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Transendocardial CD34þ Cell Therapy
does not Increase the Risk of Ventricular
Arrhythmias in Patients with Chronic
Heart Failure

Gregor Poglajen1,2, Gregor Zemljič1, Andraž Cerar1,
Sabina Frljak1, Martina Jaklič1, Vesna Androcec1, and Bojan Vrtovec1,2

Abstract
Ventricular arrhythmias (VA) are of major concern in the field of cell therapy, potentially limiting its safety and efficacy. We
sought to investigate the effects of CD34þ cell therapy on VA burden in patients with chronic heart failure (CHF). We
performed registry data analysis of patients with CHF and implanted ICD/CRT devices treated with transendocardial CD 34þ

cell therapy. Demographic, echocardiographic, and biochemical parameters were analyzed. Device records were reviewed
and the number and type of VA 1 year prior to and 1 year after cell therapy were analyzed. All patients underwent elec-
troanatomical mapping, and myocardial scar was defined as unipolar voltage (UV) <8.3 mV and linear local shortening (LLS)
<6%. Of 209 patients screened, 48 met inclusion criteria. The mean age of the patients was 52 years and 88% were male.
Nonischemic and ischemic cardiomyopathy were present in 55% and 45% of patients. The average serum creatinine was
91+26 mmol/L, serum bilirubin 18+9 mmol/L, NT-proBNP 1767 (468, 2446) pg/mL, LVEF 27+9% and 6’ walk test
442+123 m. The average scar burden in patients with nonischemic and ischemic DCM was 58+15% and 51+25% (P¼0.48).
No significant difference in VA burden was observed before and after cell therapy (48% vs. 44%; P¼0.68). ICD activation
occurred in 19% and 27% of patients before and after cell therapy (P¼0.33). According to our results, transendocardial
CD34þ cell therapy does not appear to increase the risk of VA in chronic heart failure patients.
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Introduction

Although a significant body of published data suggests3 that

stem cell therapy is feasible and safe in the chronic heart

failure patient population, several preclinical and clinical

studies did raise some concern that stem cell therapy may

be associated with ventricular arrhythmias, as potentially

life-threatening ventricular tachycardia (VT) and/or ventri-

cular fibrillation (VF) have been reported after stem cell

therapy1–4. The occurrence of ventricular arrhythmias has

not been consistently observed across the stem cell clinical

trials, which is very likely due the variations in patient pop-

ulation, stem cell type, delivery methods, and the timing of

stem cell therapy that were used in different studies4. Inter-

estingly, most of the reported ventricular arrhythmias in

stem cell studies were related to the use of skeletal myo-

blasts, with higher-than-expected rate of ventricular arrhyth-

mias, including several deaths5,6.

In comparison to skeletal myoblasts, bone marrow stem

cells (unfractionated or subpopulations) or mesenchymal

stem cells (MSCs) appear to have much better safety profile.

Although bone marrow stem cells have been associated with

potentially proarrhythmic electrophysiological changes in

preclinical models, stem cell therapy has not been shown
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to translate to clinically relevant ventricular arrhythmias in

patients with acute coronary syndrome or chronic ischemic

heart disease7. However, the potential proarrhythmic effects

of intramyocardial stem cells transplantation in patients with

chronic heart failure have not been explored and currently

remain undefined. In the present study we sought to inves-

tigate the effects of transendocardial CD34þ cell therapy on

the burden of ventricular arrhythmias in patients with

chronic heart failure and reduced left ventricular ejection

fraction (LVEF).

