
Iodine-123- (123!)labeled monoamine N-isopropyl p
iodoamphetamine (IMP) (3) and â€˜23I-labeledN,N,N'
trimethyl-N,-[2-hydroxy-3-methyl-5 iodobenzyl]-l , 3
propanediamine (HIPDM), two amphetamine ana
logues, are radiopharmaceuticals known for their use in
cerebral flow studies (4). After intravenous (i.v.) injec
tion, both tracers rapidly localize and more than 90%
accumulates in the lung (3,4). Because of its unique
and high level of localization in the lung [â€˜23I]HIPDM
also may be used as a pulmonary imaging agent.

Passive pulmonary venous hypertension is one of the
most common mechanisms for secondary pulmonary
hypertension in humans (e.g., secondary to left ventric
ular failure and mitral valve disease). The pulmonary
vein-banded rat model is readily reproducible and
shows lung hemodynamic and histologic findings in
vessels anticipated from human studies (5,6). Iodine

123-HIPDM lung imaging may have potential for the
development of noninvasive diagnosis, and for mom
toring passive pulmonary venous hypertension. A por
tion of this work was published earlier in abstract form

(7).

To evaluate the use of N,N,N'-tnmethyl-N,-[2-hydroxy
3-methyl-5 iodobenzyl-1, 3 propanediamine iodine-i23
(HIPDM) in lung imagings for the diagnosis of individual
pulmonaryveinstenosis,14 single-pulmonaryvein-banded
rats underwent lung imaging. After i.v. injection of 250â€”
300 @Ci[1@I]HlPDMlung images were recorded at 2 mm
by a gamma camera interfaced with a PDP computer.
Banded lung demonstrated higher [1@l]HlPDMradioactiv
ity than that of nonbandedlungs. The activity ratio of
banded-to-nonbanded lungs ranged from 4.0 to 1.22 (av
erage 1.62). Technetium-99m-macroaggregated albumin
(MAA)lung images showed decreased perfualon in banded
lung, and normal perfusion in the nonbanded lung. Post
mortemmicroscopicchangesin pulmonaryarteriesand
veInswerecompatib@with the alevatedpulmonaryartery
and venous pressurein valn-bandedlung. Whetherthe
high uptake of [1@I]HlPDMin banded lungs relates to
endothelial receptors for HIPDMis unknown. Neverthe
less,thefindingof highlunguptakein bandedlungin [lfll]
HIPDMlung imaging may be potentiallyused to diag
noseindividualpulmonaryvalnstenosis.
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ulmonary circulation is interposed between the right
and left heart. All circulating blood passes through the
lung which acts as a â€œbiochemicalfilter.â€•During the
transpulmonary pass, the blood interacts with the very
large, metabolically active endotheial surface to per
form metabolic functions such as the removal, biosyn
thesis, and release of vasoactive hormones (1,2). The
lung uptake accumulates and metabolizes a number of

@ endogenous and exogenous substances. Endogenous
substances include the biogenic amines: prostaglandin
and norepinephrine. Exogenous substances include ar
omatic lipophiuic and basic amines. Amphetamine is
removed by a carrier-mediated transport process (2).
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MATERIALS AND METHODS

Fourteen male white Sprague-Dawley rats weighing 300-
350 g formed the basis for this study. The operative procedures
of pulmonary-vein constriction (5,6), discussed below, were
performed by one ofthe coauthors (CMC).

Operative Procedures of Pulmonary-Vein
Constriction

Animal Preparation. After the weight was measured and
recorded, anesthesia was given intraperitoneally utilizing 5
mg/lOOg pentobarbital supplemented with 0.2 mg/lOO g
ketamine. Each rat underwent endotracheal intubation by the
method of Schaeffer et al. (8), and was placed on a rodent
ventilator (Harvard #680, South Natick, MA) with a total
volume of 1 ml/100 g ofbody weight and a rate of8O breaths!
mm.

Operative Procedures to Induce Pulmonary-Vein
Stenosis

After thoracotomy, the lungs were gently retracted poste
norly. The pulmonary veins were isolated and a #4 silk tie



placed around it. Utilizing a #24 Jellco plastic sheath as a
sizer, a knot was tied encompassing both the Jellco and the
pulmonary vein; Jelico was then removed. The ribs were
approximated with a single #2-0 silk tie. The subcutaneous
muscular layer and skin were sutured and closed (6,8).

