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Abstract
Objective—The aim of this study was to use multi-detector computed tomography (MDCT) to
assess therapeutic effects of myocardial regenerative cell therapies.

Background—Cell transplantation is being widely investigated as a potential therapy in heart
failure. Noninvasive imaging techniques are frequently used to investigate therapeutic effects of
cell therapies in the preclinical and clinical setting. Previous studies have shown that cardiac
MDCT can accurately quantify myocardial scar tissue and determine left ventricular (LV) volumes
and ejection fraction (LVEF).

Methods—Twenty-two minipigs were randomized to intramyocardial injection of phosphate-
buffered saline (placebo, n=9) or 200 million mesenchymal stem cells (MSCs, n=13), twelve
weeks after myocardial infarction (MI). Cardiac MRI and MDCT acquisitions were performed
prior to randomization 12 weeks after MI induction and at the study endpoint 24 week post-MI.
None of the animals received medication to control the intrinsic heart rate during first-pass
acquisitions for assessment of LV-volumes and LVEF. Delayed enhancement MDCT imaging was
performed 10 min after contrast delivery. Two blinded observers analyzed MDCT acquisitions.

Results—MDCT demonstrated that MSC therapy resulted in a reduction of infarct size from
14.3±1.2% to 10.3±1.5% of LV-mass (p=0.005) while infarct size increased in non-treated
animals (from 13.8±1.3% to 16.5±1.5%; p=0.02) (Placebo vs MSC; p=0.003). Both observers had
excellent agreement for infarct size (r=0.96; p<0.001). LVEF increased from 32.6±2.2% to
36.9±2.7% in MSC treated animals (p=0.03) and decreased in placebo animals (from 33.3±1.4 to
29.1±1.5%; p=0.01; at week 24: placebo vs MSC p=0.02). Infarct size, end-diastolic LV volume
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and LVEF assessed by MDCT compared favorably with MRI acquisitions (r=0.70; r=0.82;
r=0.902; respectively, p<0.001).

Conclusions—This study demonstrates that cardiac MDCT can be used to evaluate infarct size,
LV-volumes, and LVEF after intramyocardial delivered MSC therapy. These findings support the
use of cardiac MDCT in preclinical and clinical studies for novel myocardial therapies. (word
count 299)
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Introduction
Cardiac imaging techniques play a critical role in the evaluation of novel therapies providing
reliable surrogate endpoints in the ongoing effort to explore new approaches to treat heart
diseases. Myocardial transplantation of different cell types and preparations has been widely
investigated as a potential therapy for myocardial infarction (MI) and heart failure (HF) in
recent years(1). Magnetic resonance imaging (MRI) is one of the preferred imaging tools in
addition to the frequently used echocardiography and nuclear techniques, to provide reliable
assessment of left ventricular ejection fractions (LVEF) and infarct size, which are generally
accepted surrogate endpoints (2,3). Previous animal studies using cardiac MRI have shown
that mesenchymal stem cells (MSC) reduce infarct size and improve LV-function in acute
and chronic MI (4–6). However, the use of MRI in the clinical setting is limited in patients
with metallic implants and pacemakers, and is relatively complex and time consuming.

Over the last decade, multi-detector computed tomography (MDCT) has emerged as a novel
tomographic cardiac imaging modality. Improvement in spatial and temporal resolution has
allowed the implementation of myocardial applications, which are necessary to evaluate
regenerative therapies. Although, these MDCT applications are still investigative, current
MDCT technology is able to provide reliable and reproducible assessment of cardiac
function (7,8), myocardial viability with delayed contrast enhancement (de) (9–11), and
myocardial blood flow (12–14). However, whether MDCT can be used for follow-up studies
and is able to show therapeutic effects of regenerative cell therapies has not been
investigated. Accordingly, the purpose of this study was (1) to use MDCT LV-function and
myocardial viability as surrogate endpoints in a randomized animal study to evaluate
outcomes of intra-myocardial delivered cell therapy and (2) to evaluate the robustness and
comparability of MDCT in relation to MRI.

Methods
Animal Model

All animal studies were approved by the Johns Hopkins University Institutional Animal
Care and Use Committee and comply with the “Guide for the Care and Use of Laboratory
Animals” (NIH Publication no. 80–23, revised 1985). Thirty-three female Göttingen
minipigs were purchased from Marshall BioResources (North Rose, NY). Myocardial
infarcts were induced by occlusion of the mid LAD with an inflated coronary angioplasty
balloon as previously described in detail (15). Five animals did not survive the infarct
procedure. Two animals died during the early follow-up in the first 4 days post-MI and 4
animals died between week 8 and 12 post-MI. Twenty-two animals were enrolled in the
study.
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Cell harvest and isolation
The thirteen animals randomized to cell therapy received bone-marrow derived porcine
mesenchymal stem cells (MSCs). MSCs were obtained, isolated, and expanded as
previously described (6). In brief, MSC were harvested when they reached 80% to 90%
confluence. Cells were then placed in cryo bags at a concentration of 10 to 15 million
MSCs / ml and then frozen in a control rate freezer to −180°C until the day of implantation.
Trypan blue staining was performed to attest viability of thawed MSC lots before injection.
Only MSC lots containing 85% or more of viable cells were used in the study.

