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The presence of extensive obstructive airway disease in many
patients leads to an interpretation of intermediate or indetermi-
nate probability for puimonary emboli using ventilation/perfusion
lung scans. We observed that patients with extensive obstructive
airway disease having perfusion abnormalities matching those
on a single-breath xenon image usually have a normal puimo-
nary angiogram. This study’s objective was to further assess the
utility of a single-breath image in evaluating patients with exten-
sive obstructive airway disease and abnormal perfusion studies
categorized as having intermediate or indeterminate probability
of pulmonary embolism in an attempt to decrease the number of
nondiagnostic studies. Methods: We studied retrospectively 33
patients with extensive obstructive airway disease, with abnor-
mal perfusion scans and no infiltrates on chest x-ray categorized
as having intermediate or indeterminate probability of puimonary
embolism. We established the presence or absence of matching
ventilation and perfusion abnormalities by comparing perfusion
scan and single-breath images. Results: Among 25 patients
with perfusion abnormalities matching the initial ventilation pat-
tem on single-breath images, only 1 (4%) had pulmonary emboli
as documented by pulmonary angiogram. Four out of the re-
maining 8 patients with no matching perfusion and single-breath
ventilation pattem had pulmonary emboli (50%). Conclusion:
Patients categorized by ventilation/perfusion scintigraphy as
having intermediate or indeterminate probability for puimonary
emboli due to the presence of extensive obstructive airway dis-
ease can be further subclassified using single-breath images.
Patients with matching perfusion and single-breath ventilation
pattem should be categorized as having low probability for pul-
monary embolism, regardiess of the extent of the ventilation
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Although a normal perfusion scan continues to exclude
clinically significant pulmonary emboli with a high degree
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of certainty (/-3), abnormal perfusion scans are known to
have low specificity (4,5). Many studies have substantiated
the efficacy of ventilation imaging in increasing the speci-
ficity, with post-test predictive values approaching 90% in
the high and low scan probability categories (3,6,7). Al-
though ventilation imaging adds a significant degree of
specificity to perfusion scanning (8,9), overall specificity of
ventilation-to-perfusion (V/Q) scans continues to be a prac-
tical problem for the diagnosis of pulmonary embolism (7).
The presence of focal or diffuse obstructive airway disease
partly determines the probability for pulmonary embolism
of a given scan with perfusion abnormalities.

The major sets of criteria for determining the probability
of pulmonary embolism in V/Q scans (2,7,10) vary some-
what in categorizing perfusion abnormalities in the pres-
ence of severe obstructive airway disease. McNeil’s (10)
criteria indicated that V/Q matches suggest low probability
with no further qualifications. Biello (2), on the other hand,
included the perfusion defects seen in severe diffuse ob-
structive airway disease in the intermediate or indetermi-
nate probability category. The PIOPED study categorized
matching V/Q abnormalities as low probability if the ven-
tilation abnormality involved less than 50% of lung fields.
Perfusion abnormalities in the presence of obstructive air-
way disease involving more than 50% of lung fields were
categorized as intermediate or indeterminate probability,
although a recent revision of the interpretation criteria
categorized extensive matched V/Q abnormalities as low
probability regardless of their size. However, the method
of establishing the matching pattern was not described
n).

Xenon-133 single-breath images offer a direct compari-
son to the perfusion images. Although it is important to
evaluate the study of single-breath xenon inhalation, as
well as washout patterns for the interpretation of V/Q scans
(12), the customary way of judging obstructive airway dis-
ease when using '**Xe ventilation studies depends mainly
on the extent and degree of retention of the gas on washout
images since they are more sensitive (12). If this is signif-
icant and involves more than 50% of the lung fields, the
perfusion abnormalities, if present, are usually categorized
as having an intermediate or indeterminate probability for
pulmonary embolism.
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In our practice, we have observed that patients with
perfusion defects matching abnormalities on a single-
breath xenon study, in the presence of extensive obstruc-
tive airway disease involving more than 50% of the lung
fields, usually have normal pulmonary angiography (/3).
Therefore this study’s objective was to further assess the
utility of single-breath '**Xe ventilation images in evaluat-
ing patients with perfusion defects and extensive obstruc-
tive airway disease involving more than 50% of lung fields.

