
��������R��������LF��LR������������

2U����DO���V�DUFK��U��FO�

��5HVWURVSHFWLYH�6WXG��RI��GYHUVH�(YHQWV�GXULQJ�7UDQVIXVLRQ�DW�D�
7HULWLDU��&DUH�&HQWHU�LQ��QGKUD�3UDGHVK

&�6LWDODWD���.�.DO�DQ�

�XWKRU�V� �IILOLDWLRQ�� ��VVLVWDQW� 3URIHVVRU�� 'HSDUWPHQW� RI� 3DWKRORJ\�� 0DKDUDMD� ,QVWLWXWH� RI� 0HGLFDO�
6FLHQFHV�9L]LDQDJDUDP���QGKUD�3UDGHVK���������,QGLD���3URIHVVRU��'HSDUWPHQW�RI�3DWKRORJ\��'U��3LQQDPDQHQL�
6LGGKDUWKD�,QVWLWXWH�RI�0HGLFDO�6FLHQFHV�DQG�5HVHDUFK�)RXQGDWLRQ��*DQQDYDUDP���QGKUD�3UDGHVK���������
,QGLD�

&RUUHVSRQGLQJ� �XWKRU�� .� .DO�DQ��3URIHVVRU��'HSDUWPHQW�RI�3DWKRORJ\�� 'U�� 3LQQDPDQHQL� 6LGGKDUWKD�
,QVWLWXWH�RI�0HGLFDO�6FLHQFHV�DQG�5HVHDUFK�)RXQGDWLRQ��*DQQDYDUDP���QGKUD�3UDGHVK���������,QGLD�

(�PDLO��NRWLNDOD\DQ����#JPDLO�FRP

�EVWUDFW

�DFNJUR��G��7UDQVIXVLRQ�RI�EORRG�SURGXFWV�LV�D�GRXEOH�HGJHG�VZRUG�DQG�VKRXOG�XVH�MXGLFLRXVO\��,PSURYHPHQWV�
LQ�GRQRU�VFUHHQLQJ�DQG�WUDQVPLVVLEOH�WUDQVIXVLRQ�GLVHDVHV�WHVWLQJ�SURFHGXUHV�KDYH�OHG�WR�D�GHFUHDVH�LQ�WKH�KD]DUGV�
DQG�ULVNV��+RZHYHU��WKH�GDQJHUV�RI�QRQ�LQIHFWLRXV�FRPSOLFDWLRQV�KDYH�EHFRPH�PRUH�DSSDUHQW��7KHVH�QRQ�LQIHFWLRXV�
FRPSOLFDWLRQV� FDOOHG� DV� DGYHUVH� WUDQVIXVLRQ� UHDFWLRQV� ��75V�� FDQ� HLWKHU� EH� DFXWH� LQ� QDWXUH� RU� IROORZ�D�GHOD\HG�
FRXUVH�

�D�HULDOV� D�G��H�KRGV���� UHWURVSHFWLYH� UHYLHZ�RI� DOO� WUDQVIXVLRQ� UHDFWLRQV� UHSRUWHG� WR� WKH� %ORRG�%DQN� DW� WKH�
WHUWLDU\�FDUH�FHQWHU�EHWZHHQ�-DQXDU\������DQG�-DQXDU\������ZDV�GRQH�DQG�DQDO\]HG�DV�SHU�'HSDUWPHQWDO�6WDQGDUG�
RSHUDWLQJ�SURFHGXUHV��

�HV�O�V���75V�GXULQJ�RU�DIWHU�EORRG�WUDQVIXVLRQ�UHSRUWHG�GXULQJ�WKH�RQH�\HDU�ZHUH������������RXW�RI������XQLWV�
RI�EORRG��EORRG�FRPSRQHQWV�WUDQVIXVHG���75V�UHSRUWHG�ZHUH�DOOHUJLF�5HDFWLRQV��������������IHEULOH�QRQ�KHPRO\WLF�
WUDQVIXVLRQ�UHDFWLRQV��)1+75�������������DQDSK\ODFWLF�UHDFWLRQV�����������DQG�,VRODWHG�K\SRWHQVLRQ�����������

&R�FO�VLR���7KH�PDMRULW\�RI��75V�ZHUH��OOHUJLF�UHDFWLRQV�IROORZHG�E\�)1+75V�

.H��RUGV���GYHUVH�WUDQVIXVLRQ�UHDFWLRQV��KHPRYLJLODQFH��ZKROH�EORRG��)1+75���OOHUJLF�5HDFWLRQV�

,QGLDQ�-RXUQDO�RI�3DWKRORJ\��5HVHDUFK�DQG�3UDFWLFH��
9ROXPH���1XPEHU����6HSWHPEHU���'HFHPEHU�����

'2,��KWWS���G[�GRL�RUJ����������LMSUS���������;��������

+R��WR�FLWH�WKLV�DUWLFOH�

&�6LWDODWD��.�.DO\DQ����5HVWURVSHFWLYH�6WXG\�RI��GYHUVH�(YHQWV�GXULQJ�7UDQVIXVLRQ�DW�D�7HULWLDU\�&DUH�
&HQWHU�LQ��QGKUD�3UDGHVK��,QGLDQ�-�3DWKRO�5HV�3UDFW�������������������

