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AHEWFFE, $ZIRIA . HEBRAR % SCik S, R RevMan 5.3 F{43F4T Meta 3#7 .
GER: A ARIBEPLXT BEEUIS A 11 I R B ge, Jk2 185 R, Hirh ERAS 411 036 fi], JE
ERAS ZH 1 149 i, Meta #7253 ok, 5AE ERAS 4 L&, ERAS A J5 £ Be i fa] B 282> ( MD=
-4.38, 95% CI=-4.73~-4.04, P<0.000 01) . AR J5 & X HA () B [E) U] & 45 % (MD=-1.34,
95% CI=-2.33~-0.35, P=0.008) . ARJ5EIFAHEA LRI B (RR=0.66, 95% CI=0.57~0.75, P<0.000 01) ;
WATEAR G S HEZS BEfT . Bk A & . IR AR R DA R e L% . R A BE 3 07 1 22 3 gt i+
X (# P>0.05) .
5% YATIEIE R W], ERAS BEINEE R AR VIR AR G B I RE MRS . 46 R J AT B B TR)
ARG BT RRE R AR, HEAFHIG RV

KA B+ AR IR AR ; PR SR TR Meta 2347
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Efficacy of using enhanced recovery after surgery program in
perioperative management of pancreaticoduodenectomy:
a Meta-analysis

XIAO Wenhai, YANG Zhengwei, CHEN Jing
(Department of General Surgery, Dazu Traditional Chinese Medicine Hospital, Chongqing 402360, China)

Abstract Objective: To evaluate the efficacy of using enhanced recovery after surgery (ERAS) protocols in perioperative
management of pancreaticoduodenectomy (PD).
Methods: The studies comparing the use of ERAS protocols and conventional protocols in perioperative
management of PD were collected by searching several national and international literature databases. After
literature screening according to the inclusion and exclusion criteria, Meta-analysis was performed by using the

Review Manager 5.3 software.
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Key words

Results: Four randomized controlled trials and 11 clinical controlled trials were finally included, involving
2 185 patients, with 1 036 cases in ERAS group and 1 149 cases in non-ERAS group. The results of Meta-analysis
showed that the length of postoperative hospital stay was significantly reduced (MD=-4.38, 95% CI=-4.73~
~4.04, P<0.000 01), the time to the first postoperative flatus (defecation) was significantly shortened (MD=-1.34, 95% CI=
-2.33--0.35, P=0.008), and the overall incidence of postoperative complications was significantly decreased
(RR=0.66, 95% CI=0.57-0.75, P<0.000 01) in ERAS group compared with non-ERAS group; there were no
significant differences in terms of the incidence of postoperative delayed gastric emptying, pancreatic fistula and
biliary fistula, as well as in-hospital mortality and readmission rates (all P>0.05).

Conclusion: Current evidence indicates that ERAS can promote bowel function recovery, decrease length of
hospital stay and incidence of postoperative complications in patients undergoing PD. So it is recommended to be
used in clinical practice.

Pancreatoduodenectomy; Enhanced Recovery After Surgery; Perioperative Period; Meta-Analysis
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i+ 8 m VIR AR ( Whipple procedure ) f&
1B R A0 BT R b B R R — Rh, HRAE SR 2%
FORBR S . B RS HOIF R GE e 2 19— Fh -
AN, G faf B o AR AE I N R SR H RTIE S 0 44
Mo PEEEE AMEH A (enhanced recovery after
surgery, ERAS) & 5 i FFE 4 BHE A= Kehlet 21
FE A8 SR — R I B A G UE B Al 7Y B R
WAk I A, W TR SR AR B O B A 45
IR Or VAN N TBENEIRVISUYE - BN & N R e (i
Y H M AR R ERAS L TE [ P A0 A5 2 P g
K JE KN, R 1 i PR X B 6 R AL X R
K UE SR JHERAS B & 1 REARAG 6 45 28, (HA))
£ # P HEWhipple Bl T AR S ERAS i F
WAFAESR Fit . AWTFEIE A X ERASHLE 5 14 4t 2
A TR AR W DD BR R B AH SC SCHRPE AT Meta
3BT, LIS A e R I 4 (AT IE B 2 TR

