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Background 
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Methods  
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KDG�HMHFWLRQ� IUDFWLRQ�ื �������SDWLHQWV�ZHUH�DOORFDWHG� WR� WKH�FRQWURO� JURXS�DQG���� LQ�%RQH 0DUURZ�&HOOV�

�$%00&��JURXS��PHGLDQ�DJH����\HDUV�ROG��DOO�EXW�RQH�ZHUH�PDOH��DOO�ZLWK�LVFKHPLF�FDUGLRP\RSDWK\��$OO�RI�
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GLIIHUHQFH� ������YV������� S �������� DV�ZHOO� DV� WKH�FRPSDULVRQ�RI� FKDQJH� LQ� VWUHVV�/9()� LQ�ERWK�JURXSV�
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Conclusions  
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hronic heart failure is common�� DQG� LWV�
SUHYDOHQFH� FRQWLQXHV� WR� LQFUHDVH�1 ,VFKHPLF�
KHDUW� GLVHDVH� LV� WKH� SULQFLSDO� FDXVH� RI� KHDUW�

IDLOXUH�2 $OWKRXJK� P\RFDUGLDO� VDOYDJH� GXH WR� HDUO\�
UHSHUIXVLRQ� WKHUDS\� KDV� VLJQLILFDQWO\� UHGXFHG� HDUO\�
PRUWDOLW\� UDWHV�3 SRVWLQIDUFWLRQ� KHDUW IDLOXUH� UHVXOWLQJ�
IURP� YHQWULFXODU� UHPRGHOLQJ� UHPDLQV� D� SUREOHP�4 2QH�
SRVVLEOH� DSSURDFK� WR� UHYHUVLQJ� SRVWLQIDUFWLRQ� KHDUW�
IDLOXUH� LV� HQKDQFHPHQW� RI� WKH� UHJHQHUDWLRQ� RI� FDUGLDF�
P\RF\WHV� DV ZHOO� DV� VWLPXODWLRQ� RI� QHRYDVFXODUL]DWLRQ�
ZLWKLQ� WKH� LQIDUFWHG� DUHD�� ,QLWLDO� FOLQLFDO� SLORW� VWXGLHV 
KDYH� VXJJHVWHG� WKDW� WUDQVFRURQDU\� LQIXVLRQ� RI�
SURJHQLWRU� FHOOV� LV� IHDVLEOH� DQG�PD\� EHQHILFLDOO\� DIIHFW�
SRVWLQIDUFWLRQ� UHPRGHOLQJ� SURFHVVHV� LQ� SDWLHQWV� ZLWK�
DFXWH�P\RFDUGLDO� LQIDUFWLRQ�5-12 +RZHYHU�� LW� LV� FXUUHQWO\�
XQNQRZQ�ZKHWKHU� VXFK� D� WUHDWPHQW� VWUDWHJ\�PD\� DOVR�
EH�DVVRFLDWHG�ZLWK�LPSURYHPHQWV�LQ�FDUGLDF�IXQFWLRQ�LQ�
SDWLHQWV�ZLWK�SHUVLVWHQW� OHIW� YHQWULFXODU�G\VIXQFWLRQ�GXH�
WR� KHDOHG� P\RFDUGLDO� LQIDUFWLRQ� ZLWK� HVWDEOLVKHG� VFDU�
IRUPDWLRQ� 
7KHUHIRUH�� LQ� WKH� SURVSHFWLYH� 7(/&(&25,� +)� 3(58�
�7HUDSLD�&HOXODU�&RUD]RQ�,PSURYHV�)XQFWLRQ�LQ�3DWLHQWV�
ZLWK� +HDUW� )DLOXUH�� WULDO�� ZH� LQYHVWLJDWHG� ZKHWKHU�
SHUFXWDQHRXV� UHWURJUDGH� VLQXV� WHFKQLTXH� LQIXVLRQ� RI�
DXWRORJRXV� ERQH�PDUURZ�PRQRQXFOHDU� FHOOV� �$%00&��
LQWR� WKH� FRURQDU\� YHLQV� DW� OHDVW� �� PRQWKV� DIWHU�
P\RFDUGLDO� LQIDUFWLRQ� LPSURYHV� JOREDO� � OHIW� YHQWULFXODU�
IXQFWLRQ��
�
Methods 
Patients 
)URP� 0D\� ����� WR� 1RYHPEHU� ������ D� WRWDO� RI� ���
SDWLHQWV� ZKR� KDG� KDG� D� P\RFDUGLDO� LQIDUFWLRQ� DQG�
LVFKHPLF� FDUGLRP\RSDWK\� ZHUH� UHFUXLWHG� LQ� D�
PXOWLFHQWHU�VWXG\��3DWLHQWV�EHWZHHQ����DQG����\HDUV�RI�
DJH�ZHUH�HOLJLEOH� IRU� LQFOXVLRQ� LQ� WKH� VWXG\� LI� WKH\�KDG�
KDG�D�GRFXPHQWHG�P\RFDUGLDO� LQIDUFWLRQ�DW� OHDVW�PRUH�
WKDQ� �� PRQWKV� EHIRUH� LQFOXVLRQ� DQG� KDG� D� OHIW�
YHQWULFXODU� G\VIXQFWLRQ� ื ����� 1RQH� RI� WKHVH� SDWLHQW�
ZHUH� FDQGLGDWHV� IRU� P\RFDUGLDO� UHYDVFXODUL]DWLRQ�
VXUJHU\� QHLWKHU� DQJLRSODVW\� QRU� UHV\QFKURQL]DWLRQ�
WKHUDS\��([FOXVLRQ�FULWHULD�ZHUH�WKH�SUHVHQFH�RI�DFXWHO\�
GHFRPSHQVDWHG� KHDUW� IDLOXUH� ZLWK� D� 1HZ� <RUN� +HDUW�
$VVRFLDWLRQ��1<+$��FODVV� ,9��D�KLVWRU\�RI�RWKHU�VHYHUH�
FKURQLF� GLVHDVHV� RU� FDQFHU�� RU� XQZLOOLQJQHVV� WR�
SDUWLFLSDWH�� 7KH� HWKLFV� UHYLHZ� ERDUG� RI� WKH� 3HUXYLDQ�
IRXQGDWLRQ� RI� UHJHQHUDWLYH� PHGLFLQH�� DSSURYHG� WKH�
SURWRFRO� DQG� WKH� VWXG\� ZDV� FRQGXFWHG� LQ� DFFRUGDQFH�

ZLWK� WKH� 'HFODUDWLRQ� RI� +HOVLQNL�� :ULWWHQ� LQIRUPHG�
FRQVHQW�ZDV�REWDLQHG�IURP�HDFK�SDWLHQW��

Study Design 
7KH� VWXG\� FRQVLVWHG� LQ� FOLQLFDO� VWDWXV� DQG� 6SHFW�
HYDOXDWLRQ�DW�EDVHOLQH�DQG���\HDU�IROORZ�XS���
7KH� SULPDU\� HQG� SRLQW� RI� WKH� VWXG\� DGGUHVVHV� WKH�
VDIHW\�RI�$%00&�LQIXVLRQ�LQWR�WKH�FRURQDU\�YHLQV��$QG�
WKH� VHFRQGDU\� HQG� SRLQWV� LQFOXGHG� WKH� DEVROXWH�
FKDQJH� LQ� JOREDO� OHIW� YHQWULFXODU� HMHFWLRQ� IUDFWLRQ�
�/9()�� DV� PHDVXUHG� E\� TXDQWLWDWLYH� 63(&7� DW� UHVW�
DQG�VWUHVV�HYDOXDWLRQ�DW�EDVHOLQH�DQG����PRQWKV�DIWHU�
FHOO� LQIXVLRQ�� ,Q� DGGLWLRQ� IXQFWLRQDO� VWDWXV� ZDV�
DVVHVVHG�E\�1<+$�FODVVLILFDWLRQ��
                                                                      �
Preparation and Transplantation of Progenitor Cells 
)RU� SDWLHQWV� DVVLJQHG� WR� UHFHLYH� $%00&� D� PHGLDQ�
YROXPH� RI� ���� PO� RI� ERQH� PDUURZ� DVSLUDWH� ZDV�
REWDLQHG� ZKLOH� WKH� SDWLHQWV� ZHUH� XQGHU� ORFDO�
DQHVWKHVLD�RQ�WKH�PRUQLQJ�RI�FHOO�WUDQVSODQWDWLRQ�GD\��
$%00&� ZHUH� LVRODWHG� E\� +HVV� GHQVLW\�JUDGLHQW�
FHQWULIXJDWLRQ�� DV� SUHYLRXVO\� UHSRUWHG�13 :H� LQIXVHG�D�
PHGLDQ�QXPEHU�RI�PRQRQXFOHDU�DQG�&'����FHOOV�����
��8�
DQG� �����
���� UHVSHFWLYHO\� LQ� D� PHGLDQ� YROXPH� RI� ���
PO�� 7KH� WRWDO� SURFHGXUH� WLPH� IRU� LPSODQWDWLRQ�ZDV� ���
PLQXWHV��7KH�ULJKW� LQWHUQDO� MXJXODU�YHLQ�ZDV�FDQXODWHG�
ZLWK� ORFDO� DQHVWKHVLD� DQG� SODFH� D� �� )UHQFK� VKHDWK��
WKHQ� WKH� FRURQDU\� YHLQV� ZHUH� FDWKHWHUL]HG� ZLWK� OHIW�
DPSODW]�RU�PXOWLSXUSRVH�DQG�SODFH�D�JXLGH�������PP�
LQ� WKH� LQWHUYHQWULFXODU� DQWHULRU� RU� ODWHUDO� YHLQ� DQG�
H[FKDQJH� ZLWK� WKH� EDOORRQ� WKHUHDIWHU� LQ� D� JRRG�
SRVLWLRQ�� ZH� EHJLQ� WR� LQIXVH� $%00&� DQG� OHDYH� WKH�
EDOORRQ�LQVXIIODWHG�IRU����PLQXWHV�SURGXFLQJ�VWDJQDWLRQ�
RI�WKH�IORZ�DV�SUHYLRXVO\�GHVFULEHG��������)LJXUH�������
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gure 1. Transplantation of unselected 
ABMMC into the coronary veins. 
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Figure 2.  Transplantation of unselected ABMMC 
into the lateral veins. 

