterally 

and extends in the direction the wind is 

blowing until it reaches the zone in which 

no relevant concentration of the sub-

stance in question can be measured. Col-

loquially, the phenomenon is also known 

as a “cigar” due to its long and bulbous 

 outline.

Besides measuring actual values, it 

is just as important for emergency teams 

to forecast how the cloud will propagate. 

The easiest way of doing this is with 

 stencils placed on maps of the incident 

area. Computer calculations with the 

Concepts to stem the cloud
Dräger’s new measurement concept for detecting and  
measuring hazardous substances uses test tubes and multi-gas 
detection  devices. It is based on the approaches usually 
adopted by  emergency teams in three different scenarios. 

The major fire: Hazardous substances are frequently released in fires. 
Determining what they are and measuring their propagation and 
concentration is the job of the fire department while attending the incident. 
This is done using repeated smoke gas analysis, which involves 
measuring defined lead substances such as carbon monoxide (CO), 
hydrogen cyanide, and hydrochloric acid. A specially assembled 
test tube set (SimultanTest) provides fast and comparable results. 

The leak of known hazardous substances: If the substances in 
question are known in the aftermath of an accident, the measurement 
process can be precisely adapted to detect this substance or group 
of substances from the very beginning. Signs on a tanker, statements 
from employees, or available documentation can help to identify the 
substance. Specific test tubes or multi-gas detection devices are used 
to measure the propagation and determine potential danger zones. 

The leak of unknown hazardous substances: It gets difficult 
when an unknown substance leaks in the form of a gas, vapor, or aerosol. 
The cause may be a traffic accident with a heterogeneous load. The 
type of substance and the specific risk it poses must be established at 
the same time as its propagation is measured. Taking Ex measure-
ments is standard practice while simultaneously working through a test 
tube plan that begins by analyzing a very broad range and gradually 
narrowing it down to individual substances after every stage. The test 
tubes for such plans are typically kept in superordinate special units 
such as ABC response teams. 

Under protection: 
When analyzing hazard-
ous gases, the closer 
someone gets to the zone 
with high concentra-
tions, the more important 
the personal protective 
equipment (PPE) – 
such as this chemical 
pro  tective suit
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MET (model for effects with toxic and 

combustible gases) are more accurate. 

Even more  accurate are complex sim-

ulations such as those that use DISMA 

(Disaster Management, supplied by TÜV 

Rheinland) or HEARTS (Hazard Estima-

tion for Accidental Release of Toxic Sub-

stances) – this produces forecasts for a 

period of up to six hours using the lat-

est data from the German Meteorologi-

cal Service.

Detect, measure, analyze
When detecting gas, the fire depart-

ment essentially follows a multistage 

plan published by Germany’s firefight-

ing association at the beginning of the 

1990s. The emergency teams start by 

gathering all of the available informa-

tion. In the next step (“Detect”) the 

measurement technology is used in 

order to determine the substances in 

question. The subsequent step (“Mea-

sure”) involves determining the con-

centration and propagation more pre-

cisely by taking spot and continuous 

measurements. If necessary, complex 

technology kept at national level can 

ultimately be used (“Analyze”). Depend-

ing on the hazard, the measurement 

teams have to wear personal protective 

equipment (PPE) for this. The various 

incident tolerance values (as set out in 

vfdb guideline 10/01), the AEGL (acute 

exposure guideline levels), and the max-

imum permitted workplace concentra-

tions as set out in Germany’s technical 

regulations governing hazardous sub-

stances (known as TRGS 900) provide 

information on the danger posed by 

chemical substances. Measuring these 

gases, vapors, or aerosols is the job of 

the ABC (atomic, biological, and chemi-

cal hazards) or CBRN (chemical, biolog-

ical, radiological, and nuclear hazards) 

teams. In Germany, special vehicles are 

on standby for these areas, such as the 

exploratory vehicle funded by the Feder-

al Office of Civil Protection and Disaster 

Assistance (BBK). Their use is particu-

larly important in major and long-last-

ing incidents involving chemical sub-

stances. They are used by local and 

regional disaster management units 

Versatile: 
Dräger technology  
 can continuously 
 monitor areas 
(top:  X-zone 5500), 
provide quick and 
accurate analysis 
with multi-gas 
detection devices 
(left: X-am 2500), 
and take samples 
with a comprehensive 
range of test tubes 
(below: X-act 5000)

The fire depart-
ment must be 

able to calculate 
the path of 

the cloud

P
H

O
TO

S
: 

D
R

Ä
G

E
R

W
E

R
K

 A
G

 &
 C

O
. 

K
G

A
A

(3
)

026_Draeger114_EN   26 19.07.16   19:34



HAZARDOUS SUBSTANCES  FIRE DEPARTMENT

27DRÄGER REVIEW 114 | 2 / 2016

and especially by the fire department’s 

ABC response teams.

Identifying gases remotely
The vehicles were developed in the 

mid-1990s and entered service in 2001. 

Among other things, they are equipped 

with photoionization detectors (PID) 

and ion mobility spectrometers (IMS). 

These continuously measuring devices 

can identify and quantify a wide range of 

industrial chemicals and chemical war-

fare agents. “An upgrade for the explor-

atory vehicle is currently being planned,” 

says Matthias Drobig from the CBRN 

defense department of the BBK. The 

upgrade will include new generations of 

PID and IMS, an improved Global Posi-

tioning System (GPS), and software adap-

tations. The conversion of more than 300 

vehicles is set to begin in the second half 

of 2016. Additional measuring and ana-

lyzing expertise is required in particu-

larly complex situations. This is where 

the federal government’s Analytical Task 

Forces (ATF) come into play. A total of 

seven of these special units are distrib-

uted throughout the country; most are 

part of the professional fire service. The 

ATF have been in existence since 2007 

(following a three-year pilot phase) and 

are called upon approximately 180 times 

a year – an average of three hours pass 

between the alarm being raised and turn-

ing up on the scene). One unit is sta-

tioned at the technical relief and envi-

ronmental protection unit of Hamburg’s 

professional fire service. Even small 

amounts of substances can be identified 

from up to five kilometers away with the 

SIGIS (Scanning Infrared Gas Imaging 

System) used by the experts. 

Modern technology makes it easier to 

detect and analyze chemicals. Such tech-

nology includes digital systems for simu-

lating the propagation of gas clouds, test 

tube multi-test kits, and special vehicles 

kept at decentralized locations for nation-

al use. And the development work contin-

ues: A few years ago, for example, the use 

of drones fitted with sensors was tested by 

the professional fire service in Dortmund 

to provide information on gas clouds. 

Simulation and in-
formation:  Computer 
applications such as 
MET (left) help to fore-
cast the propagation 
of gas clouds. Drones 
fitted with sensors 
can also be used 
to measure the clouds 
from the air (below)
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App for the big bang
The population has to be informed quickly if there is a leak of 
hazardous substances. The KATWARN system developed by the 
Fraunhofer Institute helps to do this in Germany. 

The very first alarm raised by the new app in 
October 2012 related to the propagation of hazardous 
gases: Following the outbreak of a fire at a carpet 
factory in Berlin, residents were warned about 
the smoke and told to keep doors and window closed. 
Elsewhere, KATWARN was used to warn people 
in 20 districts  after a toxic chemical leak at a factory 
building in  Hamburg. 

The system was developed in 2008 by the 
Fraunhofer Institute for Open Communication Systems 
(FOKUS). After a pilot phase, it was introduced 
in northern Germany for testing purposes. People 
were initially informed via text message based on 
their zip code; since 2012 there has been a smartphone 
app which issues individual warnings for the current 
location. Around 60 administrative districts, urban 
muni cipalities, and city states now use KATWARN to 

keep the population informed in critical situations. This may include fires, 
incidents, or even severe weather.

Compared to the more extensive alarm raised via sirens, radio, 
or sound trucks, KATWARN sometimes reaches its target group more 
quickly and precisely. Depending on the scenario, users can also be 
reached via the app in entire districts or just in individual streets. Those 
who register to use the app can have warnings sent to their current 
location. In addition, up to seven freely selectable locations can be defined.

Mobile guardian 
angel: KATWARN 
informs people 
about disasters via 
a  smartphone app
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“Preferably Bach!” He would happi-

ly recommend the old master of baroque 

for a patient seeking calm, solace, or 

even healing in music, says Hermann 

Reichenspurner. The world-renowned 

cardiac surgeon with the experience of 

thousands of procedures behind him fol-

lows the insight of the philosopher Fried-

rich Nietzsche in his everyday working 

life: “Without music, life would be a 

mistake.” So it is also very much pres-

ent during Reichenspurner’s operations 

at the University Medical Center Ham-

burg-Eppendorf (UKE). The professor 

with two doctorates loves only classical 

music. However: “The choice of music 

is down to the operating surgeon!” Col-

leagues with different musical prefer-

ences can always air their taste when 

they are  holding the scalpel. How loud 

can the music be? “Unobtrusive and in 

no way should it affect communication 

within the team,” says Reichenspurner.

Such an approach is not unique to 

Hamburg. Music is played in at least 

half of all German operating rooms. A 

random survey by the British Medical 

Journal recently even put the figure at 

two-thirds. Melody thus tends to be the 

norm at the operating table. There is a 

profound friendship between man and 

music. Over the past 20 years, medicine 

has played a major role in solving a num-

ber of musical puzzles. Brain researchers 

demonstrated that our sense of hearing 

is linked to countless centers of the brain 

via an extensive network of connecting 

channels. Hearing also weaves in signals 

where we least expect it and uses aspects 

of the sight’s spatial orientation to per-

ceive sound from precisely where the eye 

detects its source. It sets the rhythm and 

synchronizes in the depths of our subcon-

scious. Music can reduce blood pressure 

and slow the pulse rate. Stress can be 

controlled through sound. Anyone who 

has ever sung a baby to sleep will know 

that it works.

Advertisers have long since used 

these effects to persuade shoppers to buy 

products in supermarkets by providing 

the right musical accompaniment. The 

success is remarkable –and also  supports 

P

For many people, MUSIC is a welcome diversion – 
and even in the operating room, they sometimes 
encounter exotic sounds. The  effects are astonishing.

Text: Silke Umbach

Rhythm in
the 

Blood
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was blocked out with hearing protection. 

The results showed the music had hard-

ly any influence on the so-called “hard” 

parameter – the potency of an anesthetic. 

It was a completely different story, how-

ever, when it came to feelings of anxiety 

and stress. The power of the sounds was 

highly significant here. Both live music 

played by the therapists and recordings of 

different styles fulfilled the hopes placed 

in them.

Music can relieve stress
Daniel Barenboim, musical director of 

the Berlin Staatsoper, has long since cau-

tioned against undervaluing the sense 

of hearing. In his lectures he warns the 

media that the huge might of the many 

different images should not mean the 

music is neglected – because it pene-

trates deep into the human body, some-

times with raw power, as anyone who has 

ever been to a rock concert or air show 

knows. In everyday life this happens more 

subtly and the way in which sounds can 

shape feelings has a significant advan-

tage over images, says Barenboim. In 

fact, the human fetus begins to learn all 

the sounds in its secure world from the 

Professor Reichenspurner’s profound 

experience that music creates a stress-

free working environment in the operat-

ing room. It seems it is also possible to 

improve the periprocedural well-being 

of the patient, as has been observed by 

music therapists for a long time. Their 

conviction recently came under close sci-

entific scrutiny in several major studies. 

Jaclyn Bradley Palmer, a renowned art-

ist on the singer-songwriter scene and 

a certified music therapist, conduct-

ed several randomized controlled stud-

ies with her colleagues on the effects of 

music around the time of the operation. 

Among other things, the scientists split 

207 breast cancer patients into three 

groups. The patients in the first group 

were allowed to choose their own music, 

the therapists chose the music for those 

in the second group, and the third group 

listened to no music. In the latter group, 

any music that the surgeon listened to 

Unborn 
babies start 
learning 
language in 
the womb
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23rd week of pregnancy. From the 35th 

week it can even distinguish between 

different pitches and perceive rhythm. 

Does this advantage over visual media 

also mean that music can help even the 

smallest patients? Research supports 

the theory. In one of the biggest studies 

ever conducted, a team at the Erasmus 

University in Rotterdam proved last year 

that music can significantly relieve pain, 

anxiety, and stress in children and young 

people after an operation. The young-

est patients were just one month old. 