Cell transplantation procedures
Twelve weeks after MI, animals were randomized to receive either intra-myocardial
injections of porcine MSCs or phosphate buffered saline (PBS) to serve as a treatment
(n=13) or placebo (n=9) group, respectively. Myocardial injections were performed as
previously described in detail (5,6).

Cardiac Multi-Detector Computed Tomography
MDCT images were acquired at two time-points, prior to randomization at week 12 post-MI
and 12 weeks after the intra-myocardial injection procedure at week 24.

Image Acquisition—Each animal was scanned with electrocardiographic monitoring
using a 0.5 mm × 64-slice MDCT scanner (Aquilion™64 -Toshiba Medical Systems
Corporation, Otawara, Japan). Data acquisition for LV-function parameters and LV-volumes
were initiated manually at a threshold value of 180 HU in the descending aorta. A 60 ml
bolus of iodixanol (Visipaque™320 mg iodine/ml; Amersham Health, Amersham, UK) was
injected intravenously at rate of 5.0 ml/s opacifiying the LV chamber during first-pass.
Additional 90 ml iodixanol were given intravenously after first-pass acquisitions, and
delayed contrast enhancement images were acquired 10 minutes after initial contrast
delivery; 150-ml of iodixanol (0.91 ± 0.04 × 103 mg iodine/kg body weight) is 1.5 times the
human equivalent dose of contrast currently used for MDCT angiography.

During MDCT acquisition, respiration was suspended and imaging was performed using a
retrospective ECG-gated MDCT protocol without dose modulation. Imaging parameters:
gantry rotation time = 400 ms, detector collimation = 0.5mm × 64 (isotropic voxels =
0.5×0.5×0.5 mm3 - 13 linepairs/cm), helical pitch = variable depending on heart rate (range:
6.4–6.8), tube voltage = 120 kV, tube current = 400 mA). Animals with heart rates >100
beats per minute (bpm) during first-pass acquisition received intravenous metoprolol (2–5
mg) and /or amiodarone (50 to150 mg) to achieve lower heart rate for delayed contrast-
enhanced acquisitions.

Image Reconstruction and Analysis—All raw data were reconstructed at contiguous
0.5 mm slice thickness by an adaptive multi-segment reconstruction algorithm (16). First-
pass acquisitions were reconstructed in 10% steps from 0–90% throughout the entire R–R
interval using a standard kernel (FC43); images were reformatted at 4 mm slice thickness in
short axis and evaluated in QMass CT® 7.1 (Medis medical imaging systems, Leiden, The
Netherlands). Endo- and epicardial borders of the LV were defined in all 10 contiguous
slices and each end-diastolic and end-systolic frame was determined to calculate LVEF, end-
diastolic LV volume, end-systolic LV volume, LV stroke volume, and LV remodeling
parameters. The temporal resolution based on gantry rotation of all MDCT acquisitions was
211.5±5.4 milli-seconds.

Delayed contrast-enhancement MDCT data (for myocardial scar assessment) were
reconstructed at 80% of the R to R' interval using the FC43 kernel and multisegment
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reconstruction. ECG editing to account for arrhythmias were performed when necessary.
Multi-planar reformation at 4 mm slice thickness in the short-axis of the heart was
implemented, and MDCT images were analyzed using a custom research software package
(Cine Tool, GE Medical Systems Waukesha, WI). Infarct mass/volumes in de-MDCT
images were defined by 3 standard deviations (SD) of the signal intensity above the viable
myocardium, for the core infarct and 2 SD for the PIZ as described (16). Infarct size was
defined as infarct mass as percentage of LV-mass. Both data sets, the cine MDCT
acquisitions and de-MDCT images, were analyzed by 2 blinded observers.

Cardiac Magnetic Resonance Imaging
MRI was performed at the same time-points as MDCT imaging in random order on a 1.5 T
MR scanner (CV/i, GE Medical Systems, Waukesha, WI).