 
Evaluation of Safety and Feasibility 

&OLQLFDO�� ODERUDWRU\�� DQG� VDIHW\�UHODWHG� GDWD� ZHUH�
SURVSHFWLYHO\� FROOHFWHG�� )ROORZ�XS� YLVLWV� DIWHU� �� PRQWK�
ZDV�SHUIRUPHG�E\�SK\VLFLDQV��3URFHGXUDO�FRPSOLFDWLRQV�
ZHUH� GHILQHG� DV� DQ\� YHQWULFXODU� DUUK\WKPLD�� YLVLEOH�
WKURPEXV� IRUPDWLRQ� RU� LQMXU\� RI� WKH� FRURQDU\� YHLQV�
DVVRFLDWHG� ZLWK� WKH� FHOO�LQIXVLRQ� FDWKHWHUL]DWLRQ�
SURFHGXUH�� )RU� SDWLHQWV� XQGHUJRLQJ� ERQH� PDUURZ�
DVSLUDWLRQ�� SRWHQWLDO� EOHHGLQJ� FRPSOLFDWLRQV� ZHUH�
DVVHVVHG�� 'XULQJ� KRVSLWDOL]DWLRQ�� WHOHPHWU\� ZDV�
URXWLQHO\�SHUIRUPHG�IRU����KRXUV�DIWHU�WKH�SURFHGXUH�LQ�
DOO�SDWLHQWV��
 

Single-photon emission computed tomography Spect- 
Imaging 
)RU� WKH� 63(&7� H[DPLQDWLRQ�� D� ��GD\� UHVW�VWUHVV�
SURWRFRO� ZDV� XVHG�� 2Q� WKH� VDPH� GD\�� LPDJHV� DW� UHVW�
ZHUH� REWDLQHG� ��� PLQXWH� DIWHU� WKH� LQMHFWLRQ� �XVLQJ�
��P7HFKQHWLXP� 6HVWDPLEL�� DFTXLUHG� LQ� JDWHG��� ,PDJLQJ�
ZDV�SHUIRUPHG�ZLWK�D�GRXEOH�KHDG�63(&7�FDPHUD�DV�
SUHYLRXVO\�GHVFULEHG�������7KH�VWUHVV�SURWRFRO�LQFOXGHG�D�
V\PSWRP� OLPLWHG� ELF\FOH� H[HUFLVH� WHVW�� � ��P7HFKQHWLXP�
6HVWDPLEL�ZDV� LQMHFWHG� LQWUDYHQRXVO\�DW� SHDN�H[HUFLVH�
����RI� WKH�HVWLPDWHG�KHDUW� UDWH��ZKLFK�ZDV�FRQWLQXHG�
IRU���PLQXWH�DIWHU�WUDFHU�LQMHFWLRQ��LPDJHV�ZDV�REWDLQHG�
��� PLQXWH� DIWHU� WKH� VWUHVV� WHVW�� ,Q� SDWLHQWV� XQDEOH� WR�
SHUIRUP�SK\VLFDO�H[HUFLVH��DGHQRVLQH��Q� ����ZDV�XVHG��
5HFRQVWUXFWLRQ�\LHOGHG�ORQJ�DQG�VKRUW��D[LV�SURMHFWLRQV�
SHUSHQGLFXODU� WR� WKH� KHDUW� D[LV�� 7KH� VKRUW�D[LV� VOLFHV�
ZHUH�GLVSOD\HG� LQ�SRODU�PDS� IRUPDW��DGMXVWHG� IRU�SHDN�
P\RFDUGLDO�DFWLYLW\����������
�
 
