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Abstract

It is commonly thought that the optimal method for intracoronary administration of cells is to stop 

coronary flow during cell infusion, in order to prolong cell/vascular wall contact, enhance 

adhesion, and promote extravasation of cells into the interstitial space. However, occlusion of a 

coronary artery with a balloon involves serious risks of vascular damage and/or dissection, 

particularly in non-stented segments such as those commonly found in patients with heart failure. 

It remains unknown whether the use of the stop-flow technique results in improved donor cell 

retention. Acute myocardial infarction was produced in 14 pigs. One to two months later, pigs 

received 10 million indium-111 oxyquinoline (oxine)-labeled c-kitpos human cardiac stem cells 

(hCSCs) via intracoronary infusion with (n = 7) or without (n = 7) balloon inflation. Pigs received 

cyclosporine to prevent acute graft rejection. Animals were euthanized 24 h later and hearts 

harvested for radioactivity measurements. With the stop-flow technique, the retention of hCSCs at 

24 h was 5.41 ± 0.80 % of the injected dose (n = 7), compared with 4.87 ± 0.62 % without 

coronary occlusion (n = 7), (P = 0.60). When cells are delivered intracoronarily in a clinically 

relevant porcine model of chronic ischemic cardiomyopathy, the use of the stop-flow technique 

does not result in greater myocardial cell retention at 24 h compared with non-occlusive infusion. 

These results have practical implications for the design of cell therapy trials. Our observations 

suggest that the increased risk of complications secondary to coronary manipulation and occlusion 

is not warranted.
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Introduction

Since their initial discovery and characterization [1], c-kitpos cardiac stem cells (CSCs) have 

emerged as a promising modality in the treatment of ischemic cardiomyopathy. Preclinical 

studies conducted over the last decade have reproducibly demonstrated the capacity of in 

vitro expanded c-kitpos cardiac cells to induce myocardial repair and functional recovery 

[23]. These observations led to the Cardiac Stem Cell Infusion in Patients with Ischemic 

CardiOmyopathy (SCIPIO) phase I clinical trial, which demonstrated the safety and 

feasibility of intracoronary delivery of c-kitpos CSCs in humans [2, 4]. Recently, the safety 

of even larger doses (up to 20 million in vitro expanded c-kitpos CSCs) has been 

demonstrated in a porcine model [12].

In SCIPIO [2], as well as in almost every trial of intracoronary cell infusion performed to 

date, the cells were delivered with the stop-flow technique [5, 15, 17]; that is, an 

intracoronary balloon was inflated to stop flow within the coronary artery and prevent rapid 

wash out of the cells, thus, in theory, promoting greater cell retention by enhancing vascular 

adhesion and extravasation into the surrounding myocardium. This approach is being used in 

most ongoing and planned clinical trials in which cells are infused intracoronarily. Although 

theoretically attractive, however, the stop-flow technique has not been shown to be superior 

to non-occlusive cell delivery in terms of cell product retention. The stop-flow technique is 

potentially hazardous [14], and therefore constitutes an impediment to the widespread use of 

cell therapy in patients with cardiovascular disease, particularly when, as is often the case in 

chronic ischemic cardiomyopathy, the culprit coronary arteries targeted for cell delivery are 

not stented. Manipulation of a non-stented coronary artery with an intraluminal balloon 

under pressure carries a significant risk of vascular damage, coronary artery dissection, and 

even life-threatening arterial perforation and rupture [14]. In addition, the interruption of 

coronary flow may elicit myocardial injury, either directly from epicardial coronary artery 

occlusion or by distal microembolization of dislodged atherosclerotic plaque material [9], 

and may cause arrhythmias in already dysfunctional hearts. Again, this issue is particularly 

relevant to patients with ischemic cardiomyopathy, whose targeted coronary arteries or 

bypass grafts are often not protected by stents.

Given the seriousness of the aforementioned complications, objective evidence of improved 

cell retention is essential to justify subjecting patients to increased procedural risks in future 

clinical trials involving intracoronary administration of cell-based products. However, as 

mentioned above, despite the widespread assumption that the stop-flow technique promotes 

improved extravasation and cardiac retention of cells, no studies have evaluated the utility of 

the technique using c-kitpos CSCs or any cardiac-derived cell. Accordingly, we addressed 

this issue in a clinically relevant porcine model of ischemic cardiomyopathy in which we 

measured the cardiac retention of 10 million indium-111 oxine radiolabeled c-kitpos CSCs 

infused with or without the stop-flow technique.
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Methods

Ethics statement

This study was carried out in strict accordance with the Guide for the Care and Use of 

Laboratory Animals of the National Institutes of Health and the guidelines of the Animal 

Care and Use Committee of the University of Louisville (KY) School of Medicine following 

the guidelines set forth by the 1996 Guide for the Care and Use of Laboratory Animals. The 

protocol was approved by the Institutional Animal Care and Use Committee (IACUC) of the 

University of Louisville (IACUC number: 12114).

