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Abstract

Introduction. In this paper we present a novel sleeve-shaped pancreaticojejunostomy (NSSP) technique
developed for pancreaticoduodenectomies in case of soft pancreatic parenchyma. Material and Methods.
The efficacy of NSSP was compared to “duct-to-mucosa” (DTMA), invaginational (IA), and catheter-guided
(CGA) types of pancreatic anastomoses. A total of 173 pancreaticoduodenectomies were analyzed. Results.
The rate of clinically relevant postoperative pancreatic fistulas (CR-POPF) was 6.6 % in the group of “duct-
to-mucosa” anastomoses, 16.0 % in the group of invaginational anastomoses, and 22.2 % in the group of
catheter-guided ones. CR-POPF have not been registered in the group of NSSP. The risk of CR-POPF after
application of NSSP was significantly lower compared to the group of IA (OR 3.44 [2.63—11.11]), the group of
CGA (OR 5.54 [3.41-8.22]) and did not differ from the group of DTMA (OR 1.19 [0.65-2.38]). Conclusion.
The novel sleeve-shaped pancreaticojejunostomy has proved to be effective and in a short series of surgeries
demonstrated the lowest rate of CR-POPF compared to other known types of anastomoses.

Key words: pancreaticoduodenectomy, pancreatic fistula, pancreatic anastomotic leakage,
pancreatojejunostomy.
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NMPU MATKOW NAPEHXUME NOMXENYOOYHOMN XEJNE3bI
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AHHOTauuA

BBepneHue. B paboTe npeanoxeH opurnHanbHbIi MydToo6pasHbln naHkpeaToetoHoaHacTomo3 (OMA),
pa3paboTaHHbIV AN NaHKpeaToAyoaeHanbHbIX PE3EKLUIA NpY MATKOW NOKenyno4YHon xenese. MaTtepuan
1 MmeToAbl. B cTatbe npeacrtaBneHa TexHuka BbinonHeHus OMA 1 npoBegeH aHanu3 ero aeKTUBHOCTU
no cpaBHeHuto ¢ «duct-to-mucosa» (ATMA), nHBarnHaumoHHbim (VIA) n katetep-HanpasneHHbiM (KHA)
naHKpeaTU4eckumMn aHactoMo3amu. Bcero npoaHanuavpoBaHbl 173 naHkpeaTogyoAeHarnbHble pe3ekuum.
Pe3ynbTaTtbl. HacToTa KNMMHUYECKN 3HAYNMbIX NOcneonepaumnoHHbIx naHkpeaTudecknx opuctyn (K3-rore)
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B rpynnax «duct-to-mucosa» aHacToMo30B cocTaBuna 6,6 %, MHBarMHaUMOHHbIX aHacTomo30B — 16,0 %,
KaTeTep-HanpaBneHHbIX aHacTOMO30B — 22,2 %, B rpynne OMA naHkpeaTunyeckunx douctyn He 6bino. Puck K3-
MOMN® nocne npumeHeHns OMA 6bin 3Ha4YMMO MeHbLLE Mo cpaBHeHuto ¢ rpynnon NA (OLU 3,44 [2,63-11,11]),
rpynnon KHA (OLL 5,54 [3,41-8,22]) n He otnnyancs ot rpynnsl ATMA (Ol 1,19 [0,65—2,38]). 3akntouyeHue.
OpurnHanbHbIn MydhTOOOPa3HbI NaHKPeaTOEHOaHACTOMO3 OKa3ancsa 3EKTUBHBLIM 1 B KOPOTKOW CEpUN
onepauui NpoAeMOHCTpMpPOoBan HaumeHbLuyo YacTtoTy K3-MOM® no cpaBHEHWMO ¢ APYrMMU N3BECTHLIMU

TnamMmn aHacToMO30B.

KnioyeBble cnoBa: naHkpeaToayoAeHanbHasa pe3ekuus, naHkpeaTmyeckas mcTyna, HeCOCTOATENbHOCTb
naHkKpeaTu4yeckoro aHactomosa, naHKpeaToeroHOaHaCToOMO3.

Introduction

Creating the pancreatic anastomosis (PA) is one of
the key points of a pancreaticoduodenectomy (PDE)
reconstruction. It is obvious that the risk of the clinical-
ly relevant postoperative pancreatic fistula (CR-POPF)
of types B and C, as defined by International Study
Group on Pancreatic Surgery [1], directly depends on
reliability of PA.

In turn, it is common knowledge that mortality in
the group of patients with CR-POPF varies from 5.0
to 40.0 % [2-5]. Postoperative hemorrhage, another
life-threatening specific complication of PDE, usually
develops due to CR-POPF and results in the higher
mortality rate from 20.0 to 50.0 % [3].