1 ZAREFE

1.1 HWRRH

HHPK K PubMed, EMbase, OVID,
The Cochrane Library (20184F013]) . HIM |
e . JT 7 SEROE R, WAE T A K TERASHLE
BT+ A8 VTR R BYRCTs , A 2 I (0] JA
HPEE20184F01 H o w2, X 53
TR 49 2 25 SCHR JE A7 4 2R B 332 o 0 SOAG R 1) 4 47
Fast Track., Fast Track Surgery. FTS. Enhance
Recovery., Enhanced Recovery., Multimodal

Rehabilitation, ERAS. Enhanced Recovery After

© WA )T i [ & F I F 2P H
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Figure 1 Literature screening process

R1 WANXBREFSFERBRE

Table1 General information of the included studies

-~ el B Lo e [t DT
A A B p s dE pRASHE)  (BRAS41/F ERASHD) A fh
Abu Hilal, 2 7 2013 5| CCT 2024 68.5 (65~72) /700 (61~76)  1),2),3),4).6),7.8) 65
Nikfarjam , 25 "' 2013 WRFE cCT 20/21 68 (45~81) /62 (15~81) 1) 6 5
Kobayashi, %5 12014 HA CCcT 100/90 67.5 +10.7/65.4 = 10.8 1),4),5),6),7),9) 6 o
Pillai, % "22014 ElEE CCT 20/20 442 + 159/47.6 + 12.0 1),2),3),4),6),7) 64
B | 4 2015 1| RCT 3030 513+46/513+46 1,2),3) 5%
Morales Soriano, 25 " 2015 PHBES CCT 41/44 61.3 (44~80) /66.7 (41~84)  1),2).4).5).6).7).8) 64
AbgL , % 112015 Hh [ CCT 325/310 5696 +115/57.05+ 123 1),2),3),4),5),6).7.8) 74>
ZA30RR 4 1912016 i RCT 60/60 512+5.1/512+5.1 1),2),3),4),5), 6) 54y
ZEmPH , 172016 i RCT 15/39 52.7 (41~71) /56.6 (35~77) 2),4),7) 44y
Shah, % 12016 B CCT 46/142 619 (42~82) /59.1 (42~80)  1),2),4),5),6).7).8) 741
Zouros, % 12016 ol CCT 75/50 659+ 105639+ 11.6 1),2),3),4), 5/7),8) 673
Ihids , %5 12017 R RCT 150/150 575 (13~78) /57.5 (13~78) 2),4),5) 54%
R, 45 B 2017 CIES| CCT 34/38 >70/570 1).4),5),6) 75
Dai, % ®12017 Hh [ CCT 68/98 58.5 (18~69) /592 (14~83) 1),4),6),7),8) 75
I3 12017 GNE] CCT 32/33 52.5+4.8/52.5+48 1),2),3) 67

T 1) RISEBE T 2) RIFEIFAAERER; 3) ARG EUHET () W) 4) B 5) % 6) BiHAE SR

7) BEPIRAER; 8) HEABER

Note: 1) Length of postoperative hospital stay; 2) Overall incidence of postoperative complication; 3) Time to first postoperative flatus or

defecation; 4) Pancreatic fistula; S) Biliary fistula; 6) Delayed upper gastrointestinal emptying; 7) In-hospital mortality; 8) Readmission rate
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2.2 Meta &R

2.2.1 REAERME 13 8 3cmk " iRE T
ARG AR E, HAcCTH 115, RCT A 25,
Hegh A1) 1 831 £, ERAS 2H 871 4], 3F ERAS 41
960 il . Meta 43 Hr 45 R /R, WA HA 5
P2 3P (P<0.000 01, I’=70% ) . & B HL

K 4 it % & X (MD=-4.38, 95% CI=-4.73~
-4.04, P<0.00001) ; CCTHER TR, ARG
fEBER ] 22 58 et 48 X (MD=-4.67, 95% Cl=
-5.18~-4.16, P<0.000 01 ) ; RCT 4145 Bw,

P AR 5 3 Bt 6 ] 25 5 Ge 12 8 L (MD=-3.92,
95% CI=-4.11~-3.73, P<0.00001) (K 2) .

