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SUMMARY

In 13 healthy young adults, nasal mucociliary transport velocity was measured by
M a5 a tracer. M+1SD of clearance
velocity values and of the half time radioactivity (TY,) resulted to be respectively
1.02+0.22 cm/min and 1.07 + 0.24 min. A significant correlation (P<0.05) between
half time clearance (T',) values of the radioactive particles and the mucociliary
velocity ones could be detected, making T a reliable and rapidly obtainable param-
eter for determining nasal mucociliary function. Advantages and disadvantages of
the different techniques are discussed.

means of albumine microsphere labeled with Tc

INTRODUCTION

Mucociliary clearance represents one of the main aspecific defensive mecha-
nisms of the respiratory tract, depending upon the intrinsic ciliary activity and
upon the rheological properties of mucous and expecially of the periciliary fluid
which coats the airways (Wanner, 1977).

The mucociliary transport time is a reliable index of upper and lower respiratory
tract clearance function. Several methods have been used to evaluate the effi-
ciency of nasal mucous transport. Coloured substances such as charcoal powder
(Hilding, 1931), sulfactiazole (Ornston, 1946) and edicol-orange (Tremble, 1948)
or sweet ones such as sodium saccharinate (Andersen et al., 1971), or a mixture of
both of them (Passali et al., 1984; Ottaviani et al., 1987; Paludetti et al., 1987),
were placed on the anterior third of the inferior turbinate and the time needed to
visualize them on the posterior wall of the oropharynx or to feel their taste was
regarded to represent the nasal mucociliary transport time. Radioisotope-labeled
particles (Quinlan et al., 1969; Andersen et al., 1971; Guillerm et al., 1971) such as
1! (Proctor and Wagner, 1965), Cr’! (Simon et al., 1977) and Tc”*™(Harper et al.,
1962) or of radioopaque ones (Yergin et al., 1978) have been also positioned on



258 Paludetti et al.

the anterior third of the inferior turbinate and their progression within the nasal
cavity were followed by means of a gamma camera or with serial X-rays. These
methods share the advantage of directly measuring the mucous transport velo-
city, but need sophysticated and expensive tools and are not completely harmless
for the patient.

The aim of this paper is to define the normal values of nasal mucociliary transport
velocity in normal young adults using radioisotopic substances and to modify the
method in order to reduce as much as possible the test duration without loosing
in its reliability.

MATERIALS AND METHODS

13 healthy young adults without anatomical, clinical and roentgenological signs
of nasal and paranasal sinuses diseases (nine males and three females) aged be-
tween 26 and 32 years (M=28), were investigated. Before testing they signed an
informed consent according to up to date-and internationally accepted standards.
Nasal mucociliary transport time was measured by placing under visual control
and by means of a 1 cm micropipette behind the head of the inferior turbinate a
154l drop of albumine microspheres labeled with Tc*™ for an overall radioacti-
vity of 250 uCi.

The tested subject was in a sitting position with his head laterally placed under a
Phogamma HP Nuclear Chicago gamma camera connected with an Intertech-
nique Cine 200 computer and was advised to breath normally and to avoid sniff-
ing.

The duration of the test was 15 min and a picture was taken every 20 sec. The
clearance velocity (cm/min) and the half time radioactivity (T') of the labeled
particles were calculated.

Previously the correspondence between the real distance covered by the radio-
active marker and the distance that appears on the display has been calculated

Figure 1. Computer obtained Figure 2. The course of the
picture of the Tc*™ tagged drop Tc*”™ labeled particles have been
course from the head of the divided in 6 ROIs in which the
inferior turbinate to the half time clearance (T',) has

rhinopharynx. been calculated.
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Figure 3. Activity/time curves
are evaluated on a selected ROI.

(1 fixel=0.33cm). This has been obtained by placing the two radioactive markers
at a distance of 10 cm and such distance has been measured on the display. In
each fixel of the course of the particles the tracing’s travelling time has been cal-
culated as radioactivity peak within each fixel.