Materials and Methods

Patient Population

We performed a post-hoc analysis of the patients enrolled in

two prospective open-label trials investigating the clinical

effects of stem cell therapy in patients with ischemic cardi-

omyopathy (ICM, NCT01350310) and nonischemic dilated

cardiomyopathy (DCM), and patients enrolled in a Registry

of Cell Therapy in Nonischemic Dilated Cardiomyopathy

(RECORD, NCT02445534). Patients with either nonis-

chemic DCM or ICM who underwent transendocardial cell

therapy at Advanced Heart Failure and Transplantation Pro-

gram, University Medical Center Ljubljana, Slovenia from

January 1st, 2006 and December 31st 2016 were screened

for the study. Inclusion criteria were as follows: age 18 to 65

years, presence of ICD/CRT device�12 months prior to stem

cell therapy, diagnosis of DCM according to European Soci-

ety of Cardiology position statement8 or diagnosis of ICM

without any option for further percutaneous or surgical myo-

cardial revascularization9, and stem cell therapy �12 months

prior enrollment. Patients without ICD/CRT device, with stem

cell therapy <12 months prior to enrollment, with acute cor-

onary syndrome or hospitalization for worsening heart failure

requiring inotropic support within 12 months before and after

stem cell therapy, and patients who underwent any medical or

invasive arrhythmia treatment within 12 months before or

after stem cell therapy were excluded from the study. Written

informed consent was obtained in all patients before partici-

pation in the study, and the study protocol was approved by

the National Ethics Committee of the Republic of Slovenia.

Study Design

In patients who met the inclusion criteria, baseline demo-

graphic, echocardiographic, and biochemical parameters

were analyzed at the time of stem cell transplantation. In

addition, an ICD/CRT event log was reviewed in the time

interval of 12 months before and after stem cell therapy, and

the number and type of ventricular arrhythmias and the num-

ber and type of device activations were reviewed. The data

from all device interrogations that occurred within

12 months before cell transplantation and within 12 months

after transplantation were included in the analysis. In all

patients a device interrogation was also done on the day of

cell transplantation and at 12 month follow-up as a part of

our standard management protocol. All ventricular arrhyth-

mic events that were recorded by the device (regardless of

whether they triggered device activation in the form of shock

or antitachycardia pacing (ATP)) were considered for the

analysis. Patients were stratified based on the presence of

ventricular arrhythmias after stem cell therapy.

Peripheral Blood Stem Cell Mobilization and Collection

All patients underwent stem cell mobilization and collection

as previously described10. In short, bone marrow cells were

mobilized into peripheral blood by daily subcutaneous injec-

tions of G-CSF (5 mg/kg BID). On the fifth day bone

marrow-derived cells were collected by cytapheresis using

Miltenyi cell separator (Miltenyi Biotec, Teterow,

Germany). Subsequently immunoselection of obtained cells

was done using Isolex 300i (Nexell Therapeutics Inc, Irvine,

CA, USA) and the selected CD34þ cells were stored in the

cell collection bag. The obtained cell product was further

concentrated to a final volume of 6 mL.

Electroanatomical Mapping and Transendocardial
Cell Delivery

Using electroanatomical mapping (Biosense-Webster, Dia-

mond Bar, CA, USA), maps of color-coded myocardial via-

bility (unipolar voltage; UV) and regional myocardial

contraction (linear local shortening; LLS) and their corre-

sponding bull’s-eye maps, consisting of �150 sampling

points, were generated for each patient prior to stem cell

transplantation. Hibernating myocardium was defined as

areas with UV �8.3 mV and LLS <6%; using electroanato-

mical data, myocardial scar was defined as segments with

UV <8.3 mV and LLS <6%11. Transendocardial delivery of

cell suspension was performed with MyoStar (Biosense-

Webster) injection catheter. Each patient received 20 injec-

tions (0.3 mL each) of stem cell suspension; all injections

were performed targeting the areas of myocardial hiberna-

tion (UV �8.3 mV and LLS <6%).

Electrogram Analysis

We analyzed the electrograms of the stem cell injection

regions. Electrograms (Fig. 1) were recorded with the

NOGAStar mapping catheter and displayed with fixed gain

of 1 mV/cm at 200 mm/s. Areas of slow conduction were

defined as areas with fragmented QRS signal12. QRS frag-

mentation was defined as a multicomponent QRS signal and

the cut-off value for normal QRS fragmentation was �4

positive peak deflections7.