Statistical Analysis 
'DWD�DUH�UHSRUWHG�DV�PHDQV����6'V��4XDQWLWDWLYH�GDWD�
ZHUH�FRPSDUHG�XVLQJ���WDLOV�6WXGHQW’V�WHVW��&DWHJRULFDO�
GDWD� ZHUH� FRPSDUHG� XVLQJ� WKH� FKL�VTXDUH� WHVW�� D� S�
YDOXH� ����� ZDV� FRQVLGHUHG� VLJQLILFDQW�� 6WDWLVWLFDO�
DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�6366�����������
�
Results�
Baseline Characteristics of the Patients 
$� WRWDO� RI� ��� SDWLHQWV� ZHUH� HQUROOHG� LQ� WKH� VWXG\�� 2I�
WKHVH�� ��� SDWLHQWV� UHFHLYHG� $%00&� WUHDWPHQW�� DQG� ��
SDWLHQWV�LQ�WKH�FRQWURO�JURXS��7DEOH���LOOXVWUDWHV�WKDW�WKH�
WZR�JURXSV�RI�SDWLHQWV�ZHUH�ZHOO�PDWFKHG��

 
 Table 1. Baseline characteristics of patients ABMMC and Control Group. 

CHARACTERISTIC ABMMC 
(N = 12) 

CONTROL 
GROUP(N=6) p-value 

Age – yr  Mean 65 ±14.3 64 ±10 NS 

Male sex – N (%) 11 (91.6%) 6 (100%) NS 
Systemic Hypertension - N (%) 9 (75%) 6 (100%) NS 
Hyperlipidemia – N (%) 7 (58.3%) 5 (83.3%) NS 
Diabetes Mellitus - N (%) 4 (33.3%) 2 (33.3%) NS 
Previous myocardial infarction 12 (100%) 6 (100%) NS 
Previous percutaneous coronary intert 5 (41.6%) 4 (66.6%) NS 
Previous coronary artery bypass surge 7 (58.3%) 4 (66.6%) NS 
NYHA III (%) 12 (100%) 6 (100%) NS 
LVEF at Rest – Mean 28.56±6.53 32.2±1.85  NS (p=0.1)  

LVEF at Stress – Mean 27.81±6.82 31.71±1.39    NS (p=0.08) 
 



Effects of ABMMC transplantation 
 
7KXV�� 63(&7�GHULYHG� DVVHVVPHQW� RI� OHIW� YHQWULFXODU�
IXQFWLRQ� IXUWKHU� FRUURERUDWHG� WKH� UHVXOWV�REWDLQHG� IURP�
WKH� WRWDO� SDWLHQW� SRSXODWLRQ�� $QDO\VLV� RI� JOREDO� OHIW�
YHQWULFXODU� IXQFWLRQ� UHYHDOHG� WKDW� $%00&� WUHDWPHQW�
VLJQLILFDQWO\� LQFUHDVHG�� � 7KH� PHDQ� �±6'�� /9()� SRVW�
WUDQVSODQWDWLRQ� E\� 63(&7� DW� UHVW� LPSURYHG� IURP�
������� WR� ������� LQ� WKH�$%00&�DUP� �S �������ZLWK�
QRW� VLJQLILFDQW� FKDQJHV� LQ� WKH� FRQWURO� JURXS� ������� WR�
��������7KH�DEVROXWH�FKDQJH�LQ�OHIW�YHQWULFXODU�HMHFWLRQ�

IUDFWLRQ� DW� VWUHVV� ZDV� VLJQLILFDQWO\� JUHDWHU� DPRQJ�
SDWLHQWV� UHFHLYLQJ� $%00&� ������ SHUFHQWDJH� SRLQWV��
WKDQ�DPRQJ�WKH�FRQWURO�JURXS�������SHUFHQWDJH�SRLQWV��
�S����������7KH�DEVROXWH�FKDQJHV�LQ�JOREDO�/9()�IURP�
EDVHOLQH� WR����PRQWKV�GLIIHU�DPRQJ� WKH� WZR�JURXSV�RI�
SDWLHQWV���7DEOH������
 
 
 
 
 

 
 
 
Table 2. LVEF at rest and stress  in control and ABMMC group. 

�
�

�

Table 3. Summary of ABMMC Group: NYHA and LVEF at Rest and Stress.