RO, RIRGE R, WAL R 1 B e A 2
ERAS 42 3E ERAS 42 Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
CCT
Dai, & 75 075 68 12 25 98 128%  -450[-5.03,-3.97] —
Abu Hilal, 2 85 04 20 13 13 24 125%  -450[-5.05,-3.95] —
Kobayashi, % 21.9 119 100 363 238 90 0.4% —14.40[-19.84, -8.96] 4
Nikfarjam , % " 8 04 20 14 28 21 58%  -6.00[-7.21,-4.79] +—
Pillai, % " 14 23 20 185 26 20 41%  -4.50[-6.02, -2.98] +———
Shah, % [ 78 1.6 46 121 3 142 108%  -4.30[-4.98,-3.62] ——
Morales Soriano, 25" 142 13 41 187 19 44 107%  -450[-5.19,-3.81] ——
Zouros, 2 [ 106 69 75 143 85 50 14%  =3.70 [-6.50, —-0.87] +———
JHAOE | & Y 116 72 34 185 62 38 1.2% —6.90[-10.02, -3.78] +——
Jr i 1 143 72 32 197 86 33  08%  -540[-9.25,-1.55] +—m
A, 45 1 139 745 325 176 7.7 310 6.0%  -3.70[-4.88,-2.52] @ ——
Subtotal (95% CI) 781 870  66.4%  —4.67[-5.18,-4.16]
Heterogeneity: Tau’=0.32; Chi’=23.42, df=10 (P=0.009); '=57%
Test for overall effect: Z=17.85 (P<0.000 01)
RCT
B3 @ 11 03 60 15 06 60 172%  -4.00[-4.17, -3.83] *
BipHE | & 2 112 04 30 15 06 30 163%  -3.80[-4.06, -3.54] -
Subtotal (95% CI) 90 90 333%  -3.92 [-4.11,-3.73] ¢
Heterogeneity: Tau’=0.01; Chi’=1.61, df=1 (P=0.20); ’=38%
Test for overall effect: Z=40.49 (P<0.000 01)
Total (95% CI) 871 960 100.0%  —4.38 [-4.73,-4.03] ¢
Heterogeneity: Tau’=0.18; Chi’=39.70, df=12 (P<0.0001); I’=70% : :

Test for overall effect: Z=24.35 (P<0.000 01)
Test for subgroup differences: Chi’=7.11, df=1 (P=0.008), I’=85.9%

2 0 2 4
ERAS 4 dE ERAS 41

-4

B2 WHEREERR B
Figure2 Comparison of the length of postoperative hospital stay between the two groups

