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Original Article

Cardiac Magnetic Resonance Imaging
used for Evaluation of Adipose-Derived
Stromal Cell Therapy in Patients with
Chronic Ischemic Heart Disease

Abbas Ali Qayyum1 , Anders Bruun Mathiasen1,
Naja Dam Mygind1, Niels Groove Vejlstrup1, and Jens Kastrup1,2

Abstract
Adipose-derived stromal cell (ASC) therapy is currently investigated as a new treatment option for patients with
ischemic heart disease (IHD). The aim of this study was to evaluate the effect of ASC therapy in patients with chronic
IHD measuring myocardial perfusion and cardiac function using cardiac magnetic resonance imaging (CMRI). Patients
were included in MyStromalCell trial, a phase II, randomized, double-blinded, placebo-controlled study investigated the
effect of ASCs in patients with chronic IHD with preserved left ventricular ejection fraction (LVEF). In total, 41 of 60
patients underwent cine, late enhancement, rest and stress imaging with CMRI. There was a non-significant difference
between stress and rest values in maximal signal intensity, a measure of myocardial perfusion, from baseline to follow-up
comparing placebo with ASC group (–52.52 + 88.61 and 3.05 + 63.17, p ¼ 0.061, respectively). LVEF, myocardial
mass, stroke volume, left ventricle end-diastolic volume and end-systolic volume changed non-significantly (–0.5 + 4.7%,
–3.5 + 13.1 g, –0.7 + 8.6 mL, 1.9 + 25.1 mL and 2.6 + 16.5 mL, respectively) in the placebo group and in the ASC
group (0.7 + 8.6%, 0.9 + 10.8 g, –0.3 + 26.1 mL, –3.0 + 31.5 mL and –2.7 + 20.4 mL, respectively) from baseline to
6 months follow-up. The amount of scar tissue was unchanged in the placebo group by 0.0 + 1.6 g, p ¼ 1.0 and in the
ASC group with –0.3 + 2.3 g, p ¼ 0.540. There was no difference between the groups. There was a non-significant
trend toward increased myocardial perfusion but no significant changes in functional parameters or amount of scar
tissue in patients treated with ASCs compared with patients allocated into the placebo group.

Keywords
adipose-derived stromal cell, cardiac magnetic resonance imaging, coronary artery disease, mesenchymal, randomized clinical
trial; stem cell therapy

Introduction

The main function of the heart is to pump blood around to

supply the body and itself with oxygen and nutrients. Cor-

onary arteries are essential in the process of supplying oxy-

gen and nutrients to the myocardium, a process which had

been already suggested in the 13th century1. A significant

amount of atherosclerosis results in reduced myocardial

blood perfusion and reduced function of the heart2. This in

turn can cause chest pain (angina) and shortness of breath

(dyspnea).

Cardiac magnetic resonance imaging (CMRI) is a non-

invasive imaging modality, which can be used for the

assessment of cardiac function, morphology and myocardial

perfusion without using ionizing radiation3–5. Images
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obtained using CMRI have a good temporal and a high spa-

tial resolution, and thus may be a useful tool in the evalua-

tion of therapies targeting perfusion abnormalities6.

Cell-based therapies are being intensively investigated as

a new treatment option for patients with ischemic heart dis-

ease (IHD). Recently, the effect of mesenchymal stromal cell

therapy has been evaluated by imaging modalities in patients

with IHD without or with heart failure, and demonstrated

improved left ventricular ejection fraction (LVEF), changes

in the dimension of cardiac chambers and showed a tendency

toward a reduced amount of scar tissue7,8.

We have recently finalized The Mesenchymal Stromal

Cell (MyStromalCell) study, a phase II, randomized,

double-blinded, placebo-controlled study investigating the

effect of vascular endothelial growth factor-A165-stimulated

adipose-derived stromal cells (ASCs) in patients with

chronic IHD with preserved LVEF9. The study was neutral

in its primary endpoint bicycle exercise test10. However,

there was a significant increase in bicycle exercise test in

time duration and exercise capacity in the ASC group from

baseline to 6 months follow-up, which was not seen in the

placebo group.

