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LETTER

Evaluation of a commercial infant body plethysmograph

To the Editor:

E. Jaeger GmbH & Co. KG (Würzburg, Germany) was
one of the pioneers who manufactured a commercialized
body plethysmograph for infants. Recently, a new version
of this commercial device was presented. The company
accepted the offer of two technical university institutes
and a university paediatric department to co-operate in the
evaluation of their infant body plethysmograph. The find-
ings were compared with recommendations of the European
Respiratory Society and the American Thoracic Society
[1, 2].

The Jaeger infant whole-body plethysmograph is a con-
stant volume/variable pressure plethysmograph. A detailed
description of the apparatus is available in the original
manual [3]. A brief profile of the selected parts assessed in
this study is specified here. The chamber is constructed of
a removable, ark-shaped, transparent acrylic plastic cover,
based on the wooden ceiling of a cart. The joint between
the floor and cover is sealed with a rubber tape and mag-
netic locks. A small round opening in the cover (port)
enables the operator to put his or her forearm into the
chamber to control the position of the face mask during
lung function tests (LFT). The leak between the opening
and the arm is sealed by a neoprene cuff. Pressure changes
within the plethysmograph are measured by a Jaeger built-
in differential pressure transducer that is connected to the
chamber by stiff polyvinyl chloride (PVC) tubes. Slow pres-
sure increases within the body box due to the patient's heat
emission during LFT are compensated for by air leakage.
A body temperature, ambient pressure and water saturation
(BTPS) unit made of transparent acrylic plastic (2500 mL
volume) was introduced by the manufacturer for mea-
surements of airways resistance (Raw). BTPS conditions
in the unit are accomplished as follows. Air driven by a
heated blower passes a humidifier and circulates within
the BTPS unit. Humidity is assumed to be sufficient if
water is condensing on the walls of the inspiratory tube.
Temperature is controlled by a thermostat. During LFT, the
unit is opened to the pneumotachograph. Pressure changes
inside the unit are equalized with that of the body chamber
by a tube (50 cm length and 180 mL volume) connected to
the expiratory line of the BTPS unit.

An assessment was made of the time constant, the fre-
quency response of the plethysmograph and the dead space
of the pneumotachograph. During the evaluation all joints
of the chamber and the manipulation port were carefully
sealed. The signals from the chamber pressure transducer
were recorded after analogue filtering and amplification
prior to digitization. BTPS conditions, accumulation of car-
bon dioxide (CO2), partial pressures of carbon dioxide (PCO2)
and oxygen (PO2) and oxygen saturation (SO2) were moni-
tored transcutaneously during lung function measurements
in six infants.

To measure the total time constant, different amounts of
air (2, 5 and 10 mL) were injected into the chamber, using
an appropriate syringe, after thermal equilibration. The first
tests were performed with the port sealed and were rep-
eated six times on two different days. Another series of
tests was conducted with an operator putting his forearm
into the chamber through the port, as during LFT. The
time constant for each test was calculated from the time
taken for the pressure to fall to 37% of its initial value.
The frequency response was investigated by sinus wave
pressure fluctuations. In brief, pressure waves were gener-
ated by a 40 mL volume loudspeaker connected to the body
chamber and the volume displacement was measured. Ana-
logue signals were digitized and analysed by a frequency
analyser (FFT analyzer CF-360; Ono-Sokki, Tokyo, Japan).
The amplitude ratio and phase shift between input (loud-
speaker) and output (Jaeger transducer) were calculated for
the frequency range 0–20 Hz [2, 4]. To assess BTPS con-
ditions, humidity and temperature were measured near the
face mask and inside the BTPS unit. Near the face mask, a
self-constructed NiCr/Ni thermocouple (wire diameter 0.5
mm) followed the fast temperature fluctuations during the
breathing cycle of infants. The thermal voltage generated
by the thermocouple was amplified by integrated circuits
(AD 595 AQ; Analog Devices, IC, Norwood, USA). The
un-certainty caused by amplification was <1.5%. A Pt-100
temperature probe was placed within the BTPS unit. Sig-
nals were amplified by an amplifier with a maximal non-
linearity of less than 0.03% (INA101; Burr-Brown, Tucson,
USA). Both types of thermal sensors were calibrated in
water with exactly controlled temperatures at 0 and 50°C.
Humidity near the patient's mouth was determined by a
self-constructed probe based on a small, fast response sen-
sor element (H5000; Coreci, Lyon, France). Humidity with-
in the rebreathing unit was recorded by a commercial
probe (IH-3602-L; HY-Cal Engineering, El Monte, USA;
linear response between 0 and 100%). Both humidity sen-
sors were calibrated in the atmosphere above saturated salt
solutions of NaCl or KNO4 at 76 and 93% relative hu-mid-
ity, respectively. The signal from the self-constructed sen-
sor was found to be linear in this humidity range. The
analogue changes in signals from both the thermocouples
and from the relative humidity probes were converted by a
12-bit ADC-board (MIO-16L9; National Instruments, Aus-
tin, USA) and recorded to a personal computer. Using
an interface developed under the graphical programming
language LabVIEW® (National Instruments) the data ac-
quisition rate amounted to three points per second. The
carbon dioxide level and patient's blood gases were exam-
ined during LFT in six former preterm infants (age 3–14
months) while a clinical routine LFT procedure was perform-
ed. SO2, PO2 and PCO2 were monitored by transcutaneous
probes (Oxyshuttle® and Transent II®; SensorMedics, Ana-
heim, USA). PCO2 was monitored inside the rebreathing
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unit by means of an infrared absorption spectrometer (Os-
car®, Datex-Engström, Bremen, Germany). Values were coll-
ected once per minute. The LFT was interrupted if SO2 fell
by >5% or <90%.