The tracer’s route has been divided in 6 ROI (region of interest) with 1 cm length
per side. On each of them the activity/time curve and the half time radioactivity
(T',) were calculated.

The correlation between nasal mucociliary velocity values and the half time ones
was carried out in order to identify the existence of a correlation between the two
tests. The tests were performed at the same temperature and humidity condi-
tions, in the same environment, at the same time and in the same position, in
order to reduce the possible variables. The obtained data were compared to the
saccharine mucociliary transport velocity values (Paludetti et al., 1984) by means
of the unpaired Student’s T test.

Figure 4. Scattergram demon-
o strating the correlation between
033 o'a ols ols 07 os oo 110 11 112 13 14 15 clearance velocity (cm/min) and
T

0.

velocity (Chapawe)
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RESULTS

M=1SD of clearance velocity values resulted to be 1.02+0.22 cm/min with a
variance coefficient of 25.74.

The M+ SD of the half time radioactivity (T') values resulted to be 1.07+0.24
min with a variance coefficient of 26.27.

The single individual values are represented in Table 1.

Table 1. Single individual and M+ 1SD of clearance velocity and of half time
radioactivity (T',) values.

velocity T
(cm/min) (min)
1.00 1.08
0.70 1.66
0.90 1.03
1.30 0.80
0.80 15310
1.30 1.23
0.78 1.20
1.40 0.73
1.18 0.83
Ea13 0.96
1.03 1.01
0.93 1.08
0.88 %33
1202022 1.07+0.24

A statistically significant difference between mucociliary velocity data obtained
with the saccharine method and with the radioisotopic method could be
observed.
The correlation coefficient between nasal mucociliary velocity values and the
half time radioactivity (T'/) ones was r=0.69 and resulted to be highly significant
(P=0.05).

DISCUSSION

Since 1955, when Albert and Arnett first used radioactive particles in order to
investigate mucociliary clearance, several radioisotopic methods have been de-
scribed. In 1965 Proctor and Wagner measured the nasal mucociliary clearance
using a saline solution containing 10-20 xCi of microaggregated albumin labeled
with iodine I'*! and radioactivity was measured externally by means of crystal
scintillation detectors. In subsequent works non dispersible radioactive labeled
particles (microspherules of Dowex J-x8 labeled with 99TcO4) were employed and
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they were visualized by means of a gamma scintillation camera (Quinlan and
Proctor, 1969).

More recently radiopaque teflon discs labeled with Tc* or Cr®! (Simon et al.,
1977), Tc™ particles (Guillerm et al., 1971) and Tc¢®*™ human serum albumin
(Aoki and Crowley, 1976; Rossman et al., 1980; Karjia et al., 1982; Karjia and
Nuutinen, 1983; McLean et al., 1984; Nuutinen, 1985; Burgersdijk et al., 1986; De
Espana et al., 1987) were used.

Our nasal mucociliary velocity values are very similar to those of Karjia et al.
(1982) and somewhat higher than those obtained by Proctor and Wagner (1965)
and Quinlan et al. (1969).

On the basis of the obtained results we could not confirm Puchelle’s (1981)
results who observed a highly significant correlation between data obtained with
saccharine particles and particles tagged with o pertechnetate. In fact consistent
differences in nasal mucociliary transport velocity have been observed with the
different techniques.

Which one of these tests is the most suitable in determining the real mucociliary
function is a difficult question to be answered. In fact on one side the saccharine
particles are soluble in the mucous, even if they need some time to spread up in
the mucous, and can therefore reach the rhinopharynx not only by means of the
mucociliary transport mechanisms: on the other side the radioactive particles,
namely albumine microspheres labeled with Tc”™ are employed as drops and
therefore need a soluble medium.

Half time clearance (Tl/z) data of the radioactive particles, that means the time
needed by the 50 % of the radioactive markers to be cleared from the investigated
site, are significantly correlated with those of the mucociliary velocity and are
therefore reliable in determining mucociliary function. The possibility of
measuring such parameter in only one of the ROIs in which the nasal cavity can
be divided reduces dramatically the test’s duration without reducing its reliability
for clinical purposes.
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