,QWURGXFWLRQ

7UDQVIXVLRQ� RI� EORRG� SURGXFWV� LV� D� GRXEOH�
HGJHG� VZRUG� DQG� VKRXOG� EH� XVHG� MXGLFLRXVO\��

,PSURYHPHQWV�LQ�GRQRU�VFUHHQLQJ�DQG�WUDQVPLVVLEOH�
WUDQVIXVLRQ� GLVHDVHV� WHVWLQJ� SURFHGXUHV� KDYH� OHG�
WR� D� GHFUHDVH� LQ� WKH� KD]DUGV� DQG� ULVNV� WKDW� DUH�

DVVRFLDWHG�ZLWK� WKH� WUDQVPLVVLRQ� RI� WKH� LQIHFWLRXV�
GLVHDVHV�DVVRFLDWHG�ZLWK�EORRG�WUDQVIXVLRQ�

+RZHYHU�� WKH� ULVNV� RI� QRQ�LQIHFWLRXV�
FRPSOLFDWLRQV�KDYH�EHFRPH�PRUH�DSSDUHQW��7KHVH�

QRQ�LQIHFWLRXV� FRPSOLFDWLRQV� FDOOHG� DV� DGYHUVH�
WUDQVIXVLRQ�UHDFWLRQV���75V��FDQ�HLWKHU�EH�DFXWH�LQ�
QDWXUH�RU�IROORZ�D�GHOD\HG�FRXUVH��

.QRZOHGJH� RI� WKHVH� �75V� KHOSV� QRW� RQO\� LQ�

their� easy� identi�cation� and� management� but�
DOVR� LW� DOHUWV� XV� WR� SUHYHQW� LWV� RFFXUUHQFH� E\�
WDNLQJ�SUHFDXWLRQDU\�DQG�DGHTXDWH�PHDVXUHV��7KH�
ODFN� RI� SURSHU� DQG� VWULFW� KHPRYLJLODQFH� V\VWHPV�
throughout�the�country�makes�it�dif�cult�to�assess�
WKH�H[DFW�DQG�DFWXDO�LQFLGHQFH�RI�WKHVH�UHDFWLRQV��

7KH�LQFLGHQFH�RI�DFXWH�EORRG�WUDQVIXVLRQ�UHDFWLRQV�
LV� HVWLPDWHG� WR� EH� �������� DQG� LV� UHVSRQVLEOH� IRU�
PRUWDOLW\�LQ���SHU�����������KHPRO\WLF�DQDSK\ODFWLF�
1RQKHPRO\WLF

�W�WLPHV��WKH�SUHYDLOLQJ�GLVHDVH�FRQGLWLRQ�LQ�WKH�
transfusion�recipient�makes� the�de�nite�diagnosis�
of�transfusion�reactions�even�more�dif�cult.�

&RLQHG� WKH� WHUP� KHPRYLJLODQFH� LQ� )UDQFH� LQ�
WKH� HDUO\� ����V��KDV� EHHQ�GHYHORSHG�DQG�DGRSWHG�
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LQWHUQDWLRQDOO\� DQG� LV� QRZ� DQ� LQWHJUDO� SDUW� RI�
WUDQVIXVLRQ� SUDFWLFHV�� ,W� LV� V\VWHPLF� VXUYHLOODQFH�
RI� DGYHUVH� WUDQVIXVLRQ� UHDFWLRQ� DQG� HYHQWV��
HQFRPSDVVLQJ� WKH� ZKROH� WUDQVIXVLRQ� FKDLQ� DQG�
DLPHG� DW� LPSURYLQJ� WKH� VDIHW\� RI� WKH� WUDQVIXVLRQ�
SURFHVV��IURP�GRQRU�WR�UHFLSLHQW��YHLQ�WR�YHLQ���

The� �rst� hemovigilance� surveillance� system�
ZDV�LPSOHPHQWHG�LQ�)UDQFH�LQ������DV�PDQGDWRU\�
UHSRUWLQJ�DV�UHTXLUHG�E\�XSGDWHG�)UHQFK�UHJXODWLRQ��
6HYHUH� KD]DUGV� RI� WUDQVIXVLRQ� �6+27�� ZHUH� LQ�
HVWDEOLVKHG�8QLWHG�.LQJGRP�VKRUWO\�DIWHU������ DV�
YROXQWDU\�UHSRUWLQJ��

,Q� WKH� 8QLWHG� .LQJGRP� DQG� ,UHODQG�� 5HSRUWHG�
366� reports� of� deaths� or� signi�cant� complication�
RI�WUDQVIXVLRQ�DV�D�SDUW�RI�WKH�6+27�LQLWLDWLYH��7KH�
PRVW�FRPPRQ�DGYHUVH�HYHQW�ZDV��������JLYLQJ�WKH�
ZURQJ�EORRG�WR�WKH�SDWLHQWV���,QGLDQ�SKDUPDFRSRHLD�
FRPPLVVLRQ�LQ�FROODERUDWLRQ�ZLWK�1DWLRQDO�,QVWLWXWH�
RI� ELRORJLFDO� KDV� ODXQFKHG� D� +HPRYLJLODQFH�
3URJUDPPH�RI�,QGLD�RQ���WK�'HFHPEHU�������

7KH�PDLQ�REMHFWLYHV�RI�WKH�SURJUDPPH�DUH�WR�WUDFN�
DGYHUVH�UHDFWLRQV�HYHQWV�DQG�LQFLGHQFH�DVVRFLDWHG�
ZLWK� WUDQVIXVLRQ�RI�EORRG� DQG�EORRG�SURGXFW� DQG�
WR�KHOS�LGHQWLI\�WUHQGV��UHFRPPHQGV�EHVW�SUDFWLFHV�
DQG�LQWHUYHQWLRQV�UHTXLUHG�WR�LPSURYH�SDWLHQW�FDUH�
DQG�VDIHW\��ZKLOH�HQKDQFLQJ�WKH�RYHUDOO�KHDOWK�FDUH��

0DWHULDOV�DQG�0HWKRGV

�H��L�J��'HSDUWPHQW� RI� 3DWKRORJ\� DW� 0DKDUDMDK�V�
,QVWLWXWH�RI�0HGLFDO�6FLHQFHV��9L]LDQDJDUDP�

��UD�LR��RI����G���-DQXDU\������DQG�-DQXDU\������

���G���HVLJ���5HWURVSHFWLYH�DQDO\WLFDO�6WXG\�

,�FO�VLR�� &UL�HULD���75V�RFFXUUHG� LQ� DOO� SDWLHQWV�
ZKR� KDG� UHFHLYHG� D� EORRG� WUDQVIXVLRQ� DW� RXU�
KRVSLWDO�ZLWKLQ�RQH�\HDU�SHULRG�IURP�-DQXDU\������
DQG�-DQXDU\������ZLWKLQ����KRXUV�RI�%ORRG�RU�EORRG�
FRPSRQHQWV�WUDQVIXVHG�

��FO�VLR�� &UL�HULD��3DWLHQWV� ZKR� UHFHLYHG� EORRG�
IURP�RXWVLGH�EORRG�EDQNV�

�D�D�&ROOHF�LR��D�G��URFHG�UH��'LG�WKH�UHWURVSHFWLYH�
VWXG\�DIWHU�UHFHLYLQJ�DSSURYDO�IURP�WKH�,QVWLWXWLRQDO�
(WKLFDO� &RPPLWWHH�� 7KH� SUHGHVLJQHG� �WUDQVIXVLRQ�
adverse�reaction�reporting�form”�was��lled�by�the�
WUHDWLQJ�SK\VLFLDQ�DQG�UHSRUWHG�WR�WKH�%ORRG�%DQN�
ZDV�VWXGLHG�LQ�GHWDLO�DQG�HQWHUHG�LQ�WKH�H[FHO�FKDUW�
DQG� DQDO\VHG� DV� SHU� WKH� ODERUDWRU\� LQYHVWLJDWLRQ�
IRUP�IRU� LQYHVWLJDWLQJ�WKH�WUDQVIXVLRQ�UHDFWLRQV�DV�
SHU�VWDQGDUG�RSHUDWLQJ�SURFHGXUHV�RI�WKH�'HSDUWPHQW�

,��HV�LJD�LR��RI��UD�VI�VLR��UHOD�HG�DG�HUVH�H�H����

���� 3DWLHQWV� QDPH�� FHQWUDO� UHJLVWUDWLRQ� QXPEHU�

�&�5��1R���UHG�FHOO��%2�DQG�5K�'�W\SLQJ�DUH�
UHFKHFNHG�RQ�UHTXLVLWLRQ�IRUP��SUHWUDQVIXVLRQ�
VDPSOH� DQG� WUDQVIXVLRQ� UHDFWLRQ� UHSRUWLQJ�
IRUP�WR�UXOH�WKH�SRVVLELOLW\�RI�ZURQJ�VDPSOLQJ�
RU�EHGVLGH�WUDQVSRVLWLRQ�

���� �OVR� UHFRUGHG� UHOHYDQW� FOLQLFDO� KLVWRU\�
RI� WKH� SDWLHQW� UHJDUGLQJ� WKH� LQGLFDWLRQ� RI�
EORRG� WUDQVIXVLRQ� DQG� VLPLODU� HSLVRGHV� RI�
DGYHUVH� UHDFWLRQV� LQ� WKH� SDVW� GXULQJ� EORRG�
WUDQVIXVLRQ� SUHYLRXV� KLVWRU\� RI� SUHJQDQF\�
DQG�WUDQVIXVLRQV��

���� �OVR� UHFRUGHG� FOLQLFDO� IHDWXUHV� GXH� WR�
FOLQLFDO� IHDWXUHV�� L�H�� IHYHU�� FKLOOV�� ULJRXUV��
K\SRWHQVLRQ�� SDLQ� DEGRPHQ�� XULQH� FRORU��
XUWLFDULD�� UDVKHV�� UHVSLUDWRU\� GLVFRPIRUW��
MDXQGLFH� DQG� DQ\� RWKHU� VLJQ� RU� V\PSWRPV�
UHODWHG�WR�WUDQVIXVLRQ�UHDFWLRQV��

���� ,PSOLFDWHG� EORRG� FRPSRQHQW� KDG� FKHFNHG�
IRU�GLVFRORXUDWLRQ�� FORWV�� IRXO� VPHOO� DQG�DQ\�
OHDNDJH��

���� 2EWDLQHG� 3RVW� �WUDQVIXVLRQ� EORRG� VDPSOH�
RI� WKH� SDWLHQWV� LQ� ('7�� YLDO� IRU� ODERUDWRU\�
LQYHVWLJDWLRQV� LQ� WUDQVIXVLRQ� PHGLFLQH�
ODERUDWRU\��

���� �IWHU� FHQWULIXJDWLRQ� SODVPD� LV� FKHFNHG� IRU�
HYLGHQFH� RI� KDHPRO\VLV� E\� WKH� SUHVHQFH� RI�
SLQN�RU�UHG�WLQJH��

���� 6HURORJLFDO�WHVWV�SHUIRUPHG�RQ�SUHWUDQVIXVLRQ�
DQG�SRVW� WUDQVIXVLRQ� VDPSOH� DUH� WR� UXOH� RXW�
KHPRO\WLF�WUDQVIXVLRQ�UHDFWLRQV��

D��� �%2�DQG�5K'�W\SLQJ�ERWK�FHOO�DQG�VHUXP�
JURXSLQJ�RQ�SDWLHQWV�VDPSOHV��

E��� �%2�DQG�5K'�W\SLQJ�ERWK�FHOO�DQG�VHUXP�
JURXSLQJ�LPSOLFDWHG�EORRG�FRPSRQHQW��

F��� 5HSHDW�FRPSDWLELOLW\�WHVWLQJ�E\�WKH�GLUHFW�
VSLQ�PHWKRG�DQG�/,66�JHO�'LDPHG�FDUGV��

G��� �QWLERG\�VFUHHQLQJ�H��'LUHFW��QWLJOREXOLQ�
WHVW�

���� %DFWHULDO�FXOWXUH�RI�WKH�EORRG�EDJ�DQG�SDWLHQWV��
blood.� Blood� sepsis� had� con�rmed� if� the�
EORRG� FXOWXUH� RI� WKH� SDWLHQW� DQG� WUDQVIXVHG�
FRPSRQHQW�LV�WKH�VDPH�

���� 2WKHU�VXSSRUWLYH�WHVWV�OLNH��

D�� 8ULQH�IRU�KHPRJORELQXULD�

E�� &RPSOHWH�EORRG�FRXQWV��SHULSKHUDO�EORRG�
VPHDUV�IRU�VFKLVWRF\WHV�DQG�VSKHURF\WHV��
UHWLFXORF\WH�FRXQW��

F��� 6HUXP�ELOLUXELQ�GLUHFW�DQG�LQGLUHFW�

G��� %ORRG�XUHD��QG�6HUXP�FUHDWLQLQH�
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H��� 3URWKURPELQ� WLPH�� �FWLYDWHG� SDUWLDO�
WKURPERSODVWLQ�WLPH��

����� ;�UD\�FKHVW��(&*�(WF��

)HEULOH� QRQKHPRO\WLF� WUDQVIXVLRQ� UHDFWLRQV�
(FNHTR)� is� de�ned� according� to� American�
�VVRFLDWLRQ�RI�%ORRG�%DQN�7HFKQLFDO�PDQXDO�DV����
ERG\�WHPSHUDWXUH�ULVH�RI�!�R�&�RU�PRUH�RFFXUULQJ�LQ�
DVVRFLDWLRQ�ZLWK�WUDQVIXVLRQ�DQG�ZLWKRXW�DQ\�RWKHU�
H[SODQDWLRQ�� VXFK� UHDFWLRQV� DUH� RIWHQ� DVVRFLDWHG�
ZLWK�FKLOOV�DQG�ULJRXUV��

5HVXOWV

��WRWDO�RI������XQLWV�RI�ZKROH�EORRG�DQG�FRPSRQHQWV�
ZHUH�LVVXHG�WR�YDULRXV�GHSDUWPHQWV�LQ�WKH�KRVSLWDO�
GXULQJ� WKH� ��\HDU� VWXG\� SHULRG� �7DEOH� ���� 7KHVH�
FRPSULVHG� ZKROH� EORRG� ������ >������@��� SDFNHG�
UHG�EORRG�FHOOV�������>������@���IUHVK�IUR]HQ�SODVPD�
�����>������@���DQG�SODWHOHWV������>�����@���7KH�WRWDO�
QXPEHU� RI� WUDQVIXVLRQ� UHDFWLRQV� UHSRUWHG� WR� 2XU�
WUDQVIXVLRQ� VHUYLFH� GXULQJ� WKH� VWXG\� SHULRG� ZDV�
����������������RI�EORRG�WUDQVIXVLRQV�

7KHUH�ZHUH�������������IHPDOHV�DQG�������������
PDOHV�ZKR�KDG�H[SHULHQFHG�D�WUDQVIXVLRQ�UHDFWLRQ�
�7DEOH�����7KH�DJH�UDQJH�RI�DOO�WKHVH��75�VSDQQHG�
EHWZHHQ����DQG����\HDUV�

�OO� WKH� VLJQV� DQG� V\PSWRPV� ZHUH� UHSRUWHG�
ZLWKLQ���K� RI�VWDUWLQJ� WKH� WUDQVIXVLRQ���PRQJ�WKH�
22� transfusion� reactions� con�rmed� by� the� blood�
WUDQVIXVLRQ�FRQVXOWDQW��WKHUH�ZHUH�DOOHUJLF�UHDFWLRQV�
�Q� �������>������@���)1+75��Q� �������>�����@���
DQDSK\ODFWLF� UHDFWLRQV� �Q�  � ������ >�����@��� DQG�
LVRODWHG�K\SRWHQVLRQ��Q� �������>�����@��

7KH� WRWDO� QXPEHU� RI� WUDQVIXVLRQ� UHDFWLRQV�
UHSRUWHG��LQ�RXU�VWXG\��ZHUH�������������������FXWH�
UHDFWLRQV� RFFXUULQJ� ZLWKLQ� IRXU� KRXUV� RI� VWDUWLQJ�
WUDQVIXVLRQ�ZDV������� ����������6DZ�RQH�GHOD\HG�
W\SH�RI� WUDQVIXVLRQ�UHDFWLRQ��7KH�PHDQ�YROXPH�RI�
EORRG� 7UDQVIXVHG� ZKHQ� WKH� WUDQVIXVLRQ� UHDFWLRQ�
RFFXUUHG�ZDV�����PO�

7KH�PRVW� FRPPRQ� W\SH�RI� WUDQVIXVLRQ� UHDFWLRQ�
DPRQJ� DOO� WKH� �75V� ZDV� DOOHUJLF�� IROORZHG� E\�
)1+75V���QDSK\ODFWLF� DQG� LVRODWHG� K\SRWHQVLRQ��
)RXQG�QRW�D�VLQJOH�FDVH�RI�EDFWHULDO�FRQWDPLQDWLRQ�
RU�DFXWH�KDHPRO\WLF�UHVSRQVH�LQ�WKH�SUHVHQW�VWXG\��
,Q� WKLV� VWXG\�� WKHUH� ZHUH� QR� WUDQVIXVLRQ�UHODWHG�
GHDWKV�

2XW� RI� DOO� EORRG� FRPSRQHQWV� WUDQVIXVHG��
UHDFWLRQV�ZHUH�VHHQ�ZLWK�:KROH�%ORRG�DQG�3DFNHG�
5%&��ZKHUHDV�REVHUYHG�QR�UHVSRQVHV�ZLWK�3ODWHOHW�
DQG�)UHVK�)UR]HQ�3ODVPD�WUDQVIXVLRQ��6DZ�PRVW�RI�
WKH�UHVSRQVHV�ZLWK�:KROH�%ORRG�7UDQVIXVLRQ�

7DEOH����7\SH�RI�EORRG�SURGXFW�LVVXHG�GXULQJ�VWXG\�SHULRG�

7�SH�RI�
SURGXFW

:KROH�
EORRG����

3DFNHG�UHG�
FHOOV����

3ODWHOHWV�
���

)UHVK�IUR�HQ�
SODVPD����

7RWDO�
������

�����
�������

������
�������

�����
������

�����
�������

7DEOH����6H[�GLVWULEXWLRQ�RI�DOO�W\SHV�WUDQVIXVLRQ�UHDFWLRQV�

6
H�

�
OO

HU
J

LF

)
1

+
7

5

�
Q

DS
K

�
OD

FW
LF

,V
R

OD
WH

G
�

K
�

S
R

WH
Q

VL
R

Q

7
R

WD
O

)HPDOHV � � � � ��

0DOHV � � � � �

)1+75��)HEULOH�QRQ�KHPRO\WLF�WUDQVIXVLRQ�UHDFWLRQ�

7DEOH� ��� 7\SH� RI� WUDQVIXVLRQ� UHDFWLRQV� DFFRUGLQJ� WR� D� W\SH� RI�
FRPSRQHQW�WUDQVIXVHG�
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'LVFXVVLRQ

�GYHUVH� UHDFWLRQV� DUH� XQSUHFHGHQWHG� ULVNV� WKDW�
DUH� DVVRFLDWHG� ZLWK� DOORJHQLF� EORRG� WUDQVIXVLRQV��
7KLV� VWXG\� FRQGXFWHG� FROOHFWHG� WKDW� LQIRUPDWLRQ�
UHJDUGLQJ� WKH� YDULRXV� WUDQVIXVLRQ� UHDFWLRQV� IURP�
WKH�FDVHV�WKDW�ZHUH�UHIHUUHG�WR�WKH�EORRG�EDQN��'LG�
(YDOXDWLRQ�EDVH�RQ�FOLQLFDO�H[DPLQDWLRQ��ODERUDWRU\�
workup,�and�prede�ned�protocol.

