
31NEONATOLOGY TODAY�www.NeonatologyToday.net�February 2020

Retinopathy of Prematurity (ROP)
Can We Do Better?

I dedicate this column to the late Dr. Andrew (Andy) 
Shennan, the founder of the perinatal program at Wom-
en’s College Hospital (now at Sunnybrook Health Sci-
ences Centre). To my teacher, my mentor and the man 
I owe my career as it is to, thank you. You have earned 
your place where there are no hospitals and no NICUs, 
where all the babies do is laugh and giggle and sleep.

“While Mr. Wonder may be one of the 
earliest and most recognisable cases 
of ROP, by the time he came along 
the use of supplemental oxygen in 
the management of infants had been 
D�WKHUDSHXWLF�LQWHUYHQWLRQ�LQ�WKH�³¿UVW�
world” since the 1930s and 1940’s. (2)" 

5RE�*UDKDP��5�5�7��1�5�&�3�

3HUKDSV�WKH�PRVW�IDPRXV�YLFWLP�RI�523�LV�6WHYLH�:RQGHU��%RUQ�
��ZHHNV�SUHPDWXUHO\� LQ�������KH�ZDV�RQH�RI�PDQ\�EDELHV�ZKR�
KDG�WKHLU� LQFXEDWRUV�ÀRRGHG�ZLWK�R[\JHQ������:KLOH�0U��:RQGHU�
may be one of the earliest and most recognisable cases of ROP, 
by the time he came along the use of supplemental oxygen in the 
management of infants had been a therapeutic intervention in the 
³¿UVW�ZRUOG´�VLQFH�WKH�����V�DQG�����¶V������

3HUKDSV� QRW� VXUSULVLQJO\�� WKH� ¿UVW� FDVH� RI�ZKDW� LV� QRZ� UHIHUUHG�
WR�DV�523�ZDV�GLVFRYHUHG�LQ�������%HWZHHQ������DQG�������D�
IXUWKHU� ���� FDVHV� ZHUH� GLVFRYHUHG�� 7KH� OLQN� EHWZHHQ� WKH� QHZ�
condition (then referred to as Retrolental Fibroplasia) and oxygen 
WKHUDS\�ZDV�HVWDEOLVKHG� LQ� WKH�HDUO\�����V�EXW�E\�������������
FDVHV�RI�EOLQGQHVV�GXH�WR�523�KDG�EHHQ�GLDJQRVHG�����

:LWKRXW� IXOO\�XQGHUVWDQGLQJ� WKH�SRVLWLYH� UROH�RI�R[\JHQ� WKHUDS\��
FOLQLFLDQV� LQ� WKH�����V�DQG�����V� UHVWULFWHG�R[\JHQ�XVH�GXULQJ�
WKH�¿UVW���WR���GD\V�RI�OLIH��7KLV�SUDFWLFH�YLUWXDOO\�HOLPLQDWHG�523��

KRZHYHU�WKH�LQFLGHQFH�RI�VSDVWLF�GLSOHJLD�LQFUHDVHG�WR�DERXW������
Furthermore, it was later estimated that for every case of blind-
QHVV�SUHYHQWHG�E\�WKLV�SUDFWLFH�����EDELHV�GLHG��&RQYHUVHO\��ZKHQ�
R[\JHQ�ZDV�DGPLQLVWHUHG�RYHU����WR����GD\V�RU�PRUH��WKH�UDWH�RI�
523� LQFUHDVHG� WR�RYHU�����ZKLOH�VSDVWLF�GLSOHJLD�ZDV�VHHQ� LQ�
RQO\������RI�LQIDQWV������7KLV�REVHUYDWLRQ�LV�VLPLODU�WR�ODWHU�VWXGLHV�
on the use of higher or lower oxygen levels in infants.

