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Abstract
Sackground: Over the last few years, differential ion
~ mobility spectroscopy (DMS) has become an impor-
szat tool in medical research. There are attempts to
Sad markers for specific diseases in exhaled air, using
==is technology as a non—invasive eatly diagnosis.
O bsective: In the present research, exhaled air from 78
petents with known diagnosis and 39 control persons
wece tested with a DMS system from Sionex.
Seswlis: Bronchial asthma showed a pattern of 6 chat-
seristic points in a discriminant analysis. Patients
ath diagnosed hypertension showed a characteristic
crn with 4 points, hypothyroidism 2 points;
cased LDL cholesterol 3 points, and type II dia-
=uics treated with insulin 4 spots. No significant dif-
=nces with respect to the control group were found
chronic obstructive pulmonary disease patients.
2c DMS pattern in the tested asthmatics showed a
12l change depending on different medications

clusion: Differential ion mobility spectroscopy of-
=== promise as a helpful diagnostic tool.

words: differential ion mobility spectroscopy
, real-time diagnostics, non-invasive diagnostics

INTRODUCTION

scatfic research at the University of California in
=ine showed that breath analysis is an effective,
invasive method to determine the blood glucose
== Using an analytical method, primarily developed
measure air contamination, researchers found
=dly increased methyl nitrate concentrations in
ed air from children with type 1 diabetes [1].
then tested ten children with type 1 diabetes with
2 as well as declining blood glucose levels after ad-
sstration of insulin. Exhaled air from these pa-
s was tested for 100 different markers in the
sange (parts per trillion). It has been shown that
e concentration of methyl nitrate in patients is 10
== higher than in those with the normal glucose
tration and correlated with the level of blood
= In follow—up studies, researchers plan to corre-
ayperglycemia with other gases in exhaled air to
ish a complete profile of exhaled markers in dia-
s [1]. These studies seem a prelude to the develop-
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ment of a breath analyzer for diabetics to control their
insulin usage.

Different metabolized products, e.g;, from tumor
cells, from thoracic diseases and from different bacte-
ria, but also from changes in metabolism due to med-
ication, lead to different detectable metabolites in ex-
haled air [2, 3]. Today, it is possible to find and meas-
ure markers in exhaled air for diabetes [4, 5], breast
cancer [6], tuberculosis [7], and lung cancer [8, 9]. The
concentration of most markers is very low, so most di-
agnostic standard tests do not capture them.

Already in 1971, Pauling et al [10] described an in-
vestigation of exhaled air using gas chromatography
(GC) and found 250 different substances. In today’s
literature, the most described technology to measure
exhaled air is gas chromatography using different de-
tectors, such as mass sensitive detectors (MSD) [11],
photo-ionization detectors (PID), flame-ionization de-
tectors (FID), and also ion traps [12]. In most cases,
enrichment of the samples is required because the
concentration of analytes is only a few parts per mil-
lion (ppm) or even parts per billion (ppb), which is
usually below the detection limit. Enrichment is usual-
ly done with chemical or adsorptive binding to specific
adsorbent materials with acceptable technical effort.
Cooling traps are also used to concentrate the sample;
however the technical complexity is high.

Other methods to analyze breath are different
forms of mass spectrometry, proton-transfer reaction
mass spectrometry (PTR-MS), and the selected ion
flow tube mass spectrometry (SIFT-MS). Both the
methods are useful for on—line analysis, have detection
limits in a lower ppb—range, and short detection times.
Technology is similar in both methods [13]. In the
SIFT-MS, ions are created in a microwave plasma ion
source which is external to the flow tube. The ions are
then extracted from the ion source, selected according
to their mass-to-charge ratio using a quadruple mass
filter, injected into a flowing carrier gas sampled by a
downstream pinhole orifice, mass analyzed, and count-
ed by a differentially-pumped quadruple mass spec-
trometer system [14, 15].

Differential mobility spectroscopy (DMS) is a new-
er technique. It is capable of detecting metabolites at
very low concentrations. Ion mobility spectroscopy
detects different substances such as aldehydes, halo-
gens, poly—aromatic substances and nitric compounds
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[16]. DMS gained importance to detect explosive and
toxic agents during the Irak war. Today’s uses include
environmental monitoring, detection of narcotic or
explosive markers in airports, also in the forensic
chemical and criminalistic labs. Also, the international
space station uses 2 DMS to monitor the air [17].