MATERIALS AND METHODS

All V/Q lung scans routinely performed in our institution for
suspected pulmonary embolism between January 1988 and June
1992 were reviewed. During this period, 2203 scans were per-
formed including 69 patients showing both significant obstructive
airway disease involving more than 50% of lung fields and abnor-
mal perfusion studies leading to an intermediate or indeterminate
probability reading of V/Q scans. The extent of obstructive airway
disease was determined subjectively by two qualified nuclear
medicine physicians unaware of the results of pulmonary angio-
grams. Patients meeting the following criteria were selected for
analysis:

1. Extensive obstructive airway disease involving more than
50% of lung fields as seen on ventilation washout images;

2. Perfusion defects seen on perfusion scans;

3. No infiltrates on a chest x-ray obtained within 24 hr of the
perfusion scans; and

4. Pulmonary angiogram performed within 48 hr of the perfu-
sion studies.

There were 33 patients fulfilling the above criteria. Ventilation
studies were performed in the posterior projection using 10-20
mCi of '**Xe and consisted of single-breath (washin), equilibrium
and washout phases. The single-breath image was obtained im-
mediately after the patient inhaled and retained the radioactive gas
with a single deep breath. The equilibrium image was obtained
after the patient rebreathed xenon in a closed system for 5 min.
The washout images were obtained every 30 sec for 5 min upon
opening the system to room air with the patient breathing nor-
mally. Perfusion imaging in these patients was obtained in eight
views (posterior, anterior, laterals, posterior obliques and anterior
obliques) after intravenous injection of approximately 3 mCi of
9mTc-macroaggregated albumin. Pulmonary angiography was
performed with injection of nonionic contrast into the main pul-
monary artery using a 7F pigtail catheter. Multiple film screen
and/or digital subtraction images of both lungs were obtained.
Pulmonary angiograms were read by a board-certified faculty
radiologist.

The perfusion studies of these patients were compared to the
pattern of ventilation on single-breath (washin) images. Patients
were then divided into two sub-groups: those with perfusion ab-
normalities matching the ventilation defects on single-breath im-
ages, and those with perfusion abnormalities that were mis-
matched or showed mixed matching/mismatching patterns. The
two groups were compared employing the chi-square test.

RESULTS

There were 19 females and 14 males among the 33 pa-
tients analyzed. Patients ranged in age from 22-79 yr.
There were 26 patients with histories of smoking, S non-
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FIGURE 1. A 23-yr-old female nonsmoker on birth control pills,
was referred for ventilation and perfusion scans because of sudden
onset of shortness of breath. The chest x-ray showed no infiltrates.
The washout images (A) reveal significant retention involving more
than 50% of the lung fields. The washin '*Xe image (A) shows
defects matching the perfusion abnormalities seen on the posterior
view (B). Puimonary angiogram was negative for pulmonary emboli.

smokers and 2 with unknown smoking status. All 33 cases
had retention of '**Xe on washout images that involved
more than 50% of combined lung fields as determined sub-
jectively. All patients showed abnormal perfusion includ-
ing nonsegmental, transsegmental, moderate subsegmental
and/or segmental perfusion defects. Patients with only non-
segmental abnormalities or small subsegmental defects
were not among the patient group analyzed as they were
not included in the category of intermediate or indetermi-
nate probability reading. There was no interobserver dis-
agreement regarding classification of patients according to
the criteria mentioned. Twenty-five of the 33 patients with
diffuse obstructive airway disease fulfilling the four criteria
noted above were found to have perfusion abnormalities
matching the initial ventilation pattern on single-breath im-
ages and only 1 of these patients (4%) had pulmonary
emboli documented by pulmonary angiogram. Figures 1
and 2 show examples from this group.

The remaining 8 patients had no matching perfusion-to-
single-breath ventilation patterns. They showed a single-
breath ventilation pattern that was at least partly mis-
matching the perfusion abnormalities (Table 1). Four of the
8 patients (50%) had positive pulmonary angiograms for
pulmonary embolism. Figure 3 shows an example of a
patient in this group. Among the 28 patients who had no
pulmonary emboli, 10 showed one or more segmental de-
fects matching single-breath abnormalities.

DISCUSSION

More than one-third of the V/Q scans for patients with
suspected pulmonary emboli are categorized as intermedi-
ate probability (14). A V/Q scan showing an intermediate
probability for pulmonary emboli does not usually assist
the clinician in the diagnosis of pulmonary emboli but often
provides post-test odds which require pulmonary angiog-
raphy. Intermediate probability studies are the most fre-
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FIGURE 2. A 50-yr-old male referred for V/Q scan to rule out
pulmonary emboli because of increasing shortness of breath. Chest
x-ray showed no infiltrates. The ventilation study (A) reveals obstruc-
tive airway disease involving more than 50% of combined lung fields
as seen particularty on the washout image of 180-210 sec. The
single-breath image reveals multiple focal areas of decreased to
absent ventilation in both lungs that match the areas of decreased to
absent perfusion seen mainly on posterior view (B). Note that de-
termining this matching pattern using washout images is difficult.
Pulmonary angiography performed the same day was negative for
pulmonary emboli.

quent cause for performing pulmonary angiography among
all categories of V/Q scans (15,16). High and low proba-
bility scans help in the clinical management of this poten-
tially fatal disease, particularly when the preclinical odds
agree with the scan interpretation (5,15).