7KHUH� DUH� D� IHZ� IDFWRUV� WKDW� VLJQLI\� WKDW� WKH�
QXPEHU� RI� WUDQVIXVLRQ� UHDFWLRQ� WKDW�KDG� UHSRUWHG�
WR� WKH�EORRG�EDQN�PD\�QRW�EH� WKH� DFWXDO�QXPEHU��
3DWLHQWV� UHFHLYLQJ� PXOWLSOH� WUDQVIXVLRQV� LVVXHG�
XQXVHG� EORRG� SURGXFWV�� EORRG� SURGXFWV�� 1RW�
UHWXUQHG� WR� WKH� EORRG� EDQN� RU� GLVFDUGHG�PD\� EH�
WKH� FDXVHV� RI� XQGHUUHSRUWLQJ� RI� WKHVH� WUDQVIXVLRQ�
UHDFWLRQV��8QGHUUHSRUWLQJ�RI� WKH�DFWXDO�QXPEHU�RI�
WUDQVIXVLRQ�UHDFWLRQV�PD\�DOVR�RFFXU��

7UDQVIXVLRQ� UHDFWLRQV� SUHVHQW� DV� DGYHUVH� VLJQV�
DQG� V\PSWRPV� RFFXUULQJ� LQ� SDWLHQWV� GXULQJ� RU�
DIWHU� WUDQVIXVLRQ�RI� EORRG� FRPSRQHQWV��7KHVH� FDQ�
EH�RI�WKH�IROORZLQJ�W\SHV������,PPXQH�UHDFWLRQV������
QRQ�LPPXQH� UHDFWLRQV�� ���� LPPHGLDWH� 5HVSRQVHV��
�GXULQJ� RU� ZLWKLQ� IHZ� KRXUV� RI� WUDQVIXVLRQ��� DQG�
���� GHOD\HG� UHDFWLRQ� �GD\V� RU� ZHHNV� DIWHU� WKH�
WUDQVIXVLRQ���KHPRO\WLF�DQDSK\ODFWLF��DOORLPPXQH��

&�6LWDODWD��.�.DO\DQ�����5HVWURVSHFWLYH�6WXG\�RI��GYHUVH�(YHQWV�GXULQJ�7UDQVIXVLRQ�DW�D��
7HULWLDU\�&DUH�&HQWHU�LQ��QGKUD�3UDGHVK
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��� ��������R������RI�����R�RJ������������������������

,Q�WKLV�VWXG\��WKH�IRXQG�IUHTXHQF\�RI�WUDQVIXVLRQ�
UHDFWLRQV� WR� EH� ������� ,Q� D� VLPLODU� VXUYH\� GRQH�
E\� %KDWWDFKDU\D� (W� DO����� IRXQG� WKH� SUHYDOHQFH� RI�
WUDQVIXVLRQ�UHDFWLRQV�WR�EH��������ZKHUHDV�6LGKX�HW�
DO���� DQG�.XPDU� HW� DO��� IRXQG�D� UDWH� RI� ������ DQG�
������� UHVSHFWLYHO\�� 7KH� SUHYDOHQFH� UDWH� RI� RXU�
VWXG\� PDWFKHG�ZLWK� 6LGKX� HW� DO���� 7KH� GLIIHUHQFH�
LQ� UDWHV� RI� SUHYDOHQFH� LV� GXH� WR� IDFWRUV� UHODWHG� WR�
XQGHUUHSRUWLQJ�DV�UHSRUWHG�LQ�D�VWXG\�E\�1DUYLRV�
HW�DO��

,Q�RXU�SUHVHQW�VWXG\��IHPDOHV�ZHUH�PRUH�DIIHFWHG�
WKDQ�PDOHV�� VLPLODU� WR� WKH� VWXG\� E\� 6LGKX� HW� DO����
+RZHYHU�� .XPDU� HW� DO��� LQ� WKHLU� UHVHDUFK� IRXQG�
PDOHV�WR�EH�PRUH�DIIHFWHG�WKDQ�IHPDOHV�

,Q� RXU� VWXG\�� IRXQG� WKH� KLJKHVW� LQFLGHQFH� RI�
WUDQVIXVLRQ� UHDFWLRQV� WR� EH� RI� DOOHUJLF� LQ� QDWXUH��
6LGKX� HW� DO����� .XPDU� HW� DO���� DQG� 'RPHQ� DQG�
+RHOWJH��� IRXQG� DQ� LQFLGHQFH� RI� DOOHUJLF� UHDFWLRQV�
������� �������� DQG� ������� UHVSHFWLYHO\�� LQ� WKHLU�
VWXGLHV�

'LIIHULQJ�IURP�RXU�VWXG\��.KDOLG�HW�DO����VKRZHG�
WKDW� IHEULOH� QRQ�KHPRO\WLF� UHDFWLRQ� �������� ZDV�
WKH� PRVW� IUHTXHQW� WUDQVIXVLRQ� KD]DUG� IROORZHG�
E\� DOOHUJLF� UHDFWLRQV� ��������� .XPDU� HW� DO��� DQG�
%KDWWDFKDU\D� HW� DO���� IRXQG� DQ� LQFLGHQFH� RI� ������
DQG��������RI�)1+75��UHVSHFWLYHO\��&DQ�DWWULEXWH�
WKLV� YDULDWLRQ� LQ� WKH� IUHTXHQF\�RI�)1+75� DPRQJ�
GLIIHUHQW� VWXGLHV� WR� YDULDWLRQV� LQ� UHSRUWLQJ��
WKHUDSHXWLF�LQWHUYHQWLRQV�DQG�DW�WLPHV�GXH�WR�PDQ\�
FDVHV�WKDW�DUH�QRW�UHSRUWHG�WR�WKH�EORRG�EDQN�

