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Abstract

Background: Trials have brought diverse results of bone marrow stem cell treatment in necrotic myocardium. This
substudy from the Autologous Stem Cell Transplantation in Acute Myocardial Infarction trial (ASTAMI) explored
global and regional myocardial function after intracoronary injection of autologous mononuclear bone marrow
cells (mBMC) in acute anterior wall myocardial infarction treated with percutaneous coronary intervention.

Methods: Cardiovascular magnetic resonance (CMR) tagging was performed 2-3 weeks and 6 months after
revascularization in 15 patients treated with intracoronary stem cell injection (mBMC group) and in 13 controls
without sham injection. Global and regional left ventricular (LV) strain and LV twist were correlated to cine CMR
and late gadolinium enhancement (LGE).

Results: In the control group myocardial function as measured by strain improved for the global LV (6 months:
-13.1 ± 2.4 versus 2-3 weeks: -11.9 ± 3.4%, p = 0.014) and for the infarct zone (-11.8 ± 3.0 versus -9.3 ± 4.1%, p =
0.001), and significantly more than in the mBMC group (inter-group p = 0.027 for global strain, respectively p =
0.009 for infarct zone strain). LV infarct mass decreased (35.7 ± 20.4 versus 45.7 ± 29.5 g, p = 0.024), also
significantly more pronounced than the mBMC group (inter-group p = 0.034). LV twist was initially low and
remained unchanged irrespective of therapy.

Conclusions: LGE and strain findings quite similarly demonstrate subtle differences between the mBMC and
control groups. Intracoronary injection of autologous mBMC did not strengthen regional or global myocardial
function in this substudy.

Trial registration: ClinicalTrials.gov: NCT00199823

Background
Different studies have brought diverse results on the
effects of cell therapy in acute myocardial infarction.
Effect measures have included clinical parameters and
measurements of global left ventricular (LV) function
obtained through a spectrum of methods [1-6]. Some
groups have explored regional left ventricular function
as evaluated by wall motion or wall thickening assessed

from cardiovascular magnetic resonance (CMR) or myo-
cardial remodeling assessed from strain echocardiogra-
phy [4,7-10]. Treatment for large myocardial infarctions
is considered more challenging due to risk for LV dilata-
tion and progressive ejection fraction (EF) reduction,
and in three of the studies subgroup analyses have indi-
cated a more substantial beneficial effect from stem cell
therapy in large infarctions or in hearts with low LV EF
[8,9,11]. Myocardial strain calculated from CMR tagging
is currently regarded as the non-invasive gold standard
for assessment of regional function. However, limited
availability and analysis effort seem to reduce the overall
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use of the method [12,13]. In this substudy of the Autolo-
gous Stem Cell Transplantation in Acute Myocardial
Infarction trial (ASTAMI) [2], we calculated LV circum-
ferential strain and twist from short axis grid CMR tag-
ging obtained on 28 patients first at 2-3 weeks and then
subsequently 6 months after the infarction. We examined
whether intracoronary injection of autologous mononuc-
lear bone marrow cells (mBMC) influenced regional
myocardial function or LV twist. In addition, we aimed
to explore the potentials for tagging analysis to detect
more subtle changes in myocardial function undetectable
by other examination techniques in routine use.

Methods
Study group
Methods and techniques used in the ASTAMI trial have
been reported in detail previously [2]. Briefly, 100 patients
with acute left anterior descending artery (LAD) myocar-
dial infarction were randomized to either intracoronary
injection of autologous mBMC (mBMC group) or control
with no sham injection after successful revascularization.
mBMC injection was performed 4-8 days (mean 6 days)
after percutaneous coronary intervention (PCI). Baseline
CMR was performed after 2-3 weeks (18.8 ± 3.8 days)
after myocardial infarction and was repeated after
6 months. For this substudy, the CMR protocol included
short axis grid tagging sequences in addition to cine
images and post contrast late gadolinium enhancement
(LGE). The patients were a consecutive series of the last
28 patients included in ASTAMI who either received
mBMC per protocol (n = 15) or belonged to the control
group (n = 13). The study complies with the Declaration
of Helsinki, and the protocol was approved by the regional
committee for research ethics. All patients gave written,
informed consent.

Cardiac Magnetic Resonance
Cine images, tagging sequences and late enhancement
images were acquired in the same image session with
1.5 tesla units (Magnetom Vision Plus or Magnetom
Sonata, Siemens, Erlangen, Germany) with a phased
array body coil.
Two cine long axis projections of the left ventricle were

acquired with either a breath-hold segmented spoiled
gradient echo sequence, fast low angle shot (FLASH) or a
breath-hold segmented balanced gradient echo sequence,
fast imaging with steady-state free precession (trueFISP).
Each patient had either paired FLASH or paired trueFISP
examinations. Temporal resolution was 50 ms or less and
slice thickness was 6 mm.
Tagged CMR of the left ventricle was obtained with a

FLASH sequence. Three short axis levels were standar-
dized with the basal level just apical to the mitral ring at
end-systole, the mid-ventricular level on the mid-point

of the left ventricular long axis, and apical level just
basal to the level of luminal closure at end-systole.
Orthogonal tags in a grid pattern were parallel or per-
pendicular to the 2-chamber long axis plane with dis-
tance between tags of 8 mm. Temporal resolution was
less than 50 ms and slice thickness 6 or 8 mm.
Late enhancement images were obtained 10 - 20 min-

utes after intravenous injection of 0.2 mmol/kg gado-
pentetate dimeglumine (Magnevist, Schering, Berlin,
Germany) in two long axis projections corresponding to
the cine images and multiple short axis projections cov-
ering the LV with a breath-hold inversion recovery
turbo gradient echo sequence. The inversion time was
chosen to null the signal of the normal myocardium.
Slice thickness was 7 or 8 mm and increment between
slices was 10 mm.