Image Acquisition—LVEF function and LV volumes were assessed using a steady-state
free precession pulse sequence (17). A total of six to eight contiguous short–axis slices were
prescribed to cover the entire LV, from base to apex. Image parameters were as follows: TR/
TE= 4.2 ms /1.9 ms; flip angle= 45°; 256×160 matrix; 8 mm slice thickness/no gap; 125
kHZ; 28 cm FOV and 1 NSA. After an intravenous injection of Gd-DTPA (0.2 mmol/kg
body weight, Magnevist, Berlex, Wayne, NJ), de-MR images were acquired 15 minutes later
using an ECG-gated, breath-hold, interleaved, inversion recovery, and FGRE pulse
sequence. Delayed contrast enhanced MRI images were acquired in the same location as the
short axis cine-images. Imaging parameters were: TR/TE/TI= 7.3 ms, 3.3 ms and 180 to 240
ms; Flip angle= 25°; 256 × 196 matrix; 8 mm slice thickness/no gap; 31.2 kHZ; 28 cm field
of view (FOV) and 2 NSA. Inversion recovery time was adjusted as needed to null the
normal myocardium (16).

Image Analysis: Cine MR images were analyzed with QMass MR® 7.1 (Medis medical
imaging systems, Leiden, The Netherlands). To evaluate LVEF, LV-volumes and
myocardial mass endo- and epicardial borders were defined each in the end-diastolic and
end-systolic frame in 25 to 30 contiguous slices, and LV parameters and volumes were
calculated. The temporal resolution of the cine MR images was 21.6±0.9 milliseconds.
Delayed contrast enhanced MR images were analyzed on the same custom research software
package (Cine Tool, GE Medical Systems, Waukesha, WI) as de-MDCT images. Infarct
size, determined by infarct mass as a percentage of LV-mass and infarct volume in de-MR
images, were defined with the same threshold method described for de-MDCT analysis.

Statistical Analysis
All data are presented as mean ± standard error of the mean unless otherwise stated. For
infarct size and infarct volume comparison, Pearson correlation and linear regression
analysis were used to compare MDCT and MRI. Results were confirmed by Bland-Altman
analysis and agreement expressed as mean ±SD difference between methods at 95%
confidence intervals (CI). The MDCT and MRI data were evaluated with a paired Student t-
test. All analyses were performed in MedCalc (MedCalc Software, Mariakerke, Belgium). A
p-value < 0.05 was considered significant.

Results
Baseline conditions

Twenty-two animals were enrolled in this study 12 weeks post-MI (91.9±2.6 days and
87.9±2.0 days post-MI for placebo and MSC, respectively; p=0.19). After randomization,
animals in both groups were of similar age (16.8±0.7 months and 15.5±1.1 months for
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placebo and MSC, respectively; p=0.35) and body weight (39.3±1.6 kg and 35.7±1.9kg for
placebo and MSC, respectively; p=0.11).

Infarct Size and Scar Volume
One placebo and two MSC treated animals were excluded from analysis due to poor
imaging quality caused by motion artifacts at week 24. Infarct size, defined as infarct mass
as percentage of LV-mass, was reduced in all MSC treated animals at week 24 while it
increased in all animals in the placebo group (Figure 1). We observed a mean expansion of
29.1±5.7% in infarct scar volume in the placebo group (p=0.001). MSC therapy had limited
effect on total scar volume (p=0.1), (Figure 1 and 2 C, D). At week 24, infarct size and
infarct volume were reduced in MSC treated animals compared to placebo (p=0.003 and
p=0.01, respectively), (Table 1 and Figure 2 A–D).

Global LV-Function and LV-Volumes
Cardiac MDCT demonstrated that the decrease in infarct size resulted in 14.0±6.7%
improvement in LVEF in animals randomized to MSC therapy, whereas LVEF decreased by
- 12.3±3.1% in the placebo group (Table 1 and Figure 2E, F). Of note, 2 animals that
received MSC therapy did not show improved LVEF (Figure 2F). All MDCT data for global
LV-function and LV-volumes are summarized in table 1.

Inter-Observer Variability
Inter-observer correlation for infarct size, total infarct volume, LVEF, and end-diastolic LV-
volumes were excellent (r=0.96, r=0.98, r=0.93 and r=0.93, respectively) in MDCT
acquisitions. The complete data is presented in table 2.

MDCT comparison with MRI
MDCT and MRI were performed on the same day in random order within two hours
following the first imaging study. Three animals had to be excluded from the analysis as
MRI data were not obtained on the day of the MDCT imaging. In 32 MRI studies, available
the same day as MDCT acquisitions, we found fair agreement for infarct size, infarct
volume, LVEF, and end-diastolic LV volume (Figure 3 and table 3). In addition, end-
systolic LV volumes showed a good correlation with both imaging modalities (r=0.81;
p<0.001). Bland-Altman analysis revealed a slight overestimation by 1.4 mL (CI: 16.3 to
−13.6) with MDCT. Table 4 shows a direct comparison of all MDCT and MRI values at the
two time-points.

