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Peripheral intravenous line placement is a common procedure in emergency medicine. Ultrasound 
guidance has been demonstrated to improve success rates, as well as decrease complications 
and pain. This paper provides a narrative review of the literature focusing on best practices and 
techniques to improve performance with this procedure. We provide an evidence-based discussion 
of preparation for the procedure, vein and catheter selection, multiple techniques for placement, and 
OLQH�FRQ¿UPDWLRQ��>:HVW�-�(PHUJ�0HG����������������������@

BACKGROUND
$IWHU�WKH�¿UVW�UHSRUWHG�XVH�RI�XOWUDVRXQG�IRU�UHDO�WLPH�

FHQWUDO�YHQRXV�FDWKHWHU��&9&��LQVHUWLRQ�ZDV�UHSRUWHG�LQ������1 
XOWUDVRXQG�JXLGDQFH�SURJUHVVLYHO\�EHFDPH�WKH�VWDQGDUG�DSSURDFK�
IRU�SODFHPHQW��SDUWLFXODUO\�ZKHQ�FDQQXODWLQJ�WKH�LQWHUQDO�MXJXODU�
vein.2,3 When used for CVC insertion, ultrasound guidance has 
OHG�WR�LQFUHDVHG�SODFHPHQW�VXFFHVV��GHFUHDVHG�FRPSOLFDWLRQ�UDWHV��
and decreased insertion times.4 As ultrasound technology and 
WUDLQLQJ�KDYH�LPSURYHG��UHVHDUFKHUV�KDYH�VWXGLHG�ZKHWKHU�WKH�
EHQH¿WV�RI�XOWUDVRXQG�LQ�FHQWUDO�YHQRXV�DFFHVV�ZRXOG�WUDQVODWH�WR�
SHULSKHUDO�LQWUDYHQRXV�OLQH��3,9��SODFHPHQW�

3HULSKHUDO�LQWUDYHQRXV�DFFHVV�LV�WKH�PRVW�FRPPRQO\�
SHUIRUPHG�SURFHGXUH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���ZLWK�
��������PLOOLRQ�3,9V�SODFHG�DQQXDOO\�LQ�1RUWK�$PHULFD�5,6 
8QIRUWXQDWHO\��GLVHDVHV�IUHTXHQWO\�HQFRXQWHUHG�LQ�WKH�('��VXFK�
as diabetes, intravenous drug abuse, and sickle cell disease, are 
RIWHQ�DVVRFLDWHG�ZLWK�GLI¿FXOW\�RI�3,9�SODFHPHQW�5,7 Studies have 
GHPRQVWUDWHG�WKDW�DV�PDQ\�DV�������RI�('�SDWLHQWV�PHHW�FULWHULD�
IRU�GLI¿FXOW�YHQRXV�DFFHVV�5,8�+LVWRULFDOO\��WKHVH�SDWLHQWV�KDYH�
IUHTXHQWO\�UHTXLUHG�³UHVFXH´�WHFKQLTXHV��VXFK�DV�WKH�SODFHPHQW�RI�
DQ�H[WHUQDO�MXJXODU�OLQH�RU�&9&�LQVHUWLRQ�ZKHQ�3,9V�FRXOG�QRW�EH�
obtained by landmark guidance. However, CVCs are associated 
ZLWK�PXFK�PRUH�VHULRXV�FRPSOLFDWLRQV�ZKHQ�FRPSDUHG�WR�
3,9V������&RPSOLFDWLRQV�DVVRFLDWHG�ZLWK�&9&�SODFHPHQW�LQFOXGH�
LQIHFWLRQV��KHPRWKRUD[��SQHXPRWKRUD[��DUWHULDO�SXQFWXUH��DQG�
hematoma formation.� Several studies have found that the 
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LQFRUSRUDWLRQ�RI�XOWUDVRXQG�JXLGHG�3,9�FDQ�UHGXFH�WKH�QHHG�IRU�
&9&�SODFHPHQW�LQ�XS�WR�����RI�SDWLHQWV������

0XOWLSOH�VWXGLHV�RI�XOWUDVRXQG�JXLGHG�YHUVXV�ODQGPDUN�
EDVHG�3,9�LQVHUWLRQ�KDYH�GHPRQVWUDWHG�WKDW�WKH�XVH�RI�XOWUDVRXQG�
LPSURYHV�SODFHPHQW�VXFFHVV��ZLWK�WKH�PRVW�SURQRXQFHG�HIIHFWV�
RFFXUULQJ�LQ�WKRVH�ZLWK�GLI¿FXOW�DFFHVV�������:KLOH�PDQ\�3,9�
SODFHPHQWV�PD\�QRW�QHFHVVLWDWH�XOWUDVRXQG��D�VLJQL¿FDQW�
QXPEHU�RI�SDWLHQWV�PD\�EHQH¿W�IURP�WKLV�DSSURDFK�E\�HLWKHU�
UHGXFLQJ�WKH�QXPEHU�RI�3,9�DWWHPSWV�RU�SUHYHQWLQJ�WKH�QHHG�IRU�
&9&�LQVHUWLRQ��7KHUHIRUH��LW�LV�LPSRUWDQW�WKDW�DOO�SURYLGHUV�EH�
FRPIRUWDEOH�ZLWK�WKLV�DSSOLFDWLRQ��

7KLV�SDSHU�SURYLGHV�D�QDUUDWLYH�UHYLHZ�RI�WKH�OLWHUDWXUH�
RQ�DOO�FRPSRQHQWV�RI�XOWUDVRXQG�JXLGHG�3,9�SODFHPHQW�IURP�
SUHSDUDWLRQ�WR�FRQ¿UPDWLRQ�ZLWK�D�IRFXV�RQ�EHVW�SUDFWLFHV�DQG�
WHFKQLTXHV�IRU�LPSURYHG�SHUIRUPDQFH�ZLWK�WKLV�SURFHGXUH�

CRITICAL APPRAISAL OF THE LITERATURE
:H�SHUIRUPHG�D�VHDUFK�RI�3XE0HG�IRU�DUWLFOHV�SXEOLVKHG�

IURP�LQFHSWLRQ�WR�-XQH�����������.H\ZRUGV�LQFOXGHG�
³XOWUDVRXQG�´�³SHULSKHUDO�OLQH�´�³SHULSKHUDO�LY�´�³YHQRXV�DFFHVV�´�
DQG�³YDVFXODU�DFFHVV�´�%LEOLRJUDSKLHV�RI�DOO�UHOHYDQW�DUWLFOHV�
were reviewed for additional studies. The search yielded 2,620 
articles, of which 65 articles were deemed to be relevant for 
LQFOXVLRQ�LQ�WKLV�UHYLHZ��:KHQ�VXSSRUWLQJ�GDWD�ZDV�QRW�DYDLODEOH��
UHFRPPHQGDWLRQV�ZHUH�PDGH�EDVHG�XSRQ�WKH�DXWKRUV¶�FRPELQHG�
H[SHULHQFH�DQG�RSLQLRQV�
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PREPARATION
3ULRU�WR�EHJLQQLQJ�WKH�SURFHGXUH��DOO�DSSURSULDWH�VXSSOLHV�

should be gathered and any relevant contraindications should 
EH�HYDOXDWHG��H�J���KHPRGLDO\VLV�¿VWXOD��KLVWRU\�RI�LSVLODWHUDO�
PDVWHFWRP\�RU�O\PSK�QRGH�GLVVHFWLRQ��HWF����6LPLODU�WR�
EOLQG�3,9�SODFHPHQW��LW�LV�EHQH¿FLDO�WR�DVN�WKH�SDWLHQW�ZKLFK�
arm has had a higher rate of successful cannulation in the 
SDVW��,W�LV�LPSRUWDQW�WR�UHFRJQL]H�WKDW�WKHUH�DUH�LQQDWH�ULVNV�
UHODWHG�WR�SHULSKHUDO�YDVFXODU�DFFHVV�ZLWK�RU�ZLWKRXW�WKH�
use of ultrasound. These include infection, bleeding, and 
GDPDJH�WR�DGMDFHQW�VWUXFWXUHV��H�J���DUWHULHV�DQG�QHUYHV���,Q�
D�VWXG\�SHUIRUPHG�E\�$GKLNDUL�HW�DO���WKHUH�ZDV�QR�LQFUHDVH�
LQ�LQIHFWLRQ�UDWHV�LQ�XOWUDVRXQG�JXLGHG�SHULSKHUDO�OLQHV�ZKHQ�
FRPSDUHG�WR�WUDGLWLRQDOO\�SODFHG�SHULSKHUDO�OLQHV�26 

)UD]HH�HW�DO��GHPRQVWUDWHG�WKDW�PHWKLFLOOLQ�UHVLVWDQW�
Staphylococcus aureus �056$��DQG�RWKHU�FOLQLFDOO\�
VLJQL¿FDQW�RUJDQLVPV�ZHUH�HIIHFWLYHO\�HOLPLQDWHG�IURP�WKH�
WUDQVGXFHU�ZLWK�WKH�XVH�RI�D�TXDWHUQDU\�DPPRQLD�EDVHG�
JHUPLFLGDO�ZLSH�27 Although chemical disinfectants have been 
VKRZQ�WR�GHFUHDVH�WKH�VSUHDG�RI�SDWKRJHQV��VHYHUDO�EDUULHU�
PHWKRGV�LQFOXGLQJ�SUREH�FRYHUV�DQG�DGKHVLYH�¿OPV��H�J����0�
TegadermTM) are frequently used to further decrease infection 
ULVN��&XUUHQW�GDWD�LV�OLPLWHG�RQ�WKH�HI¿FDF\�RI�DGKHVLYH�¿OPV�
for decreasing the risk of infection, and further studies are 
needed.28�&DXWLRQ�VKRXOG�EH�XVHG�ZLWK�WKH�DSSOLFDWLRQ�RI�DQ�
adhesive barrier, as some manufacturers recommend against 
LWV�XVH�EDVHG�XSRQ�FRQFHUQ�WKDW�LW�PD\�GDPDJH�WKH�XOWUDVRXQG�
SUREH¶V�SURWHFWLYH�PHPEUDQH�

7R�SHUIRUP�WKH�SURFHGXUH��VHYHUDO�VXSSOLHV�DUH�QHHGHG��
7KHVH�LQFOXGH�D�WRXUQLTXHW��DOFRKRO�SDGV��JDX]H��QRUPDO�VDOLQH�
ÀXVKHV��3,9�WXELQJ��3,9�FDWKHWHUV��DGKHVLYH�WR�VHFXUH�WKH�
OLQH�DIWHU�SODFHPHQW��DQG�VWHULOH�XOWUDVRXQG�WUDQVPLVVLRQ�JHO�
(or alternate sterile gel that can transmit ultrasound waves). 
7KH�XOWUDVRXQG�PDFKLQH�VKRXOG�EH�SODFHG�RQ�WKH�FRQWUDODWHUDO�
side of the bed so that it is in the direct line of sight for the 
SURYLGHU��*LYHQ�WKH�SRWHQWLDO�IRU�LQIHFWLRQ�WUDQVPLVVLRQ��LW�
LV�LPSRUWDQW�WR�XVH�VWHULOH�XOWUDVRXQG�JHO�RU�OXEULFDQW�GXULQJ�
SODFHPHQW����,I�DYDLODEOH��JXLGHZLUH�EDVHG�FDWKHWHUV�FDQ�EH�
used to increase success of catheter advancement after the 
vessel is cannulated.30�:KHQ�DSSO\LQJ�WKH�WRXUQLTXHW��LW�VKRXOG�
EH�DSSOLHG�DV�FORVH�WR�WKH�D[LOOD�DV�SRVVLEOH�WR�LQFUHDVH�WKH�
GHJUHH�RI�YHQRGLODWLRQ�SUHVHQW��6RPHWLPHV�WKH�DGGLWLRQ�RI�D�
VHFRQG�WRXUQLTXHW�RU�D�EORRG�SUHVVXUH�FXII�LQÀDWHG�WR�����PP�
+J�PD\�EH�QHHGHG�WR�HQVXUH�VXI¿FLHQW�YHQRXV�GLVWHQVLRQ�31

BEST PRACTICE RECOMMENDATIONS
1. 6WDQGDUG�3,9�SODFHPHQW�DQG�FOHDQLQJ�SURFHGXUHV�VKRXOG�

be followed. Sterile ultrasound gel should be used during 
SODFHPHQW�

2. 7KHUH�LV�OLPLWHG�HYLGHQFH�ZLWK�UHVSHFW�WR�WKH�EHQH¿W�
RI�SUREH�FRYHUV�DQG�DGKHVLYH�EDUULHUV��0DQXIDFWXUHU�
recommendations should be followed when using 
adhesive barriers.

VEIN CHARACTERISTICS
7KH�¿UVW�VWHS�LQ�SODFLQJ�DQ�XOWUDVRXQG�JXLGHG�3,9�LV�

WR�¿QG�DQ�DSSURSULDWH�YHLQ�WR�FDQQXODWH��:LWK�XOWUDVRXQG�
guidance, the vein should initially be evaluated by using the 
SUREH�WR�DSSO\�JHQWOH�SUHVVXUH�GLUHFWO\�RYHU�WKH�YHVVHO��)LJXUH�
���9LGHR�����%HFDXVH�ERWK�DUWHULHV�DQG�YHLQV�ZLOO�FROODSVH�LI�
VLJQL¿FDQW�SUHVVXUH�LV�DSSOLHG��LW�LV�LPSRUWDQW�WR�DSSO\�D�VPDOO�
DPRXQW�RI�SUHVVXUH�¿UVW�WR�DVVHVV�IRU�SXOVDWLOLW\��,I�D�YHLQ�KDV�
EHHQ�FRQ¿UPHG�E\�WKH�DERYH�WHFKQLTXHV��WKH�SURYLGHU�VKRXOG�
WKHQ�DSSO\�IXOO�SUHVVXUH�WR�HQVXUH�WKDW�QR�FORW�LV�SUHVHQW�ZLWKLQ�
WKH�YHVVHO�OXPHQ��3URYLGHUV�PD\�DOVR�XVH�HLWKHU�FRORU�ÀRZ�RU�
SXOVHG�ZDYH�'RSSOHU�WR�YHULI\�WKDW�WKH�YHVVHO�LQ�TXHVWLRQ�LV�D�
YHLQ�DQG�QRW�DQ�DUWHU\��)LJXUH����9LGHR�����2QFH�FRQ¿UPHG��
SUR[LPDO�DXJPHQWDWLRQ�PD\�EH�SHUIRUPHG�WR�DVVHVV�IRU�
SUR[LPDO�FORWV�WKDW�PD\�SUHYHQW�VXFFHVVIXO�XVH�RI�WKH�3,9�
OLQH��7R�SHUIRUP�SUR[LPDO�DXJPHQWDWLRQ��WKH�SURYLGHU�RU�
SDWLHQW�VKRXOG�VTXHH]H�WKH�DUP�SUR[LPDO�WR�WKH�SURSRVHG�3,9�
LQVHUWLRQ�VLWH�DQG�HYDOXDWH�IRU�EDFNÀRZ�RI�EORRG�WKURXJK�WKH�
YHLQ�XVLQJ�FRORU�ÀRZ�'RSSOHU��,I�WKH�ÀRZ�LV�FRPSURPLVHG��
D�GLIIHUHQW�YHLQ�VKRXOG�EH�VHOHFWHG�IRU�FDQQXODWLRQ��,W�LV�
LPSRUWDQW�WR�QRWH�WKDW�QR�VWXGLHV�KDYH�IRUPDOO\�HYDOXDWHG�
ZKHWKHU�WKLV�WHFKQLTXH�DLGV�LQ�3,9�LQVHUWLRQ�

7KH�YHLQ�VKRXOG�DOVR�EH�PHDVXUHG�ZLWK�UHVSHFW�WR�ERWK�
WKH�GLDPHWHU�DQG�GHSWK�IURP�WKH�VNLQ�VXUIDFH��6WXGLHV�KDYH�
GHPRQVWUDWHG�WKDW�PRGHUDWH�GHSWK�YHVVHOV����������FP�IURP�WKH�
VXUIDFH��DUH�VLJQL¿FDQWO\�HDVLHU�WR�FDQQXODWH�WKDQ�YHVVHOV�WKDW�
are less than 0.3 cm or greater than 1.5 cm from the surface.32,33 
Additionally, Witting et al. demonstrated that vessels greater 
than 0.4 cm in diameter had a much higher success rate than 
those less than 0.4 cm in diameter.33 While vessel diameter has 

Figure 1. Differentiation of vein from artery using compression. 
The left image demonstrates both artery and vein. The right image 
demonstrates only an artery.
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QRW�EHHQ�DVVRFLDWHG�ZLWK�OHQJWK�RI�3,9�VXVWDLQDELOLW\��YHVVHOV�
less than 1.2 cm from the surface have been correlated with 
VLJQL¿FDQWO\�ORQJHU�VXVWDLQDELOLW\�RI�WKH�3,9�34 These studies 
suggest that larger vessels closer to the surface will have the 
best chance of successful, continued access.

$IWHU�PHDVXULQJ�WKH�GLDPHWHU�DQG�GHSWK�RI�WKH�YHLQ��LWV�
course should then be traced with ultrasound to identify the 
SDWK�RI�WKH�YHVVHO�LQ�ERWK�VKRUW�DQG�ORQJ�D[LV��6KRUW�D[LV�ZLOO�
allow the vessel to be traced in order to identify the direction 
of the vein and ensure that it remains straight. Long axis 
ZLOO�DOORZ�IRU�DVVHVVPHQW�RI�WKH�SUHVHQFH�RI�YDOYHV�LQ�FORVH�
SUR[LPLW\�WR�ZKHUH�WKH�FDWKHWHU�ZLOO�EH�SODFHG�14 The vessel 
can be externally marked at the beginning and end of the 
DQWLFLSDWHG�FDWKHWHUL]DWLRQ�SDWK�WR�DVVLVW�LQ�IROORZLQJ�WKH�WUDFN�
of the vessel. However, external marking has not been shown 
WR�LPSURYH�VXFFHVV�UDWHV�35  

When choosing a catheter length, shorter catheters have 
been demonstrated to have a faster time to cannulation than 
longer catheters.36 However, longer catheters have a lower 
risk of catheter failure.36 Shorter catheters may not have a 

VXI¿FLHQW�OHQJWK�ZLWKLQ�WKH�DFWXDO�YHVVHO�OXPHQ��WKXV�OHDGLQJ�
WR�HDVLHU�FDWKHWHU�GLVORGJHPHQW�DQG�HDUO\�IDLOXUH�RI�WKH�3,9�11 
Longer catheters will allow a greater length of tubing to be 
within the vessel lumen, which should maintain the catheter 
ZLWKLQ�WKH�YHVVHO�UHJDUGOHVV�RI�SDWLHQW�PRYHPHQW�

When determining which catheter length is necessary, 
one must consider the total distance that the catheter will 
WUDYHO�WR�HQWHU�WKH�YHLQ��UDWKHU�WKDQ�MXVW�WKH�GLVWDQFH�IURP�WKH�
vein to the skin surface. This distance is determined using 
WKH�3\WKDJRUHDQ�WKHRUHP��$VVXPLQJ�D�GHSWK�RI�����FP�ZLWK�
QHHGOH�LQVHUWLRQ�DW�D����GHJUHH�DQJOH��VR�WKDW�WKH�VLWH�RI�WKH�
YHVVHO�HQWU\�LV�����FP�SDVW�WKH�VLWH�RI�VNLQ�HQWU\��WKH�SURYLGHU�
would actually need to travel 1.4 cm to reach the vein. Based 
XSRQ�H[LVWLQJ�3,9�OHQJWKV��WKH�SURYLGHU�VKRXOG�XVH�D�FDWKHWHU�
that is 2.5 cm or longer to ensure that at least 1 cm of the 
catheter is securely within the vein.11 7KH�WDEOH�SURYLGHV�D�OLVW�
RI�UHFRPPHQGHG�FDWKHWHU�OHQJWKV�EDVHG�XSRQ�WKH�GLVWDQFH�
IURP�WKH�VNLQ�VXUIDFH�WR�WKH�YHLQ��2I�QRWH��LI�WKH�SURYLGHU�XVHV�
a shallower angle, a longer catheter length may be required. 
)RU�H[DPSOH��LI�WKH�VDPH�YHLQ�LV�����FP�GHHS�DQG�D����GHJUHH�
angle is used, the distance to the vein will be 2.2 cm and a 
ORQJHU�3,9�ZRXOG�EH�UHTXLUHG�WKDQ�LQ�WKH�¿UVW�H[DPSOH�

7KHUH�DUH�VHYHUDO�RSWLRQV�IRU�YHLQ�VHOHFWLRQ�ZKHQ�SODFLQJ�DQ�
XOWUDVRXQG�JXLGHG�3,9��2IWHQ��SURYLGHUV�XVH�WKH�EDVLOLF�RU�GHHS�
brachial veins. The basilic vein offers the advantage of being 
PRUH�VXSHU¿FLDO�DQG�VHSDUDWHG�IURP�WKH�VXUURXQGLQJ�DUWHULHV�
DQG�QHUYHV��7KH�GHHS�EUDFKLDO�LV�DOPRVW�XQLYHUVDOO\�SUHVHQW��EXW�
LV�PXFK�GHHSHU�DQG�LQ�FORVH�SUR[LPLW\�WR�WKH�DUWHU\�DQG�QHUYH��
&RQVHTXHQWO\��ZKHQ�FDQQXODWLQJ�WKH�GHHS�EUDFKLDO�YHVVHO��LW�LV�
LPSRUWDQW�WR�HQVXUH�WKDW�VXI¿FLHQW�FDWKHWHU�LV�ZLWKLQ�WKH�YHLQ�DQG�
DGYLVH�SDWLHQWV�WR�PLQLPL]H�DUP�PRYHPHQWV�DIWHU�SODFHPHQW��
One study demonstrated that the basilic vein was associated with 
DQ�LPSURYHG�VXFFHVV�UDWH�FRPSDUHG�ZLWK�WKH�GHHS�EUDFKLDO�37 
$QRWKHU�VWXG\�IRXQG�D�VLJQL¿FDQWO\�KLJKHU�UDWH�RI�H[WUDYDVDWLRQ�
LQ�GHHS�EUDFKLDO�YHLQV�WKDQ�LQ�RWKHU�DQWHFXELWDO�YHLQV�38 While 
WKH�IRFXV�LV�RIWHQ�RQ�XSSHU�H[WUHPLW\�YHLQV��SURYLGHUV�VKRXOG�
DOVR�FRQVLGHU�ORZHU�H[WUHPLW\�YHLQV��VXFK�DV�WKH�VDSKHQRXV�YHLQ��
ZKLFK�LV�UHODWLYHO\�VXSHU¿FLDO�DQG�VHSDUDWHG�IURP�VXUURXQGLQJ�
nerves and arteries.�� 

1HZHU�VWXGLHV�KDYH�VXJJHVWHG�SHUIRUPLQJ�XOWUDVRXQG�
JXLGHG�FDQQXODWLRQ�RI�WKH�LQWHUQDO�MXJXODU�YHLQ�XVLQJ�D�SHULSKHUDO�
LQWUDYHQRXV�FDWKHWHU�LQ�SDWLHQWV�ZLWK�YHU\�OLPLWHG�DFFHVV������ 

Depth of vein in cm
Horizontal distance from the 

vein for insertion in cm Total distance to vein in cm
Recommended catheter length 

LQ�FP��LQ�
0.5 0.5 0.7 ����������
1.0 1.0 1.4 ���������
1.5 1.5 2.1 �����������
2.0 2.0 2.8 ����������

Table. Recommended catheter lengths based upon depth of vein using a 45-degree insertion angle.

Figure 2.�'LIIHUHQWLDWLRQ�RI�YHLQ�IURP�DUWHU\�XVLQJ�FRORU�ÀRZ��7KH�
right image demonstrates pulsations from the artery.
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:KLOH�VWHULOH�WHFKQLTXH��LQFOXGLQJ�VWHULOH�JORYHV�DQG�D�SUREH�
FRYHU��LV�UHFRPPHQGHG��WKH�FDWKHWHU�LV�W\SLFDOO\�WUHDWHG�DV�D�
SHULSKHUDO�OLQH�DIWHU�SODFHPHQW��7KLV�OLQH�KDV�EHHQ�VXJJHVWHG�WR�
EH�VXSHULRU�WR�FHQWUDO�YHQRXV�DFFHVV�GXH�WR�VSHHG�RI�SODFHPHQW�
DQG�ORZHU�ULVN�RI�FRPSOLFDWLRQV��H�J���QHHGOH�LQMXU\��FDWKHWHU�
PDOSRVLWLRQ��HWF���������+RZHYHU��WKH�SHULSKHUDO�LQWHUQDO�MXJXODU�
�3,-��OLQH�DOVR�FDUULHV�LQKHUHQW�ULVNV��*LYHQ�WKH�SUR[LPLW\�WR�
FHQWUDO�DFFHVV��SURYLGHUV�PXVW�EH�FDUHIXO�WR�DYRLG�LQWURGXFLQJ�DQ�
LQIHFWLRQ�LQWR�WKH�FHQWUDO�EORRGVWUHDP��7KHUHIRUH��D�ELR�RFFOXVLYH�
GUHVVLQJ�VKRXOG�EH�XVHG��DQG�LW�LV�QRW�UHFRPPHQGHG�WR�SHUIRUP�
ZLUH�H[FKDQJH�WKURXJK�WKH�3,-�WR�FRQYHUW�LW�LQWR�D�FHQWUDO�OLQH�41 
6LPLODU�WR�RWKHU�3,9��LQ¿OWUDWLRQ�LV�D�ULVN�ZLWK�WKH�3,-�DQG�DQ�
DSSURSULDWH�FDWKHWHU�OHQJWK�VKRXOG�EH�FKRVHQ�WR�UHGXFH�WKLV�ULVN�41

BEST PRACTICE RECOMMENDATIONS
1. 0XOWLSOH�WHFKQLTXHV�KDYH�EHHQ�XVHG�WR�VHOHFW�D�YHLQ�IRU�

FDQQXODWLRQ��7KH�DXWKRUV�UHFRPPHQG�YHVVHO�FRPSUHVVLRQ�
DV�WKH�SULPDU\�WHFKQLTXH�ZLWK�FRORU�ÀRZ�'RSSOHU��SXOVH�
ZDYH�'RSSOHU��RU�SUR[LPDO�DXJPHQWDWLRQ�DV�VXSSOHPHQWDO�
techniques.