The conscious use of rhythm and mel-

ody is also making progress outside the 

field of operative medicine. An impres-

sive example is provided by rhythmic 

auditory stimulation (RAS) in patients 

with Parkinson’s disease, also known as 

the “disco effect.” Those affected, who 

often suffer from very pronounced move-

ment disorders, can walk better to loud 

and rhythmic music, take bigger steps, 

and even stand more upright. Many 

therapist even prefer to play marches 

to increase the effect. It certainly isn’t 

to everyone’s taste, but it depends on 

the impact – and there is now also evi-

dence of it working in the area of stroke 

rehabilitation. 

From Bach to beat
A great deal is now known about the 

effect of music on people and patients, 

although less is known about its pre-

cise effect on surgeons. When asked, 

the responses are diverse. The music in 

German hospitals ranges from solemn 

Bach to electronic beats. Yet there is also 

a clear consensus: The music should 

be low enough so as not to mask out 

the signals and warning tones of medi-

cal de vices, but loud enough to cancel 

out the monotonous buzzing and hum-

ming of air-conditioning and ventila-

tion systems. In 2010, during a meeting 

of European cardiothoracic surgeons 

in Geneva, the then president, Parisian 

Professor Pascal Vouhé, drew the profes-

sion’s attention to the universal language 

for humans – and dedicated his opening 

speech to music-minded surgeons and 

music in the operating room. “Music 

teaches us to listen,” said Vouhé. “We can 

use it to take a decisive step toward show-

ing empathy and compassion. In future 

it will help us to improve our efficiency 

as surgeons, and, at the same time, place 

our patients back at the heart of our 

surgical practice.” 

An operation can 
be like a jazz band

Is performing surgery like 
playing music? Yes, says Dr. 
Jacopo Martellucci, a surgeon 
from Florence – and he likens 
it to a jazz band. Here, like 
there, it’s all about virtuosic 

improvisation which the entire ensemble has to pull 
off. The team members become attuned to one 
another as a collective. A good boss “at the table,” 
he argues, assumes the role of a bandleader 
and gives the others room to maneuver. After 
a certain amount of time, well-attuned teams 
know the next step instinctively without even having 
to say anything, even when it is not routine. And 
he points out experiments in which surgeons 
who play music themselves achieved their aims 
much more quickly on the operating simulator 
than comparable non-musicians. 

A very special 
sense

The human sense of 
hearing possesses unique 
characteristics. It cannot 
be willfully switched off, 
unlike the sense of sight, 
which can be done by 

closing your eyes. Yet it can completely obey the 
will – like in the case of the “cocktail party 
effect,” when it can consciously focus on one 
of several voices among the commotion. 
The possibility of viewing the brain at work with 
imaging equipment has shown that the sense 
of hearing is linked to a completely unexpected 
number of brain functions, including emotional 
mood, complicated spatial perception processes, 
and the influencing of thinking skills and 
powers of retention. This also furthers the field 
of music research. In the coming years, 
scientists will probably be able to explain more 
precisely what everyone is able to feel (the 
right music at the right time!). One thing is already 
certain: The wonder of music, which is as 
unique as language, will be no less impressive 
as a result.
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INTERVIEW  HOSPITAL MANAGEMENT

RENÉ BOSTELAAR, managing director of Aachen 
District  Medical Center, on hospitals as business enterprises, 
internal resistance, and suitable finance models.

Dräger Review: Mr. Bostelaar, 
you have rented the technology 
for the new intensive care unit at 
the  medical center rather than 
bought it. Why?
René Bostelaar: The renting model 
helped us to take a quantum leap 
forward within the shortest space of 
time, which otherwise would not 
have been possible. It has allowed us 
to not only modernize the technology 
and reorganize processes, but also 
improve our ef ficiency.
But that would also have been 
 possible if you had simply bought 
the technology. 
Of course, but the money wasn’t 
available two years ago. And this is 
precisely the problem we share 
with many hospitals: the investment 
backlog and the empty coffers!
Financing an intensive care unit 
using a renting model is not exactly 
common practice in Germany. 
At the medical center two separate 
developments were running concurrently 
at the time. When I started working 

here four years ago, the structural work 
for the extension on the  Marienhöhe 
site had already been planned by my 
predecessor, which meant that I had 
13,000 m2 of empty space to fill. Once 
we had defined the medical aims 
and produced a master plan, we decided 
to relocate large parts of the facilities  
 in Bardenberg to the Marienhöhe site, 
thereby reducing the duplication of 
services. At the same time, the  merging 
of both intensive care units in the 
new building played a key role. However,  
we only had six months in which to do 
it, so these plans seemed to have  little 
prospect of success. At a congress in 
Berlin we then heard about a provi-
sion model being used by Gesundheit 
 Nordhessen Holding AG in Kassel. I was 
 certain that this was a way of achieving 
our aims after all. 
How did you ultimately 
manage it?
We asked Dräger whether this project 
could also be delivered to the highest 
standards at our medical center within 
six months. The answer was yes and 

“Like Sailing 
in a Storm”

ABOUT THE PERSON

René A. Bostelaar was 

first given the task of 

 building and running an 

intensive care unit at 

the end of the 1980s. In the 

 years that  followed, in 

his role as chairman and 

 managing director, he 

oversaw  several building 

and renovation projects 

at various  hospitals, includ-

ing University Hospital 

Cologne. In 2012 the native 

Dutchman joined Aachen 

District Medical Center (or 

MC for short) in  Würselen 

as managing director to 

deliver a 50-million-euro 

master plan designed 

to make the MC fit for the 

future. Against this 

background a new intensive 

care unit with 24 beds 

was opened on the Marien-

höhe site last year.
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so it turned out in the end. Delivering 
a project of this kind within such a 
short space of time is like sailing in a 
storm. At the time, I relied a great 
deal on my gut instinct, but also on 
my employees and partners. 
How would you have built the 
 intensive care unit if you 
hadn’t heard the lecture about 
the renting model?
I dare say I would have tried to get 
the shareholders to authorize extra 
funding – and sought a much cheaper 
solution that probably wouldn’t 
have been as long-lasting. Among 
other things, it would have initially 
involved removing and then reinstalling 
older technology.
How much is the contract 
worth that you agreed with Dräger?
The total value is in the mid-seven-
figure  range, paid in fixed monthly 
 instalments over a period of eight years. 
We  immediately replaced the  oldest 
machines; the rest are due to follow – 
depending on their residual value and 
function – in the coming years.  
Overall, equipping the new intensive 
care unit  naturally cost much more. 
We did certain work ourselves, such 
as laying the flooring.
Which components has 
Dräger  supplied?
For one thing, the entire technology 
needed to run the intensive care 
workstations, such as the ceiling system 
for supplying power, data, and gases 

as well as the entire ventilation 
 technology and infusion management 
system. As such, every room is 
equipped and arranged the same, 
which makes it easier to operate the 
machines. This standard is not the 
rule in German intensive care units. 
There is also an electronic patient data 
management system (PDMS) and 
a workstation that allows doctors and 
 nurses to monitor every patient from 
a central location and  completely 
digitalize the data. 
What service level has 
been agreed? 
Dräger ensures availability of 98 
percent. So if the worst comes to the 
worst, equipment is repaired or replaced 
within the shortest space of time.
Were there difficulties 
introducing the system?
Not with the hardware. What we did 
underestimate, however, was the 
amount of work involved in launching 
the PDMS, which contained virtually 
no data in the beginning and had to 
be popu lated. Even though there 
are guidelines as to how this data 
should look, every hospital  ultimately 
works in a slightly  different way. How 
and when do we position a patient? 
When does a cannula  have to be 
changed? All of these processes initial-
ly had to be   standardized so that they 
could be put into digital form. There 
was a  tremendous amount of work 
involved. We released a doctor and a 

nurse from their normal duties for a 
whole year to do the job.
Do you question the project today?
No. Perhaps somebody could have 
made the challenge a little clearer 
to us beforehand. But the investment 
will  definitely pay off in the end – on 
both sides.
In what way?
The PDMS is one of the key elements 
of the new intensive care unit; it collates 
all patient data electronically and 
allows us to manage the kind of paper-
less  system that exists in only a hand -
ful of hospitals. In addition, it gives us the 
opportunity in future to link the inten-
sive care unit with the  operating room, 
anesthetics, inter mediate care, and 
emergency room. Then all patient data 
would also be available in full, anytime 
and anywhere. Besides  raising quality  
standards, a PDMS naturally also 
improves efficiency. The income we 
 generate on our intensive care unit is 
very high, which is why the health  
 insurance  companies also check the 
invoices very care fully.  With the PDMS 
we can document every minute of a 
patient’s entire stay at the touch of 
a  button. This significantly   eases the 
staff’s workload and creates a  completely 
new level of transparency.  As a result, 
DRG codes and doctor’s letters can 
also be issued more quickly, because 
people no longer have to pore over 
thick patient files to find the necessary 
 information.

Dräger
ensures 
 availability of 
98 percent
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How did the staff 
react to these changes?
It was tough for many of them – not 
because we reorganized the intensive 
care unit, but because we merged two 
units into one. It was too much for 
some nurses; they absolutely did not 
want it, some doctors also left and 
about a tenth of the workforce left us 
during the transition phase.
Were there reservations on the part 
of the shareholders or works council?
No, on the contrary. We have since 
adopted the renting model in two  further 
departments: diagnostic imaging and 
gastroenterology.
Four years ago you approved a 
master plan that is costing the 
medical center more than 50 million 
euros in order to make it fit for 
the future. Where are you currently 
at with it?
Right in the middle. Sometime this year 
we will start the next construction phase – 
then the operating room will be directly 
next to the intensive care unit. There will 
also be a new entrance and cafeteria. It is 
an important step toward concentrating 
the clinical side of things in one location.
Will you be renting the equipment 
for the operating room?
That hasn’t been decided yet, but 
it is definitely a serious alternative 
that we are considering carefully. 

Around 75,000 patients are treated on the Marienhöhe and Bardenberg sites every year

Aachen District Medical Center 
The Medical Center (MC) in Würselen is a health care facility that offers specialist 
care and a teaching hospital that forms part of RWTH Aachen University. 
With 16 clinics and wards on the Marienhöhe and Bardenberg sites, the MC with 
its 753 beds makes an important contribution to medical care in the district of 
Aachen. In addition, with almost 1,700 employees it is also the biggest employer. 
Around 27,000 inpatients and 50,000 outpatients are treated here every year. 
Equal shareholders in the MC are the district of Aachen (known officially as the 
StädteRegion Aachen) and Knappschaft-Bahn-See. 

Standard design: 
Every room on the 
new intensive care 
unit is equipped 
and arranged in the 
same way – one of 
the key elements is 
the  electronic patient 
data  manage ment 

The interview was conducted 
by Frank Grünberg.
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Sofie bruised her back 
while playing handball – 
the pain became chronic. 
She only learnt how to 
deal with it one and a half 
years later at the German 
Pediatric Pain Center 
(DKSZ), part of the 
Children’s and Adoles-
cents’ Hospital in Datteln

Beacon of

Hope
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Text: Isabell Spilker Photos: Max Brunnert

Spring has settled on the day like a 

damp, cold towel. It ultimately makes 

no difference to Sofie L. She won’t 

be inline skating or playing handball 

today, anyway – her big passions. These 

are things that the slim, blonde girl 

took for granted last year before she 

injured her back while training – and 

her brain began to find pleasure in the 

pain and decided not to let it go again. 

“Pain makes us what we are: It 

shapes us and our world – it is almost 

like a gift,” says David Butler, profes-

sor at the University of South Austra-

lia’s Neuro Orthopaedic Institute in 

 Adelaide. Butler has made a point of 

initially explaining pain as the basis 

of any therapy. “When we feel pain, 

between 500 and 1,000 areas of the 

Only those who 
look at pain rationally 
– and don’t endure 
an odyssey from 
one doctor to the 
next – believe 
that it also protects.

S
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brain are involved – thoughts, smells, 

tastes, words, feelings, people we have 

met, places we have been. All of this 

stands in context to the pain we feel 

and how we feel it.” 

Pain is essential for survival and the 

body’s reaction to a present or threat-

ening injury. The nervous system pro-

cesses it as a huge flood of informa-

tion before our conscious mind even 

realizes it. Messengers that stimulate 

the nerve cells are released at the site 

of the  injury. These nociceptors pass 

on the pain information to the first 

nerve center: the spinal cord. At the 

same time, the stimuli head toward the 

brain via nerve fibers and are filtered. 