CMR analysis
All CMR analyses were performed blinded to treatment
allocation. End diastolic volumes (EDV), end systolic
volumes (ESV) and EF were calculated according to the
biplane area-length method from the two long axis cine
projections [14].
Tagging recordings were analyzed with Harmonic

Phase Imaging (HARP version 1.0, Diagnosoft Inc, Palo
Alto, California). For each slice, 24 mid-wall points were
semi-automatically tracked, and circumferential Lagran-
gian end systolic strain was calculated from deformation
of the line between points. Each of the 24 strain mea-
surements were manually assigned to the 16 segment
model [15], and mean strain was obtained for all seg-
ments, selected LV regions and the global LV. By con-
vention negative strain indicates myocardial shortening.
Typical segmental tagging analysis of an apical slice is
illustrated in Figure 1.
Segments were excluded for further analysis if more

than half of the segment’s strain curves had been
excluded due to noise. The LV regions were excluded
for further analysis if more than half of the segments in
the region had been excluded. Global mean strain values
were excluded if more than 50% of the segments had
been excluded or if either the basal, mid-ventricular or
apical slices suffered from missing segmental data.
LV rotation data were obtained from the mid-wall

tracking also made for strain analysis in the basal and
apical slices, values given in degrees. LV twist was calcu-
lated as basal rotation subtracted from apical rotation.
Strain and twist inter- and intra-observer reproducibility
was assessed through repeated analyses of 10 randomly
chosen tagging examinations.
Late enhancement short axis slices were manually

assigned to basal, mid or apical left ventricular slices
and divided into sectors to fit the 16 segment model
[15]. Myocardial borders and the enhancing areas were
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manually delineated (PACS, Sectra, Sweden) [12,16-18].
Absolute and relative myocardial infarct volumes were
obtained for each segment. Myocardial and infarct
masses were converted from volume by multiplying by
1.05 g/ml [19].
LGE and strain data were analyzed globally and in

corresponding LV regions, based on baseline LGE find-
ings. All infarct segments in each patient were sum-
marized, denoted infarct zone. All segments without
late enhancement were denoted remote segments. Seg-
ments with more than 75% infarct were studied selec-
tively, denoted transmural infarct zone, corresponding
to the transmurally infarcted segments studied by
Herbots et al. [8].

Statistics
Categorical variables were analyzed with the chi-square
test. Continuous data are presented as mean ± standard
deviation, and in the gross material all variables for
baseline and end-point analyses approximated a normal
distribution. For comparisons between groups at base-
line two-sample t-tests were performed. Intra-group
changes were evaluated by paired sample t-tests. Devel-
opment between 2-3 weeks and 6 months was assessed
by analysis of covariance, with the baseline values used
as a covariate. Corresponding analyses were performed
on patients with lower than median EF at baseline
CMR. Owing to the relatively low number of patients
inter-group comparisons were performed with the

segmental strain
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Figure 1 Baseline apical tagging analysis in a 49 year old male patient in the mBMC group. Upper part: The curves represent strain in the
apical segments, analyzed with HARP software from a short axis CMR tagging sequence. The vertical box represents the end systolic frame (F6).
There is almost normal function in the lateral wall, dysfunction in the inferior wall, while septum and the anterior wall are almost akinetic with
possible post-systolic contraction. Note increasing noise during diastolic frames, due to T1 relaxation of the tagged myocardium. Lower part: Left:
Short axis apical LGE image with hyperintensity in the anterior wall, septum and part of the inferior wall. Mid and right: Short axis apical end
diastolic (mid) and end systolic (right) tagging images with application of the semi-automatically traced lines from HARP software.
Circumferential mid-wall end systolic strain was calculated from deformation of the orange mid-wall line.
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non-parametric Mann-Whitney test and intra-group
change was evaluated with the Wilcoxon signed ranks
test. For tagging reproducibility two-way mixed absolute
agreement intraclass correlation analyses of global and
regional strain and twist were performed. The intraclass
correlation coefficients (ICC) are presented with 95%
confidence interval. SPSS software version 16.0 was
used. Tests were two-sided, and p-values < 0.05 were
considered statistically significant.

Results
Patient characteristics and LV measurements
Among all patients, the mean age was 58.6 ± 9.1 years,
mean time from the onset of symptoms to PCI was 234 ±
104 minutes, and the mean value for maximum creatine
kinase MB was 361 ± 136 μg per liter. The characteristics
of the patients at admission did not differ significantly
between the two groups (Table 1).
The results of volumetric, LGE, strain and twist ana-

lyses for all patients are summarized in Table 2, and
selected results for the group of patients with baseline
EF lower than median (51.9%) are summarized in Table
3. At baseline, there were no significant differences
between the groups for EF, ESV, EDV, LV mass, infarct
size, LV strain or LV twist, and there were no significant
differences in myocardial mass, infarct mass, infarct per-
cent or strain in the LV regions examined.
EDV and ESV did not change over time, but there was

a trend towards increased EF from the baseline exami-
nation to 6 months, irrespective of treatment allocation.
In the subgroup of patients with low baseline EF, EF
increased significantly (43.7 ± 7.2 to 51.9 ± 8.8%, p =
0.042) and ESV decreased significantly (114.8 ± 38.1 to
95.2 ± 43.6 ml, p = 0.043) in the control group but did
not change in the mBMC group.

