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The accuracy of a steady-state 81mKrmethod for calculating the right ventricular ejection

fraction (RVEF) has been examined in this study. Causes of errors using this method and
their effects on the calculated RVEF were evaluated. The results suggested that mixing in the
right ventricle during continuous infusion of 81mKrwas homogenous, allowing for the

calculation of ejection fraction using the count rate ratio. Lung activity was quite important
and could not be neglected in computing RVEF, but the use of [MmTc]MAA lung perfusion

scanning seemed to allow a correct subtraction of this background activity. The delineation of
right ventricular regions of interest (ROIs) was complicated by the translation movements of
the right ventricle during heart contraction. These ROIs should be drawn carefully on the
count density distribution images and data shown by parametric images; such as first and
second harmonic phase, amplitude images, and composite stroke volume image should be
considered. Furthermore, this study demonstrates the superiority of the B1mKrtechnique
compared with "Tc methods for computing RVEF. In conclusion, even if the true accuracy
of the 8""Kr method for calculating RVEF cannot be proven due to the lack of reference

methods, strong, suggestive evidence that the technique should be accurate is shown here.
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DÂ«'espite widespread recognition of the interest in

evaluating right ventricular ejection fraction (RVEF) in
various clinical settings, relatively few works have been
devoted to this subject (1-7). To some extent, the
reason may be difficulties encountered by currently
available techniques in assessing the right ventricular
function. The right ventricle has a peculiar geometric
configuration, which constitutes a major handicap for
two-dimensional ultrasonic and radiographie methods
(8-11). Radionuclides methods using technetium-99m
(99mTc)do not require an a priori hypothesis on the

right ventricular (RV) geometry but the methods are
confronted by other difficulties. The equilibrium tech
nique is hampered by the inextractable superimposition
between the right ventricle and other heart chambers,
while the low count rate and/or the availability of only
a few heart beats constitute the limiting factors of the
first-pass method (12.13).
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The availability of krypton-81 m (81mKr)in a suitable
form for i.v. injection offers a new possibility (Â¡4-17).
As it is an inert gas, almost all intravenously adminis
tered 8lmKris exhaled during transit through the lung,

and the quantity of the tracer that returns to the left
heart is negligible. The right ventricle can, therefore, be
evaluated by placing the detector in such a way as to
obtain the best separation between the right ventricle
and the right atrium without being hampered by its
superimposition with the left ventricle. Furthermore,
the test can be performed during the steady state to
collect statistically accurate count rate densities.

If, theoretically, the steady-state 8lmKrmethod seems

to be ideal for evaluating RVEF, its real accuracy still
has to be evaluated. This is a difficult problem as there
is no universally accepted standard method that can be
used as a reference to validate this technique (2,12,16).
For this reason, another approach was used in this study
to assess the accuracy of the steady-state 8lmKrmethod

for calculating RVEF. It consisted of detecting all causes
of error of the technique and to evaluate their effects
on the calculated RVEF.
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The following factors were evaluated: (a) the mixing
of the tracer in the right ventricle; (b) the importance
of nonventricular activity and the accuracy of the cor
rection that can be performed; and (c) the difficulty in
delineating RV ROIs and the magnitude of variation
of RVEF due to error in the ROI.

MATERIALS AND METHODS

Procedure of ECG-Gated 8lmKrStudy

and Patient Data
The data acquired during a ECG-gated 8lmKr study

performed in 30 successive patients were used in this
work. 15 children had cystic fibrosis, 13 adults had
chronic obstructive lung disease, and two patients had
myocardial infarction.

The ECG-gated 8lmK.rstudy procedure was as follows.
The patient was placed in supine position and 8ImKrin

5% glucose solution was continuously infused into the
basilic vein of the right arm. The rubidium-81 (8lRb)

generator used had an activity of 15 mCi and the
infusion rate was 15 ml/min. Due to the short half-life
of *'mKr, steady-state activity in the entire cardiopul-

monary system was reached in <1 min. During the
steady-state, an ECG-gated study was performed in a
20Â°right anterior oblique (RAO) projection, for a preset

count of 2,800k counts. This was obtained in ~5 to 10
min depending on the 81Rbactivity at the moment of

the test. Sixteen frames per cardiac cycle were
reconstructed.