Preparationof Radiopharmaceuticals
Iodine-123-HIPDM Preparation. The radiolabeling of

HIPDM was achieved by a single exchange reaction. A solu
tion of HIPDM (1 mg in 1 ml of 0.07 N HO) and 100 @l0.1
N HO solution containing 8 mCi of Na'23! in a sealed 10-mi
serum vial was heated in a boiling-water bath for 30 mm. The
reaction mixture was analyzed by thin layer chromatography
(TLC). The radiochemical incorporation was >95%. The mix
ture was diluted with 1 ml of 0.9% saline and sterilized by
passage through a 0.22-microfilter (4).

Technetium-99m-MAA Preparation. Macroaggregated al
bumin (MAA) kits were obtained from a commercially avail
able source (Macrotec, Squibb Diagnostics, Princeton, NJ).
Technetium-99m was labeled with MAA in preparation for
clinical perfusion lung imaging.

Imaging Procedures
Pulmonary vein constricted rats were imaged at 4-6 wk as

follows: after intraperitoneal anesthesia with 5 mg/iÂ® g pen
tobarbital, each rat was placed under a scintillation camera
with a pinhole collimator. The camera was interfaced with a
PDP-l 1 computer.

Technetium-99m-MAA Pulmonary Perfusion Imaging Pro
cedures. The lung images and imaging data were obtained
from the thoraces ofthe rats after 5â€”10mm i.v. injection 200â€”
250 @iCiof@mTc@MAA.

Iodine-123-HIPDM Pulmonary Imaging Procedures. This
imaging was performed 48â€”72hr after the @mTc@MAAlung
study. Five to ten minutes after i.v. injection of 200â€”250@Ci
of['23I]HIPDM images and imaging data were obtained from
the thoraces ofthe rats.

Differential Pulmonary Uptake of [1@I]HIPDMand
â€˜@Tc-MAA

Both differential pulmonary uptake of [â€˜231]HIPDMand
differential pulmonary perfusion using @mTc@MAAand
counts of treated/nontreated lung were computed as follows:

1. A region of interest (ROI) of each lung (same size of
rectangle) was made and counts ofeach side ofROI were
obtained.

2. The pulmonary perfusion percent of treated and non
treated lung was calculated.

3. The pulmonary activity ratios of treated-to-nontreated
lung also were computed.

Lung Tissue Preparation
The animals were killed after intraperitoneal injection with

pentobarbital, 50 mg/lOO g (a lethal dose). After breathing
ceased, the heart and lungs were removed en bloc and the
tracheobronchial tree was perfused at low pressure (20 cm
H2O) with 10% neutral buffered formation. Sections of lung
were stained with H.E stain and Prussian blue and elastic
trichrome combination stains.

RESULTS

Iodine-123-HIPDMPulmonaryImaging
The images ofthe treated lung in 14 rats consistently

demonstrated much higher activity than that in non
treated lung in sequential images of pulmonary-vein
constriction (Fig. 1). The activity ratio of treated-to
nontreated lung confirmed [â€˜231]HIPDMactivity to be
significantly higher in the treated lung (p < 0.001)
(Table 1). Thirteen out of 14 rats exhibited a treated!
nontreated ratio in the range of 1.2â€”2.4.Figure 2 shows
the method of computation of the differential pulmo
nary activity for treated versus nontreated lung.

Technetium-99m-MAA Pulmonary Perfusion
Imaging

Five of 14 rats underwent the pulmonary perfusion
study. The lung images of these five rats showed de
creased perfusion in the treated lung as compared with
nontreated lung. Differential pulmonary perfusion of
the treated versus nontreated lung ranged from 29%-
37% to 62%â€”71%,respectively. Figure 3 demonstrates
mis-matched [â€˜23I]HIPDMand @mTc@MAAlung im
ages.

Concurrent pulmonary contrast angiogram showed
delayed washout of contrast media through the vein
banded lung. In the treated lung, there was a â€œprune
treeâ€•or the â€œtree-in-winterâ€•appearance of the pulmÃ 
nary artery, consisting of narrowing of the pulmonary
artery. No contrast in the smaller arteries or dilated
pulmonary vein was seen (Fig. 4).