Currently, more than 100 variants of pancre-
atic anastomoses have been proposed, among which
pancreaticogastro- and pancreaticojejunostomy are
distinguished. The latter, in turn, may be classified
into 1) invaginational (IA), 2) “duct-to-mucosa”
(DTMA), and 3) catheter-guided (CGA), external or
internal tube drainage of the pancreatic duct being
implied [6]. However, as modern meta-analyses show,
no type has advantages and the rate of CR-POPF
remains high, from 2.0 to 37.0 %, with an average
of 13.0 % [11.0-15.0] [7, 8]. Overall, it can be stated
that CR-POPF remains the “Achilles heel” of surgical
pancreatology.

The main problem is the formation of PA with the
soft, frail parenchyma of the pancreatic gland (PG),
when the rate of the CR-POPF becomes the highest [9,
10]. In this article, we propose a novel pancreatic anas-
tomosis developed specifically for the soft pancreas.

Material and Methods

Technique of the novel sleeve-shaped

pancreaticojejunostomy

The novel pancreatic anastomosis (Russian Federa-
tion patent for invention No. 2857988) involves dense
enveloping a pancreatic stump (PS) by a small intestine
in a sleeve-shaped manner and the precise sewing of
the pancreatic duct (PD) into the intestinal lumen.
Upon completion of the resection stage, the first loop
of the jejunum is brought to the pancreatic stump in
a retrocolic position. Having been denuded 2-2.5 cm
from the transsection plane, the PS is passed through
the aperture in the mesenterium of the jejunal loop to
be anastomosed (Fig. 1). The aperture mentioned is
located directly at the mesenteric edge of the intestine.
The size of the aperture in the mesentery must match
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the PS as tight as possible. At the next stage, the PS
is fixed to the ascending and descending loops of the
intestine by two U-shaped sutures (Fig. 2).

The U-shaped sutures hold only the serous-mus-
cular layer of the intestine, run along the axis of the
main PD through the parenchyma of the PS, in such a
way that the wall of the ascending and the descending
loops of the intestine play the role of supporting pads,
preventing the parenchyma of the gland from being cut
through. The small intestine sleeve is then closed from
below by one or two inter-intestinal sutures, involving
a mesenterium layer (Fig. 3).

After this, a precision anastomosis of the main PD
to the descending intestinal loop is formed (Fig. 4).
Pancreatic duct is sewn to the serous-muscular layer
of the opening of the small intestine by interrupted
sutures, the number of which depends on the diameter
ofthe PD. When the aperture is formed in the intestine,
the excess mucosa is excised as much as possible.
Microsurgical instruments, optical magnification,
monofilament non-absorbable suture material 6-0 or
7-0 are used. After the completion of the PD anastomo-
sis, the ascending and descending loops of the intestine
are sewn together with serous-muscular sutures, clos-
ing the intestinal sleeve at the front (Fig. 5).

Fig. 1. The stump of the pancreas passed through the aperture in
the mesenterium. Note: created by the authors
Puc. 1. Kynbts MK npoBeaeHa Yepes otBepcTue B Gpbikelike
TOHKOM KULWWKK. [prMeYaHne: pucyHoOK BbINOMHEH aBTopamMm
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A B C

Fig. 2. Fixing of the pancreatic stump to the ascending and descending loops of the small intestine. A — fixation scheme: 1 — ascending
loop, 2 — descending loop, 3 — pancreatic stump, 4 — lower and upper U-shaped sutures. B — the upper U-shaped suture is tied.
C — the lower U-shaped suture is tied. Note: created by the authors
Puc. 2. dukcaums kynsty MK k npvBoasLuel n oTBOAsLLEV NETNAM TOHKOM KULLKK. A — cxema chukcaumu: 1 — npuBoasLLas netns,
2 — oTBoAsLwWas netns, 3 — kynsts MK, 4 — BepxHUiA 1 HWXKHWIA [N-06pasHblie WBbl. B — 3aBsA3aH BepxHuiA M-06pa3sHbii LWoB.
C — 3aBsA3aH HWKHUI [1-06pa3HbIl WwoB. [pruMeyaHne: pucyHoK BbIMOMHEH aBTOpamMu

Fig. 3. Closure of the intestinal
sleeve around the pancreatic stump
from below. A — scheme: 1 — as-
cending loop, 2 — descending loop,
3 — pancreatic stump, 4 — lower and
upper U-shaped sutures are tied,
5 — lower closing suture. B — view of
intestinal sleeve closed around.
Note: created by the authors
Puc. 3. 3aMblkaHye TOHKOKWLLEYHOW
MydTbl BOKpYT Kynbtn XK cHusy. A —
cxema 3amblkaHus: 1 — npusoasLas
netns, 2 — oTBOAALLAs NeTns,

3 — kynbTa DK, 4 — BEPXHUIA U HUXK-
HuI M-06pasHble LWBbI 3aBsi3aHbl,
5 — HWXXHWUI 3aMblKalOLLUIA LLIOB.