Over the years, several modifications of the major sets of
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FIGURE 3. A 40-yr-old female known to have obstructive airway
disease was referred for a V/Q scan to rule out pulmonary emboli
after sudden worsening of shortness of breath. The patient had a
history of smoking (30 pack-yr). Chest x-ray showed no infiltrates.
The ventilation study (A) reveals significant retention of xenon in
both lungs. The pattern of ventilation on single-breath image partly
matches and partly mismatches the perfusion abnormalities on pos-
terior projection of the perfusion study (B). On the other hand, wash-
out images show diffuse retention of xenon involving areas with and
without perfusion abnormalities. Pulmonary angiogram subse-
quently performed shows multiple pulmonary emboli.

diagnostic criteria have been made in an attempt to im-
prove the sensitivity and specificity of V/Q lung scans.
Decreasing the number of scans included in the category of
intermediate probability should help decrease the number
of scans that are not diagnostic for pulmonary emboli.
Although washout ventilation images are more sensitive
than single-breath images in the evaluation of obstructive
airway disease (/2), single-breath images permit a more

TABLE 1
Summary of Patients with Nonmatching or Mixed Matching and Nonmatching Perfusion and Single-Breath Pattems
Chest
Patient Age Smoking x-ray Perfusion/single Pulmonary
no. (yn) Sex history findings Perfusion scan findings breath pattems angiogram
1 65 Female Yes No OAD* 4 moderate subsegmental defects in Mismatching Positive
both lungs
2 35 Male Yes No OAD 4 transsegmental and nonsegmental Mismatching Negative
defects in both lungs
3 42 Female Yes OAD 8 moderate and large subsegmental Mixed Negative
defects in both lungs
4 48 Male Yes No OAD 2 moderate subsegmental and 1 Mismatching Positive
transsegmental defects in both
lungs
5 54 Male Yes No OAD 2 transsegmental and 2 moderate Mixed Positive
subsegmental defects in both
lungs
6 79 Female No No OAD 3 moderate, one large and two Mixed Negative
nonsegmental defects in both
lungs
7 22 Female No No OAD 3 segmental defects in left lung Mixed Negative
(both lungs showed OAD)
8 40 Female Yes No OAD 3 transsegmental defects in both Mixed Positive

lungs

*Radiographic changes of obstructive airway disease (OAD).
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direct comparison with the perfusion study. With severe
obstructive airway disease, abnormalities present on the
single-breath image are probably the most focal and se-
vere, as little air can enter these areas. Perfusion abnor-
malities matching these areas are probably secondary to
reflex vasoconstriction from this focal airway obstruction
or from adjacent scarring. On the other hand, later washout
images will show retention that is often more diffuse and
widespread than the abnormal single-breath foci. There-
fore it may be difficult to establish whether these abnor-
malities match the perfusion defects in this group of pa-
tients who have severe obstructive airway disease. Scans
are often categorized as intermediate or indeterminate pri-
marily by depending mainly on washout images for corre-
lation.

Although we studied a highly selected group of patients
with a scan pattern of intermediate or indeterminate prob-
ability who all had angiograms presumably because of high
pretest clinical suspicion, our study indicates that not all
abnormal perfusion scans with extensive obstructive air-
way disease seen on washout images should be categorized
as having an intermediate probability for pulmonary embo-
lism. A subgroup with a single-breath pattern matching the
perfusion abnormalities and not associated with chest
x-ray abnormalities showed a low prevalence of pulmonary
emboli (4%) compared to the subgroup with the ventilation
abnormalities not matching the perfusion scan pattern with
a higher prevalence of pulmonary emboli (50%). The dif-
ference between prevalence of pulmonary emboli in the
two groups was significant (0.02 > p > 0.01).

The authors do not suggest that the image of the lungs
following a single breath of '**Xe is as good as the complete
ventilation study, which should continue to be used in the
interpretation of V/Q scans. In general, it was reported that
single-breath images may not be suitable as the sole deter-
minant of the presence or absence of a matching ventilation
and perfusion pattern in the diagnosis of pulmonary emboli
(12). However, in patients with extensive obstructive air-
way disease, it can be difficult to establish the matching
pattern primarily using washout images.

We have found that the single-breath image, even in the
presence of severe obstructive airway disease, can estab-
lish the presence of a matching V/Q pattern which is more
difficult to ascertain when washout images are mainly used.
Our findings indicate that when single-breath images in
patients with severe obstructive airway disease show the
presence of a matching V/Q abnormality, this pattern indi-
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cates a low probability of pulmonary emboli (4% in our
data) regardless of the pattern seen on washout images.

SUMMARY

Patients categorized by V/Q scintigraphy as having in-
termediate or indeterminate probability for pulmonary em-
bolism due to the presence of diffuse obstructive airway
disease can be further subclassified using single-breath im-
ages. Patients with perfusion abnormalities matching the
ventilation pattern on single-breath xenon images should
be categorized as having low probability for pulmonary
embolism, regardless of the extent of the ventilation abnor-
malities.
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