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Abstract Background and Aims: Pancreaticoduodenectomy (PD) and distal pancreatectomy (DP) are common surgical

approaches for pancreatic tumors. Postoperative pancreatic fistula (POPF) is one of the most serious complications
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following pancreatic surgery, if the occurrence of POPF can be reliably predicted that will be of great clinical significance.
The fistula risk score (FRS) and alternative fistula risk score (a-FRS) are two widely used prediction models for POPF,
and however, the predictive efficiencies of FRS and a-FRS for POPF need further validation. This study was conducted
to compare the predictive value of the FRS and a-FRS for POPF following DP and PD, so as to provide the theoretical
basis and reference for the selection of the appropriate prediction model in clinical practice.

Methods: The clinical data of all patients undergoing pancreatic surgery between 2018 and 2019 in a single center
were retrospectively collected, and the enrolled patients after screening for exclusion criteria were used as study
subjects. The incidence rates of POPF in the whole group of patients and patients undergoing different surgery
types (PD and DP) were counted, and the predictive efficiencies of the two scoring models in predicting POPF
for the whole group and different surgery types were compared using area under the ROC curve (AUC).

Results: A total of 339 patients were included after exclusion of the ineligible cases, with 193 patients undergoing
PD and 146 cases undergoing DP. The incidence of POPF was 17.4% in the entire group, and was 18.1% and
16.4% in PD group and DP group, respectively. FRS and a-FRS had a similar predictive ability for POPF in the
whole group (AUC: 0.67 vs. 0.65, P=0.412), and the predictive value of FRS for POPF was better than that of
a-FRS in PD group (AUC: 0.74 vs. 0.67, P=0.006), but FRS showed no predictive value for POPF in DP group
(AUC=0.57, 95% CI=0.44-0.70, P=0.285), while the predictive ability of a-FRS for POPF was better than that of
FRS in DP group (AUC: 0.66 vs. 0.57, P=0.048). Moreover, the incidence rates of POPF were increased in either
the whole group, PD group or DP group with the increase of the risk grade classified by either FRS or a-FRS.
Among the predictive factors of FRS, there were significant differences in intraoperative blood loss and diameter
of the main pancreatic duct between DP group and PD group (both P<0.05).

Conclusion: Both FRS and a-FRS can be used for predicting POPF. However, FRS has a better predictive value
than that of a-FRS for POPF following PD, but is unsuitable for POPF following DP, while a-FRS may be helpful
for predicting POPF flowing DP. Blood loss and diameter of the main pancreatic duct may be responsible for the
poor predictive ability of FRS for POPF following DP. However, these conclusions still need to be further verified
due to the limitations of the study.

Pancreatectomy; Pancreatic Fistula; Risk Assessmen
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Table 1 Scoring systems for FRS
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2.1 BEMERIGKREFE

Yy AWF5E33961, HAPPD 1934, DP 1464,
T AERE N (54.42 +£12.53) % ; BMILY
(22.53+3.29) kg/m*; B1824, L 1576]; R
JG & HPOPFEA R HN17.4% (59/339) , HHPD
A M18.1% (35/193) , DPAL N16.4% (24/146)
(£2) .
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Table2 Baseline characteristics of the study cohorts

IR 44 (n=339) PD 4 (n=193) DP 41 (n=146)
AR (%, x+s)  5442+1253  5560+11.74 52.86+ 1339
BMI (kg/m’, x+s) 2253+329 2236+325 22.75+335
P [ (%) ]

B 182 (537)  112(580) 70 (479)

I 157 (463) 81 (420) 76 (52.1)
WA [0 (%)

= 95 (280) 56 (29.0) 39 (26.7)

% 244 (720) 137 (710) 107 (73.3)
Wil n (%) |

= 69 (204) 43 (223) 26 (17.8)

iR 270 (796) 150 (777) 120 (822)
W [n (%) |

= 43 (12.7) 22 (114) 21 (144)

