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Purpose: Clinical myocardial perfusion SPECT is commonly performed using static imaging. 
Dynamic SPECT enables extraction of quantitative as well as relative perfusion information. 
We aimed to evaluate the ability of dynamic SPECT for regular perfusion assessment in 
comparison to conventional SPECT in the context of thallium-201.

Methods: Simulations were performed utilizing a 4D-NCAT phantom for a dual-head gamma 
camera via the SIMIND Monte-Carlo simulator. 64s acquisition time-frames were used to 
track these dynamic changes. Different summations of time-frames were performed to create 
each dataset, which were compared to a standard static dataset. In addition, the effect of 
different delay-times post-injection was assessed. Twenty-segment analysis of perfusion was 
performed via the QPS analyser. Dynamic data were subsequently acquired in clinical studies 
using simulation-optimized protocols.

Results: For different summations of time-frames, perfusion scores in the basal and mid 
regions revealed 14.4% and 7.3% increases in dynamic SPECT compared to conventional 
imaging, with maximum changes in the basal anterior, while the distal and apical segments 
did not show noticeable changes. Specifically, dynamic imaging including 4 to 6 time-frames 
yielded enhanced correlation (R=0.957) with conventional imaging, in comparision to the 
usage of less time frames. Greatest correlation with conventional imaging was obtained for 
post-injection delays of 320 to 448s (R=0.982 to R=0.988). 

Conclusion: While dynamic SPECT opens up an important opportunity for quantitative 
assessment (e.g. via generation of kinetic parameters), it was shown to generate highly 
consistent perfusion information compared to established conventional imaging. Future work 
focuses on merging these two important capabilities. 
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1. Introduction

he ability to extract functional information 
from organs in vivo has extensive implica-
tions both in the clinic and research. Single T

photon emission computed tomography (SPECT) and 
positron emission tomography (PET) imaging are rec-
ognized as powerful imaging techniques suited for in-
vestigation of organ function in three dimensions [1]. In 
the case of SPECT imaging, static scanning is routinely 
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utilized to evaluate the activity distribution in the organs of 
interest. Physiological processes, however, are manifested 
with changing distributions of biological uptake over time. 

In a static cardiac SPECT scan, the projection data is 
acquired in 180 degree over a period of 15 to 30 min-
utes. In order to acquire the parameters of time depen-
dence, it was necessary to achieve projections in a short-
er time [2, 3].The rate of such a change would provide 
important information for assessment of disease [4-8]. 

At present, myocardial perfusion SPECT imaging 
(MPI) is an appropriate method for diagnosis and 
prognosis of coronary artery disease (CAD) [9, 10]. 
Dynamic cardiac SPECT imaging method is one of the 
proposed methods in nuclear cardiology which has the 
potential to extract both kinetic and perfusion infor-
mation for evaluation of CAD, and may provide more 
accurate measurement of myocardial stiffness devel-
opment in comparison to static images [11-13].

The selected tracer to study tissue kinetics should entail 
active transport in the region of interest [14]. It has been 
demonstrated that teboroxime extraction reflects the true 
blood flow more accurately than other myocardial perfu-
sion agents such as Tl-201 or Tc-99m MIBI [15-19]. How-
ever, teboroxime has very rapid kinetics, which requires 
very fast temporal sampling that is not feasible on most 
SPECT systems [20, 21]. The other most suitable choice 
is thallium-201 which is a potassium analog tracer and 
works in conjunction with the Na-K ATPase pump (Tl, 
half-life≅ 73.5 h) [18, 22]. It undergoes high transcapil-
lary extraction during the early uptake phase immediately 
following administration. It belongs to the ΙΙΙ-A group 
and has similar but not identical potassium bio-kinetic 
properties. There is evidence that wash-in rate parameters 
estimated from dynamic thallium SPECT may provide 
accurate quantitative measures of myocardial blood flow. 
Few experimental studies have been performed on thal-
lium kinetic parameter estimation [17, 19, 23].