B — B1A 3aMKHYTOWM CHWU3Y TOHKO-
KuevHon MydThbl. MpumedaHue:
PVICYHOK BbIMOMHEH aBTopamu

Fig. 4. Completed anastomosis
of the pancreatic duct (the arrow).
Note: created by the authors
Puc. 4. ChopmmpoBaHHbIN NaHKkpea-
TUKOEIOHOaHaCTOMO3 (CTperka).
MpumeyaHne: pucyHok
BbINOJIHEH aBTOpaMu
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B

Fig. 5. Forming of the anterior wall of the
anastomosis. A — serous-muscular inter-
intestinal running suture. B — scheme of the
pancreaticojejunostomy, final view. Note:
created by the authors
Puc. 5. dopmupoBaHue nepegHen CTEHKM
aHacTomMo3a. A — CepO3HO-MbILLEYHbIN MEX-
KMLLIEYHbIN HEMPEPBIBHBIN LWOB. B — cxema
NaHKpeaToeltoHOaHAaCTOMO3a, OKOHYaTerNb-
HbI BUA. [pumeYvaHmne: puCcyHOK BbINMOMHEH
aBTOpamMu

Patients characteristics

A total of 173 patients undergoing PDE between
2013 and 2025 were analyzed. The inclusion criteria
for the study were: 1) PDE, 2) a periampullary tu-
mor, 3) a chronic pancreatitis complicated by pain,
obstructive jaundice, pancreatic hypertension. Exclu-
sion criteria were: PDE performed as a multivisceral
resection for a non-periampullary tumor invading the
head of the PG or duodenum. Patient characteristics
are presented in Table 1.

Pancreatic and duodenal carcinomas prevailed
among all pathologies. Other malignant tumors were
represented by a duodenal lymphoma and a metastasis
of a colorectal carcinoma in the apical lymph nodes
with invasion into the pancreas or duodenum. Pancrea-
titis and benign tumors did not exceed 10 % of all the
diseases. Details of surgeries are given in Table 2.

Seven operations were multivisceral (4.0 %), 4
anatomical liver resections, 2 resections of the colon
and 1 of the small intestine were performed. In 35
(20.2 %) patients PDE was associated with resection
and angioplasty of main vessels: the resections of the
hepatic artery and the superior mesenteric artery in 3
cases and venous porto-mesenteric resections in 33
ones.

PS parenchyma density and the diameter of the
main pancreatic duct were recorded because they are
risk factors for the CR-POPF, and were applied to
assess an individual risk using Modified Fistula Risk
Score developed by Kantor O. et al. (2017) [11]. The
score is shown in Table 3.

The Cattle technique was applied to form “duct-to-
mucosa” anastomoses [6], invaginational anastomoses
were formed by the technique similar to that described

Table 1/ Tabnuua 1

Characteristics of patients included in the study
XapaKTepucmxu nauuMeHToB, BolweaLlux B uccriegoBaHune

TTokazaremu/Parameteres

Bospacr, ner/Age, years (min — max; mean + SD)/
ITom (myxckoii/xenckuii)/Gender (males/females)
Wunexc maccer Tena/Body mass index (min — Q25 — med — Q75 — max)
Mexanndeckas xentyxa/Obstructive jaundice

Juarnos/Diagnosis

Pax mucranbHOTO OT/HENA X0Ienoxa/Distal common bile duct carcinoma
HetiposnmokprHHasT OIyX0JTh MOKETyI09HOH xKene3bl/Pancreatic neuroendocrine tumor
Pax Gonbioro gyonenanbHoro cocouka/Ampullary carcinoma
Pax nBenaanarunepcrHoi kumku/Duodenal carcinoma
Pak nomxenynounoi sxenessl/Pancreatic ductal carcinoma
[poune 310KkauecTBernble omyxoar/Other malignant tumors
JlobpoxauecTBeHHBIe ommyxonu/Benign tumors

[Mankpearut/Pancreatitis
T(1-2-3-4)*
N@O-1-2)

3uauenne/ Value

36-80;62.3+9.7
98 (56.6 %)/75 (43.4 %)
18.8—22.1-28.0 333382
112 (64.7 %)

7 (4.0 %)
423 %)

11 (6.4 %)
38 (22.0 %)
93 (53.8 %)

3 (1.7 %)
423 %)

13 (7.5 %)

14-22-89-30

99-53-3

IMpumevanns: * — T, N npeacTaBiaeHb! TOALKO 11 HEPBUUHBIX IIEPHAMITYIIIPHBIX OIyXOJIeil; TaONuLa COCTaBICHA aBTOPAMH.

