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ABSTRACT

Cell therapy is an evolving option for patients with end-stage heart failure and ongoing symptoms de-
spite optimal medical therapy. Our goal was to evaluate retrograde bone marrow cell delivery in
patients with either ischemic heart failure (IHF) or nonischemic heart failure (NIHF). This was a prospec-
tive randomized, multicenter, open-label study of the safety and feasibility of bone marrow aspirate
concentrate (BMAC) infused retrograde into the coronary sinus. Sixty patients were stratified by IHF
and NIHF and randomized to receive either BMAC infusion or control (standard heart failure care) in
a4:1ratio. Accordingly, 24 subjects were randomized to the ischemic BMAC group and 6 to the ischemic
control group. Similarly, 24 subjects were randomized to the nonischemic BMAC group and 6 to the non-
ischemic control group. All 60 patients were successfully enrolled in the study. The treatment groups
received BMAC infusion without complications. The left ventricular ejection fraction in the patients re-
ceiving BMAC demonstrated significant improvement compared with baseline, from 25.1% at screening
to 31.1% at 12 months (p = .007) in the NIHF group and from 26.3% to 31.1% in the IHF group (p = .035).
The end-systolic diameter decreased significantly in the nonischemic BMAC group from 55.6 to0 50.9 mm
(p =.020). Retrograde BMAC delivery is safe. All patients receiving BMAC experienced improvements in
left ventricular ejection fraction, but only those with NIHF showed improvements in left ventricular end-
systolic diameter and B-type natriuretic peptide. These results provide the basis for a larger clinical trial

in HF patients. STEM CELLS TRANSLATIONAL MEDICINE 2015;4:1021-1027

SIGNIFICANCE

This work is the first prospective randomized clinical trial using high-dose cell therapy delivered via
a retrograde coronary sinus infusion in patients with heart failure. This was a multinational, multi-
center study, and it is novel, translatable, and scalable. On the basis of this trial and the safety of ret-
rograde coronary sinus infusion, there are three other trials under way using this route of delivery.

INTRODUCTION

Cardiovascular disease is the leading cause of
deathinthe world[1, 2]. The overall mortality from
coronary artery disease (CAD) has declined be-
cause of several factors, including improvements
in pharmacologic therapy and revascularization
techniques; in particular, reperfusion therapy with
primary percutaneous coronary intervention [3].
These life-saving advances in the management of
acute and chronic CAD have been associated with
an increased prevalence of patients with heart
failure (HF), with an estimated 250,000-350,000
patients who might be candidates for more ad-
vanced therapies [4]. HF, like all cardiovascular dis-
eases, is highly age-dependent, and the prevalence
will potentially double by 2030 with the advancing
age of the U.S. and world populations [5].

The therapeutic options for patients who
develop advanced HF are limited to heart

transplantation or the use of ventricular assist de-
vices [6]. This results in a large HF patient population
with progressive symptoms and limited treatment
options [7]. Biologically based cell and gene thera-
pies for advanced HF have shown promise [8-11].
The goal of biological therapy, which uses the body’s
native repair mechanisms, is to reverse or restore
the function of organs, tissues, and blood vessels.
As such, it is ideal for HF patients. Many sources
of stem cells are available for biological therapies,
including abdominal fat [12], genetically engineered
fibroblasts [13, 14], resident cardiac stem cells [15],
human umbilical cords [16], and human endome-
trium [17]. However, the most widely used biolog-
ical therapy has been autologous bone marrow for
the treatment of cardiovascular disease [8, 11].
The route of deliveryisanimportant variablein
biologically based therapy. Direct epicardial injec-
tion at open heart surgery [18] and intracoronary
infusion for acute myocardial infarction (MI) were
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the first methods described. Intracoronary delivery depends on in-
flammatory signals to recruit the cells to areas of injury and might
be suboptimal in patients with advanced CAD or previous coronary
artery bypass grafting. Therefore, catheters were developed to de-
liver biologic agents into the myocardium percutaneously using elec-
trical mapping, fluoroscopy, or echocardiography to obtain precise
localizations [19, 20]. Percutaneous, subendocardial, intramyocardial
delivery is effective but carries risk, including perforation. In addition,
patients with aortic valve disease, a thin myocardium, or left ven-
tricular (LV) thrombus are not candidates. Both intracoronary and
intramyocardial delivery are also limited in the number of cells that
can be safely delivered. This has made translation from preclinical
models to human dosing more challenging.