Dynamic cardiac acquisition can be utilized to extract 
perfusion information similar to well-established conven-
tional imaging. It can also provide kinetic information. Us-
ing summation of all tomographic data, perfusion images-
were created by Kadrmas for teboroxime and by Khare for 
thallium [24, 25]. Recently Gated dynamic cardiac SPECT 
imaging has been introduced which can extract the kinetic 
parameters. Besides, it has the capability of extracting the 
functional information [26-29]. So far, several studies have 
been performed in order to extract the kinetic parameter 
from the gated dynamic cadiac SPECT [30-38]. Therefore, 
it suggests that the dynamic SPECT imaging will be used 

in the clinics in the near future. In addition to the functioanl 
parameters and parametric maps, there is a need for an ac-
ceptable perfusion image.

A question we set to investigate is how the resulting 
perfusion image compares to conventional imaging. 
The focus of our research has thus been to perform 
careful comparisons between dynamic and conven-
tional SPECT methodologies in myocardial perfusion 
assessment, demonstrating the ability of dynamic imag-
ing to maintain conventional capabilities, and to move 
beyond. As such, different summations of dynamic car-
diac SPECT data were performed to investigate the ef-
fect of start-time and total acquisition time as utilized in 
the dynamic imaging protocol.

 2. Methods

2.1. Simulation Studies

To track the time-varying activity of the radioactive-
labelled tracer injected into the body,dynamic projec-
tion sets were generated over a finite period of time as 
sufficient to assess temporal changes of the tracer [3].

We first generated time-varying activities for the ven-
tricular blood pool and localized regions of the myo-
cardial tissue. To do this, a two-compartment model 
[39] was used that generated the time–activity curves 
(TACs) in the plasma and myocardial regions based on 
rate constants for the exchange of tracer between the 
plasma and myocardial tissue.

This exchange between the blood concentration B(t) 
and the extravascular compartmental concentration 
C_EV (t)was modelled with the kinetic parameters K1 
(wash-in) and k2 (wash-out), as shown in Fig. 1, given 
the following differential equation:

     
                                                                                      (1)

The solution is given by:

                                                                                   
 (2)

Equation (2) expresses that the tissue concentration is 
the convolution of the blood activity with an exponen-
tial kernel that is a function of the rate constants. For a 
known input function B(t), the model changes to a one 
compartmental model [4].
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The tracer activity in the tissue depends on both the 
tissue activity and the fraction of blood fv that is present 
in the myocardial region of interest. As such, the activ-
ity concentration in the region of interest at time point t, 
M(t), is given by:

                  (3)

The right and left ventricular plasma activities were 
assumed nearly identical.

Figure 1. One-compartmental model used to represent the 
kinetics of 201-Tl distributions in the myocardium. As the 
blood activity is known, the blood is not treated as a separate 
compartment.

To create the time-varying organ activity in the region 
of interest, we used the Dynamic NURBS-based Car-
diac-Torso (4D-NCAT) phantom with a tracer-kinetic 
model for thallium-201 labeled thallium chloride [40].

In myocardial perfusion SPECT in the present con-
text of Tl, three physiological regions, namely the 
myocardium, blood pools and body (background) 
were simulated.

The wash-in and wash-out kineticparameters and 
conversion factor of plasma activity to blood utilized 
were based on experimental Tl studies,being 0.943 and 
0.018, respectively [41, 42]. The Concentration of the 
other parts of the body was set to 10% of the myocar-
dium activity at each time as a background activity. 
These TACs andan example slice through the simu-
lated phantom are shown in Fig. 2.

Body dimensions were: 40.0 cm on long axis, 34.5 cm 
on transverse axis and 27.5 cm on AP axis.The phantom 
properties were: male, supine, 192 cm height and 95 kg 
weight.The image pixel size was 0.03125 cm, 128×128 
matrix size, two sub-voxel and all simulation contain 
128 slices [40].

Figure 2. (a): An example of the TACs for blood pool, myocardium and background used in Tl 4D-NCAT simulations. (b): A 
typical transverse slice of the emission 4D-NCAT phantom at different times are shown in order from left to right.
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We simulated a clinical 201-Tl study using the SIM-
IND (Simulating Medical Imaging Nuclear Detectors) 
simulator for the Siemens Simbia T series dual-head 
SPECT system. This validated Monte Carlo based soft-
ware has been utilized to simulate SPECT systems and 
revised several time since 1996 [43-45].The field of 
view was 40.0 cm, resulting in a pixel size of 0.64 cm 
for a 64*64 pixels acquisition matrix.The continuous-
step-and-shoot-mode was chosen [46].The LEHR col-
limator was selected (the hole diameters are 0.111 and 
0.124 cm, with distances of 0.016 and 0.09 cm between 
the holes in X and Y dimensions, respectively). Sixty-
four sec acquisition frames were used to track these dy-
namic changes. The Syngo software  (version 2009), as 
installed on our SPECT system, was used to reconstruct 
and process the DICOM files.