Notes: * — T, N are presented only for primary periampullary tumors; created by the authors.
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Table 2/Tabnuua 2
Surgical details

HeTtanu onepaumii

IToka3zarenn/Parameteres 3uauenne/Value

[110THOCTB MapeHXUMBI TTOIKETYA0UHOH kene3nl/PG parenchyma density

ITnotras /Firm 122%* (70.5 %)

Msirkas /Foft 50 (28.9 %)

Jlmamerp maHkpearndeckoro nporoka/PD diameter
>6 MmM/mm 130 (75.1 %)
3-6 Mm/mm 42 (24.3 %)

Tun mankpeaTnyeckoro anacromosa/Pancreatic anastomosis type
“Duct-to-mucosa” 122 (70.5 %)
25 (14.5 %)
9 (5.2 %)
16 (9.2 %)
Notes: * — in one case there was no pancreatic anastomosis and PG parenchyma density likewise a PD diameter were not taken into account; created
by the authors.

WuBarunanuonHsiii/Invaginational
Karerep-nanpasnennsiii/Catheter-guided
MydToobpasublit opurnHanbHbiit/Novel sleeve-shaped

HpI/IMC‘IaHI/IHZ *—B OHOM Clly4ac HE OBLIIO TIAHKPEATUYECKOT0 aHaCTOMO3a. IInotHOCTH TTapCHXUMBI HOI[)Ke.TIyZ[O‘IHOI‘;I JKEJIE3bI U THAMETP

TIAHKPCATUICCKOro MPOTOKAa HE OLICHUBAJIMCh, Ta6nnua COCTaBJICHA aBTOPaMH.
Table 3/Tabnuua 3

Modified Fistula Risk Score
MoauduumpoBaHHas WwKana pucka naHKpeaTu4eckon pucTynbl

OtHomenue mancos (95 % JIN)/ Bamer pucka/

D [ R LR Odds Ratio (95 % CI) Iisls e
Kenckwuii mon/Female Pedepencroe 3nauenue/Reference 0
Mysxckoit moin/Male 2.15(1.47-3.18) 2
UMT< 25kr/M%/BMI < 25kg/m? Pedepencroe 3Hauenue/Reference 0
NMT=> 25kr/m?/BMI > 25kg/m? 1.55 (1.04-2.32) 1
O6mwmii onmupyoun >2 mr/mi/Total bilirubin > 2 mg/dL Pedepencroe 3nauenune/Reference 0
O6mmii 6nnmnpyoun < 2 mr/mi/Total bilirubin < 2 mg/dL 2.07 (1.22-3.51) 1
Jlmametp maHkpearndeckoro nporoka/Diameter of PD
> 6 MM/> 6 mm Pedepencroe 3nauenue/Reference 0
3—6 MM/3—6 mm 2.89 (1.11-7.48) 3
<3 mM/< 3 mm 4.63 (1.77-12.10) 4
[omxenynounas mene3.a Bblcqxoﬁ WJIN .npomemyTquOi/'l Pedbepercros saterme/Reference 0
motHoctr/Firm or intermediate PG
Misrkas nopkenygounas xxenesa/Soft PG 2.71 (1.64-2.62) 2
Bcero/Total* 0-10

Notes: * — 0-2 points for negligible risk (0 % risk of CR-POPF), 3—6 points for low risk (<10 % risk of CR-POPF), 7-8 points for intermediate risk
(10 % to 20 % risk of CR-POPF), and 9-10 points for high risk (>20 % risk of CR-POPF); BMI — body mass index; created by the authors.

IMpumeuanns: * — 0-2 6awra, OTCYTCTBHE PHUCKA (HE3HAUUTEIbHBIN), 3—6 6aoB, HU3KHI puck, <10 %, 7-8 6a/u1oB, IPOMEIKYTOUHBIH PHCK,
10-20 %, u 9—10 GasutoB, Beicokui puck, >20 %; UMT — uHAEKC Macchl Tena; TabJluila COCTaBICHa aBTOPaMHU.

by B.V. Sigua et al. (2021) [12]. When forming a
catheter-guided anastomosis the PS was fixed “to the
side” of the small intestine using U-shaped sutures, the
catheter was inserted 1.5-2 c¢m into the PD and was
fixed by a U-shaped suture. The catheter was delivered
to the skin in the form of external pancreaticostomy.

