
Fifty subjects with cs1-antitrypsin deficiency
were studied with 183Xe and 1311.macroaggre
gated albumin to evaluate ventilatory func.
tion and perfusion. Delayed clearance of
133Xe was seen in eight of nine homozygotes,
two of whom did not have chronic obstructive
pulmonary disease. Similar but less severe ab
normalities of l3SXe were seen in all 11 hetero
zygotes over age 34, none of whom had clinical
chronic obstructive pulmonary disease. Per/u-
sion studies showed diffuse, mild defects in all
0J five heterozygotes without previously known

chronic obstructive lung disease. These data in
dicate that radioisotope studies may be useful
in detecting pulmonary abnormalities in a@
antitrypsin deficiency prior to its clinical mani
festations.

Severe deficiency of a5-antitrypsin, a rare inher
ited disorder, has been shown to be associated with
panlobular emphysema with characteristic radio
lucency and decrease in ventilation and perfusion at
the lung bases (1â€”3). Intermediate deficiency of
this protein, as found in heterozygotes for the de
ficiency gene, is quite a common disorder; the mci
dence in a normal population has been reported be-.
tween 2 and 14% (1â€”5).Heterozygous a1-antitrypsin
deficiency has also been suggested to be associated
with chronic obstructive pulmonary disease (COPD)
(3â€”5). Others dispute this (6,7).

The 133Xe ventilatory studies and â€˜311-macroag
gregated albumin perfusion studies reported here
indicate that heterozygotes with and without pre
viously suspected lung disease develop ventilatory
and perfusion abnormalities similar to but less se
vere than those found in homozygotes. Radioisotope
studies appear to be sensitive indicators of pulmo
nary abnormalities in heterozygotes and provide fur
ther evidence for an association between the inter

mediate deficiency of cs1-antitrypsin protein and
COPD.

MATERIALS AND METHODS

Studies were performed using a Nuclear-Chicago
Pho/Gamma III Anger scintillation camera with a
divergent collimator for simultaneous viewing of
both lung fields. The total counts from the posterior
aspect of each lung were recorded at 0.5- and 5.0-
sec intervals, using a Franklin rapid digital printer.
Digital data were further processed to a limited
extent to determine total radioactivity in smaller
regions of interest in the lung as a function of time.*

Approximately 1.0 mCi 133Xe/liter of air was
administered in a single, slow inspiration from re
sidual volume to total lung capacity (TLC) . The
subject next maintained the lungs at full inspiration
(TLC) for 10 sec while a scintiphotograph and a
maximum count of radioactivity were obtained. Dur
ing this breath holding, the subject was switched from

the xenon-filled bag to an air-filled I 3.5-liter Collins
spirometer which was used to measure the inspired
volume as a function of time (cumulative minute
ventilation) . Sequential 30-sec scintiphotographs
were obtained during normal tidal ventilation with
room air from the spirometer. The spirometer was
refilled during expirations. The expired radioxenon
was conveyed to a roof-vented flue through a one
way Sierra valve which was open to the flue only
during expiration and allowed the patient to inspire
only from the line connected to the spirometer or
the xenon-filled bag.

Clearance of xenon can be related to time, to the
cumulative number of breaths, or to cumulative vol
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ume in order to obtain clearance curves. The curves
were normalized by expressing counts as a percentage
of the maximum count of radioactivity during the
10-sec breath holding at total lung capacity and
further by dividing the cumulative volume inspired
(V1) by the patient's TLC. The ratio of V1/TLC
is similar to the lung clearance index (LCI) which
is commonly used to characterize nitrogen clear
ance during pure 02 breathing (8) . For example,
the radioxenon LCI2@% is the cumulative inspired
volume divided by TLC (V,/TLC) to reach 2.5%
of the maximum counts of radioactivity obtained
during the initial 10-sec breath-holding period at
TLC.

