
The use of 1311-labeled macroaggregated human
albumin (MAA 131!) for estimating regional pul
monary arterial flow appears well established and
in wide usage (1â€”3) . Lopez-Majano et a! (4) and

Rogers and co-workers (5) have shown that the
distribution of the deposition of labeled albumin in
the two lungs correlates well with bronchospirometric
division of oxygen uptake. De Nardo Ct al have ad
dressed themselves to the possibility that the macro
aggregates might behave differently than a soluble
agent, but their studies indicate no difference in the
distribution of MAA 181! and an injected solution
of 188Xe (6) . Regional ventilation has presented a
more difficult parameter to measure. Most attempts
have involved the â€œspotcheckingâ€•of three to eight
areas of each lung field by placing radiation detectors
in fixed locations over the chest wall and/or the
use of unphysiologic maneuvers such as breath
holding, which changes the diameter of the airways
and therefore can not fail to produce a change in
the ventilatory distribution pattern. These tech
niques, which are based on the method of Ball et at
(7), have yieldedmuch usefulinformationrelative
to the distribution of ventilation and perfusion in the
normal, especially the effects of postural alterations,
but are much less suited to the examination of the
patient with localized pulmonary disease. This paper
presents a technique for obtaining quantitative re
gional information relative to ventilation and per
fusion from all areas of the lung during the â€œsteady
state.â€•

METHODS

Patients are studied in the supine position. Data
are accumulated with a Picker Dynapix, a 10-crystal
rectilinear scanner (8) . The counts from each radia
tion detector are fed into an electronic interface
which assigns x and y coordinates, locates anatomic
landmarks and records the count information directly
in computer-compatible format on Â½-in. magnetic

tape. The details of the interface construction and
function have been previously reported (9).

Ventilatory distribution is determined by having
the subject breathe into a â€œclosed-systemâ€•spirometer
containing 133Xe. We have found that 1â€”3mc of
the gas provides ample activity to allow the scanner
to operate at a speed of 2 cm/sec and still furnish
sufficient information for a statistically significant
study. The low activity required for the measure
ment has the additional advantage of economy of
133Xe, because a single 200 mc vial of the test gas
will provide 8â€”10studies even if spaced over an
interval of a week or more.

Operation of the scanner is begun simultaneously
with 133Xe breathing. Two successive 8-line/in.
washin scans are obtained. These can be accom
plished in less than 6 mm. At the beginning of the
8th minute of 133Xe breathing, a 1 6-line/in. â€œequi

librationâ€•scan is obtained for the determination of
the ventilated space. Dunng the xenon breathing,@
the volume of the system is kept constant by adding
oxygen. On completion of this study the patient is
switched into an â€œopen-circuitâ€•oxygen-breathing
system and two successive 8-line/in. washout
scans are recorded. Thus in approximately I 5 mm,
two washin, an equilibrium and two washout studies
are performed. Following the last washout and with
the patient's position unchanged, 200 @c 131!..
labeled MAA are injected intravenously and a 16-
line/in. perfusion scan is recorded.

The data from the above studies are recorded on
magnetic tape and are then processed on the IBM
7040-1401 computing system at the University of
Miami Computer Center. Details of the data manip
ulations and computer programs are presented else
where (10) . Seven-level analog maps of the equili
bration ventilation and perfusion data are obtained
(Fig. 1). These serve several purposes. First, they
supply visual reference of the quality of the study
as well as the definition of any gross areas of ab
normality. Second, they are useful in the delineation
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FIG. 1. Seven-levelanalogmapsof
ventilation (equilibrium) and of perfusion
for a normal subject, FJ., are shown.
Levels of increasing degrees of activity
are denoted by symbols of increasing
complexity. Background has b.en sur
pressed to allow clearer visualization of
lung fields. In this and all subsequent
illustrations, left lung is on the viewer's
left.
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of the margins of the lungs for use with the digital
data printouts.

The â€œequilibratedâ€•ventilation and perfusion scans
are processed to give corrected numerical values for
the collected counts. The counts for each 1.20 X
1.35-cm area are summed and printed in the cor
rect anatomic position. These data are then â€œnor
malizedâ€•by assigning a value of 1.00 ( X 1,000)
for the block of the lung field with the greatest
activity. All other areas are then presented as a frac
tion of this highest value (Fig. 2). The â€œnormaliza
tionâ€•of the data is performed to accomplish two
objectives. First, it allows direct comparison of the
regional data although the absolute levels of radio
activity might be different; for example, direct com
parison of ventilation with perfusion information or
repeated studies in the same individual. Second, it
makes the precise definition of the lung's margins
less critical. If regional percentages were dependent

on the sum of the values within the lung fields, then
a crucial consideration would be the exact definition
of the margins of the mediastinum, diaphragm and
thoracic cage.