Statistical analysis

All the statistical calculations were implemented
using the freely distributable “R” programming lan-
guage (v. 4.4.1), integrated developer’s environment
“RStudio” 2024.09.1 Build 394 © 2009-2024 Posit
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Software, PBC, and statistical package “JASP” (v.
0.18.3, Builton Jan 11 2024, © 2013-2024 University
of Amsterdam). The probability of the type I error of
p=0.05 was regarded as the threshold of statistical
significance. Descriptive statistics were represented as
amean, median, quartiles (Q25, Q75), standard devia-
tion (SD), and a standard error (SE); a 95 % confidence
interval (95 % CI) was used. Fisher’s exact test and
Pearson’s y* test were applied to analyze contingency
tables. We performed Bayesian regression analysis
using the R library “brms” (Bayesian Regression
Models using “Stan”, v. 2.21.0, https://github.com/

SIBERIAN JOURNAL OF ONCOLOGY. 2026; 25(3): 86-95
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Table 4/Tabnuua 4
The rate of CR-POPF by the type of a pancreatic anastomosis

YactoTta K3-MOMN® npu pasnuMyHbIX TUNaxX NnaHKpeaTu4ecKux aHaCTomo3oB
K3-ITIOIT®d/CR-POPF

Tun anactomo3sa/Type of anastomosis Het/No Forn/Yes Bcero/Total
«Duct-to-mucosa» 114 8 (6.6 %) 122
WuBarunarmonHslii/Invaginational 21 4 (16.0 %) 25
Mydroobpasnsrit opurunansHeii/Novel sleeve-shaped 16 0 16
be3 anmactomo3a/No anastomosis 0 1 1
Karerep-nanpasnennsiit/Catheter-guided 7 2(22.2 %) 9
Bcero/Total 158 15 173

Notes: CR-POPF — clinically relevant postoperative pancreatic fistula; created by the authors.

IMpumevanns: K3-ITOI®D — knuHUYECKH 3HAYMMast TOCIICONEPalHOHHas TAaHKpeaTHIeckas GHUCTyna; TabInIa COCTaBICHA aBTOPAMH.
Table 5/Tabnuua 5
The individual risk of CR-POPF by groups of pancreatic anastomoses

NuausupyanbHbin puck K3-NMOM® npu pasnuyHbIX TMUNAaxX NaHKpeaTU4eCKMX aHaCTOMO30B

Crenens pucka/Degree of Risk

Tun anacromosa/Type of anastomosis Bricokuit/ HpOMeXSY' Hisuii/ He3Ha‘{I:I- Bcero/
siEn TO‘IHLII/.I/ Low TeJ'IL.HI?II/I/ Total
Intermediate Negligible

«DUCk-tO-mUCosay Kosn-Bo/Count 0.00 1.00 56.00 65.00 122.00
% 1o ctpoke/within row 0.00 % 0.82 % 45.90 % 53.28 % 100.00 %

VHBaruHanMOHHBIM/ Kom-Bo/Count 3.00 9.00 9.00 4.00 25.00
Invaginational % 1o cTpoke/within row 12.00 % 36.00 % 36.00 % 16.00 % 100.00 %

MydToobpazusrit Kosn-Bo/Count 2.00 5.00 7.00 2.00 16.00
NOPHFHHM’HH“/ % 110 cTpoxe/within row 1250 %  3125%  4375% 1250 %  100.00 %

ovel sleeve-shaped

Karerep-HanpaBieHHbII/ Kon-Bo/Count 0.00 7.00 2.00 0.00 9.00
Catheter-guided % 1o ctpoke/within row 0.00 % 77.78 % 22.22 % 0.00 % 100.00 %

Beero/Total Koin-Bo/Count 5.00 22.00 74.00 71.00 172.00
% 1o crpoke/within row 291 % 12.79 % 43.02 % 41.28 %  100.00 %

Notes: CR-POPF — clinically relevant postoperative pancreatic fistula; created by the authors.
Tpumeuanus: K3-TIOII® — kiauHUYeCKH 3HAUMMAas MTOCICONEpAllMOHHAs TaHKpeaTndeckas (GucTtyia; Tabliiia cOCTaBlIeHa aBTOPaMHU.
Table 6/Tabnuua 6
Comparison of the efficiency of NSSP with the efficiency of other types of anastomoses

CpaBHeHue 3pheKTUBHOCTU MyhTOOBPa3HOro OPUrMHaNILHOro aHacToMo3a ¢ 3hheKTUBHOCTbLIO APYIUX
TUMNOB aHacCTOMO30B

Tun anacromo3a juist cpaBHenust/ Type of anastomosis to compare

«Duct-to-mucosa»
WuBarnuanuonnsti/ Invaginational

Katerep-nanpasnennsiii/Catheter-guided

OLLI (95 % JIA)/
OR (95 % CI)
1.19 (0.65-2.38)
3.44 (2.63-11.11)
5.54 (3.41-8.22)

Notes: OR (95% CI) — odds ratio and 95% confidence interval; created by the authors.