NYHA REST Left Ventricular 
Ejection Fraction (%) 

STRESS Left Ventricular 
Ejection Fraction (%) Patient 

Number Age 
Baseline 1 year Baseline 1 year Improvement Baseline 1 year Improvement 

1 68 3 2 18.5 30.7 12.1 21.3 29.9 8.7 
2 68 3 2 15.8 25.0 9.2 15.5 28.9 13.4 
3 41 3 2 22.3 24.6 2.3 19.0 26.0 7.1 
4 55 3 2 34.8 36.7 2.0 34.4 38.7 4.3 
5 81 3 3 31.6 31.9 0.3 31.9 32.6 0.7 
6 67 3 2 34.1 35.9 1.8 33.6 38.4 4.8 
7 80 3 2 32.6 39.2 6.6 32.6 39.2 6.6 
8 69 3 2 30.5 35.8 5.3 29.9 42.6 12.7 
9 81 3 2 31.7 33.8 2.1 30.0 39.0 9.1 

10 48 3 2 30.8 32.2 1.3 31.6 33.3 1.7 
11 67 3 2 35.0 47 12.0 34 42 8.0 
12 46 3 2 25.0 35.0 10.0 20 30 10 

Mean 
± SD 

65.9 
±13.68 

3 
±0.0 

2.5 
±0.32 

28.56 
±6.75 

33.90 
±6.32 

5.42 
±4.36 

27.81 
±6.68 

34.71 
±5.71 

6.67 
±4.46 

�
�
�
�
�
�

�
�
�
�
�

REST 
Global LVEF (%) 

Mean ±SD 
CONTROL 

(N=6) 
ABMMC 
(N=12) P value 

STRESS 
Global LVEF (%) 

Mean ±SD 
CONTROL 

(N=6) 
ABMMC 
(N=12) P value 

Baseline 32.2±1.85 28.56±6.53 NS Baseline 31.71±1.39 27.81±6.82 NS 

1 Year 33.34±2.59 33.98±6.03 0.809 1 Year 31.82±1.06 34.48±5.50 0.131 

Absolute difference 1.14±1.6 5.42±4.39 0.009 Absolute difference 0.11±1.41 6.67±4.53 <0.001 



7KH� IXQFWLRQDO� VWDWXV� RI� WKH� SDWLHQWV�� DV� DVVHVVHG� E\�
1<+$� FODVVLILFDWLRQ�� LPSURYHG� VLJQLILFDQWO\� LQ� WKH�
$%00&�JURXS��IURP����±����WR������±�������3� ��������
�7DEOH������
�

Table 4 (NYHA) improved significantly in ABMMC    
group                           
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Figure 3. LVEF in the ABMMC group and control 
group�

End-Systolic volumen (ESV) and end-Dyastolic volumen 
(EDV) were evaluated with rest and stress SPECT.  Either 
ESV and EDV do not show any improvements at rest SPECT 
between the ABMMC and control group; while with the stress 
SPECT assessment, the ESV did show significant difference 
between ABMMC and control group (-15.4 ml vs 0.1 ml, 
p=0.05).  EDV changes with stress SPECT between both 
groups did not show difference. 
 
Procedural Safety and Clinical Outcomes   
In 2 of the 12 retrograde progenitor-cells–infusion procedures 
ORFDO� GLVVHFWLRQ� RI� WKH� FRURQDU\� ZDOO� ZDV�
DQJLRJUDSKLFDOO\� YLVLEOH� DIWHU� LQIODWLRQ RI� WKH� EDOORRQ�
GXULQJ� FHOO� LQIXVLRQ�� LQ� WKHVH�FDVHV� WKH�GLVVHFWLRQ�ZDV�
QRW� WUHDWHG� DQG� WKH� DQWLFRDJXODWLRQ�ZDV� UHYHUVHG�ZLWK�
SURWDPLQH�� 7KH� IXUWKHU� FOLQLFDO� FRXUVH� RI� WKHVH� WZR�
SDWLHQWV�ZDV�XQHYHQWIXO���
�
Discussion 
8VLQJ�D�SURVSHFWLYH�DQG�FRPSDUDWLYH�VWXG\�GHVLJQ��ZH�
H[DPLQHG�WKH�HIIHFWV�RI�FRURQDU\�YHLQ� LQIXVLRQ�RI�DGXOW�
SURJHQLWRU�FHOOV�RQ�OHIW�YHQWULFXODU�IXQFWLRQ�DVVHVVHG�E\�
63(&7� VWXG\� LQ� SDWLHQWV� ZLWK� FKURQLF� LVFKHPLF� KHDUW�
GLVHDVH�ZKR�KDG�KDG�D�P\RFDUGLDO�LQIDUFWLRQ�PRUH�WKDQ�
��PRQWKV�EHIRUH� LQFOXVLRQ��7KH�SULQFLSDO� ILQGLQJ�RI�RXU�
VWXG\� LV� WKDW� SHUFXWDQHRXV� UHWURJUDGH� VLQXV� WHFKQLTXH�
DGPLQLVWUDWLRQ� RI� $%00&� LV� DVVRFLDWHG� ZLWK� D�
VLJQLILFDQW� LQFUHDVH� LQ� WKH� UHFRYHU\� RI� OHIW� YHQWULFXODU�
HMHFWLRQ� IUDFWLRQ� LQ� SDWLHQWV� ZLWK� OHIW� YHQWULFXODU�
G\VIXQFWLRQ�� $IWHU� �� \HDU�� UHVW� DQG� VWUHVV� /9()� ZDV�
VLJQLILFDQWO\� KLJKHU� LQ� WKH� $%00&� JURXS� WKDQ� LQ� WKH�
FRQWURO� JURXS�� 6R� ZH� HYDOXDWHG� WKH� UHVSRQVH� RI� UHVW�
DQG� VWUHVV� /9()� LQ� SDWLHQWV� ZLWK� $%00&� JURXS� DQG�
FRQWURO�JURXS��2XU� UHVXOWV�GHPRQVWUDWH� WKDW� LQIXVLRQ�RI�
$%00&� LQWR� WKH� FRURQDU\� YHLQV� LV� DVVRFLDWHG� ZLWK�

VLJQLILFDQW� LPSURYHPHQWV� LQ� UHVW� DQG� VWUHVV� /9()�
HYDOXDWLRQ�DW�IROORZ�XS� �
$OWKRXJK� UHVWLQJ� /9()� LPSURYHG� LQ� RQO\� ��� �� RI�
SDWLHQWV� GHVSLWH� WKH� SUHVHQFH� RI� VXEVWDQWLDO�
LPSURYHPHQW� LQ� IXQFWLRQDO� FODVV�� VWUHVV� /9()� LPSURYH�
LQ� ����� 7KHUHIRUH�� VWUHVV� /9()� LGHQWLILHG� DGGLWLRQDO�
SDWLHQWV� ZKR� EHQHILWHG� IURP� FHOO� WKHUDS\� LQ� WHUPV� RI�
JOREDO�VWUHVV�IXQFWLRQ��HYHQ�WKRXJK�UHVWLQJ�IXQFWLRQ�GLG��
LPSURYH������� $OWKRXJK� SUHYLRXV� VWXGLHV� KDYH� VKRZQ�
WKDW� DGGLWLRQDO� EHQHILWV� �EHVLGHV� UHFRYHU\� RI� UHVWLQJ�
IXQFWLRQ�� PD\� EH� SUHVHQW� DIWHU� $%00&�� WKH� SUHVHQW�
VWXG\�XQLTXHO\�VKRZHG�WKDW�VWUHVV�/9()�FRXOG�LPSURYH�
DOVR�LQ�SDWLHQWV�ZLWKRXW�LPSURYHG�UHVWLQJ�/9()�  
,W� KDV� EHHQ� VXJJHVWHG� WKDW�� DOWKRXJK� UHVWLQJ� IXQFWLRQ�
GRHV�QRW�LPSURYH��WKH�FRQWUDFWLOH�UHVHUYH�PD\�LQFUHDVH�
GXULQJ�VWUHVV�FKDOOHQJH�DIWHU�UHYDVFXODUL]DWLRQ����
+RZHYHU�� WKH� PHFKDQLVPV� LQYROYHG� LQ� PHGLDWLQJ�
LPSURYHG� FRQWUDFWLOH� IXQFWLRQ� DIWHU� SURJHQLWRU�FHOO�
LQIXVLRQ� DUH� QRW� ZHOO� XQGHUVWRRG� ([SHULPHQWDOO\��
DOWKRXJK� WKHUH� LV� QR� GHILQLWLYH� SURRI� WKDW� FDUGLDF�
P\RF\WHV�PD\� EH� UHJHQHUDWHG�� KRZHYHU� DQJLRJHQHVLV�
ZDV� GHPRQVWUDWHG� LQ� %UD]LOLDQ� KHDUW� IDLOXUH� SDWLHQWV��
ZKR�GLHG�RI�XQUHODWHG�FDXVHV�DIWHU�FHOOXODU�LQIXVLRQ��7KH�
WUHDWHG�DUHD�KDG�VXEVWDQWLDOO\�PRUH�EORRG�YHVVHOV�DQG�
RWKHU�XQXVXDO�KLVWRORJLF�IHDWXUHV�����
$%00&� ZHUH� VKRZQ� WR� FRQWULEXWH� WR� IXQFWLRQDO�
UHFRYHU\� RI� OHIW� YHQWULFXODU� FRQWUDFWLRQ� ZKHQ� LQMHFWHG�
LQWR� LQIDUFWHG�KHDUWV�DQG�YHQWULFXODU�G\VIXQFWLRQ����%RWK�
FHOO� W\SHV� PRQRQXFOHDU� DQG� &'���� ZHUH� VKRZQ� WR�
SUHYHQW� FDUGLRP\RF\WH� DSRSWRVLV� DQG� UHGXFH� WKH�
GHYHORSPHQW� RI� P\RFDUGLDO� ILEURVLV� DQG� WKHUHE\�
LPSURYH� FDUGLDF� IXQFWLRQ� LQ� KHDUW� IDLOXUH� SDWLHQWV�������
,QGHHG�5HOLHI�RI�LVFKHPLD�E\�DQJLRJHQHVLV�RU�DFWLYDWLRQ�
RI�FDUGLDF�VWHP�FHOO�GXH�WR�SDUDFULQH�HIIHFWV�PD\�EH�WKH�
SRVVLEOH�PHFKDQLVP� � UHVSRQVLEOH� � IRU�PDLQWDLQLQJ� � WKH��
FRQWUDFWLOH��

NYHA 
Mean ± SD 

CONTROL 
(N=06) 

ABMMC 
(N=12) 

Baseline 3 ± 0 3 ± 0 

1 Year 3 ± 0 2.08 ± 0.28 

P value (baseline vs. 1 year) NS 0.002 

tuma

tuma

tuma

tuma

tuma

tuma

tuma

tuma



IXQFWLRQ������� 7KH� FXUUHQW� VWXG\� GRHV� QRW� H[SODLQ� WKH�
FHOOXODU� PHFKDQLVPV� DVVRFLDWHG� ZLWK� WKH� VLJQLILFDQWO\�
LPSURYHG�OHIW�YHQWULFXODU�IXQFWLRQ�LQ�WKH�SDWLHQWV�WUHDWHG�
ZLWK� $%00&�� 7KHVH� LPSURYHPHQWV� ZHUH� REVHUYHG� LQ�
WKH�SUHVHQFH�RI�IXOO�RSWLPDO�FRQYHQWLRQDO�SKDUPDFRORJLF�
WUHDWPHQW�DQG�ODVWHG�DW�OHDVW����PRQWKV��$VVHVVPHQW�RI�
UHVWLQJ� /9� IXQFWLRQ� KDV� EHHQ� XVHG� DV� WKH� PHWKRG� WR�
HYDOXDWH� WKH� VXFFHVV� RI� $%00&� WUDQVSODQWDWLRQ� LQ�
SDWLHQWV� ZLWK� OHIW� YHQWULFXODU� G\VIXQFWLRQ� DQG� YLDEOH�
P\RFDUGLXP��7KH�ILQGLQJV�LQ�WKH�SUHVHQW�VWXG\�VKRZHG�
WKDW� GXDO� DVVHVVPHQW� RI� UHVW� DQG� VWUHVV� /9()� PD\�
LPSURYH� WKH� PHWKRG� WR� GHWHFW� WKH� EHQHILW� RI� FHOO�
LQIXVLRQ�� VLQFH� VWUHVV� /9()� PD\� LPSURYH� HYHQ� LQ�
SDWLHQWV� ZLWKRXW� LPSURYHG� UHVWLQJ� /9()�� $IULGL� DQG�
5L]HOOR������ VKRZHG� ZLWK� GREXWDPLQH� VWUHVV�
HFKRFDUGLRJUDSK\�� WKDW� WKH�ZDOO�PRWLRQ� VFRUH� LQGH[� DW�
SHDN�VWUHVV�DOVR�LPSURYHG�LQ�SDWLHQWV�ZLWKRXW�LPSURYHG�
UHVWLQJ� IXQFWLRQ�� $OWKRXJK� SDWLHQWV� ZLWK� YLDEOH�
P\RFDUGLXP� GLG� QRW� DOZD\V� KDYH� LPSURYHG� UHVW� /9()�
DIWHU�UHYDVFXODUL]DWLRQ��SHDN�VWUHVV�/9()�LPSURYHG��WKH�
PDMRULW\�RI�WKH�LPSURYHPHQW�LQ�VWUHVV�ZDOO�PRWLRQ�VFRUH�
RFFXUUHG� LQ� SDWLHQWV� ZLWK� HYLGHQFH� RI� LVFKHPLD� EHIRUH�
UHYDVFXODUL]DWLRQ�� 7KHVH� REVHUYDWLRQV� LQ� WKH� SUHVHQW�
VWXG\�VXJJHVW�WKDW�DVVHVVPHQW�RI�UHVW�DQG�VWUHVV�/9()�
DIWHU� $%00&� WUDQVSODQWDWLRQ� PD\� EH� WKH� LGHDO� HQG�
SRLQW� WR� HYDOXDWH� WKH� VXFFHVV� RI� FHOO� LQIXVLRQ��
$VVHVVPHQW�RI�/9()�DW�UHVW�DQG�DIWHU�H[HUFLVH�PD\�EH�
D�PRUH�DSSURSULDWH�VWUDWHJ\�WR�HYDOXDWH�IXOO\�WKH�EHQHILW�
RI�FHOO�WUDQVSODQWDWLRQ��7KH�LPSURYHPHQW�RI�VWUHVV�/9()�
VXJJHVWV� WKH� SUHVHQFH� RI� D� VXVWDLQHG� FRQWUDFWLOH�
UHVHUYH�DQG�WKH�DEVHQFH�RI�VLJQLILFDQW�LVFKHPLD��
2YHU� WKH� ODVW� IHZ� GHFDGHV�� WKH� DVVHVVPHQW� RI�
P\RFDUGLDO� SHUIXVLRQ� IURP� VWUHVV� DQG� UHVW� P\RFDUGLDO�
SHUIXVLRQ� 63(&7� KDV� EHFRPH� FHQWUDO� WR� WKH�
PDQDJHPHQW� RI� SDWLHQWV� ZLWK� NQRZQ� RU� VXVSHFWHG�
FRURQDU\� DUWHU\� GLVHDVH�� 0RUH� UHFHQWO\��
HOHFWURFDUGLRJUDSK\�JDWHG� 63(&7�� ZLWK� WKH� DELOLW\� WR�
PHDVXUH�/9()�DQG�YHQWULFXODU�YROXPHV�KDV�EHFRPH�D�
URXWLQH� SDUW� RI� FOLQLFDO� SURWRFROV�� *DWHG� 63(&7�
HYDOXDWLRQ� KDV� EHHQ� ZLGHO\� FRQILUPHG� WR� EH� DFFXUDWH�
DQG�QRQ�LQYDVLYH�IRU�GHOLQHDWLQJ�DQG�LGHQWLI\LQJ�VFDUUHG�

DQG� YLDEOH� P\RFDUGLXP�� 7KLV� DSSURYHG� SURFHGXUH�
VHHPHG�VDIHU�IRU�WKLV�FKURQLFDOO\�LOO��KLJK��ULVN�SDWLHQWV������
7KH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�KHDUW�IDLOXUH�KDV�EHFRPH�
LQFUHDVLQJO\� LPSRUWDQW� JLYHQ� WKH� JURZLQJ� QXPEHU� RI�
FDVHV� DQG� WKHLU� HFRQRPLF� LPSDFW� RQ� WKH� KHDOWKFDUH�
V\VWHP�� )RU� WKHVH� SDWLHQWV� WKH� WKHUDSHXWLF� RSWLRQV�
UHPDLQ� OLPLWHG� DQG� WKH� FRURQDU\� YHLQV� SURYLGH� WR� EH�
VDIH� LQ� RXU� VWXG\�� ZLWKRXW� DQ\� PDMRU� SHULSURFHGXUDO�
HYHQWV� �GHDWK�� P\RFDUGLDO� LQIDUFWLRQ�� YHQWULFXODU�
DUUK\WKPLDV�� RU� SHULFDUGLDO� HIIXVLRQ�� DQ� XQGHUH[SORLWHG�
URXWH� RI� DFFHVV� WR� WKH� P\RFDUGLXP� IRU� FDWKHWHU�
LQWHUYHQWLRQV�DQG�WKH�GHOLYHU\�RI�WKHUDSHXWLF�DJHQWV��
7KH� VWXG\� SRSXODWLRQ� LV� UHODWLYHO\� VPDOO�� )XUWKHU�
UDQGRPL]HG� VWXGLHV� ZLWK�PRUH� SDWLHQWV� DUH� QHHGHG� WR�
FODULI\� WKH� SURJQRVWLF� LPSOLFDWLRQV� RI� WKHVH� ILQGLQJV�
3URVSHFWLYH�WULDOV�DUH�QHHGHG�WR�EHWWHU�FKDUDFWHUL]H�WKH�
HIILFDF\�RI�$%00&�DV�D�QHZ�WUHDWPHQW�IRU�KHDUW�IDLOXUH��
:H�FRQFOXGH�LQ�WKLV�LQLWLDO�SURVSHFWLYH��QRQUDQGRPL]HG��
VWXG\� LQ� SDWLHQWV� ZLWK� KHDUW� IDLOXUH� WKDW� ,QIXVLRQ� RI�
SURJHQLWRU� FHOOV� LQWR� WKH� FRURQDU\� YHLQV� LV� DVVRFLDWHG�
ZLWK� VLJQLILFDQW� LPSURYHPHQW� LQ� V\PSWRPV�� IXQFWLRQDO�
FDSDFLW\� DQG� /9()�� :LWKRXW� DQ\� FOLQLFDO� HYLGHQFH� RI�
VLJQLILFDQW� KDUP� IURP� WKH� SURFHGXUH� LWVHOI��:H� EHOLHYH�
WKHUH�PD\� EH� FOLQLFDO� SRWHQWLDO� IRU� WKLV� UHODWLYHO\� QRYHO�
WKHUDS\�� )XUWKHU� LQYHVWLJDWLRQ� LQ� D� ODUJHU�� UDQGRPL]HG�
WULDO�LV�ZDUUDQWHG��
�
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