The aim of this sub-study in the MyStromalCell study

was to evaluate the effect of ASC therapy on left ventricle

myocardial perfusion and function in patients with chronic

IHD using CMRI.

Materials and Methods

Patient Population

All included patients gave written informed consent. The

study complied with the Declaration of Helsinki and was

approved by the National Ethical Committee (02-268856)

and Danish Medicines Agency (2612-2867). In addition, the

study was registered in clinicaltrials.gov (NCT01449032).

Patients aged 30–80 years with chronic IHD, refractory

angina or angina-equivalent dyspnea despite optimal

medical therapy, LVEF > 40% and at least one significant

coronary artery stenosis without any options for revascular-

ization were enrolled in MyStromalCell trial9. A total of 60

patients were included to investigate the effect of vascular

endothelial growth factor-A165 (R&D Systems, Minneapolis,

MN, USA) stimulated ASCs. All patients were considered

for CMRI (MAGNETOM Avanto, 1.5 T, Siemens, Erlangen,

Germany). However, 19 patients did not have a CMRI with

contrast injection due to claustrophobia, contraindications

for CMRI or creatinine > 130 mmol/L.

The patients were blindly randomized in 2:1 ratio to

receive ASCs or saline injections, respectively. The ASCs

were obtained from abdominal adipose tissue and culture

expanded as previously described9. The cells were injected

into the border zone between viable and ischemic myocar-

dial tissue using a NOGA Myostar® catheter (NOGA® sys-

tem, Biologics Delivery Systems, CA, USA) in 10–15

injections of 0.2 mL of ASCs or saline after electromecha-

nical mapping of the left ventricle endocardium9.

Protocol

CMRI was performed at baseline prior to and 6 months after

ASC therapy. During the examinations the clinical condi-

tion, electrocardiogram (ECG), blood pressure and heartbeat

was monitored. The patients were instructed to abstain from

caffeine-containing products for 24 h before the examina-

tion. Moreover, they had to refrain from long-acting nitrates

for at least 18 h prior the examination.

Cardiac Magnetic Resonance Imaging

CMRI was performed using a clinical MAGNETOM Avanto

1.5-Tesla scanner (Siemens, Germany) with a 6-channel car-

diac chest coil combined with back surface coils. The patient

was placed in a headfirst supine position and had two 18- and

20-gauge intravenous catheters inserted into the left and

right ante-cubital veins, respectively. Contrast agent

and adenosine for the stress perfusion imaging were admini-

strated through separate power injectors.

Scout images were obtained first. Then the short-axis

cine images were acquired using an ECG-gated, balanced

steady-state free precession gradient-echo sequence with

retrospective gating at end-expiratory breath hold. The scan

rate was 25 images per cardiac cycle covering the entire

length of the heart.

After short-axis cine images, rest perfusion imaging was

performed with three short-axis slices (basal, mid-

ventricular and apical) during first-pass of gadolinium. The

gadolinium chelate (Gadovist; Bayer Schering Pharma,

Berlin, Germany) was administrated as a bolus of 0.1

mmol/kg body weight at a rate of 5 mL/s immediately

followed by 15 mL of saline with the same rate of injection

from the power injector. The rest imaging was ECG-gated

and obtained at end-expiratory breath hold with single-shot

hybrid gradient-echo saturation recovery TurboFlash

sequence (echo-time, 1.14 ms; repetition time, 190.92 ms;

flip angle, 12�; field of view, 360 � 360; matrix, 192 �
125 mm; GRAPPA acceleration factor, 2; slice thickness,

8 mm). Fifty dynamic acquisitions were acquired with the

three slices per cardiac cycle.

To quantify the scar tissue, late gadolinium enhancement

images were acquired as breath-hold, ECG-gated, inversion

recovery fast gradient-echo images 10–20 min after rest per-

fusion imaging. The inversion time was set to null the myo-

cardium best (250–380 ms) and images were acquired

covering the entire length of the left ventricle.