Ipumeganns: OI (95 % JIN) — oTHOImIEeHHE MIaHCOB U 95 % NOBEpUTEIILHBIII HHTEPBA; TAOINIA COCTABICHA aBTOPAMH.

paul-buerkner/brms). For bootstrap testing (calculation
of OR) R-package “fwb” (Fractional Weighted Boot-
strap, v. 0.5.1, https://ngreifer.github.io/fwb/, https://
github.com/ngreifer/fwb Maintainer: Noah Greifer
<noah.greifer@gmail.com>) was applied.

Results

Intotal, 15 (8.7 %) CR-POPF of types B and C have
been registered after 173 PDE. The rate of CR-POPF
by the variant of a pancreatic anastomosis is presented

CUBWPCKIIM OHKONMOTMYECKW XYPHAT. 2026; 25(3): 86-95

in Table 4. The differences in Table 4 are statistically
significant (Pearson’s y>=16.5, df=4, p=0.002).

The study used a Modified Fistula Risk Score to
assess the risk of CR-POPF. The individual risk of
CR-POPF by groups of pancreatic anastomoses is
presented in Table 5.

The differences in Table 5 are statistically signifi-
cant (Pearson’s ¥>=90.6, df=9, p<0.001). It should be
noted that the soft parenchyma of the PG was observed
in 8.2 % in the group of DTMAs (10 out of 122),
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Table 7/Tabnuua 7

Results of regression modeling of the expected rate of a CR-POPF
in different types of pancreatic anastomoses

Pe3ynbTaThl perpeccuoHHOro MmogenupoBaHusa oxugaemoin yactotbl K3-MOM® npu paznnyHbix Tvnax
aHacTomMO30B

Family: bernoulli; Links: mu=logit; Formula: fistula ~ 1 + (1|anastomosis); Data: df (Number of observations: 172)/
Pacnpenenenue bepuymmm; @yHKIus cBA3U: JIOTUT-TIpeodpa3oBanue; Mozerb: fistula ~ 1 + (1|anastomosis);
KosnuuectBo HaOmoneHwmii: 172

Draws: 4 chains, each of iter=2000; warmup=1000; thin=1; total post-warmup draws=4000/
ApryMeHTHI (YHKIIH MOACIAPOBAHHUS brm makera brms: KOJIU4ecTBO 1eneii=4; konmdecTBo urepanuii B nemun=2000;
nepuox nporpesa=1000 ureparmii; TomuuHa nenu=1; BeiopaHo nocie nporpeBa=4000 ureparmii
Multilevel Hyperparameters: ~anastomosis (Number of levels: 4)/MHoroypoBHeBbIe TurepapaMeTpbl:
~anastomosis (KonuuectBo ypoHeii: 4)

Estimate/
Ouenka
sd (Intercept)/sd(Koncranra) 1.23
Individual intercepts/IHAMBUAyaIbHBIC KOHCTAHTHI:
Intercept (type 1 “duct-to-mucosa”)/

Koncranra (tun 1 «duct-to-mucosa) -2.63

Intercept (type 2 “invaginational”)/
. -1.95

KoncranTa (THI 2 «MHBArMHAIMOHHBIN) )
Intercept (type 3 “catheter guided”)/ -1.86
Koncranra (Tnn 3 «kareTep-HalpaBIeHHBIIN) ’

Intercept (type 4 “sleeve-shaped”)/

. -3.41
KoncranTa (THi 4 «My(hTOOOpa3HEBIii»)
Regression coefficients/Koaddunuents: perpeccun:

Intercept/Koncranra -2.24

SE 1-95%  u-95% R Bulk ESS Tail ESS
1.02 0.05 3.82 1.00 805 1181
0.34 -3.34 -2.00

0.53 -2.96 -0.92

0.76 331 -0.34

1.52 -7.43 -1.74

0.80 -3.88 -0.31 1.00 904 680

Notes: SE — standard error; 1-95 % — lower border of the 95 % CI; u-95 % — upper border of the 95 % CI; R- potential scale reduction factor;
Bulk ESS — effective sample size for the central part of the posterior distribution; Tail ESS — effective sample size for the tail parts of the posterior

distribution; created by the authors.