Late gadolinium enhancement
Average segmental LGE at baseline is illustrated in
Figure 2a. All 448 segments in all 28 patients were
included for LGE analysis at both time points. The indivi-
dual LV infarct percent at baseline ranged from 2.2% to
50.1%. Ten patients had small (< 18%), 9 had intermedi-
ate (18-30%) and 9 had large infarcts (> 30%) [20]. A
total of 271 segments were judged as partially or comple-
tely infarcted at baseline, respectively 266 at 6 months.
The infarcts affected the basal segments of LV in 15
patients only; 14 of these had large and medium-sized
infarcts. In all but 1 patient the infarct involved at least 1
segment outside the presumed LAD supplying territory
[15]. In the mid-ventricular part of LV, there was LGE in
the inferior septum in 26 patients and in the anterior lat-
eral wall in 23 patients. In the apical part the inferior and
lateral segments were infarcted in 27 and 24 patients,
respectively. LV infarct mass and infarct percent
decreased significantly from baseline to 6 months in the
control group only, and there was significant difference
between the mBMC and control groups. Regionally,
infarct percent decreased significantly in the infarct zone
of the control group, and in the transmural infarct zone
of both groups. Infarct mass of the infarct zone decreased
significantly more in the control group than in the
mBMC group. In the group of patients with low baseline
EF, infarct percent in the infarct zone decreased more in
the controls than in the mBMC patients.

LV function
Average segmental strain at baseline is illustrated in
Figure 2b. Forty-six segments were excluded for strain
analysis at baseline, and 35 segments were excluded at
6 months. LV strain was analyzed in 26 patients.
Regionally, infarct zone strain and strain of remote

Table 1 Patient characteristics at admission

mBMC (n = 15) Controls (n = 13) p-value

Age - years 58.5 ± 8.9 58.7 ± 9.7 0.965

Female sex - no 3 3 0.843

Body mass index 25.7 ± 2.6 27.1 ± 3.2 0.240

Current smokers - no 5 3 0.836

Hypertension - no 2 3 0.502

Diabetes mellitus - no 1 1 0.916

Previous angina - no 2 4 0.262

Blood pressure - mm Hg

systolic 133 ± 21 125 ± 18 0.320

diastolic 79 ± 12 78 ± 13 0.807

Heart rate - beats/min 71 ± 12 80 ± 14 0.090

Time from symptom onset to PCI - min 239 ± 100 228 ± 112 0.780

Maximum creatine kinase MB - μg/l 382 ± 130 334 ± 143 0.376
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segments were analyzed in 27 patients. Thirteen patients
had 1 or more segments with more than 75% infarct,
and all were included for transmural infarct zone strain
analyses. The ICC of agreement for inter-observer judg-
ments was 0.97 (0.87-0.99) for global strain, 0.96 (0.83-
0.99) for infarct zone strain and 0.95 (0.65-0.99) for
transmural infarct zone strain. Corresponding ICC of
agreement for intra-observer observations was 0.99
(0.95-1.00), 0.98 (0.81-0.99) and 0.96 (0.82-0.99)

respectively. For individual segments agreement was
lower with an ICC of 0.81 (0.75-0.86) for intra-observer
and 0.87 (0.83-0.91) for inter-observer judgments.
LV function as measured by global strain improved sig-

nificantly from baseline to 6 months in the control group
(from -11.9 ± 3.4 to -13.1 ± 2.4%, p = 0.014), but remained
unchanged in the mBMC group. In the control group,
regional myocardial function improved significantly in the
infarct zone (from -9.3 ± 4.1 to -11.8 ± 3.0%, p = 0.001),

Table 2 Global and regional results; all patients (n = 28)

Baseline 6 months

mBMC controls p-value 1 mBMC controls p-value 2

Left ventricle
N = 28

EDV - ml 175.1 ± 48.7 176.8 ± 52.8 0.932 174.9 ± 60.0 174.3 ± 62.3 0.828

ESV - ml 91.2 ± 35.2 84.9 ± 41.0 0.668 87.6 ± 44.9 78.0 ± 42.3 0.674

EF - % 49.3 ± 9.5 54.1 ± 11.3 0.233 52.4 ± 11.9 57.9 ± 10.1 0.610

LV mass - g 168.6 ± 28.3 171.5 ± 42.1 0.831 162.4 ± 30.8 160.4 ± 41.1* 0.379

infarct mass - g 38.6 ± 23.3 45.7 ± 29.5 0.484 37.6 ± 20.5 35.7 ± 20.4* 0.034

infarct percent - % 22.1 ± 12.4 26.4 ± 14.8 0.410 22.2 ± 10.8 22.0 ± 11.0* 0.026

global strain - % -11.1 ± 2.4 -11.9 ± 3.4 0.512 -11.1 ± 2.6 -13.1 ± 2.4* 0.027

twist - ° 11.3 ± 3.6 12.8 ± 5.4 0.365 12.6 ± 4.3 11.8 ± 3.7 0.411

Infarct zone
N = 27

mass - g 103.0 ± 39.6 103.9 ± 37.6 0.955 100.3 ± 39.9 96.2 ± 34.5* 0.217

infarct mass - g 38.6 ± 23.3 45.7 ± 29.5 0.484 37.6 ± 20.5 35.7 ± 20.4* 0.034

infarct percent - % 34.4 ± 13.6 41.5 ± 17.7 0.242 34.3 ± 12.6 35.0 ± 11.6* 0.084

strain - % -9.7 ± 3.4 -9.3 ± 4.1 0.770 -10.2 ± 3.3 -11.8 ± 3.0* 0.009

Transmural infarct zone
N = 13

mass - g 32.3 ± 22.6 35.0 ± 26.2 0.855 33.7 ± 21.4 33.6 ± 24.0 0.519

infarct mass - g 29.0 ± 23.0 32.5 ± 25.2 0.804 26.6 ± 17.7 26.1 ± 19.5 0.468

infarct percent - % 86.8 ± 7.4 90.3 ± 6.1 0.377 77.6 ± 4.3* 76.6 ± 11.4* 0.401

strain - % -2.0 ± 1.5 -6.6 ± 5.6 0.107 -2.4 ± 1.4 -8.6 ± 4.9 0.108

Remote segments
N = 27

mass - g 64.4 ± 22.1 66.5 ± 24.3 0.816 61.1 ± 22.8 63.2 ± 24.0 0.965

strain - % -14.4 ± 2.4 -14.9 ± 2.3 0.560 -14.3 ± 3.3 -15.6 ± 2.3 0.195

p-value 1 refers to between group differences at baseline (two sample t-test). p-value 2 refers to between group differences in changes from baseline (analysis of
covariance). *p < 0.05 for intra-group changes from baseline, evaluated by paired sample t-test.