The experimental protocol is illustrated in Fig. 1.

Human c-kitpos CSC isolation and flow cytometry

Isolation, immunomagnetic selection, and flow cytometric analysis of c-kitpos hCSCs were 

performed as previously described [12]. Briefly, human right atrial appendage specimens 

(RAAs) were obtained with Jewish Hospital Institutional Review Board (IRB) approval 

(IRB number 07.0062) from patients undergoing open heart, on pump, coronary artery 

bypass surgery at Jewish Hospital in Louisville, Kentucky. All patients were between 40 and 

80 years of age, so as to approximate the ages of patients in the recently conducted SCIPIO 

trial [2]. RAAs were washed several times with PBS and were minced to obtain fragments 

<1 mm3. The tissue fragments were underwent multiple rounds of enzymatic digestion. 

Isolated cells were plated in a 6-well plate for passage 0 initial expansion. Passage 1 cells 

were sorted for c-kit with anti-CD117 Miltenyi microbeads and a Miltenyi magnetic sorting 

apparatus per manufacturer’s specifications. Positively selected cells were expanded 

exponentially over 3–4 additional passages to obtain 2–3 × 107 cells per patient. Multiple 

patients’ cells were pooled to obtain a uniform cell product that was radiolabeled and 

infused intracoronarily into pigs. Cells were assessed for c-kit positivity by flow cytometric 

analysis at passage 3 after fixation and labeling with c-terminal specific Santa Cruz C19 

rabbit polyclonal IgG anti-human c-kit antibody and secondary antibody, a FITC- or APC-

conjugated Invitrogen donkey anti-rabbit IgG versus isotype control using a BD LSR flow 

cytometer. BD LSR DIVA software was used for final analysis of c-kit positivity.

Cell product generation and indium-111 oxine radiolabeling

In vitro expanded c-kitpos CSCs were trypsinized and washed with sterile PBS and 

resuspended in Plasmalyte-A solution with ~750 μCi indum-111 oxine, purchased from 

Cardinal Health, Nuclear Pharmacy Services in Louisville, Kentucky, for 20 min at 37 °C 

with 5 % CO2. A Capintec CRC-15R Radioisotope Dose Calibrator was used to conduct all 

radioactivity measurements. After 20 min, the cells were washed twice in 10 mL of cold 

Plasmalyte-A to remove unbound radioisotope. The cells were resuspended in 1–2 mL of 

Plasmalyte-A for final cell count and viability by hemocytometer and Trypan blue. A final 

radioactivity measurement was made to assess percent radiolabeling efficiency.

After the intracoronary infusions were completed, tubes, catheters, plastic ware, and other 

materials that had come into contact with the radiolabeled cells were taken back to the dose 

calibrator for radioactivity measurement. The residual radioactivity was subtracted from that 
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of the labeled cell product to obtain the radioactivity of the cell product that was 

administered intracoronarily. This number was recorded and utilized for all subsequent 

calculations of cardiac cellular retention.

Radiolabeling efficiency

Radiolabeling efficiency was defined as the ratio between the final radioactivity of the cell 

product prior to infusion and the initial dose of Indium to which the cells were exposed.

Adjustments for diffusive loss of indium-111 oxine over the 24 h follow-up and calculation 
of cardiac radioactivity

Diffusion of unbound indium-111 oxine out of labeled cells continues over time, and this 

may lead to potential underestimation of cell retention. Similar observations have been made 

in prior studies [20].

Experiments were performed in triplicate. Ten million cells were radiolabeled with 

indium-111 oxine as described and placed in 5 mL serum-free Ham’s F12 medium for 24 h 

with periodic media changes. Media were completely changed every 4 h to maintain a high 

diffusive gradient similar to that which occurred in vivo after cell infusion. Extreme care was 

taken to avoid loss of cells. After 24 h, cells were centrifuged and the cell pellet assessed for 

radioactivity. Diffusive loss was quantified as percent of expected radioactivity after 

accounting for radioactive decay over the 24 h incubation period. A correction factor was 

generated by dividing 100 by this observed percent of theoretical maximum radioactivity, so 

as to account for all infused cells and avoid underestimation of intracardiac retention at 24 h.

