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Recently, the pathogenesis, clinical course, and pathology of bronchiolitis have aroused considerable
concern. Accordingly, pulmonary function test and morphological diagnostic methods have improved, and
diseases characterized by lesions in the peripheral airways have been confirmed. In spite of this progress, it is
well known that there are still many lesions that cannot be identified. Thus, elucidation of pathophysiology of
bronchiolitis, in which the main lesion is present in the bronchioles, is one of the most important subjects in
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the field of respiratory disease.

At present, there are various concepts and diagnostic standards applied to bronchiolitis, but, in spite of
various proposals, there is still little unification or uniformity. Up to now, we have carried out clinical studies
of patients with bronchiolitis by respiratory physiological and morphological methods, using general clinjcal
findings previously obtained as an aid.

In this report, in order to study bronchiolitis radiodiagnostically, we chose patients who had been
diagnosed as having bronchiolitis by various tests and who showed almost normalcy in chest x-ray films
during inspiration. These patients were studied for the purpose of establishing clinical diagnosis for bron-
chiolitis.

Subjects and methods

Of 44 patients who visited our hospital during the period from July, 1978 to December, 1982 and who
were clinically diagnosed as having bronchiolitis on the basis of clinical findings and the results of pulmonary
function test, x-ray examinations and transbronchial lung biopsy (TBLB), nine (six men and three women)
who had almost normal x-ray findings during inspiration were selceted as subjects. They ranged in age from
27 years to 65 years, with an average age of 44.6 years. With regard to past histories, paranasal sinusitis and
pneumonia had been observed in one and two patients, respectively. Also, one patient had a past history of
inhalation of ammonium gas. The remaining five patients had no remarkable past histories (Table 1).

The subjects included four smokers and five nonsmokers. Clinically, cough was present in eight patients,
sputum in six, and dyspnea in seven. In six patients, vesicular sounds and crepitation were heard (Table 2).

The following procedures were performed on the selected patients: Pulmonary function tests plain chest
x-ray examination during expiration and inspiration, magnification radiography, selective alveolar bron-
chography (SAB), with the use of three to four times magnification, endoscopic examinations of peripheral
airways, TBLB, spirometry and alveolar-alterial O, tension difference (AaDo,).

SAB was performed according to the method previously reported in which about 2 ml of aqueous dionosil
was infused through a prewedged 6.6 F KIFA RED catheter.

Table 2 Clinical features II

Patient
1 2 3 4 5 6 7 8 9

Table 1 Clinica] features I AEEE, ¥T. 47 43 56 27 46 65 36 37 44
Sex FFMMMMTFMM
1. Number of patient 9 Cough T - F o+
2. Sex Male6 Female3
3. Age(average) 44.6 Sputum s A T
4, Pasthistory Nasal emphyema 1 Dyspnea + 4+ + o+ o+ =+ =+
Pneumonie 2 Toxic gas 1 Respiratory failore - + = = = - - —
No particular 5 C
5. History of smoking ar pulmonale e i e e
Smoker 4 Polycythemia - = 4+ = - - - - -
No smoker 5 Clubbing Y
Inspiratory rales B S A
Stridor -+ = = = = =+ 4
Chest pain e N
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Results

Chest x-ray findings

In chest x-ray films (Fig. 1) taken during inspiration, almost abnormal findings were observed in any
subjects, whereas in the films during expiration, diffuse miliary nodular shadows were enhanced in 55.6% of
the subjects. In magnification radiographic findings simultaneously performed, abnormal findings were
observed in 28.6% of the subjects.

SAB findings and morphological classification

SAB findings in the peripheral airway included narrowing, dilatation, obstruction, poor branching,
tortuosity, alveolar ductectasis, alveolar abnormal figure and alveolar uneven filling. Narrowing and
dilatation in SAB findings were evaluated by actual measurement with a tube in contrast with KIEF RED
catheter of 2.0 mm in outer diameter used in SAB. The normal range from the respiratory bronchioles to the
terminal bronchioles of 0.5 to 0.6 mm was obtained from Weible's calculation, the measurement value from
molder samples by Pump, and the actual measurementof Horsfield et al. As a result (Table 3), narrowing,
poor branching, and alveolar uneven filling were found to be frequent SAB findings among the patietns in
this study.