Mpumevanus: SE — crangaprHas ommbka oneHky; 1-95 % — muwknss rpanuna 95 % JIU; u-95 % — Bepxuss rpanuma 95 % JIU; R — norennmansabiit
xodduiment ymenburenns macurada; Bulk ESS — s dextnBroe KonnuecTBO BHIOPAHHBIX 3HAYCHHUH JUIS HEHTPAIBLHON YaCTH arloCTEPUOPHOIO
pacupenenenus; Tail ESS — addexrrBHOE KOMMUECTBO BEIOPAHHBIX 3HAYCHHUIT TSI «XBOCTOBY» allOCTEPUOPHOTO Paclpe/iesieH s1; TabInIa COCTaBIeHa

aBTOpaMHU.

68.0 % in the group of [As (17 out of 25), 87.5 % in
the group of NSSPs (14 out of 16), and 100.0 % in the
group of CGAs (9 out of 9).

The efficacy of the NSSP was compared pairwise
with other variants of pancreaticojejunostomies. As
the invaginational, catheter-guided and novel sleeve-
shaped anastomosis groups had limited observations,
classical mathematical statistical methods were not
applied. Bootstrap machine learning was used, the
odds ratio (OR) was estimated as a measure of differ-
ences between groups. The result of the comparative
analysis is shown in Table 6.

As the last analysis, a regression model of the ex-
pected rate of CR-POPF was fitted for different anas-
tomosis variants. The result of regression modeling is
presented in Table 7.

This was a multilevel Intercept-only model, the
type of the anastomosis played the role of the group-
ing variable. Based on the regression coefficients and
confidence intervals, the following expected rates of
CR-POPF for different types of anastomoses were
calculated: 1) for the DTMA—6.7 % (3.4-11.9); 2) for
the IA — 12.6 % (4.9-28.5); 3) for the CGA —13.6 %
(3.5-41.6), 4) for the NSSP — 3.2 % (+0.00-14.9).
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The computed CR-POPF rates were relevant to the
observed ones (Table 4).

Discussion

The best results (the lowest CR-POPF rates) were
observed in the DTMA and NSSP anastomosis groups,
with no statistically significant differences between
them (Table 6). However, it should be noted that the
individual risk of the fistula in the DTMA group was
significantly lower than in the NSSP group, and the
soft parenchyma of the PG as the main risk factor
for CR-POPF in the NSSP group was found 10 times
more often. All CR-POPF in the DTMA group were
observed in patients with soft parenchyma of the PG.
Thus, DTMA is well-proven only in dense parenchyma
cases and it should not be recommended in soft pa-
renchyma ones.

Catheter-guided and invaginational anastomoses
were applied primarily in patients with high risk of
the CR-POPF as a possible alternative to the DTMA
anastomosis. Unfortunately, these variants of junctions
proved ineffective, the chance of the CR-POPF was
3.5-5.5 times higher than in the NSSP. Just the first
empirical evaluation of short series of these anastomo-
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ses demonstrated an unacceptable rate of CR-POPF
(Table 4). This was a reason to completely abandon
their use. As technological shortcomings of CGA and
IA one may note: 1) easy breaking of sutures passed
through a soft parenchyma of the PG and dislocation
ofthe PG from the small intestine sleeve of any design,
2) complexity to control the PD catheter position and
unexpected migration of the catheter. All this inevita-
bly resulted in a complete dehiscence of the pancreatic
anastomosis.

NSSP has been developed specifically for the soft
PG in order to prevent the technical problems men-
tioned above. Therefore, some technical requirements
for the intestine to a soft PG anastomosis have been
formulated a priori: 1) the pancreatic duct should be
sewn into the intestine separately and precisely, 2)
the PS should always be surrounded by a dense small
bowel sleeve that prevents pancreatic juice leakage
in the case of PD anastomosis insufficiency, 3) the
fixing sutures between the pancreas and the intestine
must not cut themselves through, which prevents the
dislocation of the PS from the intestinal sleeve and the
dehiscence of the anastomosis.