To investigate and optimize the imaging protocol for 
evaluation of perfusion in dynamic SPECT, different 
summations of the variable time frames were performed 
to create each dataset, which were compared to a single 
static dataset (as commonly used in the clinic) with con-
sistent projections as reference. In addition, the effect of 
different delay times after injection (time-step= 0 to 448 
s in steps of 32 s) was assessed. Twenty-segment analy-
sis of perfusion scores was performed using the QPS 
analyser (Cedars-Sinai Quantification Perfusion SPECT 
(QPS), 2009 version).

 2.2. Case Studies

For improved assessment of the wash-in data, tracer 
injection was performed as a bolus injection on the 
SPECT table, as is commonly the case [47]. A bolus 
injection of 3.63±0.23 mCi 201-Tl was utilized, and 
scanning was performed on the above-mentioned dual-
head SPECT system. The acquisition framework uti-
lized in the simulated study was closely followed and 
implemented in the case studies. To do this, the camera 
gantry was continuously rotated at a high rotation speed 
yielding 180° coverage in 64s (32 views).  Projection 
sets were acquired using three cycles, each of 64s, thus 
covering over 3 min, resulting in 96 dynamic projection 
sets.The  acquisition delays post-injection for each case 
are shown in Table 3.

The rotation of the detectors was right anterior oblique. 
The imaging was performed along a non-circular path 
in continues mode, without cardiac gating. Two energy 
windows centered at 71 and 167 KeV (15% energy win-
dow width) were utilized for optimal performance [48]. 
The magnification factor and the imaging matrix size 
were set to 1.45 and 64*64, respectively. Case position 

was head-out and supine. The MLEM reconstruction 
method (4 iterations) was used for the reconstruction of 
clinical dynamic perfusion imaging. The clinical popu-
lation studies included three cases . The first case, with-
out any history of heart disease and both patients with 
prescribed viability test were referred to the nuclear 
medicine division of Shahid Rejaiee hospital for myo-
cardial thallium scan.

It should be noted that the conventional imaging proto-
col was applied with no change in the amount of radio-
tracer injection(3.63±0.23 mCi 201-Tl). Before the start 
of imaging studies, the uniformity and other essential 
quality control tests were performed. The conventional 
imaging was performed in step-and-shoot-mode, with 
32 projections, and other parameters were the same as 
the simulation studies (such as collimator, energy win-
dow, zoom factor, FOV, etc.). The conventional scans 
(rest Tl) began 15 to 20 minutes post-injection, for a du-
ration of about 10 min. Case injections were performed 
under approved standards of medical ethics.

 3. Results

3.1. Simulation Studies

Table 1 demonstrated the QPS quantification results 
of dynamic MPI in the context of Tl at 1 to 6 different 
time acquisition intervals (repeat of tomographic path). 
According to the QPS computation, for different sum-
mations of the time-frames, perfusion scores revealed 
maximal changes in mean perfusion values in the basal 
inferior and mid anterior regions. In these regions, dy-
namic SPECT revealed 19% and 12.8% increases, while 
the distal and apical segments showed slight decreases 
in comparison with the conventional method.

The correlation coefficient between dynamic and stat-
ic images are shown in figure 3. Specifically, dynamic 
imaging with 4 to 6 time frames yielded enhanced cor-
relation (R=0.957) with respect to values obtained us-
ing conventional imaging, in comparison to the usage 
of less time frames.

Generally, results between dynamic SPECT perfusion 
images and conventional SPECT images indicated high 
correlation between the two methods, especially when uti-
lizing a high number of time-frames in dynamic imaging.

