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Fig.1. Schema-ta of transmission scintigraphy of air or water phantom and human body (top),
and schema of counted area (ROI) in images (bottom).

region of interest; RV, residual volume; T 1/2, half time; **™Tc-MAA, technetium-99m
macro-aggregated albumin ; TLC, total lung capacity ; 2°!TI-Cl, thallium-201 chloride; VC,
vital capacity ; VI, ventilation index ; VSD, ventricular septal defect ; ***Xe, xenon-133.
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Fig.2. Schema-ta of **Xe ventilation scanning (A), the equipment of circulating closed
circuit developed by the author (B), and six zones of counting in posterior view (C).
Formulas of calculating pulmonary indices were also shown (D). U, upper zone; M,
middle zone ; L, lower zone ; BG, background ;41,7 Xe turn over rate of individual zones,
AL!#Xe turn over rate of total lung field; Pi, counts of individual zones in perfusion
scanning ; Pt, counts of total lung field in perfusion scanning,
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Fig. 3. Relationship between count rate and thickness of absorber using a planar source
containing ***Xe (top) or *"Tc-MAA (bottom). O—OQ, in air; @—@®, in water; *—s,
theoretical count rate using absorption coefficient of water ; [, observed count rate in the
chest without correction of the lung absorption, and B, with correction; A, observed
count rate in the abdomen; %, observed count rate in the thigh.
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Fig.5. Schema of evaluation of effect of back-
ground using abdominal (A) and chest wall (B)
phantom.

Table 1. Relative counts between (A) and (B)
obtained from thoraco-abdominal phan-

tom in Fig. 5
solute @ ®
0,

2017 100 43% 5-year - old boy
(40%) phantom
39% | a=8cm

$mTc 100 =
(36%) b=12cm
48% | adult phantom

99m

Te 100 (429%) | a=16cm, b=2cm

() =corrected values by lung absorption.
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Fig. 6. Wash-in and wash-out curve obtained by every 5 seconds data acquisition and images
taken every 10 seconds of typical four cases including normal (case 1), VSD with pulmonary
hypertension (case 2 and 3) and after partial pulmonary resection for bronchogenic cyst (case
4). Wash-out time (0 and 30 sec) are shown at images. @—@®, left lung; [J—[], right lung,
%, background ; %—%, fast compartment of left lung; Yr—3¥, fast compartment of right
lung; ------ , slow compartment of left or right lung; post ope., post operation.
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Table 2. Mean value of indices of regional pulmonary function in 10 cases with mild VSD or ASD

VI PI VI/PI slow

compartment (%)

R L R L R L R L
upper zone | 1.08+0.12 1.04£0.10 | 0.87£0.11 0.96%0.06 | 1.26%0.20 1.09+0.13 | 12.2£3.5 11.7%19
middle zone | 1.03%£0.10 1.03%£0.09 | 1.19+0.14 1.00%0.13 | 0.88%£0.14 1.04%0.15 | 10.7£1.9 14.4%5.3
lower zone | 0.96+0.10 0.94£0.05 | 1.06=0.06 0.89%0.08 | 0.90%0.09 0.98%+0.10 | 12.8+2.5 14.4%4.7
total lung | 1.01£0.02 0.96+0.03 | 1.05+0.07 0.95%0.06 | 1.05£0.07 0.96£0.07 | 12.3£1.6 13.7%3.7

R, right lung; L, left lung mean+SD
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Fig. 7. Comparison of half time (T 1/2) of well
ventilated zones and ages in all patients.
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Fig. 8. Indices of regional pulmonary function of
patients with congenital heart disease or funnel
chest. Dimention of T 1/2is second. R., right
lung; L., left lung; U, upper zone; M, middle
zone; L, lower zone; T, total right or left lung.
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post-ope

(p<0.005) (ZHEBEL, FHBER%EZ 0.878 TH o1,
P%E (Vmax X VD) %12, FICEHEB (r=0.044,
p<0.005) &RL7., 2EOHEMERKMOEEZy
DR LOD, P% E (Vmax, X VD) %55, B> T
EZRUL, MREAEHE, WENOMEMSMIEET