222 REEFERELAFE 115 CHR e
B 7RSS AdE KA, Hh CCT A 75, RCT
H4r, gy A G 61569 ], ERAS 4 788 fi,
JE ERAS 44 781 fil, Meta 23 BT 45 5 W R, 99 A
W58 583t 2% 5 Bk (P=0.10, I’'=38% ) . %
[ A A A, SRS R R, WA ARG B R
i KRR B A St B L (RR=0.66, 95% Cl=
0.57~0.75, P<0.000 01) ; CCT 41 25 % % .
WMHRGERBIFRIERERZRARIT¥E X
(RR=0.67, 95% CI=0.58~0.77, P<0.000 01 ) ;
RCT AR EXW . WARGEEBIFRIERERER
INA B¢ 3 X (RR=0.59, 95% CI=0.39~0.90,
P=0.01) (Kl 3) .
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223 REHRIEA (&) Bfla 8 Sgik 1> e
B TR EAEBE ], Ho CCT A 6 4%, RCT A
2R, LAy ARE 1 161 4], ERAS 4 596 4], JF
ERAS 41 565 ffil . Meta /3145 R Bon, HWAWFR
TE1E 5o it 2 5 i (P<0.000 01, I’=99% ) . %
FBEALRN LR, SARZE R WoR, ARG H K
HES (f ) Bl 22 R A G2 & L (MD=-1.34,
959%CI=-2.33~-0.35, P=0.008 ); CCT 2045 % B R,
WA ARG HER () B R 2 %A 512 E X
(MD=-0.81, 95%CI=-1.44~-0.18, P=0.01) ;
RCTHZ R B x, WAARGEEXHS () BFE
ERAEG ¥ E X (MD=-2.85, 95% CI=-4.51~
-1.18, P=0.0008) (K 4) .
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ERAS A 3E ERAS 4 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total  Weight  M-H, Fixed, 95% CI M-H, Fixed, 95% CI
CCT
Abu Hilal, %" 8 20 16 24 4.6% 0.60[0.33, 1.10] -
Nikfarjam , % " 3 20 0 21 0.2% 7.33[0.40, 133.57] >
Pillai, %5 " 5 20 9 20 2.9% 0.56 [0.23, 1.37] —
Morales Soriano, % " 12 41 24 44 7.4% 0.54[0.31, 0.93] —_—
Zouros, 45 4 27 75 25 50 9.5% 0.72[0.48, 1.08] —
Ty 1) 4 32 14 33 4.4% 0.2910.11, 0.80]
ApgL | & 1 127 325 173 310 56.3% 0.70[0.59, 0.83] e
Subtotal (95% CI) 533 502 85.3% 0.67 [0.58, 0.77] &
Total events 186 261
Heterogeneity: Chi’=6.52, df=6 (P=0.37); '=8%
Test for overall effect: Z=5.55 (P<0.000 01)
RCT
B ] 5 15 4 39 0.7% 3.25[1.01, 10.49] —+
B3 @ 9 60 18 60 5.7% 0.50 [0.24, 1.02] —_—
i, % 5 150 13 150 4.1% 0.38[0.14,1.05] ——————
Mg | 45 2 6 30 13 30 4.1% 0.46 [0.20, 1.05] _
Subtotal (95% CI) 255 279 14.7% 0.59 [0.39, 0.90] i e
Total events 25 48
Heterogeneity: Chi’=9.38, df=3 (P=0.02); '=68%
Test for overall effect: Z=2.46 (P=0.01)
Total (95% CI) 788 781  100.0% 0.66 [0.57, 0.75] &
Total events 211 309
Heterogeneity:Chi’=16.11, df=10 (P=0.10); '=38% : : : | | !
Test for overall effect: Z=6.07 (P<0.000 01) 0.1 0.2 0.5 1 2 5 10
Test for subgroup differences: Chi’=0.32, df=1 (P=0.57), ’=0% ERAS 4 4k ERAS 4
B3 WARERHEELZERMILE
Figure3 Comparison of the incidence of postoperative complication between the two groups
ERAS A JE ERAS &H Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
CCT
Abu Hilal, 457 6 07 20 7 04 24 126%  -1.00[-1.35,-0.65] -
Pillai, % " 4 04 20 5 09 20 125%  -1.00[-1.43,-0.57] -
Zouros, 2 " 3.6 1 75 3 09 50 12.6% 0.60[0.26, 0.94] -
JEKA- , 4 e 28 1.1 34 43 1.1 38 123%  -1.50[-2.01,-0.99] -+
Dy 1 26 14 32 4 15 33 120%  -1.40[-2.11,-0.69] -
Al 2 20 16 325 36 21 310 126%  -0.70[-0.99, —0.41] -
Subtotal (95% CI) 506 475 74.6%  —0.81 [-1.44,-0.18] D
Heterogeneity: Tau’=0.57; Chi’=74.47, df=5 (P<0.000 01); ’=93%
Test for overall effect: Z=2.52 (P=0.01)
RCT
3R A5 305 60 5 02 60 127%  -2.00[-2.14, -1.86] .
Bk, a5 20 32 03 30 69 04 60 127%  -3.70[-3.88,-3.52] *
Subtotal (95% CI) 90 120 25.4%  -2.85[-4.51,-1.18] koo
Heterogeneity: Tau’=1.44; Chi’=219.49, df=1 (P<0.000 01); I’=99%
Test for overall effect: Z=3.35 (P<0.000 8)
Total (95% CI) 596 565 100.0%  —1.34 [-2.33,-0.35] <
Heterogeneity: Tau’=2.00; Chi’=711.23, df=7 (P<0.000 01); ’=99% [ : : |
Test for overall effect: Z=2.65 (P=0.008) -10 -5 0 5 10
Test for subgroup differences: Chi’=5.03, df=1 (P=0.02), I’=80.1% ERAS 41 4 ERAS 41