& 206 (873) 171 (886) 125 (85.6)
FRERTFAGEL [0 (%) |

A 67 (19.8) 33 (17.1) 34 (233)

J 272 (802) 160 (829) 112 (76.7)
[ n (%) |

= 59 (174) 35 (18.1) 24 (164)

& 280 (826) 158 (819) 122 (83.6)

2.2 FRS #1 a-FRS RyBREZEF MM E 5

FTHAUEFRSMa-FRSE R HA HMPOPF
fIBE 71, 2 W BESE T FRSMla-FRSTEA [H 4
BRI . FRSYE4 4. PD4l. DPA
BAUCH M H: 0.67 (95% CI=0.60~0.75,
P<0.001) . 0.74 (95% CI=0.65~0.83,
P<0.001) ., 0.57 (95% CI=0.44~0.70,
P=0.285) . a-FRS7E44l. PD4l. DP4JAUC
2. 0.65 (95% CI=0.58~0.73, P<0.001) ,
067 (95% CI=0.57~0.77, P=0.002) }0.66 (95% CI=
0.57~0.76, P=0.011) . Kk, FRSHla-FRSH
AT TFPOPFR M, {HFRSXFDPARJGPOPF JG Tl
MMAE . FRSFa-FRSTEA A h A HE S . M
PE B B PR 30000 A8 55 48 bR BRI . S T 4R i
A5 T A B AR, R T A AR AR T 8 R AT
THE., SR EIMFRSXPDA G POPF ) I 5%
HKba-FRS4F (P<0.05) , 1fia-FRSFE WM DPA
JEPOPFIAE S LLFRSH: (P<0.05) , P& FETH
MEAR AR JFPOPF T LGl 2% 22 5% (P>0.05)
(#£3) .

HRAE FRS Fla-FRS A KU 55 9% 43 1 K 18 3 B A7
Tordl, FERE T A A L A e, POPF
W) & A A LT 2 B 2 XU 45 A b T RGO, X
Wk — Lk TR EA —Emiae s (K1) .o
2.3 MMM EEREES

F T R FEFRS Fla-FRSTE A [7] T AR 41 51 v 1
WPOPFRE S AE1E 22 5 W AL, FF FRS Hp % 15 I 141
T7EPDALFDPAL P #1725 R b #R, S5 R L IIE
HE, R mErEmA b FrEg %25 (1
P<0.05) , 7EPDAHEE HA LI . R kil
Z (F£4) o W, AR & f B B2 2
Sl BEJE FEFRSTEFWMDP AR J5POPF JC A {H 1

% 3 FRS #1 a-FRS #iill POPF fi{&LL %
Table 3 Comparison of the predictive values for POPF between FRS and a-FRS

AUC K i

BB e S RHUE R RO DR R
el FRS 0.67 (0.60~0.75, <0.001) 0412 0.71 0.54 0.25 0.90 0.57
a-FRS  0.65 (0.58~0.73, <0.001) ’ 0.74 0.54 0.25 0.91 0.57
PDZH  FRS 0.74 (0.65~0.83, <0.001) 0.006 0.71 0.63 0.30 0.91 0.65
a-FRS  0.67 (0.57~0.77, 0.002) ’ 0.63 0.63 0.28 0.88 0.63
DPZ  FRS 0.57 (0.44~0.70, 0.285) 0.048 0.71 0.43 0.20 0.88 0.47
a-FRS  0.66 (0.57~0.76, 0.011) ] 0.79 0.55 0.25 0.93 0.58
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1 AEIREE POPF R EZ
Figure 1 The incidence rates of POPF in different risk grades

%4 PD#5 DP 4 FRS FillE F L&
Table 4 Comparison of the predictors of FRS between PD group
and DP group

BMI (kg/m®, x+s) 2236+325 2275+335 1046 0296

JBARETH [0 (%) ]