After the gated study, 500 //Ci of "Tc-macroaggre-

gate albumin (MAA) were administered and lung per
fusion scintigraphy was obtained in exactly the same
position as the gated study. These data were used for
the correction of the background activity, which was
performed for each frame on a pixel to pixel basis using
the following procedure. An ROI (reference zone) was
delineated at a well-perfused lung area. This ROI was
carefully drawn to ensure that the area was not contam
inated by the radioactivity in the superior vena cava,
heart, or pulmonary artery. Corrected activity in the
nth pixel of a given frame (A'n) was obtained by:

A'n = An - (An, Tc)(RKr/RTc), (1)

where An was the activity in the pixel on the uncor-
rected 8lmKrimage: An, Tc was activity in the pixel on
the ["TcJMAA image; RKr was the activity in the
reference zone on """Kr image; and RTc was the activity
in the reference zone on [99mTc]MAAimage.

The following images were then constructed: (a) first
and second harmonic phase and amplitude images (18-
19), and (b) a parametric image using time minimum
as parameter. The time minimum of a given pixel is
the time when the radioactivity in the pixel attained its
minimum, and (c) composite stroke volume image (20).

Mixing in Right Ventricle
Two minutes after the gated study described above,

8'mKr was infused again without moving the patient or

the gamma camera. 300 frames of 100 msec were
recorded from the beginning of the infusion in order to
obtain the washin part of the RV time-activity curves.
The purpose of the 2-min delay was to ensure that there
was no residual 8lmKractivity from the previous gated
study. End-diastolic (ED) and end-systolic (ES) ROIs
were delineated manually on ED and ES images ob
tained from the gated study, and the corresponding
time-activity curves were obtained for the 300 frames
(Fig. 1). ED and ES frames were then identified by the
operator, their count rates were noted, and beat-to-beat
RVEFs were calculated. This procedure was repeated
three times in the same subject, at 2-min intervals.

In order to increase the statistical precision, a high-
activity 8lRb generator (40 mCi) was used for this study.

This investigation was performed in five out of the 30
patients.

Background Activity
Importance of background activity. In the ECG-gated

steady-state 8lmKr study, the background activity was

constituted by the radioactivity in the lung included in
the RV ROIs. By assuming that the distribution of this
radioactivity was equal to the distribution of [99mTc]

MAA, the lung activity included in the ED ROI (Led)
could be estimated.

Led = Ted (RKr/RTc), (2)
where Ted was the activity in the EDROI on [99mTc]

MAA image, and RKr and RTc were the radioactivity
in the reference zone on 8lmKrand [99mTc]MAAimages,

respectively.
By comparing the results obtained with the total

count rate in the ED ROI on 81mKrimage, the impor-
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FIGURE 1
Time-activity curves in ED and ES ROIs as well as in lung
ROI during washin of constant continuous infusion of 81mKr.

ED and ES periods could easily be identified. During
washin, lung activity was low and could, therefore, be
neglected in calculating right ventricular EF
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tance of the lung activity included in the ROI was
appreciated.

Accuracy of background correction using f**mTcJMAA

image. The accuracy of the background correction was
evaluated by calculating the percentage of the lung
activity that was corrected. This was performed in two
ways described as follows.

1. Two additional ROIs were delineated at the lung
area (test zones). These regions were also drawn very
carefully to be sure not to include the radioactivity in
the superior vena cava, heart, and pulmonary artery.
The count rates in these test zones before and after
correction were compared with evaluation of the accu
racy of lung background correction. Separate analysis

was performed depending on whether the test zone was
located in a well-perfused or a markedly hypoperfused
area.