A 13.5-liter Collins spirometer was used to meas
ure the timed vital capacity on each subject in the
sitting position. The xenon study was performed on
the same day and was also done in the sitting posi
tion. Total lung volume was routinely obtained by
N2 washout (9), and by neon dilution during the

10-sec breath-holding procedure used for the sin
gle-breath carbon monoxide diffusing capacity by
a method modified from Ogilvie, et at (10) . This
neon dilution TLC was assumed to have a distribu
tion in the lung most similar to the inspired 133Xe
volume, which was similarly held at full inspiration
for 10 sec. Therefore, the neon dilution TLC was
used in determining the xenon LCI.

Patients were also evaluated by conventional 1311
MAA scintiphoto studies.

Serum a1-antitrypsin was measured by radial im
munoelectrophoresis (1 1 ) and by crossed immuno

electrophoresis as described by Kueppers (12).
The subjects were divided into five groups (Table

I ) . Group 1 consisted of seven normal subjects
without deficiency of serum a,-antitrypsin (serum
levels greater than I 50 mg% ) . There were six males
and one female, age 24â€”65(mean = 36.0 years).
Only one subject was over 37 years of age. They had
no history of cardiorespiratory disease, and their
physical examinations, chest roentgenograms, and
pulmonary function studies were normal. Lung vol
umes varied from 3.5 to 8.4 liters (mean = 6.8 Â±
I .8 liters) . Subjects 3, 5, and 7 were cigarette
smokers.

Group 2 consisted of 12 homozygotes for the a1-
antitrypsin deficiency gene (serum a1-antitrypsin less
than 50 mg% ) . There were seven probands with
severe obstructive lung disease, five of whom had
xenon studies. Evaluation of their families identified
an additional three homozygotic siblings and two
homozygotic children; radioxenon studies were not
done in one of the children.

Group 3 consisted of 34 heterozygotes with inter-.
mediate deficiency of serum a1-antitrypsin (serum
levels between 50 and 150 mg% ) . A survey of the
seven families of the homozygotes disclosed 20 het
erozygotes : 2 mothers, 2 siblings, and I 6 children.
Radioxenon studies were not done in nine of the
children. An additional 14 heterozygotes were iden
tifled from a survey of healthy individuals without
known lung disease, seven of whom had radioxenon

studies.
Group 4 consisted of seven heterozygotes found

TABLE 1. SUMMARY OF RADIOISOTOPE STUDIES

24â€”65(36)2,

homozygotes1217â€”60

(40)97/98/97/713,
heterozygotes (nopriordiagnosis

of lungdisease)Over
34 years1734â€”90

(64)97/1110/112/26Under
27 years1716â€”27

(21)10/71/73/324,
heterozygotes (referred737â€”6464/77/71 1/111for

lungdisease)(51)5,
nondeficient1144â€”7962/1111/1110/100

(55)

* FEy1 less than 71% of vital capacity.

t Denominatorindicatestotal numberstudied.
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had known obstructive lung disease. Six had bullous
emphysema and five had nonspecific COPD.

RESULTS

Group 1â€”nondeficientand without lung disease.
The seven normal subjects showed rapid and uni
form clearance of 133Xe in the scintiphotographs, as

seen in Subject 4 (Fig. IA) . No localized retention
of xenon was observed in any of these seven normal
subjects. The clearance curves are shown in Fig. 2.
When the clearance is related to time, breaths, or

cumulative inspired volume, there is considerable
variation. It appears from Fig. 2A, B, and C that
a smaller individual with small lung volume (Sub
jects 1 or 2) requires less time and less inspired
volume (V1) to clear the 133Xefrom the lungs. When
the V1 was divided by the TLC, the clearance curves
showed the least variation (Fig. 2D) . Therefore,
this ratio of V1/TLC, defined as a lung clearance
index (LCI) , is used in all the subsequent clearance
graphs. On the basis of this limited experience with
normal subjects, we define normal ranges for LCI1O%
as 1.8â€”2.6and for LC125% as 4.7â€”6.0.

Duplicate studies were done in three normal sub
jects and in three subjects with deficiency of serum
a1-antitryj@sin and indicated very reproducible clear
ance patterns. Clearance from the right lung was
slightly slower than the left lung in six of the seven
subjects. Further studies will be required to deter
mine if these differences are significant. In three sub
jects, clearance from the upper lung fields was slower
than from the lower lung fields, consistent with the
known preferential distribution of ventilation to the
lower lung fields during normal tidal breathing (13).

