the charging voltage of the main condenser, and the maximum tube current was approximately 15 kKA.

3.2 X-ray output

X-ray output pulse was detected using a combination of a plastic scintillator and a photomultiplier using a 10
um-thick monochromatic copper filter (Fig. 5). The x-ray pulse height substantially increased with corresponding
increases in the charging voltage. The x-ray pulse widths were about 700 ns, and the time-integrated x-ray intensity
per pulse measured by a thermoluminescence dosimeter (Kyokko TLD Reader 1500 utilizing MSO-8 elements

without energy compensation) had a value of about 30 pCrkg at 1.0 m from the x-ray source with a charging voltage
of 50 kV.
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3.3 X.ray source

In order to measure images of the plasma x.ray source, we employed a pinhole camera with a hole diameter of 100
pm (Fig. 6). When the charging voltage was increased, the plasma x-ray source grew, and both spot dimension and
intensity increased.

3.4 X-ray spectra
X-ray spectra from the plasma source were measured by 2 fransmission-type spectrometer (Fig. 7) with a lithium
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fluoride curved crystal 0.5 mm in thickness. The spectra were taken by a computed radiography (CR) system®
(Konica Regius 150) with a wide dynamic range, using the filter, and relative x-ray intensity was calculated from
Dicom digital data. Figure 8 shows measured spectra from the copper target using the filter. In fact, we observed
sharp lines of K-series characteristic x-rays such as lasers, while bremsstrahlung rays were hardly detected at all. The
characteristic x-ray intensity of the K, line substantially increased with corresponding increases in the charging
voltage, and the Kp line was absorbed by the filter.

Ve: Charging voltage
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s N V. 3425 kv
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% /
;‘é V.450.0 kv V=350 kV V,=42.5kV V.=S0.0kV
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Time {500 ns/div.] *
Figure 5: X-ray outputs measured by a plastic Figure 6: Images of the plasma x-ray source measured
scintillator with changes in the charging voltage. by a pinhole of 100 pm from the plasma axial direction.

X-ray tube
X-ray source

Curved. trystal
Figure 7: Transmission-type spectrometer with 2 lithivm finoride corved crystal and an imaging plate,

3.5 X-ray divergence by slits

In order to ascertain the difference in characteristics between x-rays from a conventional tube and these from the
plasma tube, we employed two lead slits in order to measure the divergence of the x-rays (Fig. 9). As compared with
incoherent x-rays from a conventional tube with a tungsten target, the characteristic x-rays from the linear plasma
were diffused greatly after passing through the two slits (Fig. 10).

3.6 Rectilinear poweyr

Figure 11 shows the experimental setup for measuring the rectilinear power of the K, lines from a conventional tube
and that from the plasma tube using the spectrometer previously described. In this experiment, we measured the
coefficient (I/I,) of peak diffraction intensity of K, () to transmission intensity (I). In the case where the
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conventional tube was used, we employed the filter with a tube voltage of 17 kV, When the charging voltage was
increased, the linear plasma grew, and the £/7, decreased to approximately 0.004. As compared with a value of 0.009
obtained by the conventicnal tube, the rectilinear power may be increased, because the values from the plasma were

approximately hatved.
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Figure 8: X-ray spectra from weakly ionized copper plasma according to changes in the charging voltage and to insertion
of a pickel monochromatic filter.
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4. RADIOGRAPHY

The plasma radiography was performed by the CR system without using the filter, and the distance between the x-ray
source and imaging plate was 1.2 m.

Firstly, rough measurements of image resolution were made using wires. Figure 12 shows radiograms of 50
pm-diameter tungsten wires coiled around a pipe and a rod made of polymethyl methacrylate with a charging voltage
of 50 kV. Although the image contrast increased using the pipe, 50 pm-diameter wires could be observed.

The image of water falling into a polypropylene beaker from a glass test tube is shown i Fig. 13. This image was
taken with a charging voltage of 45 kV, with the slight addition of an iodine-based contrast medium. Because the
x-ray duration was about 1 s, the stop-motion image of water could be obtained.