2. By subtracting the corrected image from the orig
inal and then dividing the result by 1% of the original
image, a new image was obtained. It showed the per
centage of the subtracted activity on a pixel-to-pixel
basis. The accuracy of the correction could, therefore,
be assessed for each region of the lung. If the correction
was accurate, the subtracted activity should be ~ 100%
in all lung area. To allow for an easier evaluation, this
image was presented using a color display in which each
color corresponded to a specific value of the percentage
of subtracted activity (Fig. 2).

FIGURE 2
Upper panel shows ED frame obtained during ECG-gated 81mKrstudy and [""Tc]MAA lung scintigraphy obtained in

exactly same position. One can see that lung activity was quite important and delineation of ED RV ROI on this image
is not easy. ED frame after background correction (lower left) shows that lung activity was completely subtracted. This
was confirmed by percentage subtracted image, which shows that outside heart and great vessels, correction of
radioactivity was within 80 to 120% for each pixel in lung area. Originally this figure is presented using fix color scale in
which each color corresponded to specific value of percentage of subtracted activity, allowing easy evaluation of quality
of background subtraction. After subtraction of lung activity, limits between right atrium and right ventricle became
more apparent
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Accuracy in Delineating ED and ES ROIs and Its
Effects on the Computation of RVEF

Effects of error in delineating ED and ES ROIs. Data
obtained in the first ten patients were used for this
study. At first, ED and ES ROIs were delineated. Then,
the limits of these ROIs were modified, one pixel (3.3
mm) or two pixels larger or smaller, to simulate errors
in ROIs delineation. The effects of these modifications
on RVEF were then evaluated.

Three segments of the ROIs were studied separately:
(a) free border of the right ventricle; (b) pulmonary
valve plane: and (c) tricuspid valve plane.

Intra- and interobserver variability. To determine

whether the information contained in the data was
sufficient to allow a reliable and reproducible delinea
tion of ED and ES ROIs, interobserver variabilities in
delineating these ROIs were evaluated.

All data were available to observers: the dynamic
series along with isocount lines projected in each count
density frames, first and second harmonic phase and
amplitude images, and T-minimum image and com

posite stroke volume image. No specific instruction,
however, was given to the observers on how to delineate
the ROIs.

Data Used to Locate RV Borders
For each patient, the observers were asked to deter

mine which images were particularly helpful in deline
ating the ROIs and which images were not useful or
even misleading. This information was used to establish
the optimal data processing procedure.

RESULTS

Mixing in the Right Ventricle
An example of the beat-to-beat variation of the count

rate in ED and ES ROIs during the washin phase is
shown in Fig. 1. In all cases, the ED and ES periods
were easily identified. During the first heart beats, the
lung activity was very low. Its effect on the calculation
of RVEF can, therefore, be neglected.

The beat-to-beat RVEFs obtained in the five inves

tigated subjects are presented in Table 1. One can see
that the RVEFs were quite similar from one beat to
another and, most importantly, there was no tendency
towards an inordinately higher or lower EF on the first
beat as compared with subsequent beats.

Accuracy of Lung Background Correction
Importance of lung background. The ratio of back

ground to ED count rate was calculated and showed
that, during the steady state, the lung activity included
in the RV ROI was not negligible. Moreover, this
background activity varied from one patient to another.
The mean value of background to ED count-rate ratio
in the 30 patients was 0.51 (s.d. = 0.32, range 0.14-

1.27).

TABLE1Beat-to-Beat
Right Ventricle EjectionFractionPatient

no.12345RVEFFirstbeat393431262123313834302524283232Secondbeat343837222524352831302729343029Thirdbeat433239252627384032213125342835Fourthbeat373539232021343535252423334834

Accuracy of background correction. The subtracted
lung activities in the test zones are shown in Fig. 3.
These results indicate that when the test zone was
located in a well-perfused or slightly hypoperfused area,

the correction was found to be acceptable. The sub
tracted lung activity was between 80 to 120%. When
the test zone was located in a markedly hypoperfused
area, however, the correction was often inaccurate,
ranging from 35 to 160%.