The â€œnormalizedâ€•equilibration ventilation data
is compared to the perfusion values and a â€œyen
tilationâ€•-perfusion ratio is printed for each of the
anatomic areas (Fig. 3). Although this is actually
a comparison of the ventilated and perfused spaces
rather than a true ventilation-perfusion ratio as de
fined physiologically, its usefulness in certain clinical
situations will be made apparent later. It should be
noted that a value of 1.00 ( X 1,000) for the V/P
ratio as defined above indicates a similar degree of
activity in the designated area at the equilibrium for
ventilation and for perfusion whether or not the
degree of activity for the area is â€œnormalâ€•in rela
tion to other areas.

One of the most critical areas in the use of steady
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FIG.2. Normalizedâ€•ventilation
(equilibrium) and perfusion in subject FJ.
Each value represents relative perform
once of area 1.20 X 1.35 cm (see text).
Relatively low values at the lung bases is
thought to be reflection of diaphragmatic
movement during measurements.
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Wash In-WashOut Ratios
FIG.4. Regionalventilationin subjectFJ.asdeterminedby

rate of entrance and egress of @Xe.Each five-membered set of
values denote washin-equilibrium-washout dynamics of 2.40 X
230-cm area portrayed (see text).

RESULTS

To demonstrate the technique described above in
the abnormal lung, we have chosen a patient with
bullous emphysema. This condition lends itself well
to study by nuclear-medical techniques for several
reasons. First, the area of involvement can usually
be easily identified by simple radiographic techniques

(Fig. 5 ) . Second, from the extensive background
of previous physiologic investigations, it is expected
that there would be abnormalities in both ventilation
and perfusion. These would be characterized by a
delay in achieving ventilatory equilibrium coupled
with a reduction in the rate of rinsing the 133Xefrom
the involved areas as well as an associated reduc
tion or absence of perfusion to the bullae. Figures
6â€”9give the scan data on the subject whose chest
roentgenogram was presented as Fig. 5. The analog
maps demonstrate that at equilibrium, ventilation
appears reasonably uniform but the perfusion study
indicates the sharp delineation of the bullous areas
(Fig. 6) . These visual impressions are confirmed
by the â€œnormalizedâ€•data (Fig. 7), and the dis
crepancy between the ventilated and perfused spaces
in the areas of bullous disease is well demonstrated
in the ventilation/perfusion ratio map (Fig. 8) . The

F.J.
5-26-67

Ventilation-Perfusion Ratios
FIG.3. Ratiosof relativeventilatedspaceto perfusionin

sublect FJ. Value of 1.00 (X 1,000) is indicative of similar pro
portion of ventilation to perfusion in each of depicted areas
of scan.

state scanning techniques lies in the ability to quan
titate regional ventilation. Ideally we would like to
assign a numerical value for regional ventilation as
a fraction of the gas exchange per unit time, and our
program is being constantly altered to aUain this goal.
At the moment we are relying on the washin-washout
relationship to define regional gas distribution. For
ease of computer display the dimensions of the
regional areas measured have been doubled (2.40
x 2.70cm).Eachareacontainsfivemembers(Fig.
4) . The third value in each block is always 1.00,
representing the 133Xe activity at equilibrium. The
first and second members represent the washin and
the fourth and fifth washout, all presented as frac
tions of the equilibrium value. At this time, six
separate readouts (two analog and four digital) are
required to derive the essential information in each
patient study. These are : the analog maps of â€œequi
librated ventilationâ€•and perfusion (2) ; the â€œnor
malizedâ€• digital values for equilibration ventilation
and perfusion (2 ) ; the â€œventilationâ€•-perfusionratio
table (1 ) ; and the washin-washout ratio graph (1 ).
It is hoped that as our experience grows, the im
provement in techniques and programming may
allow simplification of the data display without loss
of information content.

452 JOURNAL OF NUCLEAR MEDICINE



VENTILATION-PERFUSION RELATIONSHIP IN HUMANS

delayed ventilation in the diseased regions can be
seen on the washin-washout ratio display (Fig. 9).

DISCUSSION

Many of the pulmonary diseases of major physi
ologic interest are sharply localized or have great
regional variability. The lack of adequate techniques
for the assessment of these geographic differences
has furnished the incentive to investigate the radio
isotopic methods. However, to those investigators
demanding quantitative evaluation, the visual scans
alone have not sufficed. Obviously both phases, yen
tilation and circulation, must be studied either simul
taneously or as close to that ideal as possible. The
information obtained must be available in numerical
form and all areas of both lungs should be exam
med. In view of the sophisticated electronic systems
currently available, the attempts to quantitate visual
scans by the amount of light transmission through
the photographic film rather than directly from count
information seems archaic and the use of spot checks
of six, 10 or even 12 areas does not appear com
patible with the goals sought.

The objections to breath-holding itself as a tech
nique for the study of patients with regional disease
have already been mentioned. The recent attempts
to use nebulized labeled particles to delineate yen
tilation are so fraught with artifact and error that
even the advocates now consider it more in the
nature of a bronchographic demonstration than a
measure of air flow (11 ) . Since the measurement
desired is one of gas flow, it would seem most logical
to use a gas for this purpose. 133Xeappears to serve
this role adequately. Its short half-life and poor
solubility in tissue make it a safe agent. Based on
calculations using the spirometer concentration at
the beginning and end of the study, and the subjects'
previously determined functional residual volume,
the amount of gas absorbed is less than 20% and
essentially all of this is rapidly excreted in the ex

FIG.5. Chestroentg.nogramonpatientW.L.H.withbullous
emphysema. Left lung is on the viewer's left to correspond with
scanningdata.

pired air when the patient is switched into the oxy
gen-breathing circuit. The relatively small amounts
absorbed and the speed and completeness of excre
tion also appear to negate the possibility that the
presentation of the radioactivity could represent
other than ventilatory distribution. The often voiced
criticism that absorbed material may recirculate by
systemic circulation and either by deposition in tissue
fat or by tissue capillary flow may erroneously ap
pear as ventilation can be easily disproved. Figure
10 presents the analog ventilatory map in a 67-year

Analog Map-Ventilation Analog Map-Perfusion

FIG.6. Seven-levelanalogmapsfor
ventilation (equilibrium) and for perfusion
in patient W.L.H. Markedly reduced per
fusion in diseased regions is readily seen.
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FIG.8. â€˜Ventilation-perfusionratios(X 1,000)in patieni
W.L.H.Note that In noninvolvedareas, relationshipof ventilated
to-perfused spaces is close to unity whereas in areas of bullous
disease equilibrium ventilation ranges from 2 to 7 times perfusion.

FIG.9. Washin-washoutratiosforpatientW.L.H.Ventilation
is normalonly in area of right lungfree of bullaeand although
greatest abnormality is in diseased portion of left lung, there is
evidenceof impaired ventilation in compressedareasat left base.
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FIG.7. Normalizedventilation(equi
r - I . I\ librium) and perfusion data in patient

Pertuslon @Normaizea@ W.L.H.

C

5-26-67

Ventilation (Normalized)

old male with a left chronic pneumothorax. The intervals to allow accurate measurement of the rate
absence of detectible radiation over the nonlung of accumulation. Work is currently in progress which
containing thoracic cage is immediately apparent. will allow collection of data accumulated from the

The major problem in the ventilation scans, as the areas described at 15â€”20-sec intervals and will
authors see it, is in the collection of sufficient repeti- hopefully elucidate this problem. The extensive ex
tive data from the same areas over sufficiently short perience developed with the use of labeled macro

W.L.H.
6-4-67
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Analog Map-Perfusion

agents in recirculation techniques might detect the
presence of the reduced flow. Reference to the study
of the comparison of the soluble agent with MAA
has been previously made, but it should be noted
that this study involved only normal subjects (6).
The study of Lopez-Majano et al (4) and Rogers
et a! (5) which did compare MAA 131! and bron
chospirometry in patients with lung disease did show
excellent correlations but this still does not preclude
the possibility that small areas of reduced blood flow
appeared by scanning as totally ischemic. Compari
son of the circulated space determined by tagged
MAA with that of a recirculating agent or, for

example, labeled erythrocytes should answer the
question.

SUMMARY

A method for determining regional pulmonary

ventilation-perfusion relationships during the â€œsteady
stateâ€•by quantitative scintillation scanning is pre
sented using a 10-crystal rectilinear scanner. Re
gional air distribution is measured by the rates of
washin and washout of 138Xe and perfusion is de
termined immediately thereafter using 1311-labeled
macroaggregated human albumin. Data are accumu
lated and recorded on magnetic tape for computer
analysis to obtain numerical presentation.

The method has proven valuable in the assessment
of regional pulmonary function in normal subjects
and patients with a variety of pulmonary diseases.

Volume 9, Number 8 455

Analog Map-Ventilation

FIG. 10. Analogventilationandperfusionmapsonpatient
0_S. with large bullous lesion in right apex and chronic left pneu
mothorax. Absence of radioactivity over nonlung containing left
thorax in ventilation scan disproves possibility of nonventilatory
representation.

aggregated human albumin indicates that this
material is entirely adequate for the purpose de
sired. When used as recommended, it is a safe agent
and the single reported fatality appears to represent
an overdosage of the aggregated albumin in this
patient with a markedly limited vascular bed sec
ondary to carcinoma (12).

Several workers have reported no measurable in
fluence on the diffusing capacity of the lungs for
carbon monoxide after MAA injection, further at
testing to the safety of the material (13,14).

The major disadvantage with the currently avail
able material for physiologic use is its prolonged
presence in the pulmonary vasculature. This pre
eludes rapidly repeated studies which might be of
value.in, for example, the acute effects of therapeutic
agents on pulmonary circulation. The possibility of
obtaining this type of information from repeated
injections of smaller amounts of MAA-131I has been
considered and is under investigation in this lab
oratory.

The theoretical possibility that the macroaggre
gates do not accurately portray blood flow in the
diseased lung does exist. One might postulate that
localized areas of reduced circulation might appear
as totally devoid of pulmonary arterial flow with the
single bolus of macroaggregates, whereas soluble
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