Echocardiography, 6-Minute Walk Test,
and NT-proBNP Measurements

The echocardiography data were recorded and analyzed at

the end of the study by an independent echocardiographer
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who was blinded to the patient’s treatment status and the

timing of the recordings. Left ventricular end-systolic vol-

ume and end-diastolic volume and LVEF were estimated

using the Simpson’s biplane method, and left ventricular

end-systolic dimension and end-diastolic dimension were

measured in the parasternal long axis view. All echocardio-

graphic measurements were averaged for five cycles. In all

patients, 6-minute walk test was performed by a blinded

observer according to the standard protocol13. All NT-

proBNP assays were performed at a central independent

laboratory, blinded to the patient’s clinical data using a com-

mercially available kit (Roche Diagnostics, Mannheim,

Germany).

Ventricular Arrhythmia Assessment

Device interrogations were performed in the outpatient

clinic as a part of routine follow-up screening of the patients

with ICD/CRT device, and the number and type of ventri-

cular arrhythmias and the number and type of device activa-

tions were recorded. VT was defined as five consecutive

ventricular ectopic beats. All ventricular arrhythmias that

occurred in the time interval of 12 months before and after

stem cell transplantation were considered for the analysis.

Ventricular tachyarrhythmia episodes and appropriateness of

device activation (ATP or shock) were adjudicated by two

independent electrophysiologists blinded to the patient sta-

tus. Recordings that were falsely labeled as ventricular

arrhythmias and inappropriate device therapy were excluded

from our analysis.

Study End Points

The primary end point was the change in the number of

episodes of ventricular arrhythmias 1 year before and 1 year

after stem cell transplantation. Secondary end points

included changes in the number of episodes of device acti-

vation (shock or ATP) and changes in the mode of device

activation before and after stem cell therapy.

Statistical Methods and Analysis

Continuous variables are presented as mean (+SD) or med-

ian (interquartile range) where appropriate and categorical

data are given as count (percent). Categorical variables were

compared with Chi-squared test (or Fischer exact nonpara-

metric test). All continuous variables were compared using

Student’s t-test and ANOVA (or Mann–Whitney nonpara-

metric test). Cluster analysis of the points, obtained with

electromechanical mapping, was performed using a two-step

cluster analysis approach where clusters are automatically

determined using Schwarz Bayesian criterion. Statistical sig-

nificance was assumed for P-values of <0.05. All statistical

analyses were performed with SPSS software version 20.0

(IBM SPSS Statistics, Armonk, NY, USA).

Results

Patient Characteristics

Baseline patient characteristics are shown in Table 1. The

majority of the patients were male with nonischemic DCM,

with a myocardial scar burden, as evaluated by electroana-

tomical mapping, of around 50%, in NYHA functional class

III or higher and with a LVEF of around 30%. End-organ

function was not significantly affected in any of the patients

and no significant electrolyte disturbances were registered.

All of the patients received optimal heart failure therapy that

was not altered during the evaluation period. With regards to

the antiarrhythmic management, two-thirds of patients had

received an ICD and one-third of patients had received a

CRT-D. Seven (15%) of the patients received an additional

antiarrhythmic medical therapy (amiodarone) per discretion

of the treating arrhythmologist that was stable throughout the

evaluation period.

Effects of CD34þ Cell Therapy on Ventricular
Arrhythmias

Overall, we found no significant differences in the burden of

ventricular arrhythmias in the evaluation period of 12

months before and after stem cell therapy (Fig. 2). VT

occurred in 23 (48%) and 21 (44%) patients before and after

stem cell, respectively (P¼0.68). In one (2%) patient an

episode of VF was registered before stem cell therapy as

opposed to two (4%) patients experiencing VF after stem

cell therapy. At least one ICD activation occurred in nine

(19%) patients before and in 13 (27%) patients after stem

cell therapy, which was not significantly different (P¼0.33).

A total ventricular arrhythmia burden is outlined in Fig. 3.

The VT burden before and after stem cell transplantation

was similar, as a total of 67 VT episodes were registered

Fig. 1. Examples of electrogram recordings. Electrogram record-
ings of normal (panel A) and fragmented (panel B) QRS, recorded
at a gain of 1 mV/cm at 200 mm/sec.
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before and 49 VT episodes were registered after stem cell

therapy (P¼0.46). One episode of VF was registered before

and two episodes of VF were registered after stem cell ther-

apy, which occurred >30 days after the procedure and were

adjudicated not to be directly associated with stem cell ther-

apy. In addition, the cumulative device activity in the ana-

lyzed patient cohort did not differ before and after stem cell

therapy: 17 ICD shocks and nine ICD shocks were delivered

before and after stem cell therapy, respectively, (P¼0.38)

and ICD ATP occurred 15 times before and 17 times after

stem cell therapy (P¼0.80).