2. 9HLQV�VKRXOG�EH�VHOHFWHG�WKDW�DUH���������FP�IURP�WKH�VNLQ�
surface with a diameter greater than 0.4 cm.

3. &DWKHWHU�OHQJWK�VKRXOG�EH�VHOHFWHG�EDVHG�XSRQ�DQWLFLSDWHG�
GLVWDQFH�WR�WKH�YHLQ�WR�HQVXUH�WKDW�D�VXI¿FLHQW�SRUWLRQ�RI�
the catheter will remain in the vessel.

4. 7KH�GHHS�EUDFKLDO�YHLQ�KDV�D�KLJKHU�IDLOXUH�UDWH�DQG�VKRXOG�
EH�DYRLGHG�ZKHQ�PRUH�VXSHU¿FLDO�YHLQV�DUH�DYDLODEOH�

Figure 3B. Ultrasound image of needle tip in short axis on 
a phantom model. Note that the needle tip is slightly more 
echogenic than the needle shaft.

Figure 3A. Ultrasound image of needle shaft in short axis on a 
phantom model.

5. 7KHUH�LV�OLPLWHG�HYLGHQFH�VXSSRUWLQJ�WKH�XOWUDVRXQG�
JXLGHG�SHULSKHUDO�LQWHUQDO�MXJXODU�YHLQ�OLQH��)XUWKHU�
studies are needed before routine use.

TECHNIQUE
7KH�PRVW�FRPPRQ�WHFKQLTXH�XVHG�IRU�WKH�SODFHPHQW�RI�

DQ�XOWUDVRXQG�JXLGHG�3,9�LV�WKH�VKRUW�D[LV��H�J���WUDQVYHUVH�RU�
RXW�RI�SODQH��DSSURDFK��,Q�WKLV�YLHZ��WKH�YHLQ�ZLOO�EH�YLVXDOL]HG�
LQ�FURVV�VHFWLRQ�DQG�WKH�QHHGOH�IROORZHG�XQWLO�LW�HQWHUV�WKH�
YHLQ��:LWK�WKLV�DSSURDFK��LW�LV�HVVHQWLDO�WKDW�WKH�WUDQVGXFHU�
EH�DGYDQFHG�LQ�V\QF�ZLWK�WKH�QHHGOH�WLS��DV�ERWK�WKH�QHHGOH�
WLS�DQG�VKDIW�PD\�DSSHDU�VLPLODU��)LJXUH�����:KLOH�WKH�VKRUW�
D[LV�DSSURDFK�KDV�EHHQ�VXJJHVWHG�WR�EH�IDVWHU�DQG�HDVLHU�WKDQ�
WKH�ORQJ�D[LV�DSSURDFK��SDUWLFXODUO\�DPRQJ�PRUH�QRYLFH�
VRQRJUDSKHUV���LW�PD\�EH�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI�LQMXU\�
WR�WKH�SRVWHULRU�YHVVHO�ZDOO������                              

7KH�VHFRQG�PRVW�FRPPRQ�WHFKQLTXH�LV�WKH�ORQJ�D[LV��H�J���
LQ�SODQH��WHFKQLTXH��:LWK�WKLV�DSSURDFK��WKH�HQWLUH�OHQJWK�RI�
WKH�YHVVHO�DQG�QHHGOH�ZLOO�EH�YLVXDOL]HG��)LJXUH�����3ULRU�WR�
inserting the needle, one must ensure that the entire length 
RI�WKH�YHVVHO�LV�YLVXDOL]HG��,Q�WKH�ORQJ�D[LV�YLHZ��YHLQV�PD\�
DSSHDU�VLPLODU�WR�DUWHULHV��7KHUHIRUH��SULRU�WR�QHHGOH�LQVHUWLRQ��
RQH�VKRXOG�FRQ¿UP�WKDW�WKH�YLVXDOL]HG�YHVVHO�LV�D�YHLQ��XVLQJ�
one of the aforementioned techniques. When advancing the 
QHHGOH��LW�LV�LPSRUWDQW�WKDW�ERWK�WKH�QHHGOH�DQG�YHVVHO�UHPDLQ�
LQ�WKH�VDPH�SODQH��%HFDXVH�RI�WKLV��LW�FDQ�EH�FKDOOHQJLQJ�IRU�
VRPH�VRQRJUDSKHUV�WR�SHUIRUP�LQ�UHDO�SDWLHQWV��7KH�DGYDQWDJH�
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RI�WKLV�WHFKQLTXH�LV�WKDW�WKH�HQWLUH�QHHGOH�LV�YLVXDOL]HG��
WKHUHE\�UHGXFLQJ�WKH�ULVN�RI�SRVWHULRU�ZDOO�LQMXU\��ZKLOH�
HQVXULQJ�WKDW�VXI¿FLHQW�OHQJWK�RI�FDWKHWHU�KDV�HQWHUHG�WKH�
vein for successful advancement.