Only the really important information 

makes it that far. 

Lifeline when in extreme need
A bruise on Sofie’s back told her to 

stop training. The pain’s main job was 

complete. But when it didn’t stop and 

could still be felt weeks later, her odys-

sey began, which didn’t end until one 

and a half years later at the German 

Pediatric Pain Center (DKSZ), part of 

the Children’s and Adolescents’ Hospi-

tal in Datteln. “I noticed for the first 

time here that somebody understood 

what I was talking about,” she says. 

On Beacon Ward, which is so 

named because it watches over the 

children, the atmosphere is lively. In 

small groups, 19 adolescents laugh 

and share banter among themselves. 

Lifebuoys symbolize what the ward 

actually is: a lifeline when in extreme 

need – due to the permanent state of 

alert in which the body has placed 

itself. 

Mike Brügger and his team at the 

University of Zurich’s Center of Dental 

Medicine and the Institute for Biomed-

ical Engineering, a joint institution 

of the ETH Zurich and the University 

of Zurich, are investigating precise-

ly how pain is processed at the level 

of the human brain. They are work-

ing on methods of objectifying pain. 

To do this, controlled pain is inflicted 

on test subjects by means of tiny elec-

trical impulses and their reactions are 

observed using medical imaging. “For 

some time, it was assumed that there 

was this one area that coded the pain,” 

says Brügger. “We are now going on 

the assumption that the interaction 

between the different brain areas is 

instrumental in deciding how painful 

something is.” At the moment, how-

ever, there are a number of supposi-

tions in relation to which areas take 

on the essential management of pain 

perception and where medication is 

most effective. “A great deal remains 

to be understood and not just in the 

area of pain processing.”

Pain has many faces. As an indica-

tor of an existential threat, it has the 

task of ensuring survival. At the same 

time, the human being uses this sen-

sation to improve performance, as an 

initiation rite, or to present art. Top 

 athletes painfully push themselves to 

the limit – and then train beyond it (see 

opposite page). Mothers feel the pain 

of childbirth and surpass themselves. 

Pain appears to each person in a 

Boris Zernikow, 
head physician 
at the German 
 Pediatric Pain 
Center in Datteln, 
teaches children 
and young people 
what the pain has 
made them forget: 
how to enjoy life

As an indicator of 
an  existential threat, 
it has the task of 
ensuring survival
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Beacon Ward looks more 
like a youth hostel than part 
of a children’s hospital

Professor Ansgar Thiel is Director 
of the German Institute of Sports 
Science at the University of Tübingen

“Pain socializes”
The rules in sport are sometimes simple: Those who wish to reach 
the very top must not allow themselves to be beaten by a few 
aches and pains.  Professor Ansgar Thiel has surveyed top athletes 
on their health and pain  situation. 

Professor Thiel, is sport even possible without pain?
Certainly not at the elite level, because the athletes are permanently 
performing at limits that have to be broken through – even to 
better their own performance. This means that they have to keep 
investing more and more, increasing the likelihood of pain until 
it becomes the norm at some point. 
Do trainers welcome the fact that their charges suffer pain?
Many say it isn’t the talent that determines whether someone makes it to 
the top, but rather the extent to which an individual is able to battle 
through physically demanding situations. We are not just talking about stiff 
muscles here, but pathologically caused pain. No mere mortal could 
cope with the lactate levels of a top athlete after a 400-meter sprint. From 
the perspective of someone who is not a top athlete, this pain is pathological, 
but in elite sport it is known as functional.
Where exactly does the problem lie?
It is down to the fact that athletes sometimes endure situations that they 
would be better off not enduring and yet they continue to pursue their program, 
even though they are experiencing pain and a break would do them good.
How openly do athletes talk about it?
The subject is taboo. A female gymnast once said to us: “You don’t win any 
prizes by admitting to the pain you have endured.” It is simply expected.
Every child complains of pain and is normally protected 
from it by their parents. 
The process of being able to endure pain takes years. Even though every child 
complains of pain, as soon as successes start to come and they receive 
encouragement to endure it from parents or trainers, they learn to deal with it. 
Pain is glorified; the child is formally socialized into accepting it.
How do top athletes protect themselves from serious injuries?
They distinguish between good and bad pain. A torn muscle fiber is 
bad pain. Most will then stop – but some will not, if the pressure is too great.
Unlike chronic pain, has the brain learned to ignore it?
Yes, it is trivialized. Very few trainers will warn their charges about it, 
because they will no longer want to perform a triple somersault. Nonetheless, 
we try to teach people about the functionally bad side of pain.
What role do painkillers play in all of this?
It is difficult to obtain reliable figures due to the high number of unreported 
cases. In questionnaires, up to 20 percent of athletes admit to taking 
painkillers. Off the record, the figure is much higher – as much as 80 percent 
in some sports.
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unique context. Does the mother come 

running because the child has fallen 

over? Or does she wait and see wheth-

er it gets up again on its own? People 

learn how to deal with pain over many 

years, so as a chronic phenomenon it 

can also be a learned process that no 

longer needs a painful trigger. 

“Chronic pain is a neurobiologi-

cal illness that isn’t in the mind – it 

has a physical basis, but isn’t contin-

gent upon physical damage,” explains 

Boris Zernikow, Head Physician at the 

German Pediatric Pain Center in Dat-

teln. For many doctors and scientists, 

pain in children, particularly chron-

ic pain, was non-existent until the 

1970s. Zernikow opened a pain clin-

ic in Datteln in 2002 and later the 

Pediatric Pain Center – the first of its 

kind. Some of Zernikow’s colleagues 

have recently opened further clinics 

in Stuttgart and Augsburg. Children 

like Sofie who suffer from chronic 

pain are looked after here. They learn 

that there is a door in their brain that 

filters pain. “Under certain unfavor-

able conditions, the brain has devel-

oped in a way that allows pain to occu-

py much more space. It has learned 

it and linked it with things that are 

not etiological – anxiety or stress, for 

instance.”

Many people promised to help
The children and young people on 

Beacon Ward are between seven and 

17 years of age. They come here to 

unlearn the pain that has made them 

forget how to play, go to school, sleep 

through the night, meet friends and 

annoy siblings, pick up bruises, or hang 

upside down from bars. Boris Zernikow 

and his team want to return them to 

a life in which pain does not domi-

nate their everyday routine. Does he 

want to heal them? “Of course, but the 

sensation of pain cannot be healed,” 

stressed Zernikow. Sofie is also aware 

of this: “Since my accident I haven’t 

been able to get through a complete 

week at school,” she says. “I’ve been 

from one doctor to the next, I’ve had 

physiotherapy and rehabilitative sport, 

I’ve visited chiropractors, alternative 

practitioners, osteopaths, and several 

hospitals, and nobody has been able to 

help me.”

Saviors for troubled minds
Up to ten million people in Germany 

alone suffer from chronic pain; only 

very few of them (can) receive ade-

quate treatment. “There are around 

1,000 registered doctors who specialize 

in pain medicine,” says Oliver Emrich, 

General Practitioner and Anesthetist, 

and vice president of the German Pain 

Association. “These doctors can per-

haps treat 300 patients. As such, there 

is a huge gap between those who can 

be treated and those who must be treat-

ed.” Migraine, cluster headaches, 

backache, and tumor pain – the range 

is considerable; the causes of the pain 

are generally much more considerable.

The concept of multimodal pain 

therapy practiced by many special-

ist doctors, hospitals, and therapy 

 centers is currently the most promis-

ing approach for long-term sufferers – 

and saves them from being trapped 

in a downward spiral. It is a mix of 

physical treatment – such as mas-

sage,  physiotherapy, and acupunc-

ture – mental health therapy, and, if 

need be, drug treatment. “The chil-

dren who come to us learn pain man-

agement techniques and are taught 

how to relax by means of biofeedback, 

for instance,” explains Zernikow. “It is 

also important to include the parents 

here – they are also trained, because 

they are also part of the construct in 

which their child has become ill.” To 

this end, it is necessary to establish 

where the problem lies. “Generally 

speaking, there isn’t any one cause. Is 

it due to stress, because the child is not 

sufficiently  challenged at school? Or 

are they suffering from post-traumat-

ic stress  disorder? 

Zernikow and his colleagues work 

carefully to try to get to the bottom of 

the cause. “But even when we solve the 

problem, we still haven’t treated the 

pain.” The aim is to return the chil-

dren to their normal everyday routine 

after three to four weeks and optimal-

ly prepare them for this.

Sofie can go home in four days. She 

had to undergo some tests in Datteln 

to check how her body reacts to stress. 

These included performing alarm call 

and kitchen duties, giving spontaneous 

talks and other – sometimes absurd – 

tasks. Sofie mastered them all. She 

sounds happy as she talks about them. 

It is a mood that has returned to her 

life. 

“I can bear any 
pain – as long 
as it has meaning”
Haruki Murakami, Japanese author
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Every child that has 
successfully overcome 
their pain in Datteln leaves 
behind a handprint
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Pain in premature babies
Until the 1980s people thought that a premature baby senses pain differently – less or not at all. 
The opposite is the case! Pain perception starts to develop in the 18th week of pregnancy. “Pain articulation 
and reaction to painful stimuli are exceptional in premature babies,” explains Dr. Philipp Deindl, 
Neonatologist at the University Medical Center Hamburg-Eppendorf (UKE), which is equipped with 
Dräger technology, including incubators. The smaller and more premature a neonate is, the more difficult 
the assessment. The physician has conducted studies on pain perception and pain therapy in premature 
babies and knows how important observation and treatment are: “Pain has a negative effect on 
neurological development.” This is why the Bernese Pain Scale has been developed for the doctors 
and care staff, which is also used as standard at the UKE for all premature babies. The scale allows 
professionals to make an assessment based on parameters such as sleeping pattern, crying, calming, 
skin color, facial expression, posture, breathing pattern, and heart rate. An individual plan is then 
drawn up if pain is indicated. “This ranges from suckling on the mother’s breast or cotton buds soaked 
in sugar to the administering of paracetamol or opiates,” says Deindl.
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Donated organs are a rare commodity – in Germany 
alone, more than 10,000 patients are waiting for a 

life- saving TRANSPLANT. Cases of manipulation when 
 allocating organs have led to the introduction of new 

regulations. What impact do they have on medicine?

Text: Dr. Hildegard Kaulen
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The Lives of 

6,270
heart transplant operations were performed worldwide in 
2013. The first was performed by Christiaan Barnard: On 

December 3, 1967, he swapped the heart of a 54-year-old 
man for that of a 24-year-old woman. The young woman 

had been declared brain-dead shortly beforehand follow-
ing a car accident. The recipient survived for 18 days. 

042_Draeger114_EN   42 20.07.16   11:43



43DRÄGER REVIEW 114 | 2 / 2016

The first thing you notice about Dr. Gabriele Wöbker is her 

presence. The director of the intensive care clinic at the Helios 

Hospital Wuppertal is approachable and very precise in an unas-

suming way. You can tell she understands and masters the chal-

lenges presented to her on a daily basis. This also includes the 

diagnosis “brain dead,” without which more than 10,000 serious-

ly ill people in Germany would wait in vain for an organ. Wöbker 

has three medical specialist titles: She is a neurologist, neurosur-

geon, and anesthetist, and has been responsible for seven organ 

donations with the German Organ Transplantation Foundation 

(DSO) in the past year. The Helios Hospital Wuppertal is one of 

around 1,300 organ removal hospitals in Germany where organ 

donations are possible. However, 40 percent of these establish-

ments have never managed a donation. 

Brain death precedes organ donation – the irreversible loss 

of all brain functions, including the cerebrum, cerebellum, 

and brain stem. Consciousness is lost when the brain dies. 

“Brain death should not only be seen in conjunction with organ 

donation – it is essential to distinguish between the two,” says 

Wöbker. “Since respiratory medicine can suspend the dying 

process and keep people in a coma, we need a criterion that 

releases us from the duty of having to maintain breathing and 

the cardiovascular functions; one that allows us to treat the 

dead person like a dead person.” This criterion is brain death. 

Only once this has been declared does the question of organ 

donation arise. 

When is a person really dead?
The hospital director has gained some experience of the new 

guidelines on brain death diagnosis in recent weeks. The new 

name itself is striking. The previous name“brain dead” is now 

known as “irreversible cessation of brain function.” This revi-

sion was hastened by the transplant scandal. In 2012 it came 

to light that doctors had made some patients more ill than they 

actually were in order to get them a new organ more quickly. 