B4 FMARBERHS () HEBNLEE

Figure4 Comparison of the time to first flatus (defecation) between the two groups

224 7]()‘-’5 Hf(%ii $ 12 %j{ﬁk [7-10,12-14,16-19,21]
Wil T ARG REE A%, Hp CCTH 95, RCT
35, gy ASEH 2 019 5, ERAS 41 954 {4,

© WA )T i [ & F I F 2P H

E ERAS 4 1 065 ], Meta 4> #7 45 R & /R,

AR T Ge it % 5 Bk (P=0.15, I'=30%) .
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S
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KA R X R T G5 i 2% B L (RR=0.96, 95% CI=  95% CI=0.84~1.26, P=0.77 ) ; RCT A 455 5,

0.79~1.16, P=0.66) ; CCT 41 45 & W /~, M 4
ARG R kR 2R g it X (RR=1.03,

WA G B E R E R A 500242 L (RR=0.42,
95%CI=0.19~0.96, P=0.04) (& 5) .

ERAS A JEERAS & Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total  Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
CCT
Dai, 2 28 68 44 98  23.1% 0.92[0.64, 1.31] -
Abu Hilal, %17 4 20 4 24 2.3% 1.20[0.34, 4.20] —_—
Kobayashi, % 9 100 1 90 0.7% 8.10[1.05, 62.69]
Pillai, % " 11 20 10 20 6.4% 1.10[0.61, 1.99] —4—
Shah, 4 [ 7 46 6 142 1.9% 3.60[1.27, 10.17] _
Morales Soriano, %5 ' 7 41 7 44 43% 1.07 [0.41, 2.80] —_t
Zouros, 2 " 11 75 11 50 8.4% 0.67[0.37, 1.42] —
JEASF | 4 B 6 34 7 38 4.2% 0.96 [0.36, 2.57] —
B, 4 53 325 56 310 36.7% 0.90 [0.64, 1.27]
Subtotal (95% CI) 729 816  88.1% 1.03 [0.84, 1.26] _T
Total events 136 146
Heterogeneity: Chi’=11.86, df=8 (P=0.16); ’=33%
Test for overall effect: Z=0.29 (P=0.77)
RCT
Zefi)pH , 2 0 2 15 12 39 43% 0.4310.11, 1.71] —
SR 4 1 3 60 7 60 4.5% 0.43[0.12, 1.58] S
i, A Y 2 150 5 150 3.2% 0.40 [0.80, 2.03] _
Subtotal (95% CI) 255 249 11.9% 0.42 [0.19, 0.96] i
Total events 7 24
Heterogeneity: Chi*=0.01, df=2 (P=1.00); '=0%
Test for overall effect: Z=2.06 (P=0.04)
Total (95% CI) 954 1064 100.0% 0.96 [0.79, 1.16] +
Total events 143 170
Heterogeneity: Chi’=15.73, df=11 (P=0.15); ’=30% f f f i
Test for overall effect: Z=0.44 (P=0.66) 0.01 0.1 1 10 100
Test for subgroup differences: Chi’=4.30, df=1 (P=0.04), I'=76.7% ERAS 41 E ERAS 41

B 5 MARBRELEZRLE

Figure S Comparison of the incidence of postoperative pancreatic fistula between the two groups