Finally, we showed that MDCT and MRI demonstrate similar effectiveness of MSC therapy
from week 12 to week 24 (Figure 4). Infarct size decreased by mean values of 4.7±1.1 cc
and 6.2±2.0 cc when evaluated with de-MDCT and de-MRI in MSC treated animals,
respectively (p=0.43). The changes in LVEF with MSC treatment were also apparent with
both imaging modalities with comparable mean values (4.5±1.0 mL and 5.6±1.3 mL, MDCT
vs. MRI, respectively; p=0.4). The changes between the in placebo and MSC treated animals
were also detected with both imaging modalities. Although the detected differences between
MDCT and MRI were not significant for all infarct and functional parameters, the changes
over time (Δchange) correlated assessment (Figure4).

Discussion
This is the first study to employ cardiac MDCT for the evaluation of therapeutic effects of
cell therapy on infarct size, LV-volumes, and LV-function. Our results suggest that MDCT
imaging reliably assesses end-diastolic LV volumes, LVEF, infarct size, and infarct volumes
with delayed contrast acquisitions; it is able to access the effect of intra-myocardial
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delivered cell therapy compared to placebo. These findings confirm previous studies that
used MRI to evaluate the therapeutic potential of intra-myocardial delivered MSC in HF
subjects with chronic infarct scars (6,18). This study introduces MDCT imaging as an
alternative cardiac imaging technique to determine efficacy of novel myocardial
therapeutics.

Myocardial Infarct Scar Assessment by MDCT
MDCT has the capability to distinguish between viable and non-viable myocardium with
delayed contrast-enhancement for the detection of acute and chronic infarct scar, and has
recently been reported in animal experiments and human studies; however, it is still
considered an investigative technique (9–11,16,19). After intravenous delivery, iodine-based
contrast agents accumulate in myocardial tissue damaged by MI. The discrimination
between viable and nonviable myocardium result from increased attenuation values caused
by the accumulation of iodine molecules in the infarct area detected by MDCT. This is in
contrast to enhancement mechanisms by MRI that rely on alteration of the contrast media
via interactions with water molecules (9). The infarct sizes detected by de-MDCT in this
study are significantly smaller than matching MRI values; these results are in accordance
with previously published data for acute and chronic MI (16,20). Thus, de-MDCT and de-
MRI derived values for infarct size and infarct volume should not be used interchangeable at
the current status of MDCT technology.

The extent of contrast enhancement detected by MRI has been shown to predict the response
to medical treatment in HF patients (21). Reduction of infarct size has been noted with de-
MRI following myocardial cell therapy in animal studies and patients (4–6,22,23). Thus,
quantification of infarct size and infarct volume by de-MDCT could be a valuable surrogate
end point allowing the prediction of response to therapy. Delayed contrast enhanced MDCT
currently offers the highest spatial resolution for transmural characterization of infarct scars,
and this can be particularly helpful in guiding intra-myocardial delivery of cell-based
therapies. An akinetic segment might be deemed nonviable by nuclear techniques caused by
limited spatial resolution, but shows some viability in de-MDCT, which increases the
likelihood that this segment will eventually recover with therapeutic intervention (24).

Evaluation of Cardiac Function and Volumes by MDCT
Cardiac function with MDCT is accomplished with intravenous injection of iodine-based
contrast agents for opacification of the blood pool to delineate the borders of the ventricle
and application of retrospective ECG-gated protocols, to record the complete cardiac cycle
during the R-R-interval. Various investigators reported a consistent overestimation of LVES
volumes and an underestimation of LVEF by MDCT with 4-slice and early 16-slice
technology compared to MRI; however, with the introduction of 64-slice MDCT technology
and improvement in temporal resolution these inter-method differences in global LV
function variables are no longer reproduced. Temporal resolution, based on gantry rotation,
has been reported to be less than 165 ms with single-source systems and further to 83ms
with dual-source MDCT technology (7). Our results are in accordance with studies
comparing single-source and dual-source 64-slice MDCT— with MRI showing small
differences between both modalities and narrow Bland-Altman windows (25–29). In our
study, we observed good correlation coefficients for end-diastolic LV-volumes and LVEF
and we are able to confirm the linear relationship between both volumetric imaging
techniques for LV-function and LV remodeling parameters making both tomographic
imaging methods interchangeable for LV function and LV-volumes assessment. Evaluation
of the cardiac structure, LV-volumes, and LV-function—specifically LVEF— is an integral
step in determining prognosis and therapy for HF patients (30). Human trials, using a variety
of cell-therapy approaches, have used improvements in LVEF as an end-point (3).
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Compared with volumetric changes, using LVEF as an end-point has the advantage of
denoting a survival difference and is an accepted surrogate measure for mortality (31). The
magnitude of treatment effect on LVEF seen in these trials has ranged from 5% to 9%, while
the change in the control groups has ranged from −2% to 4% (32).

