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[Abstract] Objective:To modify previous clinically relevant post-operative pancreatic fistula (CR-POPF) risk evaluation models
with quantitative evaluation of pancreatic tissue stiffness by ultrasound shear wave elastography (SWE). Methods In this
prospective study, the patients who were diagnosed as having pancreatic tumors and scheduled to undergo pancreatectomy at
Zhongshan Hospital, Fudan University were initially enrolled, whose clinical information was collected. Virtual touch tissue
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imaging and quantification technology (VTIQ) assessment was applied to the patients within one week before the surgery to
measure the shear wave velocity (SWV) of pancreatic lesions and the normal parenchyma of pancreatic body in the superficial layer
of the portal vein. During the surgery, the surgeons qualitatively evaluated the stiffness of pancreases via direct palpation and
divided them into soft pancreases and medium-hard pancreases. During the 3-week follow-up period after pancreatectomy, CR-
POPF was diagnosed according to 2016 International Study Group of Pancreatic Fistula (ISGPF) standard. Peri-operative risk
factors of CR-POPF were analyzed by univariate and multivariate Logistic regression to build the prediction model. Evaluation and
comparison of diagnostic efficacy and clinical benefits among different models were then performed via receiver operating
characteristic (ROC) curve and decision curve analysis (DCA). ResultsFrom September 2021 to March 2022, 100 patients were
enrolled in this study, including 33 patients (33.0%) who received pancreaticoduodenectomy (PD) and 67 patients (67.0%) who
received distal pancreatectomy. CR-POPF was diagnosed in 35 patients (35.0%) during the 3-week post-pancreatectomy follow-up.
Multivariate Logistic regression analysis revealed that the SWV value of the body part of pancreatic parenchyma in the superficial
layer of the portal vein [IgOR=-2.934 (95%CI -4.387—-1.479), P=0.000] and the presence of a non-dilated main pancreatic duct
(<3 mm) [IgOR=0.805 (95%CI 0.274 — 1.335), P=0.003] were independent risk factors that significantly correlated with the
occurrence of CR-POPF after pancreatectomy. The modified model based on the SWE parameter achieved the area under the ROC
curve of 0.842, with the sensitivity, the specificity, the positive predictive value, the negative predictive value and the likelihood
ratio of 85.7%, 64.6%, 70.5%, 81.8% and 2.422 in predicting CR-POPF. DCA revealed a better clinical benefit of the modified
model compared to the previous prediction models [fistula risk score (FRS) and alternative fistula risk score (a-FRS)]. Conclusion*
The modified model based on the SWE parameter and identified clinical risk factors can make non-invasive, quantitative and
objective evaluation of CR-POPF risk before pancreatectomy, and provide sufficient diagnostic efficacy and clinical benefits.

[Key words] ultrasound shear wave elastography; pancreatectomy; clinically relevant post-operative pancreatic fistula (CR-POPF);

prediction model; fistula risk score (FRS); alternative fistula risk score (a-FRS)

IR VI AR (pancreatectomy) J& T4 2% H. 15 XL
B 3 PR R o PR IR VT BR AR 5 H UL LM Y
IE AT, M S A A A v ] P b = o AT Gk
30%, Ik R AR R AR I B . AR 2016
AF [ PR B F 5T /N 2H (International Study Group of
Pancreatic Fistula, ISGPF) #&H iYRZEI2 W5 /0 b
e, RS R TR TE A Tl K P KT IR LY A 3 A% LA
b, [EIEEE A ORGSR BUANE RS, BIRTIZ W A
J& R B
pancreatic fistula, CR-POPF), f#f B/C ¢ % ),
AT I = R | TC RGOy vR TN AR T A
YIBR A J5 91 & CR-POPF [ XUz, A7 Bl T & fi A 3 1Y)
Pl T ARSI PRAE B, ) T4 S AR5 IR A0 Ak B B 124
S R IR WUR AT A I R A (i