We believe, the proposed design of the NSSP
largely meets these requirements. Passing the PS
through the mesenterium greatly facilitated the tech-
nical implementation of the whole design: we did not
consider the mesenterium to be an additional barrier
for pancreatic juice and did not fix it. This trick had
been used before, for example in the structure of the
esophageal anastomosis. The key technical point of the
NSSP is U-shaped fixing sutures. On both sides they
are supported by intestinal walls which play the role
of “ideal natural viable” supporting pads, excluding
cutting the sutures through. The transpancreatic pass-
ing of U-shaped sutures at a distance from the edge of
the PS allowed reducing their number to 2 and at the
same time preventing dislocation of the gland from the
intestinal sleeve. The possibility of precise suturing of
the PD in all the cases, for example, if its diameter is
less than 3 mm, seems to be debatable. In our series
of 16 operations with NSSP, we always managed to
identify the PD applying a 4-fold optical magnification
and sew it into the bowel lumen.

Pancreatic anastomoses of similar design had been
developed earlier. For example, the options proposed
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BKINAQL ABTOPOB

KanentbeB BsiuecsiaB BUKTOPOBHY: KOHLICNIIHS U JIU3aiH UCCIIEI0BAHMsI, COOP JAHHBIX, AaHAJIN3 U MHTEPIIPETALs TaHHbIX, HATUCAHUE
CTaThH U €€ KPUTHUECKHIA EPECMOTpP Ha MPEIMET BaXXHOTO MHTEIUIEKTYAJIbHOTO COJEPIKAHHUS.

UYnueBaToB [IMUTPHUIT AHIpeeBUY: KOHUEIIIMS U JU3aiH UCCIICIOBAHMSI, aHAJIN3 U UHTEPIPETAIMS JaHHbBIX.

InyxoB Aprem EBrenbeBu4: cOOp TaHHBIX, aHATU3 M HHTCPIIPETALIMS JaHHbBIX, HATIMCAHUE CTAThbH U €€ KPUTHUYCCKHI IEPECMOTp Ha
MPEIMET BaXKHOTO MHTEIICKTYaJIbHOTO COJCPIKAHMS.

Bce aBTopbl 0100pHiH GHHATBHYIO BEPCHIO CTAThH TEPE/] MyOIUKaIHeH, BEIPA3IIIH COMTACKHE HECTH OTBETCTBCHHOCTD 32 BCE ACTICKThI
paboThl, MOAPa3yMEBAIOIYI0 HAJICKAIIEE H3YUCHHE U PEIICHUE BOIPOCOB, CBA3aHHBIX C TOUHOCTHIO U JTOOPOCOBECTHOCTHIO OO0
4acTu pabOThI.
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Omo uccnedosanue ne nNompeboB8alo OONOIHUMENLHO20 UHAHCUPOBAHUSL.

Kongnuxkm unmepecos

Aemopbvl 00A61810M, YMO Y HUX Hem KOHMAUKING UHMEPECOs.

Coomeemcmeue npuHyURAM IMUKU

Ilposedennoe ucciedosanue coomsemcmeyem cmanoapmam XeibCUHKCKOU OeKaapayui, 0000peHo He-
3a6uUcuMblM dmudeckum Komumemom Ilenzenckoeo cocyoapcmeennozo yuusepcumema (Poccus, 440026,
2. llenza, yn. Kpacnas, 40), npomoxon Ne 10 om 27.06.25.

Hungpopmuposannoe coznacue

Bce nayuenmor noonucanu nucbmennoe unpopmMuposanHoe co2nacue Ha nyonuKayuio OaHHbIX U pomoma-
Mepuanos 8 MEOUYUHCKOM JCYPHALE, BKAIOUAS €20 INEKMPOHHYIO 8EPCUIO.

Ilpumeuanue. [lo muenuio peyenzeHmos u peoxoiiecuu, Cmamvs npeocmasienHd KaxK nepeviti onwvim
NPUMEHEHUs. OPUSUHATLHOU MEeMOOUKU OPMUPOBAHUsL NAHKPeamOoeoHOAHACmoMo3d. B danvuetiwmen ee
aghghekmusnocme dondicna dvimv dokazamna Ha Ooabulell 8bl0opKe bonbHbIX. TaKoice HeodXOOUMO nposecmu
CPABHUMENbHBIU AHAU3 C MemoouKoll «duct-to-mucosay. [Ipu smom epynnul 015 cpagHeHus O0JHCHbL OblMb
CONOCMABUMbL O CIPYKMYpPe MKAHU NOOACENYOOUHOU Jicenesbl U OUaMempy NAHKpeamuiecko2o npomoxd.

Note. According to the reviewers and editors, this article represents the first attempt at using an original
technique for forming a pancreatojejunostomy. Its effectiveness should be further demonstrated in a larger pa-
tient sample. A comparative analysis with the “duct to mucosa” technique is also necessary. The comparison
groups should be comparable in terms of pancreatic tissue structure and pancreatic duct diameter.
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