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(UJRQRPLFV | GHILQLWI

AGFFLLHH@WVLLIILLFF WAMKGS\\ ARII SSHHARSS@HH MWV ZARUNN

AEDWHIEG R
DQDWRP\ SK\VLRORJ\ SV\FKRORJ\ HQJLQHHULQJ

ASRPELL @HHGE L@ D WAWWHHIPWYW DSSUWHARIDAKK

AZILWVKK D WILHHZ WVRR
' PSURYLQJ WUDLQLQJ

6DIHW\ y |y
SURGXFWLYLW\y y
SFFXUDF\ Yy

6DWLVIDFWLRQ YW ZRUN
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(UJRQRPLFV | GHILQLWI

AGHLLHH@WVLLIILLFF \WWWVXGS\\ ARII SSHHARSS@HH WV ZARUUNN

AEDWHHG AR@
DQDWRP\ SK\WLRORJ\ SVI\FKRORJ\

HQJLQHHULQJ
AL@ D WANWHHPYW DSSUWHRIDAFKK

$ O/DKWYHYVH
U LIWWKK DD YYLLHHZ WWRR F D @ HE 1P HPH\DX/XKHU G

7UDLQY¥QJ vy
6DIHWY vy

3URGXFWLY lyW\ y
$FEXUIF\
6DWLVIDFWLRQ DW ZRUN
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KDW LV D VA\VWHP"
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$ VI\VWHP

D VHW RI LWHPV OLQNM
LOQWHUDFWLRQV
ZLWK LQSXWV RXWSX

ZKRVH EHKDYLRXU DV
FDQ QRW EH SUHGLFW
EHKDYLRXU RI LWV HC
RI JURXSV RI HOHPHQ

HPHUJHQW SURSHUW

14



$ VI\IVWHP

HPHUJHQW SURSHUW

1 LW VHHPHG OL
DJRRGLGHD
DW WKH WLPH?®
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$ VI\IVWHP
$OVR

VWDELOLW)\ DQ
FRXSOLQJ YDU
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1 \HW DQRWKHU V\VWHP SUREOHP



(UJRQRPLFV | KLVWRU\
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(UJRQRPLFV ' FRQWHI[V

*RRG PDQDJHUY HQFUDHW VS HUYR QFU

KDYH RIWHJC

ASEC

DFFLLHHG

DWV *WHHHHNN D(

DG (UN\SWILLIDG

D) &Y D{HH W RYHRHRUL WVIRAMRP L V W V

D ZIDWH

AXNHRRDDE RRBEBEN ISGIRG LERRGVE RIRW W

ABWNNBR@E® QK MV K HG Q\KE\QZHS BAESRHM B XARHX V|
EDFNVWDJH IDFLOLWLHV FPRIRU DFR>
SDUNLQJ

20



$QFLHQW ZDWH
FDUULHUYV |

KLFK ZDV
IURP *UHHFH
ZKLFK TURP

(J\SW" oz

P K\




T T T— T T

(UJRQRPLFV | HDUO\ KLYV

V, WLPH DQGSPRVVLRQ VWXG\

D\OR WHWKOHKHP 6WKHO :RUNV
OOLQJFN FRDO ORDGLQJ RI WUXF

H
QWL LF PDQDJHPHQW )UDQN *LOEU
'R]HQ

1 ). 7D
VKRY
VI VFLH
W K H
! 'HJ DOWLPHWHUV LQ ILJKWHU DLUFUL
' DHURVSDFH SURJUDP
'IDFWRULHV SURGXFW GHVLJQ

RFF KHDOWK VDIHW\ 56,

| KXPDQ FRPSXWHU LQWHUDFW
PDFURHUJRQRPLFV FRJQLW
R

Vi -DPHV 5HDVRQ KXPDQ HUU

LRQ
YH HUJRQR

L
U &50
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Percent errors of 'FH.? 1.7
1000 feet or more 17.4 12.9

Interpretation 7.1 | 0.2
time in seconds L—J7.0 i fi
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2ULJLQDO ,PSURYHG

WKHU GLDOV DQG LQGL
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.DUO 6WRU] 25 RI WKH IXWXU |
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/IDS VXE WRWDO K\WWHUHFWRP\ +XEHUWX\



T T T

WRGD\ (UJRQRPLFV FRPES

KA\WVLFDO HUJRQRPLFV
RJIQLWLYH HUJRQRPLFYV
DFUR HUJRQRPLFV
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vl

vl

L

SUHDV RI SK\VLFDO HU.