Figure 14 shows an angiogram of a rabbit heart; iodine-based microspheres of 20 jum in diameter were used with a
charging voltage of 50 kV, and fine blood vessels of about 100 pm were visible.

Figure 12: Radiograms of tungsten wires of 50 um in diameter cofled around  Figure 13: Radiogram of water falling into a
a pipe and a rod made of polymethyl methacrylate. polypropylene beaker from a glass test tube.
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Figure 14: Angiograms of a rabbit heart.

5. DISCUSSION

Concemning the spectrum measurement, we obtained fairly intense and sharp K, lines from a weakly ionized linear
plasma x-ray source by absorbing Kj lines using the monochromatic filter. In fact, these rays were diffused after
passing through slits, and this x-ray divergence mechanism has to be solved clearly. Because the diffracting intensity
rate decreases with increases in the charging voltage, the rectilinear power may be increased.

In this research, we obtained sufficient characteristic x-ray intensity per pulse for CR radiography using a
monochromatic filter, and the generator produced high-count-rate monochromatic photons as compared with the
synchrotron monochromatic photons. In addition, since the photon energy of characteristic x-rays can be controlled
by changing the target elements, various quasi-monochromatic high-speed radiographies, such as high-contrast micro
angiography™ and parallel radiography*** using an x-ray lens, will be possible.
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Quasi-monochromatic polycapillary imaging
utilizing a computed radiography system
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ABSTRACT

A fundamental study on quasi-monochromatic parallel radiography using a polycapillary plate and a copper-target
x-ray tube is described. The x-ray generator consists of a negative high-voltage power supply, a filament (kot
cathode) power supply, and an x-ray tube. The negative high-voltage is applied to the cathode elecirode, and the
anode electrode is connected to the ground. In this experiment, the tube voltage was regulated frem12 to 22 kV, and
the tube current was regulated within 3.0 mA by the filament temperature. The exposure time was controlled in order
to obtain optimum x-ray intensity, and the maximum focal spot dimensions were approximately 2.0X 1.5 mm. The
polycapillary plate was J5022-16 (Hamamatsu Photonics Inc.), and the plate thickness was 1.0 mm. The outer,
effective, and hole diameters were 33 mum, 27 mm, and 10 pum, respectively. Quasi-monochromatic x-rays were
produced using a 10 pm-thick copper filter with a tube voltage of 17 kV, and these rays were formed into parallel
beams by the polycapillary. The radiogram was taken using a computed radiography system utilizing imaging plates.
In the measurement of image resolution, the resolution hardly varied according to increases in the distance between
the chart and imaging plate using a polycapillary. We could observe a 50 jum tungsten wire clearly, and fine blood
vessels of appreximately 100 lm were visible in angiography.

Keywords: Parallel radiography, quasi-monochromatic x-ray, characteristic x-ray, x-ray lens, polycapillary plate
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1. INTRODUCTION

Monochromatic parallel x-ray beams are typically produced by a synchrotron in conjunction with single crystals and
have been applied in high contrast micro-angiography' and x-ray phase imaging?® In order to produce
quasi-monochromatic x-rays without using the synchrotron, we developed a transmission type molybdenum x-ray
tube.® Subsequently, flash x-ray tubes are employed to primarily perform high speed radiographies with biomedical
applications. In particular, plasma flash x-ray tubes are very useful to produce intense and sharp characteristic
x-rays*!* such as lasers.

With recent advances in x-ray optics, several different x-ray lenses'>" have been developed, and a polycapillary
plate™™'* has been shown to be useful to realize a low-priced x-ray system and to perform parallel radiography.
Therefore, we performed parallel radiography using a tungsten-target x-ray tobe and an x-ray film because the film is
conventional and is useful to obtain a high image resolution.

In biomedical radiography, because both the brightness and the contrast of radiograms can be controlled by a
Computed Radiography (CR) system' utilizing imaging plates, the CR system is useful to perform
quasi-monochromatic parallel radiography, regardless of whether the image resolution falls. Therefore, in
conjunction with the CR, we have to measure the findamental characteristics of the polycapillary radiography.