Recent data suggests that we are not winning the war against 
523��$������VWXG\�IRXQG�WKDW�������RI�SUHPDWXUH�LQIDQWV�GHYHO-
RSHG�523��DQG�������RI�WKHVH�LQIDQWV�DUH�H[SHFWHG�WR�GHYHORS�
VHYHUH�523��DOPRVW�H[FOXVLYHO\�LQ�WKH�VXE������JUDP�FRKRUW������
,Q�WKH�8�6��DORQH�WKLV�UHSUHVHQWV�RYHU������FDVHV�RI�EOLQGQHVV�SHU�
\HDU������2Q�WKH�VXUIDFH�WKLV�LV�EDG�HQRXJK��FRQVLGHULQJ�WKH�IDFW�
that blindness is associated with severely abnormal neurodevel-
opmental outcomes. Over half of those with unfavourable vision 
KDYH�D�VHYHUH�GLVDELOLW\������DUH�XQDEOH�WR�SURYLGH�VHOI�FDUH������
KDYH� FRQWLQHQFH� LVVXHV�� ����KDYH�PRWRU� GLVDELOLWLHV�� DQG� ����
KDYH�DOWHUHG�SHUVRQDO�VRFLDO�VNLOOV��7KLV�UHSUHVHQWV�D���WR����IROG�
LQFUHDVH�FRPSDUHG�WR�WKRVH�ZLWK�JRRG�YLVLRQ�����

7HFKQRORJ\�LQ�WKH�1,&8�KDV�H[SORGHG�VLQFH�WKH�¿UVW�FDVHV�RI�523�
were discovered. Nevertheless, this morbidity clearly remains 
RQH�RI�WKH�PRVW�VLJQL¿FDQW�VHTXHODH�RI�1,&8�SDWLHQWV��PRUH�WKDQ�
FKURQLF�OXQJ�GLVHDVH������RQH�RI�WKH�PDLQ�IRFL�RI�1,&8�TXDOLW\�LP-
provement.

7KH�DGYHQW� RI� R[\JHQ�EOHQGHUV�DQG�R[\JHQ�DQDO\]HUV�KDYH�DO-
lowed accurate FiO delivery and measurement, and pulse oxim-
etry (SpO) helps monitor blood oxygen levels in almost real-time. 
6WLOO��ZKLOH�ZH�NQRZ�R[\JHQ�SRVHV�D�VXEVWDQWLDO�ULVN�IRU�WKH�GHYHO-
opment of ROP, just how much oxygen to give (or not give as the 
case may be) remains a topic of hot debate.

-XVW�DV�LQ�WKH�����V�DQG�����V��PRUH�UHFHQW�VWXGLHV�KDYH�GHP-
onstrated the conundrum faced by NICU clinicians: give more 
oxygen and get more ROP or give less oxygen and face higher 
PRUWDOLW\��D�SHUIHFW�³FDWFK���´��2U�LV�LW"

,W� LV� OLNHO\��QRW� VXUSULVLQJ� WR�PRVW�FOLQLFLDQV� WKDW�PDLQWDLQLQJ� ORZ�
serum oxygen levels (PaO) may have deleterious consequences 
and that maintaining high SpO�OHYHOV�KDV�GLႇHUHQW��DOWKRXJK�VWLOO�
GLUH�FRQVHTXHQFHV��$VLGH�IURP�KLJKHU�UDWHV�RI�523��KLJKHU�R[\-
gen levels have been associated with CLD, periventricular leu-
NRPDODFLD��39/���DQG�PD\�EH�D�IDFWRU�LQ�ZKLWH�PDWWHU�LQMXU\�DQG�
carcinogenesis. In the STOPROP trial, there were more respirato-
ry-related deaths in the higher SpO�JURXS�����

:KLOH�ZH�DUH�FRQ¿GHQW�KLJK�6S2 is bad, the question is how low 
WKRVH� OHYHOV� FDQ� EH� DQG� VWLOO� EH� FRQVLGHUHG� VDIH��:KLOH� UHODWHG�
studies consistently indicate that low SpO is associated with 
higher mortality, this may not translate to higher mortality in clini-
FDO�SUDFWLFH��8QOLNH� LQ�D� VWXG\�VLWXDWLRQ��EHGVLGH�FDUHJLYHUV�DUH�
QRW�OLNHO\�WR�DOORZ�WKHLU�SDWLHQWV�WR�KDYH�ORZ�6S2 for an extended 
length of time.

