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Pancreaticoduodenectomy (PDR) is the primary surgical treatment for periampullary malignancies. Late complica-
tions after PDR occur in 31.5 % of cases. The most serious of these are biliary anastomotic strictures and bile duct

stone formation (biliary complications), which can occur in up to 10.2 %.

Aim: to analyze the literature concerning the causes of biliary complications, particularly stone formation in the bile

ducts after PDR, and the treatment methods for these patients.

Key points. Predisposing factors for stone formation after PDR include bile stasis (due to anastomotic stricture),
remnants of suture material or clips, infection, and reflux of intestinal contents into the bile ducts. The choice of a min-
imally invasive treatment method for patients with bile duct stones after PDR depends on the qualifications of special-
ists and the technical resources of the medical institution. The endoscopic approach is characterized by rapid clinical

success and shorter hospitalization but has a lower technical success rate due to altered anatomy. Percutaneous

access is a highly effective minimally invasive treatment for late biliary complications, which can be used as a first-
line option or in cases where endoscopic intervention has failed. The use of absorbable suture material, minimizing

the number of anastomotic sutures, various hepaticoplasty techniques, and avoiding excessive bile duct mobilization

may help prevent stone formation after pancreaticoduodenectomy.

Conclusion. Bile duct stones as a complication of the late postoperative period of PDR require highly qualified sur-
gical care, including minimally invasive techniques. Further research is needed to identify possible ways to prevent

and improve treatment methods for biliary complications of postpartum biliary reflux.
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KaMHuM B XXenyHbIX NPOTOKaX NocJie naHKpeaToayoaeHaNlbHOM pe3eKuun:

NMPU4YNHLI N J1iIe4eHune

B.W. Eropos'?

" Prb0Y BO «KasaHckuii rocynapCcTBEeHHbIV MeaULMHCKUA yHUBepCcuTeT» MUHUCTEPCTBa 34paBOOXpPaHEHNs Poccuiickori
benepaunn, KazaHb, Poccurickas Penepadms

2 [AY3 «PecnybnvkaHCKui KITMHUYECKUIA OHKOJIOrMYeCKui ancrnaHcep» MuHnctepcTea 3apaBooxpaHeHusi Pecriybnviku TatapcTtaH,
KasaHb, Poccurickas ®enepaums

[MaHkpeaTonyoneHanoHaa pesekuma (MAP) sBnseTtca OCHOBHbIM METOAOM XMPYPruyeckoro JsiedeHus 3rokaye-
CTBEHHbIX HOBOOOPAa30BaHWiA NepuamnynsapHoi 3oHbl. Mo3gHre ocnoxHeHusa nocne MAP BcTpevatotesa B 31,5 %
cnyyaeB. Hanbonee cepbe3HbIMU U3 HUX SBASIOTCSA CTPUKTYPbI BUINOOUreCTUBHONO aHacToMo3a U obpasoBaHme
KaMHEW B XeN4YHbIX MPOTOKax (6unnapHble OCNIOXHEHMS), YacToTa KOTOPbIX MOXeT gocTturats 10,2 %.