MATERIAL AND METHODS

Detection of metabolites in exhaled air requires cou-
pling a differential mass spectrometer with a multicap-
illary column to reach a pre—separation of the known
250 substances [10]. Furthermore, a heated molecular
trap with activated charcoal is used to enrich the sam-
ple. Coupled differential mass spectrometers like this
allow the identification and quantification of volatile
metabolites in exhaled air down to concentrations in
the ppb level within 5 min. A DMS from Sionex in
Bedford was used for the present study. The principle
is shown in Fig 1. Probe collection is by a pump draw-
ing air into the system through a 3-way valve and pre-
concentration trap. A second pump creates a constant
flow of carrier gas through a molecular filter, a carbon
filter, and the ionization chamber. In a second step,
the column is loaded. The 3-way valve changes its
pathway to allow flow of the carrier gas through the
concentration trap and the column. At the same time,
the trap is heated to the desired temperature to allow a
desorption of molecules of interest from the trap to
the column. In a last step, the column is heated and
molecules flow through the ionization chamber to the
DMzx sensor depending on their retention time.

After passing through the $Ni ionization chamber,
the charged ions pass with the carried gas through a
tunable electric field and land at a positive or negative
clectrode as shown in Fig 1. The generated electric
signal is transmitted to a PC by an analog-digital con-
verter.

lonization Electric Fields
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Fig. 1. Differential mass spectroscopy.

Different publications show the existence of vari-
ous volatile organic compounds (VOC) in expired air
at tracer levels. Breath consists of different groups of
compounds. One consists of exogenous substances
which must be taken into account with the measure-
ment. These analytes are inspired from room air or
picked up with food substances or even by dermal ab-
sorption of different fragrances or other active com-
ponents, c.g.,, from sanitary products. They may be
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Table 1. Questionnaire to access symptomatic and treatme
details of volunteers.

1 Initials

2 Gender

5 Age

B Size

5 Weight

6 Time from last meal
i/ Nutrition

8 Risk factors

9 Diagnosis

10 Other diseases

11 Current lung disease
12 Barometric pressure, temperature, humidity

transmitted to exhaled air by blood circulation |
Measurements with the DMS can be disturbed by
analytes in high concentration and may mask the =
ed marker. For our research, we defined a useful :
time after eating. Patients had to wait for 2 h after =
ing to be included into the study.

Qur tests were conducted as a controlled, open-
beled monitoring study in 3 test centers in and 2
Berlin. Voluntary test persons with known diagne
were selected, questioned, and measured. The pame
questionnaire listed medication, eating habits,
diseases, and risk factors plus gender, size, weight,
barometric pressure, temperature and humidity.

To prevent a direct patient’s contact with the D
we used a special breathing tube, connected
DMS by a teflon tube. The test procedure for the
tient was a deep inspiration followed by a slow &
tion through the sample tube. The internal pump
lected 20 ml out of the collection tube. The g
was started after expiration of the ventilatory &=
space to make sure that only air from the cent==!
lower airways was taken [19].

Analyzing time was 4 min and 30 s. Reference =
ples were collected from 39 healthy persons.
trums were compared and related to the questions
a cluster analysis was carried out. A total of 117
ticipants were measured, 78 patients and 39
samples.

For the interpretation, discriminant analysis
previous cluster analysis was used, because the ins
ual group association was known, and only diffess
between the groups were searched. Not only wess &
relations between variables studied, but the goal
predict unknown values of dependant variables
means of declarative variables.

RESULTS AND DISCUSSION

Several patients showed different diseases at the
time. This resulted in the detection of 188 discases
117 patients. The result is shown in Fig. 2.
eight patients included 17 smokers, 47 ove
(BMI >25), and 9 with adipositas (BMI >30); 23
and 55 female patients participated in this pilos &
Among the 39 healthy subjects, there were 20 smw
16 overweight, none with heavy adipositas; 1%
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Fig. 2. Occurrence of different diseases in the tested popula-
ton.

and 28 women. The mean age of patients was 59 £14
years; the reference group was 41 + 22 years.

There was no age or weight dependant pattern in
the discriminant analysis. Commonly, cholesterol is
measured in the lab from blood. Cholesterol comes
from food or from the liver which generates choles-
rerol. Increased cholesterol level itself is not a disease,
Sut is an indicator for increased risk of arteriosclero-
sis. The cholesterol value also is of interest for in-
creased risk of coronary cardiac disease and circulato-
o7 problems. Fourteen out of our 117 patients report-
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ed increased LDL cholesterol levels and took medica-
tion to lower their cholesterol. These patients showed
matching patterns in the cluster analysis. Twenty one
of the other tested subjects showed the same pattern.
None of these were treated for high cholesterol, nor
took any cholesterol lowering medication. This shows
that the pattern really corresponded to the high cho-
lesterol level rather than medication.