At least 25 min after the first injection of contrast, stress

perfusion imaging was performed with the same settings and

image position used during rest perfusion imaging. The

stress images were obtained 2.5 min after start of adenosine

infusion, which was given as a continuous infusion of

140 mg/kg/min, after another bolus injection of 0.1 mmol/kg
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gadolinium followed by 15 mL of saline. Adenosine infusion

was stopped immediately after the images were acquired.

CMRI Analysis

All images were analyzed using CVI42 (Circle Cardiovas-

cular Imaging Inc., Calgary, Canada).

The myocardial perfusion is related to slope which was

calculated from time-signal intensity curves obtained after

injection of contrast as the rate of increase in signal intensity.

Moreover, myocardial perfusion is related to maximum sig-

nal intensity (maxSI) which was also derived from time-

signal curves. Slope and maxSI were obtained for both rest

and stress images (Fig. 1). Myocardial perfusion difference

(MPD) was calculated as difference between stress and rest

data while myocardial perfusion reserve (MPR) was calcu-

lated as the ratio between stress and rest values.

The endo- and epicardial borders of the myocardium were

manually traced on short-axis images, late enhancement

images, rest and stress perfusion images.

LVEF, left ventricle end-diastolic volume (LVEDV), left

ventricle end-systolic volume (LVESV), stroke volume and

myocardial mass was obtained from the data output of the

short-axis cine images. The amount of scar tissue was cal-

culated from late enhancement images. The images were

traced and analyzed by the consensus of two experienced

physicians blinded to the treatment allocation.

Invasive Coronary Angiography

Standard clinical techniques were used to perform the inva-

sive coronary angiogram. Stenosis of more than 70% was

considered significant.

Statistical Analysis

Data analysis was performed using SPSS version 23 (SPSS

Inc., Chicago, Illinois, USA). Continuous variables are pre-

sented as mean + standard deviation. Categorical variables

are presented as numbers and percentages. Paired and

Fig. 1. Signal intensity-time curves for left ventricle blood pool and for each myocardial sector. Maximum signal intensity (MaxSI) and slope
for each sector can be calculated and are correlated to the myocardial perfusion. MaxSI and slope is indicated for the anterior-septal sector
(yellow sector).
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unpaired t-tests were used for comparison of continuous data

within groups and for comparison between groups, respec-

tively. One-way analysis of variance (ANOVA) was used to

compare means between more than two groups and no fur-

ther analysis was performed. Two-tailed probability values

< 0.05 were considered significant.

Results

Study Patients

This study included in total 41 of the 60 original patients

from MyStromalCell trial, 13 patients from the placebo

group and 28 patients from the ASC group. Of the 19

patients not included, 10 were not eligible for CMRI due

to either implantation of pacemaker or implantable cardio-

verter defibrillator unit, seven patients had claustrophobia

and two patients were not suitable for the scanner due to a

body mass index of 37.6 kg/m2 and 38.6 kg/m2.

The abdominal liposuction volume amounted 92 +
27 mL and the stromal vascular fraction resulted in 95 +
60 � 106 cells. The patients in the ASC group were treated

with 61.1 + 38.9 � 106 ASCs after the cells were culture

expanded for two passages under good manufacturing prac-

tice conditions for 33 + 16 days. On average, 13 and 14

injections were given to the patients in the placebo and ASC

group, respectively. Before the intramyocardial injections of

ASCs or placebo, a 3D map of the left ventricle was created

with the NOGA-XP system and intramyocardial injections

with Myostar injection catheters (Biologics Delivery Sys-

tems Group, Johnson & Johnson, USA) were performed of

0.2 mL of placebo or ASCs into viable myocardium (uni-

polar voltage of >0.6 mV) in the border zone of an area of

scar tissue (unipolar voltage of <0.6 mV).

Table 1 summarizes the baseline characteristics of the

study population. The mean age was 66.2 + 7.6 and

64.1 + 9.7 years in the placebo group and in the ASC group,

respectively. At baseline, the creatinine was 95 + 24 and

82 + 17 mmol/L, and estimated glomerular filtration rate/

1.73 cm2 71 + 17 and 79 + 13 mL/min in the placebo group

and in the ASC group, respectively. There were no signifi-

cant differences between the two groups.