Llenb paHHOro o63opa — aHanu3 NNTEPATYpPbl, MOCBSLLEHHOW NPUYMHAM PA3BUTUS OUIMAPHBIX OCNOXHEHWNA,
BKJItOYas 06pa3oBaHMe KaMHEI B XeN4HbIX npoTokax nocne MNAP, 1 meTogam neveHns Takux nauneHToB.
OcHoBHble nonoxeHusa. K npegpacnonarawowmm dakropaMm kamHeobpaszoBaHus nocne MAP oTHocATcs 3acToi
Xenym (BcneacTBme CTPUKTYPbl aHACTOMO3a), OCTaTKM LWOBHOIMO MaTepuana uian Kannc, MHPekUnsa n pedritokc Ku-
LLIEYHOr0 COAEPXMMOr0 B XeN4Hble NPOTOKW. BbiOOp ManonHBasnMBHONO METOAA NeYeHUs NaUNEHTOB C KaMHAMU
XXeN4YHbIX NPOTOKOB nocne AP 3aBUCUT OT kBanudukauum crneumainctoB U TEXHNYECKON OCHALLEHHOCTN Mean-
LIMHCKOIO Y4peXxaeHnst. QHO0CKOMMYECKUI OCTYN XapakTepmayeTcs ObICTPbLIM AOCTUXEHNEM KIIMHNYECKOrO yCre-
Xa U MEHbLLEN NPOAOIKUTENIbHOCTBIO rocnuTan3aumm, ogHako obnagaet 6onee HU3KOW YacTOTON TEXHUYECKOrO
ycrnexa B YC/IOBUSX UBMEHEHHO aHaTOMUKN. YPeCKOXHbIA JOCTYN NpeacTaBnseT coboi BbiICOKO3IPPEKTUBHBIN Me-
TO4 MasiOMHBA3MBHOIO NIeYeHUs NO3OHUX OUIMAPHBIX OCIOXHEHWIA, MOXET NPUMEHSTLCS B KQYECTBE NepBoro ata-
rna unu y naumeHToB Noce HeyaayHoro 3HO0CKOMNMYECKOro BMeLlaTensCcTea. Micnonb3oBaHne paccachiBaloLLLErocs
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LLIOBHOI0 Marepuasna, MMHUMU3aLns KOIMYeCTBa LLBOB Npu GOPM1UPOBaHNM aHACTOMO3a, NPUMEHEHME PasINYHbIX
BapuaHTOB renaTtnkorniacTyki 1 NpeaoTBpalleHne N3NULLHen MoBUIM3aLmm Xen4yHoro npoToka MOoryT ClyXuTb
MepamMy NpoduNakTUkK1 kKamHeobpaszoBaHUS NOC/e NaHKPeaToayOoAeHAIbHON Pe3eKLIN.

3aknoueHune. KamMmHY XenyHbIX MPOTOKOB Kak OCJIOXHEHWEe No3aHero rnocneonepawmoHHoro nepvoga NP tpeby-
10T OKa3aHWUS BbICOKOKBANTU@ULIMPOBAHHOW XUPYPriM4yecKoi NoMOLLM, B TOM YACTE MasIoOMHBa3nBHOM. Heobxoaumel
JasibHenLwme ccnegoBaHns C Lesbio Nomcka BO3MOXHbIX NyTeN NpodunakTuky 1 COBepLUEHCTBOBAaHUS METOLOB
nievyeHunst bunnapHbix ocnoxHenuii MNAP.

KnioueBbie cnoBa: naHkpeaTonyofeHasibHas pe3ekumsl, KAMHU XeYHbIX MPOTOKOB, XONMaHINT, CTPUKTYPbl Gunmo-
OVreCTMBHOIrO aHaCTOMO3a, MexaHn4yeckas XenTyxa, pak ronoBku NooXKeNya04HON Xenesbl

KoHdnukT uHTEpecoB: aBTop 3asBnseT 06 OTCYTCTBMM KOHDJIKTA MHTEPECOB.

Ansa umtnpoeaHus: Eropos B./. KaMHK B XenyHbIX NPOTOKax nocne naHkpeaTtoayoneHaslbHOM pe3ekLmn: MPUYmHbL U IeYeHne.
Poccuinckunia xxypHan racTposHTEpOoriuy, renatonoruu, kononpokronorun. 2025;35(6):35-41. https://doi.org/10.22416/1382-4376-

2025-35-6-35-41

Introduction

Pancreatoduodenectomy (PDR) is the primary
surgical method for treating malignant neoplasms of
the periampullary region [1]. This operation is high-
ly invasive and is associated with a significant rate
of postoperative complications and mortality — up
to 63 % and 2—6 %, respectively [2, 3].

Early postoperative complications hinder the
administration of adjuvant chemotherapy or signifi-
cantly delay its initiation, thereby worsening long-
term treatment outcomes [4].

Complications following PDR can occur not only
in the early but also in the late postoperative peri-
od. Late complications of PDR are observed in up
to 31.5 % of cases and are often associated with
functional impairments characteristic of this sur-
gery — namely, exocrine and endocrine pancreatic
insufficiency [5, 6].

Among the most serious late complications
of PDR are biliary complications (strictures of
the biliodigestive anastomosis, formation of bile
duct stones), the incidence of which can reach
10.2 % [7-9].

Management of patients with bile duct stones
after PDR is the prerogative of specialized centers,
as significant anatomical alterations in the pancre-
atoduodenal zone following this surgery can pose se-
rious challenges for performing minimally invasive
procedures and surgical interventions [10, 11].

To date, very few studies have been published
on the treatment methods for patients with bile
duct stones after PDR, and there are no established
guidelines on this issue.

The aim of this review is to analyze the litera-
ture concerning the causes of biliary complications,
specifically stone formation in the bile ducts after
PDR, and the treatment approaches for this patient
category.