Retrograde venous delivery via the coronary sinus has been
shown to be successful for cardioplegic solution delivery in open
heart surgical procedures [21]. Preclinical models have demon-
strated delivery efficacy equal to intramyocardial delivery. Ad-
ditionally, a large number of cells can be delivered with this
technique, and few patient contraindications exist. Tuma et al.
demonstrated the safety of retrograde delivery in a study in which
a large number of bone marrow cells were delivered retrograde to
patients with chronic myocardial ischemia [22]. Based on their
study results, we conducted a clinical trial to evaluate the safety
and efficacy using the retrograde delivery of bone marrow-
derived stem cells in patients with advanced HF.

MATERIALS AND METHODS

Study Design

An institutional review board-approved prospective, random-
ized, multicenter, open-label study (ClinicalTrials.gov identifier
NCT01299324) was conducted to assess the safety and feasibility
of retrograde infusion of a concentrate of nucleated bone marrow
cells via the coronary sinus in patients with congestive HF. All
patients were deemed to have received optimal medical treatment
by a HF specialist. The primary endpoints of the study were the
safety and feasibility of using bone marrow aspirate concentrate
(BMAC) delivered retrograde into the coronary sinus of patients
with heart failure. The secondary endpoints were the safety of ret-
rograde delivery, quality of life (QOL) measured by the Minnesota
Living with Heart Failure questionnaire (MLWHFQ), cardiovascular
symptoms measured by the New York Heart Association (NYHA) HF
classification and the Canadian Cardiovascular Society (CCS) angina
classification, B-type natriuretic peptide (BNP) levels, LV ejection
fraction (LVEF) by echocardiography, and ischemia and LVEF mea-
sured by single photon emission computed tomography (SPECT) in
the ischemic group. Additionally, the efficacy of retrograde BMAC
delivery was compared with optimized standard of medical care di-
rected by a heart failure cardiologist. All clinical adverse events
were evaluated by the adjudication committee at the time of
the incident, and a determination was made of whether the event
was related or unrelated to the experimental treatment. The en-
rolled patients were stratified to ischemic and nonischemic groups.
Within these groups, the patients were randomized electronically
at enrollment to receive either BMAC via retrograde delivery or the
medical standard of care in a 4:1 ratio. Only the patients random-
ized to receive BMAC underwent bone marrow aspiration and in-
fusion. The patients randomized to the control group continued to
receive the standard of care medical therapy as prescribed by
a heart failure specialist. All imaging and follow-up information
was blinded for the reviewers (i.e., echocardiography).

©AlphaMed Press 2015

Patient Selection

The eligible patients were aged 18 years or older with congestive
HF, an LVEF <40% by contrast echocardiography, NYHA class Il or
IV, stable with standard medical therapy for at least 1 month be-
fore screening, and had a life expectancy of 6 months or longer.
The exclusion criteria included previous radiation treatment,
bone marrow disorders, cirrhosis, bleeding/clotting disorders,
acute Ml less than 7 days from the treatment date, uncontrolled
diabetes (hemoglobin Alc >9%), known active malignancy or risk
of active malignancy (defined as abnormal PAP, chest radiograph,
or mammogram findings or positive fecal hemoccult result), anti-
biotics within 7 days, high-dose steroids within 1 month before the
procedure, dialysis, serum creatinine >3.0 mg/d|, and pregnancy.