The invasive coronary angiography demonstrated that

10 out of 13 patients in the placebo group had one-vessel

disease while 22 out of 28 patients in the ASC group had

one-vessel disease. The rest of the patients had two-vessel

disease, and other vessel territories were either well nour-

ished through native vessels or bypass grafts.

Rest and Stress Perfusion Data

Table 2 shows the slope and maxSI data, as a measure of

myocardial perfusion, at rest and stress for patients rando-

mized into the placebo group and ASC group at baseline and

at 6 months follow-up.

There were no differences in global slope and maxSI from

baseline to follow-up for rest or adenosine stress data within

the groups or between the groups.

The difference between stress and rest values, MPD for

slope and maxSI, and the ratio between stress and rest val-

ues, MPR for slope and maxSI did not change significantly

from baseline to 6 months follow-up in the placebo group or

ASC group (Table 3). There were no significant differences

between the groups for the calculated changes from baseline

to follow-up for MPD and MPR for slope and maxSI. How-

ever, the difference in MPD maxSI from baseline to follow-

up was –52.52 + 88.61 and 3.05 + 63.17, p ¼ 0.061, in the

placebo group and in the ASC group, respectively (Table 4).

There was a trend observed for increased myocardial

perfusion (maxSI) between groups when dividing the ASC

treated into two groups: patients receiving less than mean

ASC and patients receiving more than mean ASC. For

patients in the placebo group, the global maxSI difference

between stress and rest changed from baseline to follow-up

with –52.52 + 88.61, while for patients in the low ASC

group there was a change of –2.39 + 48.81 but in the high

ASC group it increased by 9.03 + 78.39 (p ¼ 0.167, for

comparison between three groups). Looking at the three

slices (basal, mid and apical), the maxSI were reduced in

Table 1. Baseline Characteristics of Patients Undergoing Cardiac
Magnetic Resonance Imaging.

Parameter
Placebo
(n ¼ 13)

ASC
(n ¼ 28) p-value

Age (years) 66.2 + 7.6 64.1 + 9.7 0.468
Male gender 13 (100) 25 (89.3) 0.539
BMI (kg/m2) 29.7 + 4.2 29.9 + 3.7 0.912
Smoking 0.442
- Current 2 (15.4) 7 (25)
- Previous 10 (76.9) 16 (57.1)
- Never 1 (7.7) 5 (17.9)
Diabetes mellitus 5 (38.5) 11 (39.3) 1.000
Hypertension 9 (69.2) 22 (78.6) 0.698
AMI 6 (46.2) 18 (64.3) 0.322
CABG 13 (100) 22 (78.6) 0.152
PCI 11 (84.6) 20 (71.4) 0.458
Hgb A1c (mmol/L) 6.0 + 0.6 6.6 + 1.3 0.091
Total cholesterol (mmol/L) 3.9 + 0.7 4.5 + 1.2 0.058
Creatinine (mmol/L) 95 + 24 82 + 17 0.089
eGFR (mL/min) 71 + 17 79 + 13 0.151
Coronary artery disease 1.000
One-vessel disease 10 (76.9) 22 (78.6)
Two-vessel disease 3 (23.1) 6 (21.4)
Stenotic vessel territory 0.713
Left anterior descending artery 2 (12.5) 5 (14.7)
Left circumflex artery 10 (62.5) 17 (50.0)
Right coronary artery 4 (25) 12 (35.3)

AMI: acute myocardial infarction; ASC: adipose-derived stromal cell; BMI:
body mass index; CABG: coronary artery bypass grafting; eGFR: estimated
glomerular filtration rate /1.73m2; Hgb A1c: hemoglobin A1c; PCI: percu-
taneous coronary intervention.
Values are mean + SD or number (%).
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the placebo group from baseline to follow-up while there

was a trend toward increased or less reduced maxSI for

patients in the low ASC group or high ASC group (Table 5).

