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The alveolar integrity (Al) in 17 male patients with puimonary
emphysema (EMPH) diagnosed by chest x-ray was measured
by ®*™Tc-DTPA and ®™Tc-HMPAO radioaerosol inhalation lung
scintigraphy. Methods: The patients were divided into two
groups: (A) nine patients with puimonary and nor-
mal carbon monoxide diffusion capacity (DLCO) and (B) eight
patients with pulmonary emphysema and abnormal DLCO. The
degreeofAldamagemEMPHwaspmntedastheslopeofhe

curves from the dynamic left lung imagings in DTPA
andHMPAO The Al of EMPH patients were compared with the
Al of 16 normal controls. Results: The results show that: (1) the
slope of DTPA is larger than that of HMPAO in each of the
portions of the left lung for any of the study groups; (2) statistical
differences were found between the normal controls and EMPH
patients in HMPAO but not in DTPA,; and (3) the correlation was
not good between DLCO and DTPAHMPAQ in EMPH patients.
Conclusion: Our results suggest that: (1) at least two different
mechanisms in the lungs were at work; (2) the Al damage in
EMPH developed mainly in the lipophilic part of the alveoli; and
(3) the Al damage presented as slopes of DTPAHMPAQ in our
study was different from the traditional pulmonary function such
as DLCO.
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Tle lung parenchyma is essentially a three-compartment
structure consisting of the alveolar space, the vascular
space and the interstitium. The integrity of these compart-
ments, fundamental to the maintenance of normal gas ex-
change, is preserved by the components of the alveolar
capillary membrane. In addition to oxygen, carbon dioxide
and water, small solutes and macromolecules move in ei-

ther direction via both cellular and paracellular routes
across the alveolar capillary membrane. Therefore, the
integrity of alveoli plays a crucial role in the transfer of
fluid and solutes (7).

Emphysema is defined in pathological terms as the en-
largement or destruction of the alveolar unit (2). This term
refers to the condition in patients who cough and also have
various degrees of dyspnea on exertion. The destruction of
the alveolar surface leads to loss of the capillary bed of the
alveoli (3). In addition, these patients also demonstrate
abnormalities at the air/blood interface as judged by carbon
monoxide uptake tests (diffusion tests) and hyperinflation,
judged clinically by physical examination and x-ray (4).
Diagnostic procedures for pulmonary emphysema include
clinical history, physical examination, radiography, CT
and pulmonary function test (5). Standard radiology of the
chest provides a morphological approach, but is only in-
dicative of emphysema in advanced cases (5). Recent re-
ports indicate that there is good correlation between the
CT findings and pathologic findings of emphysema (6, 7).
However, interpretation of CT density distributions are
time consuming. The pulmonary function test cannot dif-
ferentiate between anatomical emphysema and other
causes of air flow obstruction (8). It has been shown that
pulmonary *™Tc-labeled diethylenetriamine pentaacetate
(DTPA) or hexamethylpropylene amine oxime (HMPAO)
clearance can be used to assess lung injury in various lung
diseases (9-14). Therefore, ¥™Tc-HMPAO and *™Tc-
DTPA radioaerosol inhalation lung imagings should serve
as additional or alternative diagnostic modalities for pul-
monary emphysema in this study.

MATERIALS AND METHODS

Alveolar integrity (Al) in 17 male patients (age: 65-76 yr who
smoked for over 40 yr but stopped for at least 1 yr) with pulmo-
nary emphysema (EMPH) diagnosed by chest x-ray was mea-
sured by *™Tc-DTPA and *™Tc-HMPAO radioaerosol inhala-
tion lung scintigraphy using a commercial lung aerosol delivery
unit. The Al of EMPH patients were compared with the Al of 16
normal controls (age: 63-76 yr, nonsmokers with normal chest
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FIGURE 1. How to choose the ROIs in the peripheral regions of
the left lung and the selected area of the background (BK) correction.
The BK correction formula was: the corrected mean counts/pixel in
the ROIs = the original mean counts/pixel in the ROIs — the mean
count/pixel in the BK area.

x-rays and pulmonary function tests). The patients were divided
into two groups: (A) nine EMPH with normal CO diffusion ca-
pacity (DLCO 2 80% predicted value) and (B) eight EMPH with
abnormal DLCO (<80% predicted value).