Procedure

The patients in the BMAC group were taken to the catheterization
laboratory, where both the harvest of bone marrow and the infusion
of cells occurred during the same visit. Patients taking warfarin were
corrected to an international normalized ratio of <1.6 at the time of
the procedure. The patient’s heart rate, blood pressure, and electro-
cardiographic (ECG) tracing were monitored throughout the proce-
dure. Using a standard technique, a 240-ml sample of bone marrow
was obtained from the posterior iliac crest. The sample was then
processed and concentrated to a volume of 60 ml over 15 minutes
using the Harvest Bone Marrow Aspirate Concentrate System (Har-
vest Technologies, Terumo BCT, Plymouth, MA, http://www.
harvesttech.com). The Harvest BMAC system concentrates the en-
tire nucleated cell population from the marrow aspirate and the pla-
telets while reducing the number of red blood cells in the final
product. It is a point-of-care system and concentrates the bone mar-
row at the patient’s bedside. This concentrate was then drawn up
into a series of sterile syringes for infusion into the coronary sinus.

The coronary sinus was accessed via the right femoral vein using
a 7F 8-mm X 40-mm balloon catheter (Cook Medical Inc., Lafayette,
IN, http://www.cookmedical.com) under fluoroscopic guidance.
The proper catheter position and balloon occlusion were confirmed
with fluoroscopy. The prepared cell concentrate of 60 ml was infused
continuously over a 5-minute period. The balloon remained inflated
for 10 minutes after infusion to permit the migration of the cells into
the cardiac tissue. After this dwell time, the balloon was deflated and
the catheter removed. Local hemostasis was obtained, and the pa-
tient was transferred to a telemetry monitored unit for 24 hours of
observation. The average time to perform the cell delivery from ve-
nous access to catheter removal was 29 + 14 minutes.

Follow-Up

The patients returned for follow-up visits at 1, 3, 6, and 12 months.
Cardiac biomarkers and chemistry and hematological laboratory
tests were collected at their initial screening and subsequent 3-,
6-,and 12-month follow-up visits. For the BMAC patients, laboratory
tests were obtained both before and after the procedure, including
markers of cardiac injury, troponin | and creatine phosphokinase,
and the complete blood count and renal function tests. Adverse
events were recorded at each visit. SPECT scans were obtained at
baseline and at 6 monthsin the ischemic group to assess LV ischemia
and function. Echocardiography, ECG, and the MLWHFQ were per-
formed at the 3-, 6-, and 12-month follow-up visits.

Statistical Analysis

Study data were collected using a dedicated electronic data
capture system prospectively with real-time queries. Patient
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Table 1. Patient demographics
Nonischemic Ischemic
Demographic BMAC (n = 24) Control (n = 6) BMAC (n = 24) Control (n =6) p value
Age (yr) 48.04 = 14.83 59.33 = 7.15 58.54 + 12.70 52.67 (8.55) .531
Male gender (%) 58.3 83.3 91.7 100.0 .186
Alcohol use (%) 29.2 333 20.8 16.7 1.000
Tobacco use (%) 20.8 50.0 54.2 50.0 721
Baseline EF 25.09 * 6.75 2413 + 4.74 26.25 * 5.63 25.00 * 8.94 .861
BNP 747.04 = 1,284.25 689.32 *= 412.08 648.21 * 784.46 1,189.58 + 1,118.80 .562
LVEDD (mm) 64.3 = 8.7 66.3 = 8.4 63.0 = 7.6 61.8 = 7.3 914
LVESD (mm) 55.6 = 9.3 59.8 = 10.3 51.7 = 9.3 547 +7.1 .897

Data are presented as mean * SD, unless otherwise indicated.

Abbreviations: BMAC, bone marrow aspirate concentration; BNP, B-type natriuretic peptide; EF, ejection fraction; LVEDD, left ventricular end-diastolic

diameter; LVESD, left ventricular end-systolic diameter.

demographics, clinical characteristics, and safety data are summa-
rized by ischemic stratification (ischemic vs. nonischemic) and
treatment group (BMAC vs. control). Descriptive statistics are pro-
vided in the analysis of all safety, cardiac function, laboratory,
health status, and quality-of-life endpoints in the present study.
Data analysis was performed as intent to treat. The descriptive sta-
tistics for continuous variables included the mean, median, SD, me-
dian, minimum, maximum, and sample size. Categorical variables
are described with numbers and percentages. The incidence rates
of adverse events (AEs) are tabulated by treatment group and is-
chemic stratification for the various types of adverse events
(e.g., all AEs, serious AEs [SAEs], deaths, and nonfatal AEs possibly
related to the procedure), and body system. The severity, duration,
and relationship of AEs to BMAC were recorded on the electronic
case report forms. The incidence of AEs by severity and relationship
to BMAC was compared by treatment group and ischemic stratifi-
cation. Cardiac function and QOL parameters are tabulated and
summarized by treatment group, ischemic stratification, and time
point with descriptive statistics. Statistical analysis was performed
using SAS, version 9.2 or higher (SAS Institute, Cary, NC, http://
www.sas.com). The p values, when presented, are two-sided and
considered statistically significant at the two-sided .05 level of sig-
nificance, unless otherwise specified. No imputations for missing
data were performed, and no adjustment for multiple comparisons
was made, given the exploratory nature of this safety study.