Functional and Late Enhancement Data

LVEF and myocardial mass were reduced non-significantly

in the placebo group from baseline to 6 months follow-up

(–0.5 + 4.7% and –3.5 + 13.1 g, respectively) while they

were increased non-significantly in the ASC group (0.7 +
8.6% and 0.9 + 10.8 g, respectively) (Table 6). Stroke vol-

ume was reduced both in the placebo and ASC group

(–0.7 + 8.6 mL, p ¼ 0.861 and –0.3 + 26.1 mL, p ¼
0.959, respectively).

There was a non-significant increase in LVEDV (1.9 +
25.1 mL, p ¼ 0.787) and in LVESV (2.6 + 16.5 mL, p ¼
0.578) from baseline to 6 months follow-up in the placebo

group while LVEDV and LVESV decreased non-

significantly in the ASC group by –3.0 + 31.5 mL (p ¼
0.621) and –2.7 + 20.4 mL (p ¼ 0.502), respectively.

There was no change in scar tissue in the placebo group

(0.0 + 1.6 g, p ¼ 1.000) or in the ASC group (–0.3 + 2.3 g,

p ¼ 0.540).

However, there were no significant differences between

baseline and 6 months follow-up for functional data and scar

tissue or between the two groups (Fig. 2).

Discussion

In this study, CMRI was used for evaluation of changes in

global myocardial perfusion, left ventricle function and

structure in the first-in-man randomized, double-blind,

placebo-controlled clinical trial, MyStromalCell trial,

using vascular endothelial growth factor-A165-stimulated

autologous ASCs in patients with chronic IHD and refrac-

tory angina.

The primary endpoint bicycle exercise test in MyStromal-

Cell trial showed a significant increase for patients treated

with ASCs but not for the placebo patients from baseline to 6

months follow-up but no significant differences between the

groups10. Even though we were not able to show any signif-

icant changes in left ventricle parameters, the amount of scar

tissue or myocardial perfusion was measured using CMRI.

The main problem in our patient population is reduced

myocardial perfusion due to coronary artery stenosis, result-

ing in angina. Our myocardial perfusion data were a global

evaluation. We did not quantify absolutely the myocardial

perfusion in mL per gram of myocardial tissue per minute to

evaluate the changes, which could be of interest and espe-

cially in the target regions or at a vessel territorial level. It is

difficult to identify the areas of ASC injections, and thus it is

very difficult to measure the myocardial perfusion locally in

the area of injections. Moreover, it is well known that there

exists a trans-mural myocardial perfusion gradient, and an

evaluation of myocardial perfusion of that gradient might

have shown some other results of our data. However, thereT
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was a trend toward a significant difference in MPD maxSI

from baseline to follow-up between placebo and ASC group,

which may be a sign of increased myocardial perfusion in the

ASC group.

Previously, two studies using freshly isolated unselected

adipose-derived cells in patients with ischemic heart failure

(PRECISE study, NCT00426868) and in patients with acute

myocardial infarction (APOLLO study, NCT00442806)

have been published11,12.

In the PRECISE study, a randomized controlled trial to

test the effect of intramyocardial-delivered adipose-derived

freshly harvested non-culture-expanded cells in 27 patients

with ischemic heart failure, left ventricle myocardial mass

measured by CMRI increased significantly in the active

group but not in the placebo group. The APOLLO trial, a

randomized study to test the effect of intracoronary-

delivered adipose-derived freshly harvested non-culture-

expanded cells in 14 patients with ST-elevation myocardial

infarction, demonstrated a non-significant improved LVEF

of 5.7% between placebo group and the active group mea-

sured by sestamibi single photon-emission computed tomo-

graphy (p¼ 0.114). When using CMRI, an increase in LVEF

Table 3. The Difference Between Stress and Rest Values as Myocardial Perfusion Difference for Slope (MPD_slope), Myocardial Perfusion
Difference for Maximal Signal Intensity (MPD_MaxSI) and the Ratio Between Stress and Rest as the Myocardial Perfusion Reserve for Slope
(MPR_slope) and for Maximal Signal Intensity (MPR_maxSI) at Baseline and 6 Months Follow-up in the Placebo Group and Adipose-Derived
Stromal Cell (ASC) Group.