The radioactivity measured in all cardiac segments was adjusted according to the correction 

factor (3.52) to obtain the corrected radioactivity for each cardiac tissue specimen. All 

radioactivities were then summed to obtain the total radioactivity of each heart. This total 

corrected cardiac radioactivity was divided by the expected maximum radioactivity of the 

infusate (adjusted for time dependent decay) to obtain the percent retention of the 

intracoronarily delivered indium-111 oxine-labeled cell product.

Animal procedures

Female Yorkshire pigs (39.8 ± 5.2 kg, age 12–18 weeks) were sedated using a cocktail of 

ketamine (20 mg/kg, i.m.) and xylazine (2 mg/kg, i.m.), intubated, and mechanically 

ventilated with 100 % oxygen. Anesthesia was maintained with 0.8–1.5 % isoflurane. A 

femoral artery cut down was performed and an 8F arterial sheath was placed; a 7F Hockey 

stick guide catheter was advanced to the left coronary ostium. An angioplasty balloon 

catheter was positioned in the left anterior descending (LAD) coronary artery at a site distal 

to the first diagonal branch, after which the pigs were subjected to a 90-min LAD coronary 

occlusion followed by reperfusion by inflation and deflation of the balloon, respectively 

(Fig. 1).

One to two months (45.3 ± 4.5 days) after MI, the pigs were reanesthetized. An angioplasty 

balloon catheter was placed in the LAD at the site of the previous occlusion. Indium-labeled 

hCSCs were administered with four infusions, each consisting of 3 ml over 30 s, with or 
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without concurrent 3-min balloon inflation. In the pigs with balloon inflation, five cycles of 

3-min balloon inflation/3-min deflation were performed. The aim of the first cycle, which 

was performed without infusing cells, was to increase microvascular permeability in the 

distal myocardium; during the following four cycles, hCSCs were infused into the coronary 

artery as described above. In the pigs without balloon inflation, hCSCs were infused four 

times; each infusion lasted 30 s and the four infusions were interspaced with intervals of 5 

min and 30 s (Fig. 1).

Twenty-four hours after hCSC administration, the pigs were euthanized and various organs 

(heart, lung, liver, kidney, and spleen) were harvested for analysis.

Immunosuppressive therapy

Pigs received 15 mg/kg/day of oral cyclosporine (Novartis) orally starting 3 days before cell 

infusion and continuing until euthanasia.

Echocardiography

Echocardiograms were obtained at baseline (before the induction of infarction) and again 30 

days later (prior to radiolabeled hCSC intracoronary infusion) using an HP SONOS 7500 

ultrasound system (Philips Medical Systems) equipped with a HP 21350A (S8) 3.0–8.0 

MHz sector array ultrasound transducer. Briefly, pigs were anesthetized and placed in the 

left lateral decubitus position. Temperature was kept between 37.0 and 37.5 °C with a 

heating pad. The parasternal short-axis view was used to obtain 2D and M-mode images [3]. 

Systolic and diastolic anatomic parameters were obtained from M-mode tracings at the mid-

papillary level. Digital images were analyzed off-line by a single-blinded observer using the 

ComPACS Review Station (version 10.5) image analysis software (Medimatic, Las Cruces, 

NM 88004, USA) according to the American Society of Echocardiography standards [24].

Nuclear imaging and cardiac radioactivity measurements

Perfusion fixed porcine hearts were subjected to nuclear imaging and radioactivity 

measurements. After whole heart nuclear imaging with Picker Prism 2000 XP nuclear 

gamma camera, hearts were bread loafed into five slices of equal thickness from the apex to 

the base; each slice above the apex was then subdivided into three regions: right ventricle, 

left ventricular free wall, and septum. The base was divided into right and left sections. The 

right and left atria were sectioned and placed into independent containers. The proximal 

portions of the great vessels were removed and placed together into another container. All 

specimens were measured with a Capintec CRC-15R Radioisotope Dose Calibrator, and the 

anatomic regions were combined to create a regional distribution of radioactivity. The 

radioactivity in all regions was then combined to obtain the total radioactivity in each heart. 

The same dose calibrator was used throughout the study.

