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Preface
$FXWH� NLGQH\� LQMXU\� �$.,�� UHSUHVHQWV� D� VLJQL¿FDQW� FKDOOHQJH�
LQ� FOLQLFDO� SUDFWLFH�� $.,� LV� DYRLGDEOH� EXW� ZKHQ� LW� GHYHORSV��
DVWXWH� PDQDJHPHQW� DQG� LQWHUYHQWLRQ� RQ� WKH� SDUW� RI� WKH�
ZKROH� PXOWLGLVFLSOLQDU\� WHDP� HQVXUHV� WKDW� IXUWKHU� LQVXOW� WR�
NLGQH\� IXQFWLRQ� LV�PLQLPLVHG�� 8QGHUVWDQGLQJ� WKH� FKDOOHQJHV�
LQ� PDQDJLQJ� $.,� UHTXLUHV� DQ� DZDUHQHVV� RI� WKH� KLVWRULFDO�
EDFNJURXQG� WR�$.,��&KDSWHU��� LQ� WKLV�KDQGERRN�SURYLGHV�DQ�
RYHUYLHZ�RI� WKH�HYROXWLRQ�RI�$FXWH�5HQDO�)DLOXUH� WR� WKH�QRZ�
LQWHUQDWLRQDOO\�DJUHHG�GH¿QLWLRQ�RI�$.,��7KH�GLI¿FXOWLHV�ZKLFK�
FOLQLFLDQV�HQFRXQWHUHG� LQ�PDQDJLQJ�$.,�ZHUH�QRW�KHOSHG�E\�
WKH�PXOWLSOH� GH¿QLWLRQV� RI�ZKDW� DFWXDOO\� FRQVWLWXWHG�$.,� DQG�
KRZ� LW� FRXOG� EH� VWDJHG�� 7KH� GHYHORSPHQW� RI� D� FRQVHQVXV�
RQ�D�GH¿QLWLRQ�RI�$.,�DV�ZHOO�DV�WKH�HVWDEOLVKPHQW�RI�WKH�$.,�
VWDJLQJ� IUDPHZRUN� ±� 5,)/(� �RLVN�� IQMXU\�� FDLOXUH�� LRVV� RI�
NLGQH\�IXQFWLRQ��DQG�EQG�VWDJH�UHQDO�IDLOXUH��KDV�LPSURYHG�WKH�
FOLQLFDO�PDQDJHPHQW�RI�SDWLHQWV�

8QIRUWXQDWHO\�� HYLGHQFH� FRQWLQXHV� WR� HPHUJH� RI� SDWLHQWV�
GHYHORSLQJ� $.,� ZKHUH� WKLV� VKRXOG� QRW� KDYH� RFFXUUHG1 ��
)DLOLQJ� WR� UHFRJQLVH� WKH�VLOHQW� IHDWXUHV�RI�$.,�RU� LQDGHTXDWH�
DWWHQWLRQ� WR� WKH�IXQGDPHQWDOV�RI�PRQLWRULQJ�DQG�DVVHVVPHQW�
RI�UHQDO�IXQFWLRQ�UHVXOW�LQ�VHULRXV�FRQVHTXHQFHV�IRU�SDWLHQWV��
8QUHFRJQLVHG�� $.,� KDV� GHYDVWDWLQJ� FRQVHTXHQFHV� DQG�
VLJQL¿FDQWO\�LPSDLUV�DQG�IXUWKHU�GDPDJHV�ERWK�UHQDO�IXQFWLRQ�DV�
ZHOO�DV�DIIHFWLQJ�RWKHU�RUJDQV��7KH�5,)/(�IUDPHZRUN�SURYLGHV�
DQ�DJUHHPHQW�RQ�FODVVLI\LQJ�$.,��HQVXULQJ�PDQDJHPHQW�DQG�
LQWHUYHQWLRQV� DUH� DSSURSULDWH� WR� WKH� SDUWLFXODU� VWDJH� RI� WKH�
$.,��(QVXULQJ�VWUDWHJLHV�DUH� LPSOHPHQWHG�ZKLFK� UHGXFH� WKH�
GDPDJLQJ� HIIHFWV� XSRQ� UHQDO� IXQFWLRQ� LV� FULWLFDO��$VWXWH� DQG�
YLJLODQW�FOLQLFDO�VWDII�SOD\�D�SDUW�LQ�LGHQWLI\LQJ�WKRVH�VXVFHSWLEOH�
WR�$.,��VNLOOHG�DVVHVVPHQW�DQG� WKH�DSSOLFDWLRQ�RI�HYLGHQFHG�
EDVHG�FDUH�LQ�GHDOLQJ�ZLWK�$.,�DUH�YLWDO�

7KH� HSLGHPLRORJ\� DQG� SDWKRJHQHVLV� RI� $.,� LV� YDULHG�� 7KH�
5,)/(� FODVVL¿FDWLRQ� SURYLGHV� D� FOHDU� LQGLFDWLRQ� DV� WR� WKH�
VHYHULW\�RI�$.,���$Q�DJUHHG�VWDJLQJ���FODVVL¿FDWLRQ�IUDPHZRUN�
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IRU� $.,� IDFLOLWDWHV� FRPSDULVRQV� EHWZHHQ� LQFLGHQFHV� RI� $.,�
DORQJ� ZLWK� D� FRPSDULVRQ� RI� RXWFRPHV� DQG� HIIHFWLYHQHVV�
RI� LQWHUYHQWLRQV� �&KDSWHU� ���� (YLGHQFH� KDV� DOUHDG\� EHHQ�
SXEOLVKHG�RI�WKH�EHQH¿FLDO�LPSDFW�RI�5,)/(�LQ�KLJKOLJKWLQJ�KRZ�
$.,�VHYHULW\�UHODWHV�WR�RXWFRPHV�DQG�PRUWDOLW\�

$V�KLJKOLJKWHG�LQ�&KDSWHU����HDUO\�GLDJQRVLV�RI�$.,�LV�HVVHQWLDO�
DORQJ� ZLWK� GHYHORSLQJ� HYLGHQFHG�EDVHG� VWUDWHJLHV� IRFXVHG�
XSRQ� SUHYHQWLQJ� $.,� GHYHORSLQJ�� 9DULRXV� ULVN� IDFWRUV� H[LVW�
ZKLFK�SUHGLVSRVH� WR� WKH�GHYHORSPHQW�RI�$.,��XQGHUVWDQGLQJ�
VXFK� µ� WULJJHU� IDFWRUV� µ� HQDEOHV� FOLQLFLDQV� WR� SUH�HPSW� WKH�
FKDQFHV�RI�$.,�GHYHORSLQJ��8QGHUVWDQGLQJ�WKH�UROH�RI�K\GUDWLRQ�
VWDWXV�DQG�YROXPH�ORDGLQJ�LQ�$.,�LV�LPSRUWDQW��

:KHQ� $.,� GHYHORSV�� UHQDO� UHSODFHPHQW� WKHUDS\� �557�� LV�
IUHTXHQWO\�QHHGHG�WR�PDQDJH�WKH�DOWHUHG�ÀXLG�DQG�ELRFKHPLFDO�
VWDWXV� RI� WKH� SDWLHQW�� � &RQWLQXRXV� 5HQDO� 5HSODFHPHQW�
7KHUDS\� �&557�� UHTXLUHV� VNLOOHG� H[SHUWLVH� RQ� WKH� SDUW� RI�
WKH� FOLQLFDO� WHDP� WR� HQVXUH� WKH� SDWLHQW� UHFHLYHV� VXSSRUWLYH�
WKHUDS\��$Q�DZDUHQHVV�RI�RSWLPXP�DSSURDFKHV� WR�GHOLYHULQJ�
&557�� FRXSOHG� ZLWK� VNLOOHG� ÀXLG� PDQDJHPHQW�� YDVFXODU�
DFFHVV� FDUH�� DQWLFRDJXODWLRQ� PDQDJHPHQW� DQG� SUHYHQWLQJ�
K\SRWKHUPLD�GXH�WR�&557�LV�D�JRDO�RI�FDUH��&KDSWHU�����7KH�
QHHG�WR�PDLQWDLQ�RSWLPXP�YDVFXODU�DFFHVV�LQ�SURYLGLQJ�UHQDO�
UHSODFHPHQW�VXSSRUW� LV�YLWDO��&KRRVLQJ� WKH�PRVW�DSSURSULDWH�
PHDQV� RI� YDVFXODU� DFFHVV� KDV� D� VLJQL¿FDQW� LPSDFW� XSRQ�
SDWLHQW� RXWFRPHV�� 3DWLHQWV� ZLWK� $.,� DUH� KLJKO\� VXVFHSWLEOH�
WR� VHFRQGDU\� LQIHFWLRQV�� WKHUHIRUH� SUHYHQWLQJ� YDVFXODU�
DFFHVV� LQIHFWLRQ� LV� SDUDPRXQW� DQG� QHFHVVLWDWHV� HYLGHQFHG��
EDVHG� QXUVLQJ� FDUH� LQ� WKH�PDQDJHPHQW� RI� YDVFXODU� DFFHVV� 
�&KDSWHU����

1XWULWLRQDO� VXSSRUW� IRU� SDWLHQWV� ZLWK� $.,� IRFXVHV� XSRQ�
SUHYHQWLQJ� PDOQXWULWLRQ�� RSWLPLVLQJ� UHFRYHU\� DQG� SDWLHQW�
RXWFRPHV��3URWHLQ�DQG�FDORULF� UHTXLUHPHQWV� YDU\�GHSHQGLQJ�
RQ�WKH�SDWLHQW¶V�FRQGLWLRQ�DQG�FDWDEROLF�VWDWH��8QGHUVWDQGLQJ�
WKH�SDWLHQWV�QXWULWLRQDO�UHTXLUHPHQWV�LQ�$.,�LV�KLJKO\�FRPSOH[�
DQG� D� EDODQFH� EHWZHHQ� XQGHUVWDQGLQJ� WKH� LPSDFW� RI� UHQDO�
UHSODFHPHQW� VXSSRUW� RQ� QXWULWLRQDO� UHTXLUHPHQWV�� ÀXLGV��
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YLWDPLQV�DQG�PLQHUDOV��WKH�H[SHUWLVH�RI�GLHWLFLDQ�LQYROYHPHQW�
LQ�WKH�FDUH�RI�$.,�LV�HVVHQWLDO��&KDSWHU�����

,Q�LWV�PRVW�VHYHUH�IRUP��SDWLHQWV�ZLWK�$.,�UHTXLUH�WKH�VSHFLDOLVW�
FDUH�	�VXSSRUW�RI�DQ�LQWHQVLYH�FDUH�XQLW��1XUVLQJ�FDUH�ZLWKLQ�
WKLV� KLJKO\� WHFKQRORJLFDO� HQYLURQPHQW� IXUWKHU� KLJKOLJKWV� WKH�
LPSRUWDQFH�RI�WKH�DUW�	�VFLHQFH�RI�QXUVLQJ��&KDSWHU�����:LWKLQ�
WKLV�HQYLURQPHQW��SDWLHQWV�DUH�XVXDOO\�DW�WKHLU�PRVW�YXOQHUDEOH��
7KH�LPSRUWDQFH�RI�IDPLO\�FDUH�DQG�VXSSRUW�LV�YLWDO�WR�WKRVH�ZKR�
RIWHQ�H[SHULHQFH�KLJK�OHYHOV�RI�XQFHUWDLQW\�DQG�DQ[LHW\�

5HQDO�KHDOWKFDUH�SURIHVVLRQDOV�DUH�LQFUHDVLQJO\�HQFRXQWHULQJ�
FKLOGUHQ� ZLWK� $.,� DQG� ZKLOVW� WKHUH� DUH� VLPLODULWLHV� LQ� WKH�
SULQFLSOHV� RI� PDQDJLQJ� FKLOGUHQ� WR� DGXOWV� WKHUH� DUH� DOVR�
LPSRUWDQW�YDULDWLRQV�DV�RXWOLQHG� LQ�&KDSWHU����:KLOVW�VWDJLQJ�
DQG�GH¿QLWLRQV�RI�$.,�KDYH�JUHDWO\�HQKDQFHG�RXU�XQGHUVWDQGLQJ�
RI� $.,� FRQWURYHUVLHV� UHPDLQ� LQ� WKH� DSSURSULDWHQHVV� RI� WKH�
5,)/(� FULWHULD� LQ� FKLOGUHQ�� �� 7KLV� V\VWHPDWLF� UHYLHZ� IRXQG�
ZLGH� YDULDWLRQV� LQ� WKH� DSSOLFDWLRQ� RI� 5,)/(� DQG� FRQÀLFWLQJ�
DVVRFLDWLRQV�EHWZHHQ�5,)/(�DQG�RXWFRPHV�VXFK�DV�PRUWDOLW\��
OHQJWK� RI� VWD\�� LOOQHVV� VHYHULW\�� &RQFHUQV� KDYH� EHHQ� UDLVHG�
DERXW� WKH�QHHG�WR�PRQLWRU�PRUH�FORVHO\� WKH� ORQJ�WHUP�IROORZ�
XS�RI�SDHGLDWULFV�ZKR�KDYH�VXUYLYHG�DQ�HSLVRGH�RI�$.,�DQG�WKH�
SRWHQWLDO�GHYHORSPHQW�RI�&.'��LQ�RQH�VWXG\�����RI�FKLOGUHQ�
GHYHORSHG�&.'�����\HDUV�DIWHU�$.,��

$.,�LV�D�VHULRXV�FRPSOLFDWLRQ�DQG�LV�DVVRFLDWHG�ZLWK�KLJK�OHYHOV�
RI�PRUELGLW\�DQG�PRUWDOLW\��$OO�PHPEHUV�RI�WKH�KHDOWKFDUH�WHDP�
PXVW� ZRUN� LQ� SDUWQHUVKLS� WR� SUHYHQW� $.,� RFFXUULQJ� WKURXJK�
GHYHORSLQJ�D�KHLJKWHQHG� OHYHO�RI�DZDUHQHVV�RI� WKRVH�DW� ULVN�
DQG�ZKHUH�DSSURSULDWH� UHPRYLQJ� ULVN� IDFWRUV� OHDGLQJ� WR�$.,��
:KHQ�$.,�RFFXUV��SDWLHQW�RXWFRPHV�DQG�VXUYLYDO�GHSHQGV�RQ�
WKH� SUDFWLFHV� RI� WKH� ZKROH� PXOWLGLVFLSOLQDU\� WHDP� ZKR�PXVW�
ZRUN� WRJHWKHU� LQ� GHOLYHULQJ� HYLGHQFHG�� EDVHG� LQWHUYHQWLRQV�
�&KDSWHU����NQRZQ�WR�HQKDQFH�SDWLHQW�UHFRYHU\�DQG�XOWLPDWHO\�
UHGXFH�WKH�ORQJ�WHUP�HIIHFWV�RI�$.,�RQ�NLGQH\�IXQFWLRQ�IROORZLQJ�
SDWLHQW�GLVFKDUJH�IURP�KRVSLWDO��
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,� ZRXOG� OLNH� WR� FRQJUDWXODWH� WKH� ZULWHUV� RI� WKLV� KDQGERRN� LQ�
SURGXFLQJ� D� PRVW� VXFFLQFW� DQG� FRPSUHKHQVLYH� RYHUYLHZ� RI�
NH\�LVVXHV�UHODWHG�WR�WKH�SUHYHQWLRQ��FDUH�DQG�PDQDJHPHQW�RI�
SDWLHQWV�ZKR�GHYHORS�$.,�
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Introduction
6FLHQWL¿F� GLVFRYHU\� WKURXJK� KLJK� TXDOLW\� UHVHDUFK�� LQFOXGLQJ�
WKRVH�RI�PHGLFLQH�DQG�QXUVLQJ�FDQ�OHDG�WR�LPSURYHPHQWV�WKDW�
EHQH¿W�VRFLHW\��)RU�H[DPSOH��WKH�GHYHORSPHQW�RI�D�FRQVHQVXV�
GH¿QLWLRQ� IRU� DFXWH� UHQDO� LQMXU\� �VHH� &KDSWHU� ��� KDV� OHG� WR�
JUHDWHU�FRQVLVWHQF\�LQ�GLDJQRVLV��PDQDJHPHQW�DQG�RXWFRPHV�
IRU�SDWLHQWV��&RQVHTXHQWO\�VWDQGDUGV�KDYH�LPSURYHG�LQ�WHUPV�
RI�DVVHVVPHQW��XVH�RI�LQWHUYHQWLRQV�DQG�QXUVLQJ�FDUH�IRU�WKRVH�
ZLWK�DFXWH�UHQDO�LPSDLUPHQW�

Evolution of Acute Renal Failure (ARF) to Acute Kidney 
Injury (AKI)
8QGHUVWDQGLQJ� RI� DFXWH� UHQDO� IDLOXUH� UHPDLQV� D� UHODWLYHO\�
PRGHUQ� FRQFHSW�� SULRU� WR� WKH� HLJKWHHQWK� FHQWXU\� RQO\� D� IHZ�
UHIHUHQFHV�UHODWLQJ�WR�WKLV�FRQGLWLRQ�DUH�QRWHG�LQ�WKH�OLWHUDWXUH��
DOWKRXJK�*DOHQ�DOOXGHG�WR�WKH�VXSSUHVVLRQ�RI�XULQH�SURGXFWLRQ��
EDVHG�RQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�D�GLVWHQGHG�EODGGHU1��,Q�
WKH���WK�FHQWXU\��0RUJDJQL�SURYLGHG�ZKDW�PD\�EH�FRQVLGHUHG�
WR� EH� ¿UVW� RUJDQ� EDVHG� FODVVL¿FDWLRQ� RI� VXSSUHVVHG� XULQH�
RXWSXW� QDPLQJ� LW� DV� Ischuria renalis1��%\� WKH� WXUQ� RI� WKH� ��WK�
FHQWXU\� DFXWH� UHQDO� IDLOXUH� �$5)�� ZDV� UHIHUUHG� WR� DV�$FXWH�
%ULJKW¶V� 'LVHDVH� ZKHQ� IRU� WKH� ¿UVW� WLPH� 2VOHU� PHQWLRQHG�
WUDXPD�� WR[LF� DJHQWV�� H[HUWLRQ� DQG� SUHJQDQF\� DV� FDXVHV� RI�

Learning outcomes

�� 7R� XQGHUVWDQG� WKH� HYROXWLRQ� RI� $FXWH� .LGQH\� ,QMXU\�
concept

�� 7R� EH� DZDUH� RI� WRROV� ZKLFK� IDFLOLWDWH� D� EHWWHU� SDWLHQW�
assessment
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2322 DFXWH�%ULJKW¶V�GLVHDVH1��+RZHYHU�� LW� LV� WKH�FRQWULEXWLRQ�RI� WKH�
NQRZOHGJH�DFTXLUHG�LQ�:RUOG�:DU�,��WKURXJK�PLOLWDU\�PHGLFLQH��
VXUJHU\�DQG�WUHDWPHQW�RI�WUDXPDWLF�VKRFN��WKDW�WKLV�HQWLW\�WRRN�
WKH�QDPH�RI�:DU�1HSKULWLV2��7KLV� WHUP� UHPDLQHG� WKURXJKRXW�
:RUOG�:DU� ,,� XQWLO� ������ZKHQ�%\ZDWHUV� DQG�%HOO� GH¿QHG� LW�
DV�µ&UXVK�6\QGURPH¶��LQ�ZKLFK�WKH\�ZHUH�DEOH�WR�GHVFULEH�WKH�
QDWXUDO�KLVWRU\�RI�UHQDO�GLVHDVH��H[DPLQLQJ�WKH�SDWKRORJ\�RI�WKH�
NLGQH\�DQG�ZLGHVSUHDG�WXEXODU�GDPDJH�DQG�SLJPHQWHG�FDVWV�
LQVLGH� WKH� WXEXODU� OXPHQ2��7KHVH� ¿QGLQJV� SURPSWHG� VHYHUDO�
VWXGLHV�ZKLFK�VXEVHTXHQWO\�LQFUHDVHG�NQRZOHGJH�LQ�NH\�DUHDV�
WKDW�EHFDPH�FHQWUDO�WR�WKH�GHYHORSPHQW�RI�WKH�WHUP�$5)��,W�LV�
QRW�XQWLO�DIWHU������� WKDW� WKH� WHUP� µ$FXWH�5HQDO�)DLOXUH¶��¿UVW�
DSSHDUHG�ZKHUH�WKH�ELRPHGLFDO�WHUP�LV�SURSRVHG�DQG�GH¿QHG3�

Figure 1, Schematic chronology of acute renal failure concepts1.

2QG�
&HQWXU\ ���� ���� ���� ���� ���� ����

(PSW\�
%ODGHU

,VFKXULD�
5HQDOLV

$FXWH�
%ULJKW¶V�
'LVHDVH

:DU�
1HSKULWLV

&UXVK�
6LQGURPH

$FXWH�
5HQDO�
)DLOXUH

$FXWH�
.LGQH\�
,QMXU\
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$5)�KDV� WUDGLWLRQDOO\� EHHQ�FKDUDFWHUL]HG�E\�D� UDSLG�GHFOLQH�
LQ� UHQDO� IXQFWLRQ� LQ� KRXUV� RU� GD\V� ZLWK� LQDELOLW\� WR� UHJXODWH�
ÀXLG��HOHFWURO\WH�DQG�DFLG�EDVH�EDODQFH���+RZHYHU��ZLWKLQ�WKH�
OLWHUDWXUH�WKHUH�LV�QRWHG�WR�EH�RYHU����GH¿QLWLRQV�RI�$5)��OHDGLQJ�
WR�D�ODFN�RI�FRQVHQVXV�RQ�GLDJQRVWLF�FULWHULD3�DOEHLW�D�FRPPRQ�
SRLQW�EHWZHHQ�WKH�YDULRXV�GH¿QLWLRQV�LV�WKH�LPPHGLDF\�RI�WKH�
GHWHULRUDWLRQ�LQ�UHQDO�IXQFWLRQ��

'XH� WR� RSHUDWLRQDO� SUREOHPV� RI� D� FRPPRQ� DQG� VKDUHG�
GH¿QLWLRQ�� WKH� WHUP�$FXWH�5HQDO�)DLOXUH� �$5)���ZDV� UHFHQWO\�
UHSODFHG�E\�WKH�FRQFHSW�RI�$FXWH�.LGQH\�,QMXU\��VHH�FKDSWHU�



Acute Kidney Injury (AKI)

���� ���ZKLFK�LV�QRZ�UHFRJQL]HG�DV�D�FOLQLFDO�HQWLW\�GHVHUYLQJ�RI�D�
WKRURXJK�DQG�ULJRURXV�DQDO\VLV��

$VVRFLDWHG�ZLWK�PDQ\�FRPSOLFDWLRQV�VXFK�DV�K\SHUNDODHPLD��
PHWDEROLF� DFLGRVLV�� ÀXLG� RYHUORDG� DQG� RWKHU� OLIH� WKUHDWHQLQJ�
FRQGLWLRQV� DOVR� SUHVHQW� LQ� GLVHDVHV� VXFK� DV� FRQJHVWLYH�
FDUGLDF� IDLOXUH�� DFXWH� SXOPRQDU\� RHGHPD�� DQG� WKH� UHVXOW� RI�
VHYHUH� SRO\WUDXPD��$.,¶V� HYDOXDWLRQ� LV� RIWHQ� LJQRUHG� GXH� WR�
RWKHU�VHYHUH�V\PSWRPV�LQ�SDWLHQW¶V�FRQGLWLRQ�ZKLFK�FDQ�KLGH�
WKLV�VHULRXV�VLWXDWLRQ3�FRQVHTXHQWO\�D�SDWLHQW¶V�FRQGLWLRQ�PD\�
GHWHULRUDWH�WR�GXH�LQDGHTXDWH�DVVHVVPHQW�LQ�WKH�HDUO\�VWDJHV�

3URSRVDOV� WR� WKH� GH¿QLWLRQ� DQG� FODVVL¿FDWLRQ� RI�$.,� DUH� WKH�
UHVXOW� RI� D� FROODERUDWLYH� HIIRUW� EHWZHHQ� UHSUHVHQWDWLYHV� RI�
1HSKURORJLVWV�DQG�,QWHQVLYLVWV���$'4,��$FXWH�'LDO\VLV�4XDOLW\�
,QLWLDWLYH��DQG�$.,1��$FXWH�.LGQH\�,QMXU\�1HWZRUN�2�� ,Q�������
$'4,�SURSRVHG�WKH�WHUP�$.,�WR�UHSUHVHQW�WKH�HQWLUH�VSHFWUXP�
RI�$5)��SUHIHUULQJ�WKH�WHUP�injury�UDWKHU�WKDQ�IDLOXUH��EHFDXVH�
LW�PRUH�DFFXUDWHO\�UHÀHFWHG�WKH�GHJUHH�WKDW�PD\�RFFXU�EHIRUH�
WKH�FRPSOHWH�NLGQH\�IDLOXUH2��7KXV��$.,�LV�GH¿QHG�E\�DQ�DEUXSW�
GHFUHDVH� LQ� UHQDO� IXQFWLRQ6� DVVRFLDWHG� ZLWK� WKH� UHWHQWLRQ� RI�
QLWURJHQRXV� DQG� QRQ�� QLWURJHQRXV� PHWDEROLWHV7�� 7KH� PDLQ�
FULWHULD� IRFXV� RQ� DHWLRORJLFDO� ¿QGLQJV�� VHUXP� FUHDWLQLQH� DQG�
XUHD��JORPHUXODU�¿OWUDWLRQ� UDWH��XULQH�RXWSXW�YROXPH��DQG� WKH�
QHHG�IRU�557��������

5HFHQW�VWXGLHV�GHPRQVWUDWH�WKDW�LI�XQPDQDJHG��$.,�FRQWULEXWHV�
WR�WKH�LQFUHDVHG�OHQJWK�RI�KRVSLWDOL]DWLRQ��UHTXLULQJ�SURORQJHG�
VWD\V�LQ�,&8¶V��ULVLQJ�FRVWV�LQ�KHDOWK�FDUH����GHFUHDVHG�TXDOLW\�
RI�OLIH����ZLWK�LQFLGHQFH�UDWHV�UDQJLQJ�IURP�������DQG�PRUWDOLW\�
UDWHV� UDQJLQJ� IURP� ����������� 7KHVH� GLIIHUHQFHV� LQ� GDWD�
UHODWLQJ�WR�WKH�LQFLGHQFH�DQG�SUHYDOHQFH�RI�$.,��GHPRQVWUDWHV�
WKH�QDWXUH�RI�JDSV�LQ�NQRZOHGJH�DV�LGHQWL¿HG�E\�WKH�$PHULFDQ�
6RFLHW\�RI�1HSKURORJ\�5HQDO�5HVHDUFK�5HSRUW� MXVWLI\LQJ� WKH�
QHHG�WR�FODULI\�DQG�XQLI\�FRQFHSWV���

2QH�RI� WKH�FKDOOHQJHV� IRU�FOLQLFLDQV� LV� WKDW� WKH�GHYHORSPHQW�
RI� $.,� LV� VLOHQW�� SRVLQJ� GLDJQRVWLF� GLI¿FXOWLHV�� DQG� ZKLFK� LI�
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���� XQUHFRJQLVHG�FDQ�UHVXOW�LQ�SURIRXQG�GDPDJH�WR�UHQDO�VWUXFWXUHV�
DQG� IXQFWLRQ�� ZKLFK� LQ� WXUQ� FDQ� SUHFLSLWDWH� FDUGLRYDVFXODU��
UHVSLUDWRU\�DQG�QHXURORJLFDO�GHOHWHULRXV�FKDQJHV�IRU�SDWLHQWV�

:LWK�WKH�UHFHQW�JXLGDQFH�DQG�UHFRPPHQGDWLRQV�SURYLGHG�E\�
5,)/(� �$'4,��� VHH� &KDSWHU� ���� KHDOWKFDUH� WHDPV� DUH� DEOH�
WR� FRQ¿GHQWO\� FODVVLI\� WKH� VHYHULW\� RI� $.,� DQG� LPSOHPHQW�
DSSURSULDWH� LQWHUYHQWLRQV� WR�VXSSRUW� WKH�SDWLHQW��$GGLWLRQDOO\��
VWXGLHV�XVLQJ�WKH�5,)/(�FULWHULD�FRQ¿UP�WKDW�WKH�LGHQWL¿FDWLRQ�
RI�$.,�LQFLGHQFH�UDWHV�RI��������XQOLNH�SUHYLRXV�VWXGLHV�ZKLFK�
GHPRQVWUDWHG� WKDW� LQ� ,&8V� WKHVH� ZHUH� ORZHU� DQG� EHWZHHQ�
�����11��

9DULDWLRQV� LQ� PRUWDOLW\� UDWHV� EHWZHHQ� SRSXODWLRQV� ZLWK� DQG�
ZLWKRXW�$.,� KDYH� DOVR� EHHQ� UHSRUWHG�ZLWK�PRUWDOLW\� UDWHV� RI�
������IRU�SDWLHQWV�UHIHUUHG�WR�,&8��FRPSDUHG�WR�¿JXUHV�RI������
IRU� WKRVH�ZKR�GLG�QRW�GHYHORS� WKLV�FRQGLWLRQ��7KHVH�¿QGLQJV�
UHLQIRUFH� WKH� LPSRUWDQFH� RI� DGRSWLQJ� DQG� LPSOHPHQWLQJ� WKH�
5,)/(�FODVVL¿FDWLRQ�LQ�,&8¶V��ZLWK�WKH�DLP�RI�HDUO\�GLDJQRVLV�
DQG�WKH�GHFUHDVLQJ�WKH�EXUGHQ�RI�FRVWV�WR�WKH�LQGLYLGXDO�DQG�
KHDOWKFDUH�SURYLGHUV12�

)RU� KHDOWK� SURIHVVLRQDOV� FDULQJ� IRU� SDWLHQWV� ZLWK� $.,�� WKH�
FKDOOHQJHV� QRW� RQO\� LQFOXGH� LPSOHPHQWLQJ� D� FODVVL¿FDWLRQ�
RI� SUHYHQWLRQ� DQG� HDUO\� GLDJQRVLV�� EXW� DOVR� LQWHUYHQLQJ�ZLWK�
VWUDWHJLHV�DQG�PHDVXUHV�WKDW�UHÀHFW�HIIHFWLYH�UHVSRQVHV�ZLWK�
WKH�DLP�RI�PLQLPL]LQJ�WKH�GDPDJH�DQG�GHFLVLYHO\�SUHYHQW� LWV�
RFFXUUHQFH� LQ� WKRVH� ZKR�PD\� EH� DW� ULVN�� *HQHUDOO\�� QXUVHV�
EHFDXVH�RI�WKHLU�SUR[LPLW\�WR�SDWLHQWV�DUH�WKH�¿UVW�WR�REVHUYH�DQG�
EH�DZDUH�RI�D�GHWHULRUDWLRQ�RI�UHQDO�IXQFWLRQ��7KHLU�NQRZOHGJH�
RI� UHQDO� IXQFWLRQ� DQG� SDWKRSK\VLRORJ\�� DQG� VNLOOHG� H[SHUWLVH�
LQ� SDWLHQW� DVVHVVPHQW�� PRQLWRULQJ� DQG� LQWHUSUHWLQJ� GDWD� DV�
ZHOO�DV�XQGHUVWDQGLQJ�RI�FXUUHQW�HYLGHQFH�EDVHG�LQWHUYHQWLRQV�
SOD\�D�SLYRWDO�UROH�LQ�SUHYHQWLQJ�FRPSOLFDWLRQV�DQG�LPSURYLQJ�
WKH� RXWFRPHV� DQG� ZHOO�EHLQJ� RI� LQGLYLGXDOV� ZLWK� $.,�������
1XUVHV�PXVW�EH�DZDUH�RI�WKH�QHZ�FODVVL¿FDWLRQ�V\VWHPV�RI�$.,�
DQG� LQ� WKLV�VHQVH�� WKH�PDLQ�SULRULW\� LQ�QXUVLQJ�PDQDJHPHQW��
DSDUW� IURP� SURYLGLQJ� SDWLHQW� FHQWUHG� FDUH�� LV� WR� NQRZ� DQG�
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2726 LGHQWLI\� LWV�DHWLRORJ\������DQG� WR�HVWDEOLVK� WUHDWPHQW� WDUJHWV� LQ�
RUGHU�WR�HOLPLQDWH�WKH�FDXVH�����0DQDJHPHQW�RI� WKH�$.,�WKXV�
LPSOLHV��QXUVLQJ� LQWHUYHQWLRQV�RQ�KHPRG\QDPLF�EDODQFH�DQG�
ÀXLGV����WR�PDLQWDLQ�DQ�DGHTXDWH�UHQDO�SHUIXVLRQ���7KH�QXUVH�
PXVW� DOVR� KDYH� NQRZOHGJH� RI� WKH� FRPSOLFDWLRQV� LQKHUHQW�
LQ� WKH� $.,� DVVHVVLQJ� DQG� PRQLWRULQJ� WKH� SDWLHQW¶V� ERGLO\�
V\VWHPV��DOVR�LGHQWLI\LQJ�ULVN�JURXSV�WR�LPSOHPHQW�SUHYHQWLYH��
VWUDWHJLHV�����

1XUVLQJ� FDUH� IRFXVHG� RQ� SDWLHQWV� ZLWK�$.,�� PXVW� EH� EDVHG�
DQG�LQIRUPHG�E\�DQ�DZDUHQHVV�RI�WKH�YDULRXV�FDXVHV�DQG�OLIH�
WKUHDWHQLQJ�HIIHFWV�LQ�RUGHU�WR�GHOLYHU�H[FHOOHQW�FDUH�WR�VXSSRUW�
UHFRYHU\�DQG�TXDOLW\�RI�OLIH���

Key points
7KH�WHUP�$FXWH�5HQDO�)DLOXUH��$5)���KDV�EHHQ�UHSODFHG�E\�WKH�
FRQFHSW�RI�$FXWH�.LGQH\�,QMXU\��$.,��

7KH�GHYHORSPHQW�RI�$.,�LV�VLOHQW��SRVLQJ�GLDJQRVLV�GLI¿FXOWLHV�
DQG�XQOHVV�UHFRJQL]HG�HDUO\� LW�PD\�UHVXOW� UHQDO�FHOO�GDPDJH�
DQG�SUHFLSLWDWH�D�UDQJH�RI�FOLQLFDO�V\PSWRPV�

7KH� PDLQ� FKDOOHQJHV� DUH� UHODWHG� ZLWK� WKH� LPSOHPHQWDWLRQ�
DQG� XVH� RI� DFFXUDWH� DQG� UHOHYDQW� WRROV� WR� SUHYHQW� $.,�� E\�
LQWHUYHQLQJ� ZLWK� PHDVXUHV� WKDW� DYRLG� WKH� ZRUVHQLQJ� RI� WKH�
KHDOWK�VWDWXV�RI�WKH�SDWLHQW�

7KH�UROH�RI�WKH�QXUVH�LV�FULWLFDO�LQ�WKH�LGHQWL¿FDWLRQ�RI�$.,�DQG�
SURYLGLQJ�HYLGHQFH�EDVHG�FDUH�IRU� WKRVH�ZKR�DUH�GLDJQRVHG�
ZLWK�WKLV�VHULRXV��EXW�SRWHQWLDOO\�UHYHUVLEOH�FRQGLWLRQ�
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Introduction
Acute Kidney Injury (AKI) is the currently adopted terminology 
ZKLFK� UHSODFHV� WKH� SUHYLRXV� DQG� RIWHQ� FRQIXVLQJ� GH¿QLWLRQV�
of acute renal failure. This revised concept aims to enable 
the early recognition and management of this condition, but 
more importantly it encourages healthcare professionals to 
view AKI as a spectrum of the syndrome that ranges from 
milder forms to more severe extreme cases that require Renal 
Replacement Therapy (RTT)1,2. The indices of AKI include 
abrupt decline, usually within 48 hours, in renal function that 
LV�DVVRFLDWHG�ZLWK�DQ�LQDELOLW\�WR�PDLQWDLQ�ÀXLG��HOHFWURO\WH�DQG�
acid-base balance. It is also vital to acknowledge that for in-
hospitalised patients minor changes in renal function such as 
a rise in serum creatinine may be highly important as these 
PD\�LQÀXHQFH�PHGLXP�WR�ORQJ�WHUP�RXWFRPHV�

Incidence
Figures on the incidence of AKI, whether community or hospital 
acquired, remain unknown. It is suggested that AKI affects 
approximately 7% of in-hospital patients3. However, some of 

Learning outcomes

�� 7R�XQGHUVWDQG�WKH�LQFLGHQFH�RI�$FXWH�.LGQH\�,QMXU\�DQG�
DVVRFLDWHG�PRUWDOLW\�UDWHV�IRU�WKLV�FRQGLWLRQ�

�� 7R�KDYH�NQRZOHGJH�DQG�DZDUHQHVV�RI�FXUUHQW�GH¿QLWLRQ�
RI�$FXWH�.LGQH\�,QMXU\�DQG�RI�WKH�5,)/(�FULWHULD�XVHG�WR�
GHWHUPLQH�VHYHULW\�RI�UHQDO�G\VIXQFWLRQ�

�� 7R�JDLQ�FRQ¿GHQFH�LQ�EHLQJ�DEOH�WR�GLVFXVV�WKH�YDULRXV�
DHWLRORJLFDO�FDXVHV�IRU�$FXWH�.LGQH\�,QMXU\
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WKH�GLI¿FXOWLHV�LQ�HVWDEOLVKLQJ�WKH�DFWXDO�LQFLGHQFH�DUH�H[SODLQHG�
E\�WKH� ODFN�RI�FRQVHQVXV�DQG�FULWHULD� LQ�GH¿QLQJ�DFXWH�UHQDO�
IDLOXUH��,W�LV�HVWLPDWHG��EDVHG�RQ�PRUH�FXUUHQW�GH¿QLWLRQV��WKDW�
AKI occurs in between 25 -65% of intensive care unit patients 
and around 5% -8% of these individuals will require some form 
of RRT2,4,6. Hoste and Shurgers4 note that for patients treated 
with RRT there is a mortality rate of between 50-60% and for 
those surviving their acute illness 5-20% will require long-term 
dialysis. Mortality rates in patients will however vary according 
to evidence of sepsis and multi-organ failure3-4. Advanced age, 
and the presence of co-morbidities such as diabetes, vascular 
disease and hypertension may also compound mortality 
outcomes. Not surprisingly, critically ill patients with AKI tend 
to have increased length of ICU stay consequently placing an 
economic burden on healthcare systems due to expensive 
interventions and resources used3-4. However, with newer 
RRT modalities trends of in-hospital and six month mortality 
may improve outcomes7.

&ODVVL¿FDWLRQ�RI�$.,
'XH�WR�D�ODFN�RI�XQLIRUPLW\�DQG�FRQVLVWHQF\�RYHU�WKH�GH¿QLWLRQ�
of acute renal failure, a network of experts representing renal 
and intensive care societies formed The Acute Dialysis Quality 
,QLWLDWLYH� �$'4,�� DQG� GHYHORSHG� WKH� 5,)/(� FODVVL¿FDWLRQ�
(acronym for 5isk of renal dysfunction, Injury to the kidney, 
Failure of kidney function, Loss of kidney function, and (nd 
stage kidney disease) with a staging system to characterise 
various dimensions of AKI8 (see below). Subsequently, an 
international guidelines group of leading experts from various 
specialties convened to form Kidney Disease: Improving 
*OREDO� 2XWFRPHV� �.',*2�� ZKLFK� SURGXFHG� D� PRUH� UH¿QHG�
GH¿QLWLRQ�DQG�VWDJLQJ�V\VWHP�IRU�$.,�WKDW�EXLOW�RQ�HDUOLHU�ZRUN9.

RIFLE was designed to enable a diagnosis to be established 
DFFRUGLQJ�WR�VSHFL¿F�FOLQLFDO�FULWHULD�DQG�IRU�ZKLFK�WKH�VHYHULW\�
LV�FRQ¿UPHG�EDVHG�XSRQ�D�VWDJLQJ�V\VWHP��)XUWKHUPRUH��WKH�
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staging of a patient gives an indication of increasing severity 
of AKI with two outcomes possible, loss and end-stage renal 
failure (see Figure 1). Finally, by using RIFLE comparisons of 
incidence, outcomes and effectiveness of interventions can be 
made1,3. Indeed, a recent systematic review of the literature 
which included 13 studies reported that RIFLE was a good 
at predicting outcome and the relationship between increased 
PRUWDOLW\� ZLWK� ZRUVHQLQJ� 5,)/(� FODVVL¿FDWLRQ10. Other work 
concludes that RIFLE is valuable in predicting recovery, need 
for RRT, length of stay and mortalities as well as reveal that 
there is a higher incidence of AKI within the general population 
than previously conceived11. 

7KH� 5,)/(� FODVVL¿FDWLRQ� UHOLHV� RQ� ULVLQJ� VHUXP� FUHDWLQLQH�
values and or a fall in urine output with the three stages 
providing an index of increasing severity2 (see Figure 1). It 
also worth noting that an increase in ‘stage’ is associated 
with poorer survival outcomes1,3�� &XUUHQW� PRGL¿FDWLRQV� DOVR�
recommend that the time span for diagnosis is reduced to 48 
hours and a decreased threshold for the elevation of serum 
creatinine from baseline to peak value is applied2.
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$HWLRORJ\�RI�$.,
7KH�DHWLRORJ\�RI�$.,�FDQ�EH�FODVVL¿HG�LQWR�WKUHH�PDLQ�DUHDV3, 12 

ZLWK� HDFK� GHOLQHDWLQJ� VSHFL¿F� FDXVDWLYH� IDFWRUV� OHDGLQJ� WR�
kidney failure and function. 
�� Pre-renal failure
�� Intrinsic renal failure
�� Post-renal failure

3UH�UHQDO�IDLOXUH
Pre-renal failure is typically induced in response to a sudden 
reduction in circulating volume (due to severe vomiting, 
haemorrhage, burns, dehydration, shock, anaphylaxis, severe 
vomiting and diarrhoea) and therefore can have a detrimental 
effect on renal perfusion and as a consequence decrease 
JORPHUXODU� ¿OWUDWLRQ� UDWH� �*)5��� 7R� PDLQWDLQ� FLUFXODWLQJ�
volume, the kidneys will reabsorb sodium but as consequence 
the patient may become oliguric with a modest increase in 
urea and other waste products. However, in pre-renal failure, 
LI�WKH�FLUFXODWRU\�GH¿FLW�LV�FRUUHFWHG�SURPSWO\�WKH�FRQGLWLRQ�FDQ�
be immediately reversed and the nephrons remain structurally 
intact. If pre-renal failure is not managed appropriately, there is 
a possibility that this may deteriorate into intrinsic renal failure.

,QWULQVLF�UHQDO�IDLOXUH
Intrinsic renal failure is a main reason for admission to a 
critical care setting and here structural damage occurs which 
can be sub-divided into tubule-interstitial, glomerular and or 
micro-vascular. Structural alternations will develop within 
the nephrons despite correcting the precipitating causative 
factors. Most forms of AKI have a tubular aetiology and the 
result in acute tubular necrosis (ATN) which can be either of an 
ischaemic or toxic form. The causes of ATN associated with an 
ischaemic event include prolonged hypo-perfusion and sepsis 
ZKLFK�FRPSURPLVH� UHQDO�EORRG�ÀRZ�DQG�*)5��:KHQ�$71� LV�
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the result of ischaemic insult this leads to changes at cellular 
level, which turn precipitates damage to cell wall membranes 
causing disruption to electrolytes, cell swelling and death. It is 
these and other structural changes within the tubules lead to 
renal dysfunction and explain why there is a delay in recovery 
of the kidneys despite intervention with RRT 12. 

There are other factors which may lead to ATN for example 
nephrotoxins such as cephalosporins, aminoglycoside antibi-
RWLFV�� QRQ�VSHFL¿F� DQWL�LQÀDPPDWRU\� GUXJV� DQG� UDGLRJUDSKLF�
FRQWUDVW�PHGLD��+RZHYHU� LQÀDPPDWRU\� LQVXOWV� FDQ�DOVR�SUH-
cipitate ATN due to waste products of septicaemia and en-
dogenous toxins3,12��:LWK� UHIHUHQFH� WR� WXEXOR�LQWHUVWLWLDO� FRQ-
ditions, allergic interstitial nephritis and cast nephropathy are 
key causes. Glomerulonephritis can lead to AKI due to rapidly 
progressive glomerulonephritis which in turn can give rise to 
Nephritic syndrome although this is an unusual condition3,12. 
Other examples of glomerular causes are Goodpastures syn-
GURPH�� /XSXV� DQG�:HJHQHU� JUDQXORPDWRVLV�� )LQDOO\�� PLFUR�
vascular changes triggering intrinsic AKI can include malig-
nant hypertension, haemolytic uraemic syndrome, scleroder-
ma renal crisis and renal artery obstruction due to an emboli, 
dissection or a thrombus.

Post renal 
Finally, post renal failure is typically caused by mechanical 
obstructions to the passage of urine. Removing the obstruction 
through non-invasive or surgical manoeuvres can ameliorate 
the condition and improve renal functioning3,12.
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.H\�SRLQWV

�� Previous interpretations of incidence and outcomes 
associated with ARF have been unhelpful due to a lack of 
D�VWDQGDUGLVHG�GH¿QLWLRQ��

�� The term Acute Renal Injury is more encompassing as it 
describes a spectrum of the syndrome that ranges from 
milder forms to more severe extreme cases that require 
Renal Replacement Therapy.

�� The incidence of AKI ranges between a third and two thirds 
of intensive care patients, a variation which is accounted 
by the presence of co-morbidities, advancing age, sepsis 
and multi-organ dysfunction.

�� Managing the care of critically ill AKI patients is expensive 
and around 5-20% of those who survive will require some 
form of RRT.

�� The introduction of RIFLE criteria, which relies on 
measuring changes in serum creatinine, glomerular 
¿OWUDWLRQ� UDWH� DQG� XULQH� RXWSXW�� SURYLGHV� D� XQLIRUP� DQG�
standardised approach for assessing, diagnosing and 
managing patients with AKI.

�� A number of clinical studies report that the RIFLE tool is 
a valid and reliable tool for predicting recovery, need for 
RRT, length of stay and mortalities.

�� The aetiology of AKI is categorised into three discreet 
areas which in part explain the pathophysiology these 
include pre-renal failure, intrinsic AKI and post renal AKI.
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Introduction

When acute kidney injury has occurred, timely individualized 
and evidence based supportive care may result in full recovery 
and function. Curative treatment of acute kidney injury is 
currently unavailable. The aim of modern treatment is directed 
at prompt and effective medical intervention in order to prevent 
complete and irreversible acute renal injury1. Kidney function 
as well as deterioration is diagnosed on the basis of serum 
creatinin e and urea levels. These parameters are, however, 
considered insensitive and non-selective in detecting changes 
of acute renal injury and function2.

Acute kidney injury is often a combination of many factors 
that are harmful and toxic to renal structures. Frequently, 
WKLV� LV�D�VLWXDWLRQ� WULJJHULQJ� UHGXFHG� UHQDO�EORRG�ÀRZ�DQG� LQ�
addition, patients may receive drugs or contrast media which 
further increase the strain on the kidneys1. In order to prevent 
kidney failure, it is important to be aware of risk factors that 
may predispose patients to kidney injury or failure and take 
measures to reduce such a risk (see Chapter 2); moreover, 
LW�LV�LPSHUDWLYH�WR�HOLPLQDWH�WKH�FDXVHV�RI�UHGXFHG�EORRG�ÀRZ�
through the kidneys, if possible, and avoid administering 

Learning outcomes

�� 7R� XQGHUVWDQG� WKH� QHHG� DQG� LPSRUWDQFH� RI� HDUO\�
GLDJQRVLV�RI�$FXWH�.LGQH\�,QMXU\�

�� 7R�UHFRJQLVH�WKH�ULVN�IDFWRUV�IRU�$FXWH�.LGQH\�,QMXU\
�� 7R� KDYH� D� FRPSUHKHQVLYH� XQGHUVWDQGLQJ� RI� FXUUHQW�

HYLGHQFH�EDVHG�GDWD�RQ�KRZ�WR�SUHYHQW�$FXWH�.LGQH\�
,QMXU\
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substances and drugs which are likely to have nephrotoxic 
effects1.

