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PAPERS AND SHORT REPORTS

Pocket-sized device for measuring forced expiratory volume
in one second and forced vital capacity

P J CHOWIENCZYK, C P LAWSON

Abstract

An inexpensive pocket-sized instrument-the turbine
spirometer-has been developed that measures and gives
a direct digital display of the forced expiratory volume
in one second and forced vital capacity. The instrument
is as accurate as and considerably cheaper than spiro-
meters in general use. Condensation does not affect the
calibration.
The turbine spirometer will enable spirometry to be

easily monitored in hospital wards and general practice
and by patients at home.

Introduction

Forced expiratory volume in one second, forced vital capacity,
and peak expiratory flow rate are the most commonly used
variables of lung function. Spirometers most often used to
measure forced expiratory volume in one second and forced
vital capacity are comparatively expensive and bulky devices
unsuitable for use outside the lung function laboratory. In
contrast the Wright mini peak flow meter' is a portable, in-
expensive instrument suitable for monitoring peak expiratory
flow on the ward and in the surgery and home and is particularly
useful in patients with asthma.2 4 In chronic bronchitis and
emphysema peak flow measurements may underestimate the
response to treatment and forced expiratory volume in one

second and forced vital capacity are more valuable measure-

ments.5 Measurements of vital capacity are also essential in
monitoring ventilation in patients who have taken a drug over-
dose or with neuromuscular paralysis. We developed a pocket-
sized instrument for measuring forced expiratory volume in one
second and forced vital capacity that produces a direct, digital
display of the measurements. We compared this new device,
which we call a turbine spirometer, with a reference spirometer.

The new device

The turbine spirometer (fig 1) consists of a turbine volume trans-
ducer (modified from one supplied by P K Morgan, Rainham, Kent,
and originally designed by S Humphrey, Northwick Park Hospital)
attached by a cable to a control unit with digital display. Turbine
transducers are widely used for measurements of fluid flow and volume
in industry. In this unit a fixed turbine generates rotational flow that
drives a low-inertia vane. Enclosed in the turbine housing are an

infrared light emitting diode and photo diode sensor. With each 1800
rotation of the vane, light from the light emitting diode is reflected on
to the sensor and an electrical pulse generated. For a linear unit the
volume of air passed through the turbine is proportional to the total
number of pulses generated and flow is proportional to the frequency
of pulse generation. Figure 2 shows that for flows less than 12 1/s the
turbine is linear to within 4%.

I

FIG 1-New instrument for measuring forced expiratory volume in one
second and forced vital capacity, consisting of turbine volume transducer
(with cardboard mouthpiece) connected by length of cable to battery-
powered control unit. A metered dose inhaler beneath the device indicates
the scale.
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FIG 2-Turbine linearity; solid line is regression line fitted to points corre-
sponding to flows below 6 1/s. Flows were measured on reference rotameters
at Fischer Controls (Croydon, Surrey) and were accurate to within 2%.

Pulses from the turbine are detected in the control unit and forced
expiratory volume in one second and forced vital capacity computed
and displayed. Measurement of expiration starts when expiratory flow
flrst exceeds 0-3 1/s. A "run" indicator then turns on, pulses are
accumulated in a register, and the display indicates the instantaneous
expired volume. One second after the start this volume is stored so
that it may later be displayed as the forced expiratory volume in one
second. When flow falls below 0 03 1/s measurement of expiration
stops, the run indicator turns off, the pulse counter is disabled, and
the display reads the forced vital capacity. A switch is provided to
change the display between forced vital capacity and forced expiratory
volume; both measurements are stored indefinitely until a reset button
is pressed. The control unit is powered by a single PP9 battery with
a battery life under normal use of several months.

Calibration is performed by placing the turbine in series with a
spirometer, making several measurements of forced vital capacity, and
adjusting a potentiometer inside the control unit until the mean
turbine reading equals the mean spirometer reading. Calibration
depends on only the fixed geometry of the turbine and should remain
stable indefinitely.

Accuracy

Accuracy of the turbine spirometer was assessed by placing it in
series with an Ohio spirometer (Ohio Inc, Houston, Texas) accurate
to within 3%.6 Three measurements were made in each of 29 subjects
having a wide range of values of forced expiratory volume in one
second and forced vital capacity. Figure 3 shows the relation between
readings obtained with the turbine and with the Ohio spirometer.
The mean percentage difference between the readings of forced
expiratory volume in one second was 1 1% and the standard deviation
of the difference 3-7%; for forced vital capacity these values were
0 7% and 4 3% respectively. The greatest differences observed were
10% for forced expiratory volume and 12% for forced vital capacity.
Error in reading the Ohio spirometer volume signal (displayed on a
Mingograf chart recorder) was estimated to be ±50 ml and would
account for some proportion of the observed differences at low

volumes. The largest deviation observed for values of both respiratory
measurements above 2 1 was 7%.

Condensation, a problem with many flow transducers, did not
affect calibration of the turbine spirometer. With the turbine unit
disconnected from the Ohio spirometer only a thin film ofwater vapour
on the inside of the turbine housing was observed after successive
measurements of forced vital capacity. When the turbine spirometer
was used in series with the Ohio spirometer the connecting tubing
prevented evaporation of water vapour and globules of water formed
inside the housing after each measurement. No change in calibration
was observed, however, with repeated measurements.
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FIG 3-Relation between forced expiratory volume in one second (FEVy)
and forced vital capacity (FVC) measured with turbine spirometer and with
Ohio spirometer. Solid line is line of identity.