Our morphological classification (Table 4) has already been reported as follows: the group with narrowed
terminal bronchioles (Type I); the group with dilated terminal bronchioles (Type II); the group with alveolar
ductectasis (Type I11); and the group with alveolar abnormal figures (Type IV). Futhermore, according to the
degree of abnormality, those with dilatation of the terminal bronchioles (Type II) are divided into high

Fig. 1 The left is the chest film in inspiration, and the right is that in expiration.

Table 3 Selective alveolobronchographic findings

n=9

SAB findings 12 340567 89
Obstruction R )

Table 4 Classification of the patterns of selective
alveolobronchography

Dilatation - _- - = = = = =

R - II ’ Y
1 T 5 il - 5 normal N

5 0 1 0 0 0 2 9

Narrowing # # - +

Poor branching - - + =
Tortuosity - - - -

Alveolar ductectasis - - = =

Alveolar uneven filling - - + -

* | F | F | F | *
I
1
1
1

Alveolar abnormal figure — - - -
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Fig. 2 This is the group with narrowed terminal
bronchioles (Type I,

Fig. 3 A connective tissue around bronchiole is edematous and fibrotic hypertrophy.
There are an accumulation of mononuclear infiltration and of polymorphonuclear leukocytes.

(18) BARERSEE 5458 $£65



Mitsuru Tanaka, et al. 825

Table 5 Scores of selective alveolobronchographic Table 6 Pulmonary function data

findings s
n=9 % VC FEV,, %
_ Grade - Score Normal Abnormal Normal Abnormal

SAB findings 0 1 1 1 3 1 6 3
Obstruction 0 1 0 0 1
Dilatation o o 2 o0 2 Vo N
Narrowing 0 3 4 0 7 Normal Abnormal Normal Abnormal
Poor branching 0 3 2 0 5 4 5 5 4
Tortuosity 0 0 2 0 2
Alveolar ductectasis 0 0 2 0 2 AaDo,
Alveolar uneven filling 0 3 2 0 5 ~25 26~35 36~
Alveolar abnormal figure 0 [i] 2 0 2 6 2 1

dilatation (Type Ila) and slight to moderate dilatation (Type IIb); and those with alveolar abnormal figures
(Type IV) are divided into highly abnormal (Type IVa) and slightly to moderately abnormal (Type IVh).

Five subjects in this study were classified as Type I, (Fig. 2, 3) one as Type II and three as others. As for
three with other finidings, no clear figure was observed in two, and only poor branching and alveolar uneven
filling were observed in one. Abnormality was observed in all chest x-ray films taken during expiration of
three patients who showed no clear findings or only poor branching and alveolar unevern filling.

SAB score (Table 5)

In order to totally evaluate morphological changes found by SAB, we classified the SAB findings by
scoring them as 0 (no clear findings), 1 (slightly abnromal), 2 (moderately abnormal) and 3 (highly abnormal)
using parameters. The total score was found to be high in findings of narrowing, poor branching, and alveolar
uneven filling; it was the highest among the subjects who showed narrowing.

Pulmonary function (Table 6)

In respect to ventilatory function of subjects, no abnormal findings were present for %VC, FEV, (% and
Vsoin eight, six and five of the nine subjects, respectively.

On the other hand, abnormal Ve, findings were observed in five of the nine subjects, the highest among
the abnormal findings. AaDo; was found to be increased in all subjects. Also, there were many subjects in
whom PaO, (partial pressure of arterial Qs), a base of AaDos, was decreased. Partial pressure of arterial CO,
and arterial pH both remained within the normal range in many subjects.