RESULTS

Disposition
Between March 2011 and February 2012, 96 patients underwent the
consent process and were screened, leading to 60 who met inclusion
criteria and were randomized. Of the 60 patients, 30 were in each
group (ischemic and nonischemic). Within each group, 24 patients
were randomized to receive BMAC and 6 to serve as the controls.
Of the patients in the ischemic and nonischemic groups, 93%
and 63% were male, respectively. The mean age was 57 years in
the ischemic group and 53 years in the nonischemic group. No sig-
nificant differences were present in age, race, gender, or alcohol or
tobacco use between the control and treatment arms within the
ischemic and nonischemic groups (Table 1). For patients in the is-
chemic group, the baseline mean LVEF was 25.0% (SD, 8.94%) and
26.25% (SD, 5.63%) for the control and BMAC groups, respectively.
In the nonischemic group, the baseline mean LVEF was 24.13% (SD,
4.74%) and 25.09% (SD, 6.75%) in the control and BMAC groups,
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respectively, as determined by echocardiography. All patients were
in NYHA class Ill or IV at the time of screening. The demographics of
all patients by randomization assignment are listed in Table 1.

All enrolled subjects were randomized with no crossover be-
tween the groups. Two patients in the ischemic treatment group
did notreceive BMAC; 1 died after randomization, and 1 withdrew
because of an unrelated adverse event. No technical difficulties
occurred with the cell delivery procedure, and the mean number
of cells infused in the treatment group was 3.7 * 0.9 X 10° nu-
cleated cells. Flow cytometry of the concentrate showed a mean
CD34+ count of 39.4 X 10° cells (range, 22.1-51.6 X 10°), with
84% cellular viability (range, 81%—90%). Total occlusion of the
proximal coronary sinus was obtained in every case, with no ad-
verse events or hemodynamic changes related to BMAC delivery.

Of the original 60 patients enrolled, 47 completed the study;
9 patients died, 1 before receiving the treatment, and 3 were lost
to follow-up. Figure 1 shows patient disposition.

Safety

Of the ischemic control group subjects and ischemic BMAC group
patients, 83% (5 of 6) and 100% (22 of 22) experienced at least one
AE, respectively. Similarly, 83% (5 of 6) and 88% (21 of 24) of the
nonischemic control and BMAC patients, respectively, experi-
enced an AE (p = .253).

The incidence of nonserious adverse events possibly related
to the procedure among patients receiving BMAC was 22.7% (5 of
22) among the ischemic patients and 16.7% (4 of 24) among the
nonischemic patients. These nonserious eventsincluded elevated
troponin levels in 2 patients, catheterization site hematomas in
4 patients, bleeding at the marrow aspiration site in 1 patient, el-
evated serum creatinine in 1 patient, and pain at the aspiration
site in 1 patient.

The incidence of SAEs was 33% and 31.8% in the ischemic con-
trol and BMAC groups and 16.7% and 16.7% in the nonischemic con-
trol and BMAC groups, respectively. Nine patients died, two in the
ischemic control group, five in the ischemic BMAC group, and two in
the nonischemic BMAC group (p =.928). Five patients experienced
congestive heart failure exacerbation requiring hospital admission,
and one patient developed a ventricular arrhythmia; all resolved
with treatment. All the SAEs, including the 9 deaths, were classified
by the site primary investigators as “unrelated” or “unlikely” to be
related to the procedure. SAEs deemed to be related to the proce-
dure included hematomas at the catheterization site and elevated
serum creatinine. Serious adverse events are listed in Table 2.