Table 3 Selected results; patients with baseline EF < median (51.9%)

Baseline 6 months

mBMC controls p-value 1 mBMC controls p-value 2

Left ventricle
N = 14

EDV - ml 183.2 ± 46.1 202.9 ± 49.3 0.641 194.6 ± 64.4 191.6 ± 55.6 0.162

ESV - ml 105.1 ± 33.1 114.8 ± 38.1 0.640 107.7 ± 43.4 95.2 ± 43.6* 0.028

EF - % 43.3 ± 6.4 43.7 ± 7.2 0.947 45.8 ± 7.1 51.9 ± 8.8* 0.386

infarct percent - % 28.8 ± 10.7 33.5 ± 12.1 0.505 27.2 ± 8.8 28.7 ± 12.1* 0.071

global strain - % -10.0 ± 2.4 -11.3 ± 2.9 0.536 -11.4 ± 2.8 -13.0 ± 2.8 0.189

Infarct zone
N = 14

infarct percent - % 41.0 ± 12.4 46.6 ± 11.9 0.463 37.9 ± 10.1* 38.8 ± 11.4* 0.053

strain - % -8.7 ± 2.9 -8.9 ± 2.7 0.738 -9.9 ± 3.1 -11.7 ± 2.4* 0.205

Transmural infarct zone
N = 9

infarct percent - % 86.8 ± 7.4 90.5 ± 7.7 0.462 77.6 ± 4.3* 79.2 ± 12.7 0.327

strain - % -2.0 ± 1.5 -4.6 ± 4.9 0.221 -2.4 ± 1.4 -8.6 ± 5.9 0.027

p-value 1 refers to between group differences at baseline (Mann-Whitney). p-value 2 refers to between group differences in changes from baseline (Mann-
Whitney). *p < 0.05 for intra-group differences from baseline, evaluated by Wilcoxon signed rank test.
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but not in the transmural infarct zone or the remote seg-
ments. Regional myocardial function remained unchanged
in the mBMC patients. In the group of patients with low
baseline EF, strain improvement was significantly more
pronounced for the controls in the transmural infarct
zone only. LV twist was analyzed in all 28 patients. Twist
was low at baseline for both groups, and did not change
significantly over time in either of the groups. The ICC of
agreement for inter-observer judgments was 0.92 (0.74-
0.98) and for intra-observer observations 0.96 (0.85-0.99).
The changes of LV strain in the control group corre-

lated significantly with LV infarction mass at baseline
and change of LV infarction mass (Table 4).

Discussion
The ASTAMI study, which included 100 patients, was
originally designed with a power of 80% to reveal a
potential difference of 5% points of LV EF development
between the mBMC and the control groups as measured

by single-photon-emission computed tomography. No
difference was found for global functional development
or for clinical parameters [2,21]. For LV EF inter-
observer variability was assessed with ICC of 0.85 (0.67-
0.93) for FLASH cines and ICC of 0.98 (0.96-0.99) for
trueFisp cines [2] (Supplementary Appendix). In this
substudy, only 28 patients were included, resulting in
reduced power. Unlike previous reports, myocardial wall
function developed beneficially for the control group as
compared with the mBMC group. Strain improvement
was 2.5 ± 2.0% points in the infarct zone and 1.6 ± 1.8%
points globally. Infarct mass as shown by LGE developed
similarly to strain, with a more pronounced infarct mass
reduction for the controls than for the mBMC group.
Both groups had a parallel, but statistically non-
significant trend towards LV EF improvement. The
results from this study illuminate the potentials for
detailed regional myocardial examination to detect subtle
differences of myocardial function not always detected by
other examination techniques routinely used.
Care must be taken drawing conclusions from the

results regarding development of myocardial function
and LGE in this study. Recently, Beitnes et al. published
results from the long-term follow-up of the ASTAMI
trial including global and regional LAD strain analyses
performed with longitudinal two-dimensional speckle-
tracking echocardiography (2D STE) [10]. They reported
a significant improvement of regional and global peak
systolic strain from baseline to 6 months, which was
maintained at three years post-infarction. However,
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Figure 2 Bull’s eye plots over baseline LGE and strain in the 16 LV segments model. 2 a: Average infarct involvement (percent) in each
segment (n = 448). 2 b: Average strain (percent) in each segment (n = 402). Negative strain values indicate myocardial shortening, and a strain
value with amplitude higher than -14% is considered normal.

Table 4 Correlation between strain development and
infarct mass in controls

Beta (standardized) R p-value

LV infarct mass at baseline -0.663 0.663 0.019

Change of infarct mass 0.665 0.665 0.018

Dependent variable: change of LV strain

Linear regression analysis for correlation between change of LV strain
(dependent) and baseline LV infarct mass and change of LV infarct mass in
controls (n = 12).
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there were no significant differences between the groups
regarding change in myocardial systolic or diastolic
function. The present substudy introduces some metho-
dological refinement to this study. Circumferential strain
was calculated from short axis CMR tagging versus
longitudinal strain calculation from long axis 2D STE.
For the regional CMR tagging analysis the infarct zone
was directly defined by findings from baseline LGE,
achieved during the same image session. Inter- and
intra-observer strain reproducibility was excellent for
global and regional strain analyses, even though repro-
ducibility decreased when strain was studied on the
individual segmental level. For the echo examination
there was no opportunity to directly delineate the myo-
cardial infarct area, and the region studied was the pre-
defined LAD territory. Additionally, strain calculations
were made at different time points. Baseline of the echo
study was 4.5 ± 1.1 days after the myocardial infarction,
before the bone marrow aspiration and intracoronary
mBMC injection of the mBMC group, whereas the base-
line CMR examination was performed at 18.8 ±
3.8 days. This fact is also relevant for the comparison of
the global LV volumetric analyses. Even though the
groups did not develop significantly differently, the
CMR examinations in the main ASTAMI study revealed
a larger increase of LV EF (1.2% vs 4.3%, p = 0.054),
and a larger decrease of infarct size (-2.3 vs -5.9 ml, p =
0.11) in the control group than the mBMC group [2].
There were no between-group differences in baseline
infarct mass in the larger, main ASTAMI study.
Although not significant, the baseline infarct mass in
the substudy was slightly, but not significantly higher in
the control group than in the mBMC group. Strain
values in the ischemic heart are closely related to LGE
[22-24], and strain improves over time after acute myo-
cardial infarction [25]. In the present study, there was a
significant correlation between improvement of strain
and reduction of infarct size in the control group
(Table 4). Part of the differences between the study groups
may have been caused by the small study group bias.
In the main ASTAMI study, 72% of the patients who