In this paper, we describe a quasi-monochromatic parallel radiography system utilizing a fine polycapillary plate with
& hole diameter of 10 um, a CR system, and a copper-target radiation tube in order to create a conventional x-ray
system to be used instead of the synchrotron.

2. EXPERIMENTAL SETUP

Figure 1 shows the cirenit diagram of the x-ray generator, which consists of a negative high-voltage power supply, a
filament (hot cathode) power supply, and a copper-target x-ray tube. The negative high-voltage is applied to the
cathode electrode, and the anode (target) is connected to the ground. In this experiment, the tube voltage was
regulated from 12 to 22 kV, and the tube current was regulated by the filament termnperature and ranged from 1.0 to
3.0 mA. The exposure time was controfled in order to obtain optimum x-ray intensity.

The experimental setup for performing parallel radiography is shown in Fig. 2. Qnasi-monochromatic x-rays are
produced using a 10 pm-thick copper filter, and these rays are formed into parallel beams by a polycapillary plate
(Fig. 3). The polycapillary is }5022-16 (Hamamatsu Photonics Inc.), and the thickness and the hole diameter of the
polycapillary are 1.0 mm and 10 jum, respectively. Radiography was performed by a CR system (Konica Regius 150)
utilizing imaging plates.

The distance between the x-ray source and the polycapillary was 1.08 m, and the polycapillary plate was set on the
aluminum plate. The distance between the polycapillary and imaging plates was regulated by the height of
poijmethyl methacrylate (PMMA) spacers of 30 mm in height. At a constant distance between the polycapillary and
the imaging plate, the distance between the imaging plate and the chart was regulated by pipe-shaped brass spacers
of 30 and 60 mm it height.
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Figure 1: Circuit diagram of the x-ray generator, Figure 2: Experimental setup for parallel radiography utilizing a

polycapillary plate and a CR system,
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Figure 3: Polycapillary plate,
3. CHARACTERISTICS

3.1 Focal spot

In order to measure images of the x-ray source, we employed a pinhole camera with a hole diameter of 50 m (Fig.
4). When the tube voltage was increased, the spot intensity increased, and spot dimensions increased slightly and had
values of approximately 2.0 X 1.5 mm.

3.2 X-ray spectra
X-ray spectra from the copper-target tube were measured by a transmission-type spectrometer with a lithinm floride

curved crystal 0.5 mm in thickness (Fig. 5). The spectra were taken by the CR system with a wide dynamic range,
and relative x-ray intensity was calculated from Dicom digital data. Figure 6 shows measured spectra from the
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copper target. When the tube voltage was increased, the bremssirahlung x-ray intensity increased, and the
characteristic x-ray intensity of K, and Kg lines also increased. Following insertion of the copper filter, the
bremsstrahlung x-rays with energies higher than the K-absorption edge were absorbed effectively.

¥ Tube voltage
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Figure 4: Images of the x-ray source measured by a 50
pm-diameter pinhole with changes in the tube
voltage.
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Figure 5: Transmission-type spectrometer with a
lithium fluoride curved crystal and an imaging plate.
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4. RADIOGRAPHY

The quasi-monochromatic radiography was performed with a tube voltage of 17 kV using the filter. Figure 7 shows
radiography for imaging a polycapillary plate, and the radiograms of the polycapillary are shown in Fig. 8. The
center of the black spot in the polycapillary radiogram was mainly imaged by direct ransmission beams through
capillary holes. As shown in this figure, the spot dimensions increased slightly according to decreases in the PMMA
spacer height.

Figure 9 shows the parallel radiography for imaging a test chart, and the polycapillary was set on the aluminum plate.
In this radiography, when the spacer height was increased, the image resolution hardly varied, and the image
dimensions decreased slightly (Fig. 10). Next, when the height of the brass spacer was decreased, the image
resolution hardly varied, and the dimensions again decreased slightly (Figs. 11 and 12).