Effects of Error in Delineating the ROIs
The variations of RVEF due to modifications of RV

ROIs are shown in Table 2. As shown, errors in delin
eating the free border or the pulmonary artery have
practically no effect on the EF. However, this was not
true on the atrioventricular border. Two pixels variation
in delineating ED and ES tricuspid valve plane induced
errors as high as 4%, while a total of four pixels variation
produced up to a 10% error on computed RVEF.

Interobservers Variabilities
In general, the interobserver variability was quite

good (Table 3). However, in six patients (20% of the
cases investigated), important variations (differences of
>5%) of the calculated EF were observed.

Analysis of the ED and ES count rates employed for
calculating RVEF showed that in these six cases, inter-
observer variabilities were observed in both ED and ES
count rates suggesting that difficulty in delineating the
ROI was true for ED ROI as well as ES ROI.

Images Used in Locating RV Borders
Images that helped the delineation of the ROIs varied

from one patient to another and, also, depended on
which border of the right ventricle was concerned. The
first harmonic amplitude image, the composite stroke
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TABLE 2
Variations of Ejection Fraction Due to Variation of ROIs

TEST ZONES LOCATED

IN WELL PERFUSED

AREAS
(n-27)

90 00 TO 80 BO

PERCENTAGE OF SUBTRACTED LUNG ACTIVITY

TEST ZONES LOCATED

IN HYPO PERFUSED
AREAS

(n=33)

50 (50 TO 80 90 WO 110 GO 130 140 150 WO ITO

PERCENTAGE OF SUBTRACTED LUNG ACTIVITY

FIGURE 3
This figure shows percentage of subtracted activity in test
zones. When these zones were located in well-perfused
or slightly hypoperfused area, correction was quite accu
rate. It ranged betwene 80 to 120% (upper panel). When
test zone was located in markedly hypoperfused area
(lower panel), correction was less accurate. It ranged
between 35 to 160%

volume image, and in some cases, the second harmonic
phase and amplitude images were helpful in localizing
the tricuspid valve plane on ED and ES frames. Another
frequently useful indicator was the isocount line sepa
rating the right ventricle from the right atrium. The first
harmonic phase image was useless in locating the
tricuspidial valve plane.

All observers used the first harmonic phase and am
plitude images or the composite stroke volume image
for delineating the pulmonary valve plane. The count
density images and the isocount lines were not helpful
at all in locating the pulmonary valve plane, but they
were essential in determining the inferior and lateral
borders of the right ventricle.

Error on RVEF'

Error in
delineating

Error on 2 pixels
On ROI

Error of 4
pixels

on ROI

Free border
Pulmonary

valve plane
Tricuspid

valve plane

1%
0%

4%

2%
2%

10%

' Presented in absolute values.

DISCUSSION

Many factors may influence the accuracy of radio-
nuclide techniques in calculating ventricular ejection
fraction. Some of these factors are independent of the
nature of the radionuclide employed. The linearity of
the detector, the frame rate of the irregularity of heart
beats, and the photon absorption, for example, influ
ence the accuracy of the 8[mKr method and "Tc

methods in exactly the same way. These factors, their
effects on the calculation of EF, and methods to mini
mize some of these effects have been investigated by
other authors (21-28).