It also came to light some of the players involved had received 

handsome bonus payments. Both scandals fueled public 

T

Others

4,834
people received a new lung in 
2013. A healthy organ has between 
300 and 400 million alveoli for 
gas exchange. When spread out, 
it is the size of a  tennis court. 
Up to 20,000 liters of air are 
breathed every day.

043_Draeger114_EN   43 20.07.16   11:43



HEALTH  ORGAN DONATION

44 DRÄGER REVIEW 114 | 2 / 2016

 mistrust of the integrity of transplant medi-

cine and its supervisory bodies. The number 

of organ donors dropped by a third. It is now 

on the increase again, but the DSO is not yet 

declaring a reversal in the trend. Instead, it is talking about a 

glimmer of hope on the horizon.

Independent judgment of two specialists
The area of brain dead diagnosis was also caught in the 

cross fire. Concerns were voiced that the expert knowledge 

of the doctors may not always have been sufficient to diag-

nose brain death. Under the old guidelines, a doctor needed 

neither a specialist title nor any particular experience. Wöb-

ker welcomes the new guidelines, which feature three essen-

tial changes. It is now no longer permissible to use further 

instrument-based means to prove the lack of blood supply to 

Transplant medicine 
is winning back 

people’s trust after 
the scandals

The organ 
donation process

Illness or accident with 
 severe brain damage

Brain death established 
(irreversible loss of function)

Donor registers with the 
German Organ Transplantation 

Foundation (DSO)
Conversation with relatives and 

consent given for organ donation
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25,050
people worldwide received a new 

liver in 2013 – at 21 percent, this repre-
sented the second most common form of 

transplant behind kidneys (67 percent). The liver 
is the largest of the internal organs. It recycles, 

stores, and detoxifies substances that reach the blood 
from the gut. The liver produces one liter of bile every day.
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the brain – and with it the finality of brain death. The new 

guidelines require more specialist knowledge from doctors 

and compel hospitals to implement quality assurance mea-

sures. The two doctors who now establish and record brain 

death independently of one another must be specialists and 

have long-standing experience of intensive care of patients 

with severe acute brain damage. At least one of them must be 

a specialist in neurology or neurosurgery. “This presents sig-

nificant problems for smaller hospitals,” says Wöbker. “Either 

because they have no specialists or because the specialists are 

not sure whether they possess the requisite knowledge. Also 

new is the fact that doctors must confirm in the brain death 

report that they have met the requirements of the new guide-

lines. This increases the pressure on colleagues.” Wöbke also 

feels that the introduction of the new guidelines in the sum-

mer of 2015 is the reason why the number of organ donors 

initially dropped. By the end of the year, however, there had 

been 877 organ donors – one and a half percent above the 

 figures for the previous year. A total of 2,900 organs were 

donated; 89 fewer than in 2014.

What really matters
The diagnosis of irreversible loss of brain function is based 

on the evidence that all brain functions are dead and can no 

longer be retrieved. This involves a three-stage process which 

must be strictly observed, which was also the case previously. 

“When there were problems with brain dead diagnosis in the 

past, it wasn’t due to the fact that the brain death had been 

incorrectly diagnosed, but because the examinations were 

not performed in the right chronological order,” says Wöb-

ker. “In the first instance, it must be established whether the 

preconditions for irreversible loss of brain function are pres-

ent. In intensive care medicine this isn’t always that easy to 

judge,” says the clinical director. “You need a great deal of 

experience. That is why two specialists are needed with long-

standing experience in the treatment of patients with cranio-

cerebral injury, at least one of whom must be a neurologist 

or neurosurgeon.”

When assessing the preconditions, there must be evidence 

that the patient has acute, serious, primary, or secondary brain 

damage which can account for brain death and for which there 

are no reversible causes – due to certain medication or muscle 

d 
n

Medical examination 
of the deceased

Data passed on to Eurotransplant 
to find a recipient for the organ

Organ 
removed

Organ 
transported Transplant

The ethical dimension
Following the transplant scandal in 2012, the German 
Ethics Council also got involved in the subject of brain 
death and established it as a key criterion for organ 
donation in a unanimous vote. However, not all members 
agreed that brain death is actually the death of a 
person. Some take the view that the human body has 
integrated functions even without the brain, but with 
the support of apparatus-based medicine. This group 
cites the fact, for example, that pregnancies can be 
continued up until the birth of a healthy child. 

The Leopoldina – the German National Academy 
of Sciences – has taken on the role of legitimizing 
the allocation criteria. Who should be first in line for an 
organ? The criteria are currently being specified by 
the German Medical Association, although this institution 
is solely concerned with self-administration of the 
medical profession. Since the allocation of an organ 
involves granting life chances, however, and is thus a 
normative process, in the Leopoldina’s view the allocation 
criteria have to be democratically legitimized – in 
other words, by parliament rather than by individual 
doctors. Furthermore, patients who don’t make it 
onto the waiting list should be given the right to have 
this decision reviewed by an independent panel.
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paralysis, for instance. Only afterwards are doctors allowed to 

examine and establish the clinical symptoms associated with 

loss of function as stipulated in the guidelines. These include 

deep unconsciousness, the loss of spontaneous breathing, and 

the lack of a brain stem reflex. It must be subsequently prov-

en that the function of the entire brain (including the cere-

brum, cerebellum, and brain stem) is dead once and for all. 

However, Wöbker still feels that there is a need for clarifica-

tion in terms of implementing the requirements in relation 

to the examiners. “If, for example, a specialist anesthetist is 

involved in the diagnosis along with the neurologist or neuro-

surgeon, the anesthetist should not be allowed to be involved 

in the removal of the organs later on. The donation and trans-

plant must remain strictly separate. This is challenging for 

many hospitals, because they do not have two specialist anes-

thetists on duty.”

Winning back trust
Dr. Manfred Richter has had a stressful day. Richter is head 

of the transplant program at the Kerckhoff Clinic in Bad 

Nauheim. He is an experienced transplant doctor who focused 

on rejection reactions during his doctoral studies. Richter 

has known his patients – mostly middle-aged men – for many 

years and knows how grateful they are for their 

new organ. Last year he implanted 14 hearts and 

just as many mechanical circulatory support sys-

tems (“artificial hearts”). In 2013 his team was 

rated “very good” by the independent testing and 

monitoring commission. There were no objections 

or irregularities to report. “We are delighted, of 

course, because we see this rating as an award,” 

says Richter. The powers of the testing and moni-

toring commission were significantly bolstered in 

Conflicts of interest 
are avoided by 

strictly separating 
the  donation 

from the transplant

Causes of death of organ donors in Germany (2014)

Hypoxic-ischemic 
brain injury

Craniocerebral 
trauma

Primary 
intracranial tumor

Inflammatory 
brain damage

Cerebral infarction

Hydrocephalus

Intracranial 
bleeding 

485 (56.1 %)

151 (17.5 %)

127 (14.7 %)

86 (10 %)

7 (0.8 %)

6 (0.7 %)

2 (0.2 %)

SOURCE: GERMAN ORGAN TRANSPLANTATION FOUNDATION (DSO)

Used organ donations

Ruled out after general advice

Unused organ donations

Outcomes of donor-related 
contacts in Germany (2014)

864 
40 %

475 
22 %

831
38 %
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ORGAN DONATION  HEALTH

the wake of the transplant scandal. All transplant centers are 

now regularly inspected without notice. In addition, there is 

the independent “transplant medicine” whistle-blowing sup-

port service, which received 163 reports – some anonymous, 

others not – of unusual conduct in 2013. A “multi-person” rule 

has now been introduced to prevent manipulation of the wait-

ing list. “The decision to accept someone onto the transplant 

program is made in an interdisciplinary meeting,” explains 

Richter. “Three colleagues are charged with the responsibili-

ty – in our case, the head of the heart failure clinic, the head 

of  psychocardiology, and me.” 

New heart – new chance of life
A donated heart is allocated to a new recipient by the Eurotrans-

plant International Foundation based in the Dutch city of 

Leiden. The decision is made on the basis of urgency and 

 waiting time. At present there are three categories for the alloca-

tion of a donated heart: highly urgent, transplantable, and cur-

rently not transplantable. “Around 90 percent of the organs go 

to patients with the highest level of urgency,” says Richter. “The 

patients classified as transplantable, who stay at home, only sel-

dom receive an organ. Accordingly, there is a close relationship 

between urgency and the chance of receiving an organ.” The 

high urgency level is valid for a maximum of eight weeks and 

must then be justified once again (with up-to-date treatment 

data). Those who have this status are seriously ill and spend a 

lot of time on an intensive care unit or monitoring ward. Many 

patients listed as highly urgent wait half a year or more for a 

new organ.

“Our patients know that they will receive a new chance of 

life by having a transplant,” says Richter. “After one year, more 

than 90 percent of them no longer have any limitations in their 

day-to-day activities.” Of the ten patients who received a trans-

planted heart from Richter and his team in 2014, not one of 

them has died. Of the 14 patients he operated on last year, 13 are 

still alive. These figures are better than the German average. 

Nationwide, the survival rate after one year is 80 percent; after 

five years it is 70 percent. Experts are of the opinion that these 

rates could be even better if the patients weren’t so ill during 

the transplant. Allocating organs on the basis of high urgency 

means many  people have to wait a very long time. That is why a 

new allocation system is currently being drawn up. Richter wel-

comes this cardiac allocation score, which, in addition to urgen-

cy, is also designed to focus more on the chances of the proce-

dure’s success. 

In recent years Richter has increasingly been implanting 

ventricular assist devices. In 2014 around 300 hearts were trans-

planted and more than 1,000 ventricular assist devices implant-

ed in Germany. “These devices previously only bridged the gap 

until the actual transplant,” he says. “Now it is the ultimate ther-

apy for many patients, because they are no longer considered for 

a transplant.” 

What options are available 
for organ donation?
Not every person automatically becomes an organ donor. 
Three concepts are now generally accepted in Europe:

 Opt-out solution  This automatically makes someone an organ 
donor after their brain death, unless they opted out while they were 
alive. The person’s decision to opt out is recorded in a national 
register. In some countries, however, the relatives have the right to 
refuse. This solution is valid in 22 of 28 EU states. 

 Opt-in solution  With this solution the deceased must have 
consented to organ donation while they were alive. One such option 
is to hold a donor card or similar. If no consent has been given, 
the relatives are asked about the presumed will of the deceased. 
This arrangement is used in five European countries.

 Decision-based solution  Here every individual should examine 
their willingness to donate organs on the basis of sound information 
and record their decision in writing. In addition, the individual will 
receive regular correspondence from the health insurance companies. 
If the donor has not expressed their wishes, the closest relatives 
will be asked for consent upon the person’s brain death. Germany 
is the only EU country with this arrangement. 
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79,325
kidneys were transplant-
ed worldwide in 2013. 
Their recipients enjoy a 
new lease of life without 
the otherwise often 
necessary and 
debilitating 
dialysis.
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 Magic Potion from the 

Yeast Bank

Oliver Wesseloh, beer sommelier and master 
brewer: With his artisanal craft beer, the 
qualified engineer from Hamburg is a familiar face 
on a vibrant scene – and not just in Germany

48 DRÄGER REVIEW 114 | 2 / 2016
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Yeast is not mentioned in the GERMAN BEER PURITY LAW, which 
celebrated  its 500th anniversary in April. Why exactly not? And why do 
five Hamburg microbreweries still need an ice cellar these days? 

Text: Olaf Krohn

No expertise was previously needed 

to drink beer. But things have changed 

in recent years: Craft beer is the trend 

that has been pouring out of the USA 

and heading for Germany. When Ham-

burg city assemblyman Joachim Seel-

er broached a cask at the beginning of 

the year, a beer known as Hamburger 

Senatsbock flowed into a gray stein – 

the milky brown head immediately 

overflowed. “This drink is suitable for 

human enjoyment,” declared Seeler 

after taking the first sip. “A dark double 

bock with roasted malt flavors of plain 

chocolate and espresso,” was the ver-

dict of Oliver Wesseloh, who has made 

a name for himself on the German craft 

beer scene.