Statistics

Student’s t test, one-way ANOVA, or two-way repeated measures ANOVA, as appropriate, 

was employed for comparisons of echocardiographic parameters, radioactivities, and cell 

retention between groups. All data are reported as mean ± SEM.
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Results

Flow cytometric analysis

Flow cytometric analysis for c-kit expression was performed for seven cell lines at early 

passage as described (c-kit positivity ranged from 72.6 to 90.8 %). The mean c-kit positivity 

of the cells utilized for the study as assessed by standard protocol was 81.6 ± 7.0 % 

compared with iso-type control (Fig. 2a).

Final cell product radioactivity, labeling efficiency, cell viability, and cell number

Final radioactivity and radiolabeling efficiency were calculated for all cell products prior to 

intracoronary infusion. No significant difference between cell products was observed with 

regard to the final mean radioactivity (Fig. 2b) (635 ± 74.28 μCi in the continuous-flow 

group vs. 661 ± 63.28 μCi in the stop-flow group) or mean labeling efficiency (Fig. 2c) (81.0 

± 8.4 % in the continuous-flow group, 84.5 ± 9.8 % in the stop-flow group).

Cell viability, measured by hemocytometer and Trypan blue, declined in both groups as a 

result of indium-111 oxine radiolabeling. However, no significant difference was observed in 

the viability of the cell products between the continuous-flow (85.0 ± 0.81 %) and the stop-

flow (83.0 ± 0.78 %) groups (Fig. 2d). Similarly, there was no significant difference with 

respect to the final numbers of cells infused intracoronarily between the continuous-flow 

(10.1 ± 0.41 × 106 cells) and the stop-flow (9.83 ± 0.25 × 106 cells) groups (Fig. 2e).

Echocardiographic analyses

Baseline left ventricular (LV) ejection fraction (EF) was not significantly different between 

the continuous-flow group (74.35 ± 4.09 %) and the stop-flow group (71.16 ± 4.11 %) (Fig. 

3). At 30 days after infarction, there was a significant decline in both the continuous-flow 

group (44.57 ± 6.75 %) and the stop-flow group (37.79 ± 6.77 %). The decline in ejection 

fraction did not differ significantly between the continuous-flow and stop-flow groups (P = 

0.49).

Nuclear imaging

Myocardial nuclear imaging was performed to visualize the distribution of radioactivity and, 

indirectly, cell retention. As expected, cell (radioactivity) retention was observed in the 

distribution of the mid-distal LAD within the apical, anteroseptal, and anterolateral regions 

(Fig. 4).

Cardiac retention of hCSCs

Measurements of total cardiac radioactivity demonstrated that the stop-flow technique did 

not result in significantly higher retention of hCSCs at 24 h compared with the continuous-

flow technique (5.41 ± 0.80 vs. 4.87 ± 0.62 % of initial radioactivity, respectively, P = 0.61) 

(Fig. 5). Regional retention was also not significantly different between stop flow vs. 

continuous flow (right ventricle: 1.60 ± 0.30 vs. 1.02 ± 0.15 %, respectively, P = 0.12; LV 

septum: 1.88 ± 0.43 vs. 1.81 ± 0.33 %, P = 0.91; LV anterolateral wall: 1.17 ± 0.37 vs. 1.10 

± 0.17 %, P = 0.87; LV apex: 0.23 ± 0.05 vs 0.31 ± 0.11 %, P = 0.56; right atrium: 0.10 ± 
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0.03 vs. 0.11 ± 0.02 %, P = 0.81; left atrium: 0.10 ± 0.02 vs. 0.12 ± 0.03 %, P = 0.61; base: 

0.33 ± 0.38 vs. 0.39 ± 0.13 %, P = 0.71) (Fig. 5).

CSC distribution in noncardiac tissues

Three small samples of lung, liver, kidney, and spleen from all pigs were assessed for 

radioactivity. Radioactivity was highest in the lung (17.48 ± 0.11 % of initial dose), followed 

by the liver (9.52 ± 0.51 of initial dose), kidney (3.08 ± 0.43 %), and lastly spleen (0.26 ± 

0.06 %). Radioactivity was highly variable in different regions of the same organ.