Incidence and risk factors for bile
duct stone formation after PDR

Bile duct stones represent a rare complication of
the late postoperative period after PDR. The rel-
evance of studying this issue is also underscored
by the recent expansion of indications for PDR
for various tumors and improved patient survival.
Understanding the causes of bile duct stone forma-
tion after PDR may form the basis for potential pre-
vention. The pathogenesis of biliary stone formation
after PDR is not yet fully understood; however, it is
believed that the triggering mechanism is a stricture
of the biliodigestive anastomosis [12—14]. Against
the background of anastomotic stricture, the inci-
dence of stone formation in the bile ducts can reach
81 % [15].

T. Tto et al. (2018) demonstrated that biliary
complications developed in 3.8 % (28/732) of pa-
tients who underwent PDR, at a median time of
23.4 (0.7-98.9) months. Among these, stones in the
bile ducts were identified in 11 (39.2 %). Risk fac-
tor analysis revealed that patients with a common
hepatic duct (CHD) diameter of < 4 mm developed
biliary complications significantly more often than
those with a diameter > 4 mm (27.6 % vs. 1.3 %;
p < 0.001). It was also noted that biliary compli-
cations occurred significantly more frequently after
PDR for duodenal tumors (p < 0.001) [7]. A high
incidence of biliary complications in patients after
PDR for duodenal tumors was also reported in an-
other study [16]. It was established that adjuvant
chemotherapy and radiotherapy, as well as the pres-
ence of biliodigestive anastomotic leakage, did not
affect the risk of developing cholangitis and hepati-
colithiasis in the late postoperative period. The au-
thors concluded that patients with a CHD diameter
of less than 4 mm should be informed about the
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possibility of developing bile duct stones and anas-
tomotic strictures [7].

H. Zhan et al. (2016) showed that stone for-
mation occurs in 1.2 % (6,/489) of patients in the
late postoperative period after PDR. As in the
previous study, the primary tumor location lead-
ing to surgery was the duodenum — 66.7 % (4,/6).
Chills and fever were noted in 100 % of patients,
whereas jaundice developed in only three (50 %).
The mean time to detect stones after PDR was
47.3 + 27.8 months [16].

A. Henry et al. (2024) found that biliary com-
plications developed in 10.3 % (93,/900) of patients
who underwent PDR. The incidence of bile duct
stone formation was 3.2 % of the total number op-
erated on. A significant risk factor for the develop-
ment of late biliary complications was the presence
of biliodigestive anastomotic leakage in the early
postoperative period (odds ratio (OR) — 2.56; 95%
confidence interval (CI): 1.42—4.62; p = 0.018).
The median time to the first episode of cholangitis
was 8 months (4—16) after surgery. In 44 (47.3 %)
patients, attacks recurred more than twice, and 83
(89.2 %) patients required hospitalization [9].

In the study by M. Hiyoshi et al. (2016), late
biliary complications occurred in 8.1 % (13/161) of
patients after surgery. It was found that an indepen-
dent factor for the development of biliary compli-
cations was the ratio of the postoperative bile duct
diameter to its preoperative diameter, expressed
as a percentage. This ratio was significantly lower
in the group of patients with late biliary compli-
cations compared to the group without complica-
tions (48.2 % vs. 63.5 %; p = 0.0028). The authors
investigated the impact of hepatoplasty during the
primary surgery (expansion of the common hepatic
duct via a longitudinal incision along its left wall
for 5~10 mm). The left-sided incision location was
explained by an anatomical feature: the left hepatic
duct joins at an acute angle, which may create ad-
ditional conditions for bile stasis. Hepatoplasty was
performed overall in 27.3 % (44,/161) of patients.
It was shown that a longer incision during hepa-
toplasty reduced the rate of decrease in bile duct
diameter (p < 0.0001), thereby helping to prevent
complications; however, the authors did not provide
a threshold value for the required incision length,
citing only its mean value of 6.1 + 1.2 mm. In the
group of patients who underwent hepatoplasty, late
biliary complications did not occur, unlike in pa-
tients without hepatoplasty, although the difference
did not reach statistical significance (0 % vs. 5 %;
p = 0.08) [8].