Differential Arrhythmic Response to CD34þ Cell
Therapy

We compared patients conditional to ventricular arrhythmia

events after stem cell therapy (Table 2). We found no dif-

ferences between Group A, that did not experience any

arrhythmias (N¼27) and Group B, that experienced at least

one episode of VT/VF (N¼21), considering gender, age,

underlying heart failure etiology, exercise capacity, end-

organ function, medical therapy, or antiarrhythmic manage-

ment. In addition, the two groups did not differ with respect

to the myocardial scar burden. However, significantly fewer

patients in Group A experienced ventricular arrhythmias

before stem cell therapy in comparison to Group B (22%
vs. 81%, P<0.05). Not surprisingly, significantly fewer

patients in Group A experienced device activation before

stem cell therapy in comparison to Group B (7% vs. 33%,

P¼0.02).

Table 1. Baseline Patient Characteristics.

All
(N¼48)

Age, y 52+9
Male gender, (%) 43 (88)
Nonischemic CMP, (%) 27 (55)
NYHA 2.9+0.4
LVEF, % 27+9
6MWT, m 442+123
NT-proBNP, pg/mL (IQR) 1767 (468, 2446)
Creatinine, mmol/L 91+26
Bilirubin, mmol/L 18+9
Potassium, mmol/L 4.4+0.4
Sodium, mmol/L 140+2
AST, mmol/L 0.5+0.2
AF, mmol/L 1.4+0.8
gGT, mmol/L 1.3+1.8
Leukocytes, �109 7.0+1.7
Hemoglobin, g/L 146+12
Medical management

ACEI/ARB 48 (100)
Beta blockers 48 (100)
MRA 48 (100)
Diuretic 32 (67)
Aspirin 25 (52)

Antiarrhythmic therapy
CRT-D, (%) 14 (29)
ICD, (%) 34 (71)
Medication*, (%) 7 (15)

Scar burden, % 54+20

Baseline Patient Characteristics. Values are presented as mean+SD, num-
ber of patients (percent) or median (IQR) for NT-proBNP. CMP: cardio-
myopathy; NYHA: New York Heart Association; LVEF: left ventricular
ejection fraction; 6MWT: 6-minute walk test; AST: aspartate transaminase;
AF: alkaline phosphatase; gGT: g-glutamyltranspeptidase; ACEI: angiotensin
convertase inhibitor; ARB: angiotensin receptor blocker; MRA: mineralo-
corticoid receptor antagonist; CRT-D: cardiac resynchronization therapy;
ICD: implantable cardioverter defibrillator; *-antiarrhythmic medication
other than beta blockers.

Fig. 2. Patients experiencing ventricular arrhythmias before and
after stem cell transplantation. The total number of patients experi-
encing at least one ventricular arrhythmia before (dotted boxes) or
after (meshed boxes) stem cell transplantation did not differ signif-
icantly. Also, the total number of patients with at least one ICD
activation before and after stem cell transplantation was not signif-
icantly different.

Fig. 3. Ventricular arrhythmia burden before and after stem cell
therapy. The total number of ventricular tachycardia and ventricu-
lar fibrillation before (dotted boxes) or after (meshed boxes) stem
cell transplantation did not differ significantly. Also, the total num-
ber ICD activations before and after stem cell transplantation was
not significantly different.

Poglajen et al 859



Electrophysiological Properties of the Myocardium
and Arrhythmic Response to CD34þ Cell Therapy

In Group A, six patients displayed ventricular arrhythmias (a

total of nine VT events) before stem cell therapy but did not

display any ventricular arrhythmias after the procedure.