Hamburger Senatsbock fell into a 

deep slumber for half a century until 

five Hamburg microbreweries hit on the 

idea of reviving it. It has been brewed 

“with five kinds of malt, which com-

bine to form a creamy, complex consis-

tency. Slightly nutty to begin with, the 

ale gently establishes itself on the pal-

ate.” Brewers inspired by noble crafts-

manship like to enchant their custom-

N
ers nowadays with the terminology and 

drama usually associated with vintners.

Oliver Wesseloh was named the world’s 

best beer sommelier in 2013. He charg-

es many a brewing company with “hav-

ing done nothing more than strip beer of 

its taste for years.” Wesseloh is alluding 

to the success of pilsner since the 1980s, 

from which the originally bitter note was 

removed just before the millennium. Mar-

ket researchers discovered that women 

didn’t particularly like bitter beer. Ever 

since, even industry experts admit that it 

is difficult to distinguish between televi-

sion beers such as those advertised when 

football matches are broadcast. 

Every craft has its price
Craft beer brewers steel themselves 

against the popular mainstream beers 

by constantly coming up with new reci-

pes – and retreat to a kind of Gallic vil-

lage with their followers. The magic 

potion they create there shields them 

from an empire. Craft beer comes from 

microbreweries rather than huge indus-

trial facilities. In addition to the three 

varieties that are always available from 

his still young Kehrwieder Kreativbrau-

erei, Oliver Wesseloh also produces lim-

ited-edition beers: unique, quickly sold 

out after being broached, and thus the 

stuff of legends – although not exactly 

cheap.

The qualified brewing engineer from 

Hamburg recently launched “ü.NN – 

überNormalNull” (above standard zero)

onto the market – the first ever alco-

hol-free IPA. Connoisseurs know that 

IPA stands for India pale ale and pay 

2.99 euros for a 0.33-liter bottle of ü.NN 

in specialty stores. The major brewer-

ies have also jumped on the bandwag-

on, sometimes accompanied by sardon-

ic comments from the purist camp. If 

nothing else, it is due to the imagina-

tive craft beer brewers that a new brand 

is  added every week to the 5,500 beer 

brands already established in Germa-

ny – even though the market is actual-

ly already saturated. In fact, the Ger-

mans have been drinking less and less 

beer for quite some time: Sales fell 

from 96.7 million hectoliters in 2001 

to 79.5 million hectoliters in 2015. 

However, the figures published by the  P
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Here we go: 
Broaching a high-
pressure cask by knocking 
the beer tap into it with 
a mallet is always a risky 
under taking (left). 
The pressure is due 
to the work of the yeast 
like the kind stored in 
Berlin (above and right)

The Beer Purity 
Law from 1516 
is more than 
just a market-
ing ploy

 Federal Statistical Office did not include 

 alcohol-free  beer, which is now mak-

ing a name for itself as a lifestyle and 

sports drink – with a five percent share 

of the market. Some are even forecast-

ing a market share of 20 percent for 

alcohol-free beer in ten years. This year 

German brewers are also basing their 

optimism on the UEFA 2016 Europe-

an Championship in France – and a big 

anniversary: on April 23, 1516, the Purity 

Law for Bavarian beer was enacted. No 

 other food regulation in the world has 

been imbued with such an aura as this 

law enacted in Ingoldstadt, according 

to which beer may only contain water, 

hops, and barley. It gives beer brewed 

in Germany a kind of halo, although it 

no longer really makes sense to many 

consumers. Seestraße in the Berlin dis-

trict of Wedding is a good place to start 

tracking down this aura surrounding 

the art of German brewing. Behind an 

imposing brick façade bearing the name 

“Institut für Gärungsgewerbe” (Insti-

tute for Fermentation), the Versuchs- 

und Lehranstalt für Brauerei (Research 

and Teaching Institute for Brewing, or 

VLB for short) has had its headquarters 

since 1883. Starting in 1903, the private 

institute financed by the German brew-

ing and malt industry trained master 

brewers in conjunction with the Royal 

Agricultural University of Berlin. Today 

the TU Berlin is academic partner to 

the VLB and students can take a bache-

lor’s or master’s degree in brewing and 

 beverage  technology. 

Beer is in vogue
German beer enjoys an excellent repu-

tation on almost every continent and it 

is one that also extends to brewing train-

ing. The courses offered by the VLB 

 regularly attract young people from all 

over the world. “Our current course has 

52 students; we are unable to accom-

modate any more – just one female stu-

dent is from Germany,” says VLB spokes-

man Olaf Hendel. Lessons are taught in 

English and the five-month course costs 

16,500 euros. Many of the budding mas-

ter brewers come from the emerging mar-

kets, including countries such as Brazil, 

Russia, India, and China. Asia is an impor-

tant growth market.

“We are seeing the same pattern 

almost everywhere,” says Hendel. “Wher-

ever purchasing power is on the rise, 

people spend their money on branded 

products and often also on alcoholic bev-

erages.” Yet how does the Beer Purity Law 

end up in a glass in areas where no barley 

grows? In Nigeria and Kenya, for instance, 

they use regional crops such as sorghum. 

In fact, most kinds of grain are suitable 

for brewing tasty beer.

And how exactly did barley come to 

be part of the Beer Purity Law 500 years 
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ago? Historians suspect that the territorial 

lords in the late medieval period  wanted 

to keep the much more versatile wheat for 

bakers to produce bread. While the cattle 

were fed on winter barley in the Middle 

Ages, the summer barley was primarily 

used for brewing. “The Beer Purity Law 

is more than just a marketing ploy; it is 

embraced,” says Olaf Hendel. And the fact 

that no colors, preservatives, foam stabi-

lizers, or technical enzymes may be add-

ed to beer in Germany is also a real sign 

of quality.

 
On the trail of the secret yeast
But why was there no mention of yeast 

in the original Beer Purity Law? The 

best person to ask at the VLB is Martin 

Senz, head of bioprocess technology and 

applied microbiology: “In the 16th cen-

tury people were unaware of microor-

ganisms and took advantage of the fact 

that natural yeasts were present in fruit 

and grain in the process of spontaneous 

fermentation.” And it turned out how-

ever it turned out. “The taste of the beer 

differed significantly from one region to 

the next,” says the doctor of engineer-

ing and biotechnology. The French scien-

tist Louis Pasteur was the first to identi-

fy the alcoholic fermentation of yeast in 

the second half of the 19th century. Pro-

fessor Paul Lindner then cultured pure 

yeast strains one hundred years ago and 

built up an extensive collection – pure 

yeast strains in isolated form. The foun-

dations for a versatile “yeast bank” had 

been laid. “We are preserving a rich 

legacy here,” says Martin Senz, taking 

a key from his jacket pocket and using 

it to open a door to a side room in the 

laboratory. The thermometer reads four 

degrees; small test tubes stand closely 

together on the shelves, each of which 

Patently ingenious
Johann Heinrich Dräger achieved fame with the Lubeca valve for beer 
tap systems – and went from being a retailer to a manufacturer.

In the beginning was the beer – and Johann Heinrich Dräger’s ambition to see it flow 
smoothly from the tap with consistently dosed carbon dioxide. Bismarck’s chancellorship 
was just coming to an end when Dräger founded the business enterprise Dräger and 
Gerling with his copartner in 1889. At the time, equipment was sold to landlords, with 
which beer could be poured and mixed with carbon dioxide from pressurized bottles. 
However, Dräger quickly noticed that the valves in particular didn’t work properly and 
often had to be repaired. The watchmaker by trade saw this as a challenge: Together 
with his son Bernhard, he set about developing a carbon dioxide pressure-reducing valve. 
At four kilograms, it was even four times lighter than conventional products. The 
Lubeca valve (patent number: 52238) for beer tap systems became a bestseller almost 
overnight and also transformed Dräger from a retailer into a manufacturer. The 
Lübeck-based technology company still produces equipment for the beverage industry. 
Krombacher has been equipping its brewery with Dräger gas detectors over the 
past year – they work with infrared (PIR 7200 for CO

2
 measurement) and electronic 

(Polytron 7000 for ammonia measurement) sensors. Ammonia is used by breweries 
as an energy source for the cooling process. In the food and beverage industry 
Dräger not only supplies its mobile and stationary gas measurement 
technology to breweries, but more generally to companies that 
use CO

2
 for carbonation – from lemonade manufacturers 

to sparkling wine producers. 

“Invention is an act of imagination; the creation of something new,” said Bernhard Dräger, 
son of the company founder. The first fruit of this creativity: a pressure-reducing valve

Dräger PIR 7200: an infrared 
optical transmitter for continuous 
monitoring of carbon dioxide
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It seems 
that the perfect 
beer is yet to be 
brewed

acteristics. That’s because the mono-

cellular fungus Saccharomyces cerevisi-
ae (baker’s or brewer’s yeast) comes in 

many different strains. Just like hops and 

malt, yeast forms the distinctive DNA of 

a beer. Up to 300 aromas and flavors are 

produced during the alcoholic fermen-

tation process.

Nobody really valued this variety in the 

past, apart from the fact that a distinc-

tion was made between top fermentation 

and bottom fermentation, depending on 

whether the yeast falls to the bottom of 

the beer or rises to the top. Requirements 

have now changed. “We are noticing that 

the yeast is becoming more relevant,” says 

Senz. Brewers such as Oliver Wesseloh 

who like to experiment also focus on the 

yeast when developing new beers. Instead 

of interrupting the fermentation process 

early or removing the alcohol later, the 

Hamburg-based craft beer brewer uses 

special yeast strains that do not allow the 

malt sugar to ferment when brewing his 

alcohol-free ü.NN.

It seems that the perfect beer is still 

waiting to be brewed. Even with due 

regard to the German Beer Purity Law of 

1516, given the fact that there are 1,500 

yeast strains and 200 hop varieties, we 

still have many a new taste experience 

to look forward to. Olaf Hendel from the 

VLB in Berlin is originally from Cologne 

and likes to visit the few pubs in Berlin 

that serve Kölsch. On the one hand, he is 

impressed by the inventiveness of the craft 

brewers, but at the same time “spending 

an entire evening drinking nothing but 

craft beer can be pretty stressful on the 

taste buds.” 

has been carefully labeled. “Those are 

our agar slant cultures! We have to 

 inoculate these yeast strains every three 

months on a new nutrient medium,” 

explains the  scientist.

Monocellular fungus 
in many different varieties 
Other yeast strains are stored conven-

tionally by being freeze-dried in a protec-

tive matrix. There are also cultures that 

are positively placed into hibernation at 

minus 70 degrees. “Of our 1,500 yeast 

strains, around 100 have thus far been 

used commercially,” says the 34-year-old. 

“The others have not yet been completely 

characterized; that will take years.” The 

yeasts strains, which are complemented 

by an extensive bacteria collection, are 

used for teaching, but also for research 

and development. The yeasts and bacte-

ria in kombucha were isolated and char-

acterized here and used for the first time 

to produce the non-alcoholic fermented 

beverage of the same name. Above all 

else, however, the breweries use the pure 

yeast strains to protect their own cultures 

from degeneration or mutation. 

The VLB is currently in the process of 

setting up an online database in Berlin to 

make it easier in future for brewers and 

other customers to search for a specific 

yeast strain with precisely defined char-

GROWTH MARKET:

Around

688 

billion US dollars is the 

 estimated worth of the global 

beer market in 2020, according 

to experts. This is roughly  

  equivalent to Switzerland’s 

GDP, which was 659.7 billion 

US dollars last year.

144
liters of beer are drunk on 

average per year by every Czech 

(2014), making them the 

world’s biggest beer drinkers. 

At

0.59 

US dollars, the average 

bottle of beer was 

cheapest in the Ukraine 

and Vietnam in 2014. 

On the other hand, a 

0.75-liter bottle of Bourbon 

Barrel (a dark double bock 

matured in a whisky barrel) 

costs around 30 euros. 
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4
DEGREES CELSIUS IS THE TEMPERATURE OF 

THE BEER IN THE STEINS AT MUNICH’S OKTOBERFEST.

WITH AROUND 200 BREWERIES, THE 
BAVARIAN REGION OF UPPER FRANCONIA HAS 

THE WORLD’S HIGHEST DENSITY OF BREWERIES. THAT IS 
WHY THE AREA IS ALSO KNOWN AS “BIERFRANKEN.”

PROBABLY THE WORLD’S BIGGEST BEER KEG IS 4 METERS HIGH 
AND 5 METERS WIDE. THE SMALLEST BEER BOTTLE IS JUST 
16 MILLIMETERS HIGH – IT EVEN COMES WITH A WORKING 
SWING TOP, CREATED BY FRANZ STELLMASZYK IN COLOGNE. 