FIGURE
Iodine-123-HIPDMlungimage6 wk post-pulmonaryveinste
nosison the left showingmarkedlyincreaseduptakein the
left lung computationof nontreated (right)and treated (left)
lung activity ratio and differential pulmonary activity.
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TABLEIDifferential
Pulmonary[â€˜@l)HlPDMUptakeandTreated/Nontreated

PulmonaryUptakeRatioRatio
Treated/Nontreatedno.

Treated Nontreatedratio1

80% 20%4.002
55.5% 44.5%1.253
57% 43%1.334
60% 40%1.505
57% 43%1.336
58% 42%1.387
55.9% 44.1%1.2718
55.3% 44.7%1.2419
60.8% 39.2%1.5510
61% 39%1.5611
57.1% 42.9%1.3312
57% 43%1.3313
55% 45%1.2214
70.6% 29.4%2.4060.0%

40.0%1.62s.d.
7.0 7.00.75p

< 0.001by pairedt-test.

DISCUSSION

Stenosis of individual pulmonary veins, either con
genital or acquired, may occur at any point in the
extrapulmonary course (9). This stenosis may lead to
significant alteration of pulmonary structure and func
tion.

Currently, a reliable, noninvasive method for deter
mining pulmonary artery pressure is virtually absent.
Methods for assessing pulmonary hypertension, include
symptoms of pulmonary hypertension, physical exam

ination, ECG, chest roentgenogram (CXR), and ultra
sound (9). Pulmonary hypertension symptoms of dysp
nea, fatigue, syncope, angina-like pain, hemoptysis, and
hoarseness may not develop until the resting pulmonary
arterial pressure is -@.-2or more times normal; earlier
indicators of pulmonary hypertensive disorders are de
sired. The physical finding of the closure sound of the
pulmonic valve (P2) gives specific pulmonary-artery

pressure information, but this change is subtle in mild
pulmonary hypertension and interpretation is compli
cated by variations in chest wall thickness and the
amount of lung overlying the pulmonary artery. In
severe pulmonary hypertension, the ECG shows right
ventricular hypertrophy; however, when the ECG is
normal, pulmonary hypertension, especially of mild or
moderate degree, is not ruled out. CSR, as evidence of
width of the descending branch of the right pulmonary
artery, hilar width, and hilar thoracic index is useful as
a noninvasive estimate of pulmonary artery pressure,
but imperfect (10). The echocardiogram is useful in
some instances in assessing pulmonary hypertension,
but it is also not always reliable. Ultimate diagnosis of
pulmonary artery pressure depends on contrast angiog
raphy, which is invasive. More than 90% of i.v. injec
tion of [â€˜231]IMPor [â€˜23IJHIPDMis extracted in the
lung during transpulmonary passage (3,4,11), with ho

Pathologic Examination

Postmortem microscopic changes in pulmonary ar
teries and veins were compatible with elevated resist
ance in veins banded in this model (Fig. 5). For pul
monary arteries, thickening of muscular layers, intimal
proliferation, and perivascular edema are shown with
elastic trichrome stain. The pulmonary vein is shown
dilated with arterialization and perivascular fibrosis.
Bronchial vessels are prominent. In addition, promi
nent iron pigment in macrophages demonstrated by
Prussian blue stain, is seen in the treated lung.

FiGURE2
Computationof nontreated(right) and
treated (left)lung activityratio and dif
ferential pulmonary activity. Treated/
nontreated lung ratio (left/right)is I .88.
Treated(left)and nontreated(right)dif
ferential pulmonary activity is 65.3%
and 34.7%, respectively.
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evaluated in humans. Our animal model of pulmonary
hypertension demonstrated significantly high [123!]
HIPDMuptakein treatedlung. The mechanismand
site of increased accumulation of [â€˜23I]HIPDMin the
lung is unknown and subject to further study.