T. Orii et al. (2014) studied the role of technical
aspects of hepaticojejunostomy formation in the risk
of biliary complications. The authors established
that the number of sutures and the placement of a

stent during hepaticojejunostomy formation signifi-
cantly influence the risk of late biliary complica-
tions. Thus, it was shown that in the group of pa-
tients with 33.2 + 8.4 sutures, biliary complications
were observed more frequently compared to patients
with 14.0 + 2.3 sutures (9.4 % vs. 2.9 %; p < 0.05,
respectively). According to the authors, an excessive
number of sutures at the anastomosis creates more
pronounced ischemia, which leads to the develop-
ment of strictures and duct stones [17].

S. Kobayashi et al. (2024) determined that inde-
pendent risk factors for biliary complications after
PDR are a bile duct diameter of less than 8.8 mm
(OR = 7.51; 95% CI: 1.75-52.40; p = 0.005)
and male sex (OR = 4.05; 95% CI: 1.10—19.49;
p =0.034) [18].

Predisposing factors for stone formation after
PDR include bile stasis (due to anastomotic stric-
ture), residual suture material or clips, infection,
and reflux of intestinal contents into the bile ducts
[19, 20]. Anatomical changes after PDR contribute
to the development of reflux and recurrent infec-
tions. Anastomotic narrowing, infection, and stone
formation are closely interrelated processes [21].
Cases of bile duct stone formation around foreign
bodies, such as fish bones, are also known [22, 23].
Furthermore, causes of biliary complications can in-
clude stasis due to impaired peristalsis of the affer-
ent loop of the small intestine [24].

Analysis of the influence of interrupted and con-
tinuous sutures in the formation of biliodigestive
anastomosis on the incidence of biliary complica-
tions after PDR did not reveal statistically signif-
icant differences between them (2.7 % vs. 4.0 %;
p =0.581) [7].

One cause of biliodigestive anastomotic stricture
may be ischemia of the anastomosed bile duct stump.
It is believed that the mobilization of the duct stump
should not exceed 5 mm to preserve adequate blood
supply [16].

It has been shown that elevated alkaline phos-
phatase levels (OR = 3.81; 95% CI: 1.519-9.553;
p = 0.004) directly correlate with late biliary com-
plications and serve as an indicator thereof. A thresh-
old alkaline phosphatase value above 410 TU/L was
a significant indicator of late biliary complication
(p = 0.041). The authors established that alkaline
phosphatase levels were more frequently elevated in
patients with pneumobilia. Based on this, it was
concluded that careful monitoring of alkaline phos-
phatase levels is necessary in the presence of pneu-
mobilia [25].

Treatment options for bile duct stones after
PDR using minimally invasive techniques

Treatment of patients with bile duct stones is
comprehensive and includes conservative methods
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(antibiotic therapy, detoxification, anti-inflammato-
ry therapy), minimally invasive interventions, and
surgical methods [7].

Repeat surgical interventions are associated with
a high complication rate, and their performance is
fraught with technical difficulties due to adhesions
and altered anatomy following the previous surgery,
which is why preference is given to minimally inva-
sive treatment methods [16].

Minimally invasive methods can be performed
via percutaneous and endoscopic approaches. The
goal in both cases is stone removal and anastomotic
dilation [26].

The percutaneous approach is performed in in-
terventional radiology departments by experienced
specialists. The first stage involves percutaneous
transhepatic cholangiostomy, after which a dilata-
tion catheter is advanced through the biliodigestive
anastomosis. Subsequently, stepwise dilation of the
created fistula tract is performed to allow for the in-
sertion of a cholangioscope. Stone fragmentation is
achieved using electrohydraulic or laser lithotripsy
under direct visual control via the cholangioscope.
The fragmented stone pieces are pushed through the
anastomosis into the intestinal lumen; the procedure
is repeated until the bile duct cavity is completely
cleared of stones. Following this, the cholangiostomy
tube is replaced with a smaller diameter drain, drain-
age is prolonged for several days, and a control chol-
angiography is performed before its removal [26, 27].

If necessary, the percutaneous approach can be
combined with balloon dilation of the anastomosis
or duct in several stages. The efficacy of the com-
bined approach for complete strictures can reach
87 % [28, 29].

The undeniable advantages of the percutaneous
approach are considered to be the possibility of pre-
cise navigation under direct visual control via the
cholangioscope along the bile ducts to the calculus
and the anastomosis [24], as well as the ability to
utilize the created fistula tract until complete stone
removal [18, 26]. The percutaneous approach cre-
ates technical conditions for removing residual su-
ture material or clips that may have served as a ni-
dus for stone formation [30, 31].

