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REGIONAL_LUNG -WATER:      THE  P<UCTION  011_LK.ALIZED  PUI:LSNARY   EDErIA RI  „.:,9, 6.-4

IN41·lE DOG AND PRELIMINARY OBSERVATIONS USING 150-LABELED 9ATEE--    iv,AS) twi131
I-IODOANTIPYRINE AND 113mINDIUM LABELED TRANSFERRIN.

INTRODUCTION

The volume of extravascular lung water represents the size

of the permeability barrier within the lungs. Chinard,  Enns

and others have described methods of determining pulmonary extra-

vascular water using a variety of vascular and extravascular indi-

cators (1,2). These methods have required an injection in tlie su-

perior vena cava or right atrium followed by rapid sampling from an

artery on the systemic side of the circulation.  In such a system

tlle mean transit  time,   (t),     of the indicator is equal  to the ratio  of

its  volume of distribution,  (V),and the blood flm·1 through· the lungs,

(F), i.e. T = V/F.  If t and F are measured, V can be calculated for

either the vascular or extravascular indicator.

In order to determine regional lung..·waster either a garina camera

or a system of external detection is required.  A gamma camera (Nu-

clear Chicago  -  Pho  Gamma  III)   has been interfaced  to  a P.C. computer

for data collection and processing. In this way, regions of interest

can be selected from the gamma camera data and activity-time curves

displayed for further analysis.    If  bio  isotones are given simul-

taneously, one confined to the vascular system, and the other spreading

througliout  both the vascular and extravascular space,  the dif ference

in their mean transit times through the lungs, or the area of interest,

is directly proportional to the difference in their volumes of dis-

tribution.  In the equation, t = V/F, blood flow, (F), is the same for

the two isotopes and thus, t  ck  V.
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Production of Localized Pulmonary Edema.

Localized pulmonary edema has been produced in mongrel dogs using

an intrabronchial injection of hypaque.  The liphtly anesthetised

dog is fitted with an endotracheal tube and placed supine on a

radiographic screening table.  A radiopaque catheter is introduced into

the right lower lobe bronchus and 10-15 mls of hypaque injected.

Serial radiograplis show the appearance of edema within 5 minutes

of  the inj ection.     This has spread to involve  the whole lower  lobe  by

15 mi'nutes. Edema is still present  at 4 hours,  but has cleared by

24  hburs. The hypaque  is no longer visible 30 minutes after  its  in-·

troduction. Figur''e  1  shows  the  prodwction of edema  in the right lower

lobe of a dog.

Preliminary Experiments.

As the gamma camera  has  only one pulse height anal.yzer, the various
-

15isotopes had to be injected in sequence.  For experiments using   0-

labeled  H20, the gamma cameri was fitted  with  a hj.gh energy parallel

hole  collimator,  but in spite of this, the septal penetration  of  the

511 KeV emission was too great to allow adequate spatial resolution

of structures within the chest. However, the edematous region

appeared to contain more 0 at equilibrium than the corresponding15

region at the left base.

131Further experiments were performed. using I-iodoantipyrine

as the extravascular indicator, and In labeled transferrin as113m

the vascular indicator. Figure 2 shows the difference in the activity·-

time curves from the right and left bases (2A), the distribution of

131 I-iodoantipyrine at equilibrium (2B) in which slightly more

activity is visible  in the right lung compared  to  the  left,  the
.

distribution of blood volume (2C) and blood flow (2D).  There is
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slightly less blood in the right base and obvious defects in perfusion

in this region.

As the isotopes were not injected simultaneously, their mean transit

-

times cannot be compared  with any confidence. Furthermore, the count

rates, even at the peaks of the curves, allowed a large error in de-

termining the mean transit time, so that any calculated difference

would be unreliable.

Although the gamma camera allows  a  view .of both lungs,  data  loss

becomes considerable over 30-40,000 counts per second from the whole

field. Furthermore, the counting efficiency  with high energy isotopes

is low and the spatial resolution poor.

For these reasons, a multiple probe system has been devised.

This consists of heavily collimated probes linked via pulse height

analyzers to the same P.C. computer. Two or three isotopes of

sufficiebtly different energies can be given simultaneously and the

counts from each channel are stored separately.

A program written in fortran IV, corrects for background activity and

the counts from the other isotopes, and then calculates the mean

transit time for each isotope in turn for each of the probes.

-                                              CONCLUSION

A simple method of producing localized pulmonary edema in the

dog has been devised.  Preliminary studies using the gamma camera inter- 0

faced  to  the P.C. computer indicate tliat this multiple tracer method

of measuring regional lung water is feasible,   but is hampered  by

131
inadequate count rates when using. I-iodoantipyrine, and poor

15
spatial resolution and considerable data loss using 0 laheled water.

A multiple probe system has been designed to circumvent these problems

and  will be operational  in  the near future.



Figure 1

a.  Chest radiograph of a dog prior to the instillation of 10ml

of Hypaque in the right lower lobe.

b. Chest radiograph 1 minute after the instillation of 10 ml of

Hypaque in the right lower lobe bronchus. There is filling

of peripheral bronchi and also the alveoli.

c.  Chest radiograph 1 hour after the instillation of 10 ml of

Hypaque.  There is widespread oedema throughout the right-

lower lobe.
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Figure 2

a.  Activity time curves of the passage of 113m ndium

labeled transferrin through the right and left lower zones of a

dog with oedema of the right lower lobe.  The lawer tracing is

from the right lower zone.

131
b.  Scintiphotos of the distribution of I-iodo antipyrene at

equilibrium in a dog with right lower .lobe pulmonary oedema.

There is more activity within the right lower zone than the left,

in keeping with the presence of oedema.

c.  Scintiphotos of ·the distribution of In-labeled transferrin113m

at equilibrium in the same dog. There is less activity in

the right lower zone compared to the left: indicating Jess blood

within this region.
1

d.  Scintiphotos of the distribution of 113mIndium ferric hydroxide

particles. Defects in the pattern of perfusion are present

throughout the right lung.
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