Conversely, in Group B, four patients did not display any

ventricular arrhythmias before stem cell therapy but had

arrhythmic events (a total of eight VT events) after stem cell

therapy. Although a low patient number precludes any sta-

tistical comparison between the two groups, the initial obser-

vation of the patient data failed to identify any clinically

relevant differences between the two subgroups. Interest-

ingly, in six patients with the decrease in arrhythmic events

the analysis of the electromechanical data showed a trend

toward increased clustering (greater dispersion) of the myo-

cardial scar (Fig. 4A). In patients in whom ventricular

arrhythmic events increased after stem cell therapy, the scar

was localized to a single cluster (Fig. 4B). In the remaining

17 patients the occurrence of ventricular arrhythmias did not

change with the stem cell therapy.

Heart Failure Etiology and Ventricular Arrhythmias
after CD34þ Cell Therapy

When stratifying the patients according to the underlying

cause of heart failure, patients with nonischemic dilated car-

diomyopathy (DCM Group, N¼26) did not differ from

patients with ischemic heart failure (ICM, N¼22) regarding

age, gender, LVEF, NYHA functional class, serum levels of

NT-proBNP, functional capacity, and end-organ function.

We also found no differences in medical management,

device therapy, or scar burden between the two groups.

Importantly, there were no differences between the two

groups with respect to the burden of ventricular arrhythmias

or ICD activation before and after stem cell therapy.

Discussion

This is the first study to evaluate the effects of CD34þ cell

therapy on ventricular arrhythmias in patients with ischemic

and nonischemic chronic heart failure. Our results suggest

that transendocardial CD34þ cell therapy does not increase

the burden of ventricular arrhythmias in this patient cohort,

and that it is not associated with increased rate or changed

mode of ICD activation. Although not reaching significance

in terms of antiarrhythmic capacity of cell therapy, our data

do generate some new evidence to support further studies

into the antiarrhythmic effects of this treatment modality.

Ever since the initial data on skeletal myoblasts and their

proarrhythmic effects were published, a concern of potential

association between stem cell therapy and ventricular

arrhythmias has persisted in the stem cell community. Build-

ing on the data from skeletal myoblasts, three main mechan-

isms of ventricular arrhythmias after stem cell therapy were

proposed. It was shown that transplantation of skeletal myo-

blasts into the diseased myocardium increases spatial disper-

sion of action potential duration in the target myocardium.

This, in combination with decreased expression of connexin

43 of the maturing skeletal myoblasts, results in the lack of

electrical coupling of the myoblast-derived myotubes in the

host myocardium, increasing the risk of reentry3. Further-

more, transplanted skeletal myoblasts display enhanced

automaticity. Even though differentiated myotubes are not

connected to the neighboring cardiomyocytes by gap junc-

tions, their intrinsic contractile activity could increase car-

diac excitability through electrotonic interactions3. Also, the

spontaneous electrical activity of engrafted skeletal myo-

blasts may provoke after-depolarizations and thus induce

ventricular arrhythmias by triggered activity. In the clinical

setting these interactions of skeletal myoblasts with the sur-

rounding myocardium translated to potentially life-

threatening ventricular arrhythmias1–4, and this was largely

Table 2. Comparison of Patients With and Without Ventricular
Arrhythmias After Transendocardial Stem Cell Transplantation.

Group A
(N¼27)

Group B
(N¼21) P

Age, y 52+11 52+8 0.89
Male gender, (%) 23 (85) 19 (91) 0.83
NYHA 2.8+0.7 2.9+0.8 0.61
Nonischemic CMP 14 (52) 9 (43) 0.72
LVEF, % 27+9 28+8 0.84
6MWT, m 461+67 460+100 0.95
NT-proBNP, pg/mL (IQR) 1378 (417, 2747) 1385 (482, 2181) 0.34
Creatinine, mmol/L 95+29 86+21 0.24
Bilirubin, mmol/L 16+7 20+11 0.21
Potassium, mmol/L 4.3+0.3 4.5+0.4 0.44
Sodium, mmol/L 141+2 140+2 0.10
AST, mmol/L 0.4+0.1 0.5+0.1 0.64
AF, mmol/L 1.3+0.7 1.5+0.8 0.27
gGT, mmol/L 0.8+0.8 1.1+1.7 0.33
Leukocytes, �109 7.2+1.8 6.7+1.4 0.31
Hemoglobin, g/L 144+11 148+12 0.28
Medical management