Disadvantages of the percutaneous approach in-
clude the multistage nature of the procedure, which
increases the likelihood of complications and pro-
longs the duration of hospitalization. For instance,
J.H. Lee et al. showed that the number of sessions
required for complete stone removal ranged from
two to four in 48.6 % of patients. Complications
were observed in 51.5 % (17,/33), and the median
hospitalization duration was 14 days [32].

It has been shown that technical success with the
percutaneous approach reaches 100 %, and stricture
recurrence occurs in 38 % of patients [27].

The endoscopic approach is initially performed
transorally. The endoscope is advanced to the site
of the biliodigestive anastomosis, after which it
is cannulated with a tapered catheter followed
by dilation of the lumen. For impacted stones,
shockwave lithotripsy may be performed. After
complete stone clearance, cholangiography is per-
formed for control [26].

The endoscopic approach is a more complex
method due to the necessity of performing it in the
setting of altered postoperative anatomy, which
requires high physician skill and specific technical
characteristics of the endoscopes (length, etc.) [33,
34]. Furthermore, in cases of complete anastomotic
stricture where duct cannulation is technically im-
possible, the application of the endoscopic method
becomes unfeasible. Advantages of this approach
include less pronounced pain, a shorter time to
complete stone removal, and shorter hospitalization
compared to the percutaneous approach [26].

Results of forming a magnetic compression anas-
tomosis by combining percutaneous and endoscopic
approaches in cases where neither method alone was
successful for complete strictures are known [15].

K. Tsutsumi et al. (2017) conducted a compara-
tive study of the results of using percutaneous and
endoscopic approaches (double-balloon enteroscope)
for treating bile duct stones after previously formed
hepaticojejunostomy in 40 patients. Technical suc-
cess with the percutaneous approach was 100 %
(8/8), and with the endoscopic approach — 91 %
(29/32). Three patients for whom endoscopic in-
tervention was initially unsuccessful underwent
successful percutaneous access. The results showed
that adverse events were less frequent with the en-
doscopic approach (10 % vs. 45 %; p = 0.025). The
median duration of inpatient treatment until com-
plete stone removal was also shorter in the group
of patients after the endoscopic approach (10 vs. 35
days; p < 0.001). In 32.5 % (13/40) of patients, re-
currence of bile duct stone formation was observed
in the long term after stone removal [26].

S. Kobayashi et al. (2024) showed that biliary
complications after PDR occurred between 3.3 and
70.9 months postoperatively. In 92.3 % of patients,
complications were successfully resolved using the
endoscopic approach. In the remaining cases, percu-
taneous techniques were used in combination with
the endoscopic approach via a rendezvous tech-
nique. Balloon dilation alone was sufficient for four
patients, while nine patients underwent duct and
biliodigestive anastomosis stenting. None of the pa-
tients required repeat surgery [18].

T. Tto et al. (2018) demonstrated that in 82.1 %
(23/28) of patients, the biliodigestive anastomosis
site was reached endoscopically, and technical and
clinical success was achieved in 21 (75 %). In the
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remaining seven (25 %) patients, the percutaneous
approach was successfully used. Thus, no cases re-
quired open reoperation [7].

The Table presents summarized data from studies
dedicated to late postoperative biliary complications.

Conclusion

In conclusion, it should be noted that bile duct
stones are a rare complication of the late postop-
erative period following pancreatoduodenectomy,
but one that requires the provision of highly skilled
minimally invasive or surgical care. The choice of
minimally invasive treatment method for patients
with bile duct stones after pancreatoduodenectomy
depends on the expertise of specialists and the tech-
nical equipment of the medical institution.

The endoscopic approach is characterized by rap-
id achievement of clinical success, a lower compli-
cation rate, and shorter hospitalization duration;
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Ceenennsi 06 aBTope

Eropos Bacumii MIBanoBHY — KaH/M/aT MEJUIIMHCKUX HAYK,
accucTeHT Kadeapbl OHKOJOTHH, JIy4eBOW JAMATHOCTUKU M JIy-
yepoil Tepamuu, DOIBOY BO «Kasanckuil rocypapcrsen-
HBIl MeAWIMHCKUI yHHUBepcuTeT»> MuHHCTEpCTBA  3/paBoO-
oxpanenust Poccuiickoit Denepainuu; Bpav-onkosor, ['AY3
«Pecry6imkanckuil KIMHIYECKIIT OHKOJIOTHYECKHI [IUCIIAaHCED»
MumnncrepcrBa 3apaBooxpanenisi Pecry6mku Tataperan.
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