Discussion

This study simultaneously addressed two fundamental questions regarding intracoronary 

infusion of c-kitpos hCSCs: (1) what fraction of hCSCs is retained in the heart 24 h after 

intracoronary infusion?, and (2) is the stop-flow technique superior to continuous flow in 

promoting cardiac retention of hCSCs? That is, is the increased risk of procedural 

complications associated with balloon inflation justified by increased hCSC retention? Our 

results indicate that, in pigs with an old myocardial infarction, intracoronary infusion of 

hCSCs without coronary occlusion is equivalent to intracoronary delivery utilizing the stop-

flow technique in terms of cardiac hCSC retention at 24 h. It may also be reasonably 

inferred that ischemic preconditioning with intermittent balloon inflation/deflation, which 

has been shown to confer cardioprotective effects [8], does not affect cardiac retention of 

CSCs, thus eliminating this confounder in studies in which cell therapy has shown benefit 

when true stop flow was utilized in the treatment group but was withheld in the vehicle 

control group to minimize risk of complication. With either method, we found that only ~4–

5 % of the infused hCSCs remained in the heart 24 h after intracoronary delivery. To our 

knowledge, this is the first head-to-head comparison of cardiac retention after intracoronary 

delivery of hCSCs (or any cardiac-derived cell) using continuous flow vs. stop flow.

Previous studies have examined the retention of various stem/progenitor cell types using 

various routes of administration, such as intravenous, intracoronary, and transmyocardial 

injections, in clinical and preclinical models [6, 10, 11, 13, 16, 18, 19, 21, 26–29]. However, 

studies that specifically compared cell product retention under continuous-flow and stop-

flow conditions have been limited to bone marrow cells, and most have infused cells after 

acute myocardial infarction [6, 19, 26]. Doyle et al. [6] infused 18F-FDG-labeled BMCs 

intracoronarily in pigs after acute myocardial infarction and observed that a single dose of 

cells given with continuous flow was superior to repeated infusions with stop flow with 

respect to cardiac retention 1 h later. Tussios et al. [26] infused indium-111 oxine-labeled 

BMCs intracoronarily into pigs and found no difference in cardiac retention at both 1 h and 

24 h after infusion comparing the two techniques. Perhaps of greater relevance, Musialek et 

al. infused 99Tc-extametazime-labeled bone marrow CD34+ cells in patients 6–14 days after 

acute myocardial infarction under continuous and stop-flow conditions; they found 

equivalent cardiac retention (~5 %) with both techniques at 36–48 h after infusion [19], 

which is similar to the results of the present study. Our study differs from the previous 

preclinical studies [6, 19, 26] in that we evaluated cardiac-derived cells and used a model of 

Keith et al. Page 7

Basic Res Cardiol. Author manuscript; available in PMC 2021 July 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



old myocardial infarction (scar), which is more relevant to the clinical use of cardiac-derived 

cells.

Analysis of various cardiac regions showed that there were no significant differences in the 

distribution of indium-111 oxine-labeled hCSCs between the two infusion techniques (Fig. 

5). The overall retention of cells observed at 24 h (~4–5 %) was comparable to that observed 

in previous preclinical and clinical investigations using a variety of cell types [10, 11, 13, 16, 

19, 21, 27–29]. We found a relatively high level of radioactivity in the apical portions of the 

right ventricular wall (Fig. 5). This observation can be accounted for by the fact that, in the 

pig, an accessory arterial branch originating from the distal LAD supplies the apical portions 

of the right ventricle [7, 22]. Radioactivity measurements of noncardiac organs indicated 

that the highest deposition of CSCs after intracoronary infusion is in the lungs followed by 

liver, kidneys, and spleen.

The specific protocol for the stop-flow technique (one 3-min occlusion without cell infusion 

followed by four 3-min occlusion/3-min reperfusion cycles) was chosen because it is the 

same protocol that was used in the SCIPIO trial [2]. The infusion of radiolabeled cells made 

it impossible to perform histologic analysis of the myocardium, because of the prolonged 

decay period of indium-111 oxine and attendant safety concerns. We were unable to 

ascertain whether remaining CSCs were adherent to walls of the microvasculature or had 

extravasated into the myocardium. To verify that the magnitude of damage produced by 

coronary occlusion/reperfusion was comparable between the two groups of pigs, we 

assessed LV function before and 30 days after infarction using echocardiography. Our 

measurements show that, 30 days after infarction, LV function did not differ significantly 

between the two groups, indicating a similar severity of the ischemic damage (Fig. 3).

The choice of the animal model was dictated by considerations related to clinical relevance. 