Circulating bioamines such as serotonin or norepi
nephrine are cleared by the vascular endotheium of
mammalian lung (15). The capability ofthe bioamine
to localize is considered to be an indicator of pulmonary
endotheial integrity (16). Bend et al. (2) hypothesized
that a carrier-mediated transport system might be in
volved as one of the components of amphetamine
extraction. Iodine-123-IMP localization in the endothe
lium of small vessels of the lung has been documented
by microautoradiography (13). As with propranolol, it
is well known that [â€˜23I]IMPbinds to the lung endothe
lial cells (3,1 7,18). The [â€˜23I]IMPlung extraction de
creased progressively from 90% to 62% as the amount
of propranolol gradually increased from 0 to 20 mg;
propranolol competes with [â€˜23I]IMPfor the same lung
endothelial binding sites (19). Preloading doses of imip
ramine also depressed [â€˜23I]IMPlung uptake (20). This
suggests that lung uptake of â€˜231-IMPis by the way of a
saturable mechanism (3,15â€”19). In the evaluation of
[â€˜251]HIPDMlung uptake using an isolated perfused
lung model by Slosman et al. (21), a carrier-mediated
transport system was not confirmed because ofthe lack
of effects of ovabain or a Na@ free medium.

However, Miniati et al. (22) reported that HIPDM
is bound to subcellular organelles in the lung, suggesting
it is lysosomotropic. How increased uptake of [123!]
HIPDM was induced in the lungs of our experimental
animals is unclear. We speculate that the induction of
pulmonary hypertension by constriction of pulmonary
veins may activate â€œreceptorsâ€•or increase the number
of receptors, allowing for more tracer localization in
the lung. This is, however, subject to further investiga
tion.

Pulmonary-vein stenosis is expected to be accom
panied by pulmonary edema, with a consequent de
crease in pulmonary flow. Technetium-99m-MAA lung
perfusion has been reportedly poor or absent in affected
lung, and the search for a definitive technique has been
considered an important goal of investigators (9). Our
five animal experiments reinforced findings that the
vein-banded lungs show significantly decreased @mTc@
MAA perfusion.

Absent or poor perfusion in @Tc-MAAlung imag
ing is, however, nonspecific and may occur in a variety
of pulmonary vascular and parenchymal lung disease.
Combined @Tc-MAAand [â€˜23I]H!PDMlung image
are subject to further study. Mis-matched @mTc@MAA
and [â€˜231]HIPDMpulmonary imaging findings, may be
used for pulmonary hypertension secondary to pulmo
nary vein stenosis.

In conclusion, while pulmonary accumulation of

FIGURE3
Technetium-99m-MAAlungperfusionimageand[1@]l-HlPDM
lung image 6 wk after left pulmonary vein stenosis: showing
markedly decreased @Tc-MAAperfusion on the left lung as
comparedto the right lung. Differentialtreated (left)and non
treated (right) pulmonaryperfusion is 29.8% and 72.2%, re
spectively, and the treated (left) and nontreated (right) lung
activityratio is 0.42. In the [1@]I-HlPDMlung image, there is
marked increase in uptake in the left lung.

mogeneous distribution throughout both lungs. These
radiopharmaceuticals have been utilized as lung imag
ing agents (12-14). The lung images of 16 patients with
chronic obstructive pulmonary disease showed de
creased uptake in the upper one-halfor one-third of the
lung (11) and absent perfusion pulmonary mass (13).

Noninvasive radionucide using [â€˜23I]HIPDM scintig
raphy to detect pulmonary hypertension has not been

FiGURE4
Contrast angiography6 wk postbandingleft pulmonaryvein:
the left pulmonary artery is small with poor fillingof the small
vessels due to severe pruningâ€”consistent with pulmonary
hypertension.
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FIGURE5
Microsectionswith elastic trichromestein. (A)Section of pulmonaryartery along the alrway showing intimalproliferation,
muscular layer thickening, and penvascular edema. (B) Section of pulmonary vein showing dilatation of pulmonary vein with
arterializationandpenvascularfibrosis.(C)Sectionof bronchialvesselsshowingveryprominentbronchialvessels.(D)Lung
sectionof iron(Prussianblue)frombanded-lung(left)and nonbanded-lung(right):noticethe irondepositioninthe banded-lung
section.
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H!PDM is considered a drawback in cerebral flow
studies, [â€˜231]HIPDMmay have potential as a pulmo
nary imaging agent. Increased [â€˜231]HIPDM uptake in
the lung, unrelated to pulmonary flow, may relate with
nonspecific or specific endothelial localization, subject
to further study. Current noninvasive diagnosis of pul
monary hypertension is sometimes difficult and non
specific. This radionuclide pulmonary study, using [123!]
HIPDM combined with 99mTcMAA may be used for
the early detection of pulmonary artery hypertension.
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