Placebo

95% Confidence
Interval of the Difference

Baseline Follow-up Difference Lower Upper p-value

MPD_slope –13.26 + 4.77 –11.63 + 10.55 1.63 + 11.66 –7.33 10.59 0.686
MPD_maxSI 40.41 + 99.07 –12.11 + 78.02 –52.52 + 88.61 –120.63 15.59 0.113
MPR_slope 0.46 + 0.24 0.62 + 0.44 0.16 + 0.57 –0.28 0.60 0.425
MPR_maxSI 1.13 + 0.52 0.83 + 0.44 –0.30 + 0.52 –0.70 0.10 0.121

ASC

95% Confidence
Interval of the Difference

Baseline Follow-up Difference Lower Upper p-value

MPD_slope –3.90 + 9.93 –6.94 + 13.26 –3.03 + 18.15 –11.29 5.23 0.453
MPD_maxSI 1.11 + 47.54 4.16 + 59.28 3.05 + 63.17 –25.71 31.80 0.827
MPR_slope 0.87 + 0.52 0.80 + 0.56 –0.08 + 0.83 –0.46 0.30 0.671
MPR_maxSI 1.05 + 0.32 1.01 + 0.34 –0.05 + 0.35 –0.21 0.11 0.544

Values are mean + SD.

Table 4. The Change in Maximal Signal Intensity (maxSI) between Rest and Stress (Myocardial Perfusion Difference) from Baseline to
Follow-up Scan for Patients in Placebo and Adipose-Derived Stromal Cell (ASC) Group Evaluated Global Values (all Slices) and for Each Slice
Separately.

Global Basal slice Mid slice Apical slice

Placebo –52.52 + 88.61 –125.56 + 246.47 –15.67 + 26.02 –16.33 + 22.94
ASC 3.05 + 63.17 –0.14 + 171.68 3.29 + 23.73 6.00 + 18.49
p-value 0.061 0.119 0.061 0.009

Values are mean + SD.

Table 5. The Change in Maximal Signal Intensity (maxSI) between Rest and Stress (Myocardial Perfusion Difference) from Baseline to
Follow-up Scan for Patients in the Placebo Group, for Patients who Received Less than Mean Number of Adipose-Derived Stromal Cells
(ASCs) (Group 1) and for Patients Receiving more than Mean ASCs (group 2). The Mean Number of ASCs were 61.1 + 38.9 � 106 ASCs.
Global Values (all Slices) and for Each Slice Separately.

Global Basal slice Mid slice Apical slice

Placebo group –52.52 + 88.61 –125.56 + 246.47 –15.67 + 26.02 –16.33 + 22.94
ASC group 1 –2.39 + 48.81 –26.45 + 123.51 8.09 + 17.99 11.18 + 20.06
ASC group 2 9.03 + 78.39 28.80 + 216.26 –2.00 + 28.85 0.30 + 15.61
p-value 0.167 0.249 0.116 0.016

Values are mean + SD.
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of 4.6% (p ¼ 0.091) between groups from baseline to 6

months follow-up was demonstrated. Moreover, there was

a decrease in infarct size in the active group but not in the

placebo group, but no significant difference between the

groups (p ¼ 0.48). The visual rest perfusion defect was

reduced in the active group but not in the placebo group.

Nevertheless, there were no significant differences between

the two groups.

Intramyocardial-delivered bone marrow-derived mesench-

ymal stromal cells, in an open study of 31 patients with

chronic IHD, refractory angina and preserved left ventricle

function, showed improved CMRI-measured LVEF and wall

thickness8,13.

In the MSC-HF trial, a significant improvement in LVEF,

LVESV, stroke volume and myocardial mass was demon-

strated in patients with ischemic heart failure treated with

bone marrow-derived mesenchymal stromal cells compared

with the placebo group7.