REAEAFZE o7 [l i b %o 5+ — 48 B VIR A s O
& CR-POPF WMIEE ML N R AT TR &, I3t
T BBl F AR 0911 PR 2 %0/ CR-POPF TUMAR AL . H R Il
IR BB 2 N iR AL 45 2013 4t CALLERY
At 60 3R ) SR KU 43 (fistula risk score, FRS),
YA B fe b B R AL G AR T b A . F A AR
75 RHR IR 2 SRR A R AR IR e B A (4
g MR R ), 15 CR-POPF () & 2 B M1 56 . 2019
-, MUNGROOP % 7' i 7 2t R Ji 92 IR 17 43
(alternative fistula risk score, a-FRS) Ay, R8T
[ AR BT b AR 5 F A AR R 2 s R R, R

(clinically relevant post-operative

e
@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

BN T AR &5 %0 (body mass index, BMI) %
I VE R N Z s st KA R M, g — gk |
HAE T CR-POPF H 2 WAk T o T i o b 45 4 1
S ar A fE R R &, 5 CR-POPF /9 & A= Filj™ 8 72 i
WEAK; BEAMRIEIZ i R bz X, &
PEVPAS R IR BTt i R 2, (H 2 25 R e e L 68
MBS T EE M ™, RS HAR TS W,
BRI T ARG RS e i i — 20 .

BB By ) I 5 M B f8 (shear wave elastography,
SWE) s&—#al LiJctl., sALH S8 or
i, SWE R INAE 5 [ 20 21 2F 4k A F2 B A A o 35 1F
M FRATBEE MBS ' Bon, il SWE i i F
At PR J e B EL ) B TR R S B R 32, S5 R B
RAFAy Al SEpE e nT s, X TIPAL AR VTR A 5 I
& CR-POPF HAT WA R {E o

B B SR 455 SWE & -SSR
K faR R, W E R Y CR-POPF FNAE AL, 52
BARTIICA] . & BRI DI A 5 I &
CR-POPF FJ XU .

1 HE55E
1.1 WFREMSR

AT MBTIEERT Y, 99 A 2021 429 A & 2022
A3 H 82 B R HME L BE B witi2 1) JER R A g s

Vol.43 No.4 Apr. 2023



Wi, &

AFRHE: OBREER=18%, FEFN AT NE
IHABSY., QAR FLWON AR, FLITAS R
FARATYIBRAeAL, LT BRA=ME bl R Bed% sz
JERROIERA (R 38 VIR ARBRAR B VIR A ) & .
@ F ARFCREEZIARTT . AFHIRTT AR T 77
Ko @RI KL B 10 0 5 RRAAR SE B A — 4 KB 75
(B mode ultrasound, BMUS) KE§ ]S~ , s
S SR FIRBE A T 2~10 cm, P LASE R [0l o 3
HeBrpmft: QOB — MBI, fE7E A B s
WhEERe, SEAHAL T ARSERUER . QB FH T2
W BT AR . FIEERA . FRIEKRSNFHET
@HEZ HFARE . @ICIEELE 78 UK F A Al s
b B A . GERIB TS .

1.2 WF5EJiik

1.2 WUEERAE RETIRIRBOR W B R ET A IG
PREFIE ST bR, AN A% . BMIAISER % KA
g5 [T y-B A% %0 (y-glutamyltransferase,

SET AR B SIS IR S M S 1 R TR 2 AR e e | 439

v-GT). =Mt H M (triacylglycerol, TAG) FIJH [& [
K1

1.2.2  ARATBMUSHA 5 SWE & i PP BT A
FiT 2 75 K6 A /1] Siemens ACUSON Sequoia # 7% 12 K
1B HEFRIR K 5C-1 (1~6 MHz) 4T, Fo#mifitizdl
AUk % 5 8k R (virtual touch tissue imaging
and quantification technology, VTIQ) 5¢ i Ji Bif A i
SWE (9 PPl (1 1) o B 5E1E BMUS 15 M 275 i
PSRIUET RVl NP VK =51 S TRBTI3 750 S A NN V) Bt S 27 N 2
BRI RRAE A OB S A/ IR AL IX e FE RS AR R
/N, IR LT G s ke P I AR L . SR
Ja V14 2 VTIQ AL, 7edikk NI & 3 A0 R TR BE 1)
TR X 3, (region of interest, ROI) i 2H 2151
€ 1= B Yl 3 ¥ (shear wave velocity, SWV) {H
(m/s). EEMAETEIWK, P SWVH AR
IRV B . e, ERERAEIZED 1 om )
IV K 5 AR I IR SE BT N A R il 5 A
R, DIARAFIE R BRI 2 SWV S 516

