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Evaluation of regional myocardial wall motion is
important for the proper management of patients
with coronary-artery disease. Traditional methods for
assessing segmental wall-motion abnormalities in
volve the use of contrast angiography, which requires
dense contrast material to be injected under pressure
into the left ventricle of the patient followed by cine
fluoroscopy. The radiation exposure from this pro
cedure is significant, and there is an associated degree
of morbidity (1â€”3).

Radionuclide angiography has been proposed as
an alternative to contrast angiography. The former
is essentially noninvasive (4â€”7),and offers the ad
vantage of lower radiation exposure to the patient.
With the advent of mobile scintillation cameras,
assessment of regional myocardial wall motion may
be done at the patient's bedside, but regional wall
motion is usually evaluated only qualitatively by
viewing the gated end-systolic and end-diastolic im

ages (8,9) . Elegant computer-generated, multigated,
blood-pool images have been achieved, but these
cine-mode presentations provide only pictorial dem
onstration of segmental myocardial wall motion (JO).

In order to evaluate regional myocardial wall
motion quantitatively by portable, low-cost hard
ware, a new technique known as radionuclide ky
mography has been developed. A gamma camera
views a thin slice of the heart, monitoring the regional
radioactive concentrations as if it were viewing the
profile of a linear scan. The pattern of dark and light
regions in this slice is transferred to the display â€˜scope
as a vertical line, and the pattern will change, of
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Regional myocardial wall motion is usually evaluated qualitatively from
ECG-gated end-systolic and end-diastolic blood-pool images. Radionuclide
icymography, which displays a one-dimensional scintigraphic image in time,
synchronized with the electrocardiogram, provides a method to quantitate
this motion. The technique is analogous to M-mode ultrasound in that one
dimension is displayed as a function of time, but the activity distribution
is displayed in place of acoustic interfaces. The motion of regional myo
cardial segments can be measured from multiple kymographic projections
across the cardiac blood pool, after equilibration of a radioactive tracer.
Radionuclide kymography is potentially better quantitatively than gated
blood-pool imaging and is not hindered by viewing windows as are single
and multiple-transducer ultrasonography. Regional wall motion determineJ
from radionuclide kymography correlated well with that determined from
contrast left ventriculography in a series of patients. Since the kymo
graphic sweep is initiated by the R wave of the ECG and proceeds con
tinuously throughout the cardiac cycle, the temporal sequence of regional
myocardial contraction can be directly assessed and related to corres pond
ing portions of the ECG.
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FIG. 1. Pictorialrepresentationof the
concept of radionuclide kymography. A
region of data collection is placed over
the heart (left) after administration of a
blood-pool or myocardial tag, and a ky
mogram appears as unidimensional scm
tillation events swept in time, synchronized
with the ECG (right).

course, as the heart beats. To display these changes,
the line is swept across the display at constant speed,
the start of the sweep being triggered by the R wave
of the ECG. The resulting image is the â€œradionuclide
kymogramâ€• (Fig. 1) . The density pattern in the
slice may represent the cardiac blood pool (tagged
with Tc-99m HSA) or the heart wall (with 11-201)
as in Fig. 1. This method is analogous to the ultra
sound M-mode scan wherein motion of acoustic in
terfaces beneath a fixed transducer is shown as a
function of time.

MATERIALSAND METHODS

A narrow rectangular region of data collection is

defined over the segment of the myocardium to be
studied, and its single axis pattern of tracer content
is swept in time, triggered by the R wave of the ECG,
as illustrated in Fig. 1 . Successive cardiac cycles are
summed to form the radionuclide kymogram. These
kymograms can be generated after equilibration of
Tc-99m human serum albumin in the blood pool or
after administration of T1-201.

As schematically illustrated in Fig. 2, one method
by which radionuclide kymograms may be generated
employs a standard gamma camera, an image mag
nifier/rotator (1 1 ), and a specially designed elec
tronic sweep circuit. The blood-pool image is ro
tated to align a region of interest (ROI) with the
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FIG. 2. Illustrationof onemethodby whichradionuclidekymogramsmaybe generated.Gammacamerawithregion-of-interest
(ROl)capabilityis used.Thedisplayis magnifiedand rotatedto align theROl.Onlytheverticalinformationfromthe ROl is used.Peak
detection circuit identifies R wave of ECC and triggers a ramp signal that sweeps the vertical profile across the scope as a function of
time.
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myocardial segment to be studied. The ROI alone
is then displayed. The position information across
the width (X axis) of the region of interest is ignored
and only the data along the length (Y axis) of the
ROI are used. There is an effective integration of
â€œx,'events, leaving only â€œYâ€•-dimensionalmotion in
the finite slice to be studied. The R wave of the pa
tient's ECG triggers a ramp signal from â€”2 to +2
volts, corresponding to full deflection across the
CRT, and the duration of the ramp can be preset
from 0.5 to 2 sec. This ramp is substituted for the
â€˜scope'sX positional signal and serves to sweep the
Y value (radiation pattern) across the CRT for
the preset time interval. Multiple heart cycles are
summed to form the kymogram. The patient's ECG
may also be displayed for comparison with the ky
mogram, if the ECG is fed into both the X and Y
inputs of the display. The ECG is used to trigger the
X-axis sweep ramp, and this displays the ECG volt
age as the usual function of time.