Advantages and Limitation of MDCT imaging
As a novel cardiac imaging option for LV-function and viability, MDCT offers some
solutions for the difficulties faced in MRI. MDCT can be safely performed in patients with
metallic implants, such as pacemakers; defibrillators; and prostheses; who are inappropriate
candidates for MRI. Although MRI is considered the reference standard for cardiac function
and myocardial viability— based on the accuracy and reproducibility of measurements—
the duration of cardiac MRI acquisitions with multiple prolonged breath-holds are required
to obtain adequate data sets, are time consuming, and impossible in patients with
claustrophobia. Thus, cardiac MRI is limited to specialized centers, which is in contrast to
cardiac MDCT which is widely accessible. MDCT imaging is fast and offers good temporal
and excellent spatial resolution; however, MDCT acquisitions require iodinated contrast
agents and involve radiation exposure.

Future Perspective
In order to translate cardiac function and viability assessment with MDCT into clinical trials
standardized low-dose protocols are needed; especially, to minimize overall radiation
exposure as follow–up studies are required for outcome assessment. In the latest generation
of MDCT scanners, ECG-gated tube current modulations are commonly applied in
retrospective acquisitions for evaluation of cardiac function (7). Low-dose delayed contrast-
enhancement protocols have been reported (9). We have recently described a prospectively
gated protocol for high-resolution de-MDCT imaging that lowers radiation dose by an order
of magnitude (33).

In addition to cardiac function and viability, MDCT is able to assess myocardial blood flow
(MBF). Cardiac CT perfusion is based on the same first-pass principle as MRI (14) which
has been used to evaluate cell therapy (5). Semi-quantitative and quantitative assessments of
MBF with MDCT have been reported in experimental animals (9,13). Cardiac MDCT is
poised to offer a comprehensive evaluation of novel myocardial therapeutics.

Study Limitations
This animal study was conducted without any medical therapy given to patients currently
post-MI. Therefore, the chronic MIs expanded and the infarct size increased in the placebo
group consistent with results from a clinical study using non-invasive imaging techniques
conducted in the early 1980s (34). With modern medical therapy decrease in infarct size is
anticipated in chronic MI as shown in a recent MRI study (35). To complicate matters,
additive effects of ACE inhibition with β-blockade in combination with cell therapy are
described (36). Although these limitations are evident in the current study, the goal of this
study was to demonstrate the usefulness of using MDCT to evaluate the effect of myocardial
therapies.

However, there are some limitations that may affect the transfer of the reported MDCT
protocols and results to application in human trials. First, the animals presented had elevated
heart rates which are usually considered a relative contraindication for MDCT. While the
reported MDCT protocols proved reliable even under these unfavorable conditions, it has to
be considered that patients with an elevated heart rate above 60–70bpm may receive
negative chronotropic medication in order to reduce the heart rate for coronary CT
angiography. This will affect the value of functional analysis, as ventricular volumes change
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if beta blockers are applied; however, beta blockers only have to be given if coronary CT
angiography is mandated. Second, no tube current modulation was applied, as is routinely
done now in patient studies in order to reduce radiation exposure. Increased image noise on
systolic images of ECG-gated tube current modulation may affect the accuracy of global and
regional LV function assessment. Third, because of the passive contrast kinetics of iodine-
based contrast agents and the limited collateral circulation in pigs, de-MDCT imaging of
chronic infarct scars in this animal model requires a relatively large dose of iodine to cause a
sufficient change in the volume distribution in the myocardial bed. In this study we used 1.5
times a human equivalent dose, though successful viability imaging in humans has been
reported in several studies with standard contrast volumes used for coronary CT
angiography (37).

Conclusions
This animal study suggests that cardiac MDCT can be reliably used to evaluate infarct size,
infarct volumes, LV-volumes, and LV–function after intra-myocardial delivered MSC
therapy with sensitivity similar to cardiac MRI showing similar changes at follow-up. These
findings support the use of cardiac MDCT in preclinical and clinical studies as a non-
invasive imaging technique for detecting therapeutic effects of novel myocardial therapies.