&RQVLGHU� WKH� H[DPSOH� RI� WKH� XQLW� LQ� ZKLFK� ,� ZRUN�� &RQFHUQHG�
DERXW�SRVVLEOH�LQFUHDVHG�PRUWDOLW\�OHG�WR�D�VKLIW�LQ�WDUJHWHG�6S2��
DQG�UHODWHG�DODUPV�XSZDUG�IURP��������ZLWK�WKH�³KDUG´�DODUP�VHW�
DW�����DQG�WKH�KLJK�DODUP�DW�����WR�D�WDUJHW�RI��������DQG�DQ�
LQFUHDVH�LQ�WKH�³KDUG´�DODUP�WR������6RPH�ZHUH�VXUSULVHG�DW�WKH�
UHVXOWLQJ�VLJQL¿FDQW�LQFUHDVH�LQ�WKH�LQFLGHQFH�RI�523��DQ�LQFUHDVH�
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“Without fully understanding the positive 
role of oxygen therapy, clinicians in 
the 1950s and 1960s restricted oxygen 
XVH�GXULQJ�WKH�¿UVW���WR���GD\V�RI�OLIH��
This practice virtually eliminated ROP; 
however the incidence of spastic diplegia 
increased to about 25%." 
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VLJQL¿FDQW�HQRXJK� WR� UHVXOW� LQ�D� UHVXPSWLRQ�RI�SUHYLRXV�SDUDP-
HWHUV�H[FHSW� IRU� WKH� ORZ�³KDUG´�DODUP�EHLQJ�UDLVHG�WR������:K\�
GLG�WKLV�KDSSHQ"

$ODUP�IDWLJXH�LV�D�FRQWLQXLQJ�SUREOHP�LQ�LQWHQVLYH�FDUH�XQLWV��1,-
&8¶V�LQFOXGHG��7KH�KLJKHU�6S2 targets and related alarm param-
eters resulted in more alarms, which, in turn, led bedside care-
givers to increase FiO to achieve higher SpO values since a 
high SpO alarm is typically quieter and less annoying than a low 
DODUP��:KLOH�WKLV�KDSSHQV�ZLWK�ORZHU�WDUJHWHG�6S2 as well, when 
targets were increased, the resulting SpO increased further. The 
end result was nothing if not predictable.

6SHDNLQJ�RI� DODUP� IDWLJXH�� LQ�P\�RSLQLRQ�� WKH�GHVLJQ�RI� VDWXUD-
WLRQ�PRQLWRUV�FRQWULEXWHV�WR�WKH�SUDFWLFH�RI�NHHSLQJ�EDELHV¶�6S2 
KLJKHU�WKDQ�LGHDO��$�KLJK�6S2 alarm is generally a gentle “bing… 
bing… bing…” while a low SpO�VRXQGV�URXJKO\�OLNH�WKH�VN\�LV�IDOO-
LQJ��:KLOH�D�GHOD\�IXQFWLRQ�RU�ORQJHU�DYHUDJLQJ�WLPH�LV�DYDLODEOH��
WKHUH�VHHPV� WR�EH�D� UHOXFWDQFH� WR�XVH� WKHP��$V�ZHOO�� WKH�DOJR-
rithms used may not allow enough time for a baby to self-recover. 
The monitors I am accustomed to using also send an alarm to the 
VWDႇ�FRPPXQLFDWLRQ�GHYLFHV�HYHQ�LI�WKH�DODUP�LV�VLOHQFHG�RQ�WKH�
monitor immediately. Bedside caregivers are nothing if not human, 
and human nature leads to infants being maintained in enough 
oxygen to minimise annoying low SpO�DODUPV��$�FRPPRQ�ODPHQW�
LV�³\RX¶UH�QRW�VLWWLQJ�KHUH�DOO�GD\´�ZKHQ�)L2� LV�ZHDQHG��:KLOH�,�
DP�V\PSDWKHWLF��RQH¶V�SXUSRVH�DW� WKH�EHGVLGH� LV�QRW�RQH¶V�RZQ�
appeasement.

$OO�VDWXUDWLRQ�PRQLWRUV�DUH�QRW�FUHDWHG�HTXDO��,I�WKH�PRQLWRU�GXWLIXO-

ly displays a SpO�RI�����ZKHQ�O\LQJ�LQ�WKH�EHG�LWV�UHOLDELOLW\�PXVW�
be called into question. The best monitors resist motion artifact 
and extraneous light interference fairly well; others, not so much. 
Servo-controlled combined blender/saturation monitor systems 
hold much promise; however, they are inevitably only as good as 
WKH�VLJQDO�UHFHLYHG��*LYHQ�D�EDE\¶V�PRYHPHQW��ORZ�SHUIXVLRQ��DQG�
use of bilirubin lights, any monitor used to servo-control a blender 
PXVW�EH�XS�WR�WKH�WDVN��(YHQ�ZLWKRXW�VHUYR�FRQWURO��,�KDYH�RIWHQ�
witnessed FiO being increased for a “desaturation” when the sig-
nal display on the monitor is clearly showing artifact or a poor 
signal. There is evidence that the use of Masimo™ signal extrac-
WLRQ�WHFKQRORJ\�PD\�VLJQL¿FDQWO\�UHGXFH�WKH�LQFLGHQFH�RI�523�����

I was told many years ago that oxygen desaturation in isolation 
DQG� QRW� DVVRFLDWHG� ZLWK� EUDG\FDUGLD� ZDV� OLNHO\� FOLQLFDOO\� LQVLJ-
QL¿FDQW��$OWKRXJK�,�DP�XQDZDUH�RI�DQ\�HYLGHQFH�WR�VXSSRUW� WKLV�
VWDWHPHQW��LW�PD\�PDNH�VHQVH�IURP�D�SK\VLRORJLFDO�VWDQGSRLQW��,�
UHFDOO�YLHZLQJ�D�SRVWHU�DW�D�3HGLDWULF�$FDGHPLF�6RFLHWLHV�FRQIHU-
HQFH�VHYHUDO�\HDUV�DJR�WKDW�ORRNHG�DW�K\SR[LD�LQ�UDWV��2QH�JURXS�
was exposed to 100% nitrogen for 10 minutes, another group was 
H[SRVHG�WR������QLWURJHQ�¿UVW�IRU���PLQXWHV�DQG�WKHQ�ODWHU�IRU����
PLQXWHV��:KLOH�DOO�LQ�WKH�IRUPHU�JURXS�GLHG��VXUSULVLQJO\�DOO�WKRVH�
in the latter group survived. This raised two questions in my mind: 
1) if desaturations are normal in the premature infant in utero and 
���LI�WKH\�VHUYH�WR�FRQGLWLRQ�WKH�EUDLQ�IRU�WKH�UHODWLYH�K\SR[HPLD�RI�
ELUWK��$IWHU�DOO��DV�KXPDQV��ZH�H[SHULHQFH�WKH�ORZHVW�6S2 levels 
at the hour of our birth and that of our death.

:LWK� MXGLFLRXV� EHGVLGH�PRQLWRULQJ�� ,� EHOLHYH� LW� LV� VDIH� WR� WDUJHW�
SpO�RI��������LQ�SUHPDWXUH�LQIDQWV��ZLWK�D�³KDUG´�ORZ�DODUP�RI�
80%. Babies should be given a minute or so to recover on their 
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“The visualisation of the vocal cords with 
the nasal CPAP apparatus in place is 
perhaps the most challenging aspect of 
MIST." 
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own without increasing FiO, and the bedside caregiver should not 
allow SpO�WR�UHPDLQ�ORZ�IRU�ORQJ��$GGLQJ�D�WLPH�ZHLJKWHG�IDFWRU�
WR�ORZ�DODUPV�ZRXOG�PDNH�WKLV�HYHQ�VDIHU�

,W�FDQ�EH�HDV\�WR�EH�GLVFRXUDJHG�WR�VHH�WKH�ODFN�RI�LPSURYHPHQW�
in ROP rates and evidence that does not support low SpO: “truly 
HႇHFWLYH�FDUH�EDVHG�RQ�V\VWHPDWLF� UHYLHZV�RI� WKH�HYLGHQFH�RE-
WDLQHG� IURP� UDQGRPL]HG� FRQWUROOHG� WULDOV� LV� VWLOO� QRW� SRVVLEOH� LQ�
relation to prevention of ROP, clearly not for O therapy, PaO 
and SpO�OHYHOV´�������%H�WKDW�DV�LW�PD\��WKHUH�DUH�SUDFWLFHV�WKDW�
respiratory clinicians and bedside caregivers should emulate, and 
those that should be avoided.

7KHUH� LV�QR�GHEDWH�DERXW� WKH�GHOHWHULRXV�HႇHFW�RI�K\SHUR[LD�RQ�
the developing eye; rather, the debate is over what SpO levels 
constitute hyperoxia in the premature infant. Knowing that oxygen 
DOVR�ZUHDNV�KDYRF�RQ�WKH�GHYHORSLQJ�OXQJ��LW�EHKRRYHV�FOLQLFLDQV�
to use as little as possible to safely meet the needs of the patient.