Group 2â€”homozygotes. Scintiphotographs of all
nine homozygotes studied are shown in Fig. 5 and
their clearance curves are shown in Fig. 4. The six
patients with severe COPD [defined by a forced
expiratory volume in 1 sec (FEV, ) of less than 50%
vital capacity] had distinct retention of xenon at the
lung bases (Fig. 3) . The overall clearance in these
six cases was also slow, as shown by the clearance
curves in Fig. 4. Clearance curves are not shown on
three of the patients with severe COPD because they
did not have volume measurements during their
133Xestudy.

Two of the homozygotic siblings and one child
were asymptomatic and had no past history of lung
disease. Patient PC, a 39-year-old woman who had
been a mild smoker (less than 12 pack years), was
found to have minimal obstructive lung disease
(FEy, = 70% ) and slight basilar retention of
xenon (Fig. 3) . Her xenon clearance was slightly
slow with a LC125% = 7. 1 (Fig. 4A) . The other
two homozygotes did not have basilar retention of

A

B

C

M[TEROZYGOUS ALPHA ANTITRYPSIN DEFICI[NCY

@,9year old nate (LL.)

HETEROZYGOUS ALPHA1 ANTITRYPSIN DEFICI ENCY

D

E

FIG. 1 . Serial scintiphotos representative of each group. (A)
normal Subject 4 has uniform distribution and rapid clearance from
both lung fields. (B) homozygotePatientCM has marked retention
of xenon at both lung bases. Xenon persisted in bases even after
30-sec periods of hyperventilation. (C) heterozygote from Group 3,
Patient OW, shows slow clearance with bilateral basilar retention.
(D) heterozygote from Group 3, Patient ZL, shows uniform but de.
layed clearance, as confirmed in quantitative clearance curve shown
in Fig. 6B. (E) heterozygote from Group 3, Patient HS, who had
normal rate of clearance (Fig. 6C) but definite basilar retention on
right shown by scintiphotographs.

among patients referred to the Cardiovascular Re
search Institute at the University of California for
evaluation of known or presumed lung disease.

Group 5 consisted of 11 nondeficient patients who
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xenon. However, the clearance curves indicated all
of these subjects may have abnormalities of distri
bution of ventilation (Fig. 4A). Patient DM, a
healthy, vigorous, 44-year-old non-cigarette smoker,
had no evidence of pulmonary abnormalities by any
criteria, including extensive pulmonary function
studies. The xenon scintiphotos showed no basilar
retention (Fig. 3 ) , but the overall clearance was
definitely slowed (Fig. 4A). Delayed clearance ap
peared to be predominantly from the right lung (Fig.
3) . Two repeat studies in this subject confirmed this
slow and nonuniform clearance. Of particular inter
est was the 17-year-old homozygote (Patient KK).
She had no respiratory symptoms, insignificant smok
ing history, and normal pulmonary function studies.
Her clearance curve differed from the normal in that
it was faster initially but slower later in the washout
(Fig. 4A). This two-phase distribution of ventila
tion between â€œslowâ€•and â€œfastâ€•spaces may indicate
very early emphysematous changes (14).

Basilar abnormality was also observed as radio
lucency of roentgenograms in all of eight subjects
with symptomatic disease, as irregular decreased dis
tribution of macroaggregated albumin particles in all
of the five perfusion studies performed, and as de
creased vascularity in three pulmonary angiograms.
Abnormalities of perfusion were also evident in lung
areas other than the bases in all seven patients who
had airway obstruction. Perfusion studies were not
done in the four subjects without airway disease.