Abbreviation List

de delayed contrast-enhancement

LAD left anterior descending artery

LV left ventricle/ventricular

LVEDV left ventricular end-diastolic volume

LVESV left ventricular end-systolic volume

LVEF left ventricular ejection fraction

LVSV left ventricular systolic volume

MDCT multi-detector computed tomography

MI myocardial infarction

MSC mesenchymal stem cell

MRI magnetic resonance imaging

SD standard deviation
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Figure 1. Infarct assessment with delayed contrast enhanced MDCT
Example of de-MDCT images for a placebo (A,B) and a MSC (C,D) treated animal at 24
weeks. Delayed contrast enhanced images were reconstructed in the short axis at 4 mm slice
thickness. Panel B and D show the slices of the placebo (A) and MSC (C) case, respectively,
with a computer-generated mask depicting the infarct area in red.
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Figure 2. Impact of MSC Therapy assessed by MDCT
(A–D) All placebo animals (n=8) showed an increase in infarct size (A) and infarct volume
(C) at week 24, while intra-myocardial delivery of MSCs reduced infarct size (B) and
stabilized infarct volume (D) in all treated animals (n=11).(E, F) LVEF is decreased at week
24 in placebo animals, while it increases in most MSC treated animals; however, in 2
animals the treatment failed to improve LVEF.
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Figure 3. Quantitative Assessment of MDCT and MRI values
The relation between MDCT and MRI for infarct size, infarct volume, LVEF and LVED-
volume was evaluated for 16 animals at both time-points. (A, B) MDCT and MRI show a
fair correlation for infarct size at 4 mm and 8 mm slice thickness, respectively, with an
underestimation of infarct size by de- MDCT compared to de-MRI in Bland-Altman
analysis. (C, D) Good correlation of infarct volume with less underestimation of by de-
MDCT than infarct size. (E, F) Good correlation of both modalities can be appreciated with
minimal underestimation of LVEF by MDCT. (G,H) MDCT and MRI show excellent
correlation of end-diastolic volume.
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Figure 4. Comparison of MDCT and MRI values for MI and LVEF assessment
Data of placebo (n=8) and MSC treated (n=8) animals imaged on the same day with both
modalities are compared to evaluate the absolute difference of MDCT and MRI values,
effectiveness of MSC therapy and correlation of the evaluated changes over time (Δchange).
(A,B) Both de-MDCT and de-MRI detect significant differences of infarct size with MSC
therapy (p<0.0001). (C) The changes over time show a fair correlation between MDCT and
MRI assessment. (D,E,F) These differences are also apparent as infarct volume is compared
(p<0.0001) showing a modest correlation of both modalities. (G,H) Values for LVEF are
similar with MDCT and MRI. Importantly, the effectiveness of MSC therapy is apparent
with both imaging modalities, and detected changes were not significantly different between
MDCT and MRI evaluations in the studied animals (p=0.06). (I) The Δchange analysis
shows a good correlation for LVEF evaluation with MDCT and MRI.

Schuleri et al. Page 14

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Schuleri et al. Page 15

Ta
bl

e 
1

In
fa

rc
t v

al
ue

s, 
LV

-F
un

ct
io

n 
an

d 
LV

-V
ol

um
es

 b
y 

M
D

C
T

Pa
ra

m
et

er
G

ro
up

s
W

ee
k 

12
W

ee
k 

24
p-

va
lu

e

In
fa

rc
t s

iz
e

(%
 o

f L
V

m
as

s)
Pl

ac
eb

o
13

.8
 ±

 1
.3

16
.3

 ±
 1

.6
0.

00
5

M
SC

14
.3

 ±
 1

.2
9.

9 
± 

1.
3*

0.
00

1

T
ot

al
 in

fa
rc

t v
ol

um
e

(c
c)

Pl
ac

eb
o

4.
7 

± 
0.

6
6.

2 
± 

0.
7

0.
00

1

M
SC

4.
4 

± 
0.

4
3.

6 
± 

0.
5†

0.
1

L
V

E
D

 m
as

s
(g

)
Pl

ac
eb

o
33

.6
 ±

 1
.1

37
.5

 ±
 1

.6
0.

02

M
SC

30
.6

 ±
 1

.3
37

.4
 ±

 2
.1

#
0.

00
03

L
V

 e
je

ct
io

n 
fr

ac
tio

n
(%

)
Pl

ac
eb

o
33

.3
 ±

 1
.4

29
.1

 ±
 1

.5
0.

01

M
SC

32
.6

 ±
 2

.2
36

.9
 ±

 2
.7

§
0.

03

St
ro

ke
 v

ol
um

e
(m

l)
Pl

ac
eb

o
19

.7
 ±

 1
.6

19
.4

 ±
 0

.8
0.

81

M
SC

15
.1

 ±
 0

.7
20

.6
 ±

 1
.6

#
0.

00
4

L
V

E
D

 v
ol

um
e

(m
l)

Pl
ac

eb
o

60
.1

 ±
 5

.7
67

.6
 ±

 4
.1

0.
16

M
SC

48
.1

 ±
 3

.1
56

.3
 ±

 4
.3

#
0.

01

L
V

E
S 

vo
lu

m
e

(m
l)

Pl
ac

eb
o

40
.4

 ±
 4

.5
48

.3
 ±

 3
.7

0.
07

M
SC

33
.0

 ±
 2

.9
36

.4
 ±

 4
.1

**
0.

15

M
SC

 (n
=1

1)
 v

s P
la

ce
bo

 (n
=8

)

* p=
0.

00
3

# p=
N

S

**
p=

0.
04

7

† p=
0.

01

§ p=
0.