The *™Tc-DTPA/HMPAO radioaerosol clearance speed which
was presented as slope (%/min) and which was based on a 30-min
imaging acquisition period from lungs to blood was measured in
all individuals. A 2-day interval elapsed between the DTPA and
HMPAO studies in each individual. The radioaerosols (particle
size, approximate aerodynamic median mass diameter was
smaller than 1 um at 7 liters/min air flow rate) were generated from
a commercial lung aerosol delivery unit (Aero/Vent, Medi Nu-
clear) containing 20 mCi of *™Tc-DTPA/HMPAO in 2 ml of
saline. Subjects were in the supine position and inhaled for 2 min
from the aerosol delivery unit until the total radioactivity was over
200,000 counts by normal tidal breathing. Data were collected
over another 30 min by means of a large-field computerized
gamma camera over the posterior view which included the whole
chest. During the whole imaging period, the patients were not
allowed to swallow the saliva. The data were acquired as a series
of 30 consecutive frames, each of 1-min duration and a 64 x 64
matrix with word mode.

After data acquisition, the first image in the series was dis-
played and three regions of interest (ROIs) were automatically
created with the peripheral one-third of the left lung field produc-
ing equal subdivisions of the lung into upper, middle and lower
third (Fig. 1). The reason for the preference of the left to right
lungs for analysis of radioactivity clearance is to avoid the possi-
bly higher background radioactivity from the liver uptake of li-
pophilic ™ Tc-HMPAO just below the right lung. The reason for
the selection of only peripheral portions of the left lung is to
exclude the contribution of centrally deposited radioactivity to the
clearance values. Radioactivity was corrected for radionuclide
decay and background corrected time-activity curves (Fig. 1)
were generated individually for each third portion of the periph-
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TABLE 1

Detailed Patient Data
Total both lung
Pationt  Age _ Sopes (%/min) DLCO
no. ) DIPA HMPAO (% predicted value)
1 6 050 0.48 178
2 72 065 0.21 138
3 6 124 0.30 126
4 68 117 0.19 122
5 75 1.07 0.15 104
6 70 123 0.68 101
7 74 153 0.21 86
8 70 031 0.25 86
9 71 049 0.48 80
10 6 182 0.44 79
1 72 070 0.40 79
12 74 075 0.26 74
13 65 165 0.27 70
14 72 058 0.30 70
15 60 102 0.25 69
16 76 101 0.28 54
17 73 089 0.25 51

eral left lung. A power exponential fitting routine was then used to
calculate the slopes of the curves. In addition, the total slope of
both lungs was calculated to analyze the correlation with DLCO.

RESULTS

Patient data including age, slopes and DLCO are tabu-
lated in Table 1. The correlation between the value of
DLCO and the slopes of DTPA/HMPAO in EMPH pa-
tients was not good (Figs. 2 and 3). The scintigraphic re-
sults of the study groups are shown in Tables 2 and 3. The
clearance (slope) of DTPA aerosols was faster (larger) than
that of HMPAO aerosols in each portion of the left lung for
any study group (p < 0.001, paired t-test). There were
significant statistical differences between the normal con-
trols and EMPH patients in the HMPAO study results
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FIGURE 2. Simple regression analysis between the DLCO and
the slopes of DTPA was performed using cubic models. The coef-
ficient from the regression equationwas Y = 40.56 » X + 80.33,r =
0.166.
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FIGURE 3. Simple regression analysis between the DLCO and
the HMPAO slopes performed using cubic modeis. The coefficient
from the regression equation was Y = —21.68 * X + 116.23,r =

(Table 4, p < 0.05, Mann-Whitney U-test) but not in the
DTPA study (Table 4, p > 0.05, Mann-Whitney U-test).