Group 3â€”heterozygotes. Of the 20 heterozygotes
found among the seven homozygote kindreds, four
adults and seven children had xenon ventilatory stud
ies. Though none of these subjects were known to
have lung disease, the two mothers, aged 56 and 67,
had basilar retention of xenon (Fig. 1C) . Neither of
the two siblings, aged 50 and 59, showed basilar
retention on the xenon scintiphotographs although
the older (Patient ZL) had definitely delayed clear
ance (Fig. 4B) . Scintiphotographs of Patient ZL

8 JOURNAL OF NUCLEAR MEDICINE

s*act *ii @â€˜e@cÃ¸i

\@@- FIG.2.Clearanceofxenoninseven
I3â€¢ normal subjects (Group 1) shown in semi

, logplotof percentofmaximumcounts
obtained during 10-sec breath-holding
period on vertical axis as compared with
four different time-related variables on
horizontal axis: (A) time in seconds, (B)
cumulative number of breaths, (C) cumu
lative inspired volume (Vi), and (0) Vi
divided by TLC measured during separate

Â±â€”@ maneuver.WidevariationofcurvesinA,
B, and C is markedly reduced when curves
are normalized for TLC in D.
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showed the retained 133Xewas rather uniformly dis
tributed (Fig. ID) . Of these four older heterozy
gotes, three had spirometric evidence of COPD
(FEy1 = 57â€”68%) . The other sibling heterozygote
(AW) had no airway obstruction (FEy1 = 76%)
but had a clearance curve with a fast early phase
and a slow late phase similar to clearance data in
the young homozygote, KK; the LCI1@ is at the
lower limit of normal at 1.6, but the LCI 2.5%is ab
normally prolonged at greater than 10 (Fig. 4B).
Of the seven heterozygote children, one 18-year-old
boy (Patient PM) had a history of wheezing and
was found to have mild increase in airway resistance
and reduced FEy1 (70% ) which improved with
bronchodilators. He had no basilar retention of
xenon in scintiphotographs but had a two-phase
clearance curve similar to one of the sibling hetero
zygotes (Patient AW) showing late 133Xe reten
tion, LCI2.5% = 7.6 (Fig. 4B). The remaining five
children studied with xenon have suggestive two
phase clearance curves with an early rapid clearance
and a slower later clearance, but not beyond the
normal range.

An additional seven heterozygotes from a survey
of individuals not known to have lung disease were
studied with â€˜33Xe.Though none complained of res
piratory symptoms, all seven subjects appeared to
be abnormal by the xenon study. Six had slow clear
ance (Fig. 4C) . The one with normal clearance (Pa
tient HS) had definite basilar retention (Fig. I).
Basilar retention was seen in five of these seven
subjects. The four subjects with distinctly slow clear
ance (Patients FA, OJ, HW, and MH) were over
70 years of age and may not be comparable to our
control group. Three had FEV1 below 70% (Fig.
4C) but only in one (Patient FA) was the FEy1
low enough (58 % ) to be considered a definite mdi
cation of COPD at this age.

Perfusion studies with 131I-MAA were abnormal
in all of five heterozygotes studied. The defects were
not predominantly at the lung bases but were scat
tered, as seen in a 24-year-old, asymptomatic sub
ject (Fig. 5 ) . Two of these five were studied with
133Xeand distinct retention at the bases was present
in one, though the prominent perfusion defect was
in the midlung field. Mild airway obstruction was
present in two, but the remaining three were normal
by pulmonary function tests. All five were asymp
tomatic, had normal chest roentgenograms, and were
without previously suspected lung disease.

Group 4â€”heterozygotes referred for lung disease.
Radioxenon ventilatory studies were done in 7 of
22 heterozygotic patients referred for pulmonary
function tests for known or presumed lung disease.
Six had COPD and one was asymptomatic with nor

FIG. 3. Scintiphotographsof all nine homozygotesstudied
with â€˜@Xe.They are grouped according to degree of airway ob
struction, as indicated by percent of vital capacity expired in
1 sec (FEV4. Age, time in seconds of scintiphotograph after single
breath â€œXeinhalation, and pack years of cigarette smoking are
shown below each scintiphoto. Six with severe airway obstruction
(FEy1lessthan50%) showmarkedretentionof â€˜@Xein lungbases,
even after period of hyperventilation. One of sibling homozy
gotes,PatientPC,had mildobstruction(FEV1 70%) and minimal
retention. Two with no cigarette smoking history (Patients KK and
DM) had no basilar retention but slow clearance from right lung
is seen in Patient DM.

mal chest x-ray and normal pulmonary function. He
was referred for evaluation of progressive clubbing
of fingers. Of the six with definite obstructive airway
disease, four had basilar retention of xenon and all
six had slow clearance. Figure 4 shows only four of
them since the other two did not have volume meas
urements during the xenon study.