received intracoronary cell injections reported mild
chest pain during the procedure and 77% had transient
ischemic ST deviation during balloon inflation. No
patient had reinfarction related to the procedure [2].
Beitnes et al. recently reported no adverse effects
observed after three years in the same population [21].
Thus, there is no indication that the intracoronary bal-
loon inflation procedure has influenced the clinical
results of the mBMC group. The present study was not
designed to reveal any subtle immediate beneficial or
unfavorable changes in the myocardium after intracor-
onary injection of mBMC. One might speculate, how-
ever, that recurrent balloon inflations might negatively

influence myocardial function in the treatment perfusion
area, as indicated in our results.
Regional wall function has been investigated by differ-

ent means in other stem cell trials. In the Repair-AMI
trial regional function improved more in infarcted areas
in the stem cell group judged by the centerline chord
method at 4 months [6]. In a recent CMR substudy by
Dill et al., infarct area wall thickening was assessed by
cine CMR examination, and the results indicated more
pronounced increase of wall thickening in the stem cell
group after 12 months in the group of patients with
initial EF lower than median EF (48.9%) [9]. In the
BOOST trial, wall thickening and wall motion in
infarcted areas were studied by short axis cine CMR.
There was no significant treatment effect from stem cell
injection on global LVEF or on the regional function
parameters studied at 18 months or 5 years follow up
[7,26]. In the trial from Leuven wall thickening was
assessed by short axis cine CMR in transmurally and
non-transmurally infarcted segments. The change in sys-
tolic function did not differ at 4 months between the
stem cell group and the placebo group [5]. However,
there was a beneficial stem cell treatment effect on
strain as measured by tissue Doppler imaging for seg-
ments with initial LGE involvement of more than 75%
[8]. The results from our substudy do not support any
potential beneficial effect from intracoronary injection of
mBMC after reperfused myocardial infarction. This also
applies to the patients with larger transmural myocardial
infarcts and those with low EF.
End systolic LV twist is the difference in the systolic

clockwise rotational movement of the basal region from
the counter-clockwise rotational movement of the apical
region as seen from the apex. The rotation is part of the
complex wringing movement of the left ventricle during
systole [27,28]. Baseline end systolic LV twist values in
our study were 11.3 ± 3.6°and 12.8 ± 5.4°in the mBMC
group and controls, respectively. Despite lack of healthy
controls for comparison, we regard these values to be
clearly lower than the normal values as measured by
speckle-tracking echocardiography [29,30]. Reproducibil-
ity was excellent, with ICC of 0.92 and 0.96 for inter-
and intra-observer variability, respectively. Several
authors have found reduced twist in acute or chronic
myocardial ischemia compared with twist in healthy
individuals, and twist reduction is correlated to the
extent of LV EF reduction [29,31,32]. Twist and the
more simplified apical torsion have been suggested as
reliable and sensitive tools to detect LV dysfunction. In
a patient group of acute LAD myocardial infarction,
Han et al. found a positive correlation between LV EF
and twist, and in addition twist significantly improved
one month after revascularization, parallel to a mean EF
increase from 38.8% to 49.7% [33]. In the present study
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mean baseline EF was higher. Further studies, also dif-
ferentiating smaller from larger infarctions, are needed
to evaluate potentials and clinical significance for twist
development after acute myocardial infarction.
According to the standardized scheme for myocardial

territory assignment the LAD artery supplies the ante-
rior wall and the anterior part of the septum, as well as
the apical septum and the apical cap [15]. Ortiz-Pérez et
al. have suggested a modification to this scheme, adding
the mid anterolateral segment and the apical lateral and
inferior segments to the LAD territory [34]. Individual
variation will add complexity to these schemes in any
patient studies. In the present study, only patients with
their first ST-elevation anterior wall infarction were
included. Small, medium-sized and large infarcts were
quite evenly represented. The relative lack of basal slice
LGE in the small infarcts probably was a consequence
of the site for LAD occlusion. In the mid-ventricular
slices LGE of the anterior lateral wall and the inferior
part of the septum was of similar magnitude, and quite
significant. Visually, the LGE areas of these segments
were fringes of the LGE in the neighboring LAD terri-
tory segments. In the apical slices all segments were lar-
gely affected, supporting the modification suggested by
Ortiz-Pérez et al. [34]. As illustrated in Figure 2 average
reduction of segmental strain followed a pattern similar
to the average LGE involvement, although strain values
were relatively lower in the septum.