Adjustable sweep speeds are necessary to accom
modate varying heart rates and to vary the fraction
of the cardiac cycle displayed. Since the sweep cir
cuit ignores subsequent R waves until the preset time
interval has been completed, kymograms longer in
duration than one R-to-R interval should not be gen
erated. R-to-R time-interval variations cause time
â€œjitterâ€•and blur the image near the end of the kymo
gram, since the second R-wave does not always occur
at the same time relative to the initial, triggering R
wave.

By a second method, radionuclide kymogramscan
be generated using a minicomputer with multigated

FIG. 3. Radionuclidekvmoaram(right)froma normalpatient,
with (left) the short-axis300 RAO segment from which the kymo
gram was generated. Patient's ECG is also displayed (bottom right).
In the kymogram ordinate represents distance while abscissa rep.
resentstime. Segmental wall motion may be readily quantified after
system calibration. Count density is relatively low at systole re
fiecting reduced blood volume in segment under study.

acquisition capability. A computer region of inter

est is selected and multiple acquisition at high frame
rate, triggered by the R wave, is used to sweep the
linear pattern of the slice.

After acquisition of the radionuclide kymograms,

the myocardial boundary is determined by a modifi
cation of a standard boundary-detection algorithm
(zero crossing of the second derivative) . Computer
boundary detection is aided by knowledge that the
plane of the slice lies normal to the abscissa, and
thus the computer can sequentially scan down the
ordinate to detect the boundary. Application of a
50% threshold level for background suppression has
also proven adequate in defining the edges within the
kymogram. To quantitate segmental wall motion,
the ordinate of the display system is calibrated in
centimeters, taking into account any magnification
in the gamma camera's system. Myocardial wall ex

cursion can be determined by visually comparing the
kymogram with a displayed calibration scale, or can
be determined automatically by the computer.

Regional wall motion determined from radionu
clide kymography was compared to that determined
from contrast left ventriculography in four patients.
For this study, wall motion was assessed from 50%
background-suppressed kymograms in the 30Â°RAO
projection by visual comparison with a calibrated
scale. Only the anterolateral walls were analyzed
because of overlap of the inferior wall by the right
ventricle in this projection. Results were compared
with cine' frames corrected for magnification in the
300 RAO projection following contrast ventricu

lography.

RESULTS

A radionuclide kymogram from one normal pa
tient is shown in Fig. 3. The ordinate of the kymo
gram is calibrated in centimeters and the abscissa
in seconds. The portion of the myocardial wall stud
ied in Fig. 3 is denoted by the vertical region of
interest displayed over the rotated 30Â°RAO blood
pool image (left) . Kymograms through various seg
ments of the left ventricle (LV) from the same pa
tient are shown in Fig. 4. Radionuclide kymograms
generated from the long axis of the LV in the 30Â°
RAO projection show segmental contraction of the
cardiac apex and valve plane. The definition of the
cardiac valve plane is superior to that observed in
simple gated blood-pool images. The valve plane is
seen to move inferiorly during ventricular systole,
while the cardiac apex moves superiorly. Filling of
the atria during ventricular systole may also be ob
served. In the 45Â°LAO projection, kymograms gen
erated through the short axes of the LV allow both
right- and left-ventricular wall motion to be studied.
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FIG. 4. Radionuclidekymograms
through various projections for normal pa
tient. In each case segment under study
is shown to left of kymogram. Duration of
each kymogram is 0.5 second.Top: kymo
grams from short-axis segments in the
30Â° RAO projection. Continuous segmen
tal contraction in the various slices are
observed. (Note: In far left kymogram,
cardiac apex is seen to contract out of
projection under study.) Bottomleft: kymo
gram showing contraction of long axis of
LV. Note inferior deflection of the valve
plane and superior movementof apex dur
ing systole. Filling of atria can also be ob.
served. Bottomright: kymogramfrom short
axis of heart in 45Â°LAO projection. Note
enlargement of the I-V septum during
systole. Contraction of I-V septum, pos
terolateral wall of LV, and anterior wall
of the RV can be studied.