MORE THAN 

10,000 
MICRO/CRAFT BREWERIES WERE RECORDED WORLDWIDE 

IN 2015 – MOST OF THEM IN THE USA. WINE COUNTRY 
FRANCE WAS IN THIRD PLACE, WITH GERMANY IN EIGHTH.

IS THE AGE OF THE 
GERMAN BEER PURITY LAW

It was first enacted as a Bavarian 

territorial law on April 23, 1516 – today’s 

 German Beer Day. It was only 

referred to as the Beer Purity Law for 

the first time 402 years later. 
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DIAGNOSTICS AND THERAPY  FETAL SURGERY

They haven’t even been born yet, 
but their lives are already in 
danger – even fetuses have to be 
operated on. The one thing needed 
above all else for such a complex 
procedure:  experience.

Text: Sascha Karberg  Photos: Bernd Roselieb

Five millimeters. The incision made by Professor Thomas  

Kohl to gain access to the unborn child in the stomach of a 

pregnant woman is not much wider than that. “Dental treatment 

is generally worse,” says the head physician while sliding a 

1.2-millimeter-thick needle through the opening, with which 

he positions a sheath in the anesthetized uterus wall. Via this 

hole, Kohl and his colleagues at the German Center for Fetal 

Surgery and Minimally Invasive Therapy (DZFT) at Univer-

sity Hospital Gießen and Marburg in Germany can now treat 

F

The First 

Cut
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 deformities and circulatory disorders which, if worse comes

to worst, could cost the fetus its life. Kohl has performed 

around 1,000 prenatal procedures over the past 14 years. 

They have become routine for the surgeon and are now a 

standard form of therapy for the medical profession. In the 

mid-1980s the  picture was still quite different.

It all began in a student apartment in Essen. A young 

medical student was sitting in front of the television flicking

through the channels. Suddenly, a documentary appeared 

on the screen about a doctor who opened the stomach of a 

Total concentration: Head physician 
Professor Thomas Kohl is only seemingly 

relaxed as he watches his team anesthetize 
the patient at University Hospital Gießen 

and Marburg. In his mind he is going through 
the impending operation on an unborn child 
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 pregnant woman in order to operate on her unborn babies. 

Surgery – before postnatal life has even begun! Thomas Kohl 

was immediately fascinated, but ultimately also disappointed 

when he discovered that Dr. Michael R. Harrison, the pioneer 

of this new treatment, practiced in faraway San Francisco. 

“I come from a basin in the Sauerland region,” says Kohl. “But 

something somehow clicked.” When he began his specialist 

training in the pediatric cardiology department at the Univer-

sity of Münster two years later, his boss suggested that he 

specialize in prenatal cardiac diagnostics: the diagnosis 

of heart defects in fetuses with the help of ultrasound – and 

mentioned in  passing that research in this area was also 

being conducted in San Francisco.

San Francisco! Kohl jumped on the next plane and 

without an appointment he introduced himself to Dr. Norman 

H. Silverman – the specialist in ultrasound for born and 

unborn children, who was working at the University of Cali-

fornia at the time. “I would like to work here!” Silverman 

was impressed. And sure enough, Kohl returned to Germany 

with a job offer, but it would be two years before he could 

take up the position. During those two years he read every-

thing to do with the diagnosis of illnesses and deformities 

in unborn babies. “It was only due to the improvement and 

prevalence of ultrasound diagnostics in the 1980s that 

made it  possible to get to know fetuses as patients in the 

first place,” recalls Kohl. 

When he eventually got to San Francisco, he spent most 

of his time in a veterinary operating room. He practiced on 

 pregnant sheep in order to get better  ultrasound images of 

fetuses and identify illnesses or deformities at an early stage. 

It has been some time since he has been solely involved in 

 diagnostics. Kohl now develops and tests surgical procedures, 

honing new methods that primarily involve minimally invasive 

keyhole surgery on fetuses. Michael Harrison, his idol from the 

television, who he used to see  several times a month on the 

university campus at  meetings, still opened up the abdominal 

wall, uterus, and amniotic sac for his first procedures 

on fetuses (1981) in order to be able to operate on the tiny 

babies. “There were obviously ethical concerns associated with 

open fetal surgery,” says Kohl. “The healthy mother was being 

subjected to an operation.” The debate surrounding this 

procedure was just as fierce in the beginning. After all, as with 

any operation there is a risk of infection – to mother and 

child. And there were also considerable risks associated with 

the anesthetic at the time. In addition, the procedure can 

induce premature labor. Kohl is not playing down the risks, 

but he also points out that a great deal has changed since 

1981. A risk-benefit assessment is still made, like with 

any operation, and this is now  overwhelmingly positive. 

When nerves are raw
“With twin-to-twin transfusion syndrome, it is a matter of life 

or death for the sick babies,” says Kohl. In this case, identical 

twins share one placenta. Abnormal vascular connections can 

severely restrict the blood supply to one or both fetuses. “If 

it is left untreated, most pregnant women lose both babies.” 

The incorrectly arranged vascular connections can be ablated 

with the help of laser surgery. “After such a procedure, nine 

out of ten women bring at least one of the twins into the 

world; seven out of ten even both,” says Kohl. “Many often 

Professor Thomas Kohl 
needs three entry points to 

be able to operate on 
fetuses with spina bifida – 

one for imaging (outside 
right) and two for the 

operating instruments. The 
position of the baby 

determines where exactly 
the millimeter-thin cannulas 
are inserted into the uterus 

of the pregnant woman
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come too early, but most are healthy later on.” Neurological 

damage due to a premature birth tends to be the exception. 

The situation is completely different in the case of deformities, 

which can have lifelong consequences and whose symptoms 

fetal surgery can mostly improve, but not fully correct. One 

such case is spina bifida, a condition in which the spinal cord 

does not completely move inside the body in the early stage 

of embryonic development, leaving part of it exposed. Here the 

nerves are quite literally raw. They are washed around the 

amniotic fluid, damaging and necrotizing them. In many cases 

this causes paraplegia. If the babies are operated on in the 

prenatal stage, their chances of being able to walk at a later 

stage are at least twice as high. Most parents, however, opt 

for an abortion. When Kohl hears this, he is visibly frustrated. 

Even though he respects the parents’ decision, he also knows 

that there is a lack of information on how the symptoms of this 

illness can be alleviated through fetal surgery. “In some parts 

of Germany, a spina bifida diagnosis is tantamount to a death 

sentence for the fetus,” says Kohl. The abortion rate is 95 per-

cent in some places. And yet: “We don’t talk anyone into having 

an operation.” Instead, he puts those concerned in touch 

with parents who have been in a similar situation and opted to 

have a prenatal procedure. “We do this so that parents can 

hear for themselves how such an operation has gone, learn about 

any difficulties, and find out how the child is doing today.” 

Most pregnant women come to the DZFT after  another 

hospital has made the diagnosis. “For the women it is like a 

punch in the stomach. They have the baby scan ( ultrasound) 

and then receive the news that something isn’t right.” For 

days and weeks they have to get to grips with things they 

have never even heard of before. Most deformities are very 

rare – twin-to-twin transfusion syndrome occurs perhaps 

once in every 2,000 pregnancies. There is generally no time 

to think about it for long; certain deformities have to be 

treated early. “And often the ship has sailed,” says Kohl. So 

even though heart valve defects can be operated on to pre-

vent the chamber from being damaged to the extent that it 

no longer functions after the birth, “most babies come to us 

too late for an operation to have any chance of success.”  

Up to 160 prenatal operations are now performed 

every year at the DZFT. “Routine,” says Kohl. It was all 

very different when he performed his first operation. When 

he returned from the USA in 1996, he gradually used on 

humans the new methods that had previously been tested on 

sheep – initially in Münster, then in Bonn. He could barely 

sleep before his first fetal surgery. “Of course I was  anxious,” 

he recalls. “The procedure then turned out to be more 

 complicated than expected – and it was not a success.”  

Nonetheless, his hands did not shake. “The greater the 

It is often 
too late for 
a prenatal 
 procedure – 
there is a lack 
of information

057_Draeger114_EN   57 20.07.16   09:55



1 2 3 4

DIAGNOSTICS AND THERAPY  FETAL SURGERY

58 DRÄGER REVIEW 114 | 2 / 2016

stress, the calmer I become.” Out of 19 spina bifida oper-

ations from the pilot phase at University Hospital Bonn, 

three babies died. “The criticism was often difficult to 

take.” Since then, in a further 100 cases, no other babies 

died as a result of the operation and only a few died subse-

quently due to infections, accompanying brain defects, or 

their immaturity. “As such, the risks associated with this 

complex operation are almost as small as those associated 

with an amniocentesis.” The same must also apply to 

the mother, stresses Kohl. With a probability of error of 

less than five percent, there is no risk of a pregnant woman 

getting heavy bleeding or a severe infection as a result 

of fetal surgery. There should also be no impact on 

subsequent pregnancies, at least after minimally invasive 

operations. “The same cannot be said of open fetal 

surgery, however.”

Born premature, but not too premature
Deciding for or against a procedure is ultimately about 

weighing up the benefits and risks. “And nowadays the 

 decision mostly falls in favor of prenatal operations,” says 

Kohl. This is not only due to better methods that are less 

stressful for the pregnant woman, but also because 90 per-

cent of operated fetuses are not born until after the 30th 

week of pregnancy – half of them even after the 34th week. 

“Hardly any long-term complications are feared at either 

stage these days thanks to modern therapy and care for pre-

mature babies.” The premature births are not solely caused 

by the prenatal procedure. Illnesses such as twin-to-twin 

transfusion syndrome and diaphragmatic hernia are associ-

ated with a significantly increased amount of amniotic 

fluid, sometimes as much as several liters. As a result, the 

cervix often shortens prematurely, contractions can begin, 

and the waters can break. “It can be so far advanced before 

the operation that you can pretty much assure the parents 

that it will be a premature birth,” says Kohl. “But then the 

statistics make it look as if the fetal surgery has caused the 

premature birth.” Kohl will not operate on certain illnesses 

(such as diaphragmatic hernia) until after the 32nd or 

33rd week of pregnancy in order to prevent dangerous 

prema ture births. But this isn’t possible with every defor-

mity. Accordingly, the earliest operations must be per-

formed in the 13th week when the fetuses measure just 

five or six centimeters. In rare cases it may be that their 

bladder is obstructed. Urine builds up, which ultimately 

destroys the kidneys. Fetal surgeons then have to fit a cath-

eter through which the urine can flow out. This procedure 

generally has to be repeated several times, either because 

the drainage fails or because it has to be adapted to the 

growing fetus. “And many babies still die nonetheless. 

It is often months before we know whether everything has 

gone well, so affected parents need a very, very thick 

skin,” says Kohl.

“The greater the 
stress, the 
calmer I become”
Professor Thomas Kohl, 
University Hospital Gießen and Marburg, Germany
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What about any scars caused by the operation? Although no, 

or minimal, scarring has been observed in sheep fetuses, 

time stands still for human fetuses from the point at which 

the wound is created. “Nothing happens; no new skin 

grows over the patch even after months,” says Kohl. The 

amniotic fluid is not an environment that promotes wound 

healing: It contains feces and enzymes that can attack the 

tissue and, in the case of spina bifida, even necrotize nerve 

cells. The unborn child protects itself from this with the 

vernix, a protective layer covering the skin. When  Thomas 

Kohl covers and stitches the open back of a fetus with a 

 collagen patch, the skin does not initially grow over it. 

This only happens after the birth over the course of  several 

weeks. A scar forms, but it grows out over the years. 

Many places have been performing fetal surgery for 

quite some time; there are about 30 centers around 

the world. Kohl estimates that a fifth of pregnant women 

cannot be helped. This is also due to the fact that  doctors 

working in the area of prenatal diagnostics still know 

too little about the possibilities of this discipline or are 

unaware of the window of opportunity for certain opera-

tions. “The right time for the operation is often passed, 

sometimes the risks are also simply too great – and some 

things are technically not yet feasible.” This is also the 

reason why Kohl spends a great deal of time passing on 

his knowledge – not just in Germany, but also in Turkey, 

Poland, Brazil, and Romania. The 53-year-old has already 

dedicated half his life to fetal surgery and now probably 

has more to tell than his first idol from the television. 