As shown in tables1 and 2, the correlation coefficient 
between simulated dynamic and static imaging using dif-
ferent start times was improved with increasing frames. 
The negative sign of the absolute difference percentage 
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of uptake values  demonstarate a higer perfusion score 
in dynamic bull’s eye map in comparison to the conven-
tional one. The summing procedure that produced the 
best correlation with conventional image consisted of 

dynamic data acquired with a delay in the range 320 to 
448 sec post-injection (R=0.982 to R=0.988). 

Figure 3. Correlation curves of comparison of Dynamic SPECT images using 1 to 6 time-frame acquisition protocol and 
conventional SPECT protocol in the context of perfusion test.
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Correlation of results obtained using dynamic vs. con-
ventional static protocols was actually poor for scans 
with little delay post-injection (figure 4). Correlations 
are clearly improved with increasing start times, reach-
ing acceptable levels >200s post-injection.

 3.2. Case Studies

The results of dynamic SPECT acquisition as per-
formed on three cases are shown in Table 3. As previ-
ously described, three rotations were performed and 
MLEM reconstruction as applied to summation of the 
tomographic data was utilized (4 iterations).

Table 1. Absolute difference percentage in uptake values for different time frames of dynamic SPECT vs. conventional 
methods. Mean values of perfusion scores across 20 different myocardium segments are also shown.

   
                    Time Frames    

 Myocardial  
 Segments

T†=1 T=2 T=3 T=4 T=5 T=6 Perfusion scores 
mean values (%)

B-anterior -22 -11 -11 -11 -16 -20 -15.2

B-antroseptal -26 -9 -8 -8 -16 -21 -14.2

B-inferoseptal -27 -12 -11 -11 -17 -19 -16.2

B-inferior -28 -15 -14 -14 -20 -23 -19

B-inferiolateral -23 -6 -5 -5 -10 -16 -10.8

Basal -22 -5 -4 -4 -12 -15 -10.3

M-anterior -13 -12 -13 -13 -13 -13 -12.8

M-antroseptal -18 -6 -6 -6 -8 -13 -9.5

M-inferoseptal -10 -5 -5 -5 -4 -7 -6

M-inferior -15 -12 -11 -11 -12 -11 -12

M-inferiolateral -8 -1 -1 -1 -2 -3 -2.7

Mid -5 1 1 1 0 -1 -0.5

D-anterior 3 -1 -2 -2 2 1 0.2

D-antroseptal -3 2 3 3 3 0 1.3

D-inferoseptal 4 7 7 7 9 4 6.3

D- inferior 1 -1 -1 -1 -1 -2 -0.8

D- inferiolateral 7 10 10 10 11 10 9.7

Distal 6 9 9 9 10 10 8.8

A- anterior 6 4 4 4 8 7 5.5

A- inferior 4 6 -6 5 7 5 3.5

†: Time-frame(s)

B: Basal, M: Mid, D: Distal, A: Apical
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Table 2. Absolute difference percentage in uptake values for different imaging start times post-injection between dynamic and static 
SPECT.

 Myocardial  
Segments

t=0 t=32 t=64 t=96 t=128 t=160 t=192 t=224 t=256 t=288 t=320 t=384 t=352 t=416 t=448