Figures 13 and 14 show radiography and the radiogram of tungsten wires on a PMMA spacer, respectively. Although
the image contrast increased with increases in the wire diameter, 2 50 pm-diameter wire could be observed. An
angiography of a rabbit heart is shown in Fig, 15; iodine-based microspheres of 20 pm diameter were used, and fine

blood vessels of about S0 pm were visible (Fig. 16).
Polycapillary plate
11

t mm-ﬂ'li':/
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Figure 7: Radiography for imaging a polycapillary plate according to changes in the
distance between the polycapillary and imaging plates.
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F 3
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Figure 8: Radiograms of a polycapillary plate according to changes in the PMMA height.
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Figure 12: Radiograms of a test chart using the polycapillary according to the brass spacer height.
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5. DISCUSSION

In this research, we performed parallel radiography achieved with a polycapillary plate in conjunction with
quasi-monochromatic x-rays, and obtained slightly higher image resolutions as compared with those obtained
without using the plate. Currently, the image resolution of the polycapillary is primarily determined by the diameter
of the capillary hole and the thickness, and is improved with decreases in the diameter and increases in the thickness,
In cases where the CR system is employed, although the resolution of the CR system is primarily determined by the
minimum sampling pitch of 87.5 un, we could observe 50 pm tungsten wires easily.

The photon energies of the characteristic x-rays are determined by the target element, and the capillary thickness
should be increased according to increases in the photon energy because the transmission intensity through capillary
glass increases. Subsequently, in order to increase the parallelity for phase imaging, single crystals should be
employed after passing through the polycapillary.

Because it is possible to increase the irradiation field by increasing the distance between the x-ray source and the
polycapillary, this system can be applied to image a wide variety of objects in various fields, including medical
radiography.
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Effects of Adrenomedullin Inhalation on Hemodynamics and
Exercise Capacity in Patients With Idiopathic Pulmonary
Arterial Hypertension

Noritoshi Nagaya, MD; Shingo Kyotani, MD; Masaaki Uematsu, MD; Kazuyuki Ueno, PhD;
Hideo Oya, MD; Norifumi Nakanishi, MD; Mikiyasu Shirai, MD; Hidezo Mori, MD;
Kunio Miyatake. MD; Kenji Kangawa, PhD

Background—Adrenomeduliin (AM) is a potent pulmonary vasodilator peptide. However, whether intratracheal delivery
of aerosolized AM has beneficial effects in patients with idiopathic pulmonary arterial hypertension remains unknowr.
Accordingly, we investigated the effects of AM inhalation on pulmonary hemodynamics and exercise capacity in
patients with idiopathic pulmonary arterial hypertension. '

Methods and Results—-Acute hemodynamic responses to inhalation of aerosolized AM (10 pg/kg body wt) were examined
in 11 patients with idiepathic pulmonary arterial hyperiension during cardiac catheterization. Cardiopulmonary exercise
testing was performed immediately afier inhalation of aerosolized AM or placebo. The work rate was increased by 15
W/min until the symptom-limited maximum, with breath-by-breath gas analysis. Inhalation of AM produced a 13%
decrease in mean pulmonary arterial pressure (543 1o 47+3 mm Hg, P<(.05) and a 22% decrease in pulmonary
vascular resistance (12.6=1.5 to 9.8 1.3 Wood units, P<(1.05). However, neither systemic arterial pressure nor heart
rate was altered. Inhalation of AM significantly increased peak oxygen consumption during exercise (peak Vo,
14.6:0.6 to 157x0.6 mlL - kg™ - min™!, P<(.05) and the ratio of change in oxygen uptake 1o that in work rate
(AVO /AW ratio, 6.3%004 to 7.0£0.5 mL - min™* - W', P<0.05). These parameters remained unchanged during
placebo inhalation. ]

Conclusions—Iinhalation of AM may have beneficial effects on pulmonary hemodynamics and exercise capacity in
patients with idiopathic pulmonary arterial hypertension. (Circulation. 2004;109:351-356,)

Key Words: peptides m hypertension, pulmonary m respiration m exercise s hemodynamics
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dinpathic pulmonary arterial hypertension s a rare but

lite-threatening disease characterized by progressive pul-
monary hypertension, ultimately producing right heart failure
and death.'” Although a variety of vasodilators have been
proposed as potential therapy for this disease over the past 30
years,>” some patients ultimately require heart-lung or ung
wransplantation.®? Thus, a novel therapeutic strategy is
desirable.