L7¢ 87 (451) 62 (425)

i 106 (549) 84 (575) 0230 0631
JEEE B [mm, n (%) ]

<1 22 (114) 61 (418)

2 59 (306) 65 (445)

3 23 (119) 14 (96) 88.859 <0.001

4 24 (124)  3(205)

=5 65(337) 3(205)
JHIZE R [n (%) ]

R R RS 108 (56.0) 74 (50.7)

Hofth 85 (44.0) 72 (493) 09300335
ARrfgkill [mL, 7 (%) ]

>1 000 13(67) 6(41)

701~1 000 27 (140) 20 (13.7)

401~700 13 (586) 23 (158) C19%3 <0001

< 400 40 (20.7) 97 (66.4)
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A: % FRS MU0 415 B % a-FRS A A2 41
A: Risk grades classified by FRS; B: Risk grades classified by a-FRS
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B, HCHUM M B 2R 2 Mg P AT T8
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[i) B4 FEIANAE R A 75 L A B It A R i 221> 2 R
M, EFXTDPHPOPE M AL AL &1 e =1 AR F 5%
FEYIESE T FRSFla-FRS AT T R F AR W POPFRY
T, H P B0 AN (A AR W TR R TR
BEPHFAEES

AW LB, FRSTWMPDARJGPOPF K fE
ki Ta-FRS (AUC: 0.74 vs. 0.67, P<0.05) ,
X — 4585 Z AR BT 4 R — 8 Lao%E!
W FRSEF M PDAPOPF )5 1 f Ta-FRS
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PSR P 1797 N 22 o RO 1 6 S o e =
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© WA )T i [ & F I F 2P H

PR, ARG EEE" 2, X R T BN
KA AR JE H HT G JC 8 — B B9 B T kb ) B B oA
B TR BB AR S [ O R E B 2 5 A8 T
i o a-FRSH A BMIFE A [] DX d5§ 5l 2 B (8] 77 75 25
SAA K . X AR Y 25 5 M 0 BE A £ 5 T A A
(A R

ARARBAREARE: B, KKRFR
by [l PR 5, AN AT 3hE G ) 2 O — S g fey 5 L
W, HAEAR; IR, KR ENA TDPH
PDARMY A, FOABZE A0 TR, s i B R
JEE B Be U BR AR SE AR R, X 2 32 FF I 5K
HA B AR VAT R4, Tk 2 2% S AT g
HPOPFEAERKAERE KM AN, XA L]
SR FRSFla-FRSAY SO (6, R B Fy T 452 78 19 i
DURE Sy B3I FOIRAS, 45 50 v W5 B2k — 2 50 HIE .

AW KB, FRSHIa-FRSH AR 2]
H TR A G POPF A T , H P & 9 000 41 (B A
AR FARER P L ZE T . FRSTIPDAPOPFHY
fie ok, (HXDPHIPOPF LTI M4, M,
a-FRSTIIMPD I POPFRE JJ B FRS#, {H 1] DL
THMDPIPOPF Y & A o A B FIR H 2% Il i
F R EFRSTCIEAER FU DP A POPE Y J5t 4 .

S % 3Tk

[1] Kawaida H, Kono H, Hosomura N, et al. Surgical techniques and
postoperative management to prevent postoperative pancreatic
fistula after pancreatic surgery[J]. World J Gastroenterol, 2019,
25(28):3722-3737. doi: 10.3748/wjg.v25.i28.3722.

[2] Liu X, Pausch T, Probst P, et al. Efficacy of Pasireotide for
Prevention of Postoperative Pancreatic Fistula in Pancreatic
Surgery: a Systematic Review and Meta-analysis[J]. J Gastrointest
Surg, 2020, 24(6):1421-1429. doi: 10.1007/s11605-019-04479-4.