B anterior -7 -2 -12 -18 -22 -31 -24 -23 -16 -14 -2 4 0 4 5

B-antroseptal -50 -55 -56 -56 -51 -35 -27 -24 -15 -13 0 6 1 4 6

B-inferoseptal -15 -30 -36 -39 -35 -35 -28 -25 -15 -15 0 7 1 5 9

B-inferior -17 -4 -11 -21 -27 -37 -29 -26 -17 -18 -4 5 -2 2 6

B-inferiolateral -35 -37 -39 -42 -41 -35 -24 -20 -11 -10 1 9 4 8 11

Basal 12 12 4 -6 -13 -33 -24 -20 -11 -9 1 9 4 8 10

M-anterior -12 5 3 -1 -8 -13 -12 -15 -13 -12 -3 4 0 3 6

M- antroseptal -16 -25 -27 -26 -24 -24 -20 -19 -12 -9 1 7 3 7 11

M- inferosep-
tal -6 -5 -6 -8 -7 -13 -11 -11 -7 -5 1 7 3 6 9

M- inferior 27 25 14 3 -8 -16 -14 -16 -13 -11 -6 0 -4 -1 3

M- inferiolat-
eral 13 4 3 0 -5 -10 -9 -8 -4 -4 3 7 5 8 10

Mid 34 34 20 8 0 -8 -5 -6 -2 -2 6 11 8 11 13

D- anterior 8 34 31 19 3 5 3 0 0 1 2 4 1 2 2

D- antroseptal 6 1 5 5 -5 -5 -4 -4 -1 1 5 8 6 9 10

D- inferoseptal 11 9 8 7 2 1 2 1 5 6 9 11 10 11 11

D- inferior 30 44 32 22 1 2 0 -3 -1 -2 -2 -1 -1 -2 -1

D- inferiolat-
eral 45 24 19 14 0 4 5 4 8 8 9 9 9 10 9

Distal 42 28 21 15 2 4 5 3 8 7 10 11 10 11 10

A- anterior 12 35 26 15 3 4 6 3 5 5 6 9 6 6 7

A- inferior 6 28 22 11 -3 1 4 2 4 5 7 10 7 7 6

t: starting imaging time after injection
B: Basal, M: Mid, D: Distal, A: Apical

Figure 4. Correlation coefficient between dynamic and conventional perfusion SPECT imaging for different starting imaging 
times post-injection. Total scan time was fixed to be 192 s (3 camera rotations total).
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First case was a 25 years old female. Second case was 
a 50 years old male with a preious MI (Myocardial Is-
cimia) in LAD (left anterior descending artery). Third 
case was a 69 years old male with a Severe MI in LAD 
and RCA (Right Coronary Artery).

After thallium scan of the cardium, in the first case, 
all segments were reported normal. In the second case, 
antroseptal and apex segments were found nonviable. 
While inferoseptal and inferior parts were reported vi-
able. In the third case, all areas including apex, inferior, 
inferiolateral and septal basal were seen as nonviable 

Table 3. Perfusion scores percent differences in uptake values for clinical dynamic vs. conventional SPECT.

Myocardial Segments First case Second case Third case

B-anterior -9 -6 0

B-antroseptal -8 -5 -2

B-inferoseptal -5 -2 -1

B-inferior -2 -2 -5

B-inferiolateral -13 -4 -1

Basal -14 0 -2

M-anterior -3 -5 -10

M-antroseptal -2 3 -2

M-inferoseptal -6 5 -2

M-inferior -9 10 0

M-inferiolateral -5 11 5

Mid -2 -1 -9

D-anterior -3 -8 -12

D-antroseptal -2 -2 -3

D-inferoseptal -8 -2 7

D-inferior -4 -1 13

D-inferiolateral -1 0 7

Distal 2 -9 -6

A-anterior 1 -12 -5

A-inferior -5 -9 0

Imaging start time after injection (s) 84 210 270

Correlation 0.571 0.948 0.960

B: Basal, M: Mid, D: Distal, A: Apical

tissue. However, mid-septal segment was still viable. 
Overally, the patient had a severe overal infarction.

Based on the blind diagnosis of two nuclear medicine 
specialists, there was no significant difference between 
the two perfusion images either in defective or healthy 
regions. Moreover, in the terms of myocardial viability 
survey, there was no report on any considerable differ-

ence in any segment. Therefore, specialist’s diagnosis 
confirmed the qualitative correspondence of dynamic 
and conventional imaging results.

Figure 5 demonstrates the bull’s eye map of perfusion 
scores for a patient, comparing results from dynamic vs. 
conventional acquisition modes.
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Figure 5. Bull’s eye maps of the QPS analysis for a case study. Results are shown for the dynamic (Left) and conventional 
(Right) imaging protocols (case number 2).

4. Discussion

The study of physiological function of organ(s) of 
interest is one of the major goals of nuclear medicine 
imaging. In the conventional method, imaging begins 
after a time interval after the tracer injection. Over this 
period, the radiotracer has time to accumulate in the 
organ(s) of interest.

The study of cardiac perfusion, using dynamic im-
aging, however, offers additional functional informa-
tion, as it may capture the kinetics of tracer transport 
and uptake, and can provide quantitative values more 
reflective of the underlying chemical and physiologi-
cal mechanisms of interest. In conventional methods, 
the imaging protocols are typically based on one slow 
tomographic rotation performed following long delay 
times, and considerable kinetic information may be lost.

