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Rubrik: Medizintechnik

Quality Control of Various
Ergospirometric Measuring
Parameters by Means of a Gas
Exchange Simulating System

M. Kusch, A. Vogt, U. Hoffmann
Institute of Physiology, German Sport Uni-
versity Cologne, Germany

Zusammenfassung: Qualitatskontrolle
ergospirometrischer MeBwerte mittels
eines Gasaustauschsimulators
Qualitétskontrolle ist heutzutage bei allen
Messungen im Zusammenhang des mensch-
lichen Gasaustausches von entscheidender
Bedeutung. Insbesondere die Variabilitdt der
menschlichen Atmung erschwert eine genaue
Einzelatemzuganalyse. Mittels verschiedener
Gasaustauschsimulatoren (Gas Exchange
Simulating System, GESS) sind Studien beziig-
lich der Qualitét von Gasaustauschmessungen
durchgefiihrt worden, die sich vor allem auf VUZ
und VCO, bezogen. In der vorliegenden Studie
wurden besonders die direkt gemessenen Pa-
rameter wie exspiratorisches Atemzugvolumen
(V) und Atemzugdauer (t,) beurteilt. Simuliert
wurden Exspirationsvolumina zwischen 0,5 und
2,9 I, Atemzugfrequenzen (f) zwischen 10 und
60 min™' und Sauerstoffaufnahmen zwischen 0,1
und 7,5 | x min~'. Die simulierten Werte korre-
lieren in hohem MaBe mit den MeBwerten des
Ergospirometriegerétes. Vor allem die Atemzug-
dauer und das exspiratorische Atemzugvolumen
zeigen hier die groBten Ubereinstimmungen (r >
0,996). Abweichungen der V0,und VCO, wurden
jedoch bei Volumenstrémen (iiber 9/x s
beobachtet, die sich auf eine Uberschitzung
von V, bei hohen f zuriickfiihren lassen kdn-
nen. Insgesamt kann das getestete Ergospiro-
metriesystem als valides Instrument zur einzel-
atemzugweisen Bestimmung des pulmonalen
Gasaustausches in einem weiten physiologi-
schen Bereich beurteilt werden.

Introduction

Quality control is significant for valid results in
metabolic gas exchange measurements. The in-
herent variability of human breathing makes it
difficult to assess the quality of breath-by-breath
(B x B) gas exchange analysis. Several gas ex-
change simulation systems (GESS) have been
developed to simulate gas exchange and to con-
trol quality of metabolic measurements [1, 2]. Pre-
vious studies mainly focussed on the O,-uptake

andthe CO,-output[3,4]. They now aimedto have
a closer look onto different primary measuring
parameters like expiratory tidal volume (V,) and
single breath duration (t,).

Methods

The GESS was used to simulate different
expiratory volumes (V: 0.5-2.91), respiratory
frequencies (f: 10-60 b x min™'), gas fractions
(0, 16-18 %; CO,: 3-5 %) and 0,-uptakes (VO,
ca. 0.1-7.5 | xmin’'). Measurements were
obtained by connecting the GESS directly with
a metabolic cart (Ergospiro ZAN680, ZAN MeB3-
gerdte GmbH Germany). A position sensor
allowed to monitor the stroke volumes of the
GESS and these data were used to calculate the
simulated gas exchange as in the metabolic
cart software. Agreement between GESS expi-
ratory values and metabolic cart readings was
evaluated by Passing-Bablok regression ana-
lysis and differences were tested by ANOVA.

Results (Figures 1-3)

GESS VO, and VCO, values were highly corre-
lated with the cart results (r>0.995). Especially
the excellent correlations between breath
durations and between expiratory tidal vol-
umes (r > 0.996) are responsible for these re-
sults. However, somewhat greater deviations
were observed for volume flow rates in excess
of 91 x s, which were due to an overestima-
tion of V, at high ventilatory frequencies
(f > 50 b x min™').

Conclusion

The present testing procedure can be used to
assess the validity of B x B devices. We con-
clude that the metabolic cart tested can be
considered as a valid instrument for measuring
pulmonary B x B gas exchange parameters
within a wide physiological range.
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Figure 1: Expiratory tidal volume V, [ml], r = 0.999, n = 335
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Figure 2: Breath duration t, [s], r = 0.996, n = 168
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Figure 3: VO, [ml x min™'], r = 0.998, n = 336
Figure 1-3: Regression plots
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This system allows for calibration and validation procedures in a wide physiological range. It is
possible to vary respiratory rates (f) up to 100 min™, ventilation (VE) up to 300 | X min~" and

The gas exchange simulation system consists of two parallel manual moved three litre vol-
ume gas calibration syringes. To simulate the gas exchange, a system of tubings and valves
ensure the correct sequence of inhaling and exhaling with corresponding gases (inspira-
tion: ambient air, expiration: calibration gas)

Figure 4: GESS schematic setup

Figure 5: GESS system
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