Note: A. The body part of pancreatic parenchyma (red arrows) in the superficial layer of portal vein was clearly displayed on BMUS with a lesion located in

the body-tail part of pancreas (yellow cursors). B. VTIQ assessment makes the visualization of relative elasticity of target tissues. The body part of pancreatic

parenchyma appeared in an evenly blue color, which indicated a relatively low elasticity. C. VTIQ revealed an unevenly green color in the pancreatic lesion,

which indicated a relatively high elasticity. The circles in B and C indicate the ROIs in the pancreatic parenchyma and the lesions, respectively, and the SWV

values were detected. AA—abdominal aorta; [IVC—inferior vena cava; PL—pancreatic lesion; PV—portal vein.
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Fig1 Preoperative BMUS imaging and quantitative evaluation of SWE in a patient with pancreatic ductal adenocarcinoma
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Tab 1 Comparison of clinical characteristics between CR-POPF-positive and -negative pancreatic tumor patients

Index CR-POPF positive (n=35)
Gender/n(%)
Male 16 (45.7)
Female 19 (54.3)
Agelyear 57.7+14.4
BMI/(kg-m™) 23.5+2.9

v-GT>150 UL "/n(%) 4(11.4)
TAG>1.7 mmol-L"/n(%) 10 (28.6)
Cholesterol>5.2 mmol-L™"/n(%) 6 (17.1)
Diabetes mellitus/n(%) 4(11.4)
Lesion size/mm 29.6+14.8
MPD diameter<3 mm/n(%) 29 (82.9)
SWV value/(m-s™)

Pancreatic parenchyma 0.86+0.18

Lesion 1.42+0.60

Lesion-parenchyma ratio 1.69+0.72
Surgery type/n(%)

Pancreaticoduodenectomy 9 (25.7)

Distal pancreatectomy 26 (74.3)
Surgery duration/min 178.34+66.7
Blood loss/mL 138.3+131.0
Palpation of pancreas/n(%)

Soft 19 (54.3)

Medium-hard 16 (45.7)
Pathological diagnosis of PDAC/PASC/n(%) 13 (37.1)
FRS/point 49+1.3
a-FRS/% 60.6+27.2

CR-POPF negative (7=65) t/y* value P value

0.396 0.529

34 (52.3)

31 (47.7)
60.1£12.5 0.887 0.378
23.1£3.3 -0.702 0.484
16 (24.6) 2.473 0.116
18 (27.7) 0.009 0.926
12 (18.5) 0.027 0.870
16 (24.6) 2.473 0.116
29.8+14.1 0.081 0.935
36 (55.4) 7.547 0.006
1.24+0.45 5.941 0.000
1.41+0.64 -0.078 0.938
1.24+0.68 -3.044 0.003
1.293 0.256

24 (36.9)

41 (63.1)
195.7+80.6 1.091 0.278
119.2+£139.8 -0.664 0.508
1.876 0.171

26 (40.0)

39 (60.0)
37 (56.9) 3.560 0.059
3.8+1.8 -2.891 0.005
21.3+£23.2 -7.593 0.000

Note: MPD—main pancreatic duct; FRS—fistula risk score (CALLERY et al, 2013); a-FRS—alternative fistula risk score (MUNGROOP et al, 2019).
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Tab 2 Univariate and multivariate Logistic regression analysis of related factors of CR-POPF

Univariate
Variables
12OR (95%CI)

Gender (female) 0.115 (-0.243-0.473)
Age -0.006 (—0.020-0.007)
BMI 0.020 (-0.036-0.077)
Diabetes mellitus 0.043 (-0.111-0.918)
v-GT level (>150 U/L) 0.403 (-0.111-0.918)
Lesion size —-0.001 (-0.013-0.012)
MPD diameter (<3 mm) —-0.590 (-1.027--0.153)
SWYV of pancreatic parenchyma —2.441 (-3.635—-1.248)
Palpation of pancreas (soft) -0.251 (-0.611-0.110)
Surgery type (PD) 0.228 (=0.167-0.623)