It is all too common for a responder to a low SpO alarm to in-
crease FiO and then leave the room to attend to another patient 
RU� WDVN��7RR�RIWHQ�� WKH�)L2 is left increased, and if the FiO is 
QRUPDOO\�������WKH�KLJK�DODUP�LV�VHW�DW������DQG�ZLOO�JLYH�QR�ZDUQ-
LQJ�RI�UHVXOWLQJ�K\SHUR[LD��$V�D�VWDQGDUG�GHVLJQ�IHDWXUH��YHQWLOD-
tors, including equipment providing non-invasive support (NIV), 
should incorporate a temporary FiO increase function available 
in all modes. This would reduce inadvertent sustained increases 
in FiO.

It is also common practice in the NICU to pre-oxygenate babies 
when handling. This is sometimes done several minutes in ad-
vance, and the degree of increase is often not uniform, despite 
whatever policy may dictate. Pre-oxygenation should be done 
for as little time as possible, and certainly not minutes prior to 
handling. This increase should be limited as a matter of policy to 
������DERYH�EDVHOLQH�XQOHVV�WKH�QHHG�IRU�PRUH�LV�GHPRQVWUDWHG��
$V�ZHOO��DQ\�LQIDQW�ZKRVH�6S2��LV�!����ZLWK�D�)L2�RI������VKRXOG�
not be pre-oxygenated at all, rather FiO should be increased as 
required. SpO level cannot be reliably estimated when PaO is 
high, and a SpO of 100% may represent a PaO�RI����PP+J�RU�
����PP+J�����

:KHQ�)L2 is increased, it should be to the lowest level to provide 
adequate SpO and then returned to baseline judiciously as toler-
ated so as not to result in rebound desaturation. Rapid swings in 
PaO lead to repeated vasoconstriction and dilation, which results 
in reperfusion injury.

The increasingly common use of NIV raises another important 
SRLQW��$YRLGDQFH�RI�KLJK�6S2��DV�ZHOO�DV�ZLGHO\�ÀXFWXDWLQJ�6S2 
IURP�ELUWK�DQG�GXULQJ�WKH�¿UVW�ZHHNV��WKHUHDIWHU�UHGXFHV�WKH�UDWH�
of severe ROP without increased mortality and results in lower 
UDWHV�RI�&/'��*LYHQ�WKH�IUHTXHQF\�RI�EUDG\FDUGLD�DQG�GHVDWXUD-
tion episodes in very premature infants receiving NIV, we should 
be monitoring ROP rates in this group of patients very carefully. 
Some believe that proper, lung-protective ventilation with an en-
dotracheal tube is preferable to NIV in the micro-premature infant. 
7KH�WUXWK�ZLOO�QR�GRXEW�UHYHDO�LWVHOI��SURYLGHG�ZH�DUH�ORRNLQJ�IRU�LW�

Permissive hypercapnia has become an accepted practice to 
UHGXFH�&/'��DOWKRXJK�&2��VKRXOG�EH�FRQWUROOHG�DV�FDUHIXOO\�DV�
SRVVLEOH�LQ�WKH�¿UVW�IHZ�GD\V�RI�OLIH��:KLOH�&2 has the opposite ef-
IHFW�RQ�FHUHEUDO�DQG�RFXODU�YDVFXODWXUH��LW�PDNHV�VHQVH�WKDW�ODUJH��
rapid swings in CO�OHYHOV�ZRXOG�KDYH�WKH�VDPH�GHOHWHULRXV�HႇHFW�
DV�R[\JHQ�DQG�PD\�EH�D�ULVN�IDFWRU�IRU�523��$�%ULWLVK�VWXG\�GLG�
QRW�¿QG�DQ�DVVRFLDWLRQ�ZLWK�3D&2/TcPCO�ÀXFWXDWLRQV�DQG�523��
DOWKRXJK� LW� GRHV� QRW� LQGLFDWH� KRZ� UDSLGO\� WKHVH� ÀXFWXDWLRQV� RF-
FXUUHG���$QRWKHU�DUWLFOH�OLVWV�KLJK�3D&2 and low pH as possible 
ULVN�IDFWRUV���DQG�ZLWKLQ�VHDUFK�UHVXOWV�IRU�³&2 and ROP” one will 

¿QG�D�ODZ�¿UP�OLQNLQJ�&2 “Neonatal Breathing Mismanagement” 
DQG�DGYHUVH�RXWFRPHV�LQFOXGLQJ�523������*LYHQ�WKH�ULVN�RI�OLWLJD-
WLRQ�WKDW�UDLVHV�LW�LV�OLNHO\�D�JRRG�LGHD�WR�PRQLWRU�&2 carefully and 
adjust ventilation accordingly.