One of the 
youngest premature 
babies in Europe
She came into the world in Fulda after almost 
22 weeks of pregnancy – 19 weeks too early. The 
prognosis for one of Europe’s youngest premature 
babies was bleak. Frieda weighed just 460 grams 
and was 26 centimeters tall. Ten years earlier 
she would have had no chance of survival or would 
probably have had to live with mental and physical 
disabilities. Premature babies are not even able to 
maintain their own body temperature. But neonatol-
ogy is now largely in a position to substitute the 
care and protection ordinarily provided by the 
mother’s placenta. According to a study conducted 
by the Neonatal Research Network, part of the 
National Institutes of Health in the USA, 27.5 percent 
of all premature babies died between 2000 
and 2003; between 2008 and 2011 the figure was 
25.8 percent. Generally speaking, the earlier the 
baby is born, the lower its chances of survival. Before 
the 22nd week only around five percent survive; 
from the 28th week 92 percent make it. In Germany 
around 60,000 babies are born prematurely every 
year; doctors have to intervene in about 6,000 of 
these cases. Between 60 and 65 percent of these 
premature babies (weighing less than 500 grams) 
now survive. The premature birth is often not without 
its consequences. A third of children exhibit devel-
opmental deficits; 16 percent are severely disabled. 
Frieda was lucky and the signs are that she will 
suffer no damage as a result. Unfortunately, her 
twin brother didn’t make it; he died six weeks after 
delivery from cardiac and intestinal problems. 

“Fetus patching” is routine for Professor 
Kohl when treating babies with spina bifida. 
To do this, the surgeon has to guide a collagen 
patch in a rolled-up state through the entry 
hole, place it on the open area on the back of 
the fetus (images 1–3) and stitch it (images 
4–5). A steady hand and plenty of practice and 
patience are useful. The patch protects the 
nerves from the amniotic fluid and grows out 
with the skin of the baby after birth 
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Whether ELECTRIC CAR or warehouse – fire protection 
 professionals can encounter lithium-ion batteries everywhere 
nowadays. Although they are considered difficult to extinguish, 
the fire can be brought under control by conventional means.

Text: Peter Thomas

Transporting lithium-ion batteries 

in commercial freight on passenger air-

lines has been banned since April 2016. 

As a consequence, notebooks and similar 

devices may only be carried as hand 

luggage on many airlines, because people 

can keep an eye on them. This decision 

was taken by the International Civil 

Aviation Organization (ICAO).

Plenty has been heard about lithium-

ion batteries in the past decade, some-

times also due to the fire risk they pose. 

The energy storage units (or more pre-

cisely: secondary lithium-ion cells) are by 

no means new – they were developed 

in the 1990s in Japan. Since then, their 

use has risen exponentially. Morgan Hur-

ley, technical director of the US Society 

of Fire Protection Engineers, calculated 

back in 2013 that each plane passenger 

carried an average of one and a half lith-

ium-ion batteries in their hand baggage.

In everyday professional life, firefighters 

also face the question of how they 

sho uld deal with the battery technology, 

for instance in electric cars, because 

the risk of mechanical damage is especial-

ly big in the event of a traffic accident. 

Such vehicles still only represent a frac-

tion of the traffic on the road, but the 

changeover from the combustion engine 

to the electrically powered vehicle 

lies ahead in the coming years. An analy-

sis published by Bloomberg New Ener-

gy Finance in spring 2016 also indicates 

that this will be the case. 

How do you extinguish 
an electrical fire?
What exactly awaits the emergency 

services at the scene of the accident? 

According to Dekra, electric and 

hybrid cars are at least at the same safe-

ty level of petrol and diesel vehicles in 

the event of a fire. The testing organiza-

tion carried out more detailed analysis 

of the battery technology of electric vehi-

cles some time ago. “The output and 

capacity of the energy storage units have 

risen considerably since then – but the 

fire behavior and the specific risks have 

remained  similar,” says David Kreß, 

project manager at the Dekra test center 

in Stuttgart.

The reason why the risk can be 

assessed so well is also due to the fact 

that the batteries have long since been 

the focus of fire protection research. The 

Baden-Württemberg state  firefighting 

school in Bruchsal, for example, pub-

lished information on how to tackle elec-

tric vehicle fires back in 2011. It proposes 
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the use of water mixed with surfactants 

(multipurpose foam or micelle encap-

sulating agents such as F-500) as the 

optimal extinguishing method. Unlike 

metal fire powder, the extinguishing 

water used in large quantities achieves 

many aims simultaneously: It smoth-

ers the flames, cools the batteries, and 

helps to slowly discharge all mechanical-

ly damaged cells. The Karlsruhe Insti-

tute of Technology (KIT) also prefers 

the option with water and additives. In 

September 2015 the research establish-

ment published a final report on the fire 

behavior of lithium-ion  batteries.

Fear of a chain reaction
What exactly makes this technology so 

hazardous? It harbors the danger of 

“thermal runaway” – a chain reaction 

that can be triggered by mechanical 

damage, a short circuit, overloading, 

or deep discharge. Fires of this kind 

should actually be prevented by means 

of various safety precautions incorpo-

rated in the batteries themselves (or 

in the device in which they are fitted). 

Such precautions fitted in the cells 

include:

• PTC (positive temperature coefficient, 

a thermal fuse that reduces current 

flows that are too high when charging 

or discharging)

• CID (circuit interrupt device to 

 interrupt the charging current if there 

is a critical pressure rise in the cell)

• Safety valve (allows the gas to 

escape from the cell if the pressure 

 suddenly  rises in order to at least 

prevent an  explosion)

Nonetheless, accidents sometimes 

do happen, like the explosion of a 

previously deeply discharged electric 

bike battery in a hotel in northern 

Germany. One person was killed in the 

incident. This is why the German Pub-

lic Insurers’ Institute for Damage Pre-

vention and Damage Research (IFS) 

warns against the unsupervised charg-

ing of lithium-ion batteries that have 

not been used for a long time and have 

also been stored cold. Thermal run-

away is considered the typical fire sce-

nario. It begins pretty unspectacularly: 

Where lithium-ion batteries 
are used and how they 
are disposed of correctly:
They are used wherever electrical energy is stored in a flexible and  decentralized 
manner. This ranges from batteries weighing just a few grams to huge 
power buffers, which store wind power as a black-start-capable power station 
and produce several megawatts. They can now be found everywhere from 
hybrid cars and digital cameras to electric bikes and boiler rooms –  whether as 
an individual battery, a removable rechargeable battery, or a fixed installation. 
The rated capacity of individual storage modules is between two and 
60  ampere-hours.

Lithium-ion batteries can still be dangerous after use, if they are disposed 
of incorrectly. They should be wrapped in plastic film and returned to 
retailers or taken to local waste disposal facilities to avoid short circuits and 
mechanical damage. This prevents major fires of the kind seen in a waste 
recycling plant in Neumünster, northern Germany, in summer 2015, which was 
probably caused by old lithium-ion batteries in bulky refuse.

The inside of the battery heats up (due 

to oxidation of the electrolyte) to around 

80 degrees  Celsius, releasing gases 

and vapors in the cell. If the process is 

not halted, the separator between the 

anode and cathode melts at around 120 

degrees Celsius.  A short circuit occurs 

– and thermal corrosion of the cathode, 

releasing oxygen and igniting the mate-

rials in the anode, cathode, and elec-

trolyte. These include organic solvents, 

light metals, and graphite. Since batter-

ies also contain heavy metals in addition 

to these components, emergency  ser-

vices have to choose their equipment to 

reflect the chemical risk. At the same 

time, protection against electrical haz-

ards must be ensured. Both require-

ments play an essential role in fires in 

enclosed spaces. The incidence of such 

fires is likely to increase in the coming 

years, because ever more energy storage 

units are being installed – from the 

battery in the basement to the black-

start-capable power station, which stores 

wind power. Such large-scale storage 

facilities play a stabilizing role, because 

they can immediately feed power into 

the grid without the need for additional 

energy (“black start”). The leaflet 

published by the German Solar Asso-

ciation entitled “Attending to Stationary  

Lithium Solar Storage Units” (in 

 German only), to which the German 

Firefighting Association (DFV) also 

makes reference, provides important 

information on how to deal with 

such incidents – for safely transforming 

the energy system from a fire 

protection perspective. 
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 Made 
 in

An eye for gas: 
The patented component of the 

detector system that detects 
hydrocarbons in the air is located 
at the center of the chip. Infrared 

light is used for the analysis

Norway
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The Norwegian company GASSECURE has combined two innovations 
in a single system – a gas detector with IR absorption spectrometer 
technology and wireless communication. Under the umbrella of Dräger, 
it is now progressing with the further development of this technology – an 
inspiring example of how new technologies are born.

Text: Nils Schiffhauer  Photos: Patrick Ohligschläger

“Our wireless gas detectors are 

deployed on drilling and production plat-

forms and in petroleum storage facili-

ties,” reports Knut Sandven, looking back 

at the development of GasSecure. Wire-

less? “Yes, it means you no longer need to 

install a costly network of copper cables 

to connect the hundreds of detectors you 

would typically find in a refinery.” The 

total costs for this level of monitoring are 

significantly lower, even though the actu-

al gas detector units are more expensive 

than wired alternatives. The beginnings 

are absolutely typical for the kind of jour-

neys of discovery that brought any num-

ber of Norwegian pioneers to their goals 

in the past. Sandven nevertheless also 

stands steadfastly at the helm of his own 

innovative company, GasSecure.

From Oslo to Stanford and back 
The engineer’s interest in the potentials 

of wireless technology began back in 2004: 

“Back then I developed a vibration sensor 

for small engines that reliably transmit-

ted the data it gathered wirelessly.” At the 

time, Sandven was still working for SIN-

TEF, the Norwegian industrial research 

center. Wireless technology for rugged 

and demanding industrial use was still in 

its infancy, and only very few applications 

were actually on the market. Neverthe-

less, Sandven had courage and ideas. Sev-

eral years later, while working for anoth-

er startup company in Oslo, he began to 

pursue a new and even more ambitious 

target: “The annual global demand for 

gas detectors in systems and networks is 

around 150,000 units.” That simply cried 

out for a wireless technology that could 

replace classical copper-based or fiber-

optic signal carrier infrastructures, which 

are also relatively complex and expensive 

to install and maintain.” 

While working at SINTEF, Knut Sand-

ven met Dr. Håkon Sagberg. The physi-

cist specialized in exotic electromechan-

ical components. “So exotic that, after 

graduation, I couldn’t find anyone in Nor-

way I could even talk to about them.” At 

Stanford University in California, one of 

the world’s leading research and teach-

ing institutions, where he wrote his the-

sis on microelectromechanical systems 

(MEMS), he finally found someone who 

could. Sagberg was interested in combin-

ing optical and electromechanical sys-

tems. One result of this interest was a sub-

sequently patented component that was 

ideal for spectroscopic analyses. Extreme-

ly precise structures etched into silicon 

act like prisms that split rays of white 

light from the sun into the colors of the 

rainbow. The microscopic structures 

are  movable and their alignment can be 

 electronically controlled. This allows the 

photons of selected wavelengths of light 

to be  directed onto a  photodetector that 

 converts their energy into electric  current. 

O

The wireless wizard:
Knut Sandven (top) first had 
the idea of networking gas 
detectors with wireless technol-
ogy. Bottom: The air intakes 
of finished gas detector units
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The range of applications can be further 

expanded by the use of other optical fil-

ters. Sandven was electrified by these 

results and Sagberg was equally fascinat-

ed by the idea of developing an extremely 

energy-efficient wireless gas detector.

Wireless – a technology matures
Things that seem so obvious today, weren’t 

necessarily so in the past. Least of all 

in the oil and gas industry, where new 

demands for even stricter product reliabil-

ity were an almost everyday occurrence. 

For quite a while, wireless was considered 

to be instable and prone to malfunctions. 