$VVHVVPHQW�RI�NLGQH\�IXQFWLRQ
$FXWH�UHQDO�LQMXU\�RU�IDLOXUH�LV�JHQHUDOO\�GH¿QHG�DV�DQ�DEUXSW�RU�
rapid decline in renal function that results in a rise in blood urea 
nitrogen and serum creatinine levels, with or without a decrease 
in urine output occurring over hours or days3. Serum creatinine 
concentration is the most widely used marker of glomerular 
¿OWUDWLRQ� UDWH� LQ� FOLQLFDO� SUDFWLFH�� ,W� KDV� EHHQ� GHPRQVWUDWHG�
that serum creatinine and its change during acute disease are 
associated with early and late mortality rates, hospital length 
of stay and hospital costs4. Changes in serum creatinine as 
VPDOO�DV�������PJ�G/ �������PRO�O��KDYH�EHHQ�GHPRQVWUDWHG�WR�
adversely affect outcome5. Analyzing renal impairment on the 
basis of urine production or by analyzing salt excretion in the 
XULQH�FDQ�EH�GLI¿FXOW��DV�SDWLHQWV�DUH�RIWHQ�RQ�PHGLFDWLRQV�WKDW�
affect these parameters, such as diuretics3. The Acute Kidney 
,QMXU\�1HWZRUN� �$.,1��KDV�SURSRVHG�PRGL¿HG�5,)/(�FULWHULD�
for diagnostic and staging system for acute kidney injury. Since 
FKDQJHV�LQ�VHUXP�FUHDWLQLQH�DQG��RU�XULQH�RXWSXW�DUH�UHODWLYHO\�
poor biomarkers for acute kidney injury, attempts have been 
PDGH�LQ�WKLV�PRGL¿HG�YHUVLRQ�WR�LQFUHDVH�WKH�VHQVLWLYLW\�RI�WKH�
FULWHULD�E\�XVLQJ�VPDOOHU�FKDQJHV�LQ�VHUXP�FUHDWLQLQH�WR�GH¿QH�
the presence of acute kidney injury. The diagnostic criteria 
should not be used until the patient’s volume status has been 
optimized and obstruction has been excluded. 

5,)/(�DQG�$.,1�GH¿QLWLRQ�DQG�FODVVL¿FDWLRQ�VFKHPH�IRU�
DFXWH�NLGQH\�LQMXU\
In the present guidance, only one criterion (serum creatinine, 
*)5�RU�XULQH�RXWSXW��KDV�WR�EH�IXO¿OOHG�WR�TXDOLI\�IRU�D�VSHFL¿F�
category. Baseline serum creatinine is considered to be within 
RQH�ZHHN�IRU�5,)/(�DQG�ZLWKLQ����KRXUV�IRU�$.,16. Creatinine 
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LV�DQ�DPLQRDFLG�GHULYDWLYH� WKDW� LV�HDVLO\�¿OWUDWHG� WKURXJK� WKH�
glomerulus and its secretion in the tubule is usually rather 
scarce. Creatinine that is measured in the serum is a metabolite 
of creatine which is released from muscle cells. Therefore, 
individual muscle mass can affect the amount of creatinine in 
the serum. Among the elderly, who have a somewhat reduced 
muscle mass, serum creatinine levels might be within normal 
limits, even though renal function is considerably impaired. 
Meat consumption and various drugs as well as muscle 
GHJUDGDWLRQ� DOVR� DIIHFW� VHUXP� FUHDWLQLQH� OHYHOV�� 5LJRURXV�
rehydration might reduce serum creatinine levels. Serum 
creatinine levels are not sensitive to changes in renal function. 
,QFUHDVH�LQ�VHUXP�FUHDWLQLQH�ZLOO�QRW�EH�VLJQL¿FDQW�XQWLO�UHQDO�
function is reduced by 30 to 60%1,3,7.

Urea is a metabolite of protein metabolism and is excreted by 
WKH� NLGQH\V��(OHYDWHG�XUHD� OHYHOV� LQ� WKH�VHUXP�FDQ� LQGLFDWH�
NLGQH\� IDLOXUH��9DULRXV�H[WHUQDO� IDFWRUV� LQÀXHQFH� WKH�DPRXQW�
of urea in serum apart from kidney function, such as liver 
metabolism and the amount of protein ingested. Catabolic 
state, gastrointestinal bleeding, and steroid therapy may 
increase serum urea levels. In case of dehydration, the kidneys 
increase the absorption of urea from the tubules, thereby 
increasing serum levels. Urea levels decrease in the event 
of liver failure, malnutrition and volume overload. Therefore, 
DQ� LQFUHDVH� LQ�XUHD� OHYHOV�DORQH� LV�QRW�VXI¿FLHQWO\� LQGLFDWLYH�
RI�UHQDO�IDLOXUH��(OHYDWHG�XUHD�DQG�FUHDWLQLQH�OHYHOV�LQ�VHUXP�
need to compound in order to establish possible kidney failure�. 
Several studies have been conducted with the purpose of 
pinpointing substances in the urine or the serum that might be 
PRUH�VHQVLWLYH�DQG�VSHFL¿F�WKDQ�WKRVH�FXUUHQWO\�XVHG��7KHVH�
substances, however, need to meet certain requirements. They 
must be sensitive enough to detect early damage and also 
QHHG�WR�UHÀHFW�GHWHULRUDWLRQ�RU�LPSURYHPHQW�LQ�UHQDO�IXQFWLRQ��
7KHVH�VXEVWDQFHV�KDYH�WR�EH�VSHFL¿F�LQ�VXFK�D�ZD\�WKDW�RQH�
is able to ascertain the location of the damage within the 
kidney. Moreover, they must be simple and quick to perform, 
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accurate, reliable and inexpensive. However, these efforts 
have not yet yielded adequate results9,10. Studies into Serum 
cystatin C turned out to be a promising marker for evaluation 
of renal function and a more sensitive indicator of impaired 
kidney function than creatinine; serum cystatin C is detected 
earlier than serum creatinine. Cystatin C is a small protein 
SURGXFHG�E\� DOO� QXFOHDWHG� FHOOV� LQ� WKH� ERG\�� LW� UHDGLO\� ¿OWHUV�
through the glomerulus and is broken down in the renal tubule. 
,WV�DFFXPXODWLRQ�VXJJHVWV� LPSDLUHG�JORPHUXODU�¿OWUDWLRQ��7KH�
production of cystatin C is not dependent on age, gender, 
muscular mass or hydration level. It has, however, not been 
evaluated for acutely ill patients and its measurements have 
not become general practice7. 

5LVN�IDFWRUV�IRU�$.,
Certain populations are more vulnerable than others, for 
example patients with impaired renal function due to kidney 
diseases are at greatest risk for AKI. Age-related deterioration 
of renal function normally begins from the age of forty, and can 
be reduced by up to 50% by the age of eighty. Thus, the elderly 
(aged over 65) are also at greater risk3,11. The presence of 
heart failure and chronic hypertension can also be considered 
risk factors. In the case of heart failure, inadequate myocardial 
function may compromise renal perfusion and for those with 
chronic hypertension the blood vessels in the kidneys may 
FRQVWULFW� LQ� RUGHU� WR� FRQWURO� WKHLU� EORRG� ÀRZ�� 7R� FRPSOLFDWH�
matters, these patients are often on antihypertensive drugs 
WKDW�PLJKW�IXUWKHU�UHGXFH�EORRG�ÀRZ�WKURXJK�WKH�NLGQH\V��

Diabetes is known to be a major risk factor for kidney 
failure. Major surgeries, including surgeries that involve a 
temporary clamping of the aorta, as well as use of a heart-
lung machine, are also regarded as major risk factors12,13. 
Intra-abdominal hypertension and abdominal compartment 
syndrome are associated with acute kidney injury at relatively 
ORZ� OHYHOV�RI� LQWUD�DEGRPLQDO�SUHVVXUH��,$3��� ,$3� LV�GH¿QHG�
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as sustained or repeated pathological elevation of IAP  
���� PP+J�� 6XVWDLQHG� HOHYDWLRQ� RI� ,$3� RI� !��� PP+J� LV�
associated with organ dysfunction. For most patients the 
critical IAP at which microcirculatory disturbance is observed is  
���±����PP+J��$EGRPLQDO�SHUIXVLRQ�SUHVVXUH��$33��LV�GH¿QHG�
as the difference between the mean arterial pressure (MAP) 
and the IAP and implies that as the IAP rises the perfusion of 
organs or vessels in or near the abdomen falls, even in the 
absence of a drop in MAP. In patients with IAP efforts should 
EH�PDGH�WR�PDLQWDLQ�$33������PP+J14. 

(YLGHQFH� VXJJHVWV� D� OLQN� EHWZHHQ� SRVLWLYH� SUHVVXUH�
ventilation and acute kidney failure. Several mechanisms 
have been proposed to explain the association15. Positive-
pressure mechanical ventilation can markedly affect cardiac 
performance by acting on preload and cardiac output and 
thereby on renal perfusion. Hypercapnia is inversely correlated 
ZLWK�UHQDO�EORRG�ÀRZ��5%)��E\�GLUHFW�DQG�LQGLUHFW�PHFKDQLVPV��
The effects of moderate hypoxemia on renal hemodynamics 
are less understood but severe hypoxemia (PaO2 < 40 mmHg) 
causes renal vasoconstriction and vascular resistance leading 
WR�UHQDO�K\SRSHUIXVLRQ��,Q�DGGLWLRQ�WR�DOWHULQJ�5%)�PHFKDQLFDO�
ventilation can alter renal function through the release of 
SUR� LQÀDPPDWRU\� F\WRNLQHV�� /XQJ� SURWHFWLYH� SURFHGXUHV�
can, on the other hand, reduce hemodynamic changes and 
LQÀDPPDWRU\�PHGLDWRUV�15,16. 

Sepsis is a common cause of acute renal failure in the ICU. 
About 19  % of those suffering from moderate sepsis and 
about 51% of those diagnosed with septic shock are likely to 
suffer acute kidney failure. The causes of acute kidney failure 
in sepsis are often not only due to decreased arterial blood 
pressure and induction of vasoactive hormones, but may 
DOVR� EH� DWWULEXWHG� WR� WKH� UHOHDVH�RI� LQÀDPPDWRU\�PHGLDWRUV��
oxidizing substances, accumulation of white blood cells and 
bacterial toxins, all of which can contribute to cell damage17. It 
is estimated that 4-33% of patients with rhabdomyolysis suffer 



Early Diagnosis and Prevention of AKI

4544

acute kidney injury or failure��. In patients with rhabdomyolysis 
large amounts of myoglobin and other intracellular proteins and 
electrolytes are released into the bloodstream��. Myoglobin 
causes toxicity in tubular cells and can as well block the 
tubules themselves. It is also thought to interfere with blood 
ÀRZ�LQ�WKH�NLGQH\V�E\�KDYLQJ�YDVRFRQVWULFWLYH�HIIHFWV��5DSLG�
dehydration that is often accompanied by rhabdomyolysis 
further increases the risk of renal failure19. 

Contrast media has traditionally been known to cause acute 
renal failure in susceptible patients12. Although the toxicity 
of contrast media is not fully known it appears to be mainly 
associated with ischemia in the renal medulla12. Decreased 
UHQDO�EORRG�ÀRZ�FRLQFLGLQJ�ZLWK�KLJK�SUHVVXUH�WR�HOLPLQDWH�D�
large amount of contrast media causes ischemia and multiple 
tubular damage20. Medical conditions such as hepatorenal 
syndrome and cardiogenic shock are also risk factors for acute 
kidney injury21. Various drugs and hyperosmolar therapeutic 
agents can have nephrotoxic effects by several mechanisms, 
especially if patients have underlying risk factors22. 

3UHYHQWLRQ

+\GUDWLRQ�DQG�YROXPH�ORDGLQJ�

Usually, initial damage to the kidney is caused by ischemia 
and hypoxia or by toxic effects of chemicals on tubular cells1. 
,W�PD\�EH�GLI¿FXOW�WR�DVVHVV�WKH�HIIHFWV�RI�ÀXLG�DGPLQLVWUDWLRQ�
DORQH� LQ� SUHYHQWLQJ� UHQDO� IDLOXUH� DV� ÀXLG� UHSODFHPHQW� LV�
usually part of a comprehensive treatment of patients; it 
has been recognized, however, that intravascular volume 
depletion is an important risk factor for the development of 
acute kidney injury as well as other organ dysfunction23. In 
those with rhabdomyolysis and among predisposed patients 
undergoing cardiac catheterization with intravenous radio-
FRQWUDVW�PHGLD��HDUO\�DQG�DJJUHVVLYH�ÀXLG�UHVXVFLWDWLRQ�DQG�
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SUH�K\GUDWLRQ�KDYH�FOHDUO\�SURYHG�EHQH¿FLDO�WR�SUHYHQW�DFXWH�
kidney injury24,25.

5HFHQWO\��HDUO\�DQG�DJJUHVVLYH�ÀXLG�UHVXVFLWDWLRQ�DQG�XVH�RI�
inotropic medication (early goal-directed therapy) has proven 
to be successful in septic patients to prevent multiple organ 
failure, including acute kidney failure26. In order to avert end-
organ hypoperfusion and the consequent failure of end–organ 
function, important preventive therapy consisting of ensuring 
adequate hydration in the vascular volume expansion, adequate 
FDUGLDF� RXWSXW� DQG� DGHTXDWH� EORRG� ÀRZ�� DUH� UHFRJQL]HG� WR�
be essential2. Where volume replacement is indicated this 
should be in a controlled fashion directed by hemodynamic 
PRQLWRULQJ�DV�LPSUXGHQW�XVH�RI�ÀXLGV�FDUULHV�LWV�RZQ�LQKHUHQW�
risk. Several observational studies have demonstrated a 
FRUUHODWLRQ�EHWZHHQ�ÀXLG�RYHUORDG�DQG�PRUWDOLW\�LQ�FULWLFDOO\�LOO�
adults and children with acute kidney injury26. 

Special attention should be paid to careful assessment of 
ÀXLG� EDODQFH� LQ� DOO� SDWLHQWV�� %HGVLGH� H[DPLQDWLRQ�� LQFOXGLQJ�
DVVHVVPHQW� RI� YHQRXV� SUHVVXUH�� FDSLOODU\� UH¿OO� WLPH�� EORRG�
pressure, pulse and postural blood pressure changes should 
EH� SHUIRUPHG�� +RXUO\� XULQH�RXWSXW� DQG� ÀXLG�LQSXW� DQG� DOO�
ÀXLG� ORVVHV�� LQFOXGLQJ� HVWLPDWHG� LQVHQVLEOH� ORVVHV�� GUDLQ�
stoma output and nasogastric losses should be recorded. If 
possible, patients should be weighed daily. Where invasive 
hemodynamic measurements are in place changes in central 
venous pressure or pulse pressure can give clues to volume 
changes. In addition technological devices and functional 
monitoring can add further information about patients’ 
volume status and needs27. The role of colloid compared 
ZLWK�FU\VWDOORLGV�UHPDLQV�XQFOHDU��,Q�WKH�6$)(�VWXG\��D�PXOWL�
centered study of 6997 critically ill patients, the investigators 
IRXQG�QR�GLIIHUHQFH�EHWZHHQ�DOEXPLQ����DQG�VDOLQH�IRU�ÀXLG�
resuscitation in terms of risk of acute renal failure. Although the 
VWDWLVWLFDO�VLJQL¿FDQFH�ZDV�QRW�DWWDLQHG��SDWLHQWV�ZLWK�VHYHUH�
sepsis who were given albumin did better than others��. All 
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colloids, such as albumin, gelatins and hydroxyl starch may if 
administered in isolation cause “osmotic nephrosis” (osmotic 
WXEXODU� GDPDJH���%HFDXVH� LVRWRQLF� VDOLQH��5LQJHU� ODFWDWH� RU�
5LQJHU�DFHWDWH�LV�OHVV�H[SHQVLYH�WKDQ�DOEXPLQ��WKH�FRQVHQVXV�
has emerged that isotonic crystalloid solutions should be the 
SUHIHUUHG�ÀXLG�LQ�FULWLFDOO\�LOO�SDWLHQWV��,Q�VRPH�FDVHV�DOEXPLQ�
LV�� KRZHYHU�� FRQVLGHUHG� WR� EH� EHQH¿FLDO� DORQJ�ZLWK� LVRWRQLF�
ÀXLGV26.

+\GUR[\HWK\O� VWDUFK� �+(6�� LV� D� OHVV� H[SHQVLYH� FROORLG�
DOWHUQDWLYH� IRU� DOEXPLQ�� KRZHYHU� +(6� KDV� QHJDWLYH� HIIHFWV�
on coagulation and can cause “osmotic nephrosis” that may 
OHDG�WR�UHQDO�LPSDLUPHQW��$�UDQGRPL]HG�WULDO�FRPSDUHG�+(6�WR�
gelatins and found greater incidence of acute kidney injury with 
+(629��$QRWKHU�VWXG\�FRPSDUHG�+(6��D�ORZ�PROHFXODU�ZHLJKW�
+(6��ZLWK�PRGL¿HG�5LQJHUV� ODFWDWH� IRU� ÀXLG� UHVXVFLWDWLRQ� LQ�
SDWLHQWV� ZLWK� VHYHUH� VHSVLV� DQG� IRXQG� WKDW� WKH� +(6� JURXS�
H[KLELWHG� D� VLJQL¿FDQWO\� KLJKHU� UDWH� RI� DFXWH� NLGQH\� LQMXU\��
7KXV�� LQ� VHSWLF� DQG� FULWLFDOO\� LOO� SDWLHQWV� WKH� XVH� RI� +(6� LV�
contraindicated30. Newer lower molecular weight hydroxyethyl 
starches with lower osmolality are considered less harmful but 
should be used cautiously in patients with pre-existing renal 
LPSDLUPHQW� �GDLO\� GRVH� VKRXOG� QRW� H[FHHG� ��� PO�NJ�GD\�22. 
9ROXPH� WKHUDS\� DORQH� LV� QRW� DOZD\V� VXI¿FLHQW� WR� DOOHYLDWH�
hypotension and maintain renal perfusion; these patients may 
WKHUHIRUH�EHQH¿W�IURP�LQRWURSLF�RU�DQG�YDVRSUHVVRU�WKHUDS\31. 

Drugs

Animal and human studies have shown that reversing 
hypotension with norepinephrine increases diuresis and 
creatinine clearance; whether this is due to an increase in renal 
EORRG� ÀRZ� DQG� WKXV� LPSOLHV� UHQDO� SURWHFWLRQ� LV� XQNQRZQ� 32. 
Several studies and meta-analyses have concluded that 
even though dopamine also increases diuresis and possible 
creatinine clearance it does not protect against AKI1,23.
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Dobutamine and Dopexamine are used to increase cardiac 
output and can thereby increase MAP but controlled clinical 
trials have not shown protective effects on renal function33. 
Vasopressin increases blood pressure and can enhance 
diuresis but has not yet proven to prevent acute kidney injury33. 
6WXGLHV�LQGLFDWH�WKDW�DQ\�0$3������PP+J�PD\�EH�FRQVLGHUHG�
DGHTXDWH�IRU�SDWLHQWV�ZLWK�VHSWLF�VKRFN��DGGLWLRQDO�EHQH¿WV�WR�
renal function have not been observed when target MAP was 
UDLVHG� IURP����PP+J�WR����PP+J��+RZHYHU�� WKRVH�VWXGLHV�
have not involved ICU patients and those with preexisting 
risk factors and comorbidities. For those patients target MAP 
may have to be individually tailored according to premorbid 
blood pressure or to ensure adequate abdominal perfusion  
pressure1,34�� 5DQGRPL]HG� WULDOV� DQG� PHWD�DQDO\VHV� KDYH�
shown that the use of loop diuretics in established renal failure 
does not improve renal function or mortality. They are useful in 
handling volume overload but have not been shown to protect 
or improve renal function nor do they decrease mortality34.

5DGLRFRQWUDVW�PHGLXP�FDQ�FDXVH�QHSKURWR[LFLW\�LQ�VXVFHSWLEOH�
patients. In animal experiments dehydration in conjunction 
with the infusion of radiocontrast medium has been shown to 
increase the incidence of acute kidney injury35. Studies have 
shown that using nonionic, low osmolal or iso-osmolal contrast 
medium in the lowest volume necessary in conjunction with 
adequate volume expansion prior to procedure reduces 
the risk of nephrotoxicity in high risk patients. The use of 
N-Acetylcysteine on a prophylactic basis remains unclear; 
however, with regard to its safety, low cost and possible 
DGYDQWDJHV�LW�KDV�EHHQ�FRQVLGHUHG�EHQH¿FLDO�LQ�FRPELQDWLRQ�
with adequate intravenous hydration in susceptible patients 36. 
In this context early and rigorous hydration has been considered 
vital in preventing or lessening the severity of acute renal injury. 
$�PLQLPXP�XULQH�RXWSXW�JRDO�RI���PO�NJ�K�LV�UHFRPPHQGHG��,Q�
addition to hydration, sodium bicarbonate has been used to 
alkaline urine which serves to decrease cast formation and 
lessen the direct toxic effects of myoglobin. Mannitol has been 
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used to increase urine output and thereby washing myoglobin 
out of the tubule. The effectiveness of combined crystalloid, 
Mannitol and bicarbonate therapy versus that of standard 
crystalloid resuscitation alone in prevention of acute kidney 
injury is debated19.

The complex nature of critical illness often necessitates the use 
of multiple therapeutic agents, many of which may individually 
or in combination have the potential to cause renal injury. 

Aminoglycosides have a well–established nephrotoxicity. 
7KH\� DUH� SULPDULO\� H[FUHWHG� E\� JORPHUXODU� ¿OWUDWLRQ� DQG� DUH�
thought to accumulate in tubular cells where they interfere 
with normal cellular function eventually leading to cell death. 
5LVN�IDFWRUV�IRU�DPLQRJO\FRVLGH¶V�QHSKURWR[LFLW\�DUH�WKH�W\SH�
of aminoglycosides used, high peak serum levels, cumulative 
dose, the duration and frequency of administration and patient 
related risk factors as well as the use of concomitant nephrotoxic 
drugs. Once-daily dosing and appropriate monitoring of drug 
levels are the best way to avoid kidney injury 22,23,37.

Vancomycin in high doses or in combination with other 
nephrotoxic drugs or known risk factors can cause kidney 
injury23�� $QJLRWHQVLQ�&RQYHUWLQJ� (Q]\PH� LQKLELWRUV� DQG�
angiotensin receptor blockers can in circumstances of already 
GHFUHDVHG� UHQDO� EORRG� ÀRZ�FDXVH�DQ�H[DFHUEDWLRQ�RI� DFXWH�
UHQDO� LQMXU\�E\�PRGXODWLQJ� LQWUD�UHQDO�EORRG�ÀRZ�� WKLV�PD\� LQ�
WXUQ�FDXVH�D�GHFOLQH� LQ�JORPHUXODU�¿OWUDWLRQ� UDWH�DQG�D� UDLVH�
of serum creatinine, but the condition usually stabilizes within 
a few days, if not, drug administration must be halted��. 
1RQVWHURLGDO� DQWL�LQÀDPPDWRU\� GUXJV� �16$,'V�� DUH� LQ� PRVW�
circumstances not harmful. However, in cases of reduced 
renal perfusion which is common in critically ill patients the 
inhibitation of prostaglandin-induced vasodilation with the 
XVH�RI�16$,'V�PD\�IXUWKHU�FRPSURPLVH�UHQDO�EORRG�ÀRZ�DQG�
exacerbate ischemic injury��������. Patients with pre-existing 
risk factors and concomitant use of other potential nephrotoxic 
drugs or procedures are vulnerable. 



Acute Kidney Injury (AKI)

5150

Glucose control with intravenous insulin therapy in critically 
ill patients has been shown to improve outcome, including 
a decreased incidence of acute renal failure. This favorable 
UHVXOW� PLJKW� EH� H[SODLQHG� E\� PRGXODWLRQ� RI� LQÀDPPDWRU\�
response 39. 

.H\�SRLQWV
Acute Kidney Injury is often a combination of many factors that 
are harmful to the kidneys. 

(DUO\�GLDJQRVLV�RI�$.,�WKDW�OHDGV�WR�VXSSRUWLYH�UHQDO�FDUH�PD\�
result in full recovery.

In order to prevent AKI a thorough assessment of blood 
SUHVVXUH�� ÀXLG� EDODQFH�� XULQH� RXWSXW� DQG� PDQDJHPHQW� RI�
known risk factors are important. 

It has been demonstrated that serum creatinine and its 
change during acute disease are associated with early and 
late mortality rates, hospital length of stay and hospital costs.

Patients with pre-existing risk factors and concomitant use of 
other potential nephrotoxic drugs or procedures are vulnerable.

5HFHQW� HYLGHQFH� VXJJHVWV� WKDW� PHFKDQLFDO� YHQWLODWLRQ� PD\�
contribute to the pathogenesis of acute kidney injury and 
several mechanisms have been proposed to explain the 
association.