Definition of the interventricular septum is excellent,
and it is possible to study septal motion, as well as
motion of the posterior wall of the LV and the an
tenor wall of the right ventricle. Thickening of the
interventricular septum during systole is readily ob
served. Previously septal thickening could be visual
ized conveniently only with M-mode ultrasound.
Unlike the ultrasonic techniques, radionuclide ky
mography is not dependent on viewing windows,
which hinder assessment of regional wall motion,
particularly near the cardiac apex.

Four patients with various wall-motion abnormali
ties and no evidence of right-ventricular enlargement
underwent clinically indicated contrast angiography.
Their segmental wall motions determined from ra
dionuclide kymography and from contrast ventricu
lography are listed in Table i . Assessment of inferior
wall motion in the 30Â°RAO projection is hindered,
as in conventional equilibrium blood-pool imaging,
by the overlap of the right ventricle, so this wall was
avoided in the comparison with contrast ventriculog
raphy. However, regional motion of the anterolateral
wall can be studied with good wall definition, and
regional contractile patterns throughout the cardiac
cycle can be studied. Regional wall excursion was
compared at five locations in the anterolateral and
apical regions : three short-axis slices along the an
terolateral wall, and two on the long axisâ€”one at
the apex and one at the base. Agreement between
the methods was excellent (r = 0.95).

To further illustrate the quantitative ability of ra
dionuclide kymography, the recordings from three
patients with various left-ventricular ejection frac
tions (LVEF) are shown in Fig. 5. In each case,
contraction of the long axis of the LV in the 30Â°
RAO projection is studied. A normal patient with a
70% LVEF shows excellent contraction of the long

axis of the LV, whereas a patient with a 50% LVEF
has reduced motion of the valve plane and apex dur

ing systole. Negligible motion of the long axis of
the LV is shown in a patient with two previous myo
cardial infarcts and an extremely dilated LV. This
patient's LVEF was 25 % . From experience with 40
patients, we have found that excursion of the mitral
and aortic valves may readily be identified with the
kymographic technique, and quantification can be
performed by calibration of the imaging system. In
one normal patient, movement of the aortic and

mitral valves toward the apex in the 30Â°RAO pro
jection was found to be 2.3 and 1.8 cm, respectively,
while motion at the intersection of the aortic and
mitral valves was 2.8 cm.

Figure 6 shows kymograms generated from a pa
tient with a localized apical aneurysm. The kymo
graphic scan across the left-ventricular apex reveals
nearly total akinesis of the anteroapical portion of
the wall, with hypokinesis of the inferoapical region.
In contrast, a section across the base of the ventricle
reveals improved wall motion. In the left anterior

TABLE 1. WALL MOTION MEASURED BY
KYMOGRAPHY (TOP LINES) AND

VENTRICULOGRAPHY (BOTTOM LINES) AT FIVE
LOCATIONSIN THE LEFTVENTRICLESOF

FOUR PATIENTS

Long-axis
apex

0 2.0 0.5 1.0
0 1.6 0.4 0.9
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oblique view, generalized hypokinesis of the septum
and posterior wall was noted due to the presence of
the aneurysm.

Figure 7 shows kymograms generated after ad
ministration of 2 mCi of Tl-201 . With state-of-the
art scintillation cameras, imagingwith Tl-201, which
emits low-energy gamma photons (12,13), provides
intrinsic spatial resolution inferior to Tc-99m. The
photon flux after administering 2 mCi of Tl-201 to
the patient is substantially lower than that obtained
with 15 mCi of Tc-99m human serum albumin.
Thus, kymograms obtained with Tl-201 are inferior
to those obtained from blood-pool studies. The ky
mograms, however, do reveal disappearance of the
left-ventricular chamber during systole and its re
appearance during diastole, and changes in the myo
cardial wall thickness can be observed during the
cardiac cycle.