Clinically, the question of whether the risk of balloon inflation is justified arises most 

commonly in patients with chronic ischemic cardiomyopathy who have non-stented target 

coronary arteries. This issue is less relevant to patients with acute myocardial infarction, 

since in this setting the culprit vessel is usually stented during revascularization and the risk 

of dissection or injury associated with balloon inflation is therefore minimized. Accordingly, 

we decided to use a porcine model of old infarction and scarred myocardium, which mimics 

the clinical setting of chronic ischemic cardiomyopathy. Obviously, the effect of balloon 

inflation could not be studied in rodents. We could have used less complex and expensive 

porcine models (e.g., pigs without myocardial infarction or pigs with acute, rather than 

chronic, myocardial infarction); however, these models would not be relevant to the large 

cohort of patients with old stable myocardial infarcts (scars).

A variety of methods could have been used to assess cell retention at 24 h. The advantage of 

our methodology, based on quantification of residual radioactivity, is that it enabled us to 

assess the left ventricle as a whole. Alternative techniques such as PCR-based methods [10, 

11] have the advantage of high sensitivity and precision in small samples, such as in murine 

hearts; however, they are not applicable to large tissue samples because the large amount of 

native DNA in such samples would cause a dilution in the targeted sequences of human 

genomic DNA of the residual hCSCs [10, 11]. This would lead to an underestimation of cell 
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numbers. Additionally, PCR-based methods, as well as other methods such as fluorescence 

in situ hybridization of sex-mismatched donor–recipient pairs [25] and nuclear affinity 

labeling for cell tracking [13], enable quantification of cell numbers only in small 

myocardial samples assumed to be representative of the whole heart; these numbers must 

then be normalized to total myocardial weight to calculate global cardiac retention. Because 

cells may be distributed heterogeneously within the heart, as observed in the present study 

(Figs. 4, 5), these methodologies can potentially lead to inaccurate quantification due to 

sampling bias. We obviated these problems by measuring residual radioactivity in the entire 

heart.

In summary, using a clinically relevant porcine model of ischemic cardiomyopathy, we have 

demonstrated that the stop-flow technique does not result in superior hCSC retention 24 h 

after intracoronary infusion compared with non-occlusive hCSC infusion. Therefore, the 

increased procedural risks associated with balloon inflation do not appear to be warranted. 

These results have important practical implications for the design of future clinical trials in 

which hCSCs (or other stem/progenitor cells) are administered by the intracoronary route.
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SCIPIO Cardiac stem cell infusion in patients with ischemic cardiomyopathy 

trial

CSC Cardiac stem cell

RAA Right atrial appendage

LV Left ventricular

EF Ejection fraction

PBS Phosphate buffered saline

FGF Fibroblast growth factor

LAD Left anterior descending artery

CD Cluster of differentiation
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Fig. 1. 
Experimental protocol and timeline
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Fig. 2. 
c-kit positivity, cell product radioactivity, radiolabeling efficiency, cell product viability, cell 

number, and diffusive loss of indium-111 oxine. a c-kit positivity of individual cell lines is 

illustrated by black bars, with mean positivity shown in white. c-kit positivity ranged from 

72.6 to 90.8 % with mean c-kit positivity of 81.6 ± 7.0 %. Cell lines were combined to 

obtain a homogenous cell product. b Mean final cell product radioactivity of cells infused 

with continuous flow [Stop-flow (−)] or stop-flow [Stop-flow(+)]. c Indium labeling 

efficiency of cells administered with or without stop flow. d Mean cell viability, assessed by 

Trypan blue, before (black bars) and after (white bars) radiolabeling. e Number of 

radiolabeled hCSCs in each group. All values are mean ± SEM
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Fig. 3. 
LV ejection fraction. Echocardiographic analyses were performed at baseline and again 30 

days after infarction prior to intracoronary radiolabeled hCSC delivery to measure ejection 

fraction. Ejection fraction at 30 days after infarction was not significantly different between 

groups indicating similar degree of myocardial injury and functional decline (P = 0.49)
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Fig. 4. 
Nuclear imaging of hCSC retention. Cell retention was assessed by radioactivity and 

visualized by whole heart nuclear imaging. Radioactivity was observed in the distribution of 

the LAD, specifically, in the anteroseptal, anterior, and anterolateral walls of the left 

ventricle. Areas of high radioactivity and cell retention are identified by the bright orange 
coloration, while areas with no or low radioactivity are identified by blue/purple coloration
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Fig. 5. 
Myocardial hCSC retention at 24 h. Illustrated is the regional distribution of radioactivity in 

the continuous-flow (black) and stop-flow (white) groups. There was no significant 

difference in regional or total radioactivity (cell retention) between the continuous-flow 

(4.87 ± 0.62 %) and the stop-flow (5.41 ± 0.80 %) groups (P = 0.61)
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