LDfiE, BEOHMEE2ED Lr o7,
VI R L, PR ,
AV AL : Ly (U 5 , _ .
Y M 5 ! h M i Fig. 9. Chest radiograph and regional pulmonary
: : |k E function indices at pre- and post-operative state
: ! L 5 CORL ! of a patient with VSD-+PH. @, pre- operative ;
1 : H : <, post banding operation; @, post radical
: T : ; s, T : operation ; pre-ope, pre-operative; post-ope,
2 1 2 2 1 2 post radical operation.
Table 3. Comparison of relative ventilation and perfusion indices between operated and non-
operated sites in the patients with previous pulmonary resection
Vmax.(%) Vmax. X VI(%) P (%) .
operation post-ope.
cases ope. ! 1o ope. ' no ope. ! no
1. K.M. 8y.i 40.9 E 59.1 35.0 E 65.0 32.9 I 67.1 lobectomy 8 years
2. MY. 13y.| 40.2 | 59.8 | 31.3 | 68.7 | 30.7 | 69.3 | lobectomy 8 years
3. K.N. 6y| 38.4 | 61.6 | 3.2 | 63.8 | 26.2 | 73.5 | lobectomy 5 years
4 E.N. 6v.| 44.3 | 55.7 | 32.3 | 67.8 | 22.3 | 77.7 | lobectomy 5 years
5. A.T. 15y.| 44.1 | 55.9 | 33.4 | 66.6 | 33.5 | 66.5 | lobectomy 4 years
6. K.T. 4y.| 43.8 | 56.2 | 37.0 | 63.0 | 27.3 | 72.7 | lobectomy 2 weeks
7. M.N. 7y.| 44.6 | 56.4 | 38.1 | 61.9 | 40.9 | 59.1 | partial res. 7 years
8. MK. Ily| 53.4 | 46.4 | 45.7 | 54.3 | 44.1 | 55.9 | partial res. 1 years
9. M.Y. 1ly.| 46.4 | 53.6 | 38.8 | 61.2 | 41.3 | 58.7 | segmentectomy 2 months
10. Y.M. 5y.| 37.4 | 62.6 | 27.4 | 72.6 | 37.3 | 62.7 | segmentectomy | 2 weeks

Patients’ ages at ventilation and perfusion study were shown. Vmax. (%), relative peak counts of the
regional wash-in curve against peak counts of the wash-in curve of the total lung; P (%), relative
counts of the region in perfusion scanning against counts of the total lung; ope., operated site; no,
non-operated site ; post-ope., time after operation; operation ; partial res., partial resection.
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Fig.10. Indices of post-operative pulmonary function in patients with previous pulmonary
resection. 4, lobectomy ; @, partial pulmonary resection; ¢, mean=*SD.
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Fig.11. Correlation between relative ventilation
and perfusion values of left lung in the patients
with previous pulmonary resection. Vmax(%)
and P% and the same meanings as shown in
table 3.
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Fig. 12. Anterior view of chest radiograph (top)
posterior view of ventilation images (middle) and
posterior view of perfusion image (bottom) of a
patient with lobar pneumonia. Chest radiograph
before treatment showed so-called hyperlucent
lung in left lung. Radionuclide images before
treatment showed severe impairment of ventila-
tion and perfusion in left lung. Ventilatioq
scanning after treatment showed improvement of
ventilation in left lung.
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Abstract ;

A new pulmonary function test for infants and children was devised using simultaneously
133 ¥e ventilation scanning and ?°MTc macro-aggregated albumin (MAA) perfusion scanning. A
circulating closed-circuit with a small total volume of 3 liters was developed for ventilation
scanning. Distribution of regional ventilation in six zones of the lung was quantitatively assessed
during inhalation and wash-out phase of !33Xe administered at a dose of 5 mci. Distribution of
lung perfusion was also estimated after intravenous injection of 1-3 mci of 9°™Tc-MAA. Clinical
usefulness of the method was evaluated in 71 children with various cardio-pulmonary diseases.
Of these, 34 cases were under 2 years old. In patients with ventricular septal defect (VSD)
associated with pulmonary hypertension, a marked regional decrease in ventilation and perfusion
was observed. The impaired function was improved after redical operation, suggesting that it was
mainly due to the stricture of the air way and reversible change. In patients with tetralogy of
Fallot, regional perfusion was reduced without any impairment in ventilation, Children with
funnel chest showed a decreased ventilation and perfusion in both lower lung zones. In children
who had received a lobar or segmental lung resection, decreased ventilation and perfusion per-

sisted for a long time after operation. The reduction of perfusion was more prominent than that
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of ventilation in these patients. This indicates that the residual lung volume may expand, byt
pulmonary alveoli and vascular beds do not appear to increase after operation. By contrast, chest
radiograph of patients with hyperlucent lung revealed impaired regional ventilation, which
seemed to be caused by a marked regional emphysematous change. The new method of 133,
ventilation scanning concomitant with 99mT. MAA perfusion scanning proved to be a safe and
useful procedure for the assessment of pulmonary function in infants and children, to whom
conventional tests were not applicable.