©AlphaMed Press 2015


http://www.sas.com
http://www.sas.com
http://www.StemCellsTM.com

1024

Retrograde Cell Therapy for Heart Failure

96 patients were screened

—

36 patients were excluded

-

60 patients were enrolled
A —

30 patients with \‘ 30 patients with

ischemic nonischemic

cardiomyopathy cardiomyopathy

= o

24 randomized to 6 randomized to 24 randomized to 6 randomized to
| BMAC | control || | BMAC | | control

+

1 patient died, 1
| patient withdrew

Lot |

22 patients

received BMAC

|

24 patients

received BMAC

4 patients died., 1 — ied 2 patients died. 1 1 patient lost to
| lost to follow-up | - patients died | | Jost to follow-up | | follow-up |

! ! ! !

17 patients 4 patients 21 patients 5 patients
completed the 12 completed the completed the 12 completed the 12
| month visit 12 month visit | u month visit month visit i
i | |

Figure 1. Patient disposition. Patients with heart failure were strat-
ified by the presence of ischemic or nonischemic disease. Within each
stratification, the patients were randomized to BMAC or control in
a 4:1 ratio. The numbers of patients randomized, treated, and fol-
lowed for 12 months are shown for each study arm. Abbreviation:
BMAC, bone marrow aspirate concentrate.

Quality of Life

In general, the BMAC-treated patients did not progress to worsen-
ing NYHA classifications from baseline to the 12-month follow-up
visit. All patients were in NYHA class 3 or 4 at the time of screening.
At the 12-month follow-up visit, 8, 10, and 3 patients were in NYHA
class 1, 2, and 3 in the nonischemic BMAC group and 3, 1, and 1
patient in the ischemic control group were in NYHA class 2, 3,
and 4, respectively. In the ischemic BMAC group, 6, 9, 1, and 1 pa-
tientwerein NYHAclass 1,2, 3,and 4 and 1, 1, and 2 patientsin the
ischemic control group were NYHA class 1, 2, and 3, respectively.
The progression in health status as measured by the NYHA classifica-
tion among the nonischemic BMAC patients was better than that in
the nonischemic control group at all time points. A similar, although
less pronounced, trend was seen in the ischemic stratification. The
progression of NYHA status is shown in Figure 2A, 2B. The changes
seen in NYHA class were not significant. The MLWHFQ scores im-
proved from screening to 6 months among the BMAC and control
patients in the ischemic and nonischemic stratifications both, with
no significant different between groups. The CCS scores improved
minimally in the nonischemic stratification, with 24 of 27 patients
in class 1 at screening, and 27 of 27 in class 1 at 12 months. In the is-
chemic stratification, the CCS class worsened in the BMAC group, with
an initial median CCS of 1 and a median of 2 at 12 months. In the is-
chemic control group, the distribution of CCS scores did not change.

Objective Measures

Inthe ischemic stratification, 22 of the 24 BMC group patients had
an elevated BNP level at screening. In the control group, all 6

©AlphaMed Press 2015

Table 2. Serious adverse events by stratification and treatment group

Nonischemic

stratification Ischemic stratification

BMAC Control BMAC Control
Serious adverse events (n=24) (n=6) (n=22) (n=6)

Cardiac death 2(8.3) 0 3(13.6) 2 (33)
Noncardiac death 0 0 2(9.1) 0
Ventricular arrhythmia 1(4.2) 0 0 0
1(16.7) 2(9.1) 0

CHF exacerbation 0

Data are presented as n (%).
Abbreviations: BMAC, bone marrow aspirate concentrate; CHF,
congestive heart failure.

patients had elevated BNP. In the nonischemic stratification, 20
of 24 patients in the BMAC group had elevated BNP, and 5 control
group patients had elevated BNP. BNP decreased in the nonische-
mic BMAC group. For this group, the average change in BNP from
before infusion was —21.9, —26.2, —47.7, and —100.7 pg/ml at
discharge and 3, 6, and 12 months respectively, compared with
the nonischemic control group with BNP changes of +118.6,
—162.6, and +24.0 pg/ml at 3, 6, and 12 months, respectively.
In the ischemic stratification, the BNP changes in the BMAC group
were —34.1, —12.11,+417.6, and +182.5 pg/ml at discharge and 3, 6,
and 12 months compared with —355.7, —240.0, and —234.4 at 3, 6,
and 12 months in the control group, respectively. The ischemic con-
trol group had very high BNP levels at baseline, nearly double that of
the other groups. Changes in BNP between the BMAC and control
groups did not reach statistical significance in either the ischemic
or nonischemic stratification (Fig. 2C, 2D).