Adrenomedullin {AM) is a potent. long-lasting vasodslator
peptide that was originally isolated from buman pheochro-
mocylonta.!® Immunoreactive AM has subsequently been
detected in plasma and a variety of tssues, inchuding blood
vessels and fungs?'+* Tt has been reported thatl there are
abundant binding sites for AM in the lungs.!* We have shown
thal the plasme AM level increases in proportion to the
severity of pulmonary hypertension and that circulaung AM
is partially melabelized in the lungs.'*'% Interestingly, AM

has been shown te nhibit the migration and prohferation of
vascular smooth muscle cells.'¢47 These {indings suggest that
AM plays an important role in the regulation of pulmonary
vascular tone and vascular remedeling. In fact, we have
shown that shorli-term mtravenous infusion of AM signifi-
cantly decreases pulmonary vascular resistance in patients
with congestive heart failure!* or pulmonary arlerial hyper-
tension.t® Unfortunatcly, however. intravencusly adminis-
tered AM induced systemic hypotension in such patieats
because of aonselective vasodilation in the pulmonary and
systemic vascular beds.

More recently, mhalation of acrosolized prostacyelin and
its analogue iloprost has been shown e cause pulmonary
vasodilation withoutl sysiemic hypotension in patients with
idiopathic pulmonary arlerial hypertension 222t T addition,
mhalam apptication of vasodilators does not impair gas
exchange because the ventilation-matched deposition of drug
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TABLE 1. Baseline Characteristics of Patients With Idiopathic
Pulmonary Arterial Hypertension

Demographics
Age, y 39x3
Male/female, n 219
NYHA functional class, n

i} 10

v 1
Baseline hemodynamics

MPAP, mm Hg 543

Gl L-min™' v~ 24=01

PVR, Wood units 126=15

RAP, mm Hg 7=1

PCWP, mm Hg 7=1
Pulmmonary function

Saz. % 943

Svo,, % 634

FVG, % predicted 864

FEV,, % predicted 75=1
B-Mitwle walk lest, m 355=35
Medication use, n

Anticoagulant agents 10

Diuretics 9

Digitatis 7

Orat prostacyciin analague 6

Calcium antagonists 2

MYHA indicatos New York Heart Assoctation; MPAP. mean puimonary arterial
pressure: £l cardiac index. PVR, putmonary vascular resistance; RAP, mean
right atrial pressure; PCWP, pulmenary capiliary wedge pressure; Sas,. arterial
oxygen pressure; Svo,. mixed venous oxygen saturation; FVC, forced vital
capacity, and FEV, forced expiratory volume in 1 second. Dala are
mean = SEM.

in the alveoli causes pulmonary vasodilation matched to
ventilated areas.2® In clinical settings, inhalation therapy may
be more simple, noninvasive, and comfortable than continu-
ous intravenous infusion therapy. Thus, the purpose of the
present study was to investigate the effects of AM inhalation
on hemodynamics and exercise capacily in patients with
idiopathic pubmonary arterial hypertension.

Methods
Study Subjects

Eleven patients with idiopathic pulmenary arterial hypertension (9
women and 2 men: age, 393 years) were included in this study.
Idiopathic pulmonary arterial hypertension was defined as pulmo-
nary hypertension unexplained by any secondary cause. on the basis
of the criteria of the National Institutes of Health registry.! Ten
patients were classified as New York Heart Association (NYHA)
functional ¢lags I11 and 1 as elass 1V (Table 1). Two of the 11
palients ¢18%) were acute responders who showed a significant
decrease in mean pulmonary arterial pressure of =20% with a
decrease in mean pulmonary arlerial pressure to <35 nun Hg and no

change or an increase in cardiac index during shor-term infusion of

epaprostenol. Long-term medication. including anticoagulant agents.
digitalis, and diuretios, was kept constant. Vasodilator agents, such
as onral prostacyclin analogie and calciom antagonists. were stopped
=12 hours before the study procedure was begum. The ethics

commitice of the National Cardiovascular Cenmter approved the
study, and all patients gave written informed consent.