Discussion

The instrument most often used for measuring forced
expiratory volume in one second and forced vital capacity in the
United Kingdom is the Vitalograph spirometer (Vitalograph
Ltd, Buckingham). Gardener et al reported errors of up to 4-7%
when testing the Vitalograph against a specially constructed
motor-driven syringe,6 and Perks et al reported that further
errors, in the order of 7% for forced vital capacity, may be
associated with delayed cooling of expired gas in the Vitalograph. '
The new turbine spirometer is, therefore, of comparable accuracy
to the Vitalograph.
The cost of the prototype model was about £170 (including

the turbine). This compares favourably with a price of £470
for a basic-model Vitalograph and would be reduced by produc-
ing the instrument in quantity.

Further development of the tuioine spirometer will permit
the display of peak flow. We are also developing an interface
that will allow the turbine spirometer to be plugged into a micro-
computer system. The computer will provide a high-resolution
display of the flow-volume curve, permit computation of further
measurements such as flow at 50% and 25% of the forced vital
capacity, and provide for the storage of test results.

In conclusion, the small size, stability of calibration, and
direct display of the new turbine spirometer make it ideal for
use in lung function laboratories, intensive care units, outpatient
clinics, and general practice. The device is suitable for use by
patients at home, and our prototype model is currently being
used in this way.

We are grateful to Dr G M Cochrane, in whose clinic we tested the
turbine spirometer, and to Mr E A Hodge of Fischer Controls, Croy-
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don, for his help with flow calibration. We also thank Professor T J
H Clark, Dr P J Rees, and Dr G W McMaster for their support of
this project.
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Severe acquired immunodeficiency in European
homosexual men
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Abstract

Four previously healthy Danish homosexual men
developed Kaposi's sarcoma or opportunistic infections
with fever of unknown origin and lymphadenopathy.
One patient died of a Pneumocystis carinii pneumonia.
Three patients had defective cell-mediated immunity with
absent leucocyte interferon production and decreased
proliferative response to mitogens and antigens. T
lymphocyte helper subsets and natural killer cell activity
were reduced. Unstimulated mononuclear cells produced
leucocyte migration inhibitor factor. Two patients were
sexual partners and three had never been to the USA,
where cases of severe acquired immunodeficiency have
been reported. Thus, the syndrome must also be sus-
pected in European homosexual men who present with
fever of unknown origin, opportunistic infections, or
Kaposi's sarcoma.

Hvidovre Hospital, University of Copenhagen, Hvidovre, Denmark
J GERSTOFT, MD, senior registrar in rheumatology, department of

medicine
A MALCHOW-M0LLER, MD, senior registrar in gastroenterology,

department of medicine
E DICKMEISS, MD, senior registrar, department of serology
P HALBERG, MD, associate professor of rheumatology, department of

medicine
M JACOBSEN, MD, senior registrar, department of pathology
K JENSEN, MD, associate professor, department of microbiology
H K THOMSEN, MD, senior registrar, department of pathology
J S0NDERGAARD, MD, professor, department of dermatology
I LORENZEN, MD, professor of rheumatology, department of medicine

Rigshospitalet, University of Copenhagen, Copenhagen, Denmark
I BYGBJERG, MD, senior registrar, department of infectious diseases
C ENK, MD, research fellow, laboratory of clinical immunology
J 0 NIELSEN, MD, senior registrar, department of infectious diseases

Institute of Medical Microbiology, University of Aarhus, Denmark
S HAAHR, MD, associate professor

Bispebjerg Hospital, University of Copenhagen, Copenhagen,
Denmark

J MEJER, MD, senior registrar, department of serology

Introduction

During the past eight months an increasing number of cases of
Kaposi's sarcoma and opportunistic infections have been
reported among previously healthy homosexuals in the United
States.'-3 The symptoms include persistent fever, weight loss,
general lymphadenopathy, and splenomegaly. About half of the
patients developed Kaposi's sarcoma, which is rare in the West,
except in patients receiving long-term immunosuppressive
treatment.4 Others contracted opportunistic infections, among
which Pneumocystis carinii pneumonia was the most common.
Immunological studies showed a severe defect in cellular
immunity,6-8 which may have been a primary factor leading to
secondary opportunistic infections and Kaposi's sarcoma.
Cytomegalovirus infections may be of pathogenetic importance,
but other factors probably also play a part.9 The syndrome has
the characteristics of an epidemic in the USA.3 All previously
reported cases were in patients living in the USA, except one
who made regular visits.'0 We report four Danish cases with all
the characteristics of those in the USA, which indicates that the
syndrome has spread to Europe. Results of some immunological
studies are also presented.

Patients and methods

The four patients were admitted to Hvidovre Hospital between
August 1980 and December 1981. The hospital serves a population of
200 000 from the urban part of Copenhagen.

IMMUNOLOGICAL STUDIES

Mononuclear cells were obtained from heparinised venous blood.
Lymphocyte cell markers were identified (a) by the percentage of
cells rosetting with untreated sheep red blood cells (E-rosettes)"; (b)
by the percentage of membrane-bound immunoglobulin-positive cells
using fluorescein-conjugated polyvalent rabbit anti-human immuno-
globulins'2 (Dakopatts, Denmark); and (c) the percentage of T
lymphocytes (helper/inducer cells) (Leu 3a) and T lymphocytes
(cytotoxic/suppressor cells) (Leu 2a) by indirect immunofluorescence
using the hybridoma-derived biotin-conjugated anti-Leu 3a and anti-
Leu 2a antibodies (Becton-Dickinson, USA) and fluorescein-coupled
avidin (Becton-Dickinson, USA).
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