(31 BEREWL, VR, W4, 4. ummBRAR VIR A IS B2 K Lk 1Y

SR AR T[], o [ EE SR A A, 2017, 26(3):289-293.
doi:10.3978/j.issn.1005-6947.2017.03.004.
Fan SM, Shen GX, Hu JL, et al. Analysis of risk factors for
pancreatic fistula after distal pancreatectomy[J]. Chinese
Journal of General Surgery, 2017, 26(3):289-293. doi:10.3978/
j.1ssn.1005-6947.2017.03.004.

[4] hARBE A ANRL oy e RARANRL 2 A, v [ 50 2 R B o 2
JBe R Lol 22 b2z, AR SRRLZE AR G . B IRAS SR UL
I RAEL I KBTI L R AW Q2017)[I]. haEsMRHLEE, 2017,
55(5):328-334. doi:10.3760/cma.j.issn.0529-5815.2017.05.003.

http://www.zpwz.net



559

W, % FRS 5 a-FRS Xt B B IR F A A & R N8 247

1035

(3]

(6]

(7

(8]

[9]

[10]

(1]

[12]

Study Group of Pancreatic Surgery in Chinese Socie, Pancreatic
Disease Committee of Chinese Hospital Association, Editorial
Board of Chinese Journal of Surgery. A consensus statement on the
diagnosis, treatment, and prevention of common complications after
pancreatic surgery (2017)[J]. Chinese Journal of Surgery, 2017,
55(5):328-334. doi:10.3760/cma.j.issn.0529-5815.2017.05.003.
Mungroop TH, van Rijssen LB, van Klaveren D, et al. Alternative
Fistula Risk Score for Pancreatoduodenectomy (a-FRS): Design and
International External Validation[J]. Ann Surg, 2019, 269(5):937—
943. doi: 10.1097/SLA.0000000000002620.
Keck T, Wellner UF, Bahra M, et al. Pancreatogastrostomy
Versus Pancreatojejunostomy for RECOnstruction After
PANCreatoduodenectomy (RECOPANC, DRKS 00000767):
Perioperative and Long-term Results of a Multicenter Randomized
Controlled Trial[J]. Ann Surg, 2016, 263(3):440-449. doi: 10.1097/
SLA.0000000000001240.
Kwon J, Shin SH, Lee S, et al. The Effect of Fibrinogen/
Thrombin-Coated Collagen Patch (TachoSil (R)) Application in
Pancreaticojejunostomy for Prevention of Pancreatic Fistula After
Pancreaticoduodenectomy: A Randomized Clinical Trial[J]. World J
Surg, 2019, 43(12):3128-3137. doi: 10.1007/s00268-019-05172-y.
McMillan MT, Soi S, Asbun HJ, et al. Risk-adjusted
Outcomes of Clinically Relevant Pancreatic Fistula Following
Pancreatoduodenectomy: A Model for Performance
Evaluation[J]. Ann Surg, 2016, 264(2):344-352. doi: 10.1097/
SLA.0000000000001537.
Shen J, Zhang Y, Hu J, et al. Albumin difference as a new predictor
of pancreatic fistula following distal pancreatectomy: a retrospective
study of 211 consecutive patients[J]. Langenbecks Arch Surg, 2020,
405(1):55-62. doi: 10.1007/s00423-019-01849-z.
Callery MP, Pratt WB, Kent TS, et al. A prospectively validated
clinical risk score accurately predicts pancreatic fistula after
pancreatoduodenectomy[J]. J Am Coll Surg, 2013, 216(1):1-14.
doi: 10.1016/j.jamcollsurg.2012.09.002.
McMillan MT, Christein JD, Callery MP, et al. Comparing the
burden of pancreatic fistulas after pancreatoduodenectomy and
distal pancreatectomy[J]. Surgery, 2016, 159(4):1013-1022. doi:
10.1016/j.surg.2015.10.028.
Ryu Y, Shin SH, Park DJ, et al. Validation of original and
alternative fistula risk scores in postoperative pancreatic fistula[J].
J Hepatobiliary Pancreat Sci, 2019, 26(8):354-359. doi: 10.1002/
jhbp.638.