Preclinical studies in rats have demonstrated that

intramyocardial-delivered culture-expanded ASCs result

Table 6. Changes in Left Ventricle Function, Cardiac Muscle Mass and Scar Tissue in the Placebo Group and the Adipose-Derived Stromal
Cell (ASC) Treated Group from Baseline to 6 Months Follow-up.

Placebo
95% Confidence

Interval ASC
95% Confidence

Interval

Difference
Lower
Bound

Upper
Bound p-value Difference

Lower
Bound

Upper
Bound p-value

p-value between
placebo and ASC

LVEDV (mL) 1.9 + 25.1 –13.2 17.1 0.787 –3.0 + 31.5 –15.5 9.4 0.621 0.623
LVESV (mL) 2.6 + 16.5 –7.4 12.6 0.578 –2.7 + 20.4 –10.7 5.4 0.502 0.421
Stroke volume (mL) –0.7 + 14.0 –9.1 7.8 0.861 –0.3 + 26.1 –10.6 10.1 0.959 0.956
LVEF (%) –0.5 + 4.7 –3.3 2.4 0.731 0.7 + 8.6 –2.7 4.1 0.676 0.653
Myocardial mass (g) –3.5 + 13.1 –11.4 4.4 0.358 0.9 + 10.8 –3.3 5.2 0.659 0.267
Scar tissue (g) 0.0 + 1.6 –1.1 1.1 1.000 –0.3 + 2.3 –1.3 0.7 0.540 0.711

LVEDV: left ventricle end-diastolic volume; LVEF: left ventricle ejection fraction; LVESV: left ventricle end-systolic volume.
Values are mean + SD
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in an increase in LVEF, wall thickness and reduction of

infarct size assessed by echocardiography and 18F-FDG

microPET imaging14,15.

Good correlation between slope and quantified myocar-

dial perfusion based on Fermi function deconvolution in

healthy individuals has been shown16. In addition, CMRI-

measured semi-quantitative myocardial perfusion has shown

good correlation to quantitative CMRI-measured myocardial

perfusion, rubidium-82 positron emission tomography and to

320-multidetector computed tomography-measured qualita-

tive myocardial perfusion17–19. However, in scar tissue the

slope derived from the time-signal curve after injecting con-

trast is decreased compared with normal tissue due to

reduced blood perfusion20.

There are several limitations in our study that might have

had an influence on our results. The number of patients is

rather small, and the 2:1 randomization might then be a

problem due to the relatively few placebo patients compared

with the ASC patients.

Moreover, the present sub-study was not powered to detect

changes of left ventricle functional parameters, scar tissue or

perfusion data assessed by CMRI. This is a small explorative

study with very highly selected patients with preserved car-

diac function and a limited number of female patients

included. A higher number of patients, the exact area of target

and patients with reduced left ventricle function may be

needed to detect the changes induced by ASCs. Moreover,

the gap between the slices when obtaining the myocardial

perfusion scans may also play a role. Furthermore, no correla-

tion between the 3D NOGA map of left ventricle and CMRI

images was performed prior to the injections.

The patients received the amount of ASCs reached after

two passages of culture expansion. Therefore, the variation

of ASC amount received by the patients is also a factor to be

considered, and a standardized amount of allogeneic ASC

with a higher amount of cells given may show other results

than the present.

The linearity between CMRI signal intensity and the con-

trast agent concentration has only been tested and found

valid for low concentrations of gadolinium21. In this study,

we used a relatively high dose of gadolinium contrast, and

this potential non-linearity could have resulted in our non-

significant changes for perfusion data. Furthermore, partial

volume effect could have played a role in the calculations,

thus the ASCs were injected endocardially.

There may be several factors influencing on our perfusion

data, for example heart rate, coronary perfusion pressure,

ventricle contraction and vascular tone22–25. In addition, the

ability to auto-regulate the myocardial perfusion may be

impaired in patients with diabetes mellitus, hypertension,

and so on, and due to the altered composition of myocardial

tissue after, for example, myocardial infarction and micro-

vascular dysfunction25–27. These patients constituted

approximately 40–75% of the study population, and their

perfusion data may not follow linearity and thus not be suit-

able for comparison of treatment effect of ASCs on

myocardial perfusion. However, it is a general problem in

these patients without any clear solution, and we did not

adjust our data for those factors. It can be speculated whether

some subgroups are better responders to cell therapy due to

the factors mentioned above.