The results are summarized in table 1. While a plethys-
mograph with a chamber volume of 85 L provides the
opportunity to study LFT in infants up to 12 kg it may not
meet the sensitivity requirements of very small neonates.
During Raw measurements, changes in chamber volume
may be smaller than 1 mL, or translated to a pressure of
<0.12 cmH2O [2]. A larger than recommended dead space
was found in the pneumotachograph. This may lead to re-
breathing, especially in very small neonates. The time
constant did not reach the recommended range, even with
the sealed port. With the forearm of an investigator in the
chamber, the time constant was shortened significantly
and varied with the air volume injected. A sufficient total
time constant permits the elimination of unwanted pres-
sure drifts without attenuating signal size at the lowest
breathing frequencies observed [2, 5]. It is helpful to be
able to correct the face mask position and to support the
cheeks during the test. However, the potential advantages
are obviously counterbalanced by the disadvantage of
leakage between the neoprene seal and the operator's fore-
arm. An adjustable rod supports the face mask inside
other infant plethysmographs [2, 4]. A similar device is
now of-fered by Jaeger. The frequency response of the
Jaeger plethysmograph did not meet the recommended
values [2, 6]. Depressed amplitude and large phase shift
may stem from the leakage, the self-constructed pressure
transducer, and/or the length and width of the connecting
tubes. Further examination is necessary to discriminate
between the different possibilities.

Proper body temperature and saturation conditions were
not always provided by the rebreathing system. Before con-
necting infants to the BTPS unit considerable deviations
from BTPS conditions were found. After connecting the
infant to the rebreathing unit the temperature gradually ap-
proached 37°C but was still fluctuating at the face mask.
Relative humidity did not reach the expected value >95%

and open flow-pressure loops during LFT were exhibited
in the older infants. While the relatively dry and very hot
air introduced to the infant may be harmless, it may also
induce bronchospasm in hyperreactive airways by drying
out the bronchial mucus. The possible volume error re-
lated to the observed maximal deviation from BTPS con-
ditions was calculated [7] (35°C, 87% relative humidity
during steady state). The maximum volume expansion
caused by the temperature increase amounted to 0.7% of
tidal volume (VT) and that related to the humidity devia-
tion amounted to 4.5% VT. Both VT errors could expand
during inspiration by about 5.2%. Moreover, during Raw
measurements the error may rise to about 50% of the pres-
sure signal, since the pressure signal of the body chamber
recorded during the measurements is equivalent to a vol-
ume displacement of less than 10% of VT [2]. 

During the Raw measurements, PCO2 within the BTPS
unit increased significantly. In the largest infant (9 kg)
PCO2 values exceeded the normal end expiratory range.
The hypercapnia was accompanied by a rise in VT. Both
may alter lung function parameters [2, 8]. The 2500 mL of
the Jaeger BTPS unit allows longer rebreathing periods
without removing the face mask, but this advantage is off-
set by the longer time needed to reach steady-state condi-
tions, by which time considerable quantities of CO2 have
accumulated. The attempt to prevent CO2 accumulation by
air exchange between the BTPS unit and the body cham-
ber via a tube was not successful. A concurrent decrease
in PO2 was observed in all patients; however, owing to the
sigmoidal relationship between PO2 and SO2, oxygenation
remained in a tolerable range with SO2 >90%.

We are thankful to E. Jaeger GmbH & Co. KG, who
agreed with an independent scientific assessment of the
product. Consequently, several modifications should be in
the interest of and of benefit to all concerned with infant
lung function tests. The results of this study confirm the
opinion that it is not sufficient to rely on the carefulness of
manufacturers and their specifications, but to have the
equipment assessed by independent clinicians and engi-
neers.

Table 1.  –  Technical results and patient-related data

Part Found Recommended [1, 2]

Plethysmograph size  L
Total dead space*
Total time constant**
   Manipulation port sealed
   Operator's forearm within the chamber

85
13–25 mL (mask dependent)

7.8±1.2
2.7±0.3 to 5.1±0.4 (volume dependent)

60 (for small infants)
1.0–1.5 mL·kg-1

10–14

*: range; **: mean±SD.

Amplitude ratio Phase angle  ° Amplitude ratio Phase angle  °

Frequency response at 10 Hz 1.20 -35 1.10 <10
BTPS conditions* Temperature  °C Humidity  % Temperature  °C Humidity  %

Before lung function test
   Inspiratory tube
   Near the face mask 

37
42–47
35–38

78–97
63–80
87–90

37

37

95–100

95–100
During rebreathing (Equilibration time for BTPS conditions: 10–40 s)
   Inspiratory tube
   Near the face mask

35–37
35–37

87–97
82–90

37 95–100

Patient respiratory data during lung function test*
   Transcutaneous PO2 (decrease from baseline)  mmHg -5 – -18
   Transcutaneous PCO2 (increase from baseline)  mmHg +3 – +11
   Inspiratory PCO2 inside BTPS unit (maximum) mmHg 4 – 46
   Tidal volume  (increase from baseline)  % 33 – 140
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