LI, B0 B KUK T3 FR G TR I 48 I DIBR A (¥ 15 T4
{H[T]. FPAERATAEAMRIZRAE, 2019, 25(9):668-671. doi:10.3760/cma.
j-1ssn.1007-8118.2019.09.008.

© MR IT F EHFFNHFEIH

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Jiang B, Huang Q. The clinicalvalue of pancreatic fistula risk
scoring system in pancreaticoduodenectomy[J]. Chinese Journal
of Hepatobiliary Surgery, 2019, 25(9):668—671. doi:10.3760/cma.
j.1ssn.1007-8118.2019.09.008.

Mu W, Liu C, Gao F, et al. Prediction of clinically
relevant Pancreatico-enteric Anastomotic Fistulas after
Pancreatoduodenectomy using deep learning of Preoperative
Computed Tomography[J]. Theranostics, 2020, 10(21):9779-9788.
doi: 10.7150/thno.49671.

Hayashi H, Amaya K, Fujiwara Y, et al. Comparison of three fistula
risk scores after pancreatoduodenectomy: A single-institution
retrospective study[J]. Asian J Surg, 2020, S1015-9584(20)30119—
6. doi: 10.1016/j.asjsur.2020.04.004.

Lao M, Zhang X, Guo C, et al. External validation of alternative
fistula risk score (a-FRS) for predicting pancreatic fistula after
pancreatoduodenectomy[J]. HPB (Oxford), 2020, 22(1):58—66. doi:
10.1016/§.hpb.2019.05.007.

W, B, B, LT AR B VI BR R S HE Y
o PR 2R G e N S0 AR Y A A Y A O BT RE PR BRI ].
e R i Ah R4 RE, 2019, 28(9):1115-1122. doi:10.7659/
j.issn.1005-6947.2019.09.013.

Cao XT, Shen DC, Huang GW, et al. A single center
prospective study of screening predictive factors and building
predictive model for postoperative pancreatic fistula after
pancreaticoduodenectomy[J]. Chinese Journal of General Surgery,
2019, 28(9):1115-1122. doi:10.7659/.issn.1005-6947.2019.09.013.
Mungroop TH, Klompmaker S, Wellner UF, et al. Updated
Alternative Fistula Risk Score (ua-FRS) to Include Minimally
Invasive Pancreatoduodenectomy: Pan-European Validation[J]. Ann

Surg, 2019, doi: 10.1097/SLA.0000000000003234. [Online ahead

of print]
WK, B, MOCRE, . BRI RGETERE T TR A DIRR

ARG BEPFA I ELT]. HARIFIRAMRERS, 2017, 23(2):104-
109. doi:10.3760/cma.j.issn.1007-8118.2017.02.008.

Peng B, Huang Q, Lin XS, et al. Use of a pancreatic fistula risk
score system for patients with clinically relevant postoperative
pancreatic fistula after pancreaticoduodenectomy[J]. Chinese
Journal of Hepatobiliary Surgery, 2017, 23(2):104-109.
doi:10.3760/cma.j.issn.1007-8118.2017.02.008.

T, O, AROTIR, S5, JPRBEXUS T R S AE IR+ AR UIER AR
ASF BB T RN ELT]. ThAESMEERE, 2015, 53(6):410-
414. doi:10.3760/cma.j.issn.0529-5815.2015.06.003.

Yang J, Huang Q, Lin XS, et al. The clinical value of pancreatic
fistula risk predicting system after pancreaticoduodenectomyl[J].

Chinese Journal of Surgery, 2015, 53(6):410—414. doi:10.3760/cma.

http://www.zpwz.net



1036

9529 &

j-1ssn.0529-5815.2015.06.003.

[21] TRVGE, SR, B85, A5, Atk IR A TR S5 e Foti

[22

[23

[24

[25

—

[ty

[l

[}

BB HR M. h A fAMRIRE, 2020, 19(4):408-413.
doi:10.3760/cma.j.cn115610-20200409-00240.