7KH�RYHUDOO�ULVN�RI�)1+75�KDV�UHGXFHG�WR�������LQ�
QRQ�OHXNRUHGXFHG�WR�YHUVXV�������LQ�OHXNRUHGXFHG�
EORRG� SURGXFWV���� +HQFH�� ZLWK� WKH� EURDGHU� XVH�
RI� OHXNRUHGXFHG� EORRG� SURGXFWV�� WKH� LQFLGHQFH�
RI� )1+75V�� &\WRPHJDORYLUXV� WUDQVPLVVLRQ� DQG�
SODWHOHW� UHIUDFWRULQHVV� KDV� GHFUHDVHG��� )LQDOO\��
XQGHUUHSRUWLQJ� E\� PHGLFDO� VWDII� FRXOG� KDYH�
XQGHUHVWLPDWHG�WKH�QXPEHU�RI��75V�LQ�RXU�VWXG\�

)RXQG� WKH� RYHUDOO� LQFLGHQFH� RI� DQDSK\ODFWLF�
UHDFWLRQV� WR� EH� ����� LQ� RXU� VWXG\�� 6LGKX� HW� DO�����
.XPDU� HW� DO��� DQG�'RPHQ�HW� DO���� IRXQG� LQFLGHQFH�
RI�DQDSK\ODFWLF�UHDFWLRQV���������������DQG��������
UHVSHFWLYHO\�LQ�WKHLU�VWXGLHV�

)RXQG�WKH�LQFLGHQFH�RI�LVRODWHG�K\SRWHQVLRQ�WR�EH�
������LQ�RXU�VWXG\��.KDOLG�HW�DO����KDG�D�SUHYDOHQFH�
RI��������RI�LVRODWHG�K\SRWHQVLRQ�LQ�WKHLU�VWXG\�

7KH� IUHTXHQF\� RI� WUDQVIXVLRQ� UHDFWLRQV� LQ� WKLV�
VWXG\� ZDV� ������ LQ� ZKROH� EORRG� WUDQVIXVLRQV��
7KLV� UHDFWLRQ� UDWH� FDQ� EH� DQ� XQGHUHVWLPDWLRQ�
RI� WUXH� LQFLGHQFH�� EHFDXVH� RI� XQGHUUHSRUWLQJ��
ZKLFK� FDQ� EH� LPSURYHG� E\� WKH� LPSOHPHQWDWLRQ�
RI� WKH� KHPRYLJLODQFH� V\VWHP�� 7KLV� VWXG\� VKRZV�

WKH� LPSRUWDQFH� RI� UDWLRQDO� XVH� RI� EORRG� DQG� LWV�
FRPSRQHQWV��LPSURYLQJ�VWRUDJH�FRQGLWLRQV��EHGVLGH�
PRQLWRULQJ� RI� WUDQVIXVLRQ� DQG� GRFXPHQWDWLRQ�
RI� DGYHUVH� HYHQWV� DQG� LPSOHPHQWDWLRQ� RI� WKH�
KHPRYLJLODQFH� V\VWHP�� WKXV� KHOSLQJ� WR� LPSURYH�
WUDQVIXVLRQ�VDIHW\�

3URSHU� PRQLWRULQJ� DQG� NQRZOHGJH� RI� WKH�
VLJQV� DQG� V\PSWRPV� RI� WKH� �75V� KHOS� LQ� WKH�
early� identi�cation� of� these� reactions� and� hence�
WLPHO\� PDQDJHPHQW� DQG� UHSRUWLQJ�� ,W� LV� WKH� MRLQW�
UHVSRQVLELOLW\� RI� WKH� EORRG� WUDQVIXVLRQ� FRQVXOWDQW�
DQG� WKHLU� FOLQLFDO� FRXQWHUSDUW� WR� FUHDWH� DZDUHQHVV�
DERXW�VDIH�WUDQVIXVLRQ�VHUYLFHV�VR�WKDW�LW�FDQ�DFKLHYH�
SURSHU� KHPRYLJLODQFH� V\VWHP� WR� SURYLGH� SDWLHQW�
FDUH��7KLV�VWXG\�LV�DQ�HIIRUW�WRZDUG�WKLV�GLUHFWLRQ�

&RQFOXVLRQ

7KH� PDMRULW\� RI� �75V� ZHUH� DOOHUJLF� UHDFWLRQV�
IROORZHG� E\� )1+756�� D� FKHFNOLVW� EHIRUH� VWDUWLQJ�
EORRG� WUDQVIXVLRQ� PXVW� EH� PDGH� PDQGDWRU\��
6KRXOG�UHWXUQ�LW�SRVW�WUDQVIXVLRQ�WR�WKH�EORRG�EDQN�

5HIHUHQFHV

��� 6WDLQVE\� '�� -RQHV� +�� �VKHU� '�� �WWHUEXU\� &��
%RQFLQHOOL� ��� %UDQW� /�� HW� DO�� 6HULRXV� KD]DUGV� RI�
WUDQVIXVLRQ����GHFDGH�RI�KHPRYLJLODQFH�LQ�WKH�8.��
7UDQVIXV�0HG�5HY����������������

��� .XPDU� 3�� 7KDSOL\DO� 5�� &RVKLF� 3�� &KDWWHUMHH� .��
5HWURVSHFWLYH� HYDOXDWLRQ� RI� DGYHUVH� WUDQVIXVLRQ�
UHDFWLRQV�IROORZLQJ�EORRG�SURGXFW�WUDQVIXVLRQ�IURP�
D�WHUWLDU\�FDUH�KRVSLWDO����SUHOLPLQDU\�VWHS�WRZDUGV�
KHPRYLJLODQFH���VLDQ�-�7UDQVIXV�6FL���������������

��� &DOOXP� -/�� 3LQNHUWRQ� 3+�� HGLWRUV�� 7UDQVIXVLRQ�
5HDFWLRQV�� %ORRG\� (DV\�� %ORRG� 7UDQVIXVLRQV��
%ORRG� �OWHUQDWLYHV� DQG� 7UDQVIXVLRQ� 5HDFWLRQV�� D�
*XLGH� WR�7UDQVIXVLRQ�0HGLFLQH�� 7RURQWR��2QWDULR��
6XQQ\EURRN�DQG�:RPHQ�V�&ROOHJH�+HDOWK�6FLHQFHV�
&HQWUH��������S��������

��� )DEHU� -&�� :RUOGZLGH� RYHUYLHZ� RI� H[LVWLQJ�
KHPRYLJLODQFH� V\VWHP�� 7UDQVI� �SKHUH� 6FL��
���������������

��� 6WDLQVE\�'��)DEHU�-&��-RUMHQVHQ�-��5RVVL�V�3ULQFLSOH�RI�
7UDQVIXVLRQ�0HGLFLQH���WK�HGLWLRQ��ZLOH\�%ODFNZHOO��
2YHUYLHZ�RI�KHPRYLJLODQFH�����������

��� %LVKW� ��� 6LQJK� 6�� 0DUZDKD� 1�� +HPRYLJLODQFH�
SURJUDP���,QGLD���VLDQ�-�WUDQV�6FL������������������

��� 0D]]DL�&���3RSRYVN\�0���.RSNR�30��7HFKQLFDO�
0DQXDO�� ��WK� HGLWLRQ�� 0DU\ODQG�� �PHULFDQ�
�VVVRFLDWLRQ� RI�%ORRG�%DQNV��������1RQ� LQIHFWLRXV�
FRPSOLFDWLRQV�RI�EORRG�WUDQVIXVLRQ������������

��� 1DUYLRV� �%�� /LFKWLJHU� %�� 1HXPDQQ� -/��
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���

8QGHUUHSRUWLQJ� RI� PLQRU� WUDQVIXVLRQ� UHDFWLRQV� LQ�
FDQFHU�SDWLHQWV��0HG*HQ0HG�����������

���� %KDWWDFKDU\D�3��0DUZDKD�1��'KDZDQ�+.��5R\�3��
6KDUPD� 55�� 7UDQVIXVLRQ�UHODWHG� DGYHUVH� HYHQWV�
DW� WKH� WHUWLDU\� FDUH� FHQWHU� LQ� 1RUWK� ,QGLD�� �Q�
LQVWLWXWLRQDO�KHPRYLJLODQFH�HIIRUW���VLDQ�-�7UDQVIXV�
6FL���������������

���� 6LGKX�0��0HHQLD�5��<DVPHHQ�,���NKWDU�1����VWXG\�
RI� WUDQVIXVLRQ� UHODWHG� DGYHUVH� HYHQWV� DW� D� WHUWLDU\�

FDUH� FHQWUH� LQ� 1RUWK� ,QGLD�� �Q� LQLWLDWLYH� WRZDUGV�
KHPRYLJLODQFH��,QW�-��GY�0HG���������������

���� 'RPHQ� 5(�� +RHOWJH� *��� �OOHUJLF� WUDQVIXVLRQ�
UHDFWLRQV�� �Q� HYDOXDWLRQ� RI� ���� FRQVHFXWLYH�
UHDFWLRQV���UFK�3DWKRO�/DE�0HG�����������������

���� .KDOLG�6��8VPDQ�0��.KXUVKLG�0���FXWH�WUDQVIXVLRQ�
UHDFWLRQV�HQFRXQWHUHG� LQ�SDWLHQWV�DW�D� WHUWLDU\�FDUH�
FHQWHU��-�3DN�0HG��VVRF���������������

&�6LWDODWD��.�.DO\DQ�����5HVWURVSHFWLYH�6WXG\�RI��GYHUVH�(YHQWV�GXULQJ�7UDQVIXVLRQ�DW�D��
7HULWLDU\�&DUH�&HQWHU�LQ��QGKUD�3UDGHVK