Conclusion

In conclusion, the present study did not show a significant

change in left ventricle functional parameters, amount of

scar tissue or myocardial perfusion in patients treated with

ASCs compared with patients allocated to placebo treatment.

However, a trend toward significant difference in myocar-

dial perfusion evaluated by maxSI between placebo and

ASC group was observed.
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17. Qayyum AA, Kühl JT, Mathiasen AB, Ahtarovski KA,

Vejlstrup NG, Kofoed KF, Kastrup J. Value of cardiac 320-

multidetector computed tomography and cardiac magnetic

resonance imaging for assessment of myocardial perfusion

defects in patients with known chronic ischemic heart disease.

Int J Cardiovasc Imaging. 2013;29(7):1585–1593.

18. Qayyum AA, Hasbak P, Larsson HBW, Christensen TE,

Ghotbi AA, Mathiasen AB, Vejlstrup NG, Kjaer A, Kastrup

J. Quantification of myocardial perfusion using cardiac mag-

netic resonance imaging correlates significantly to rubidium-

82 positron emission tomography in patients with severe

coronary artery disease: a preliminary study. Eur J Radiol.

2014;83(7):1120–1128.

19. Qayyum AA, Qayyum F, Larsson HBW, Kjaer A, Hasbak P,

Vejlstrup NG, Kastrup J. Comparison of rest and adenosine

stress quantitative and semi-quantitative myocardial perfusion

using magnetic resonance in patients with ischemic heart dis-

ease. Clin Imaging. 2017;41:149–156.

20. Hopp E, Bjørnerud A, Lunde K, Solheim S, Aakhus S, Arnesen

H, Forfang K, Edvardsen T, Smith HJ. Perfusion MRI at rest in

subacute and chronic myocardial infarct. Acta Radiol. 2013;

54(4):401–411.

21. Utz W, Niendorf T, Wassmuth R, Messroghli D, Dietz R,

Schulz-Menger J. Contrast-dose relation in first-pass myocar-

dial MR perfusion imaging. J Magn Reson Imaging. 2007;

25(6):1131–1135.

22. Al-Saadi N, Nagel E, Gross M, Bornstedt A, Schnackenburg B,

Klein C, Klimek W, Oswald H, Fleck E. Noninvasive detection

of myocardial ischemia from perfusion reserve based on car-

diovascular magnetic resonance. Circulation. 2000;101(12):

1379–1383.

23. Czernin J, Müller P, Chan S, Brunken RC, Porenta G, Krivo-

kapich J, Chen K, Chan A, Phelps ME, Schelbert HR. Influence

of age and hemodynamics on myocardial blood flow and flow

reserve. Circulation. 1993;88(1):62–69.

24. McGinn AL, White CW, Wilson RF. Interstudy variability of

coronary flow reserve. Influence of heart rate, arterial pressure,

and ventricular preload. Circulation. 1990;81(4):1319–1330.

25. Mosher P, Ross J, Mcfate PA, Shaw RF. Control of coronary

blood flow by an autoregulatory mechanism. Circ Res. 1964;

14:250–259.

26. Arrighi JA, Dilsizian V. Multimodality imaging for assessment

of myocardial viability: nuclear, echocardiography, MR, and

CT. Curr Cardiol Rep. 2012;14(2):234–243.

27. Nishimura S, Li Z, Watanabe H, Yoshinaga K, Sumikama T,

Tachibana T, Yamaguchi K, Kurata-Nishimura M, Lorusso G,

Miyashita Y, Odahara A, et al. b-decay half-lives of very

neutron-rich Kr to Tc isotopes on the boundary of the r-

process path: an indication of fast r-matter flow. Phys Rev Lett.

2011;106(5):052502.

1708 Cell Transplantation 28(12)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