Xu XB, Jia CP, Jia Y, et al. Construction and application
value of prediction model of pancreatic fistula after
pancreaticoduodenectomy[J]. Chinese Journal of Digestive Surgery,
2020, 19(4):408-413. doi:10.3760/cma.j.cn115610-20200409—
00240.

Shinde RS, Acharya R, Chaudhari VA, et al. External validation
and comparison of the original, alternative and updated-alternative
fistula risk scores for the prediction of postoperative pancreatic
fistula after pancreatoduodenectomy[J]. Pancreatology, 2020,
20(4):751-756. doi: 10.1016/j.pan.2020.04.006.

TP, &P, B4R, S5 T IR VIR R R IR AR S
JRE B R S []. SR RHERIE 15 S0k, 2018, 23(5):440-445.
doi:10.16139/j.1007-9610.2018.05.013.

Wang WK, Zhan Q, Wang W, et al. Study on prediction of
postoperative pancreatic fistula after pancreaticoduodenectomy and
distal pancreatectomy[J]. Journal of Surgery Concepts & Practice,
2018, 23(5):440-445. doi:10.16139/j.1007-9610.2018.05.013.

Han IW, Kim H, Heo J, et al. Excess intraoperative fluid
volume administration is associated with pancreatic fistula after
pancreaticoduodenectomy: A retrospective multicenter study[J].
Medicine (Baltimore), 2017, 96(22):¢6893. doi: 10.1097/
MD.0000000000006893.

Ecker BL, McMillan MT, Allegrini V, et al. Risk Factors
and Mitigation Strategies for Pancreatic Fistula After Distal
Pancreatectomy: Analysis of 2026 Resections From the

International, Multi-institutional Distal Pancreatectomy Study

© WA )T i [ & F I F 2P H

[26]

[27]

(28]

[29]

Group[J]. Ann Surg. 2019, 269(1):143-149. doi: 10.1097/
SLA.0000000000002491.

Dokmak S, Ftériche FS, Meniconi RL, et al. Pancreatic fistula
following laparoscopic distal pancreatectomy is probably unrelated
to the stapler size but to the drainage modality and significantly
decreased with a small suction drain[J]. Langenbecks Arch Surg,
2019, 404(2):203-212. doi: 10.1007/s00423-019-01756-3.
Halle-Smith JM, Vinuela E, Brown RM, et al. A comparative study
of risk factors for pancreatic fistula after pancreatoduodenectomy or
distal pancreatectomy[J]. HPB (Oxford), 2017, 19(8):727-734. doi:
10.1016/j.hpb.2017.04.013.

Izumo W, Higuchi R, Yazawa T, et al. Evaluation of preoperative
risk factors for postpancreatectomy hemorrhage[J]. Langenbecks
Arch Surg, 2019, 404(8):967-974. doi: 10.1007/s00423-019—
01830-w.

Ke Z, Cui J, Hu N, et al. Risk factors for postoperative
pancreatic fistula: Analysis of 170 consecutive cases of
pancreaticoduodenectomy based on the updated ISGPS
classification and grading system[J]. Medicine (Baltimore), 2018,

97(35):e12151. doi: 10.1097/MD.0000000000012151.

(ALmit £9F)

ASCEI AR e, P, S, S5 FRS5a-FRSUASIH BRI FAR
AR R TN EL AT, T RS A MR 24, 2020, 29(9):1029-1036.
doi:10.7659/j.issn.1005-6947.2020.09.001

Cite this article as: Shen J, Sun Y, Guo F, et al. Analysis of values of

FRS and a-FRS for predicting pancreatic fistula after different types of
pancreatic surgery[J]. Chin J Gen Surg, 2020, 29(9):1029-1036. doi:10.7659/
j.issn.1005-6947.2020.09.001

http://www.zpwz.net