Discussion

A clinical pathological concept of bronchiolitis has been proposed by Lange based on an earlier report of
Reynand. Recently, the importance of bronchiolitis in chronic bronchitis has been reported, attracting at-
tention because of new ideas and viewpoints regarding this disease. However, theories and clinical diagnostic
standards have not vet been unified.

Therefore, it is necessary to establish a clinical diagnostic standard for bronchiolitis, and we studied
subjects in order to attempt this.

Chest x-ray findings of bronchiolitis are variable and contain diffuse miliary nodular shadows, linear
shadows, reticular shadows and hyperinflation. In recent chest x-ray findings of diffuse panbronchiolitis,
diffusely disseminated fine nodular shadows and hyperinflation have been reported. It has been especially
noted that hyperinflation is found at the early stage of the lesion.

In our subjects, abnormal findings were scarcely observed in chest x-ray films taken during inspiration,
whereas abnormality was present in x-ray films taken during expiration in 55.6% of subjects and in
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magnification findings in 22.6%.

Abnormal shadows are formed relative to the spread of the lesion to the pulmonary parenchyma, the
degree of infection and retention of secretions in the bronchioles, and the severity of alveolar hyperinflation
due to air trapping. If acute inflammation disappears as a result of treatment for bronchiolitis, then miliary
nodular shadows become difficult to detect. In our subjects, it is considered that shadow are difficult to detect
in the early stage of the lesion because of alveolar hyperinflation attributable to air trapping, but diffuse
miliary nodular shadows are enhanced during expiration appearing on the chest x-ray films. Thus, the reason
that abnormal shadows are seen during expiration is unknown. Abnormal shadows are not formed to blood
vessel shadows.

Therefore, if a patient is suspected of having bronchiolitis, chest x-ray examination should be performed
simultaneously during both expiration and inspiration to allow lesions to be more easily found.

Patients who conformed to our criteria for this study showed narrowing, poor bronching and alveolar
uneven filling as SAB findings. Alse, in some patients who did not demonstrate abnormality by spirometry,
hypoxemia relative to abnormally high levels of AaDo, were present. These results are suggestive of an
imbalance in the ratio of ventilation to blood flow, which corresponds well to SAB findings. According to
SAB classification, it was found that there were many patients who were classified as Type I, characterized
mainly by narrowing of the bronchioles ranging from the respiratory bronchioles to the terminal bronchioles,
or showing no clear abnormality. On the other hand, chest x-ray examination was found to be indispensable
because abnormal findings were observed in the chest x-ray films during expiratior even in two subjects who
demonstrated no abnormal SAB findings. Additionally, the results of SAB scoring revealed that narrowing
gives the highest score and is considered to be one of the characteristics of patients with bronchiolitis who
conformed to our criteria for this study.

According to the results of our study, it is thought that infection plays some role in dilatation of the
bronchioles because SAB Type II classification is frequent in bronchiolitis with airway infection and Type I
is frequent in bronchiolitis without infection. When this concept is applied to peripheral airway lesion, the
number of patients who show abnormality by spirometry increases in proportion to progress in SAB findings
from narrowing to slight dilatation to high dilatation. Thus, when these findings are totalled and studied, the
findings obtained in the patients who meet our definition explain the slightness of the lesions, and we would
like to emphasize that chest x-ray examination plays an important role in diagnosing early bronchiolitis.

Conclusion

1) If bronchiolitis is suspected, chest x-ray films both during inspiration and expiration are necessary.

2) If bronchiolitis is clinically suspected but abnormal findings are scarcaly seen in chest x-ray films and
by spirometry, bronchiolitis in which the lesion does not reach large airways and in which airway infection is
not present is diagnosed on many occasions.

3) In these cases, narrowing, poor branching and alveolar uneven filling are frequent SAB findings.
Narrowing given the highest SAB score. Also, SAB Type I classification is frequent.

4) AaDo,is necessary in the clinical diagnosis of bronchiolitis because it increases in all subjects.

Chest x-ray films and SAB were confirmed to be important examinations in diagnosing bronchiolitis.
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