$V�ZLWK�DOO� WKLQJV�PHGLFDO��EHVW�SUDFWLFH�LV�D�PRYLQJ�WDUJHW��(YL-
GHQFH�GULYHV�SUDFWLFH��DQG�HYLGHQFH�KDV�EHHQ�NQRZQ�WR�FKDQJH��
,Q�WKH�KHUH�DQG�QRZ��FOLQLFLDQV�PXVW�ZRUN�ZLWK�WKH�HYLGHQFH�ZH�
have. That evidence suggests that, yes, we can do better.

5HIHUHQFHV�
��� KWWSV���ZZZ�DDSSXEOLFDWLRQV�RUJ�QHZV������������523�

:H�-XVW�&DOOHG�7R�6D\�:H�'RQW�/RYH�<RX�1HR5HY-
LHZV��������

���� KWWSV���DQDOHVGHSHGLDWULD�RUJ�HQ�UHWLQRSDWK\�SUHPDWXULW\�
R[\JHQ�WKHUDS\�D�DUWLFXOR���������

���� KWWSV���MDPDQHWZRUN�FRP�MRXUQDOV�MDPDRSKWKDOPRORJ\�IXOODU-
WLFOH��������

���� 4XLQQ� *(�� <LQJ� *�� %HOO� ()�� HW� DO�� ,QFLGHQFH� DQG� (DUO\�
&RXUVH�RI�5HWLQRSDWK\�RI�3UHPDWXULW\��6HFRQGDU\�$QDO\VLV�
RI�WKH�3RVWQDWDO�*URZWK�DQG�5HWLQRSDWK\�RI�3UHPDWXULW\��*�
523��6WXG\�� -$0$�2SKWKDOPRO�� �����������������±������
GRL���������MDPDRSKWKDOPRO����������

��� KWWSV���EMR�EPM�FRP�FRQWHQW����������
��� KWWSV���PHGOLQHSOXV�JRY�HQF\�DUWLFOH��������KWP
��� KWWSV���ZZZ�DEFODZFHQWHUV�FRP�SUDFWLFH�DUHDV�QHRQDWDO�

ELUWK�LQMXULHV�FHUHEUDO�SDOV\�URS�SYO�KLH�DQG�EUHDWKLQJ�PLV-
PDQDJHPHQW�

'LVFORVXUHV��7KH�DXWKRU�UHFHLYHV�FRPSHQVDWLRQ�IURP�%XQQHOO�,QF�
IRU�WHDFKLQJ�DQG�WUDLQLQJ�XVHUV�RI�WKH�/LIH3XOVH�+)-9�LQ�&DQDGD��
He is not involved in sales or marketing of the device nor does 
KH�UHFHLYH�PRUH�WKDQ�SHU�GLHP�FRPSHQVDWLRQ��$OVR��ZKLOH�WKH�DX-
WKRU�SUDFWLFHV�ZLWKLQ�6XQQ\EURRN�+�6�&��WKLV�SDSHU�VKRXOG�QRW�EH�
FRQVWUXHG�DV�6XQQ\EURRN�SROLF\�SHU�VH��7KLV�DUWLFOH�FRQWDLQV�HOH-
PHQWV� FRQVLGHUHG� ³R௺� ODEHO´� DV�ZHOO� DV�PDQHXYHUV��ZKLFK�PD\�
VRPHWLPHV�EH�YHU\�H௺HFWLYH�EXW�FRPH�ZLWK�LQKHUHQW�ULVNV��$V�ZLWK�
DQ\� WKHUDS\�� WKH� ULVN�EHQH¿W� UDWLR�PXVW� EH� FDUHIXOO\� FRQVLGHUHG�
EHIRUH�WKH\�DUH�LQLWLDWHG�

NT

&RUUHVSRQGLQJ�$XWKRU

5RE�*UDKDP��5�5�7��1�5�&�3�
$GYDQFHG�3UDFWLFH�1HRQDWDO�557�
6XQQ\EURRN�+HDOWK�6FLHQFH�&HQWUH
���:HOOHVOH\�6W��(DVW
7RURQWR��21
&DQDGD�0�<��+�
(PDLO��5RE�*UDKDP��UFJQUFS��#\DKRR�FD>
7HOHSKRQH��������������


