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An Application of Kr-8lm Gas for Chronic
Obstructive Pulmonary Disease.

—A Comparison of Various Inhalation Techniques—

Kenji Kawakami*, Naofumi Katsuyama®, Izumi Anno*, Junta Harada®*,
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#Department of Radiology, Jikei University School of Medicine, Minato-ku, Tokyo, Japan
#*#Third Department of Medicine, Jikei University School of Medicine, Minato-ku, Tokyo, Japan

Research Code No.: 722

Key Words:  Kr-81m, Xe-133, Ventilation study, Inhalation technique Chronic obstructive
pulmonary disease

This investigation was undertaken to compare the various inhalation techniques for early detection
of chronic obstructive pulmonary diseases, A total of 28 subjects having chronic obstructive pulmonary
diseases was studied with Xe-133 and Kr-8lm gas.

The Kr-81m ventilation study was performed by the [ollowing four inhalation techniques. 1)
Spontaneous respiration with Kr-81m in air (Sp). 2) Serial inhalation of Kr-81m from residual volume
to total lung capacity (VC). 3) Bolus inhalation of 50 ml of Kr-81m from the level of functional residual
capacity (FRC), and 4) residual volume (RV), followed by air, to total lung capacity.

Scintiphotos were taken during 10 sec of breathholding for VC, FRC, RV inhalation techniques
and during tidal breathing for Sp technique, in a sitting position, by a scinticamera (Pho/Gamma HP),

Twenty-three of the 28 subjects showed uneven distribution of the washout time in the Xe-133 study,
5 cases have a normal Xe-133 study.

In severe obstructive changes with marked delay of the Xe-135 washout time, inhalation defects of

Kr-81m were imaged in all techniques. In minor degrees of obstruction associated with slight delay of
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the washout, FRC and RV techniques detected abnormalities, whilst images by Sp and VC techniques

showed homogeneous distribution of Kr-81m. This is due to rebreathing effect on Sp and to opening

of partial airway obstruction in a high lung volume on VC technique.

RV technique had a disadvantage for imaging of abnormalities in the lower lung fields, because

Kr-81m concentration is low in the lower lung fields, due to physiological closure of the small airway.

In 3 of 5 cases of asymptomatic asthma with a normal Xe-133 study, uneven distribution in RV

technique was the only abnormality detected.

FRC technique was most sensitive for slight obstructive changes in the upper lung fields as well as

in the lower.

For the ventilation study using Kr-81m, a combined test of Sp, VC, RV and FRC inhalation tech-

niques is useful for early detection of the small airway disease and evaluation of the degree of abnormalities.
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Inhalation Techniques

Fig. 1 The set up and the inhalation technique
of Kr-8lm ventilation [study. In Sp technique
the subject breathed Kr-8lm gas with air for 1
min. In VC technique, the subject inspired Kr-
8lm-air mixture in a bag (VC bag) from the
level of residual volume to total lung capacity.
In RV or FRC bolus techniques, the subject
breathed out to residual volume (RV) or funct-
ional residual capacity (FRC) and then inhaled
Kr-81m gas from syringe, followed by air, to total
lung capacity.
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Fig. 2 The distribution of inspired Kr-81ra gas in
the 3 regions (upper, middle and lower lung
fields) of the right lung of 10 normal subjects.
Abscissa: regional activity, expressed as perce-
ntage of activity in the 3 regions.
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Table 1 A comparison of abilities of Sp, VC, RV
bolus and FRC bolus inhalation techniques to
detect abnormalities in Kr-81m inhalation study.
Images were assessed by the authors and rated
on a scale of 0-3, according to clarity with which
inhalation abnormality was presented.

0: Homogeneous distribution of Kr-8Im throug-
hout both lungs

1: Abnormality suspected.
Definite abnormality or abnormalities reaso-
nably well seen.

3: Extent and shape of abnormality and abnor-
malities very well recognized.

On the numerical scale, FRC bolus inhalation

technique scored the highest with a mean of 2.3.

sP F ve ‘ RV ‘ch

No. cases rated ‘ 'JO 22 20
I

14 2.1 2.3
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Fig. 3 The relationship between Xe-133 washout
and Kr-81m activity.

Ordinate: Kr-81m activity in 6 regions (upper,
middle, lower lung fields of the each lung).
By the highast count region, resting 5 regions
were normalzied.

Abscissa:  Reciprocal of Xe-133 washout time
(T 1/3). By the largest region of 1/Xe-133
washout, resting 5 regions were normalizek:

® and x indicates the decreased activity areas
and the [defects, respectively, on Kr-8lm inh-
aliation images,
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Fig. 4 Scintiphoto images of Kr-81m (left and middle columns)and Xe-133 (right) study.
68year old female. In Xe-133 inhalation study, the washout is delayed in both lower
lung fields. In Kr-8lm study, ventilatory abnormality is not visualized in SP and VC
inhalation techniques, In FRC and RV holus techniques, there are defecis in both lower
lung fields, '
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133

i Xxenon

Ve
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Washout
Fig. 5 Scintiphotos of Kr-8lm and Xe-133 [inhalation study. 45year old male.

There is
a slight delay of Xe-133 washout time in the left lower lung field (arrow).
8Im study, abnormality is clearly seen in FRC bolus technique.

In Ki-

Krypton-81m

Xenon-133

FRC

Washout
vC
Fig. 6 Scintiphotos of Kr-8lm and Xe-133 inhalation study.
mptomatic asthma.
lungs.

28 year old male with asy-
There is no remarkable delay of Xe-133 washout time in the both
technique.

In Kr-81m study, multiple ventilatory abnormalities are detected by RV bolus

1049-—(23)
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e

before
Ex.

5min
after
Ex.

30min
after
EX.

AAERHHBERMER B38% $118

FRC PV

Fig. 7 Scintiphotos of Kr-81m inhalation study. Before exercise (Ex), a slight inhalation
abnormality is seen along lateral border of the right lungs in images of FRC and RV

bolus inhalation.

in Sp, FRC bolus and RV bolus inhalation.

Five min. after exercise, multiple defects are present in the both Jungs
The defect is not clear in VC inhalation

image. Even 30min., abnormalities are markedly visualized on RV bolus inhalation image.
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