(TXLSPHQW G
"RUNSODFH O

HVLIJQ KDQGOF

D\RXW | GHVN F

(QYLURQPHQWDO IDFWRUV ! (
WHPSHUDWXUH VPHOO HWF

U 6NLOO WUDLQLQJ VDIHW\
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+DQG JULSV DQG K
GHVLJQ



[\SHV R

1 3RZHU JULS

1 3UHFLVLRQ JULS
U "RXEOH JULSYV

U O9ODULDWLRQV

KDQG
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SRZHU JULS 34 SUF









SUHFLVLRQ JULS FULWHULD IRQ® PLFU
L OHQJIWK FP IURP ILQJHUWLSY WR WKXPE |

H FURVVHFWLRQ FLUFXODU
H WKLFNQHVYV FP ZLWKLQ ILQJHUWLSYV
H VWLIIQHVYV W R JP ZHLJKW 1



U 6WLIIQHVV RI GLVVHFWLQJ IR



OHDVXULQJ VWLIIQHVYVY RI PLFURVXU



| GHDWKYVY IURP ODS WURFKDU L
LQ ZK\ " 0



| GHDWKYVY IURP ODS WURFKDU L
LQ ZK\ " 2



KNV" 7THQVH JULS GLVWRUWLRHOG DLC
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U 'RXEOH JULSV RI WKH KDQG



6XWXUH VWRUDJH JULS






u 'RXEOH JULS VWUHWEK
u , QFLVLRQ DW ULJKW DQJOH WR



'RXEOH KDQG IXO

WUDFWLRQ RQ KF
VWUXFWXUH ZLW
LQVLGH

H J
U DGKHUHQW KHU (¢

U VEDUUHG GXRGF
VWXPS

U KRUULEOH JDOO
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VHDWLOQ



=HLVV PLFURVFRSH DW LQJDS



FP RFXODU H[WHQVLRQ QH!



SLRQHHU PLFURVXUJHRQ QHHGYV



SURI +DULL DW 6LQJDSsRUH









5REHUW LQVWRQ DW J\QDH PLFUR ZRUNVK






\HDUV EHIRUH RIILFH HUJRQR



Lap surgery is tiring - be ergonomic

Neck flexed

Arm by side,
support if
available

Relaxed

hand-grip

Platform for shorter
operator or assistant

Subdued lighting from
side or above

Monitor 15-30° below
horizontal and close

Port sites for neutral wrist
posture, hands at elbow
height

Operating table at pubis height
for non-obese patient
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HOYLURQPHQWDO IDFV

1 /LIKWLQJ YLVXDO IDFWRUYV
1 THPSHUDWXUH KXPLGLW\
1 1RLVH HWF HWEF
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(UJRQRPLFV LQ VXUJHU\
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(UJRQRPLFV LQ VXUJHU\

LL pre-modern - 1846 anaesthesia

L modern

Ll post-modern
micro 1970s
lap  1990s

robotic 2000s

BQDLGHG QRUPDO KXPDQ FDSDFLW
QR ORQJHU DGHTXDWH
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ORGHO
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/[KH HIWUD OD\HU RI WHF

PLFUR ODS URERWLE

,PDJH >"IURIP ORJR @

U

>>GR UHYHODWLRAQ
WHFKQLTXH@ @

UWOLFURVFRSH
L9 ILQH LQVWUXPHQWY

66



/[KH HIWUD OD\HU RI WHF

PLFUR ODS URERWLE

PDJH >"IURFPDJH
ORJR@ >V W\ Vieeo |HG @

O
>>GR UHYHOBWL

WHFKQLTXH@ @

LOLFURVFR3HRQJ LQVWUX

n9 1LQH LQYWURPN QW FWERR
uU9LGHR VA\VWHP
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/[KH HIWUD OD\HU RI WHF

PLFUR ODS URERWLE

,PDJH >"IUR|P PR HR

Q >\ W \ Video H@
>>GRUHYH%§£§€B)

WHFKQLTXH

LWLOLFURVFRSH/RQJ LQVWOKFKDWURQLFV

u 9 ILQH LQVV\}:U_B((?D YQW\/JLF&/ CBI—PR VAVWHP

nolGHR VI\WWHP
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(UIRQRPLF IDFWRUV LQ
PLFUR VXUJHU\

L[ hand tremor ]

L[ Instrument design |

L[ visual factors |

U \WHDMLLGQIJ
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(UJRQRPLFV LQ ODS V.
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(UJRQRPLFV LQ
ODS VXUJHU\

"YLHZ RI " VSDFH
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(UJRQRPLFV LQ
ODS VXUJHU\

U ' YLHZ RI ' VSDFH
U H\H KDQG FRRUGLQDWLRQ
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(UJRQRPLFV LQ
ODS VXUJHU\

L "YLHZ RI " VSDFH

U H\H KDQG FRRUGLQDWLRQ
U OLPLWHG GHJUHHV RI IUHHGRP
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(UJRQRPLFV LQ
ODS VXUJHU\

I ' YLHZ RI ' VSDFH
I H\H KDQG FRRUGLQDWLROQ
I OLPLWHG GHJUHHV RI IUHHGRP

U LOQVWUXPHQWY QRW DGHTXDWH
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&RIQLWLYH HUJRQRPLFYV

A(WWRW L@ KRWSLLWDOW
A, @IIRWPDWILLR@ GHHWLLI@
,&8 FKDUW
3DWLHQW UHFRUGYV
'REXPHQWDWLRQ IRU HTXLSF
HWF
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)JXWXUH DSSOLFDWLRQV D

OLGHR DQDO\VLYV
+HXULVWLFV RI WLVVXH GLVVHFW

+HDSV RI'' YWXWHQGR VXUJHU\ LQ
DIJHQWYV
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PSDWNLQ RUJ



'LUHFWLRQ RI ILQJHU DQG WKXPE
FXWWLQJ ZLWK ORRVH VFEBVVRU\



XW ILUVW ' |RU VRPHWKLQ
GLITHUHQW

3DUD SURIHVVLRQEDO VNI

6HOl PDQDJHPHQW ' ILWQHVYV
QIR PJW FRPPXQLFDWLQJ VSHDNI
'QWHUSHUVRQDO UHODWLRQV H \

7HFKQLFDO GUDZLQJ SK
FRPSXWLQJ

U J)RUFHV H[HUWHG LQ VXUJHU\
$1' 1 (UJRQRPLFV

= T T©“ T
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