ACEI/ARB 27 (100) 48 (100) /
Beta blockers 27 (100) 48 (100) /
MRA 27 (100) 48 (100) /
Diuretic 18 (67) 14 (67) 0.86
Aspirin 13 (48) 12 (57) 0.27

Antiarrhythmic therapy
CRT-D, (%) 13 (48) 7 (33) 0.50
ICD, (%) 14 (52) 14 (67) 0.50
Medication*, (%) 5 (18) 2 (10) 0.39

Scar burden, % 54+19 53+21 0.86

Comparison of patients with and without ventricular arrhythmias after
transendocardial stem cell transplantation. Values are presented as
mean+SD, number of patients (percent) or median (IQR) for NT-
proBNP. CMP: cardiomyopathy; NYHA: New York Heart Association;
LVEF: left ventricular ejection fraction; 6MWT: 6-minute walk test; AST:
aspartate transaminase; AF: alkaline phosphatase; gGT: g-glutamyltranspep-
tidase; ACEI: angiotensin convertase inhibitor; ARB: angiotensin receptor
blocker; MRA: mineralocorticoid receptor antagonist; CRT-D: cardiac
resynchronization therapy; ICD: implantable cardioverter defibrillator;
*-antiarrhythmic medication other than beta blockers.
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responsible for the shift in the stem cell field from skeletal

myoblasts to safer bone marrow mononuclear cell

populations.

In vitro studies of bone marrow stem cells have suggested

that bone marrow stem cell transplantation generates an

increased electrophysiological heterogeneity that could

increase the likelihood of ventricular arrhythmias7. It was

shown that, despite the presence of functional connexin-43

gap junctions between injected bone marrow stem cells and

adjacent cardiomyocytes, the conduction velocity across

bone marrow stem cells was 11-fold slower than across car-

diomyocytes14. In addition, the impulse transmission across

the bone marrow stem cells was characterized by reduced

depolarization and low-amplitude electrical activity7,14.

Thus, sustained reentry arrhythmia (an in vitro equivalent

of sustained monomorphic VT) could repeatedly be induced

by rapid pacing in co-cultures of cardiomyocytes and bone

marrow stem cells. Interestingly, triggered activity and

increased automacity, seen with skeletal myoblasts, were not

observed with bone marrow stem cells, suggesting that

potential proarrhythmic effects of one stem cell type cannot

be generalized to the entire field of stem cell therapy. In

accordance with the in vitro data, results from animal heart

failure models showed that in the failing myocardium, bone

marrow stem cells prolonged local activation time, increased

the activation time dispersion, and shortened the effective

refractory periods15,16. Furthermore, there was an associa-

tion between the number of stem cells and the activation

time dispersion. Importantly, despite these electrophysiolo-

gical changes in the target myocardium, ventricular arrhyth-

mias could not be induced by rapid ventricular pacing,

questioning the clinical relevance of these findings15.

In the clinical setting, the potential proarrhythmic effects

of stem cells were mainly explored in patients with chronic

myocardial ischemia. Based on the Holter data and pro-

grammed ventricular stimulation, these studies showed that

bone marrow stem cell therapy is not associated with

increased incidence of ventricular arrhythmias17,18. Further-

more, detailed electrophysiological evaluation of the

myocardium with the NOGA system at the time of intramyo-

cardial bone marrow stem cell transplantation and at 6 month

follow-up showed that intramyocardial stem cell injections

are not associated with any alterations in electrogram ampli-

tude, fragmentation, or duration. Taken together, these data

suggest that in patients with chronic myocardial ischemia,

intramyocardial bone marrow stem cells transplantation does

not generate clinically detectable electrophysiological tissue

heterogeneity, thus making ventricular arrhythmias after

stem cell therapy highly unlikely. In accordance with these

results, the findings of the present trial confirm that also in

patients with chronic heart failure transendocardial stem cell

therapy does not appear to generate unfavorable myocardial

electrophysiological changes that would translate to clini-

cally detectable ventricular arrhythmias.