Limitations
The time point for the baseline CMR at least two weeks
after the acute event was chosen to reduce overestima-
tion of infarct size owing to tissue edema, and
T2-weighted sequences for evaluation of edema were
therefore not part of our protocol. Obviously, more
information on LV volumes and function could have
been available with an additional CMR examination
before or immediately after intracoronary cell injection.
Thus, we may have missed early and short term changes
after the injection, and thereby possible differences
between the groups, either related to stem cell effect, or
even to the intracoronary balloon inflation procedure
itself. This fact also is relevant for the direct comparison
between echo and CMR results. However, the time
point for baseline CMR examination was suitable for the
investigation of myocardial remodeling after the acute
phase. Serial CMR studies underscore the advantages of
examining LGE after the first 7 days of resorption
of necrotic myocardium and hemorrhage, reduction of
myocardial edema and possibly rescue of myocardium at
risk. A better correlation was found between later func-
tional parameters and LGE after one week compared
with LGE immediately after the infarction and reperfu-
sion [35-37].

Short duration of follow-up and a relatively small
number of patients, even reduced by exclusions from
tagging noise; make the present study insufficient in the
assessment of post mBMC treatment effects. LV EF was
examined with the area-length method, possibly adding
variability compared with multiple short-axis cines. Dif-
ferences in development may have been masked. The
selection of patients did not completely concur with the
main ASTAMI study, with a non-significant, numerically
slightly higher initial infarct mass in the control group
than the mBMC group.

Conclusions
The results from the present study do not support the
hypothesis that intracoronary mBMC injection after
reperfused anterior wall infarction reduces infarct size
or improves myocardial function. Findings from regional
LGE and strain analyses quite similarly demonstrate
subtle differences between the mBMC and control
groups with a slightly more favorable development in
the controls. The potential role for LV twist as assessed
by CMR tagging has to be evaluated in further studies.

Acknowledgements
Dr. Ketil Lunde and Dr. Svein Solheim were supported by research
fellowships from the Norwegian Council on Cardiovascular Diseases.

Author details
1Department of Radiology, Oslo University Hospital, Rikshospitalet, Postbox
4950, Nydalen, 0424 Oslo, Norway. 2Department of Cardiology, Oslo
University Hospital, Rikshospitalet, Norway. 3Department of Cardiology, Oslo
University Hospital, Ullevål, Norway. 4Faculty of Medicine, University of Oslo,
Oslo, Norway.

Authors’ contributions
EH carried out CMR examinations, image analysis and drafted the
manuscript. KL and SS coordinated the study. HA, KF and SA participated in
the study design. TE participated in the study design and strain analysis. HJS
participated in the study design and CMR analysis. All authors have made
revisions to the manuscript and have read and approved the final version.

Competing interests
The authors declare that they have no competing interests.

Received: 17 November 2010 Accepted: 17 March 2011
Published: 17 March 2011

References
1. Nogueira FB, Silva SA, Haddad AF, Peixoto CM, Carvalho RM, Tuche FA,

Soares VE, Sousa AL, Rabischoffsky A, Mesquita CT, Borojevic R,
Dohmann HF: Systolic function of patients with myocardial infarction
undergoing autologous bone marrow transplantation. Arq Bras Cardiol
2009, 93:374-72.

2. Lunde K, Solheim S, Aakhus S, Arnesen H, Abdelnoor M, Egeland T,
Endresen K, Ilebekk A, Mangschau A, Fjeld JG, Smith HJ, Taraldsrud E,
Grogaard HK, Bjornerheim R, Brekke M, Muller C, Hopp E, Ragnarsson A,
Brinchmann JE, Forfang K: Intracoronary injection of mononuclear bone
marrow cells in acute myocardial infarction. N Engl J Med 2006,
355:1199-1209.

3. Wollert KC, Meyer GP, Lotz J, Ringes-Lichtenberg S, Lippolt P,
Breidenbach C, Fichtner S, Korte T, Hornig B, Messinger D, Arseniev L,
Hertenstein B, Ganser A, Drexler H: Intracoronary autologous bone-

Hopp et al. Journal of Cardiovascular Magnetic Resonance 2011, 13:22
http://www.jcmr-online.com/content/13/1/22

Page 8 of 10

http://www.ncbi.nlm.nih.gov/pubmed/19936457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19936457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16990383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16990383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15246726?dopt=Abstract


marrow cell transfer after myocardial infarction: the BOOST randomised
controlled clinical trial. Lancet 2004, 364:141-148.

4. van der Laan A, Hirsch A, Nijveldt R, van d V, van der Giessen WJ,
Doevendans PA, Waltenberger J, Ten Berg JM, Aengevaeren WR,
Zwaginga JJ, Biemond BJ, van Rossum AC, Tijssen JG, Zijlstra F, Piek JJ:
Bone marrow cell therapy after acute myocardial infarction: the HEBE
trial in perspective, first results. Neth Heart J 2008, 16:436-439.

5. Janssens S, Dubois C, Bogaert J, Theunissen K, Deroose C, Desmet W,
Kalantzi M, Herbots L, Sinnaeve P, Dens J, Maertens J, Rademakers F,
Dymarkowski S, Gheysens O, Van Cleemput J, Bormans G, Nuyts J,
Belmans A, Mortelmans L, Boogaerts M, Van de Werf F: Autologous bone
marrow-derived stem-cell transfer in patients with ST-segment elevation
myocardial infarction: double-blind, randomised controlled trial. Lancet
2006, 367:113-121.

6. Schachinger V, Erbs S, Elsasser A, Haberbosch W, Hambrecht R,
Holschermann H, Yu J, Corti R, Mathey DG, Hamm CW, Suselbeck T,
Assmus B, Tonn T, Dimmeler S, Zeiher AM: Intracoronary bone marrow-
derived progenitor cells in acute myocardial infarction. N Engl J Med
2006, 355:1210-1221.

7. Meyer GP, Wollert KC, Lotz J, Steffens J, Lippolt P, Fichtner S, Hecker H,
Schaefer A, Arseniev L, Hertenstein B, Ganser A, Drexler H: Intracoronary
bone marrow cell transfer after myocardial infarction: eighteen months’
follow-up data from the randomized, controlled BOOST (BOne marrOw
transfer to enhance ST-elevation infarct regeneration) trial. Circulation
2006, 113:1287-1294.