DISCUSSION

With emphysema, there is usually slow progressive dys-
pnea with little or no cough. In moderate to advanced
diseases, the diaphragm moves poorly and the accessory
muscles of respiration are used. The lungs are resonant
over a large area, the breath sounds are usually diminished
and faint expiratory rhonchi may be heard. Cardiac and
hepatic dullness are diminished. Chest x-rays are helpful in
suggesting the diagnosis in moderate to severe emphysema
with low flat hemidiaphragms, and enlarged retrosternal

TABLE 2
Data from **™Tc-DTPA Radioaerosol Scintigraphic Lung
Inhalation

Scintigraphy

Study groups location (mean * s.d)
Normal controis LUL 1.08 + 0.72 (%/min)
LML 1.05 = 0.74 (%/min)
LLL 0.88 + 0.55 (%/min)
BTL 1.11 + 0.48 (%/min)
Patient with LuL 1.09 + 0.63 (%/min)
emphysema LML 0.93 + 0.63 (%/min)
L 1.05 = 0.47 (%/min)
BTL 0.98 + 0.42 (%/min)
Group A DLCO LUL 1.19 + 0.67 (%/min)
280 LML 1.15 + 0.68 (%/min)
(mlmin/ L 1.10 + 0.53 (%/min)
mmHg) BTL 0.91 = 0.40 (%/min)
Group B DLCO LUL 0.98 + 0.56 (%/min)
<80 LML 0.70 + 0.48 (%/min)
(mlfmiry LLL 1.01 + 0.40 (%/min)
mmHg) BTL 1.05 + 0.42 (%/min)

DLCO = diffusion capacity of CO; LUL = left upper lung; LML = left

middie lung; LLL = left lower lung; and BTL = both total lungs.

TABLE 3
Technetium-99m-HMPAO Radioaerosol Scintigraphic Lung

Inhalation Results

Study groups location (mean + s.d.)
Normmal controls LUL 0.12 + 0.22 (%/min)
LML 0.27 + 0.39 (%/min)
L 0.22 + 0.18 (%/min)
BTL 0.21 + 0.14 (%/min)
Patient with LUL 0.27 = 0.14 (%/min)
emphysema LML 0.36 + 0.19 (%/min)
L 0.39 + 0.35 (%/min)
BTL 0.32 + 0.13 (%/min)
Group A DLCO LUL 0.29 + 0.12 (%/min)
280 LML 0.40 + 0.24 (%/min)
(mifminv L 0.50 + 0.41 (%/min)
mmHg) BTL 0.33 = 0.17 (%/min)
Group B DLCO LUL 0.25 + 0.16 (%/min)
<80 LML 0.32 = 0.09 (%/min)
(mimiry (1NN 0.25 + 0.16 (%/min)
mmHg) BTL 0.31 + 0.07 (%/min)

clear space, considerable variability in the pulmonary vas-
culature and often bullous changes (15). As emphysema
progresses, the more usual tests of pulmonary function
become abnormal. Carbon monoxide diffusing capacity is a
sensitive test for detection of pulmonary dysfunction, but it
lacks diagnostic specificity. The test measures the rate of
transfer of CO across the alveolar-capillary membrane (ml
CO/min/mmHg). Impaired matching of ventilation and per-
fusion, alterations in the alveolar-capillary membrane it-
self, and/or decreases in pulmonary capillary blood volume
cause an abnormal reduction of DLCO (16). The DLCO is
frequently abnormal in chest diseases when other clinical
tests, e.g., chest roentgenograms, do not reveal abnormal-
ities (17). Common diseases such as emphysema also
lower DLCO (18).