The mean ejection fraction in the BMAC groups in both the
ischemic and the nonischemic stratifications demonstrated sig-
nificant improvement compared with baseline screening by con-
trast echocardiography. The EFimproved from 25.1% at screening
to 31.1% at 12 months (p = .007) in the nonischemic group. The
mean EF in the ischemic control group also demonstrated signif-
icant improvement compared with baseline, from 25.0% at
screening to 33.1% at 12 months (p = .006; Fig. 2E, 2F). In both
the ischemic and the nonischemic stratifications, no significant
differences were seen between the mean EF in the BMAC and
control groups at 12 months (p =.814 and p =.954, respectively).

A significant decrease was seen in the LV end-systolic diame-
ter (LVESD) as measured by echocardiography in the BMAC group
of the nonischemic stratification, which during the 12-month pe-
riod changed from 55.6 mm to 50.9 mm (p =.020). A similar result
was not seen in the ischemic BMAC group, with the LVESD chang-
ing from 51.7 mm to 51.6 mm at 12 months (p = .0692). No sig-
nificant changes were seen in the end-diastolic diameter in
either stratification. (Fig. 2G-2J).

SPECT was performed at the screening visit and at the
6-month follow-up visit only in the patients in the ischemic strat-
ification. No significant change was seen in LVEF or perfusion in
either the control or BMAC groups at the 6-month follow-up visit.
The LVEF in the ischemic BMAC group changed from a mean of
27.09% = 7.46% to 29.29% * 6.74% at 6 months and 23.33% *
10.39% to 31.25% = 14.24% in the ischemic control group.

DiscussiON

The present study is the first randomized trial using retrograde
coronary sinus delivery of bone marrow mononuclear cells in
HF patients. The trial has demonstrated both the safety and

STEM CELLS TRANSLATIONAL MEDICINE
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Figure 2. Cardiovascular parameters. The cardiovascular parameters for both ischemic and nonischemic cardiomyopathy patients in the BMAC and
control groups. The percentage of BMAC (red squares) or control (blue triangles) patients with a NYHA class score of Il or IV is shown for ischemic (A)
and nonischemic (B) patients. (C, D): BNP in ischemic (C) and nonischemic (D) patients. (E, F): Ejection fraction in ischemic (E) and nonischemic (F)
patients. (G, H): Left ventricular end-diastolic diameter in ischemic (G) and nonischemic (H) patients. (I, J): Left ventricular end-systolic diameter in
ischemic (1) and nonischemic (J) patients. Results are presented as mean and standard deviation. *, p < .05, statistically significant compared with
baseline. Abbreviations: BMAC, bone marrow aspirate concentrate; BNP, B-type natriuretic peptide; NYHA, New York Heart Association.

the feasibility in patients with NYHA class 3 or 4 HF. Preclinical stud-
ies have demonstrated that total occlusion of the coronary sinus for
up to 60 minutes is safe owing to the presence of the Thebesian
veins, which also drain cardiac venous blood. This allows biologic
agents to be infused retrograde under low pressure into the great
and middle cardiac veins. Zakharova et al. also recently demon-
strated the preclinical feasibility of retrograde cell delivery with dis-
tribution throughout the left ventricle [23]. Retrograde delivery of
cells was developed to minimize the risks associated with cardiac
cell delivery. Most endocardial, epicardial, and intracoronary deliv-
ery techniques have limitations such as myocardial wall thickness,
invasiveness, or coronary blockage that would cause perforation
or poor cell distribution. The number of cells delivered by these

www.StemCellsTM.com

Figure continues on next page.

techniques is limited by microclumping, leading to infarcts. Thus
far, cell doses of no greater than 300 million cells have been safely
used owing to theseissues. Retrograde delivery enables a larger cell
dose, which is translatable based on most preclinical models [24].
The optimal retention of cells remains an ongoing investigation.
Thus, retrograde coronary sinus delivery was chosen for the cell de-
livery route in the present trial.