DISCUSSION

The assessmentof global and regional left-ventric
ular contractility by means of gated cardiac blood
pool imaging has proved to be a valuable tool in
the diagnosis and management of cardiac disease.
This technique is especially valuable in differentiating
generalized left-ventricular hypokinesis from local
ized myocardial abnormalities in patients presenting
with congestive heart failure. The hemodynamic sig
nificance of coronary occlusive disease may be de
termined in patients with angina and in those with
acute myocardial infarctions, and so may the effects
of stress and of therapeutic maneuvers on wall
motion abnormalities. Because of the limited spatial
resolution of scintillation cameras, precise definition
of the borders of the cardiac blood poolâ€”and thus
accurate quantitation of ventricular wall motion
has been difficult by radiotracer techniques. The
radionuclide kymogram aids in quantitating wall
motion by providing an improvement in the signal
to-noise ratio due to integration of the data across
the narrow width of the ROl. Visual appreciation of
regional wall motion is enhanced, since the kymo
gram concentrates attention on a single segmental
slice. In addition, a continuous record of wall mo
tion, not limited by the length of gating windows,
is delivered. Accurate quantitation of regional wall
motion may be obtained as well as the temporal se
quence of ventricular contraction. The mean rates of
segmental systolic ejection and diastolic filling can
also be assessed. The mean LV systolic ejection rate
has been shown to be of clinical importance (14).

Radionuclide kymography, although displaying
one-dimensional images, also provides depth infor
mation, since count densities are displayed as gray
scale in the image. In one abnormal patient, little
excursion of the myocardial wall was observed in
the RAO projection, but the count density observed
in systole was greatly reduced, implying excellent
contraction of the myocardium perpendicular to the
plane of view. Normal contraction of the short axis
of the LV was observed in the LAO projection.

It is often difficultto determine actual mechanical
systole from the electrocardiogram when perform
ing a gated blood-pool study. By displaying the ECG
simultaneously with the kymogram, however, actual
mechanical systole can be related very precisely to
the ECG. Radionuclide kymography also allows the
duration of systole to be monitored It is readily ap
parent from radionuclide kymograms that patients
with similar heart rates may have significant varia
tions in their systolic and diastolic intervals.

Although multigated images, displayed in cine'

mode, allow total ventricular contraction to be per
ceived readily, radionuclide kymography may po
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FIG. 5. Radionuclidekymogramsfromlongaxisof theLVin
30Â°RAO projection for three patients with various left-ventricular
ejection fractions (LVEF). In each case duration of the kymogram
is 0.5 sec. Top: normal patient with a 70/. LVEF.Middle: patient
with coronary-arterydiseaseand 50% LVEF;note reduced myo
cardial excursion. Bottom: patient with two previous myocardial in
farcts and a 25Â°!.LVEF;note negligible motionof the cardiac apex.
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FIG. 6. Radionuclidekymogramsfrom
patient with apical aneurysm. The patient's
ECG is displayed underneath each of the
one-second kymograms.Activity near bot
tom of the kymogram is due to presence
of liver. (A) Kymogram near cardiac apex
(short axis 30Â° RAO) reveals almost total
akinesis. (B) Kymogramobtained at mid-LV
reveals akinesis of anterolateral wall and
nearly normal contractionof inferior wall.
(C) Kymogram near valve plane reveals
good contraction of both walls. (D) Kymo
gram in the 45Â° LAO projection shows
generalized hypokinesis due to presence
of the aneurysm.

tentially become the technique of choice to observe
and quantitate segmentalcontraction. In radionuclide
kymography, the focus is on segmental contraction,
which is obtained in a truly continuous manner, pro
viding an advantage in assessing the systolic ejection
rate. Computer-assisted, ECG-gated, multiimage ac
quisition systems readily assess indices of total yen
tricular performance such as the ejection fraction,
but dedicated methods for segmental wall-motion
analysis are not routinely employed. From radionu
clide kymograms, regional wall excursion can be sim
ply determined.

CONCLUSION

Noninvasive assessment of regional myocardial
wall motion provides important information for
determining patient prognosis and for assessing the
effects of therapeutic intervention. Radionuclide
techniques can provide information on regional myo
cardial wall motion at the bedside, and radionuclide
kymography extends the capability of gated blood
pool imaging by providing a method for accurate
quantitation of segmental wall motion, as well as
the rate of segmental contraction. The true me
chanical contraction of the heart can be related
directly to the electrocardiogram. There is a slight
improvement in signal-to-noise ratio by virtue of
the integration of the second-dimension events in the
kymogram, and thus structures not readily apparent
from gated blood-pool images (such as the aortic
and mitral valve planes) are readily apparent in the
kymogram. Also, with the improvement in signal-to

noise ratio and the sequential display of myocardial
contraction, phenomena such as the thickening of
the interventricular septum during systole, and the
duration of diastole and systole within the cardiac
cycle, can be readily observed.
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