A newer technique derived from the central line literature 
LV�WKH�REOLTXH�DSSURDFK������ This is considered by some to 
EH�WKH�EHVW�RI�ERWK�DSSURDFKHV������ This technique involves 
REWDLQLQJ�WKH�VKRUW�D[LV�YLHZ�DQG�WKHQ�URWDWLQJ�WKH�WUDQVGXFHU�
45 degrees into an oblique angle to increase the surface area 
�DQG��FRQVHTXHQWO\��WKH�YLVXDOL]DWLRQ��RI�WKH�QHHGOH��7KH�XVHU�
EHQH¿WV�IURP�WKH�DELOLW\�WR�EHWWHU�YLVXDOL]H�WKH�ORFDWLRQ�RI�WKH�
QHHGOH�ZLWK�UHVSHFW�WR�QHDUE\�VWUXFWXUHV��ZKLOH�DOVR�KDYLQJ�
LPSURYHG�QHHGOH�YLVXDOL]DWLRQ��)XUWKHU�VWXGLHV�DUH�QHHGHG�WR�
DVVHVV�WKLV�LQ�3,9�SODFHPHQW�SULRU�WR�URXWLQH�XVH�

:KLOH�QRYLFH�VRQRJUDSKHUV�RIWHQ�SUHIHU�WKH�VKRUW�D[LV�
DSSURDFK��WKH�ORQJ�D[LV�DSSURDFK�DOORZV�EHWWHU�QHHGOH�WLS�
YLVXDOL]DWLRQ�DQG�OHVV�ULVN�RI�SRVWHULRU�ZDOO�SXQFWXUH��������� Long 
axis is similarly favored in techniques such as nerve blocks, 
ZKHUH�DFFXUDF\�RI�WKH�QHHGOH�WLS�FDUULHV�VLPLODU�LPSRUWDQFH�52 
7R�PLQLPL]H�GDPDJH�WR�VXUURXQGLQJ�VWUXFWXUHV��WKH�DXWKRUV�
recommend identifying vessels in the short axis and then 
converting to long axis for needle insertion. 

5HJDUGOHVV�RI�ZKLFK�WHFKQLTXH�LV�XVHG��LW�LV�LPSRUWDQW�WR�
DYRLG�DFFLGHQWDO�FRPSUHVVLRQ�RI�WKH�YHLQ�GXULQJ�WKH�SODFHPHQW�
DWWHPSW��$V�SDWLHQWV�DUH�RIWHQ�LQWUDYDVFXODUO\�GHSOHWHG�DQG�
YHLQV�DUH�HDVLO\�FRPSUHVVLEOH��VPDOO�DPRXQWV�RI�SUHVVXUH�
PD\�FRPSUHVV�RU�FROODSVH�WKH�YHLQ��PDNLQJ�FDQQXODWLRQ�PRUH�
GLI¿FXOW��7KLV�FDQ�EH�DYRLGHG�E\�XVLQJ�WKH�SDOP�RI�WKH�KDQG�RU�
DQ�H[WHQGHG�¿QJHU�WR�DSSO\�SUHVVXUH�DQG�VWDELOL]H�WKH�KDQG�DW�D�
more distant location (Figure 5).

Figure 4. Ultrasound image of peripheral intravenous line in long-
axis orientation on a phantom model.

Another common challenge is advancement of the catheter 
LQ�WKH�VKRUW�D[LV�DSSURDFK��:KLOH�SURYLGHUV�FDQ�RIWHQ�REWDLQ�
initial vessel access with the needle, subsequent threading of 
WKH�FDWKHWHU�FDQ�SRVH�SUREOHPV��$IWHU�HQWHULQJ�WKH�YHVVHO��WKH�
SURYLGHU�VKRXOG�ORZHU�WKH�DQJOH�RI�WKH�QHHGOH�DQG�DGYDQFH�
IXUWKHU��ZKLOH�NHHSLQJ�WKH�QHHGOH�WLS�LQ�WKH�FHQWHU�RI�WKH�YHVVHO�
on ultrasound (Figure 3B). This should be continued, alternating 
SUREH�DQG�FDWKHWHU�DGYDQFHPHQW�ZKLOH�SURJUHVVLYHO\�ORZHULQJ�
the angle of the catheter, until the entire length of the catheter 
is in the vessel and the catheter hub is abutting the skin (Video 
3). Using this technique ensures that the maximal length of the 
catheter is safely inside the vessel, reducing the risk of catheter 
PLVSODFHPHQW�RU�GLVORGJHPHQW�53

An additional strategy is to use the Seldinger 
technique.����� This technique is commonly used for central 
venous and arterial lines, though not commonly used for 
SHULSKHUDO�YHLQV��0DKOHU�HW�DO��GHPRQVWUDWHG�KLJK�VXFFHVV�UDWHV�
XVLQJ�WKLV�PRGDOLW\�LQ�DQ�('�VHWWLQJ�56�,Q�FDVHV�ZKHUH�D�ORQJHU�
catheter with a guidewire is not available, Mills et al. describe 
a different technique by which initial access is obtained and 
WKHQ�WKH�3,9�LV�UHSODFHG�ZLWK�D�ORQJHU��PRUH�VXVWDLQDEOH�3,9��
using a guidewire for catheter exchange.57

BEST PRACTICE RECOMMENDATIONS
1. 7KH�ORQJ�D[LV�DSSURDFK�VKRXOG�EH�XVHG��ZKHQ�SRVVLEOH��WR�

UHGXFH�WKH�ULVN�RI�SRVWHULRU�YHVVHO�ZDOO�LQMXU\�
2. 7KH�DXWKRUV�UHFRPPHQG�DYRLGLQJ�FRPSUHVVLRQ�RI�WKH�YHLQ�

E\�DSSO\LQJ�SUHVVXUH�GLVWDOO\�ZLWK�WKH�SDOP�RU�¿IWK�¿QJHU�

  

Figure 5. Ideal hand position for ultrasound-guided peripheral 
intravenous line placement.
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3. 7KH�6HOGLQJHU�WHFKQLTXH�PD\�EH�XVHG�WR�IDFLOLWDWH�SODFHPHQW�

CONFIRMATION
2QFH�WKH�3,9�KDV�EHHQ�IXOO\�DGYDQFHG��LW�LV�LPSRUWDQW�

WR�FRQ¿UP�SODFHPHQW��:KLOH�PDQ\�SURYLGHUV�UHO\�XSRQ�
EORRG�UHWXUQ�DQG�WKH�DELOLW\�WR�LQMHFW�VDOLQH�ZLWKRXW�SDOSDEOH�
VRIW�WLVVXH�VZHOOLQJ��XOWUDVRXQG�PD\�EH�D�YDOXDEOH�DGMXQFW�
IRU�FRQ¿UPLQJ�SODFHPHQW��2QH�WHFKQLTXH�IRU�FRQ¿UPLQJ�
SODFHPHQW�LV�WR�YLVXDOL]H�WKH�FDWKHWHU�LQ�ORQJ�D[LV��HQVXULQJ�
that the entire length of the catheter is within the vessel. This 
FDQ�EH�IXUWKHU�DVVHVVHG�E\�LQIXVLQJ������P/�RI�QRUPDO�VDOLQH�
DQG�YLVXDOL]LQJ�WKH�EXEEOHV�DSSHDULQJ�ZLWKLQ�WKH�YHVVHO��H�J��
³VDOLQH�ÀXVK�WHVW´���9LGHR����������&RORU�ÀRZ�FDQ�DOVR�EH�DGGHG�
WR�HQKDQFH�YLVXDOL]DWLRQ��)LJXUH����9LGHR����

BEST PRACTICE RECOMMENDATIONS
1. 3ODFHPHQW�PD\�EH�FRQ¿UPHG�E\�XVLQJ�WKH�XOWUDVRXQG�WR�

YLVXDOL]H�WKH�HQWLUH�OHQJWK�RI�WKH�FDWKHWHU�ZLWKLQ�WKH�YHVVHO�
2. 1RUPDO�VDOLQH�VROXWLRQ�PD\�EH�LQIXVHG�WR�IXUWKHU�DVVHVV�

SURSHU�3,9�SODFHPHQW�

CHALLENGES AND LIMITATIONS
$V�ZLWK�PRVW�XOWUDVRXQG�SURFHGXUHV��WKHUH�LV�RSHUDWRU�

variability in skill sets. Currently, there is no consensus on 
WKH�QXPEHU�RI�REVHUYHG�SODFHPHQWV�UHTXLUHG�WR�GHWHUPLQH�
FRPSHWHQF\��ZLWK�VWXGLHV�UDQJLQJ�IURP��������DWWHPSWV�14, 

������:LWWLQJ�HW�DO��IRXQG�WKDW�SURYLGHUV�ZKR�KDG�SODFHG�PRUH�
WKDQ����XOWUDVRXQG�JXLGHG�3,9�KDG�KLJKHU�VXFFHVV�UDWHV�WKDQ�
WKRVH�ZKR�KDG�SODFHG�OHVV�WKDQ����33 More data is needed to 
GHWHUPLQH�WKH�QXPEHU�RI�XOWUDVRXQG�JXLGHG�3,9V�WR�EHFRPH�
FRPSHWHQW�LQ�WKLV�PRGDOLW\��

Figure 6.�3RVLWLYH�³VDOLQH�ÀXVK�WHVW´�ZLWK�FRORU�ÀRZ�'RSSOHU�

$GGLWLRQDOO\��VLPLODU�WR�EOLQG�3,9V��LI�WKHUH�LV�
LQVXI¿FLHQW�RU�PLQLPDO�FDWKHWHU�ZLWKLQ�WKH�YHVVHO�OXPHQ��
it may dislodge with arm movements, resulting in loss of 
venous access and extravasation of infused solution. This 
ULVN�FDQ�EH�UHGXFHG�E\�XVLQJ�ORQJHU�3,9V�DQG�DGYDQFLQJ�
WKH�HQWLUH�OHQJWK�RI�WKH�3,9�XQGHU�XOWUDVRXQG�JXLGDQFH��
as discussed above. Finally, one should make sure to 
SURSHUO\�FOHDQ�DOO�LQYROYHG�DUHDV�DQG�PDLQWDLQ�VWHULOLW\�
WKURXJKRXW�WKH�SURFHGXUH��:KLOH�VWXGLHV�KDYH�GHPRQVWUDWHG�
no increased infection risks with the use of ultrasound, 
WKH�DGGLWLRQ�RI�WKH�XOWUDVRXQG�PDFKLQH�SURYLGHV�D�IXUWKHU�
SRWHQWLDO�VRXUFH�IRU�LQIHFWLRQ�LI�QRW�SURSHUO\�FOHDQHG�

CONCLUSION
7KLV�SDSHU�SURYLGHV�D�UHYLHZ�RI�WKH�H[LVWLQJ�GDWD�RQ�

XOWUDVRXQG�JXLGHG�3,9�SODFHPHQW�FRPELQHG�ZLWK�VXJJHVWLRQV�
WR�HQKDQFH�VXFFHVVIXO�SODFHPHQW�DQG�FRQ¿UPDWLRQ��$IWHU�
UHDGLQJ�WKLV�SDSHU��LW�LV�WKH�DXWKRUV¶�LQWHQWLRQ�WKDW�WKH�UHDGHU�
will have new strategies and troubleshooting techniques for 
KLV�RU�KHU�QH[W�XOWUDVRXQG�JXLGHG�3,9�DWWHPSW�
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