There are, however, three factors that are specific to
the 81mKrECG gated study: (a) the mixing of the tracer

in the right ventricle, (b) background activity, and (c)
the delineation of the ROIs. These factors are also
present in the 99mTcmethods, but under different con

ditions. The analysis of these factors would produce a
clearer assessment of the accuracy of the 8lmKrmethod
and would provide a comparison to the 99mTc

techniques.
The calculation of EF using the count density ratio

method is only valid if the tracer is distributed homog-
enously in the ventricle. This condition exists during

TABLE 3
Interobservers Variability

RVEF
(n=30)ObserverPatientno.12345678910134435933524937394942231395032505134355039329395127485135345044ObserverPatipntno.11121314151617181920138374861363834504534239373151373733494537339404343363633504734ObserverPptientno.21222324252627282930149563968545642485041250543847535243482542345563564505341483141
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the steady state of a relatively long-lived radionuclide
such as "Te. Using an ultra-short, half-lived radiotra-
cer such as 8lmKr, the homogeneity of the distribution

of the tracer in the right ventricle during the steady state
is not evident. Indeed, several investigators (29-30)
have shown that a tracer introduced directly into the
right ventricle did not mix homogenously in the whole
ventricular volume. Therefore, there is a theoretical
possibility that during the steady state, decay of the
tracer results in distribution that is still not homogenous
(31).

To evaluate the degree of mixing of 8lmKrduring the
steady state, we calculated beat-to-beat RVEF during
the washin phase of a continuous infusion of the tracer.
During this period, an inhomogenous mixing should
produce an inordinately high or low first-beat RVEF
that would tend to decrease or increase regularly in the
subsequent beats, until a plateau was reached.

Our results showed, however, that the RVEF of the
first beat was not different from those of the subsequent
ones, suggesting that the mixing in the right ventricle
was already homogenous when the first-beat RVEF was
calculated. This is probably because in this study, the
tracer was introduced from a peripheral vein in the
form of a continuous infusion with a relatively low
infusion rate. This contrasts with the direct intraven-
tricular administration referred to above (29-30) or
with the very short bolus employed in the first-pass
method (12). It is evident that the 100 msec framing
rate is not optimal for calculating EF (27). It does not,
however, constitute a bias in this particular work as we
are mainly interested in comparing the results of beat-
to-beat RVEF rather than the exact value of this
parameter.

Another factor should be considered in discussing
the mixing of "'"Kr in the right ventricle. The steady-

state distribution of a tracer in a system does not depend
on the absolute value of its half-life, but on its relative
value as compared with the mean transit time of the
system (32). In the case of 8lmKr, the half-life is rela

tively long as compared with the exchange rate in the
right ventricle. A slight heterogeneity of 81mKrdistri

bution during the washin period is. therefore, not criti
cal because the difference between the real half-life of
the tracer and the exchange rate of the right ventricle
will contribute to a better mixing during the steady
state.

The situation is different in cases with severe wall
motion abnormalities, such as those with important
dyskinesia. In these cases, because the local exchange
rate is slow, the distribution of 8lmKrduring the steady

state could remain heterogenous.
Concerning the method for background subtraction,

it is evident that, theoretically, the distribution of
[MnTc]MAA differs from that of 8lmKr, the former

determined solely by regional blood flow while the latter

reflects the balance between regional blood flow and
alveolar ventilation.

Our data agree with data reported by Ciofetta et al.
(33\ showing that the difference between 81mKrand
[99mTc]MAAdistribution varied depending on the state

of the perfusion of the areas evaluated. This difference
was small for well-perfused areas and significantly
higher in areas with perfusion defects. This means that,
depending on the state of the perfusion of the lung area
included in the RV ROI, the background correction
could be accurate or totally inaccurate. However, influ
ence of suboptimal background correction on the cal
culated RVEF depends not only on the degree of the
accuracy of this correction, but also on the ratio of
background to true ventricular activities. An important
relative error on a low background might introduce a
smaller error on EF as compared with that introduced
by a smaller relative error on a high background.

For this reason, we choose a well-perfused area as
reference zone. If the lung activity included in the RV
ROI is also well perfused, the correction will be accu
rate. If this zone is markedly hypoperfused, the relative
error in the background correction of the EF will be
low.