Radionuclide imaging can readily be used to demon-
strate segmental or subsegmental zones of poor ventilation
in patients with EMPH. The imaging agent may be ™K,
127Xe or '**Xe gas or, alternatively, a radiolabeled aerosol
(15,19), which are now used routinely at many centers for
detecting lung ventilation based on an initial equilibrium
imaging frame. However, serially dynamic lung scintigra-

TABLE 4
Patients in the Different Inhalation Scintigraphies

Location
Scintigraphy LuL LML LLL
DTPA Z= -0.450 -0.360 -0.703
P >0.05 >0.05 >0.05
HMPAO Z= -2.710 -2.239 -1.405
P <0.05* <0.05* >0.05
*Significant statistical differences.
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phy to calculate alveolar clearance rates of inhaled radio-
aerosols such as ®™Tc-DTPA or *™Tc-HMPAO in our
study, which represents the alveolar integrity of the pa-
tients with EMPH, has not been reported.

Technetium-99m-DTPA gets deposited in the lining
layer of the pulmonary epithelial surface and then passes
through the epithelial barrier, and once cleared from the
lungs, redistributes in the extracellular space of the chest,
which includes the interstitial and intravascular spaces of
the chest wall and lungs (20). Technetium-99m-DTPA
aerosol inhalation lung scan is a sensitive marker of the
changes of the permeability characteristics of the lung pa-
renchyma. It has been used to investigate epithelial perme-
ability in different physiological conditions (21,22), in
smokers (23) and in various pulmonary disorders (11,24).
Clearance of ®™Tc-DTPA is increased in patients with
diseases known to involve the alveolar-capillary mem-
brane, whether they are cases of adult respiratory distress
syndrome (25) or interstitial lung disease (11,26). In con-
trast, previous studies have described normal *™Tc-DTPA
clearance in nonsmokers with airflow obstruction, whether
in stable asthma (27,28) or chronic airflow limitation (29).

Technetium-99m-HMPAO is a lipophilic brain imaging
agent used for the diagnosis of stroke and dementia. There
is pulmonary localization only in the lungs of smokers
(12,13) and in almost all EMPH patients with a past history
of smoking; however, factors of varying degrees of lung
uptake are still unknown. Its site of localization is presum-
ably in the pulmonary vascular endothelium. Postulated
mechanisms for increased *™Tc-HMPAO uptake in the
smoker’s pulmonary vascular endothelial cells include the
following: smoking-induced neutrophil stasis in the lung
leading to changes of pulmonary endothelial cell function;
and smoking-associated mediators such as carbon monox-
ide, nicotine, nitrogen oxide, tar and formalin, allowing
localization of ™Tc-HMPAO aerosols (12,13,30). There-
fore, we think that inhaled aerosols of a lipophilic sub-
stance, such as ®™Tc-HMPAO, may cross transcellularly
using the whole alveolar surface. The clearance of aerosols
depends on regional perfusion while hydrophilic aerosols,
such as ®™Tc-DTPA, pass by an intercellular pathway and
the clearance is diffusion limited (37). We find that:

1. Lipophilic HMPAO (transferring cell membranes)
was slower than hydrophilic DTPA (transferring in-
tracellular pores) in clearing aerosols deposited in the
lungs for all patients, which suggests that at least two
different mechanisms were at work in clearing aero-
sols deposited in the lungs. The results challenge the
previous reports which have demonstrated a faster or
equal clearance rate for HMPAO than for DTPA
(9,31).

2. The normal clearance of *™Tc-DTPA aerosols may
result from the preserve of the tight intercellular junc-
tions and that increased clearance of *™Tc-HMPAO
aerosols may be due to the loss of alveolar cell integ-
rity for EMPH in our study. The HMPAO slopes in
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EMPH patients were larger than in normal controls,
which means that Al damage in EMPH develops
mainly in the lipophilic part of the alveoli.

3. No good correlation between the DLCO values and
slopes of DTPA/HMPAO was found, which suggests
that the Al damage presenting as slopes of DTPA/
HMPAO in our study was different from the tradi-
tional pulmonary function tests such as DLCO.

In conclusion, the serial measurement of alveolar integ-
rity relying on HMPAO inhalation lung scans may have a
role to play in monitoring the repair process following
injury as in EMPH.
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