We wish to note that dynamic acquisition and imaging 
is expected to be more viable and powerful, and more 
likely to be adopted for routine and widespread usage, if 
it can be demonstrated to maintain capabilities of tradi-
tional static perfusion imaging.

We thus set to investigate the feasibility of perfusion 
imaging via dynamic SPECT in simulations and clini-
cal studies using a dual-head SPECT system. In order 
to do this, we performed a summation of dynamically 
obtained tomographic data. The results of comparisons 
between dynamic and conventional imaging indicated a 
very good correlation between the two imaging meth-
ods, especially when using more than three time-frames 
and with data acquired >5 minutes post-injection. Fur-
thermore, a comparison of perfusion scores between 

the two methods indicated that dynamic MPI values in 
most basal and mid regions were amplified. Because an 
increase in frame numbers beyond 4 (64 sec for each 
cycle) did not improve the correlation coefficient, a 
reasonably shortened total duration was necessary to 
achieve myocardial perfusion assessment comparable 
to conventional imaging.

If appropriate acquisition delay post-injection is not 
observed (~150 sec or more), correlations were poor, 
which is clearly related to the fact that at early times the 
blood activity exceeds that of myocardial tissue activity, 
and there are different underlying spill-in/out processes 
at play, and there may not be enough uptake in the myo-
cardium for constant total duration protocols. However, 
Tang et al.[49] did demonstrate (in Rb-82 PET imag-
ing) that using less delay (but not ending earlier; i.e. 
maintaining typical end of acquisition times) actually 
enhanced perfusion defect detection, even though it re-
sulted in images with less or even no contrast between 
the myocardium and blood pool.

As it is shown in table 3, dynamic imaging showed 
higher perfusion score in most of the segments compared 
to the conventioanl imaging. The average of perfusion 
score differences was 2.75±5.54%. The relatively lower 
correlation between dynamic and conventional results 
for the case of the healthy volunteer may have been due 
to the short dely post-injection. According to our results, 
the optimum time to start acquisition was beyond 200s 
post-injection, while for this case it was only 84 sec. 
In the interval of about 3 min post-injection, the blood 
activity curve typically reaches its maximun, and there 
may not have been enough time to absorb a significant 
amount of thallium in the myocardium.
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As mentioned before, the myocardial thallium scan 
is a conventional method for viability assessment. The 
perfusion images of dynamic method were compared 
with the conventional results, both quantitavely and 
qualitatively. There were no significant difference be-
tween the dynamic and conventioal results. Moreover, 
dynamic images have the capability to extract the tim-
ing information of the region of interest. 

Finally, we must note that the next clear line of re-
search is to pursue the capabilities that dynamic SPECT 
imaging provides beyond conventional imaging. Clear-
ly, this area requires careful optimization for specific 
tasks of interest (e.g. detection, quantification) and one 
may discover that different start-time delays and total 
durations may be required for optimal kinetic parameter 
estimation. Subsequent to this, the results of the present 
work must be put in perspective with new results, and 
the relative importance of the different kinds of images 
and parameters estimated need to be assessed in orderto 
propose viable and appropriate acquisition protocols.

5. Conclusion

Dynamic image acquisition opens up new opportuni-
ties for estimation of kinetic parameters and processes of 
interest. Dynamic SPECT, as the recent works demon-
strate, has valuable kinetic information about the organ 
of interest. However, for the acquired data from cardiac 
dynamic SPECT technique, myocardial perfusion also 
affects tracer kinetics to some extent. Form this phe-
nomenon a hypothesis arises whether it is possible to 
generate conventional perfusion scores and kinetic in-
formation simultaneously with cardiac dynamic SPECT 
technique. This is a notable consideration because it 
enables more widespread adoption of this technique, as 
it maintains the capability to generate conventional per-
fusion scores, while it enables additional generation of 
kinetic parameters of interest.

At the present work, we seek the correlation of perfu-
sion scores extracted from dynamic SPECT techniques 
with conventional methods, using Monte Carlo simula-
tion and case studies. As the results show, the dynamic 
SPECT methods can be utilized to produce perfusion 
images that are highly correlated with conventional 
SPECT imaging. The reliable myocardial perfusion in-
formation with additional kinetic parameters at the same 
time may treat more widespread utilization of dynamic 
SPECT techniques.
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