A background correction that is accurate at a range
between 80% and 120% is quite good considering that
the correction is performed using a two-dimensional
presentation of three-dimensional data. Furthermore,
the [99mTc]MAAmethod allows the "percentage sub
tracted image" to be obtained. This can be used for

evaluating quality of the background subtraction before
the computation of the EF. If this image shows inac
curate correction in lung areas outside the reference
zone, a suboptimal correction of lung activity included
in the RV ROIs can be suspected. In this case, the
reference zone can be modified before computing the
EF.

The calculation of several values of EF using various
reference zones for background correction also allows
estimation of the range of possible error in the
calculated EF.

The method using [99mTc]MAAlung scintigraphy for

background correction has been preferred for the fol
lowing reasons. Krypton-81 m lung ventilation can be
used instead of [99mTc]MAAperfusion scintigraphy.

This method is hampered, however, by the practical
difficulty in having a s'Rb generator that can be used

simultaneously for perfusion and ventilation, and by a
theoretical handicap of the tendency towards greater
error in the presence of V-P inequalities.

Another alternative is the use of a right ventricular
washout curve (34). This method is based on a solid
theoretical basis, but needs a very high count rate to
obtain an accurate lung washout curve.

The classic method of background correction usually
employed in ECG gated blood-pool study can also be
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used in the s'mKr study. This approach uses a periven-

tricular area as the reference zone and the ratio of area
as correcting factor. The method assumes, however,
that the average value of lung activity in this area is
equal to that included in the RV ROI. This assumption
is certainly not valid in the presence of regional lung
perfusion or ventilation abnormalities. It is, therefore,
unlikely that this method would be more accurate than
the ["mTc]MAA method that offers the possibility

of choosing the best reference zone, and that uses
the physiologic distribution of lung perfusion as a
correcting factor.

Background activity correction constitutes the most
important source of error in the calculation of EF using
equilibrium WmTcmethods. This study demonstrates
that using the steady-state 81mKrmethod results in a

much more favorable situation. A nonempirical meth
od is available, which allows minimization of the effect
of nonventricular activity on the calculation of RVEF.

Another potential cause of an important error in
calculating RVEF was the delineation of the ROIs. The
simulated study showed that the error in delineating
the free border of the right ventricle or the pulmonary
valve plane produced only a minimal variation on the
RVEF. This was probably because the count rates in
these regions were relatively low as the lung activity had
been correctly subtracted. The demonstrated variation
in delineating the tricuspid valve plane, however, was
critical because it induced an important fluctuation in
the calculated RVEF.

Unfortunately, a correct delineation of ED and ES
RV ROIs is quite difficult. This is because on RAO
projection, an important and complex movement of
the right ventricle occurs during the heart contraction
(35). The tricuspid valve plane moves downward to
ward the apex, while a combined upright and lateral
movement is often observed in the inferior border. A
displacement to the right might occur in the ventricular
lateral wall and the infundibulum. All these movements
could be expected to influence the parametric images
that are usually employed for delineating ventricular
ROI. Nevertheless, by taking into account all the avail
able data, an acceptable interobserver variability was
obtained in most of the cases.

In this study, no specific instruction was given to the
observers on how to delineate the ROIs. Therefore, the
low interobserver variability means that the informa
tion contained in these data were sufficient to allow a
reliable and reproducible delineation of ROIs. The data
that helped in delineating the ROI varied, however,
from one patient to another and, also, depended on the
right ventricular border concerned.

The isocount lines were very helpful in determining
the free borders of the right ventricle. This was not
surprising since after background correction, there was
no significant activity outside these borders. The iso

count lines were, however, useless for locating the pul
monary valve plane as the count rate observed in the
infundibulum was often quite similar to that observed
in the pulmonary artery. Fortunately, this valve plane
could easily be located by using the first harmonic phase
and amplitude images because the pulmonary artery
and the infundibulum had different phase and
amplitude values.

The observers agreed that the delineation of the ED
and ES tricuspidial border of the right ventricle consti
tuted the most difficult problem. This is because the
tricuspid valve plane anatomically constitutes a thin
structure, far beyond the resolution of the gamma cam
era. Furthermore, there is a significant displacement of
this valve plane during heart contraction. In some cases,
the isocount lines indicated the location of this valve
plane, but in others, this technique was not helpful
because the difference of count rate in the right atrium
and the right ventricle was sometimes quite low.