The nature of critical illness often necessitates the use of 
multiple therapeutic agents, many of which may individually or 
in combination have the potential to cause renal injury.
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Introduction

Acute renal failure, also known as Acute Kidney Injury 
(AKI) is a common complication in critically ill adult patients 
LQ� LQWHQVLYH� FDUH�XQLWV�� ,W� LV� GH¿QHG�DV�DQ�DEUXSW� �ZLWKLQ� ���
KRXUV�� UHGXFWLRQ� LQ� NLGQH\� IXQFWLRQ� UHVXOWLQJ� LQ� D� IDLOXUH� WR�
PDLQWDLQ� ÀXLG�� HOHFWURO\WH� DQG� DFLG�EDVH� KRPRHRVWDVLV�� 7KH�
$.,�QHWZRUN�KDV�GH¿QHG� WKH�UHGXFWLRQ� LQ�NLGQH\� IXQFWLRQ�DV�
WKH�SUHVHQFH�RI�DQ\�RQH�RI�WKH�IROORZLQJ1:
�� $Q�DEVROXWH�LQFUHDVH�LQ�VHUXP�FUHDWLQLQH� 
RI�������PJ�GO�1��������PFPRO�O1)

�� $�SHUFHQWDJH�LQFUHDVH�LQ�VHUXP�FUHDWLQLQH� 
RI������������IROG�IURP�EDVHOLQH�

�� A reduction in urine output  
�������PO�NJ1SHU�KRXU�IRU�PRUH�WKDQ�VL[�KRXUV�

'HVSLWH� DGYDQFHV� LQ� WUHDWPHQW�� DQ� HVWLPDWHG� RQH� WKLUG�
RI� SDWLHQWV� LQ� WKH� FULWLFDO� FDUH� VHWWLQJ� GHYHORS� DQ� $.,�. 
$SSUR[LPDWHO\� ��� RI� SDWLHQWV� ZLWK� $.,� ZLOO� QHHG� UHQDO�
UHSODFHPHQW�WKHUDS\���(DUOLHU�VWXGLHV�VXJJHVW�WKDW�WKH�KRVSLWDO�
PRUWDOLW\�IRU�SDWLHQWV�ZLWK�DQ�$.,�UHTXLULQJ�557�LV�XS�WR�����.
)DFWRUV� WKDW�PD\� LQÀXHQFH� WKH� UDWHV� LQFOXGH� WKH� LQFUHDVLQJ�

Learning outcomes

�� 7R�UHYLHZ�$FXWH�.LGQH\�,QMXU\�LQFOXGLQJ�GLDJQRVLV�DQG�
treatment

�� 7R�JDLQ�NQRZOHGJH�RI�&557�DQG�WKH�PRGHV�RI�WKHUDS\�
WKDW�FDQ�EH�XVHG�IRU�FULWLFDOO\�LOO�SDWLHQWV

�� 7R� FRQVLGHU� NH\� LVVXHV� ZKHQ� FDULQJ� IRU� SDWLHQWV�
XQGHUJRLQJ�&557
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DJH�RI�SDWLHQWV�DQG�WKH�H[LVWHQFH�RI�FRPRUELG�FRQGLWLRQV��H�J���
GLDEHWHV��SUHH[LVWLQJ�UHQDO�GLVHDVH��YDVFXODU�GLVHDVH��

0DQDJHPHQW� RI� $.,� LQFOXGHV� PHGLFDWLRQ� PDQDJHPHQW� DQG�
557��5HQDO�UHSODFHPHQW�WKHUDS\�PD\�EH�GRQH�E\�LQWHUPLWWHQW�
KHPRGLDO\VLV� �,+'��� FRQWLQXRXV� UHQDO� UHSODFHPHQW� WKHUDS\�
�&557��� RU� K\EULG� WKHUDS\� �6ORZ� /RZ� (I¿FLHQF\� 'LDO\VLV� ±�
6/('���ZKLFK�DLPV�WR�FRPELQH�,+'�DQG�&557��7KLV�FKDSWHU�
ZLOO�FRYHU�&557�LQ�WKH�DGXOW�LQWHQVLYH�FDUH�XQLW�

2YHUYLHZ�RI�&557
&557� LV� DQ� H[WUDFRUSRUHDO� SURFHVV� WKDW� XVHV� D� SHULVWDOWLF�
EORRG� SXPS� WR� UHPRYH� EORRG� IURP� WKH� DUWHULDO� OXPHQ� RI� D�
FDWKHWHU�� %ORRG� LV� WKHQ� SXVKHG� WKURXJK� D� VHPLSHUPHDEOH�
PHPEUDQH� EHIRUH� EHLQJ� UHWXUQHG� WR� WKH� SDWLHQW� WKURXJK�
WKH� YHQRXV� OXPHQ� RI� WKH� FDWKHWHU�� %ORRG� SXUL¿FDWLRQ�
WDNHV� SODFH� E\� WKUHH� NH\� SURFHVVHV�� GLIIXVLRQ�� FRQYHFWLRQ�
DQG� XOWUD¿OWUDWLRQ5�� 9DVFXODU� DFFHVV� LV� W\SLFDOO\� REWDLQHG�
WKURXJK� WKH� LQWHUQDO� MXJXODU� YHLQ� RU� VXEFODYLDQ� YHLQ� 
 

,QGLFDWLRQV�IRU�&557�
&557� PLPLFV� WKH� IXQFWLRQ� RI� WKH� NLGQH\� E\� D� FRQWLQXRXV�
SURFHVV�RI�UHJXODWLQJ�ZDWHU��HOHFWURO\WHV�DQG�ZDVWHV��7KH�VORZ�
UHPRYDO� RI� ÀXLG�DQG� VROXWHV� LV� DQ� LGHDO� WKHUDS\� IRU� FULWLFDOO\�
LOO� SDWLHQWV� ZKR� DUH� KHPRG\QDPLFDOO\� XQVWDEOH�� 7KH� $FXWH�
'LDO\VLV� 4XDOLW\� ,QLWLDWLYH� �$'4,�� KDV� SURYLGHG� WKH� IROORZLQJ�
LQGLFDWLRQV�IRU�557�6

�� 2OLJXULD�������PO����K�
�� $QXULD�������PO���K�
�� 8UHD�!���PLOOLPROHV�SHU�OLWUH
�� &UHDWLQLQH�!����PLFURPROHV�SHU�OLWUH
�� 3RWDVVLXP�!�����PLOOLPROHV�SHU�OLWUH�RU�UDSLGO\�ULVLQJ
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�� Pulmonary oedema resistant to diuretics
�� 8QFRPSHQVDWHG�PHWDEROLF�DFLGRVLV
�� 6RGLXP������RU�!����PLOOLPROHV�SHU�OLWUH
�� 7HPSHUDWXUH�!���&
�� 8UDHPLF�HQFHSKDORSDWK\��P\RSDWK\��QHXURSDWKLHV��

pericarditis
�� 2YHUGRVH�ZLWK�GLDO\]DEOH�WR[LQ��H�J��/LWKLXP�

7KHUH� KDV� EHHQ� UHFHQW� HYLGHQFH� WR� VXSSRUW� WKH� XVH� RI�
&557� WR� WUHDW� VHYHUH� VHSVLV�VHSWLF� VKRFN� GXH� WR� WKH� DELOLW\�
RI�KHPR¿OWUDWLRQ�WR�UHPRYH�LQÀDPPDWRU\�PHGLDWRUV��$�KLJKHU�
WUHDWPHQW�GRVH�RI����PO�NJ1�KU���RU�JUHDWHU�KDV�EHHQ�VKRZQ�WR�
GHFUHDVH�YDVRSUHVVRU�UHTXLUHPHQWV�LQ�SDWLHQWV�ZLWK�VHSVLV7. 

3ULQFLSOHV�RI�&557
7KH�DLP�RI�&557�LV�ZDWHU�DQG�VROXWH�UHPRYDO��
�� 0HPEUDQHV�� +LJK�HI¿FLHQF\� PHPEUDQHV� DUH� XVHG� LQ�
&557�WR�DFKLHYH�RSWLPXP�ZDWHU�DQG�ZDVWH�UHPRYDO��7KH�
FDSDELOLW\�RI�WKH�PHPEUDQH�LV�GHWHUPLQHG�E\�VXUIDFH�DUHD��
PHPEUDQH�WKLFNQHVV��SRUH�VL]H�DQG�GHQVLW\�DQG�SRWHQWLDO�
WR�DEVRUE�SURWHLQV��

�� :DWHU�UHPRYDO��8OWUD¿OWUDWLRQ�LV�WKH�SURFHVV�ZKHUH�SODVPD�
ZDWHU� DQG� FU\VWDOORLGV� DUH� VHSDUDWHG� IURP� ZKROH� EORRG�
DFURVV� D� VHPL�SHUPHDEOH� PHPEUDQH� �¿OWHU��� 7KLV� LV�
DFKLHYHG�E\�DSSO\LQJ�D�WUDQVPHPEUDQH�SUHVVXUH�JUDGLHQW�
(pump)5.

�� 6ROXWH� UHPRYDO�� &RQYHFWLRQ� LV� WKH�PRYHPHQW� RI� VROXWHV�
XQGHU� SUHVVXUH� WKURXJK� D� PHPEUDQH� DORQJ� ZLWK� WKH�
PRYHPHQW� RI� ZDWHU�� 'LIIXVLRQ� LV� WKH� FUHDWLRQ� RI� DQ�
HOHFWURFKHPLFDO� JUDGLHQW� DFURVV� WKH� PHPEUDQH�� 7KLV�
FDXVHV�WKH�PRYHPHQW�RI�DWRPV�RU�PROHFXOHV�IURP�DQ�DUHD�
RI�KLJKHU�FRQFHQWUDWLRQ�WR�DQ�DUHD�RI�ORZHU�FRQFHQWUDWLRQ5.

�� 5HSODFHPHQW�ÀXLGV��7KH�ÀXLG��XOWUD¿OWUDWH��WKDW�LV�SURGXFHG�
E\�WKH�&557�PDFKLQH�IURP�WKHVH�SURFHVVHV��XOWUD¿OWUDWLRQ��
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FRQYHFWLRQ� DQG� GLIIXVLRQ�� LV� GLVFDUGHG� DQG� QHHGV� WR� EH�
UHSODFHG�E\�EDODQFHG�HOHFWURO\WH�VROXWLRQV�DOVR�NQRZQ�DV�
UHSODFHPHQW� ÀXLG5�� 5HSODFHPHQW� ÀXLGV� LQFOXGH� D� ODFWDWH�
RU� ELFDUERQDWH�EXIIHU�� )OXLG�ZLWK� D� ODFWDWH� EXIIHU� LV� XVHG�
RQ�PRVW�SDWLHQWV��EXW�PD\�ZRUVHQ�PHWDEROLF�DFLGRVLV��7KH�
GHFLVLRQ�UHJDUGLQJ�WKH�XVH�RI�UHSODFHPHQW�ÀXLGV�ZLOO�GHSHQG�
RQ�WKH�ERG\¶V�DELOLW\�WR�FRQYHUW�ODFWDWH�LQWR�ELFDUERQDWH��,Q�
VRPH�FULWLFDOO\� LOO�SDWLHQWV��H�J��VHYHUH�OLYHU�GLVHDVH���WKLV�
LV� QRW� WKH� FDVH� DQG� D� ELFDUERQDWH�EDVHG� ÀXLG� LV� XVHG5. 
5HSODFHPHQW�ÀXLGV�DUH�LQIXVHG�LQWR�WKH�DUWHULDO�VLGH�RI�WKH�
FLUFXLW�EHIRUH�WKH�KHPR¿OWHU��D�PHWKRG�FDOOHG�³SUHGLOXWLRQ�
SUH¿OWHU�´�7KH\�PD\�DOVR�EH�LQIXVHG�LQWR�WKH�YHQRXV�VLGH�RI�
WKH�FLUFXLW�DIWHU�WKH�KHPR¿OWHU��D�PHWKRG�FDOOHG�³SRVWGLOXWLRQ�
SRVW¿OWHU�´�%RWK�PHWKRGV�RI�ÀXLG�UHSODFHPHQW�DFKLHYH�WKH�
JRDO�RI�UHSODFLQJ�XOWUD¿OWUDWH�YROXPH�DQG�HOHFWURO\WHV�ZKLOH�
UHPRYLQJ�ZDVWHV�E\�FRQYHFWLRQ�. 

0RGHV�RI�7KHUDS\
�� &RQWLQXRXV� 9HQRYHQRXV� +HPR¿OWUDWLRQ� �&99+�� ±� LV� D�
YHQRYHQRXV� WHFKQLTXH� ZKHUHE\� EORRG� LV� GULYHQ� WKURXJK�
D�KLJKO\�SHUPHDEOH�¿OWHU��7KH�XOWUD¿OWUDWH�SURGXFHG�GXULQJ�
PHPEUDQH� WUDQVLW� LV� UHSODFHG� LQ� SDUW� RU� FRPSOHWHO\� WR�
DFKLHYH� EORRG� SXUL¿FDWLRQ� DQG� FRQWURO� ÀXLG� YROXPH��
&RQYHFWLRQ� DQG� XOWUD¿OWUDWLRQ� DUH� XVHG� WR� UHPRYH�ZDVWH�
products5.

�� &RQWLQXRXV�9HQRYHQRXV�+HPRGLDO\VLV��&99+'��±�:DVWH�
SURGXFWV� DUH� UHPRYHG� E\� GLIIXVLRQ� DQG� XOWUD¿OWUDWLRQ�
GXULQJ�&99+'��'LDO\VDWH�ÀXLG�LV�LQIXVHG�FRXQWHUFXUUHQW�WR�
EORRG�ÀRZ�LQWR�DQ�RXWVLGH�FRPSDUWPHQW�RI�WKH�KHPR¿OWHU��
UDWKHU� WKDQ� EHLQJ� GLUHFWO\� LQIXVHG� LQWR� WKH� EORRG�� 6PDOO�
PROHFXODU�ZHLJKW�ZDVWHV�DQG�HOHFWURO\WHV�PRYH�IURP�WKH�
KLJK�FRQFHQWUDWLRQ� LQ� WKH�EORRG�WR� WKH�GLDO\]LQJ�ÀXLG�DQG�
JHW�UHPRYHG�LQ�WKH�XOWUD¿OWUDWH��'LDO\VDWH�VROXWLRQV�SURYLGH�
D� UDQJH� RI� HOHFWURO\WH� FRPSRVLWLRQV� DQG� WKH� FKRLFH� RI�
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ELFDUERQDWH� RU� ODFWDWH�EDVHG� VROXWLRQV� WR� VXLW� LQGLYLGXDO�
patient needs�.

�� &RQWLQXRXV� 9HQRYHQRXV� +HPRGLD¿OWUDWLRQ� �&99+')��
±�'LIIXVLRQ�� FRQYHFWLRQ� DQG� XOWUD¿OWUDWLRQ� DUH� DOO� XVHG� WR�
UHPRYH�ZDVWHV�DQG�ZDWHU� LQ� WKLV�PHWKRG��'LDO\VDWH�DQG�
UHSODFPHQW�ÀXLGV�DUH�ERWK�XVHG��7KH�JRDO�RI�WKLV�WKHUDS\�
LV�WR�UHPRYH�PLGGOH�PROHFXODU�ZHLJKW�PROHFXOHV�WKURXJK�
FRQYHFWLRQ� DQG� VPDOOHU� PROHFXODU� ZHLJKW� PROHFXOHV�
WKURXJK�GLIIXVLRQ�

'RVH�RI�7KHUDS\
7KH� ÀRZ� UDWH� UHIHUV� WR� WKH� XOWUD¿OWUDWH� SURGXFHG� E\� WKH�
¿OWUDWLRQ� SURFHVV� DV� ZHOO� DV� DQ\� HIÀXHQW� GLDO\VLV� ÀRZ�� 7KH�
ÀRZ� UDWH� LV� D�PDUNHU� RI� VROXWH� FOHDUDQFH� DQG� LV� UHIHUUHG� WR�
DV�WKH�GRVH�RI�557��8OWUD¿OWUDWLRQ� LV�SUHVFULEHG�DFFRUGLQJ�WR�
SDWLHQW¶V�ERG\�ZHLJKW��&XUUHQW�SUDFWLFH� UDQJHV� IURP����±����
PO�NJ�KU��5HFHQW�WULDOV�VXJJHVW�WKHUH�LV�QR�VLJQL¿FDQW�EHQH¿W�WR�
LQFUHDVLQJ�WKH�ÀRZ�UDWH�WR����PO�NJ�KU�RU�JUHDWHU9. Clinicians 
QHHG�WR�FRQVLGHU�WKDW�WKHUH�PD\�EH�D�GLIIHUHQFH�LQ�SUHVFULEHG�
GRVH� DQG� GHOLYHUHG� GRVH� GXH� WR� WKHUDS\� GRZQWLPH� �H�J��
WLPH� LQ���K�SHULRG�ZKHQ�V\VWHP�QRW� UXQQLQJ�GXH� WR�FORWWLQJ��
DFFHVV�SUREOHPV�RU�SUHVFULSWLRQ�HUURUV���7KH�FXUUHQW�JXLGDQFH�
VXJJHVWV�SUHVFULELQJ�D�GRVH�ZLWK�D�VDIHW\�PDUJLQ�WKDW�WDUJHWV�
������PO�NJ�KU�WR�PDNH�VXUH�WKH�µDGHTXDWH¶�GRVH�LV�GHOLYHUHG��.
7KH�LGHDO�WUHDWPHQW�IRU�SDWLHQWV�ZLWK�VHSWLF�VKRFN�DQG�$.,�LV�
FXUUHQWO\�EHLQJ�UHYLHZHG�E\�PXOWL�FHQWUH�WULDOV�

$QWLFRDJXODWLRQ
7KH�SDWLHQW¶V�EORRG�LV�RXWVLGH�WKH�ERG\�DQG�FRPHV�LQ�FRQWDFW�
ZLWK�DUWL¿FLDO� ¿OWHUV�DQG� WXELQJ�GXULQJ�&557��7KLV�FDQ� UHVXOW�
LQ� DFWLYDWLRQ� RI� WKH� FORWWLQJ� FDVFDGH�� $QWLFRDJXODWLRQ� PD\�
XVHG� GXULQJ� &557� WR� UHGXFH� FORWWLQJ� LQ� WKH� KHPR¿OWHU� DQG�
WR�PD[LPL]H� WKH� OLIH�RI� WKH�&557�FLUFXLW�� ,QWHUUXSWLRQV�RI� WKH�
GDLO\� WKHUDS\� GXH� WR� FORWWLQJ� FDQ� VLJQL¿FDQWO\� GHFUHDVH� WKH�
HIIHFWLYHQHVV� RI� WKH� WKHUDS\��� 7KH� FOLQLFLDQ� PD\� FKRRVH� WR�
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SURYLGH�&557�ZLWKRXW�DQWLFRDJXODWLRQ�WKHUDS\�LQ�SDWLHQWV�ZKR�
KDYH�UHFHQWO\�KDG�VXUJHU\��KDYH�VHSVLV�RU�LPPXQRVXSSUHVVLRQ�
RU�KDYH�KHSDWLF�IDLOXUH�RU�WKURPERF\WRSHQLD�

5RXWLQH� PRQLWRULQJ� LV� UHTXLUHG� IRU� SDWLHQWV� UHFHLYLQJ�
DQWLFRDJXODQWV��7KH�PRVW�FRPPRQ�WHVW�XVHG�LV�WKH�DFWLYDWHG�
SDUWLDO�WKURPERSODVWLQ�WLPH��D377��ZLWK�D�WDUJHW�UDQJH�RI�����
���� WLPHV� QRUPDO11�� +HSDULQ� LV� D� ZLGHO\� XVHG� DQWLFRDJXODQW��
2WKHU� RSWLRQV� LQFOXGH� ORZ� PROHFXODU� ZHLJKW� KHSDULQ�� GLUHFW�
WKURPELQ�LQKLELWRUV��$UJDWUREDQ�DQG�/HSLUXGLQ���3URVWDJODQGLQV�
�(SRSURVWHQRO���DQG�6RGLXP�FLWUDWH�SOXV�FDOFLXP�

&DUH�,VVXHV
�� )OXLG�0DQDJHPHQW�±�3DWLHQWV�UHFHLYLQJ�&557�DUH�XVXDOO\�
ROLJXULF�� DQXULF� DQG� SRWHQWLDOO\� YROXPH� RYHUORDGHG�� 7KH�
KRXUO\� XOWUD¿OWUDWH� YROXPH� UHPRYHG� ZLOO� GHSHQG� RQ� WKH�
KRXUO\� ÀXLG� EDODQFH� FDOFXODWLRQ� DQG� DVVHVVPHQW� RI� WKH�
SDWLHQW¶V� YROXPH� VWDWXV�. )OXLG� PDQDJHPHQW� LQFOXGHV�
KRXUO\�FDOFXODWLRQ�RI�WKH�SDWLHQW¶V�LQWDNH��H�J��,9�LQIXVLRQV��
PHGLFDWLRQV�� IHHGV�� RUDO� LQWDNH�� DQG� QRQ�&557� V\VWHP�
RXWSXW��HJ�XULQH��EORRG�ORVV��ÀXLG�ORVV�IURP�GUDLQV���&557�
ÀXLG� UHPRYDO� LV� FDOFXODWHG�EDVHG�RQ� WKH�SDWLHQW¶V�KRXUO\�
ÀXLG�EDODQFH��7KH�JRDO�RI�&557�LV�XVXDOO\�WR�UHGXFH�ÀXLG�
RYHUORDG�VR� FOLQLFLDQV� VKRXOG� FRQVLGHU�ZD\V�RI� UHGXFLQJ�
ÀXLG�LQWDNH�DQG�FRQFHQWUDWH�PHGLFDWLRQV�DQG�LQIXVLRQV�WR�
PLQLPL]H�ÀXLG�LQWDNH�.

�� $FFHVV�DQG�LQIHFWLRQ�±�7KH�LQVHUWLRQ�VLWH�UHTXLUHV�UHJXODU�
REVHUYDWLRQ� �DW� OHDVW� GDLO\��� $Q� LQWDFW�� FOHDQ� GUHVVLQJ�
VKRXOG� EH� PDLQWDLQHG��$VHSWLF� WHFKQLTXH� PXVW� EH� XVHG�
ZLWK� DOO� SURFHGXUHV�� ,QWHUQDO� MXJXODU� FDWKHWHUV� PD\� EH�
OHIW� LQ�SODFH� IRU�XS� WR� WKUHH�ZHHNV�ZLWKRXW�D�KLJK� ULVN�RI�
EDFWHUDHPLD�� )HPRUDO� FDWKHWHUV� LQ� EHG�ERXQG� SDWLHQWV�
VKRXOG�EH�UHPRYHG�DIWHU�RQH�ZHHN��. 

�� +\SRWKHUPLD�±�3DWLHQW�FRROLQJ�LV�D�FRPSOLFDWLRQ�RI�&557�
GXH�WR�EORRG�EHLQJ�RXWVLGH�WKH�ERG\��DSSUR[LPDWHO\�����
���� P/�� GXULQJ� WUHDWPHQW� DV� ZHOO� DV� KLJK� YROXPH� ÀXLG�
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UHSODFHPHQW�� +\SRWKHUPLD� FDQ� FDXVH� G\VIXQFWLRQ� RI�
FORWWLQJ�IDFWRUV�DQG�SODWHOHWV��DFWLYDWLRQ�RI�¿EULQRO\VLV�DQG�
FDUGLDF�DUUK\WKPLDV��,W�PD\�DOVR�PDVN�VLJQV�RI� LQIHFWLRQ��
7KH�SDWLHQW¶V�WHPSHUDWXUH�LV�PRQLWRUHG�WKURXJKRXW�WKHUDS\�
DQG� ZDUPLQJ� LQWHUYHQWLRQV� DUH� GRQH� ZKHQ� QHFHVVDU\��
6RPH�PDQXIDFWXUHUV�RIIHU�D�EORRG�ZDUPHU� LQ� WKH�FLUFXLW��
2WKHU� LQWHUYHQWLRQV� PD\� LQFOXGH� LQFUHDVLQJ� URRP�
WHPSHUDWXUH�DQG�ZDUPLQJ�EODQNHWV��.