The patient with normal pulmonary function stud
ies (Patient DBe) had rapid clearance and no local
ized retention of xenon, but his clearance curve (Fig.
4D) shows the two-phase pattern similar to the
young, asymptomatic homozygote and heterozygotes
(Fig. 4A and B). The LCIIO% is low at 1.7 and
LCI2.S% @5slightly prolonged at 7.3. Of further in
terest in this patient were the diffuse, small defects
of labeling seen on the 1311-MAA scintiphotographs
consistent with early emphysema.

Group 5â€”nondeficient patients with obsfructive
lung disease. An additional I 1 patients were studied
who had chronic lung disease but who did not
have deficiency of serum a1-antitrypsin. In this
group, five patients had COPD and six had bullous
emphysema diagnosed from chest x-rays. Radio
xenon retention was seen at the lung bases in two of
the five patients with COPD : One patient was se
lected for radioxenon studies specifically because of
roentgenographic lucency at the lung bases. Of the
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in two cases. All of these patients were found to have
slow overall clearance of radioxenon from the lungs,
including five patients who had no airway obstruction
by standard pulmonary function tests but who did
have high residual volumes and reduced vital Ca
pacities consistent with bullous disease.

The results are summarized in Table 1. Pulmonary
abnormalities detected by radioisotope studies in
heterozygotes are similar to those found in homo
zygotes. Basilar retention of xenon was present in
seven of nine homozygotes and seven of eleven
heterozygotes in Group 3 over 34 years of age. It
should be emphasized that none of the heterozygotes
in Group 3 had previously suspected lung disease
yet all eleven of those over 34 years of age had ab
normalities by xenon testing, as did one of seven
younger heterozygotes. Abnormalities by â€˜31I-MAA
perfusion studies were also present in all five of the
Group 3 heterozygotes tested, but the defects were
diffuse and not characteristically basilar as in the
radioxenon studies. Basilar retention of xenon is not

10 JOURNAL OF NUCLEAR MEDICINE
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FIG. 5. Perfusionimagesof asymptomaticheterozygotewho
had normal pulmonary function (FEV1 90% of FVC) and chest
x-rays. Irregular labeling is seen throughout both lung fields, sug

gesting generalized changes in small pulmonary vessels.

six patients with bullous disease, the prominent re
gional abnormalities in radioxenon studies were in
the upper lung fields, confirming roentgenographic
findings. Additional small basilar bullae were found
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limited to subjects with antitrypsin deficiency, how
ever, as two of eleven subjects in Group 5 had simi
larfindings.

Additional evidence for susceptibility of hetero
zygotes to obstructive lung disease and emphysema
is found in their pulmonary function studies and
pathological findings. In Group 3, nine of seventeen
older heterozygotes and one of seventeen younger
heterozygotes were found to have some airway ob
struction which had not been previously suspected
(Table I ). Pathological studies in five of the hetero
zygotes in Group 4 all showed emphysematous
changes (15).

It appears that the radioisotope studies reported
here are a highly sensitive test for detecting abnor
mality of pulmonary ventilatory function. The one
older homozygote (Patient DM) who was normal
by all other studies, including extensive pulmonary
physiologic studies, clearly had abnormalities by the
133Xe tests. In Group 3, five of the eleven hetero
zygotes over 34 years of age had no airway obstruc
tion by spirometry, but all of them did have abnormal
133Xe studies (Table 1) . Perfusion studies were
abnormal in all of five subjects in Group 3 including
three younger heterozygotes without other evidence
of lung disease (Table 1) . In Group 4 the one pa
tient without airway obstruction (Patient DBe) had
uniform but slightly delayed 133Xe clearance (Fig.
4D) and the 131I-MAA perfusion study showed dif
fuse, irregular decreases of labeling consistent with
small vessel abnormality or early emphysema. Thus,
radioisotope studies appeared to be the earliest and
most sensitive indication of pulmonary abnormalities
in one homozygote and nine heterozygotes (Table 1).