Preparation of Human AM

Human AM was dissolved in saline with 4% D-mannitol and
sterilized by passage through a 0.22-pm filier (Millipore Co). At the
time of dispensing, randomly selected wvials were submitted for
sterility and pyrogen testing, The chemical nature and content of the
human AM in vials were verified by high-performance liquid
chromatography and radioimmunoassay. All vials were stored frozen
al —80°C from the time of dispensing until the time of preparation
for administration.

Hemedynamic Studies

Acute hemodynamic responses to AM inhalation were assessed in all
patients while they were in a stable condition during hospitalization,
Hemaodynamic variables, including pulmonary arterial pressure. right
atfal pressure, pulmonary capillary wedge pressure. and cardiac
owput {in friplicate}, were determined with a thermodilution catheter
(TOOZ1H-7.5F, Baxter Co).2 A 22-gauge cannula was inserted into
a radial artery for hemodynamic measurenients and blood sampling.
Afler an equilibration period of 30 minutes. baseline hemaodynamics
were measured. Then. AM (10 pg/ke body wi) was inhaled as an
acrosol with a jet nebulizer (Porta-Nebu. MEDIC-AID) for 15
minutes, which resulted in a cumulative dose of 400 1o 600 ng AM.
Hemoedynamic parameters were measured al 15-minude intervals
starting 15 minwes before AM inhalation until 60 minutes after
mhaiation. Blood samples for AM measurement were taken at
I5-minute intervals from 15 minutes before inhalation until 60
minutes afler the end of inhalation.

Cardiopulmonary Exercise Testing

The effects of AM inhalation on exercise capacity were examined in
10 of 1 patients; 1 patient with NYHA class IV underwent the
6-minute walk test according to decision of attending physicians.
Cardiopulmonary exercise testing was performed immediately after
inhalation of aerosolized AM (10 pg/ke body wt) or saline in a
double-blind. randomized. crossover design. This stwdy was per-
formed on 2 separate days, T week apart. The first cardiopulmonary
exercise esting was performed within 10 days after the cardiac
catheterization. The patients performed exercise seated on a cycle
ergometer. They first pedaled at 35 pm without any added load for
1 miinute. The work rate was then increased by 15 W/min up to the
symplom-limited maximum. Breath-by-breath gas analysis was per-
formed with an AE28(0 (Minato Medical Science) connected 1o a
personal computer running analyzing software.” The ratio of change
in oxygen uptake to thal in work rate (AVO/AW rmatio) was
caleulated as the slope of oxygen consumption per unit workload
from 1 minute after the start of load addition until 85% maximal Vo,.
Exercise capacity was evaltated by peak oxygen consumption (peak
V). which was detined as the value of averaged data during the
final 15 seconds of exercise. Ventilatory efficiency during exercise
was represented by the VE-V'C0. slope, which was determined as the
linear regression slope of VE and Vo, from the start of exercise until
the RC peint {the time until which ventilation is stimulated by CO.
output and end-tidal CO; tension begins to decrease).

Measurement of Plasma AM, cAMP, and ¢cGMP

Blood samples were immediately transterred into chilled glass tubes
containing disodium EDTA (1 mg/mL) and aprotinin (300 1#/mL)
and centrifuged immediately at 4°C, and the plasma was frozen and
stored at —80°C until assayed. Plasma AM level was measured by a
specitic immunoradiometric assay kit (Shionogi Phermaceutical Co
Lidy® Plasma cAMP and ¢GMP were detennined with radioimmu-
noassay kits (cAMP assay kit. ¢cGMP assay kit, Yamasa Shoyu}).1¥

Statistical Analysis

All data were expressed as mean*SEM unless otherwise indicatsd.
Changes in hemodynamic and hormenal parameters by AM inhala-
ion were analyzed by l-way ANOVA lor repeated measures.
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Figure 1. Changes in plasma AM level by inhalation of aerosol-
ized AM in patients with idiopathic pulmonary arterial hyperten-
sion. Normal value indicates plasma AM leve] derived from 15
age-matched healthy subjects. Data are mean=SEM. *P<0.05
vs value at time 0.

followed by Newman-Keuls test. Comparisons of exercise parame-
ters between the 2 groups were analyzed with paired Student’s 7 test.
A probabilily value of P<C0.05 was comsidered slatistically
signiltcant.