�� 3DWLHQW�WUDQVSRUW�±�3DWLHQWV�PD\�QHHG�WR�OHDYH�WKH�LQWHQVLYH�
FDUH�XQLW�IRU�D�QXPEHU�RI�UHDVRQV��GLDJQRVWLF�SURFHGXUHV��
WHVWV��DQG�WUDQVIHU�WR�RWKHU�XQLWV���7KH�FRQQHFWLRQ�ZLWK�WKH�
&557� V\VWHP� LV� GLVFRQWLQXHG� EHIRUH� WKH� SDWLHQW� OHDYHV�
WKH�XQLW�DQG�WKH�SDWLHQW¶V�EORRG�LV�UHWXUQHG�WR�WKH�SDWLHQW�
E\�ÀXVKLQJ�WKH�EORRG�EDFN�ZLWK�DQ�LVRWRQLF�VDOLQH�VROXWLRQ�. 
0RVW� PDFKLQHV� KDYH� D� UHFLUFXODWLRQ� PRGH� WKDW� LV� XVHG�
ZKLOH� WKH� SDWLHQW� LV� DZD\� DQG� WKHUDS\� FDQ� EH� UHVXPHG�
SURPSWO\�ZKHQ�WKH�SDWLHQW�UHWXUQV�
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.H\�3RLQWV
�� $FXWH�NLGQH\�LQMXU\�LV�D�SRWHQWLDOO\�OLIH�WKUHDWHQLQJ�SUREOHP�

in critically ill adult patients.
�� &557�SURYLGHV� D� FRQWLQXRXV� SURFHVV� IRU� UHPRYLQJ� ÀXLG�
DQG�VROXWHV�DQG�LV�DQ�LGHDO�WKHUDS\�IRU�FULWLFDOO\�LOO�SDWLHQWV�
ZKR�KDYH�$.,�DQG�DUH�KHPRG\QDPLFDOO\�XQVWDEOH�

�� 7KH�FKRLFH�RI�WKHUDS\�GHSHQGV�RQ�WKH�SDWLHQW¶V�XQGHUO\LQJ�
GLVHDVH�SURFHVV��GHJUHH�RI�$.,��ZKDW�QHHGV�WR�EH�UHPRYHG�
IURP�WKH�SODVPD�DQG�FDUGLRYDVFXODU�VWDELOLW\��

�� &XUUHQW� JXLGDQFH� VXJJHVWV� SUHVFULELQJ� D� GRVH� ZLWK� D�
VDIHW\�PDUJLQ�WKDW�WDUJHWV�������PO�NJ�KU�WR�PDNH�VXUH�WKH�
µDGHTXDWH¶�GRVH�LV�GHOLYHUHG�

�� $QWLFRDJXODWLRQ�PD\�XVHG�GXULQJ�&557�WR�UHGXFH�FORWWLQJ�
LQ� WKH� KHPR¿OWHU� DQG� WR� PD[LPL]H� WKH� OLIH� RI� WKH� &557�
circuit.

�� )OXLG�PDQDJHPHQW�LV�DQ�LPSRUWDQW�FDUH�LVVXH�WKDW�UHTXLUHV�
FORVH�PRQLWRULQJ�DQG�GRFXPHQWDWLRQ�

�� 9DVFXODU�DFFHVV�VLWHV�VKRXOG�EH�PRQLWRUHG�DQG�NHSW�FOHDQ�
DQG�GU\�ZLWK�DQ�LQWDFW�GUHVVLQJ�

�� +\SRWKHUPLD� LV� D� FRPPRQ� HIIHFW� RI� &557�� 0HDVXUHV�
VKRXOG�EH�WDNHQ�WR�NHHS�WKH�SDWLHQW�QRUPRWKHUPLF�
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5HIHUHQFHV

1. 0HKWD�5/��.HOOXP�-$��6KDK�69��0ROLWRULV�%$��5RQFR�&��:DUQRFN�'*��
/HYLQ�$��$FXWH�.LGQH\�,QMXU\�1HWZRUN��UHSRUW�RI�DQ�LQLWLDWLYH�WR�LPSURYH�
outcomes in acute kidney injury. &ULWLFDO�&DUH�����������5���

��� 2VWHUPDQQ�0��&KDQJ�5:��$FXWH�NLGQH\� LQMXU\� LQ�WKH� LQWHQVLYH�FDUH�
XQLW�DFFRUGLQJ�WR�5,)/(��&ULWLFDO�&DUH�0HGLFLQH���������������±���

��� 8FKLQR�6��.HOOXP�-$��%HOORPR�5��HW�DO��$FXWH�UHQDO�IDLOXUH�LQ�FULWLFDOO\�LOO�
SDWLHQWV��D�PXOWLQDWLRQDO��PXOWLFHQWHU�VWXG\��-$0$���������������±��

��� %DJVKDZ�60��/DXSODQG�.%��'RLJ�&-��0RUWLV�*��)LFN�*+��0XFHQVNL�
0��*RGLQH]�/XQD�7��6YHQVRQ�/:��5RVHQDO�7��3URJQRVLV�IRU�ORQJ�WHUP�
VXUYLYDO�DQG�UHQDO�UHFRYHU\�LQ�FULWLFDOO\�LOO�SDWLHQWV�ZLWK�VHYHUH�DFXWH�
UHQDO�IDLOXUH��D�SRSXODWLRQ�EDVHG�VWXG\��&ULWLFDO�&DUH�����������������

5. %HOORPR�5��5RQFR�&��$Q�LQWURGXFWLRQ�WR�FRQWLQXRXV�UHQDO�UHSODFHPHQW�
WKHUDS\��,Q��%HOORPR�5��%DOGZLQ�,��5RQFR�&��*ROSHU�7��HGV��$OWDV�RI�
+HPR¿OWUDWLRQ��/RQGRQ��:%�6DXQGHUV�������������

6. %HOORPR�5��5RQFR�&��.HOOXP�-$�HW�DO��$FXWH�UHQDO�IDLOXUH²GH¿QLWLRQ��
RXWFRPH� PHDVXUHV�� DQLPDO� PRGHOV�� ÀXLG� WKHUDS\� DQG� LQIRUPDWLRQ�
WHFKQRORJ\�QHHGV��WKH�6HFRQG�,QWHUQDWLRQDO�&RQVHQVXV�&RQIHUHQFH�
RI� WKH�$FXWH�'LDO\VLV�4XDOLW\� ,QLWLDWLYH� �$'4,��*URXS��&ULWLFDO�&DUH�
���������5���±���

7. +RQRUH�30��-DPH]�-��:DXWKLHU�0��HW�DO��3URVSHFWLYH�HYDOXDWLRQ�RI�VKRUW�
WHUP�� KLJK�YROXPH� LVRYROHPLF� KHPR¿OWUDWLRQ� RQ� WKH� KHPRG\QDPLF�
FRXUVH� DQG� RXWFRPH� LQ� SDWLHQWV� ZLWK� LQWUDFWDEOH� FLUFXODWRU\� IDLOXUH�
UHVXOWLQJ�IURP�VHSWLF�VKRFN��&ULWLFDO�&DUH�0HGLFLQH���������������±
�����

��� 'LUNHV�6��+RGJH�.��&RQWLQXRXV�5HQDO�5HSODFHPHQW�7KHUDS\� LQ� WKH�
$GXOW�,QWHQVLYH�&DUH�8QLW��+LVWRU\�DQG�&XUUHQW�7UHQGV��&ULWLFDO�&DUH�
Nurse����������������

9. 5LFFL�$��3ROLWR�$��3ROLWR�$��5RQFR�&��7KH�LPSOLFDWLRQV�DQG�PDQDJHPHQW�
of septic acute kidney injury. 1DW��5HY��1HSKURO������������������

���� 9DQ�:HUW�5��)ULHGULFK�-2��6FDOHV�'&��:DOG�5��$GKLNDUL�1.-��+LJK�
GRVH�UHQDO� UHSODFHPHQW� WKHUDS\� IRU�DFXWH�NLGQH\� LQMXU\��6\VWHPDWLF�
UHYLHZ�DQG�PHWD�DQDO\VLV��&ULWLFDO�&DUH�0HGLFLQH����������������
�����

11. 2XGHPDQVYDQ� 6WUDDWHQ� +0�� :HVWHU� -3�� GH� 3RQW� $&�� 6FKHW]�
05�� $QWLFRDJXODWLRQ� VWUDWHJLHV� LQ� FRQWLQXRXV� UHQDO� UHSODFHPHQW�
WKHUDS\��FDQ� WKH�FKRLFH�EH�HYLGHQFH�EDVHG"� ,QWHQVLYH�&DUH�0HG��
�����������±����



Continuous Renal Replacement Therapy Programme in ICU

65��

���� 2OLYHU��0�HW� DO��5LVN� RI� EDFWHUDHPLD� IURP� WHPSRUDU\� KDHPRGLDO\VLV�
FDWKHWHUV�E\�VLWH�RI�LQVHUWLRQ�DQG�GXUDWLRQ�RI�XVH��D�SURVSHFWLYH�VWXG\��
.LGQH\�,QWHUQDWLRQDO����������������������

���� %DOGZLQ�,��(OGHUNLQ�7'��%ULGJH�13��1XUVLQJ�PDQDJHPHQW�FRQFHSWV�IRU�
&557�LQ�,&8��,Q��%HOORPR�5��%DOGZLQ�,��5RQFR�&��*ROSHU�7��HGV��$OWDV�
RI�+HPR¿OWUDWLRQ��/RQGRQ��:%�6DXQGHUV�������������
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Acute Kidney Injury (AKI)

6968 Introduction

One of the management options for patients who develop 
Acute Kidney Injury is Renal Replacement Therapy, be it 
continuous renal replacement therapy (CRRT) or intermittent 
haemodialysis (IHD)1. Access to the vascular system is 
required prior to the initiation of RRT, and this is achieved 
through the insertion of a Central Venous Catheters (CVCs) 
into the femoral vein or one of the upper body’s central veins.

Central Venous Catheters 

Non-tunnelled CVCs are known as short term, temporary, 
non cuffed or acute catheters. Short term femoral catheters 
should be replaced at least every 7 days while upper body 
catheters can be replaced every two to three weeks or as per 
local policy 1. In circumstances where patients require RRT for 
a period greater than two to three weeks, consideration should 
be given to using a tunnelled CVC1. Tunnelled catheters are 

Learning outcomes

�� 7R� LGHQWLI\� WKH� YDULRXV� W\SHV� DQG� GHVLJQV� RI� FHQWUDO�
YHQRXV�FDWKHWHUV�WKDW�FDQ�EH�XVHG�IRU�UHQDO�UHSODFHPHQW�
WKHUDS\��557��LQ�SDWLHQWV�ZLWK�$FXWH�.LGQH\�,QMXU\��$.,�

�� 7R� GHPRQVWUDWH� DQ� XQGHUVWDQGLQJ� RI� WKH� GLIIHUHQFH�
EHWZHHQ�QRQ�WXQQHOOHG�DQG�WXQQHOOHG�&9&V

�� 7R�GLVFXVV�WKH�QXUVLQJ�FDUH�RI�SDWLHQWV�SUH��GXULQJ�DQG�
DIWHU�&9&�LQVHUWLRQ�DQG�UHPRYDO

�� 7R�H[SORUH�WKH�GLIIHUHQW�QXUVLQJ�VWUDWHJLHV�WKDW�PD\�EH�
XVHG�WR�SUHYHQW�&9&�UHODWHG�LQIHFWLRQV
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often referred to as long term, chronic, permanent or cuffed 
catheters2. Associated problems with CVCs are increased 
mortality risk and high morbidity due to infection, thrombosis 
and stenosis2, 3. 

7\SHV�DQG�GHVLJQ

There are various designs of CVCs such as:
�� Single or dual lumen catheters;
�� Single catheter with dual lumen and multiple side holes;
�� Catheter that is stepped whereby the artery and venous 

tips are staggered;
�� Split catheter where the artery and venous tips are not 

next to each other; 
�� Catheter with two single lumen catheters inserted into the 

same vein4.

A dual lumen CVC is the catheter of choice for patients with 
AKI. As CVCs are manufactured in various lengths, when 
selecting a catheter it is important to consider the length of the 
host vein. For example, a catheter length of 20cm is generally 
required for a right internal jugular vein, whilst a catheter length 
of 24cm is required for the left internal jugular vein1.

:KHQ�D�IHPRUDO�YHLQ�LV�XVHG��HYLGHQFH�IURP�UHVHDUFK�¿QGLQJV5 
suggests that catheters of at least 24cm in length produce 
PRUH� IDYRXUDEOH� ÀRZV�ZKHQ� FRPSDUHG� WR� FDWKHWHUV� VKRUWHU�
than 20cm. Non-tunnelled CVCs consist of polyurethane or 
semi rigid polyurethane while tunnelled CVCs are made from 
silicone6. 

Insertion sites

The CVC insertion site is essentially patient dependent. 
+RZHYHU��LQ�SDWLHQWV�ZLWK�$.,�ZKR�DUH�FULWLFDOO\�LOO��FRQ¿QHG�WR�
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bed, and who may have cardiac failure, respiratory failure, or 
bleeding tendencies, the femoral vein is commonly used. 

The preferred insertion sites, where possible, are:
�� Right internal jugular vein
�� Left internal jugular vein
�� Right or left external jugular vein
�� Femoral vein

Due to the high risk of venous stenosis, the subclavian vein is 
not recommended in patients who may require, at a later date, 
the formation of permanent vascular access1, 2, 7. 

CVC insertion
A non-tunnelled CVC is inserted into the vein over a guide wire 
via a needle placed in either the femoral vein or one of the 
upper body’s central veins. The CVC is secured by suturing it 
to the skin just outside the exit site. For patients with AKI, in 
emergency cases, non-tunnelled catheters can be inserted at 
the bedside. In contrast, a tunnelled CVC is percutaneously 
tunnelled from the vein insertion site to a distant exit site and 
KHOG� LQ�SRVLWLRQ�E\�D�FXII� WKDW� LV�DI¿[HG� WR� WKH�FDWKHWHU��7KH�
presence of the cuff acts as an anchor and a barrier to bacteria 
at the exit site, preventing bacteria migrating down the tunnel. 
,W� LV� DOVR� DI¿[HG� WR� WKH� VNLQ� E\� VXWXUHV��ZKLFK� DUH� UHPRYHG�
7-14 days post insertion8. CVCs inserted into the femoral vein 
can be used immediately while those inserted into upper body 
central veins can only be used post chest x-ray. 

For both non-tunnelled and tunnelled CVC insertion a clean 
environment is required. Although a radiological intervention 
laboratory is preferable, given the critical nature of patients 
with AKI, this may not always be feasible. CVC insertion 
should be performed by trained senior personnel using strict 
asepsis. If the patient’s condition permits, the Trendelenberg 
position should be used for the insertion of catheters in upper 
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body central veins, with real time ultra sound guidance used 
to assist cannulation of the vein. Fluoroscopy guidance, which 
is used for the insertion of tunnelled CVCs into upper body 
ODUJH�FHQWUDO�YHLQV��FRQ¿UPV�WKDW�WKH�FDWKHWHU�WLS�LV�LQ�WKH�ULJKW�
atrium. A post insertion chest x-ray is required for upper body 
CVCs8. Pre and post procedure nursing responsibilities are 
outlined in tables 1 and 2.

3UH�&9&�,QVHUWLRQ�1XUVLQJ�5HVSRQVLELOLWLHV�

�� Admit the patient according to local policy
�� Assess the patient’s understanding of the procedure
�� Provide education on CVC nursing care
�� Ensure informed consent for the procedure is obtained
�� Ensure appropriate blood samples are obtained and 

reviewed prior to the procedure. These encompass:
ஈ Full blood count, serum biochemistry, virology, and 

coagulation screen

�� Assess and review all patient medication e.g. 
anticoagulants

�� Document all known allergies
�� Obtain and document vital signs
�� Shower or bed bath the patient prior to the procedure
�� Educate the patient on the Trendelenberg position and 

Valsalva manoeuvre, where relevant
�� Prepare a clean, safe, and comfortable environment

Table 1: Pre CVC Insertion Nursing Responsibilities
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3RVW�&9&�,QVHUWLRQ�1XUVLQJ�5HVSRQVLELOLWLHV

�� ,QWHUQDO�MXJXODU�YHLQ��UDGLRORJLFDO�FRQ¿UPDWLRQ�RI�FRUUHFW�
CVC placement by chest x-ray must be documented 
prior to use

�� Femoral vein: may be used immediately after insertion
�� Monitor the patient as per local policy
�� $VVHVV�WKH�&9&�VLWH�IRU�LQÀDPPDWLRQ��EUXLVLQJ��EOHHGLQJ�

or pain
�� Instruct the patient to report any abnormalities e.g., 
GLI¿FXOW\�EUHDWKLQJ

�� Monitor the patient post procedure for signs and 
symptoms of possible complications and take 
appropriate action to deal with any events that may 
occur

�� Document all nursing care as per local policy
�� 'R�QRW�FKDQJH�WKH�GUHVVLQJ�XQOHVV�WKH�VLWH�LV�LQÀDPHG��

sore, or if there is exudate. If bleeding occurs, apply a 
pressure dressing, and change the dressing 24 hours 
after bleeding ceases

�� Observe site daily for signs and symptoms of infection 
�� Ensure that the site is kept covered with a sterile 

dressing
�� Educate the patient regarding the signs and symptoms 

of infection, and to alert nurse to any irregularities 
promptly

Table 2: Post CVC Insertion Nursing Responsibilities12

It is recommended that non-tunnelled femoral catheters, due 
to the potential for infection and femoral vein thrombosis, are 
removed and replaced on a weekly basis, and, where possible, 
replaced by upper body access1. Non-tunnelled upper body 
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CVCs should be replaced every 2-3 weeks or as indicated by 
local policy1.

The CVC can be locked between dialysis treatment using 
either heparin9 or an antimicrobial lock solution such as 
trisodium citrate10. CVC manufacturing guidelines will indicate 
the lumen volumes to be used when locking the CVC at the 
end of each dialysis treatment. 

CVC Care and Management 
Patients dialysed using a CVC have a 41% higher risk of 
infection related death when compared to patients using an 
DUWHULR�YHQRXV�¿VWXOD3. Given the high risk of infection, CVC 
manipulations should be conducted by trained nursing staff. 
Table 3 outlines nursing activities that reduce the risk of CVC-
related infections.

3UHYHQWLRQ�RI�&9&��5HODWHG�,QIHFWLRQ

x�Reserve the CVC for CRRT or IHD only
x� Implement strict hand hygiene measures in accordance 

with local and national infection control policies
x�Undertake frequent assessment of the CVC and exit 

site. To include:
o Status of sutures
o Observation of skin for signs of infection at exit site
o If a tunnelled CVC was inserted assess for signs of 

tunnel infection
o Assess skin around the exit site for signs of skin 

reaction to the antiseptic cleansing solution or 
dressing used to cover the CVC exit site

o Assess catheter clamps and lumens for signs of tape 
residue, breakage and malfunction
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x�Endorse meticulous CVC and exit site care. To 
encompass:
o Strict aseptic technique, incorporating the use of 

sterile gloves, for CVC connecting, disconnecting and 
dressing procedures. The use of masks will be guided 
by local policy

o Antiseptic cleansing of the catheter caps, hubs, exit site 
and surrounding skin. While international guidelines 
recommend the use of chlorhexidine gluconate, they 
differ in what strength of chlorhexidine gluconate 
should be used. NKF-K/DOQI(2) and epic 2 guidelines 

(15)( recommend 2% in 70% isopropyl alcohol while the 
Centre for Disease Control(16) recommends a strength 
greater than 0.5%. Given the difference in opinion, 
practitioners should be guided by local policy 

o Use of topical antimicrobial ointments, where 
indicated, as per local policy guidelines

o Protection of CVC exit site by application of a dry 
gauze dressing or a transparent semi-permeable 
polyurethane dressing 

x�Utilise CVC care bundles

Table 3: Prevention of CVC- Related Infection 2,8,15,16

3RWHQWLDO�&RPSOLFDWLRQV�RI�&9&�,QVHUWLRQ

Evidence based practice must be utilised to minimise 
complications and close monitoring of the patient is required 
to ensure prompt treatment and minimise adverse patient 
outcomes11. The potential complications of CVC insertion 
can be divided into immediate and delayed complications12. 
Immediate complications are numerous and include:
�� Air embolism 



Vascular Access for HD and CRRT

7574

�� Nurses must closely observe for the development of an 
air embolism. If an air embolism is suspected place the 
patient in the Trendelenberg position as this reduces the 
risk of air embolism as venous pressure is higher than 
atmospheric pressure. Place the patient on left side and 
administer oxygen13. 

�� Pneumothorax/Haemothorax
�� After the insertion of the CVC into one of the upper body’s 

large central veins a chest x-ray is preformed to detect for 
the development of a pneumothorax (a collection of air in 
the pleural cavity) or haemothorax (a collection of blood 
in the pleural cavity). If either complication is detected the 
patient may require the insertion of a chest drain2,12. 

�� Haemorrhage
�� The CVC exit site must be observed for post insertion 

haemorrhage or the development of a haematoma (a 
collection of blood in the tissues from a leaking blood 
vessel). If an arterial puncture is observed, pressure must 
be placed on the CVC for 15 minutes in conjunction with 
medical review12,14. 

�� Pericardial tamponade
�� This is impairment of heart function due to effusion or 

haemorrhage. 
�� Cardiac arrhythmia 
�� This may occur if the catheter or wire is inserted too far 

into the right ventricle. 

The delayed complications of CVC insertion include infection. 
Observe the CVC exit site for redness, ooze, tenderness or 
pain, swelling around the catheter or in the neck or arm. Close 
observation of the patient’s vital signs is required in order to 
observe for signs of infection e.g., pyrexia and tachycardia. 
7KURPERVLV� �REVWUXFWLRQ� RI� EORRG� ÀRZ� E\� D� EORRG� FORW�� RU�
stenosis (abnormal narrowing) of the host vein may present 
with oedema of the neck or arm, requiring thrombolytic therapy 
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or angioplasty with stent insertion, respectively1,2,7. Nursing 
responsibilities in relation to removal of non-tunnelled CVCs 
are outlined in Table 4.

5HPRYDO�RI�1RQ�7XQQHOOHG�&9&� 
1XUVLQJ�5HVSRQVLELOLWLHV

x�Catheter should be removed if:
o Infection is suspected
o Catheter malfunctioning
o No longer in use

x�Prior to removal of CVC:
o Assess the patient’s understanding and provide 

education on the procedure
x�Ensure appropriate blood samples are obtained and 

reviewed prior to the procedure. These encompass:
o Full blood count, serum biochemistry, virology, and 

coagulation screen
o Assess and review all patient medication e.g. 

anticoagulants
o Obtain and document vital signs
o Educate the patient on the Trendelenberg position 

and Valsalva manoeuvre (for catheters that are 
placed in one of the upper body’s central veins)

o Education the patient on the post CVC removal 
nursing care

x�The nurse removing the CVC must be competent and 
remove the non-tunnelled CVC as per local policy

x�Removal of CVC:
o Prepare a safe, clean, and comfortable environment
o Place the patient in the Trendelenberg position (if 

tolerated)
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o Clean the site before removal of the CVC to prevent 
a false positive result if the catheter tip is to be sent 
for culture

o Ensure the lumens are clamped prior to removal
o Ensure that the sutures holding the CVC in place are 

removed
o Apply gauze over the site. If the patient’s catheter 

is in an upper body central vein instruct the patient 
to perform the Valsalva manoeuvre and remove the 
CVC. This is to minimise the risk of air embolism

o If clinically indicated send the distal 5 cm of the CVC 
for culture and sensitivity

o 7KH�SDWLHQW�PXVW�UHPDLQ�O\LQJ�ÀDW�DQG�GLUHFW�SUHVVXUH�
is applied to the site until bleeding stops

o Apply a sterile dressing to the removal site
x�Monitor the patients’ vital signs and observe site for 

bleeding as per local policy.
x� Instruct patient to report any abnormalities e.g. 

shortness of breath, chest tightness or bleeding 
x�Document non- tunnelled CVC removal and any follow 

up treatment required 

Table 4: Removal of Non-Tunnelled CVC - Nursing Responsibilities12

Conclusion 
RRT is a key component of patient management in AKI. 
Patients with AKI require a functioning vascular access prior to 
RRT initiation. Non-tunnelled CVCs provide immediate access 
to the venous system. Evidence based nursing management 
of CVCs is imperative to ensure that the complications of CVC 
insertion are minimised and patient outcomes are maximised.
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.H\�SRLQWV

�� Non-tunnelled CVCs (short term, temporary, non cuffed or 
acute catheters) are inserted to ensure vascular access is 
achieved to facilitate RRT.

�� CVCs require evidence based nursing care to ensure 
patients do not develop immediate or delayed complications 
from CVC insertion or removal.

�� 6SHFL¿FDOO\�WUDLQHG�FRPSHWHQW�UHQDO�QXUVHV�DUH�HVVHQWLDO�
in reducing the risk of patients developing CVC-associated 
infections.