225 KGR gL A F 85 gk e 1612l
RIE T AR HE L AR, Hph CCTH 6%, RCT
2w, A AREH 1715 4], ERAS 4 831 4,
E ERAS 41 884 fiil . Meta 40 #r &5 R B /8, 90 A
5% o4 it % 5 E Pk (P=0.48, I’=0%) . XM
[ R A R, AR g R R, B4R JE I R
KR EF IS 2% E L (RR=0.86, 95% CI=
0.47~1.57, P=0.63) ; CCT LR B, AR
Ja Mg k225 g% 2 L (RR=0.95, 95%
CI=0.49~1.81, P=0.87) ; RCT 4 45 & /%, W
ARG ML B AR 2= F G iH2#E L (RR=0.50,
95% CI=0.09~2.70, P=0.42) (K6) .

2.2.6 REBH=ER 85 CHk """ 10 PR
BT AEBHESER, Hh CCTH 70, RCT A
1A, g A% 1 1 468 5], ERAS #H 680 14,
E ERAS 41 788 ], Meta 23 AT 45 B Bon, 29 AWF
RS % % FE M (P=0.0008, I'=72% ) ., *
FHBEALRL N B A, DAL R EIR, WAREH HE

© WA )T i [ & F I F 2P H

25 B g 25 S5 o g it 2% B L (RR=0.53, 95% CI=
0.25~1.10, P=0.09) ; CCT HZE R B, AR
5 B HEZ BE AT 22 5 g i & L (RR=0.56, 95%
CI=0.24~1.27, P=0.16) ; RCT A 45 H Wow, MW
ARG H HEZ it 22 R IE G 12 % L (RR=0.33,
95% CI=0.09~1.17, P=0.09) (& 7).
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Figure 6 Comparison of the incidence of postoperative biliary fistula between the two groups

ERAS 42 3k ERAS 44 Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total  Weight M-H, Random, 95% CI M-H, Random 95% CI
CCT
Dai, %5 0 68 11 98 5.2% 0.06 [0.00, 1.04] +—————
Abu Hilal, 2 1 20 2 24 6.8% 0.60[0.06, 6.14] _—
Kobayashi, % ! 2 100 10 90 11.5% 0.18[0.04, 0.80] —_—
Pillai, %5 " 7 20 15 20 18.7% 0.47 [0.24, 0.89] ——
Shah, £ [ 10 46 8 142 16.8% 3.86[1.62,9.19] —
Morales Soriano, % !"” 1 41 3 44 7.3% 0.36[0.04, 3.30] _
B, 4 29 325 52 310 204% 0.53[0.35, 0.82] ——
Subtotal (95% CI) 620 728  86.7% 0.56 [0.24, 1.27] B
Total events 50 101

Heterogeneity: Tau’=0.73; Chi’=23.96, df=6 (P=0.000 5); '=75%
Test for overall effect: Z=1.40 (P=0.16)

RCT

RS AN 3 60 9 60  133% 0.33[0.09, 1.17] —

Subtotal (95% CI) 60 60  13.3% 0.33 [0.09, 1.17] e

Total events 3 9

Heterogeneity: Not applicable

Test for overall effect: Z=1.71 (P=0.09)

Total (95% CI) 680 788  100.0% 0.53 [0.25, 1.10] s

Total events 53 110

Heterogeneity: Tau’=0.64; Chi’=24.84, df=7 (P=0.000 8); '=72% [ : : |
Test for overall effect: Z=1.72 (P=0.009) 0.01 0.1 1 10 100
Test for subgroup differences: Chi’=0.45, df=1 (P=0.50), I’=0% ERAS 4] 4F ERAS 2

B7 BMARRBHZEHELE

Figure 7 Comparison of the incidence of postoperative delayed gastric emptying between the two groups
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Figure 8 Comparison of the in-hospital mortality between the two groups
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Figure 9 Comparison of the readmission rates between the two groups
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Figure 10  Analysis of publication bias
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