Recently the proarrhythmic effects of stem cell therapy

were evaluated in patients with chronic ischemic heart fail-

ure. A post-hoc analysis of the pooled POSEIDON and

TAC-HFT data showed that, in this patient cohort, transen-

docardial injections of MSCs or bone marrow stem cells

were not associated with short-term or long-term ventricular

arrhythmias19. In addition, the authors observed that stem

cell therapy may be associated with a potential antiarrhyth-

mic effect as they demonstrated a numerical, albeit not sta-

tistically significant, increase in heart rate variability and a

decrease in ventricular ectopy in patients receiving MSCs19.

These results are supported by the data from the MSC-HF

trial that showed similar rates of ventricular arrhythmias in

MSC and placebo-injected patients20. As we did not observe

any increase in the burden of ventricular arrhythmias or ICD

activation after stem cell therapy, our results confirm the low

arrhythmogenic potential of transendocardial stem cell ther-

apy and are in line with previously published clinical data.

Our data also suggest that transendocardial stem cell therapy

is equally safe in patients with ischemic and nonischemic

heart failure, which is a novel observation and has until now

never been systematically addressed.

The results of our study additionally support the observa-

tion of Ramireddy et al.19 and Henry et al.21 that proposed

Fig. 4. Graphic presentation of ventricular scar dispersion as evaluated by electroanatomical data. Examples of 3-dimensional scatterplot
charts are shown for patients in whom ventricular arrhythmia burden regressed (panel A) or increased after stem cell therapy (panel B). The
red areas mark the myocardial scar and the blue areas mark the viable myocardium.
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potential antiarrhythmic effects of cell therapy. Although

this issue needs to be addressed in a dedicated prospective

study, our data suggest that myocardial scar distribution and

the location of stem cell injections may play a role in defin-

ing the antiarrhythmic potential of stem cell therapy, as

injecting stem cells in the areas of slow conduction in

patients with multiple scar clusters resulted in decreased

burden of ventricular arrhythmias. This could potentially

be explained by the structural and functional actions of the

stem cells on the failing myocardium, as several recent clin-

ical trials have proposed that stem cell therapy may improve

a segmental perfusion of the failing myocardium and might

even beneficially affect myocardial scar burden22–29. These

favorable changes may in turn lead to a decreased anisotro-

pic conduction in the targeted region of the failing myocar-

dium, decreasing a possibility of reentry and ultimately

lowering the burden of ventricular arrhythmias.

This study has several limitations that need to be

acknowledged. We have performed a post-hoc analysis of

the two randomized clinical trials and a clinical registry.

However, all patients received the same CD34þ cell type

and were treated using the same cell mobilization protocols

and transendocardial cell injection procedure using the

NOGA system. Also, our analysis was performed on a lim-

ited number of patients, which may mask potential antiar-

rhythmic benefits of stem cell therapy in our patient cohort.

Conclusions

In patients with chronic heart failure of ischemic and non-

ischemic etiology, transendocardial CD34þ cell transplanta-

tion was not associated with an increase in the burden of

ventricular arrhythmias or ICD activation. In addition, it

appears that CD34þ cell therapy may be associated with

antiarrhythmic effects in a specific subgroup of chronic heart

failure patients with multiple scar clusters. As these observa-

tions are based on post-hoc analysis, prospective randomized

studies need to verify our data and specifically address the

issue of the antiarrhythmic potential of stem cell therapy.
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Coats AJ, Falk V, González-Juanatey JR, Harjola VP, Jan-

kowska EA, Jessup M, Linde C, Nihoyannopoulos P, Parissis

JT, Pieske B, Riley JP, Rosano GM, Ruilope LM, Ruschitzka

F, Rutten FH, van der Meer P; Authors/Task Force Members;

Document Reviewers. 2016 ESC guidelines for the diagnosis

862 Cell Transplantation 28(7)



and treatment of acute and chronic heart failure: the task force

for the diagnosis and treatment of acute and chronic heart

failure of the European Society of Cardiology (ESC). Devel-

oped with the special contribution of the heart failure associa-

tion (HFA) of the ESC. Eur J Heart Fail. 2016;18(8):891–975.

10. Dreger P, Grelle K, Eckstein V, Suttorp M, Müller-Ruchholtz
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