At the same time, no one had any practi-

cal knowledge of how a 2.4 GHz radio link 

would behave in a jungle of rigs, cranes, 

cables and oil tanks, or whether existing 

electrical and electronic equipment would 

interfere with the wireless signal – or vice 

versa. Today, these reservations and doubts 

have been allayed. In practice, wireless is 

just as reliable as copper and fiber-optic 

cables. This is guaranteed by detailed plan-

ning (for distances up to 400 meters) and 

sophisticated transmission protocols that 

safeguard reliable communication. Back 

in 2007, when Sandven and Sagberg first 

met, they stood in many respects at the 

beginning of a long and sometimes ardu-

ous journey. The particular requirements 

a wireless gas detector would have to fulfill 

soon became clear: “It would have to be in 

no way inferior to existing cable-dependent 

solutions. It would also have to have an 

operational life cycle of around two years – 

without maintenance, external power sup-

plies, or the need for in situ recalibra-

tion,” recalls Knut Sandven. It was also 

a given that hundreds of wireless detec-

tor units would have to be able to function 

perfectly in a collision-free integrated net-

work. But where could financial backing 

be found? “We tapped into a number of 

sources,” says Sandven. “Research grants, 

venture capital, and even potential cus-

tomers.” The latter offered valuable capi-

tal and invaluable expertise. This combi-

nation proved to be ideal, as developments 

would not lead to a device that would first 

have to find a market. Big players in the 

petrochemical industry, like Statoil and 

ConocoPhillips, sponsored the develop-

ment and stringent testing of its hardware 

and software components. “2012,” says 

Sandven, “saw the delivery of our first unit 

to Statoil, the Norwegian oil and gas con-

cern.” Since then, only an almost negli-

gible percentage of the 1,000 units mar-

keted so far has either malfunctioned or 

failed (<1 percent). They had launched 

Gas Secure in, of all years, 2009, at the 

height of the global economic crisis. How-

ever, within a relatively short space of 

time, their enterprise in Oslo was simply 

inundated with takeover bids. As Sandven 

recalls, “We met with interested parties, 

discussed opportunities, evaluated them 

all very carefully, and finally decided on 

Dräger for a number of reasons.” In fact, 

GasSecure found numerous persuasive 

arguments for accepting Dräger’s offer: 

“People with enthusiasm and passion, an 

impressive gas detection product portfolio, 

a powerful and dynamic global distribu-

tion and service network, and, not least 

of all, they understood the potential in  

The creative mind:
The internal sensoring system 
at the heart of the GS01 is 
one of the things physicist 
Dr. Håkon Sagberg developed in 
the course of writing his thesis

In practice, 
wireless 
networks 
are just 
as reliable 
as copper 
cable infra-
structures
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How the wireless gas detector works (GS01)
Precision, rugged construction, and reliability are requirements ably fulfilled by the 
Gas Secure wireless gas detector. Its integrated battery power source must guarantee 
continuous and reliable operation for at least two years – not only that, it must also possess 
the capability to transmit data gathered at its location to the control room in five seconds 
or less. What it measures is the concentration of gaseous hydrocarbons in the air at its 
location. Methane (CH4

), in particular, a major component of natural gas, mixed with air at 
concentrations of more than 4.4 percent (lower explosive limit) is a highly explosive 
mixture. Virtually continuous monitoring is essential. The detector sensor must not only 
respond reliably to the presence of gaseous hydrocarbons (qualitative analysis), 
it must also identify the concentration (quantitative analysis) to prevent false alarms. 

The GS01 addresses and masters these high expectations with exceptional ease: it 
measures the concentration of gaseous hydrocarbons in the sampled air by their absorption 
of light in the infrared spectrum. The infrared light is emitted by a small lamp with an excep-
tionally long service life. It is passed through a system of lenses to a mirror and is reflected 
back along its path. The ray therefore travels a distance of 2 x 5 centimeters in a measuring 
chamber that is open to the surrounding air. All electronic components of the unit are 
installed in a gastight steel housing filled with inert nitrogen at slight overpressure. The ray 
is deflected from this measuring chamber through a window and aperture and into the hous-
ing where the analysis takes place. It then falls on the analytical core of the detector (aka 
MEMS: microelectromechanical system), which carries out a spectroscopic analysis of the 
 incoming light. Gaseous hydrocarbons absorb light in a waveband of approximately 3.3 mi-
crometers, while the frequencies above and below this value are not subject to attenuation. 

The MEMS functions in a way similar to a prism. It splits the incident light and reflects 
the different spectral components in different directions. The system can be configured to 
produce the same effect as rotating a prism. This ensures that only certain wavelengths fall on 
the photodetector. Each measuring cycle consists of two subcycles, where the first cycle 
determines the intensity of the light in a central band of light with the wavelength 3.3 microme-
ters, and the second cycle measures the intensity in the neighboring bands at 3.0 and 3.6 
micrometers. If gaseous hydrocarbons are present in the sampled air, they absorb light only in 
the center waveband of 3.3 micrometers (μm). Due to this absorption effect, the energy value 
registered by the photodetector for this wavelength (3.3 μm) is lower in comparison with the 
values for the shorter (3.0 μm) and longer (3.6 μm) wavelengths. In fact, the lower this value, 
the higher the concentration of gaseous hydrocarbons. The hydrocarbon concentration is calcu-
lated from the difference between the measured values from the first and second subcycles 
If they differ, gaseous hydrocarbons are present in the sampled air. Every ten  seconds, the data 
gathered are sent to the control room for analysis over a safe, IEEE 802.15.4, 2.4 GHz wireless 
link with 10 mW RF power output. If the concentration rises above a defined  threshold value, 
the data transmission rate is usually reduced to intervals of two seconds.

THE ABSORPTION 
PRINCIPLE: 

The higher the concentration

of a hydrocarbon gas in the

air, the lower the transmission

of light in a narrow band of

wavelengths centered on 

3.3 micrometers. 

MEASUREMENT 
AND ANALYSIS:

The energy is measured for the 

reference wavelengths 3.0 and 

3.6 μm. The internal calculator 

compares the sum of their energy 

values with the energy at the 

hydrocarbon-specifi c wavelength 

of 3.3 μm. Here, we see the 

peaking of a typical absorption 

spectrum of natural gas and its 

main component, methane.

Ray path within the
wireless gas detector
(as described above) –
the battery is installed
on the left

0.1 VOL%
1.0 VOL%

5.0 VOL%
(= 100 % 
LEL)

T = 99 %
T = 93 %

T = 84 %

Wavelength (cm-1)

1 MEMS chip

2 Photodetector

3 Lamp

4 Lens

5 Aperture

6 Window

7 Mirror
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Gas- Secure’s technology.” The  takeover 

also fitted in perfectly with Dräger’s 

plans – the Norwegian enterprise has now 

been “A Dräger Company” since last year. 

How does a former start-up feel as a 

part of a technology concern? Sandven’s 

spontaneous answer: “Things couldn’t be 

better. We have almost identical attitudes 

to the quality of what we produce – and 

Dräger gives us the room we need to devel-

op and realize our own ideas.” Where-

by, one of the biggest changes was in the 

way decisions are made: “If I walk down 

the corridor here, I’ll have an opinion on 

something within the next five minutes. 

That, quite naturally, now takes longer.” 

Small high-tech enterprises in Norway are 

consensus-oriented, even more so than 

in Germany. Fortnightly staff meetings 

(“All hands on deck,” in company jargon) 

keep everyone up-to-date on what’s going 

on and are an excellent forum for kicking 

around creative ideas. Always in the midst 

of it all: Dr. Christian Heinlein. The com-

pany’s product manager was born in Ger-

many, has lived in Norway since 1994, and 

is fluent in several languages: “An excit-

ing and challenging job in every respect.” 

Both the company and the market are still 

finding their feet. The technical and finan-

cial benefits of wireless detectors are only 

slowly filtering through to the people that 

have a say in the industry. Heinlein has his 

ear to the ground and is watching the mar-

ket very closely: “In the meantime, we are 

also producing the GS01 in a version with 

an extended antenna.” This allows instal-

lation of the transmitter at ground lev-

el, which would otherwise be an unfavor-

able location for data transmission from 

a unit with a fixed antenna. This allows 

the antenna to be positioned in a location 

more favorable for wireless communica-

tion. Norway is not only home to the com-

pany’s R&D, but also to production and 

quality assurance. “The short communi-

cation paths we have are currently the 

best way of assuring product quality,” says 

Britta Fismen, referring to the collabora-

tion with AXXE. In the early days, the engi-

neer drove an hour to the production facil-

ity to implement essential processes and 

Safeguarding energy resources: Refineries are 
 storehouses of immense amounts of energy that must 
be kept safe and secure. Gas detectors play an essential 
role in this, whereby wireless detectors offer significant 
cost advantages

Inner values: Although the production 
process is to some extent completely 
automated, there are still certain steps 
that can only be carried out by hand 
to ensure the required precision and the 
fulfillment of the stringent quality demands 
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an hour back to her office almost every 

day. “Now we have reached production 

figures of over 1,000 units, everything as 

good as runs itself.” What comes next? “At 

the moment, our customers are faced with 

an investment backlog as a result of low oil 

and gas prices.” Nevertheless, postponed 

is by no means canceled. On the one hand, 

reliable gas detectors are absolutely essen-

tial and, on the other, the costs of wire-

less technology are an extremely attractive 

factor that simply cannot be ignored. “In 

the meantime, we are putting our heads 

together with Dräger in the intensive 

search for openings for wireless technol-

ogy in other products and areas.” Norwe-

gians always did love to sail into uncharted 

waters against all possible odds. 

With more 
than 1,000 
units pro-
duced, the 
manufactur-
ing process
has achieved
a high level
of autonomy
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PRODUCTS  SERVICE

At a
 Glance
Here are some of the 
DRÄGER PRODUCTS 
in this issue in the 
order they appear. Each 
product has a QR code 
that can be scanned 
with a smartphone or 
 tablet. The relevant 
 product information will 
then be displayed. If 
you have any questions 
about a device or this 
magazine, send an 
e-mail to: draegerreview
@draeger.com

Up to 25 X-zone 5500 devices 
can be automatically interconnected 
to form a wireless fence line, 
creating a flexible area monitoring 
system in combination with 
Dräger gas detectors. Page 26

The X-am 2500 four-gas 
detector measures combustible 
gases and vapors as well 
as O

2
, CO, NO

2
, SO

2
, and H

2
S. 

Page 26

The X-act 5000 automatic tube 
pump is suitable for measurements 
with Dräger short-term tubes and 
can take samples of gases, vapors, 
and aerosols. Page 26

The PIR 7200 is an explosion-
proof infrared gas detector 
used for continuous monitoring 
of carbon dioxide in industrial 
environments. Page 51

The Polytron 7000 measures 
toxic gases and oxygen and 
can be individually configured. 
Page 51

The wireless GS01 infrared 
radio transmitter detects 
hydrocarbons – even in 
demanding and dangerous 
environments. Page 62

The Primus anesthesia workstation 
provides various ventilation and 
monitoring functions – for individual 
anesthesia. Page 54
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8 It looks like a container, but the 

MRC 5000 mine  refuge  chamber 

made from robust steel  provides 

between 24 and 96 hours’ protection 

from life-threatening  contamination 

and  gases. Between eight and 

20  people can take  shelter inside, 

depending on the confi guration. 

When such  hazardous  situations occur 

in  mining and  tunnel  construction, 

 people enter the pres surized inner 

 chamber via the sealed  outer 

door 1  and  manlock 2 , in which 

a WC can also be found. At the heart 

of the  interior, surrounded by bench 

Just in case:
A safe refuge during 
dangerous situations in 
mining and tunnel 
construction – this refuge 
chamber is modular 
and can be extended

 seating, 3  is the BPU 7000; a breath-

ing air  regeneration unit 4 . The 

 oxygen  consumed in the chamber 

is replenished by the  oxygen 

cylinders 5 , while the  other six 

c ylinders 6  store compressed air to 

keep the chamber pressurized and 

fl ush the  manlock. In the regeneration 

unit the  carbon  dioxide is  fi ltered to 

a  value below 1% with Dräger soda 

lime and  carbon monoxide is  

catalyzed to less than 60 ppm. The 

air-conditioning  system 7  keeps 

the  interior temperature below 30°C 

and also  controls the air humidity. 

A  battery  backup  system 8   ensures a 

 power  supply, should the mains  

power drop out. The external air 

 supply  fi ltration  system 9   permits 

the use of external  pressurized air, 

if it has been  supplied at the site. 

The arched roof  made from robust 

steel has been  reinforced to  protect 

the chamber from falling rocks. 

 Forklift truck slots  underneath  

make it easier to lift the  5.4-metric-

ton basic  version, which can also 

be  maneuvered using the sled robust 

skids  and heavy goods  transport 

eyes . The MRC 5000 has been 

developed by Dräger-Simsa S.A. and 

Dräger Safety.

Underground

 Island 
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