Results
All patients tolerated this study protocol. One patient devel-
oped a headache, and another patient had mild arierial
hypoxemia during AM inhalation. None of them eXperienced
other adverse effects, such as systemic hypotension, infec-
tion, or arthythmia.

Plasma AM Level After Inhalation

Baseline plasma AM level in patients with idiopathic pulmo-
nary arterial hypertension was significanily higher than the
normal value, which was determined from pooled data of 15
age-maiched healthy subjects (11.9=0.8 versus 9.3=x0.1
fimol'ml, £<<0.03). Inhalation of AM significanily increased
the plasma AM level to 22 9%2.1 tmol/mL immediately after
inhalation (Figure 1). The half-life of plasma AM after
inhalation was approximately 20 minutes, and the elevation
of AM lasted for >>45 minutes. Plasma cAMP level increased
significantly 34 minutes after the initiation of AM inhalation
(10.820.7 10 12.0x0.6 pmol/ml., P<<0.05), although plasma
cGMP level was nol significantly altered (6.5%1.0 to
6.8%1.0 pmol/mL, P=NS).

Hemodynamic Effects of AM Inhalation

Inhalation of AM significantly decreased mean pulmonary
arterial pressure in patients with idiopathic pulmonary arterial
hypertension (543 to 473 mm Hg, P<<0.08) without a
signilicant decrease i mean arlerial pressure (85%4 1o
83 =4 mm g, P=NS) (Figure 2). AM inhalation slightly but
significantly increased cardiac index by 12% (2.4%0.1 10
27202 L - min"!' - m7?, P<<0.05). Thus, AM inhalation
resulted in a 22% decrease in pulmonary vascular resistance
(12.6x1.5 to 9821.3 Wood units, F<0.05) (Figure 3).
Inhaled AM did not significantly alier systemic vascular
resistance. The ratio of pulmonary vascular resistance 10
systemic vascular resistance was decreased significantly at
the end of inhalation {0.6320.08 10 G.55x0.07, P<0.05).
These hemodynamic effects of AM lasted for >45 minutes.
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Figure 2, Changes in mean arterial pressure {MAP), mean pul-
monary arterial pressure (MPAP), and cardiac index (Cl by inha-
lation of aercsolized AM in patients with idiopathic pulmonary
arterial hypertension, Data are mean=SEM, "P<0.05 vs value at
time 0.

No significant change in heart rate, pulmonary capillary
wedge pressure, or right atrial pressure was observed. There
was no significant change in arterial oxygen saturation
(94 3% 10 93x3%).

Effects of AM Inhalation on Exercise Capacity
and Ventilatory Efficiency

As the limiting symptont at the end of exercise, 6 patients
reported muscle weakness and 4 reported dyspnea. There was
no difference in these symploms when exercise tesling was
performed with or without inhalation of AM. Inhalation of
AM altered neither heart rate nor blood pressure either at rest
or al peak exercise {Table 2). Inhalation of AM significamly
increased peak workload (862510 9326 W, P<<(.035) (Table
2). AM also significantly increased peak Vo, (14.6%0.6 w
15.7+0.6 ml. - kg™ - min™, P<0.05) (Figure 4). Inhalation
of AM significantly increased AVo,/AW ratio (6.320.4 1o
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Figure 3. Changes in pulmonary vascular resistance (PVR), sys-
temic vascular resistance (SVR), and ratio of pulmonary vascular
resistance to systemic vascular resistance (Rp/Rs) by inhalation
of aerosolized AM in patients with idiopathic pulmonary arterial
hypertension. Data are mean = SEM. “P<0.05 vs value at time 0.