Vascular Access for HD and CRRT

7978

5HIHUHQFHV
1. The UK Renal Association. Clinical Practice Guidelines, Acute 

Kidney Injury, 5th Edition, Final Version. Available on line from http://
www.renal.org/Libraries/Guidelines/Acute_Kidney_Injury_-_Final_
9HUVLRQB��B0DUFKB�����VÀE�DVK[, accessed on 14th October 2011; 
2011.

2. NKF K/DOQI. Clinical practice guidelines and clinical practice 
recommendations 2006 updates: Vascular access. New York. 
Retrieved from http://www.kidney.org/professionals/kdoqi/pdf/VA_
guideline.pdf on 31st January 2011: National Kidney Foundation2006.

3. Astor B, Eustace J, Powe N, Klag M, Fink N, Coresh J. Type of vascular 
access and survival among incident hemodialysis patients: the 
Choices for Healthy Outcome in Caring for ESRD (CHOICE) Study. 
-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�RI�1HSKURORJ\. 2005;16(5):1449-
55.

4. Levy J, Morgan J, Brown E. Oxford Handbook of Dialysis, 2nd Edition. 
Oxford Oxford University Press; 2004.

5. Uldall R. Vascular acccess for renal replacement therapy. 6HPLQDU�LQ�
'LDO\VLV. 1996;9:93-7.

6. Vijayan A. Vascular access for continuous renal replacement therapy. 
6HPLQDU�LQ�'LDO\VLV .2009;22(2):133-6.

7. Vanholder R, Canaud B, Fluck R, Jadoul M, Labriola L, Marti-Monros A, 
et al. Diagnosis, prevention and treatment of haemodialysis catheter-
related blood stream infections (CRBSI), a position statement of 
European Renal Best Practice (ERBP). 1'7SOXV. 2010;3:234-46.

8. McCann M, Einarsdottir H, Van Waeleghem J, Murphy F, Sedgwick J. 
Vascular access management III: Central Venous Catheters. Journal 
RI�5HQDO�&DUH. 2010;36(1):25-33.

9. Ashley C. The Renal Drug Handbook. 3rd Edition. Oxford: Radcliffe 
Publishing; 2009.

10. O’Horo J, Germana L, Nasia Safdar A. Anti-Infective Locks for 
Treatment of Central Line-Associated Bloodstream Infection: A 
systematic Review and Meta-Analysis. $PHULFDQ� -RXUQDO� RI�
1HSKURORJ\ . 2011;31:415-22.

11. Daugirdas J, Ing T, Blake P, editors. Handbook of Dialysis. (4th Edition). 
Philadelphia: Lippincott Williams & Wilkins; 2007.

12. Dougherty L, Lister S. The Royal Marsden Hospital Manual of Clinical 
Nursing Procedures. 7th Edition. London: Wiley-Blackwell; 2008.



13. Adam S, Osborne S. Critical Care Nursing: Science and Practice. 2nd 
Edition 2nd Edition. ed. Oxford: Oxford University Press; 2009.

14. Molzahn A, Butera E, editors. Contemporary Nephrology Nursing: 
Principles and Practice. 2nd edition. New Jersey: $PHULFDQ�
1HSKURORJ\�1XUVHV�$VVRFLDWLRQ��$11$�; 2006.

15. Pratt R, Pellowe C, Wilson J, Loveday H, Harper P, Jones S, et al. 
epic2: National evidence based guidelines for preventing healthcare 
associated infections in NHS hospitals in England. -RXUQDO� RI�
+RVSLWDO�,QIHFWLRQ. 2007;65(Suppl 1):S1-S64.

16. Centers for Disease Control and Prevention. Guidelines for the 
prevention of intravascular catheter-related infections, 2011. 
Available on line from http://www.cdc.gov/hicpac/pdf/guidelines/bsi-
guidelines-2011.pdf; 2011 [21st October 2011].



Nutritional 
support  
during  
Acute  
Kidney  
Injury

81



Acute Kidney Injury (AKI)

8382

Introduction

Nutritional support is, especially in Intensive Care Units 
(ICU’s), an important part of care of the critically ill patient. 
Together, with other therapies it helps prevent malnutrition 
during this serious condition and optimises recovery and 
survival outcomes. 

Acute Kidney Injury (AKI) is a clinical syndrome characterized 
by a sudden deterioration of kidney function represented by 
HOHFWURO\WH��DFLG�EDVH�DQG�ÀXLG�LPEDODQFHV��7KH�FDXVHV�IRU�$.,�
are many and related to either ischaemic or toxic events such 
as prolonged hypo perfusion, medication misuse, accidents 
– crushing injuries in extensive parts of the body, cardiogenic 
shock, septic shock, glomerulonephritis, and contrast media.

Clinical and Laboratory Overview

The clinical and laboratory overview of the disease is 
characterized by:
�� Sudden reduction in the amount and quality of the urine 

– the patient may secrete a large volume of urine, but the 
JORPHUXODU�¿OWUDWLRQ� UDWH� �*)5��ZLOO�EH� UHGXFHG�DV� LV� WKH�
ability to excrete toxins of metabolism.

�� Increase in the concentration of serum urea and creatinine.

Learning outcomes

�� 7R�XQGHUVWDQG� WKH�HIIHFWV�RI� FDWDEROLF� DQG�QXWULWLRQDO�
VWDWHV�LQ�WUHDWPHQW�RI�SDWLHQWV�ZLWK�$FXWH�.LGQH\�,QMXU\�

�� 7R�EH�DZDUH�RI�WKH�GLHWDU\�UHFRPPHQGDWLRQV�IRU�SDWLHQWV�
ZLWK�$.,�DFFRUGLQJ�WR�WKH�SDWLHQW¶V�FDWDEROLF�VWDWH
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�� When the patient exhibits oliguria or serious compromise 
of renal function the amount of potassium in blood 
increases5.

�� Lack of appetite, nausea, vomiting, cramp and in extreme 
cases loss of consciousness.

�� )DLOXUH�WR�UHJXODWH�DFLG�EDVH�EDODQFH�ZLOO�DOWHU� WKH�S+�RI�
blood, to compensate for this, patients may hyperventilate.

�� Due to the inability to excrete electrolytes such as 
potassium, there may be signs of cardiac irritability as 
evident through ectopic beats on the cardiac monitor. 

'LHWDU\�7UHDWPHQW
Dietary treatment is affected by the following1,2,5,6.
�� 7KH�FDXVH�RI� WKH�GLVHDVH is important as it affects the 

patient’s catabolic rate.
�� The patient’s catabolic rate determines the 

recommendations for protein and calories increase or 
decrease.

�� 'LDO\VLV� �UHQDO� UHSODFHPHQW� WKHUDS\�� changes the 
recommendations for protein and calories.

There are a number of ways to estimate a patient’s catabolic 
rate. In patients without kidney damage, the most appropriate 
way is to measure the amount of nitrogen secreted in the urine. 
In patients suffering from kidney disease this measurement 
is problematic as some of the patients do not produce urine. 
Despite this, a number of studies relate to this measurement 
as long as the patient is urinating1.

Patients are divided into three groups according to the level of 
nitrogen secreted as urea:
�� Less than 5 g/ day . – non catabolic state
�� 5-10 g/day. – moderate catabolic state
�� Above 10 g/ day. – severe catabolic state
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It should be noted that this measurement is problematic 
since routine urine collection tests for nitrogen level are not 
carried out in the various hospital departments. Therefore 
the patients’ catabolic rate can be routinely determined, 
during their hospitalization, according to daily changes in a 
number of parameters in Table 1, Indicators of Catabolic State 
illustrates the parameters that determine whether a patient is 
in a catabolic or non catabolic condition.

Table 1: Indicators of Catabolic State

Parameter – 
daily increase in 

WKH�EORRG
Catabolic Patient Non-Catabolic 

Patient

Urea Above 60 mg % 20-40 mg %

Creatinine Above 1.5 mg % Below 1.5 mg %

Potassium Above 0.5 mEq/L Below 0.5 mEq/L

Sodium Above 0.5 mg % Below 0.5 mg %

Patients are divided into three groups according to their 
catabolic state, death rate and nutritional prescription2.
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*URXS Catabolic State 'HDWK�
Rate Nutrition

I

Patients in a non catabolic 
state; generally toxic 

medications are the cause 
of the disease in these 

patients. 

20% By mouth  
(P.O.)

II

Patients in a moderate 
catabolic state; generally 
the cause for disease is 

complication after elective 
surgery and infection. 
These patients may be 

treated by dialysis.

Up to 
60%

Usually 
enteral/

parenteral. 
P.O. 

nutrition will 
VXI¿FH�RQO\�
in isolated 

cases.

III

Patients in a severe 
catabolic state; in most 
cases the cause of the 

disease is sepsis, multiple 
organ dysfunction or 

acute respiratory distress 
V\QGURPH��$56'��SDWLHQWV�
may be treated by dialysis.

Up to 
80%

Usually 
enteral /

parenteral 
Nutrition

Dietary Recommendations 

5HFRPPHQGDWLRQV�IRU�&DORULHV�2,3,5,6.

An adequate intake of calories is important in order to prevent 
QXWULWLRQDO� GH¿FLHQFLHV� DQG� PHHW� WKH� ERG\¶V� KLJK� HQHUJ\�
requirements which in some cases are a result of the severe 
catabolic state of most of the patients. The total number of 



Acute Kidney Injury (AKI)

8786

calories recommended for each patient should be based 
according to their corrected nutritional and catabolic state.

A corrected weight should be calculated, according to the 
IROORZLQJ� IRUPXOD��)RU� SDWLHQWV�ZKRVH�ZHLJKW� LV� HTXDO� WR�� RU�
more than, 15% of the ideal weight

Ideal weight + 0.25 x (existing weight –ideal weight) = corrected weight

A corrected weight should be calculated, according to the 
following formula, for patients whose weight is less than 95% 
of the ideal weight for height:

Existing weight + 0.25 x |( ideal weight - existing weight) = corrected weight

The nutritional recommendation for calories is 25-35 calories 
per kilogram of ideal/corrected body weight. It is very important 
not to give more than 130% of the nutritional recommendations 
even in cases of severe catabolic states5.

The nutritional recommendation for calories is determined 
according to the patient’s catabolic state, as follows.
�� Non catabolic state and normal state of nutrition - 25 

calories/kilogram of body weight/corrected weight per day.
�� Moderate catabolic state – 25-30 calories/kilogram of body 

weight/corrected weight per day.
�� Severe catabolic state – 25-35 calories/kilogram of body 

weight/corrected weight per day.

,Q�DOO�FDVHV�LW�LV�UHFRPPHQGHG�WR�VWDUW�IHHGLQJ�DW�WKH�ORZHU�
FDORULF�UDQJH�DQG�JUDGXDOO\�LQFUHDVH�WR�WKH�KLJKHU�UDQJH5

5HFRPPHQGDWLRQV�IRU�3URWHLQ�2, 4, 5.

The nutritional recommendations for protein are also given 
based on the patient’s catabolic state.
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*URXS�,�SDWLHQWV�±�QRUPDO�RU�QRQ�FDWDEROLF�VWDWH
It is recommended that patients are prescribed between 0.6-
0.8 grams of protein per kilogram of given/corrected body 
weight. At the beginning of feeding 0.6 grams of protein per 
kilogram of body weight is given, and the quantity is gradually 
increased in the menu until 0.8 grams/kilogram of body weight. 
In parallel, the level of urea in the blood is monitored. The level 
should be less than 100 mg/dl (at all stages of protein intake)

*URXS�,,�SDWLHQWV�±�PRGHUDWH�FDWDEROLF�VWDWH
It is recommended that patients are prescribed between 0.8-
1.0 grams of protein per kilogram of given/corrected body 
weight. In these patients it is necessary to pay attention to 
the level of urea in the blood. If the patients are being treated 
by one of the types of dialysis, between 1.2 and 1.5 grams/
kilogram of body weight can be given per day.

*URXS�,,,�SDWLHQWV�±�VHYHU�FDWDEROLF�VWDWH
It is recommended that patients are prescribed between 1.0 
and 1.5 grams of protein per kilogram of given/corrected 
body weight. Patients treated with Dialysis (renal replacement 
therapy) should receive at least 1/5 g/kg/day/5.

It is important to note that it was customary to give parenteral 
QXWULWLRQ�WR�*URXS�,,�DQG�,,,�SDWLHQWV��EXW�WKH�FXUUHQW�DFFHSWHG�
approach recognizes the importance of nutrition through the 
digestive system, since this preserves gastric functioning 
and integrity. In studies on animals it has been observed 
WKDW� HQWHUDO� QXWULWLRQ� LQFUHDVHV� WKH� UDWH� RI� SODVPD� ÀRZ� DQG�
improves kidney function2, 5��)RU�SDWLHQWV�ZLWK�$.,�� WKHUH�DUH�
a number of enteral nutrition options which can be prescribed 
EDVHG�RQ�WKH�QHHGV�RI�WKH�LQGLYLGXDO��*XLGHOLQHV�LQGLFDWH�WKDW�
the enteral preparations should provide the recommended 
FDORULH�DQG�SURWHLQ�LQWDNH�LQ�D�PLQLPXP�DPRXQW�RI�ÀXLG�5.
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Fluids

In Acute Kidney Injury patients may either cease producing 
XULQH�RU�WKH�YROXPH�FDQ�EH�VXEVWDQWLDOO\�UHGXFHG��)RU�SDWLHQWV�
with a reduced urine output it is recommended that they should 
KDYH�D�ÀXLG�LQWDNH�EDVHG�RQ�WKH�DPRXQW�RI�XULQH�VHFUHWHG�WKH�
previous day.

Vitamins and Minerals5, 6. 

The levels of water soluble minerals are generally low in the 
patients who , treated by dialysis apart from vitamin C that 
represents an important precursor of oxalic acid, which settles 
in the soft tissue and may cause oxalosis.

It is recommended to add B complex daily, according to the 
following breakdown:
�� )ROLF�DFLG� ����PJ
�� B6 Pyridoxine - 5-10 mg
�� %��5LERÀDYLQ� ��������PJ
�� B12 - 6 mcg

It is not recommended to:
�� *LYH�PRUH�WKDQ�����PJ�YLWDPLQ�&�SHU�GD\��LQFOXGLQJ�IRRG
�� Add vitamins K, E and A

It is necessary to check the levels of selenium and zinc in the 
blood and, if necessary, to supplement these6. Appropriate 
and effective nutritional support improves the patient’s 
conditions reduces duration of ICU stay, decreases mortality, 
incidence of co morbidity and complications. These issues 
DOVR� KDYH� D� SRVLWLYH� LQÀXHQFH� LQ� UHGXFLQJ� WKH� KHDOWK� FRVWV�
and will contribute to a better quality of life and a better body 
endurance for the patients after the hospital discharge.
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.H\�3RLQWV
In determining the nutritional plan for patients in Acute Kidney 
Injury, the following considerations are important:
�� The cause of the disease.
�� The patient’s catabolic measure and nutritional state.
�� Whether or not the patient is undergoing dialysis.
�� 5HFRPPHQGDWLRQ�IRU�SURWHLQ�EHWZHHQ���������J��NJ�RI�ERG\�

weight and 25-35 calories per kilogram of body weight.
�� Method of nutrition –preferably this should be by the oral 

route, where this is not possible either enteral or parenteral 
routes should be considered taking patient safety issues 
into account.
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Introduction

When assessing a critically ill patient with AKI it is essential to 
be aware of the advances made in medicine and technology 
which have taken place over centuries1,2. The second half 
of the 20th century was the cornerstone of this evolution, 
when the therapeutic processes, that remain central to the 
management of critical patients, became available. These ‘four 
SLOODUV¶�RI�FULWLFDO�FDUH�LQFOXGH�DUWL¿FLDO�DLUZD\V�DQG�PHFKDQLFDO�
ventilation, cardiopulmonary resuscitation and coronary care, 
WKH�DUWL¿FLDO�NLGQH\�DQG�WRWDO�SDUHQWHUDO�QXWULWLRQ1. 

It is only in Critical Care Units (CCU) or Intensive Care Unit 
(ICU) where a concentration of technology for diagnostics and 
therapeutics handled by members of the multidisciplinary teams 
is available. In addition, within these environments experts are 
able to respond effectively and quickly to deviations in clinical 
patients parameters and implement appropriate evidence 
based interventions1,2,3. These units are especially created to 
manage multiorgan failure situations, where the risk of death 
is high. Nurses perform clinical decision making and problem 

Learning outcomes

�� 7R�LQWHJUDWH�WKH�FRQFHSWV�RI�WHFKQRORJLFDO�FRPSHWHQFH�
DQG�FULWLFDO�QXUVLQJ�FDUH�

�� 7R� UHFRJQLVH�DQG�UHVSRQG� WR� WKH�QHHGV�RI� WKH�FULWLFDO�
SDWLHQW�DQG�IDPLO\��DV�YLWDO�IRU�WKH�H[FHOOHQFH�LQ�QXUVLQJ�
FDUH�



Meeting the needs of critically ill patients and families

9392

solving as they care for patients with complex, multisystemic 
problems, who may experience rapid deterioration3,4 .

$�FULWLFDOO\� LOO� SDWLHQW�E\�YLUWXH�RI�EHLQJ�GH¿QHG�DV�VXFK�DQG�
cared for in an intensive care setting, is at high risk for actual 
or potential life-threatening health problems4. Consequently 
patients are in need of specialist and skilled nursing and 
medical interventions including the application of technologies 
and pharmacological measures to support them physically 
and emotionally. Arguably, the more unstable patients are, the 
more complex their needs for care will be and this demands that 
the delivery of nursing is skilled, intelligent, compassionate, 
GLJQL¿HG�DQG�SDWLHQW�FHQWUHG1, 4. Importantly, caring for an AKI 
patient and their family is a constant challenge because both 
are confronted with an unexpected and devastating situation 
for which survival outcomes have traditionally being poor. 
Conversely, some of these patients may develop chronic 
conditions that will have a profound impact on their quality of 
life and for their families. Providing individualized emotional 
reassurance is a core skill of nurses who are caring for this 
group of patients and their families which needs to be provided 
during all stages of hospitalisation5.

7HFKQRORJLFDO�FRPSHWHQFH�DQG�QXUVLQJ
When we think about the implications of technological 
advances in caring and nursing, it is particularly important, to 
consider the understanding that while technologies change, 
competence express as caring in nursing does not 6,7. 

Technology in nursing is a means to an end, nothing more 
and, regardless all the constraints generated by the technical 
environment (e. g., environmental noise, offensive light, lack 
of privacy, isolation)8,10 it allows clinical staff to make many 
diagnostic and therapeutic procedures less invasive and more 
comfortable for patients10. Today clinicians have access to 
numerous patient parameters necessary for the monitoring 
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and control of their clinical status. To continuously care for 
critical patients without needing multiple manipulations, 
uncomfortable and sometimes painful, allows to comply with 
the periods of rest and sleep for each patient, usually so 
scarce in the ICUs10,13.

The technology and technological competence must be seen 
DV�HVVHQWLDO� WR� WKH�SURGXFWLRQ�RI�PRUH�HIIHFWLYH�DQG�HI¿FLHQW�
care, and that their use by nurses is congruent with the socio-
political and economic health systems models and, used 
according to their relevance and purpose, may itself be a 
factor of humanization10-13.

Nursing care takes place in nursing situations, the shared lived 
experience in which the caring between nurse and the one 
nursed, enhances personhood” 14. Technological competence 
can be seen as an expression of caring in nursing.

Nursing care in ICU requires high-tech expertise but despite 
technological advances, particularly in modern medical and 
QXUVLQJ�SUDFWLFHV��FRQWLQXH�WR�FKDOOHQJH�GH¿QLWLRQV�RI�SHUVRQ��
always keeping in mind that the focus of nursing care, is the 
person and its family15 . 

&ULWLFDO�FDUH�QXUVLQJ
In ICU's nurses provide care to individuals with a range of 
clinical conditions. This can be a challenge and involves more 
than patient’s appraisal. It is mandatory to include members 
of the patient’s family in all the process in order to provide it’s 
FRQWLQXRXV�LQYROYHPHQW�DQG�WR�¿QG�EHWWHU�FRSLQJ�PHFKDQLVPV�
to deal with the situation16,17.

Nursing practice occurs by building a relation of partnership and 
co-existence and although, non-familiar, nurses, patients and 
family can quickly connect when confronted, simultaneously, 
by the crisis triggered by a devastating disease as AKI in 
the complex, demanding and strange environment of ICU19. 
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Due to this crisis people are more vulnerable and, nurses in 
particular, need to be aware that cultural sensitivity is needed 
to to comfort families and ensure their well being19. Because 
individual responses and values, may vary depending on 
culture, the patient and his family must be supported with 
sensitivity and through acknowledging their individuality20. 
True communication it is more than words; it really comes from 
WKH� KHDUW�� ,W� LV� D� ÀRZ�RI� HQHUJ\� EHWZHHQ� WKH�QXUVH�DQG� WKH�
patient or family2 .

Nurses can achieve this involvement when their practices rely 
on knowledge, experience, practical skills, ethics, intuition, 
caring, human spirit and wisdom; elements that Ashworth 19,20 
considers constituting the “Nursing lens”, that reassures and 
gives security.

Boykin and Schoenhofer in their Theory of Nursing as Caring 
projected a model that serves as a guide for caring in situations 
where technology of high complexity and technological 
support is needed14. The aim of nursing is to nurture persons 
living caring and growing in caring. To truly nurse is to value 
this person in this moment, to form the committed intention 
to care and to communicate that caring effectively is the real 
meaning of being nursed14. Nursing care in high-technology 
settings [critical care nursing] is grounding in two fundamental 
principles: intentionality and knowing which means that all 
humans are caring persons, that to be human is to be called to 
live one’s innate caring nature. Developing and have a deep 
understanding of the full potential of expressing caring is an 
ideal and for practical purposes, is a lifelong process21. 

&ULWLFDO�SDWLHQW�DQG�IDPLO\�QHHGV
Historically, hospitals had restrictive visiting policies limiting 
IDPLO\� YLVLWV� EXW�� RYHU� WLPH�� PDQ\� KRVSLWDO� ÀRRUV�� DQG� HYHQ�
ICUs have liberalized visiting policies22. Liberalizing family 
visitations is an emerging concept in providing a holistic 
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approach to healing. Family members can provide the spiritual 
and emotional support to patients in an unfamiliar situation, 
and they can help give meaning and understanding of the 
experience of illness for the patient10,21.

The hospital is open to families, but the ICU’s are the places 
where these came last. Recognized as placeholders, the 
ICU represent something forbidden, sacred, where it plays 
symbolically the good and the evil, success and failure, life and 
death. Having someone admitted in “intensive care” is reason 
to silences, despair and unspoken words that accompany 
periods of great uncertainty. The fear of asking questions, 
touching on something that harms the patient, to get close to 
him, is associated with the anguish of loss and the silent need 
IRU�UHVSRQVHV��6LQFH�WKH�����V�ZKHQ�+DPSH�¿UVW�DQG��DIWHU�
her Molter and Molter and Leske, in 1983 with their Critical 
Care Family Needs Inventory (CCFNI)23� ¿UVW� JDYH� DWWHQWLRQ�
to the situation and problems of families in ICU, the “needs 
RI�YLVLWRUV�´�IDPLO\�DQG�VLJQL¿FDQW�RWKHUV�KDYH�EHHQ�WKH�DLP�RI�
several studies23,24, placing them in the core of the concerns of 
nurses, along with the patient. 

“Molter’s early examination of family members’ needs led to 
the development of the Critical Care Family Needs Inventory 
which has been used in its original and adapted forms in much 
of the research conducted to date. Family needs are often 
categorized into 5 domains: (1) assurance, (2) proximity, (3) 
comfort, (4) support and, (5) information25.

Most research25, 26 in this area have used it and it is considered 
reliable and consistent of multiple family members. So, we can 
assume that these are the main domains that critical nurses 
must consider in their daily practice to provide excellent care 

Despite advances in medical technology and the increased 
inclusion of families in ICU care, relatives continue to express 
the same needs: honest information, to visit at any time and to 
feel that the healthcare team care about the patient26.
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1XUVLQJ� KDV� PRGL¿HG� LWV� SUDFWLFH�� IURP� D� SDWLHQW�FHQWHUHG�
model to an approach that recognizes the needs of the family 
as inseparable from those of the patient11. An exploratory 
study of nurses’ experiences of caring for family of ICU 
patients refers that caring for families and addressing both 
their emotional and physical needs, places heavy demands 
RQ�QXUVHV��7KHUH� LV�JUHDW� UROH�RI�DPELJXLW\�DQG� UROH�FRQÀLFW�
associated with caring for families with relatives in intensive 
care units11.