The first harmonic phase image also could not be
used because the tricuspidial border of the area having
ventricular phase values indicated the middle of the
tricuspidial displacement area and not the ED and ES
tricuspidial border of the right ventricle. The first har
monic amplitude image, however, was very useful. As
a matter of fact, the amplitude of count rate variation
in the tricuspidial displacement area was low because
the reduction of radioactivity due to ventricular con
traction was compensated by the increase of the radio
activity due to the entry of the atrium. For this reason,
this area was systematically shown as a hypoamplitude
zone. The ED tricuspidial border of the RV was there
fore, indicated by the left border of this hypoamplitude
area and the ES border was indicated by the right border
of this hypoamplitude area.

Composite stroke volume image was often useful in
locating the tricuspidial valve plane. This was expected
because the information contained in this image was
basically the same as that given by the first harmonic
amplitude image.

The second harmonic phase and amplitude image
sometimes aided in locating the tricuspidial valve plane
during ED and ES. Indeed, due to atrioventricular
displacement during the heart contraction, the shape of
the time-activity curves in the tricuspidial area has a
double period which can be recognized by the second
harmonic temporal Fourier transform. In some cases,
however, the second harmonic phase and amplitude
images were not helpful as the noise contained in the
data influenced the precision of the calculation of these
parameters.

It should be noted, however, that even if the observers
agreed in delineating the RV contour, the accuracy of
this optimal contour cannot be evaluated because the
true contour is unknown.

There is another factor that may influence the accu-

Volume 27 â€¢Number 5 â€¢May 1986 599



racy of the calculated EF. The count density ratio
method assumes that the count rate observed in the
ROI corresponds to the activity in the ventricle, and
that the activity inside the atrium that is eventually
included is negligible. For this reason, a 20Â°or 30Â°RAO

projection is employed that generally separates, cor
rectly, the right atrium from the right ventricle. In an
individual case, however, the projection used might be
suboptimal and a certain degree of superimposition
between these two chambers remains. In some patho
logic cases, especially in patients with chronic obstruc
tive lung disease with emphysema, this superimposition
is unavoidable. It is well documented that in these cases,
a compression and a rotation of the right ventricle do
occur, producing an inextractable superimposition no
matter what projection is employed. The same problem
may also occur in patients with congenital heart mal
formations. The five cases in whom important inter-
observers variabilities were observed were cases with
evident overlap between the right atrium and the right
ventricle. The count density images gave no indication
concerning the border of these two cavities. This ex
plains why a slight variation in the ROIs produced an
important variation in the calculated EF.

Even if the superimposition factor still constitutes a
problem with the KlmKrstudy, it should be stressed that

it is present on a much smaller scale as compared with
that observed in the equilibrium "Te methods. In the
KlmKrstudy, the superimposition on the left heart can

be neglected and the detector can be placed in such a
way as to get the best separation between the right
atrium and right ventricle. During the equilibrium
WmTcstudy, the right atrium and the right ventricle are

totally superimposed, precluding a correct separation
of these two sources of radioactivity (12). In the first-
pass <*l'mTcmethod, the problem of right atriumâ€”right

ventricular overlap is present in exactly the same way
as in slmKrstudy. Using the first-pass method, however,

the delineation of atrioventricular borders has to be
performed on lower count rate activity distribution
images.

In conclusion, this study strongly suggests evidence
that the ECG-gated steady-state 81mKrmethod is an

accurate technique for calculating the RVEF. It shows
that in most of the cases, important causes of error of
the method can be handled properly, and the degree of
the accuracy of the technique can be estimated on an
individual basis. Furthermore, this study indicates the
superiority of the xlmKrmethod as compared with the
equilibrium or first-pass ""Te techniques for evaluating

RVEF.
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