Comparison of the results of 133Xeclearance with
standard N2 washout studies further indicates the
sensitivity of the radioxenon technique. Figure 6
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FIG. 6. Comparisonof @Xeand N,

clearance curves in subjects from each
group. Though qualitatively similar, there
is more pronounced differentiation from
normal in radioxenon study. Only Patient
EH is clearly abnormal by N, washout
which has an early rapid clearanceand
later slow clearance, as seen with xenon
in young asymptomatic heterozygotes (see
Fig. 4).
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shows N2 and â€˜33Xeclearance studies in several sub
jects. The two methods appear to agree in assessing
the relative clearance rates, but the radioxenon tech
nique demonstrates a greater disparity among the
subjects than was suggested by the N2 washout. Only
the homozygote with severe chronic obstructive dis
ease (Patient EH) has greater than the normal limit
of 2.5 % N2 at the end of a forced expiration follow
ing 7 mm of 02 breathing. (This is a commonly used
test for ventilation abnormality.) The differences in
clearance are much greater and more evident by
radioxenon technique. Of particular interest is the
two-phase pattern of N2 clearance in homozygote
Patient EH. This is similar to the pattern seen with
xenon in the young asymptomatic homozygote (Pa
tient KK) and in the heterozygotes without airway
obstruction (Patients AW, RK, PM, and DBe). The
xenon clearance for Patient EH falls to show the
â€œfastspaceâ€•ventilation seen during his N2 washout
study. This is because N2 studies measure only the
expired gas at the mouth, which, in the early wash
out period, is made up predominantly of the â€œfast
spaceâ€•.During the xenon study the â€œslowspaceâ€•
retaining the xenon within the lung obscures the
â€œfastspaceâ€•changes observable by an external radia
tion detector. Whether this two-phase clearance is
related to early emphysematous changes in the lung
is a question of prime importance and will require
evaluation by correlations of compartmental analysis
of â€˜33Xeclearance with other function studies, par
ticularly lung compliance, lung tissue changes, and
serial studies in larger populations.

DISCUSSION

Clearance of N2 from the lungs by breathing pure
02 has been intensively studied and used as a sen
sitive indicator of uneven ventilation of the lung
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(6) . These studies have been limited to measuring
decrease of N2 concentration in the expired gas,
rather than within the lung, as is possible with radio
xenon. Farhi has shown that xenon is more sensitive
than N2 as an indicator of ventilation-perfusion
abnormalities because it has a higher partition coeffi
cient between gas and dissolved phases (16) . With
these advantages the radioxenon technique can be
expected to be a more sensitive means of studying
abnormalities of ventilation and perfusion in the
lung. In addition, the use of radioactive gas methods
allows regional ventilation studies which are not
possible with conventional pulmonary function tests
depending on expired gas measurements. The radio
xenon technique is simple, requires minimal coop
eration from the patient, and can be done easily in
any nuclear medicine laboratory equipped with a
gamma camera and spirometer.

Though only seven control subjects were studied,
there was a wide range of lung volumes (3.5â€”8.4
liters) . The age range of these normal subjects was

24â€”65years, but there was only one subject over
37 years of age. Previous studies of N2 clearance
indicate more nonuniformity of ventilation in older
groups, particularly in subjects who are smokers
(1 7) . Therefore, a larger group of subjects without
deficiency of serum a1-antitrypsin, with better repre
sentation of older subjects and cigarette smokers,
must be studied to establish the range of normal sub
jects more precisely.

The radioxenon ventilation studies described here
show that there is often a slowed clearance of radio
xenon from the lungs of both heterozygotes and
homozygotes. This delayed clearance is often pre
dominantly a basilar retention of radioxenon. In
his original description of a1-antitrypsin deficiency,
Erikson emphasized that radiolucency at the lung
bases, indicating decreased vascularity, was â€œinvari
ablyâ€•seen on chest roentgenograms (1 ) . The radio
xenon studies in six of these eight cases showed that
ventilation is also markedly abnormal in the lung
bases. In addition, slight basilar retention of radio
xenon was found in one of the asymptomatic homo
zygous siblings and a slower lung clearance, particu
larly on the right, was found in another homozygote
who was normal by all other studies.