Constant -

CR-POPF (1) & A= HE R a] F2F DL R A A 30

. N 1
7/{55*%%;* (1+ e,l,gsz[Mpr6,755[swv174737) °©

MEREENE<S mmif, [MPD] =1; X3 HEE
W#>3 mmif, [MPD] =0; [SWV] =&k 77
RE SR SWVAH (m/s) .

2.5 CR-POPF RURG PTA B R () b 4R

FE T SWE [ el [ AR TR 7 T i g 1) B AR )5 9 &
CR-POPF ffJ ROC £k N I 4 0.842, HUREE | K5
JE . BHESTIAE . B SO A BLSK H o 85.7%
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P value

Multivariate

B value 12OR (95%CI) P value
0.530 - - -
0.375 - = _
0.480 - - -
0.124 - - -
0.124 - — _
0.935 - - -
0.008 1.852 0.805 (0.274-1.335) 0.003
0.000 -6.755 -2.934 (-4.387—--1.479) 0.000
0.173 - - -
0.258 - - -

- 4.737 2.057 0.002

64.6%. 70.5%. 81.8%M12.422 (K2, #3).

55 B4 3 T Bl T R ] CR-POPF 15 6 K 2% 14 1 IR
RS T L, BT SWE Y Bl RS R R Y
ZWiie . il DCA 20 Hr, ol RABEARY By I XS e B
AR A] DAL T A f G R B &k 25 (1&812) . K3 &
78 T ARHF5E Fh %) CR-POPF BH M 25 11 BH 4 41 8 2 43 )
K H 3 Fft CR-POPF il I A5 A 153 T A A8k 2/ XU 37 43
Je WSR3 A, 45 R W e R ABEARY 14 i 5 T 00 AE 3 )
PLA R CR-POPF  (P=0.000) . H:rfr, 7% ki
D7 TRARTS S 5t i) SWV (EAE N i 2L 78 /. %} CR-POPF
DRSS LN £ o e o o
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Note: A. ROC curves of 3 models. B. Decision curves of 3 models.
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Fig2 ROC curves and decision curves of the modified model based on SWE and previous clinical models in the prediction of CR-POPF
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0.351
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5 0151
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Threshold probability

%3 ETSWERX REBMELE I REET FHI CR-POPF B2 B 38K
Tab 3 Diagnostic efficacy of the modified model based on SWE and previous clinical models in predicting CR-POPF

Model AUROC
FRS 0.665
a-FRS 0.744
Modified model 0.842

Sensitivity/%
429
68.6
85.7

Note: AUROC—area under the receiver operating characteristic curve; PPV—positive predictive value; NPV—negative predictive value.

20r Cutoff value |
P=0.005

Frequency/n

0 12 3 4 5
Fistula risk score/point

Note: A. FRS. B. a-FRS. C. Modified model.

Frequency/n

—— CR-POPF positive
—— CR-POPF negative

6 7 8 9 10

30 - |
Cutoff value |
P<0.001
|
|
20 F I
|
|
|
|
10 I
|
|

0 0.1

2023, 43(4)

Specificity/% PPV/% NPV/% Likelihood ratio

80.0 68.2 58.4 2.143

73.9 72.4 70.2 2.622

64.6 70.5 81.8 2.422

A B
407 Cutoff val

utoil value —— CR-POPF positive
£<0.001 —— CR-POPF negative

Probability

Frequency/n

0.1

0.2
Probability

0.3

——CR-POPF positive
——CR-POPF negative

02 03 04 05 06 0.7 0.8 09

1.0

3 CR-POPF[HIEZAFNBAME A B H R AE T SWE K2 RAER MR E 15 RAZ RN I H R RSRE S 7
Fig 3 Frequency distributions of CR-POPF-positive group and -negative group calculated by the modified model based on SWE and

previous clinical models
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