Although adverse events occurred in all treatment arms, most
were classified as unrelated to the procedure and should not raise
safety concerns for this procedure. The rate of death in these
patients should be considered a function of the poor health of this
patient population that we aim to improve with this procedure,
rather than a function of the procedure or cell infusion itself.

©AlphaMed Press 2015
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Figure 2. Continued from previous page.

Although the present study was not adequately powered to
show statistical significance between the control and BMAC
groups, the significant change in ejection fraction in all patients
receiving BMAC with both etiologies of heart failure and the re-
duction in end-systolic diameter in the nonischemic group is en-
couraging compared with the patients’ baseline parameters.
Although the control group for the ischemic stratification demon-
strated significant improvement at some time points, the BMAC
groups demonstrated significance at all time points.

The decrease in end-systolic diameter indicates a signal for
positive left ventricular remodeling, although this was significant
only in the nonischemic patients. Although not statistically signif-
icant, a trend was also seen toward decreasing BNP levels in
patients with nonischemic cardiomyopathy receiving BMAC com-
pared with the ischemic BMAC group, in which the BNP level fluc-
tuated to a greater degree. This decrease in BNP, coupled with the
improved ejection fraction, potentially demonstrates an in-
creased ability of the cardiac myocytes to tolerate stretch and vol-
ume overload. The presence of this finding mostly in the
nonischemic patients might indicate that the ability for cardiac
myocytes to remodel is dependent on cellular functions that
are lost in ischemia. This is an important distinction, because data
from the International Society for Heart and Lung Transplant [25]
have shown that the percentage of patients with an ischemic eti-
ology for their heart failure has declined from 50% 10 years ago to
now only 37% of patients undergoing heart transplant.

The exact mechanism forimprovement with stem cell therapy
remains controversial. Recent research by Mirotsou et al. has in-
dicated that transplanted cells do not remainin the heart for more
than a few days; therefore, the benefit is likely related to the
release of paracrine factors by stem cells into the injured myo-
cardium that mediate neovascularization and remodeling [26].
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Specifically, BMAC has been shown to significantly increase the
levels of angiogenic ligands and interleukin-10 (IL-10). In a com-
parison of BMAC and IL-10-deficient BMAC, the latter failed to de-
crease the infarct size compared with wild-type BMAC.

A number of different cell types have been used in heart fail-
ure.Heldman et al. compared patients with ischemic cardiomyop-
athy receiving either intramyocardially delivered mesenchymal
stem cells or mononuclear bone marrow stem cells to a placebo
group and demonstrated an improvement in the MLWHFQ score
in both treatment groups, but not in the placebo group [27].
Henry et al. used a cultured multicellular product delivered intra-
myocardially in patients with NYHA class I11/1V, with a LVEF <30%.
The patients with ischemic dilated cardiomyopathy appeared to
benefit more than the nonischemic patients, with fewer cardiac
adverse events, improved wall motion index scores, and im-
proved MLWHFQ scores [28]. A recent study by Vrtovec et al., us-
ing selected bone marrow cells in patients with nonischemic
dilated cardiomyopathy, showed significant improvement in ven-
tricular function, without significant changes in LV end-diastolic
diameter or LVESD [29].

CONCLUSION

The present study is the first prospective randomized clinical trial
using bone marrow mononuclear cells infused into the coronary
sinus of HF patients. Our study met its primary end point, demon-
strating that a large number of bone marrow cells can be safely
delivered via retrograde coronary sinus delivery with no direct
procedure-related adverse events. Although the present study
was not powered to demonstrate statistical significance, the
results show early clinical signals that warrant further investiga-
tion. The present study was limited in its sample size and was open
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labeled. However, the findings should lead to larger studies to fur-
ther evaluate the potential benefits of BMAC in patients with is-
chemic and nonischemic cardiomyopathy.
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