The significance of this basilar retention is not yet
clear. Previous radioxenon studies in patients with
COPD frequently demonstrated that ventilation at
the bases of the lungs was severely affected (18,19).
Whether many of these patients had deficiency of
serum a1-antitrypsin was not determined. The basilar
retention seen in two cases without deficiency of
serum a1-antitr)Ipsin in Group 5 indicates such ab
normalities are not limited to those with this defi

ciency. Basilar xenon retention may indicate the type
of obstructive lung disease that is present. Thurlbeck
(20) showed that panacinar emphysema is more
common in the lower lobes while bullous and cen
trilobular emphysema are more pronounced in the
upper lung fields. Several pathologic studies in homo
zygotes with deficiency of serum a1-antitrypsin have
shown panacinar emphysema (21â€”23). The delayed
clearance of xenon from the lung bases in all homo
zygotes with airway obstruction and in several of
the older heterozygotes may be taken as further sug
gestion that panacinar emphysema is present.

The frequent finding of basilar retention in the
heterozygotes suggests that they may be predisposed
to a form of lung disease similar to that in homo
zygotes. This is particularly emphasized by the
Group 3 heterozygotes in whom lung disease was not
suspected prior to these studies. As seen in Table 1
and Fig. 4B and C, all eleven of those over 34 years
of age had either basilar retention (seven subjects)
or delayed clearance (ten subjects) . However, four
of these eleven subjects are over 70 years of age and
are not comparable to our control group with respect
to age range. Certainly a slower clearance rate might
be expected and perhaps also basilar retention of
xenon. Of the remaining seven, aged 34â€”67,only
two were not cigarette smokers (Patients DB and
AW) . These two had the best clearance curves and
did not have basilar retention of xenon. It is con
ceivable that the abnormalities noted in this study
are more related to cigarette smoking than to the
antitrypsin deficiency. However, no abnormalities
were seen in the three normal subjects who were
cigarette smokers, including the 65-year-old normal
subject. A more likely hypothesis is that subjects
with antitrypsin deficiency are more susceptible to
the inflammatory effects of cigarette smoke because
of the lack of antiprotoelytic activity. A large-scale
comparison of sensitive lung function studies in
cigarette smokers with and without antitrypsin de
ficiency will be needed to answer this important pub
lic health problem.

SUMMARY

Deficiency of serum a1-antitrypsin (ATh) is an
inherited disorder associated with COPD. Nine sub
jects with severe deficiency (homozygotes, less than
50 mg/ 100 ml) and 41 subjects with intermediate
deficiency (heterozygotes, 50â€”150mg/ 100 ml) were
studied. Iodine-l 3 1-MAA perfusion studies and sin
gle-breath 133Xe were correlated with cumulative
ventilation (V1) and TLC to define a lung clearance
index for 133Xe = V1/TLC. Delayed ventilatory
clearance of 133Xe was seen in eight of nine homo
zygotes, including two without COPD. Retention of
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xenon appeared to be most pronounced at the lung
bases. Similarly, all of eleven heterozygotes over age
34 and not known to have COPD were found to
have delayed 133Xe clearance. Retention of xenon
was most prominent at the lung bases in seven of the
eleven. Two of eleven subjects with COPD but with
out ATD had basilar retention of â€˜38Xeand all eleven
had delayed clearance. Perfusion scans showed bi
lateral diffuse defects in five of five heterozygotes
without previously known COPD. Radioisotope stud
ies were the only abnormality in one homozygote and
nine heterozygotes.

We conclude first that radioisotope studies are a
sensitive and valuable tool for detecting and defining
pulmonary abnormalities in subjects with ATD and
second that heterozygotes with intermediate AiD
may be predisposed to develop COPD similar to
but less severe than that found in homozygotes with
severe AiD.
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