Examining the visiting preferences of patients in ICU Gonzalez 
et al 27 concluded that patients value the fact that visitors could 
interpret information for the patients while providing information 
to assist the nurse in understanding them.27 Patients in the 
LQWHQVLYH�FDUH�XQLW�ZHUH�YHU\�VDWLV¿HG�ZLWK�D�YLVLWLQJ�JXLGHOLQH�
WKDW�LV�ÀH[LEOH�HQRXJK�WR�PHHW�WKHLU�QHHGV�DQG�WKRVH�RI�WKHLU�
family members27.

Based in their theory of Nursing As Caring, Boykin and 
Schoenhofer29,conceived a model for relating: a dance, 
represented by an open circle: in this circle each person 
brings his or her way of doing in order to understand what 
really matters to those seeking care and, responding to that 
understanding. In the dance of caring persons, the dancers 
are all the individuals who were part of the multidisciplinary 
care team (family included), but now they are encouraged 
in a way of interact with each other that conveys respect for 
and honoring of person-as-person. In this dance, all dancers 
are valued, respected, and supported in their unique role 
(e.g., nursing, medicine, radiology, family) without issues of 
power and authority restricting their unique contribution to 
the dance29. It is assumed in this model that each dancer is a 
caring person and that each discipline and role is valued.

Adhering to this way of thinking and doing helps to capture 
the hearts and hands of nurses who really are the front line 
LQWHUIDFH�ZLWK�SDWLHQWV�DQG�WKHLU�VLJQL¿FDQW�RWKHUV2.
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.H\�SRLQWV
The more critically ill the patient is, the more likely he or she 
is to be highly vulnerable, unstable and complex, thereby 
requiring intense and vigilant nursing.

Regardless all the constraints generated by the technical 
environment, it also allows to make many diagnostic and 
therapeutic procedures less invasive and more comfortable 
for patients.

1XUVLQJ� KDV� PRGL¿HG� LWV� SUDFWLFH�� IURP� D� SDWLHQW�FHQWHUHG�
model to an approach that recognizes the needs of the family 
as inseparable from those of the patient.
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Introduction
The term acute kidney injury (AKI) is the inability of the kidney 
to maintain water balance, acid-base balance and electrolytes. 
Currently, AKI is characterized by decreased urine output 
(<1ml/kg/h) in parallel with increased urea and creatinine 
levels in blood and other useless metabolic products1. In some 
patients the AKI may be unaccompanied with oliguria but can 
coexist with polyuria.

Epidemiology of AKI in children 
,W�LV�GLI¿FXOW�WR�HVWLPDWH�WKH�WUXH�LQFLGHQFH�DQG�SUHYDOHQFH�RI�
WKH�SDHGLDWULF�SDWLHQWV�ZLWK�$.,�GXH�WR�ODFN�RI�FOHDUO\�GH¿QHG�
diagnostic criteria 2. It is suggested that 8 in 1.000.000 of 
children in the population per year 3 are diagnosed with AKI 
compared to 1 in 5 compared adults1. Mortality rates among 
children with AKI vary widely and depend on the nature of the 
underlying disease, with the highest mortality rates in children 
who develop multi organ failure 4,5,6,7 . The mortality in neonates 
and infants undergoing cardiac surgery for congenital heart 
disease and who subsequently develop AKI is 51%1, while this 

Learning outcomes

�� 7R� XQGHUVWDQG� WKH� HSLGHPLRORJ\� RI� FKLOGUHQ� ZKR�
develop acute kidney injury.

�� 7R�GHPRQVWUDWH�D� WKRURXJK�JUDVS�RI� WKH�PDLQ�FOLQLFDO�
manifestations and complications of the disease for 
FKLOGUHQ�SUHVHQWLQJ�ZLWK�DFXWH�NLGQH\�LQMXU\�

�� 7R�DSSUHFLDWH�NH\�WKHUDSHXWLF�WUHDWPHQW�PRGDOLWLHV�DQG�
the potential for complications.
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is greatly reduced to 3-6% among children with haemolytic 
uremic syndrome7��8VH�RI�VSHFL¿F�ELRPDUNHUV�LQ�HDUO\�VWDJHV�
might reveal a much greater incidence of AKI8. 

Causes for AKI in children

The causes of acute kidney injury in children, are distinguished 
into pre-renal, renal, post- renal 8 and based on the volume of 
urine output, into oliguric and non- oliguric phase 9. This is not 
unlike adults (see Chapter 2). The most common causes for AKI 
in children are mainly related with: renal parenchyma damage, 
inadequate renal perfusion, arterial or venous obstruction of 
the renal vessels and obstruction of the drainage portion of the 
urinary system /track7. 

Pre-renal causes 

Are caused due to a reduced renal blood perfusion either due 
WR�GHFUHDVHG�ÀXLG�LQWDNH��FLUFXODWLQJ�YROXPH���FDUGLDF�RXWSXW�
or as a result of vascular injury: 
�� hypovolaemia from any cause (dehydration, vomiting, 

haemorrhage)
�� osmotic diuresis
�� ÀXLG�ORVV�LQ�WKH�WKLUG�VSDFH�
�� decreased cardiac output 
�� septic shock
�� burns9,10.

Renal causes 

In children these may associated with glomerular or tubular 
injury (ischemic or nephrotoxic) or vascular10: 
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1. Glomerulonephritis 
2. Systemic disease with renal damage 
3. Hemolytic-uremic syndrome 
4. Vasculitides 
5. Henoch-Schonlein purpura
6. Thrombosis of renal artery or vein
7. Metabolic cause 
8. Infections
9. Cancer 
10. Rhabdomyolysis (myoglobinuria)
11. Severe hemolysis (hemoglobinuria)
12. Severe anaphylactic reaction
13. Contrast substance
14. Toxins and heavy metals
15. 1RQ�VWHURLG�DQG�LQWL�LQÀDPPDWRU\�GUXJV
16. Antibiotics (Antimicrobials)
17. Other medication

Post-renal causes 
Due to obstruction in the drainage parts of the urinary  
system11.

1. Bilateral ureteral obstruction or urethral obstruction. 
2. Posterior valve urethra 
3. Congenital obstructive ouropatheia 

All these causes are summarized in the table below.
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Table 1 – Etiology of Acute Kidney Injury in Children 10

Pre-renal/
hypoperfusion Renal/intrinsic Post-renal/

obstruction

ĻIntravascular volume
Hemorrhage post 
surgical, trauma

Severe dehydration
3rd-space loss-sepsis-

capillary leak

Glomerular
Acute 

glomerulonephritis
Immune mediated 

nephropathy

Urethral 
obstruction
Posterior 
urethral 
valves

Ļ(IIHFWLYH�FLUFXODWLQJ�
volume

Cardiac dysfunction
Acute liver failure
Sepsis-associated 

vasolidation

Vascular
Hemolytic-uremic 

syndrome
Malignant 

hypertension
Lupus nephritis

Obstruction 
of solitary 

kidney tract

Ļ5HQDO�EORRG�ÀRZ
Renal artery occlusion 

or stenosis
Angiotensin Converting 
(Q]\PH���LQKLELWRU

Angiotensin II 
Receptor Blocker

Interstitial
Acute interstitial 
nephritis-drug 

related
Pyelonephritis

Ureteral 
obstruction

Nephro- 
lithiasis

Tubular
Acute tubular 

necrosis: 
ischemia-

reperfusion
Toxin/poison 

mediated
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Clinical manifestations of AKI in children 
�� Oliguria or anuria

This is the main clinical manifestation of acute kidney 
disease in children20. The term oliguria refers to the urine 
output of <350ml/24h (<0,5ml/kg/h in children or <1ml/kg/h 
in infants), while anuria is characterized by a urine output 
of less 180ml/24h10,11. Morbidity and mortality rate is lower 
in children that are in non oliguric phase than in children 
who develop oliguria12,15.

Acute kidney injury should be suspected in any dehydrated 
FKLOG�GXH�WR�ÀXLG�GHSOHWLQJ�VWDWHV�OLNH�SURORQJHG�GLDUUKHD�
or vomiting. In children who do not a have a history of 
gastroenteritis then the focus must be on other causes 
of AKI14,16. The history should also focus on the amount 
of urine recently excreted, quality of urinary stream, 
drug intake, evidence of fever, rash, arthropathy, urinary 
symptoms, recent weight and any history of weight loss 
and whether there is family history of renal problems15. 

Another important issue is related with the electrolyte 
imbalance which commonly occurs in critically ill patients 
in combination with other conditions. Children are most 
predisposed to this condition because of their small 
SK\VLFDO�FRPSOH[LRQ��,W�LV�YHU\�GLI¿FXOW�WR�SURSHUO\�SUHVFULEH�
WKH� H[DFW� ÀXLGV� GRVH� LQ� FULWLFDO� VLWXDWLRQV� 15. The most 
FRPPRQ�LPEDODQFH��LQ�WKH�¿UVW�VWDJHV�RI�$.,�LQ�FKLOGUHQ��LV�
related with potassium, a major intracellular ion. Chapter 3 
gives an excellent overview about this issue.

�� Metabolic disorders 
Increase of the urea and creatinine levels due to the 
IXQFWLRQDO�LPSDLUPHQW�RI�WKH�JORPHUXODU�¿OWUDWLRQ�

Metabolic acidosis: when GFR is considerably decreased 
(<50ml/min/1,73 m2) , the ability of the kidney to produce 
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ammonium is also reduced, resulting in retention of 
+��� VXOSKDWH� DQG� SKRVSKDWH� UDGLFDOV� DQG� ¿QDOO\� LQ� WKH�
appearance of metabolic acidosis10,11.

�� Electrolyte imbalance10,11,12

� +\SRQDWUHPLD� �1D�VHUXP� ���P(T�/�� XVXDOO\� GXH� WR�
ÀXLG� UHWHQWLRQ�DQG� UDUHO\�GXH� WR� LQFUHDVHG�1D�� ORVV� LQ�
urine output.

� +\SHUNDOHPLD��PDLQO\�GXH�WR�WKH�IDLOXUH�RI�RI�WKH�NLGQH\V�
to excrete potassium (K+) in urine, but also due to 
the leakage of K+ from the cells as a consequence of 
metabolic acidosis. Disorders of K+ have direct and 
potentially fatal effects on cardiac function. For this 
UHDVRQ��FKLOGUHQ�ZLWK�$.,�VKRXOG�EH�XQGHU�UHJXODU�(&*�
monitoring.

� +\SRFDOFDHPLD��LV�DWWULEXWHG�WR�WKH�K\SHUSKRVSKDWHPLD�
and the impaired production of 1,25-OH-VitD

� +\SHUIRVIDWHPLD�� LV� WKH� LQDELOLW\� RI� WKH� NLGQH\V� WR�
eliminate phosphates.

� +\SHUPDJQHVHPLD��0J����PRYHPHQW�IURP�LQWUDFHOOXODU�
to extracellular space. 

� +\SHUWHQVLRQ�� WKH� WUHDWPHQW� RI� K\SHUWHQVLRQ� LV�
proportional to the level of blood pressure and the 
presence or absence of symptoms10. The child may 
present with hypertensive crisis, vague symptoms, heart 
failure or hypertensive encephalopathy (headache, 
irritability, convulsions). In most cases, hypertension in 
children with AKI is mild and responds to salt restriction 
and oral antihypertensive medication11. 

Management of AKI in Children
Initially, an accurate assessment of the patient’s intravascular 
status (hypervolemia or hypovolaemia) is essential to 
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help guide clinical decisions and treatments. Overall, the 
management of the patient will be dictated by the underlying 
condition of the patient. Key principles in the management of 
a child with AKI include:
�� 0DLQWDLQ�ÀXLG�DQG�HOHFWURO\WH�EDODQFH
�� Treatment of underlying disease
�� Diet, which aims to meet the caloric needs, to reduce the 

intake of potassium, sodium, phosphate, and protein level 
������J�NJ�G���WR�WKH�OLPLWDWLRQ�RI�WKH�DPRXQW�RI�ÀXLGV�JLYHQ�
according to the child’s daily needs11.

�� Cardiovascular monitoring

Bladder catheterization and in more serious situations 
measurement of central venous pressure (CVP) through a 
central vascular catheter will be required.

7KH�K\SRYROHPLF�SDWLHQW
The hypovolemic child shows signs of dehydration and shock. 
7KH�SDWLHQW� QHHGV� LPPHGLDWH� UHK\GUDWLRQ�ZLWK� LY� ÀXLGV��7KH�
preferred solution is NaCl 0.9% (20ml/kg). This dose may be 
repeated two or three times to restore the patient diuresis. The 
kidneys may respond to this method and other methods of 
renal replacement may be avoided.

)OXLG� VWDWXV� RI� WKH� SDWLHQW� LQ� $.,� LV� GLI¿FXOW� WR� DVVHVV�� ,Q�
FKLOGUHQ��ÀXLG�DGPLQLVWUDWLRQ�VR�QHHGHG�LQ�WKH�HDUO\�VWDJHV�WR�
correct hypovolemia, can potentially lead to an overload so 
ÀXLG� EDODQFH�PRQLWRULQJ� LV� RI� XWPRVW� LPSRUWDQFH� WR� SUHYHQW�
hypervolemia.

The hypervolemic patients usually presents oedema, increase 
in body weight possible increase in blood pressure, signs of 
heart failure such as tachycardia and presence of rale sounds 
on auscultation12,15�� 2HGHPD�� GXH� WR� ÀXLG� RYHUORDG� PXVW�
be solved urgently to avoid further severe complications. It 
is used commonly, furosemide (up to 2mg/kg) or Mannitol  
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����������J�NJ���/LPLWDWLRQV�LQ�WKH�GDLO\�ÀXLGV�LQWDNH�LQ����PO�
m2/day are also important as the administration of electrolytes 
according to the laboratory results. It is also important to check 
signs of dehydration and prevention of shock.

Hyperkalaemia 
Particular attention is still needed in the treatment of 
hyperkalemia: usually occurs in the oliguric phase: severe 
hyperkalemia (K+!���P(T�/��� WR� PRGHUDWH� K\SHUNDOHPLD�
(K+ �������P(T�/�� DQG� PLOG� K\SHUNDOHPLD� �. ����� P(T�/��
potassium disorders have immediate and potentially fatal 
effects on cardiac function and children with AKI should be 
XQGHU�FRQWLQXRXV�(.*�PRQLWRULQJ1.

7KH�DSSHDUDQFH�RI�SRLQWHG�7�ZDYHV�LQ�WKH�(&*�LV�RQH�RI�WKH�
¿UVW� OHVLRQV�WKDW�FDQ�EH�GHWHFWHG�RQ�(&*��7KHVH�FKDQJHV�LI�
not corrected, can be followed by the fall of the ST segment 
LQ� WKH�(.*�DQG� WKH�SURORQJDWLRQ�RI� WKH�35�VHJPHQW�DQG�DW�
ODVW�IURP�WKH�ZLGHQLQJ�RI�WKH�456��YHQWULFXODU�¿EULOODWLRQ�DQG�
cardiac arrest)1.

7UHDWPHQW�RI�+\SHUNDODHPLD�
Administration of Kayexalate (1g/kg per mouth or per rectum) 
(mild form). 

In severe hyperkalemia calcium gluconate 10% is used or 
crystalline insuline with glucose. In severe cases the patient 
should be placed on dialysis (continuous or intermittent). 
In patients with severe metabolic acidosis (pH-7) sodium 
bicarbonate is administered but with great caution for 
hypernatremia and water retention.1

In children and in infants there is a wide choice of renal 
replacement therapies, which includes all methods that applies 
to adult patients. However, there are important technical issues 
regarding dialysis in children because of their body weight that 
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can be up to 50 times smaller. In addition, some methods have 
VSHFL¿F�LQGLFDWLRQV�DQG�FRQWUDLQGLFDWLRQV�LQ�FKLOGUHQ17.

5HQDO�5HSODFHPHQW�7KHUDSLHV�
Continuous renal replacement therapies appear to be the 
appropriate treatment for patients with AKI complicated by 
different clinical problems and other critical situations. In 
children patients with AKI and other organ system failure, or 
LQ�SDWLHQWV�ZLWK�D�VHSWLF�V\QGURPH��KLJK�YROXPH�KHPR¿OWUDWLRQ�
may be indicated.

The selection of the appropriate replacement therapy should 
be individualized and depends on the overall clinical picture, 
the treatment goals, the expertise, and the institutional 
resourses2. 

Dialysis 
Indication for dialysis treatment 

1. Urea levels >200mg/dl in conjunction with symptoms such 
as nausea, vomiting, hyper excitability, drowsiness(clinical 
uraemia).

2. Hyperkalaemia or heavily hyponatremia and acidosis not 
responding to standard treatment.

3. 6LJQL¿FDQW� ÀXLG� UHWHQWLRQ� DQG� VLJQV� RI� FRQJHVWLYH�
circulatory failure/pulmonary oedema or severe 
hypertension not responding to treatment.

4. Removal of nephrotoxic agents.

Acute Peritoneal Dialysis (PD)
This is a simple method universally accepted which is losing 
JURXQG� FRPSDUHG� WR� FRQWLQXRXV� KHPR¿OWUDWLRQ� HVSHFLDOO\� LQ�
the highly sophisticated units. There are no guidelines as to 
adequacy of the PD in AKI. 
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Advantages of PD
1. It does not require specialized equipment or technical 

expertise.
2. It does not need special vascular intervention.
3. 7KHUH� LV�QR�QHHG� WKH�FLUFXLW� WR�EH�¿OOHG�ZLWK�EORRG�DQG�

anticoagulation. 
4. The hemodynamic instability is unusual.

The surgical insertion of catheter (type Tenckhoff) is preferred 
and in emergency situations an acute peritoneal catheter may 
be used. Initially a solution with the lowest glucose concentration 
is used (1.36%) 10-20ml/kg(300-600ml/m2) with cycles of 
RQH�KRXU�GXULQJ� WKH�¿UVW���K���ZKHQ� WKH�HQWLUH�F\FOH�VKRXOG�
last ½ hour the method is facilitated by means of automatic 
change machine (cycler) which reduces the workload of the 
nursing staff and the repeated interventions in the catheter) 
and gradually increase the volume up to 800-1000ml/m2. 
Attention should be given to hyperglycaemia which can lead to 
K\SHURVPRVLV�DQG�WR�UHGXFH�¿OWUDWLRQ5,16. Prophylactic dose of 
cefuroxime 125mg/L for 48 h and heparin should be added to 
the bag solution in order to avoid complications of the method.

Complications of the method 
�� /HDNDJH�RI�SHULWRQHDO�ÀXLG
�� Obstruction of the peritoneal catheter
�� Peritonitis

Acute Dialysis (AD)
Acute dialysis applies when the PD is contraindicated due to 
intra abdominal pathology (recent surgery, abdominal hernia, 
omphalocele and gastroshisis) or respiratory limitations. Acute 
dialysis in infants and small children requires experience and 
WHFKQLFDO� H[SHUWLVH� DQG� DGHTXDWH� VL]H� RI� ¿OWHUV�� EORRGOLQHV�
and vascular catheters15. In very small patients (<5kg) may 
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QHHG� WR� ¿OO� WKH� FLUFXLW� ZLWK� EORRG� RU� KXPDQ� DOEXPLQ� ��� ���
�NJ��� 7KH� VPDOO� VL]H� RI� WKH� SDWLHQW� DOORZV� WKH� HI¿FLHQW� DQG�
rapid clearance of solutes (e.g. ammonia) where appropriate, 
but careful approach is needed because too rapid osmotic 
changes can precipitate the occurrence of seizures. There are 
¿OWHUV�DYDLODEOH�LQ�D�YDULHW\�RI�VL]HV��VXLWDEOH�IURP�QHZERUQV��
LQIDQWV�WR�ODUJH�DGROHVFHQWV��7KH�FKRLFHV�DW�YHU\�VPDOO�¿OWHUV�
are limited16.

Continuous renal replacement (SCUF, CVVH, CVVHD, 
CVVHDF)
These techniques do not differ from those in adults (SCUF, 
CVVH, CVVHD, CVVHDF) and the same vessels are used but 
VPDOOHU�FDWKHWHUV�DQG�¿OWHUV��7KH�SXUSRVH�RI�WKH�FRQWLQXRXV�LV�
that the patient is cleared 12-24 hours18 and the hemodynamic 
stability is not affected as in the intermittent treatments with 
WKH� IRUFLEOH� UHPRYDO� RI� H[FHVV� ÀXLG�� 3UHUHTXLVLWH� IRU� WKH�
proper function of the operating system, is the choice of the 
VXLWDEOH�VL]H�RI� WKH�¿OWHUV�� OLQHV�DQG�YDVFXODU�FDWKHWHUV��7KH�
vessel of choice is the femoral vein, followed by the internal 
jugular and the subsclavian vein with the use of catheter in 
DGHTXDWH� VL]H� LQ� RUGHU� WR� DFKLHYH� DGHTXDWH� EORRG� ÀRZ�� ,Q�
LQIDQWV�FDWKHWHUL]DWLRQ�RI� WKH�YHVVHO� LV�RIWHQ�GLI¿FXOW��/LPLWHG�
IDFWRU� UHPDLQV� WKH�PDLQWHQDQFH� RI� WKH� DGHTXDWH� EORRG� ÀRZ�
in the vascular access in the small vessels of children. The 
FLUFXLW�PXVW�FRQWDLQ� OHVV� WKDQ�����RI� WKH� WRWDO�EORRG�ÀRZ�RI�
WKH�SDWLHQW��7KH�SURSRVHG�EORRG�ÀRZ�LQ�WKH�V\VWHP�LV����PO�
NJ�PLQ��,I�WKHUH�DUH�ÀRZ�SUREOHPV��WZR�GLIIHUHQW�FDWKHWHUV�PD\�
EH� XVHG� LQ� GLIIHUHQW� SRVLWLRQV�� 7KH� ORZ� EORRG� ÀRZ�� WKH� KLJK�
hematocrit and the high protein in blood may pose problems in 
the proper functioning of the system17.
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Table 2- Age, type of catheter and choice of vessel for Hemodialysis 1

Age of the 
patient 7\SH�±VL]H�RI�FDWKHWHU�  Vessel 

Newborn Single-lumen 5 Fr (COOK) Femoral artery 
or vein

 Dual-Lumen 7.0 French

(cook/medcomp)

Internal-external 
jugular
Subclavian or 
femoral vein

3-6 Kg Dual-Lumen 7.0 French

(cook/medcomp)

Internal-external 
jugular
Subclavian or 
femoral vein

 Triple-Lumen 7.0 Fr

(medcomp, arrow)

Internal-external 
jugular
Subclavian or 
femoral vein

6-30 Kg Dual-Lumen 8.0 French 

(kendall, arrow)

Internal-external 
jugular
Subclavian or 
femoral vein

>15-Kg Dual-Lumen 9.0 French

(medcomp)

Internal-external 
jugular
Subclavian or 
femoral vein

>30 Kg Dual-Lumen 10.0 French

(arrow, kendall)

Internal-external 
jugular
Subclavian or 
femoral vein

Acute kidney injury is a serious life-threatening condition in 
FKLOGUHQ��7KH�UHFRJQLWLRQ�LQ�WKH�HDUO\�VWDJH�DQG�WKH�LGHQWL¿FDWLRQ�
RI� ULVN� IDFWRUV��FDQ�FRQWULEXWH�VLJQL¿FDQWO\� WR� LPSURYHG� ORQJ�
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term outcomes. The recovery stage of the renal function may 
take several months. Children who develop acute kidney injury 
(acute renal failure) recover renal function either partially or 
completely or can develop end-stage renal disease17.

Children with AKI and multi organ failure must be cared for in 
pediatric ICUs . Reversible conditions that lead to acute kidney 
injury such as dehydration, shock, infection or obstruction in 
the urinary tract should be treated immediately and guided 
by appropriate evidence based interventions18. Technological 
progress has allowed dialysis to be used with great certainty 
even in young infants. The therapeutic interventions are based 
RQ�JXLGHOLQHV�LQ�RUGHU�WR�KDYH�EHWWHU�HI¿FDF\�LQ�WKH�WKHUDSHXWLF�
techniques. 

Key points 
,W�LV�GLI¿FXOW�WR�HVWLPDWH�WKH�WUXH�LQFLGHQFH�DQG�SUHYDOHQFH�RI�
the paediatric patients with AKI in the early stages. 

Mortality rates among children with AKI are connected with the 
underlying disease especially multi organ failure.