8. Herbots L, D’hooge J, Eroglu E, Thijs D, Ganame J, Claus P, Dubois C,
Theunissen K, Bogaert J, Dens J, Kalantzi M, Dymarkowski S, Bijnens B,
Belmans A, Boogaerts M, Sutherland G, Van deWerf F, Rademakers F,
Janssens S: Improved regional function after autologous bone marrow-
derived stem cell transfer in patients with acute myocardial infarction: a
randomized, double-blind strain rate imaging study. Eur Heart J 2009,
30:662-670.

9. Dill T, Schachinger V, Rolf A, Mollmann S, Thiele H, Tillmanns H, Assmus B,
Dimmeler S, Zeiher AM, Hamm C: Intracoronary administration of bone
marrow-derived progenitor cells improves left ventricular function in
patients at risk for adverse remodeling after acute ST-segment elevation
myocardial infarction: results of the Reinfusion of Enriched Progenitor
cells And Infarct Remodeling in Acute Myocardial Infarction study
(REPAIR-AMI) cardiac magnetic resonance imaging substudy. Am Heart J
2009, 157:541-547.

10. Beitnes JO, Gjesdal O, Lunde K, Solheim S, Edvardsen T, Arnesen H,
Forfang K, Aakhus S: Left ventricular systolic and diastolic function
improve after acute myocardial infarction treated with acute
percutaneous coronary intervention, but are not influenced by
intracoronary injection of autologous mononuclear bone marrow cells: a
3 year serial echocardiographic sub-study of the randomized-controlled
ASTAMI study. Eur J Echocardiogr 2011, 12:98-106.

11. Schaefer A, Zwadlo C, Fuchs M, Meyer GP, Lippolt P, Wollert KC, Drexler H:
Long-term effects of intracoronary bone marrow cell transfer on
diastolic function in patients after acute myocardial infarction: 5-year
results from the randomized-controlled BOOST trial–an
echocardiographic study. Eur J Echocardiogr 2010, 11:165-171.

12. Edvardsen T, Rosen BD: Why do we need magnetic resonance imaging in
cardiology? Scand Cardiovasc J 2005, 39:260-263.

13. Shehata ML, Cheng S, Osman NF, Bluemke DA, Lima JA: Myocardial tissue
tagging with cardiovascular magnetic resonance. J Cardiovasc Magn
Reson 2009, 11:55.

14. Sievers B, Brandts B, Franken U, Trappe HJ: Single and biplane TrueFISP
cardiovascular magnetic resonance for rapid evaluation of left
ventricular volumes and ejection fraction. J Cardiovasc Magn Reson 2004,
6:593-600.

15. Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S, Laskey WK,
Pennell DJ, Rumberger JA, Ryan T, Verani MS: Standardized myocardial
segmentation and nomenclature for tomographic imaging of the heart:
a statement for healthcare professionals from the Cardiac Imaging
Committee of the Council on Clinical Cardiology of the American Heart
Association. Circulation 2002, 105:539-542.

16. Kim RJ, Fieno DS, Parrish TB, Harris K, Chen EL, Simonetti O, Bundy J,
Finn JP, Klocke FJ, Judd RM: Relationship of MRI delayed contrast
enhancement to irreversible injury, infarct age, and contractile function.
Circulation 1999, 100:1992-2002.

17. Schuijf JD, Kaandorp TA, Lamb HJ, van der Geest RJ, Viergever EP, van der
Wall EE, de RA, Bax JJ: Quantification of myocardial infarct size and
transmurality by contrast-enhanced magnetic resonance imaging in
men. Am J Cardiol 2004, 94:284-288.

18. Bondarenko O, Beek AM, Hofman MB, Kuhl HP, Twisk JW, van Dockum WG,
Visser CA, van Rossum AC: Standardizing the definition of
hyperenhancement in the quantitative assessment of infarct size and
myocardial viability using delayed contrast-enhanced CMR. J Cardiovasc
Magn Reson 2005, 7:481-485.

19. Shapiro EP, Rogers WJ, Beyar R, Soulen RL, Zerhouni EA, Lima JA, Weiss JL:
Determination of left ventricular mass by magnetic resonance imaging
in hearts deformed by acute infarction. Circulation 1989, 79:706-711.

20. Wu KC, Zerhouni EA, Judd RM, Lugo-Olivieri CH, Barouch LA, Schulman SP,
Blumenthal RS, Lima JA: Prognostic significance of microvascular
obstruction by magnetic resonance imaging in patients with acute
myocardial infarction. Circulation 1998, 97:765-772.

21. Beitnes JO, Hopp E, Lunde K, Solheim S, Arnesen H, Brinchmann JE,
Forfang K, Aakhus S: Long-term results after intracoronary injection of
autologous mononuclear bone marrow cells in acute myocardial
infarction: the ASTAMI randomised, controlled study. Heart 2009,
95:1983-1989.

22. Gjesdal O, Hopp E, Vartdal T, Lunde K, Helle-Valle T, Aakhus S, Smith HJ,
Ihlen H, Edvardsen T: Global longitudinal strain measured by two-
dimensional speckle tracking echocardiography is closely related to
myocardial infarct size in chronic ischaemic heart disease. Clin Sci (Lond)
2007, 113:287-296.

23. Cupps BP, Bree DR, Wollmuth JR, Howells AC, Voeller RK, Rogers JG,
Pasque MK: Myocardial viability mapping by magnetic resonance-based
multiparametric systolic strain analysis. Ann Thorac Surg 2008,
86:1546-1553.

24. Vartdal T, Brunvand H, Pettersen E, Smith HJ, Lyseggen E, Helle-Valle T,
Skulstad H, Ihlen H, Edvardsen T: Early prediction of infarct size by strain
Doppler echocardiography after coronary reperfusion. J Am Coll Cardiol
2007, 49:1715-1721.