In healthy individuals, the thyroid gland delivers the
hormones thyroxin and trilodothyronine into the
blood. This requires iodine. The daily need for an
adult is approximately 200 ug per day. Sufficient up-
take with food is not always warranted in countries
like Germany [20]. Eighteen of our patients reported
to be treated for thyroid hypofunction. They all
showed a specific pattern which is shown in Fig 3
(Group 2). Noticeably, 4 of the 18 patients also had
increased LDL cholesterol which is known to go along
with thyroid hypofunction.

No specific pattern was found in the COPD pa-
tients. Twenty two of these patients had diverse
metabolites in their breath. Seven of the COPD pa-
tients reported to have coronary heart disease. They,
plus another 11 patients with coronary heart disease,
could be grouped into a total of 18 patients with es-
tablished coronary disease as shown in Fig. 3 (Group
5). Six of them also showed thyroid hypofunction.

Chronic airway diseases, like bronchial asthma, are
serious diseases with rising prevalence. The immune
system and the nervous system are involved into the
pathomechanisms of these diseases. Both systems in-

1 Positive 20 1 Negative
- - g -
: : 60 |
2% e - .
‘. ® . - - 100 +
- -
- - 140 A
4
-
- S 180 - -
® - "
e @
- - =
. 260 -
E20 15 A0 3 0 5 0TS c e g e 0 5
* Group 1 "' Group 4
4>Group2 £ Group 5 Classification with cluster analysis
* Group 3 @ Group &
Positive 207 Negative
- - -3 -
g Ei e . - ‘
- Fig. 3. Cluster analysis.
- Fo . = Ly The upper pictures show
- = - = - the positive and negative
- spectrums from one pa-
- iz s GlY 180 4 - tent, without allocating
P S the different points. The
.’0- =0 2201 3 lower pictures show the
- $= o - same spectrum after allo-
3 260 - cating several points to
20 A5 40 = 0 5 20 45 -0 5 0 5 i;xc;ups using cluster ana-
ysis.




LT LU LGN JUUI\XV[\L L ViAo nAl, RDODARNLTL

teract through different mediators, some of which are
the neutrophins. The four neutrophins BDNE, NGEF,
NT-3, and NT-4/5 play an important role in the acti-
vation and differentiation of immune cells and have
additional influence on structural cells, like epithelium
cells or fibroblasts/myofibroblasts. Asthmatics show
an increased concentration of these neutrophins [21].
Our asthma patients showed an interesting fact: a total
of 38 asthmatics had to be assigned to 3 different
groups: Group 4, Group 6 (Fig. 3), and Group 7 (not
shown in Fig. 3). A comparison of the patients’ data
showed a difference to be dependent on the individ-
ual’s medication. Depending on the kind of medica-
tion, only 3 out of the 6 metabolites present in all
asthmatic patients could be traced. No subject of the
control group and no asthmatic patient, according to
the questionnaire, could be related to Groups 4, 6, and
7/

VOCs found in connection with diabetes mellitus
are described in publications by Amann and Smith [4]
and Phillips et al [5]. A very noticeable pattern could
be connected to diabetes type II patients. However,
based on the high amount of non—detection of this
pattern and concord with patients from Group 2 tak-
ing medications, it can be assumed that the medication
is responsible for the pattern. The patients from
Group 2 regularly take insulin.

During the study time, slight dislocation of the pat-
terns occurred which were most likely created by
changes in humidity and barometric pressure. The pat-
terns were slightly offset proportionally. Because using
the cluster and discriminant analyses only the patterns
were detected, the absolute coordinates could be neg-
lected.

SUMMARY

1/ The DMS technology is today widespread as a de-
tection method for explosives, chemical weapons, and
drugs. Space research uses the DMX to monitor the
air in the space shuttle. An analysis of exhaled air is al-
ready studied in various places.

2/ Analysis of exhaled air is already commonplace
for O2, CO2, NO, and other gases. The use of a DMS
to analyze volatile organic compounds is underway
and a user-friendly instrument is the next development
goal.

3/ Our preliminary results with asthmatics, patients
with hypothyreosis, hypertension, diabetes type II, and
hypercholesterolemia show that the Sionex unit is use-
ful for breath analysis. The use of this unit to monitor
the cffects of medication or for the early detection of
a diseases, e.g;, like lung carcinoma, is possible.
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