Reversible conditions that lead to acute kidney injury such as 
dehydration, shock or infection should be treated immediately 
and drastically. 

The selection of the appropriate replacement therapy should 
be implemented urgently to avoid drastic consequences in the 
future.
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Introduction
As described earlier in this handbook, AKI is a clinical 
syndrome denoted by an abrupt decline (over days to a 
IHZ� ZHHNV�� LQ� JORPHUXODU� ¿OWUDWLRQ� UDWH� �*)5�� VXI¿FLHQW� WR�
decrease the elimination of nitrogenous waste products (urea 
and creatinine) and other uraemic toxins1. The multifactorial 
aetiology of AKI, combined with the rapid onset, poses a 
unique challenge to the nurse in terms of managing both the 
root cause and the resultant kidney failure. The focus of this 
chapter is to outline the key principles of nursing care for the 
patient with AKI. The opening sections of this chapter will 
examine patient assessment and investigations in AKI. The 
core components of care will then be addressed, emphasising 
the role of the nurse in enhancing the patient experience. 

Assessment of the patient with AKI
The kidneys perform a wide variety of physiological functions2, 
encompassing the excretion of nitrogenous end products 
of protein metabolism, water and electrolyte homeostasis, 
control of blood pressure, acid-base balance, erythropoiesis, 
conversion of vitamin D to its active metabolite, and excretion 

Learning outcomes

�� 7R�RXWOLQH� WKH�NH\�FRPSRQHQWV�RI�DVVHVVPHQW� IRU� WKH�
SDWLHQW�ZLWK�DFXWH�NLGQH\�LQMXU\��$.,��

�� 7R�GHVFULEH�WKH�IXQGDPHQWDO�SULQFLSOHV�RI�QXUVLQJ�FDUH�
IRU�WKH�SDWLHQW�ZLWK�$.,�

�� 7R�GLVFXVV�WKH�UHODWLYH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�
RI�FU\VWDOORLG�DQG�FROORLG�ÀXLG�UHVXVFLWDWLRQ�
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of drugs and toxins3. Consequently, the effects of AKI are 
systemic, and impact on all of the major bodily organs. The 
assessment process is thus fundamental to establishing an 
accurate and comprehensive patient history4.

The literature denotes that the initial assessment of the 
patient with AKI should be conducted simultaneously with the 
management of any life threatening features e.g. hypotension, 
shock, respiratory failure, hyperkalaemia5. Subsequent 
management should focus on identifying the cause of the renal 
insult and the needs generated by that cause3. Table 1 depicts 
the key components of assessment for the patient with AKI.

Table 1: The key components of assessment for the patient with AKI

(see next page)
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With reference to Table 1, a detailed patient assessment is 
imperative in identifying the AKI cause and individual care 
priorities. Assessment will generate a unique set of clinical 
requirements that must be taken into consideration to prevent 
permanent renal damage or death5.

,QYHVWLJDWLRQV�IRU�$.,
In addition to a detailed patient assessment (Table 1), a 
series of laboratory investigations are required. Blood and 
urine testing are crucial to the management of AKI, in aiding 
diagnosis, monitoring AKI severity, and evaluating response 
to interventions7. Table 2 outlines the laboratory investigations 
for AKI.

Table 2: Laboratory investigations for AKI

7HVW ,QGLFDWLRQ�DEQRUPDOLW\

Urine testing
�� Urine dipstick

�� 5HG�FHOO�FDVWV�RQ�
microscopy

�� Mid-stream urine 
for microscopy, 
culture, and 
sensitivity

�� Bence Jones 
protein

�� Haematuria and proteinuria 
suggests glomerular disease 

�� *ORPHUXODU�GLVHDVH�

�� Urinary tract infection 

�� Monoclonal light chain mediated 
disease
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%ORRG�WHVWV
�� Serial electrolytes, 

creatinine, and urea, 
including review of 
historical reports

�� Venous plasma 
bicarbonate

�� Arterial blood gasses
�� C-reactive protein
�� Creatine kinase
 

�� Calcium
 

 

�� Phosphate

�� Liver function tests
 

�� Albumin

�� )XOO�EORRG�FRXQW�DQG�
¿OP

�� Coagulation 

�� Blood cultures
�� Lactate 

dehydrogenase
�� Anti-neutrophil 

cytoplasmic antibody 
(ANCA)

�� Identify kidney failure
 
 

�� Acidosis 

�� Metabolic acidosis
�� ,QÀDPPDWLRQ�DQG�LQIHFWLRQ
�� 5KDEGRP\RO\VLV��D�UDSLG�

breakdown of skeletal muscle 
due to injury to muscle tissue)

�� Ĺ�FDOFLXP�±�P\HORPD��
hyperparathyroidism, 
sarcoidosis, malignancy, renal 
calculi, iatrogenic 
Ļ�FDOFLXP�±�DGYDQFHG�FKURQLF�
kidney disease (CKD), 
rhabdomyolysis 

�� Ĺ�SKRVSKDWH�±�UKDEGRP\RO\VLV��
advanced CKD

�� Suspected multi-organ 
involvement or abnormal 
coagulation

�� Suspected nephrotic 
syndrome, multi-organ disease

�� Anaemia, infection, haemolysis 
 

�� Septicaemia, disseminated 
intravascular coagulation

�� Septicaemia 
�� Tissue infarction, haemolysis 

�� 5DSLGO\�SURJUHVVLYH�
JORPHUXORQHSKULWLV��53*1�
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�� Anti-glomerular 
basement 
membrane (anti-
*%0��DQWLERG\

�� Antinuclear 
antibodies (ANA)

�� Complement 
components (C3, 
C4)

�� Cryoglobulins
�� Serum uric acid
�� Serum protein 

electrophoresis
�� Anti-streptolysin O 

titre (ASOT)
�� Virology

�� 53*1
 
 

�� Systemic lupus erythematosus 
(SLE)

�� Decreased concentrations 
in SLE, endocarditis, and 
cryoglobulinaemia 

�� Cryoglobulinaemia
�� Urate nephropathy
�� Myeloma 

�� Post-streptococcal 
glomerulonephritis

�� Hepatitis B & C, human 
LPPXQRGH¿FLHQF\�YLUXV

5HIHUHQFH��/DPE�DQG�'HODQH\�������7.
*See Appendix 1 for reference ranges 

)XUWKHU� WR� WKH� ODERUDWRU\� LQYHVWLJDWLRQV� IRU� $.,�� LPDJLQJ�
(chest and abdominal x-rays, renal ultrasonography) and 
electrocardiography facilitate diagnosis3. A kidney biopsy 
is reserved for cases where ultrasonography has excluded 
obstructed kidneys and the renal sizes are maintained (small 
kidneys indicate long standing disease and kidney biopsy is 
unlikely to change management)7. 

7KH�IXQGDPHQWDO�SULQFLSOHV�RI�QXUVLQJ�FDUH�IRU�WKH�SDWLHQW�
with AKI
Irrespective of the aetiology, the goals of nursing care for the 
patient with AKI encompass:

i 5HVROXWLRQ�RI�WKH�$.,
ii 5HVXPSWLRQ�RI�QRUPDO�NLGQH\�IXQFWLRQ�DQG�XULQH�RXWSXW�
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)XUWKHU� WR� DGGUHVVLQJ� WKH� SULPDU\� GLVRUGHU�� FDUH� IRFXVHV�
RQ� FRUUHFWLQJ� ÀXLG� DQG� HOHFWURO\WH� LPEDODQFHV�� PDLQWDLQLQJ�
optimal nutritional status, preventing infection, preserving 
skin integrity, and educating and supporting the patient and 
family���. The latter is discussed in detail in Chapter 8 of this 
handbook.

��� )OXLG� PDQDJHPHQW� 7KH� QXUVH� DVVXPHV� D� SLYRWDO� UROH�
LQ� WKH� DVVHVVPHQW� RI� ÀXLG� VWDWXV� LQ� RUGHU� WR� GHWHUPLQH�
if the patient is hypo- or hypervolaemic8. The signs and 
symptoms of hypo- and hypervolaemia are summarised in 
Table 3.

7DEOH����7KH�VLJQV�DQG�V\PSWRPV�RI�ÀXLG�YROXPH�LPEDODQFHV

+\SRYRODHPLD� 
�ÀXLG�YROXPH�GH¿FLW�

+\SHUYRODHPLD� 
�ÀXLG�YROXPH�H[FHVV�

�� Dry skin and mucous 
membranes, decreased 
skin turgor

�� Weight loss
�� 1HJDWLYH� ÀXLG� EDODQFH�
�ÀXLG� RXWSXW� H[FHHGLQJ�
ÀXLG�LQWDNH�

�� Hypotension, orthostasis
�� Tachycardia
�� Absence of jugular venous 
SUHVVXUH��-93��DW���Û

�� 5DLVHG�KDHPDWRFULW

�� Oedema
 

�� Weight gain
�� 3RVLWLYH�ÀXLG�EDODQFH��ÀXLG�
LQWDNH�H[FHHGLQJ�ÀXLG�
output)

�� Hypertension 
�� Bradycardia
�� 5DLVHG�-93

�� Decreased haematocrit 
as a consequence of 
haemodilution 

�� Pulmonary congestion, 
dyspnoea

5HIHUHQFH��/LWZDFN�������9.



Acute Kidney Injury (AKI)

131130

a. )OXLG�UHVXVFLWDWLRQ�LQ�K\SRYRODHPLD

Intravascular volume is a crucial factor in the maintenance 
of organ function. An extensive loss of intravascular 
ÀXLG� WKDW� FDQQRW� EH� FRPSHQVDWHG� IRU� E\� SK\VLRORJLFDO�
regulatory mechanisms leads to maldistribution of 
QXWULWLRQDO� EORRG� ÀRZ�� JHQHUDOLVHG� WLVVXH� K\SR[LD�� DQG�
ultimately multi-organ failure2. Therefore, a fundamental 
task of nursing management is to restore intravascular 
volume to achieve adequate systemic circulation.

This critical situation becomes even more complex in 
patients who develop AKI, which is often induced by 
intravascular hypovolaemia and deterioration in renal 
SURIXVLRQ��$JJUHVVLYH�DGPLQLVWUDWLRQ�RI�LQWUDYHQRXV�ÀXLG�
replacement is the intervention most likely to halt the 
course of AKI10.

There is much debate in the literature with regard to 
ZKLFK�ÀXLG�LV�PRVW�DSSURSULDWH�IRU�YROXPH�UHSODFHPHQW�
in patients with AKI2�� ,QWUDYHQRXV� ÀXLGV� DUH� JHQHUDOO\�
FODVVL¿HG�DV�FU\VWDOORLGV�RU�FROORLGV��WKH�DGYDQWDJHV�DQG�
disadvantages of which are illustrated in Table 4.

Table 4: The advantages and disadvantages of crystalloids and colloids

$GYDQWDJHV 'LVDGYDQWDJHV
&U\VWDOORLGV  
e.g. 0.9% 
sodium 
chloride, 5% 
dextrose

�� )OXLG�GLVWULEXWHV�
to the tissues 
restoring total 
body water

�� &U\VWDOORLG�ÀXLGV�
will show an early, 
short-lived plasma 
expansion 

�� Overuse can lead 
to peripheral and 
pulmonary oedema

�� Large volumes are 
required to replace 
intravascular losses

�� Crystalloid 
therapy may 
adversely affect 
microcirculatory 
EORRG�ÀRZ�DQG�
oxygenation
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&ROORLGV� 
e.g. albumin, 
whole human 
blood

�� Colloids are 
more effective 
than crystalloids 
at expanding 
circulatory volume

�� The larger 
molecules are 
better retained in 
the intravascular 
space and 
increase osmotic 
pressure

�� Excessive use 
may precipitate 
cardiac failure, 
and pulmonary or 
peripheral oedema

�� Itching
�� Anaphylactic 

reactions

5HIHUHQFH��6XPQDOO�������2.
7KH� VHOHFWLRQ� RI� WKH� W\SH� RI� ÀXLG� WR� EH� XWLOLVHG� LV�
GHSHQGHQW�RQ� WKH�FDXVH�RI� WKH�ÀXLG� ORVV�� WKH�SDWLHQW¶V�
condition, and the preference of the prescribing clinician. 
*HQHUDOO\� LW� LV� DJUHHG� WKDW� FROORLG� VROXWLRQV� DFW� PRUH�
promptly to secure homeostasis, but some studies have 
indicated that crystalloid solutions are adequate for 
volume replacement2.

As nurses are becoming increasingly involved in the 
prescribing of intravenous therapies, an in-depth 
knowledge of the differences between crystalloids and 
colloids (and the advantages and disadvantages of both) 
is imperative to effective patient management.

b. Diuretic therapy in hypervolaemia

A decrease in urine output during the oliguric phase of AKI 
PD\�KDYH�FDWDVWURSKLF�FRQVHTXHQFHV� UHVXOWLQJ� LQ�ÀXLG�
overload, pulmonary oedema, and ultimately respiratory 
distress. Moreover, decreased urine production may 
precipitate hyperkalaemia, hyponatraemia, metabolic 
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acidosis, and uraemia�. Diuretic therapy may be 
introduced if the patient is compromised by excessive 
ÀXLG��ZLWK�D�YLHZ� WR�SURPRWLQJ�GLXUHVLV�DQG�HOHFWURO\WH�
clearance, and thus restoring homeostasis2.

Loop diuretics, e.g. furosemide, act by decreasing the 
amount of sodium, potassium, and chloride reabsorbed in 
the ascending limb of the loop of Henlé. As reabsorption 
of water is passive and water will naturally bind with 
VRGLXP�� WKH� UHWHQWLRQ� RI� VRGLXP� LQ� WKH� ¿OWUDWH� DWWUDFWV�
more water and increases urine volume2.

7KH� UROH� RI� WKH� QXUVH� LQ� ÀXLG� PDQDJHPHQW� LV�
multifaceted, and comprises careful monitoring of the 
SDWLHQW¶V� YLWDO� VLJQV�� FHQWUDO� YHQRXV� SUHVVXUH� �&93���
OHYHO� RI� FRQVFLRXVQHVV�� DQG� ÀXLG� LQSXW�XULQH� RXWSXW4. 
Nonetheless, AKI may be severe enough to warrant 
UHQDO�UHSODFHPHQW�WKHUDS\��557���WKH�UDWLRQDOH�IRU�ZKLFK�
is described in detail in Chapter 5 of this handbook.

2. Metabolic acidosis management
Metabolic acidosis may occur in AKI as a consequence 
of renal inability to secrete hydrogen ions and reabsorb 
bicarbonate ions�. It is diagnosed by a low arterial blood pH 
(<7.35) in conjunction with a reduced serum bicarbonate 
concentration (<24 mmol/l)11. Metabolic acidosis impairs 
cardiac contractility, induces bradycardia, produces 
vasodilatation, and augments hyperkalaemia5. Therefore, 
the reversal of acidosis is of vital importance to the survival 
of the patient.

Treatment options for metabolic acidosis include the 
administration of sodium bicarbonate (either intravenously 
or orally), e.g. add three ampoules (amps) of sodium 
bicarbonate (50 mmol/amp) to one litre of 5% dextrose 
in water solution and administer via a slow intravenous 
infusion, or citrate (orally), e.g. sodium citrate liquid 
preparation (1 mmol of sodium and citrate per millilitre)11.
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The role of the nurse in metabolic acidosis management is 
focused on the evaluation of acidosis-reversing measures, 
and encompasses arterial blood gas analysis12, pulse 
oximetry, oxygen therapy administration (via a face 
mask or nasal cannulae)4, and support of the patient on 
PHFKDQLFDO� YHQWLODWLRQ� LI� VSHFL¿HG�� +RZHYHU�� 557� ZLOO�
usually be required to treat severe acidosis (pH <7.1) in 
oligoanuric patients5 (see chapter 5).

3. Hyperkalaemia management
Severe hyperkalaemia is a medical emergency due to the 
risk for precipitating life threatening cardiac arrhythmias13. 
Consequently, the early recognition and management of 
hyperkalaemia is crucial4.

Hyperkalaemia may be managed by administering insulin 
and dextrose intravenously via a bolus injection or slow 
infusion���. It is pertinent for the nurse to monitor blood 
glucose levels when administering these infusions4, and 
to conduct strict electrocardiograph tracing in order to 
detect potentially fatal arrhythmias5. However, a refractory 
K\SHUNDODHPLD�ZLWK�VHUXP�SRWDVVLXP�!����PPRO�O�ZRXOG�
QHFHVVLWDWH�WKH�LQVWLJDWLRQ�RI�5574.

4. Nutritional management
AKI is associated with accelerated protein catabolism 
that predisposes to negative nitrogen balance and 
uncontrollably high blood urea nitrogen levels�. Protein 
calorie malnutrition is associated with muscle wastage 
and weakness3, and is implicated in the high mortality 
rates observed in patients with AKI4.

The literature denotes that supplementary nutritional 
support, with enteral feeding or total parenteral nutrition 
may enhance nutritional status and majorly contribute 
to the survival of the patient���. The role of the nurse in 
optimising nutritional status in AKI is discussed in detail in 
Chapter 7 of this handbook.
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5. Prevention of infection
Uraemia increases patient susceptibility to infection�, 
which, in turn, is a leading cause of mortality in AKI3. 
Common presentations are pneumonia, urinary tract 
infection, and wound sepsis, the progression of which 
are enhanced by the immunosuppressed condition of 
the patient3. Accordingly, infection prevention and control 
are essential elements of nursing practice in the care of 
patients with AKI.

Infection prevention and control strategies comprise:
�� Utilising a strict aseptic technique in the care of 

peripheral venous lines (e.g. CVP lines, venous 
cannulae), indwelling urinary catheters, and wounds

�� Avoiding indwelling urinary catheters (i.e. in the oliguric 
or anuric patient) and unnecessary invasive monitoring 
procedures

�� Optimising nutritional status
�� Obtaining frequent cultures of sputum, wound swabs, 
DQG� XULQH�� DQG� DFWLQJ� RQ� SRVLWLYH� ODERUDWRU\� ¿QGLQJV�
accordingly e.g. institute antimicrobial therapy

�� Strictly monitoring vital signs (e.g. temperature, pulse 
rate) with a view to detecting early signs of infection 
(e.g. pyrexia, tachycardia)

�� Implementing isolation techniques as indicated (e.g. 
a methicillin-resistant staphylococcus aureus positive 
wound swab) and as per local policy

��� 3UHVHUYDWLRQ�RI�VNLQ�LQWHJULW\
Skin integrity in the patient with AKI may be impaired, 
as a function of uraemia, malnutrition, and immobility�. 
Comprised skin integrity, in combination with oedema, 
predisposes the patient to tissue breakdown and 
potentially skin infection. Consequently, the maintenance 
of skin integrity is a core component of nursing care in this 
patient population.
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Measures to preserve skin integrity encompass:
�� Assess for the uraemic effects on skin integrity e.g. 

pruritis, dryness, ecchymosis, oedema
�� Ensure that skin is clean, dry, and intact in order to 

prevent infection
�� Employ a strict aseptic technique when providing wound 

care
�� Instigate regular pressure area care and pressure relief 

especially if the patient is oedematous

3V\FKRORJLFDO�FDUH�RI�WKH�SDWLHQW�ZLWK�$.,
The experience of acute illness may have extensive and 
enduring consequences for patients14. Studies indicate that 
admission to an acute care environment may be associated 
with psychological distress within the context of anxiety, 
depression, and posttraumatic stress disorder (PTSD)�����. 

7KH� DFXWH� FDUH� HQYLURQPHQW� LV� µZLGHO\� XQIDPLOLDU¶� WR� WKH�
majority of individuals17. The noise, lay-out, machinery, 
technology, and pace of acute care may induce feelings of 
fear and anxiety. Moreover, experiencing a critical illness, its 
concomitant interventions, and being confronted with life and 
death scenarios, combine to create an often highly stressful 
episode14.

Studies also demonstrate that the incidence of PTSD and other 
psycho-affective disorders may be high not only in patients 
but also in relatives following intensive care18,19. Subsequently, 
psychological care constitutes a fundamental component of 
the care afforded to patients and their families in the acute 
care setting. The psychological implications of admission to an 
acute care environment are summarised in Table 5.
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7DEOH����3V\FKRORJLFDO�LPSOLFDWLRQV�RI�DGPLVVLRQ�WR�DQ�DFXWH�FDUH�HQYLURQPHQW

3V\FKRORJLFDO�
LPSOLFDWLRQ 'H¿QLQJ�IHDWXUHV

Delirium �� $Q�DFXWH�FKDQJH�RU�ÀXFWXDWLRQ� LQ�D�
SDWLHQW¶V�PHQWDO�VWDWXV

�� Inattention
�� Disorganised thinking
�� An altered level of consciousness
�� Disorientation
�� Hallucinations
�� Delusions
�� Dreams and nightmares

Anxiety

�� May occur both 
at the point of 
acute illness and 
after discharge

�� May be 
associated with 
D�VSHFL¿F�HYHQW�
e.g. discharge 
from the acute 
care setting to 
a general ward 
(relocation 
stress/transfer 
anxiety)

�� Nervousness
�� 5HVWOHVVQHVV
�� A sense of dread
�� 'LI¿FXOW\�FRQFHQWUDWLQJ
�� Irritability
�� Impatience
�� Being easily distracted
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PTSD

�� Triggered by 
traumatic events 
and may last for 
years after the 
event

�� 5H�H[SHULHQFLQJ�WKH�HYHQW�V��
WKURXJK�QLJKWPDUHV�RU�ÀDVKEDFNV

�� Avoidance of the stimuli associated 
with the event

�� Hyperarousal symptoms e.g. 
hypervigilence, being easily startled 

�� Dissociative symptoms e.g. 
numbing, depersonalisation, 
amnesia 

Depression �� Continual low mood or sadness
�� Hopelessness, helplessness, and 

tearfulness
�� Low self-esteem
�� Loss of motivation/interest in 

everyday activities
�� 'LI¿FXOW\�LQ�PDNLQJ�GHFLVLRQV
�� Suicidal thoughts/thoughts of self-

harm

5HIHUHQFH��3DWWLVRQ�������14; Peris et al. (2011)20.
With reference to Table 5, the psychological implications of 
admission to the acute care environment are multifaceted. 
As psychological factors impact on recovery post acute care 
episode14, it is imperative that nurses, when caring for patients 
with AKI, adequately assess for the presence of psychological 
symptoms and implement appropriate care strategies.

5HVHDUFK� VXJJHVWV� WKDW� SV\FKRORJLFDO� LQWHUYHQWLRQV� KDYH�
the potential to promote recovery from PTSD, anxiety, and 
depression in patients who have experienced critical illness20. 
Interventions such as ensuring good pain control, maintaining 
excellent communication with both families and the patient 
about their situation, and minimising and coordinating 
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interventions so that the patient, where possible, retains some 
control may assist in the management of anxiety14. Similarly, 
counselling strategies such as active listening, the use of open 
and closed questions, and paraphrasing may be valuable in 
addressing the symptoms of depression and PTSD.

Early psychological intervention in the acute care environment 
may be associated with positive patient outcomes20. 
)XUWKHUPRUH��QXUVHV�DUH�SLYRWDO�WR�IDFLOLWDWLQJ�RSWLPDO�UHFRYHU\�
from AKI by providing psychological care and promoting well-
being. 

.H\�SRLQWV

�� Key principles of nursing care for the patient with AKI were 
examined.

�� The experience of acute illness may have extensive and 
enduring consequences for patients.

�� Nursing care management should focus on identifying the 
cause of the renal insult and the needs generated by that 
cause.

�� Detailed patient assessment must be emphasise as a 
basis on which to plan, implement, and evaluate patient-
focused care. 

�� Psychological care constitutes a fundamental component 
of the care afforded to patients and their families in the 
acute care setting.
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$SSHQGL[��

5HIHUHQFH�UDQJHV�IRU�VHUXP�ELRFKHPLVWU\�DQG�
haematology investigations

7HVW 1RUPDO�UDQJH
6HUXP�ELRFKHPLVWU\
Creatinine
Urea
Sodium
Potassium
Bicarbonate
Albumin
Corrected calcium
Phosphate
C-reactive protein

���±������PRO�/
����±�����PPRO�/
����±�����PPRO�/
����±�����PPRO�/
���±����PPRO�/
���±����J�/
����±�����PPRO�/
����±�����PPRO�/
< 10 mg/L

+DHPDWRORJ\
Haemoglobin

White cell count

Platelets

�����±������J�G/��PDOHV�

�����±������J�G/��IHPDOHV�

��±����[���9/L

����±�����[���9/L
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