02

# p=
N

S

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2012 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Schuleri et al. Page 16

Ta
bl

e 
2

In
te

r-
O

bs
er

ve
r V

ar
ia

bi
lit

y 
fo

r M
D

C
T

Pa
ra

m
et

er
s

C
or

re
la

tio
n 

C
oe

ffi
ci

en
t (

r)
95

%
 C

on
fid

en
ce

 In
te

rv
al

 fo
r 

r
Si

gn
ifi

ca
nc

e 
L

ev
el

 (p
)

D
iff

er
en

ce
 (m

ea
n)

95
%

 C
on

fid
en

ce
 in

te
rv

al
 fo

r 
m

ea
n

In
fa

rc
t s

iz
e

(%
 o

f L
V

m
as

s)
0.

96
0.

93
 to

 0
.9

8
<

0.
00

01
0.

6
3.

0 
to

 −
1.

8

In
fa

rc
t v

ol
um

e
(m

l)
0.

98
0.

95
 to

 0
.9

9
<

0.
00

01
0.

05
0.

8 
to

 −
0.

7

L
V

E
D

 m
as

s
(g

ra
m

)
0.

84
0.

71
 to

 0
.9

2
<

0.
00

01
−
0.
9

3.
9 

to
 −

5.
7

L
V

 e
je

ct
io

n 
fr

ac
tio

n
(%

)
0.

93
0.

87
 to

 0
.9

6
<

0.
00

01
−
1.
1

4.
8 

to
 −

7.
0

St
ro

ke
 v

ol
um

e
(m

l)
0.

84
0.

70
 to

 0
.9

1
<

0.
00

01
−
0.
1

5.
2 

to
 −

5.
3

E
D

 v
ol

um
e

(m
l)

0.
92

0.
84

 to
 0

.9
6

<
0.

00
01

3.
1

14
.9

 to
 −

8.
7

E
S 

vo
lu

m
e

(m
l)

0.
93

0.
86

 to
 0

.9
6

<
0.

00
01

3.
2

12
.7

 to
 −

6.
2

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2012 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Schuleri et al. Page 17

Ta
bl

e 
3

C
or

re
la

tio
n 

an
d 

B
la

nd
-A

ltm
an

 A
na

ly
si

s o
f M

D
C

T 
an

d 
M

R
I

Pa
ra

m
et

er
s

C
or

re
la

tio
n 

C
oe

ffi
ci

en
t (

r)
L

in
ea

r 
R

eg
re

ss
io

n 
E

qu
at

io
n

Si
gn

iff
ic

an
ce

 L
ev

el
 (p

)
m

ea
n 

D
iff

er
en

ce
 (b

ia
s)

St
an

da
rd

 D
ev

ia
tio

n 
(S

D
)

95
%

C
on

fid
en

ce
in

te
rv

al
 fo

r
m

ea
n

In
fa

rc
t s

iz
e

(%
 L

 V
m

as
s)

To
ta

l
0.

70
y 

= 
0.

9 
x 

+ 
9.

4
<0

.0
00

1
−
7.
5

4.
27

0.
8 

to
 −

15
.9

w
ee

k 
12

0.
37

y 
= 

0.
5 

x 
+ 

14
.1

0.
16

−
7.
5

5.
23

3.
0 

to
 −

18
.0

w
ee

k 
24

0.
89

y 
= 

1.
0 

x 
+ 

7.
5

<0
.0

00
1

−
7.
5

3.
06

−
1.

7 
to

 −
13

.3

pl
ac

eb
o

0.
44

y 
= 

0.
5 

x 
+ 

15
.4

0.
09

−
7.
4

4.
22

1.
7 

to
 −

16
.5

M
SC

0.
82

y 
= 

1.
1 

x 
+ 

6.
1

<0
.0

01
−
7.
6

4.
07

0.
2 

to
 −

15
.4

T
ot

al
 in

fa
rc

t v
ol

um
e

(c
c)

To
ta

l
0.

81
y 

= 
1.

3 
x 

+ 
1.

9
<0

.0
00

1
−
3.
2

1.
71

0.
3 

to
 −

6.
6

w
ee

k 
12

0.
68

y 
= 

1.
2 

x 
+ 

2.
3

0.
00

4
−
3.
0

1.
77

0.
3 

to
 −

6.
4

w
ee

k 
24

0.
87

y 
= 

1.
3 

x 
+ 

1.
9

<0
.0

00
1

−
3.
3

1.
76

0.
3 

to
 −

6.
9

pl
ac

eb
o

0.
73

y 
= 

1.
1 

x 
+ 

2.
7

0.
00

1
−
3.
3

1.
94

0.
4 

to
 −

7.
0

M
SC

0.
86

y 
= 

1.
5 

x 
+ 

1.
2

<0
.0

00
1

−
3.
0

1.
53

0.
3 

to
 −

6.
2

L
V

 e
je

ct
io

n 
fr

ac
tio

n
(%

)
To

ta
l

0.
90

y 
= 

1.
1 

x 
−

 3
.2

<0
.0

00
1

−
0.
9

3.
81

6.
6 

to
 −

8.
5

w
ee

k 
12

0.
87

y 
= 

1.
1 

x 
−

 2
.4

<0
.0

00
1

−
0.
9

3.
69

6.
1 

to
 −

8.
0

w
ee

k 
24

0.
92

y 
= 

1.
1 

x 
−

 3
.5

<0
.0

00
1

−
0.
9

4.
19

7.
3 

to
 −

9.
1

pl
ac

eb
o

0.
88

y 
= 

1.
4 

x 
−

 1
2.

1
<0

.0
00

1
0.

3
3.

43
7.

6 
to

 −
7.

0

M
SC

0.
91

y 
= 

1.
0 

x 
−

 3
.6

<0
.0

00
1

−
2.
2

3.
78

5.
0 

to
 −

9.
6

E
D

 v
ol

um
e

(m
l)

To
ta

l
0.

82
y 

= 
0.

7 
x 

+ 
19

.3
<0

.0
00

1
−
0.
02

6.
63

15
.9

 to
 −

16
.0

w
ee

k 
2

0.
84

y 
= 

0.
6 

x 
+ 

23
.6

<0
.0

01
−
1.
2

5.
90

15
.7

 to
 −

18
.0

w
ee

k 
24

0.
81

y 
= 

0.
8 

x 
+ 

12
.2

<0
.0

01
1.

1
7.

44
16

.3
 to

 −
14

.1

pl
ac

eb
o

0.
81

y 
= 

0.
7 

x 
+ 

18
.5

<0
.0

01
−
3.
1

6.
38

11
.1

 to
 −

17
.3

M
SC

0.
81

y 
= 

0.
7 

x 
+ 

15
.9

<0
.0

01
3.

0
7.

10
18

.8
 to

 −
12

.7

To
ta

l: 
n=

32
; w

ee
k 

12
, w

ee
k 

24
, p

la
ce

bo
, M

SC
: n

=1
6

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2012 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Schuleri et al. Page 18

Ta
bl

e 
4

C
om

pa
ris

on
 o

f M
D

C
T 

an
d 

M
R

I s
tu

di
es

 (n
=3

2)

Pa
ra

m
et

er
G

ro
up

s
Pl

ac
eb

o
p-

va
lu

e
M

SC
p-

va
lu

e

w
ee

k 
12

w
ee

k 
24

w
ee

k 
12

w
ee

k 
24

In
fa

rc
t S

iz
e

(%
 o

f L
V

 m
as

s)
M

D
C

T
13

.8
 ±

 1
.3

16
.3

 ±
 1

.6
0.

02
14

.5
 ±

 1
.4

9.
4 

± 
1.

7*
0.

00
5

M
R

I
20

.1
 ±

 1
.6

24
.9

 ±
 1

.1
0.

03
23

.3
 ±

 2
.1

15
.8

 ±
 2

.0
†

0.
01

To
ta

l i
nf

ar
ct

 v
ol

um
e

(c
c)

M
D

C
T

4.
5 

± 
0.

5
5.

9 
± 

0.
7

0.
00

2
4.

4 
± 

0.
5

3.
5 

± 
0.

7§
0.

04

M
R

I
7.

1 
± 

0.
8

9.
9 

± 
0.

9
0.

03
7.

8 
± 

0.
9

6.
0 

± 
1.

1
0.

04

LV
ED

 m
as

s
(g

)
M

D
C

T
35

.0
 ±

 1
.4

37
.8

 ±
 1

.4
0.

08
33

.5
 ±

 1
.6

39
.4

 ±
 2

.8
0.

10

M
R

I
37

.3
 ±

 2
.5

41
.3

 ±
 2

.4
0.

16
32

.2
 ±

 1
.9

37
.8

 ±
 1

.4
0.

05

LV
 e

je
ct

io
n 

fr
ac

tio
n

(%
)

M
D

C
T

33
.3

 ±
 1

.4
29

.1
 ±

 1
.5

0.
03

34
.7

 ±
 2

.5
38

.5
 ±

 3
.2

#
0.

02

M
R

I
34

.0
 ±

 2
.6

27
.8

 ±
 1

.9
0.

01
35

.9
 ±

 2
.6

41
.7

 ±
 3

.3
††

0.
02

ED
 v

ol
um

e
(m

l)
M

D
C

T
60

.1
 ±

 5
.7

67
.6

 ±
 4

.1
0.

16
48

.7
 ±

 4
.0

54
.7

 ±
 3

.8
**

0.
44

M
R

I
56

.6
 ±

 4
.7

65
.1

 ±
 2

.5
0.

08
50

.2
 ±

 3
.5

53
.5

 ±
 4

.6
9*

*
0.

67

w
ee

k 
24

: M
SC

 (n
=8

) v
s P

la
ce

bo
 (n

=8
);

* p=
0.

01

† p=
0.

00
1

§ p=
0.

03

# p=
0.

02

**
p=

0.
04

††
p=

0.
00

3

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2012 December 1.