70205 ml - min™ - W7, P<0.05). AM did not signifi-
cantly alter the VE-Vco. slope (Table 2). No significant
changes in arterial oxygen saturation were observed either at
rest or al peak exercise. In | patient with NYHA class IV who
did not undergo cardiopulmonary exercise lesting, the dis-
tance walked in 6 minutes increased from 130 1o 180 m by
inhalation of AM.

Discussion
In the present study, we demonstrated that inhalation of AM
improved hemodynamics with pulmonary selectivity and
exercise capacity in patients with idiopathic pulmonary arte-
rial hypertension.

AM is one of the most potent endogenous vasodilators in
the pulmonary vascular bed.?27 The vasodilatory effect is
mediated by cAMP-dependent and nitric oxide- dependent
mechanisms.?** Endogenous AM production is enhanced in
a variety of cardiovascular diseases through a compensalory
mechanism.?30 Nonetheless, additional supplementation of
AM has beneficial effects in these discases.'s1® These results
suggest that endogenous AM level is not sufficient to im-
prove deteriorated conditions despite the increased AM pro-
duction. Interestingly, Champion et al®* have shown that
intratracheal pene transfer of calcitonin gene-related peptide,
a member of the same peptide family as AM, (o bronchial

TABLE 2. Changes in Exercise Parameters by Inhalation of AM
or Placebo

Variables Placebo AM P
Peak workload, W 865 936 <0.05
HR, bpm

Rest 75=5 7523 NS

Peak 1446 148=6 NS
MAP, mm Hp

Rest 85 3 875 NS

Peak 108=5 1106 NS
Peak Borg score (DA) 17118 18/18 NS
Peak Vio,. mL - kg~ - min™ 146=06  157=06  <0.05

AVo,/AW ratiz, mL - min™! - W 6.3=0.4 7.0x0.5 <0.05
VE-Vto, sfope 72 362 NS
$ao,, %
Rest 97=1 971 NS
Peak ' 35=1 951 NS

HR indicates heart rate; MAP, mean arterial pressure; Peak Borg score {D/0),
Borg score at peak exercise (dyspnea/leq faligue);, Peak V0. peak oxXygen
consumption; AVo /AW ratio, Vo, increase per unit workload; Ve-Vco, slope,
slope of regression line of relation between Ve and Vcs,: and Sav,, arterial
oxygen saturation. Data are mean—SEM.

epithelial cells attenuates clwonic hypoxia-induced pulmo-
nary hypertension in the mouse. These resulls raise the
possibility that intratracheal delivery of a vasodilator peptide
may be sufficient to alter pulmonary vascular function. In
fact, in the present study, inhalation of AM significanily
decreased pulmonary vascular resistance, whereas it did not
alter systemic arterial pressure or systemic vascular resis-
tance. The ratio of pulmonary vascular resistance to syslemic
vascular resistance was reduced significantly by AM inhala-
tion, These results supgest that inhaled AM improves hemo-
dynamics with pulmonary selectivity. This 1s consistent with
carlier findings that inhaled prostacyclin or its analogue
iloprost acts transepithelially with pulmonary selectivity and
improves pulmonary hypertension 282 Inhalation of AM
slightly but significantly increased cardiac index in patients
with idiopathic pulmonary arterial hypertension. Consid-
ering the strong vasodilater activity of AM in the pulmo-
nary vasculature, the significant decrease in cardiac after-
load may be responsible for increased cardiac index with

Peak VO, (ml.kefmim
T 5 %
*
A Y0,/ 4 WR Ratin
{mLminAws
-3 ~ £

=

e Placebo AM N Placebo AM
Figure 4. Changes in peak oxygen consumption {peak Vo) and
ratio of change in oxygsn uptake to that in work rate (AVo,/AW
ratio) by inhalation of aerosolized AM or placebo in patients with
idiopathic pulmonary arterial hyperension, Data are
mean=SEM. "P<0.05 vs placebo.