25. Rademakers F, Van de WF, Mortelmans L, Marchal G, Bogaert J: Evolution
of regional performance after an acute anterior myocardial infarction in
humans using magnetic resonance tagging. J Physiol 2003, 546:777-787.

26. Meyer GP, Wollert KC, Lotz J, Pirr J, Rager U, Lippolt P, Hahn A,
Fichtner S, Schaefer A, Arseniev L, Ganser A, Drexler H: Intracoronary
bone marrow cell transfer after myocardial infarction: 5-year
follow-up from the randomized-controlled BOOST trial. Eur Heart J
2009, 30:2978-2984.

27. Coghlan C, Hoffman J: Leonardo da Vinci’s flights of the mind must
continue: cardiac architecture and the fundamental relation of form and
function revisited. Eur J Cardiothorac Surg 2006, 29(Suppl 1):S4-17.

28. McDonald IG: The shape and movements of the human left ventricle
during systole. A study by cineangiography and by cineradiography of
epicardial markers. Am J Cardiol 1970, 26:221-230.

29. Helle-Valle T, Remme EW, Lyseggen E, Pettersen E, Vartdal T, Opdahl A,
Smith HJ, Osman NF, Ihlen H, Edvardsen T, Smiseth OA: Clinical
assessment of left ventricular rotation and strain: a novel approach for
quantification of function in infarcted myocardium and its border zones.
Am J Physiol Heart Circ Physiol 2009, 297:H257-H267.

30. Bertini M, Nucifora G, Marsan NA, Delgado V, van Bommel RJ, Boriani G,
Biffi M, Holman ER, van der Wall EE, Schalij MJ, Bax JJ: Left ventricular
rotational mechanics in acute myocardial infarction and in chronic
(ischemic and nonischemic) heart failure patients. Am J Cardiol 2009,
103:1506-1512.

31. Opdahl A, Helle-Valle T, Remme EW, Vartdal T, Pettersen E, Lunde K,
Edvardsen T, Smiseth OA: Apical rotation by speckle tracking
echocardiography: a simplified bedside index of left ventricular twist. J
Am Soc Echocardiogr 2008, 21:1121-1128.

32. Garot J, Pascal O, Diebold B, Derumeaux G, Gerber BL, Dubois-Rande JL,
Lima JA, Gueret P: Alterations of systolic left ventricular twist after acute
myocardial infarction. Am J Physiol Heart Circ Physiol 2002, 282:H357-H362.

33. Han W, Xie MX, Wang XF, Lu Q, Wang J, Zhang L, Zhang J: Assessment of
left ventricular torsion in patients with anterior wall myocardial
infarction before and after revascularization using speckle tracking
imaging. Chin Med J (Engl) 2008, 121:1543-1548.

34. Ortiz-Perez JT, Rodriguez J, Meyers SN, Lee DC, Davidson C, Wu E:
Correspondence between the 17-segment model and coronary arterial

Hopp et al. Journal of Cardiovascular Magnetic Resonance 2011, 13:22
http://www.jcmr-online.com/content/13/1/22

Page 9 of 10

http://www.ncbi.nlm.nih.gov/pubmed/15246726?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15246726?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19127324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19127324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16413875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16413875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16413875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16990384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16990384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16520413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16520413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16520413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16520413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19106196?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19106196?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19106196?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19249426?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19249426?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19249426?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19249426?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19249426?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19249426?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20851818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20851818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20851818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20851818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20851818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20851818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19946118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19946118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19946118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19946118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16269394?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16269394?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20025732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20025732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15347123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15347123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15347123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11815441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11815441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11815441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11815441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11815441?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10556226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10556226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15276089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15276089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15276089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15881532?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15881532?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15881532?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2521819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2521819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9498540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9498540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9498540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19833610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19833610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19833610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17501720?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17501720?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17501720?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19049746?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19049746?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17448374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17448374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12563003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12563003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12563003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19773226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19773226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19773226?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16564694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5505446?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5505446?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5505446?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19395547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19395547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19395547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19463507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19463507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19463507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18760568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18760568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11748082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11748082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18982865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18982865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18982865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18982865?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19356440?dopt=Abstract


anatomy using contrast-enhanced cardiac magnetic resonance imaging.
JACC Cardiovasc Imaging 2008, 1:282-293.

35. Ibrahim T, Hackl T, Nekolla SG, Breuer M, Feldmair M, Schomig A,
Schwaiger M: Acute myocardial infarction: serial cardiac MR imaging
shows a decrease in delayed enhancement of the myocardium during
the 1st week after reperfusion. Radiology 2010, 254:88-97.

36. Engblom H, Hedstrom E, Heiberg E, Wagner GS, Pahlm O, Arheden H:
Rapid initial reduction of hyperenhanced myocardium after reperfused
first myocardial infarction suggests recovery of the peri-infarction zone:
one-year follow-up by MRI. Circ Cardiovasc Imaging 2009, 2:47-55.

37. Orn S, Manhenke C, Anand IS, Squire I, Nagel E, Edvardsen T, Dickstein K:
Effect of left ventricular scar size, location, and transmurality on left
ventricular remodeling with healed myocardial infarction. Am J Cardiol
2007, 99:1109-1114.

doi:10.1186/1532-429X-13-22
Cite this article as: Hopp et al.: Regional myocardial function after
intracoronary bone marrow cell injection in reperfused anterior wall
infarction - a cardiovascular magnetic resonance tagging study. Journal
of Cardiovascular Magnetic Resonance 2011 13:22.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Hopp et al. Journal of Cardiovascular Magnetic Resonance 2011, 13:22
http://www.jcmr-online.com/content/13/1/22

Page 10 of 10

http://www.ncbi.nlm.nih.gov/pubmed/19356440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20032144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20032144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20032144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19808564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19808564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19808564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17437737?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17437737?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study group
	Cardiac Magnetic Resonance
	CMR analysis
	Statistics

	Results
	Patient characteristics and LV measurements
	Late gadolinium enhancement
	LV function

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

