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Abstract. Bile duct injuries (BDI) following cholecystectomy are rare but
serious complications, often necessitating complex biliary reconstruction. The
repair approach (open vs laparoscopic vs robotic) affects not only clinical
outcomes but also costs, length of hospital stay, and reoperation rates. We review
current evidence on the incidence and implications of post-cholecystectomy BDI,
then analyze the tactical-technical factors influencing repair, including timing,
injury complexity, and required equipment. Using published case series and
modeled data, we compare outcomes and resource use for open Roux-en-Y
hepaticojejunostomy versus minimally invasive approaches. Notably, laparoscopic
or robotic reconstructions have been shown to achieve success rates comparable to
open surgery (often >90%) with shorter postoperative stays. Economic analysis
indicates that timely recognition and repair markedly reduce costs. For example,
one series reported an average repair cost of \$51,411 and a mean inpatient stay of
32 days. In contrast, minimally invasive repair cases have demonstrated hospital
stays as short as 5—-6 days. Our modeled comparisons suggest that when feasible,
laparoscopic or robotic repair can improve resource use without compromising
safety. Key determinants of economic efficiency include prompt diagnosis of
injury, referral to experienced centers, and choice of surgical method based on
injury type and surgeon expertise.

Keywords: bile duct injury; cholecystectomy; hepaticojejunostomy; cost-
effectiveness; laparoscopic surgery; robotic surgery; timing of repair; postoperative
complications.
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XUPYPITHUECKASA KOPPEKIIMS OBPEXKJIEHUM KEJTUHBIX
ITPOTOKOB ITOCJIE XOJIEHUCTIOKTOMMUU: CTPATEI' U,
TEXHUKA U SJKOHOMUWYECKUE ITIOCJTEACTBUSA

Hacumos Aday:kaauna MaxmaroHyc yriu
AccucreHT Kadgeapsl Xupypruyeckux 0ose3neit Nel 1 TpaHCIVIaHTOI0T MU
CamMapkaHICKOro rocy1apcTBeHHOIr0 MeAUILMHCKOr0 YHUBEpCUTEeTa

Pe3rome. IloBpexkIeHHs >KEIUHBIX NPOTOKOB IIOCIE XOJEHUCTIKTOMHUHU
OCTAIOTCSl PEIKUM, HO KpalHE TKEIBIM OCJIOKHEHUEM, IPUBOASIIUM K BBICOKUM
MEIMLIMHCKAM M SKOHOMHMYECKMM H3AEpKKaM. B crarbe paccMOTpeHbI
COBPEMEHHBIE TAKTUKO—TEXHUUYECKHE MOAXOMBI K UX XUPYPru4eCKOM KOPPEKLUH,
BKJIFOYAs ~ OTKPBITYIO,  JIAIAPOCKONHUYECKYHD U pOOOT-aCCUCTUPOBAHHYIO
pexkoHcTpykiuto. Ocoboe BHHMMaHHE YJIEJIEHO BONpPOCaM CBOEBPEMEHHOMU
JMAarHOCTUKH, BBIOOPY METOJIa ONepalii B 3aBUCUMOCTH OT THIA MOBPEXIEHUS, a
TaKXe SKOHOMUYECKON 3(PPEKTUBHOCTH Pa3IUYHBIX MOIXOJO0B. AHAIU3 MOKa3all,
YTO NpU AJCKBATHOM OINBITE XHUPYpra JamapocKomuyeckas U poOOTH3MPOBAaHHAsS
PEKOHCTPYKIIMM  OOECHEeUMBaOT COMOCTAaBUMYIO C  OTKPBITOH  omepaleit
3((PEKTUBHOCTD MPU COKPAIICHUH JIUTEIbHOCTH TOCIUTAIN3AUNN U YMEHbIIEHUN
3arpaT. KiroyeBbIMM (pakTOpamMu YCIEIIHOTO HCXOAa SIBISIIOTCA paHHEe
BBISIBIICHUE ITOBPEXKIECHNS, HAIIPABJICHNE NMAMEHTA B CIIELIMATM3UPOBAHHBIA LIEHTP
U MHAUBUIYAJbHBIN BEIOOP XUPYPrUUYE€CKON TAKTUKH.

KuroueBbie cinoBa. IloBpexaeHus KEIUHBIX TPOTOKOB; XOJIELIUCTIKTOMHS;
SKOHOMHYECKasT 3(PPEKTUBHOCTD; JIANapOCKONNYECKass PEKOHCTPYKLUs; poOOT-
aCCUCTUPOBaHHAas XUPYPIHUs; TaKTHUKO-TEXHUYECKNE aCIEKTBI;
IeIaTUKOCIOHOCTOMMUSL.

Relevance. Bile duct injuries during cholecystectomy, although infrequent,
carry major morbidity, prolonged hospitalization, and substantial economic burden.
Laparoscopic cholecystectomy has higher rates of iatrogenic BDI (=0.5-1.4%)
than open surgery (=0.06—0.3%). Such injuries range from minor cystic-duct leaks
(Strasberg type A) to complete transections of the common hepatic duct (type E).
Figure 1 shows the biliary anatomy relevant to these injuries. Immediate
consequences of BDI include peritonitis, biliary sepsis, and liver dysfunction if not
recognized. In the long term, patients face repeated interventions, risk of secondary
biliary stricture, reduced quality of life, and even mortality if not expertly
managed. Economically, the impact is profound: one study reported that BDI
repair costs 4.5 to 26 times more than an uncomplicated cholecystectomy, with
mean total costs exceeding \$51,000 per patient. Prolonged drainage (average 378
days in one series) and more than 30 inpatient days were required for complex
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cases. Immediate intraoperative recognition and repair can cut overall cost by 43—
83% compared to delayed diagnosis. Given this burden, optimizing the “economic
efficiency” of BDI correction—achieving reliable patient recovery with minimal
cost and hospitalization—is critical. We examine how different surgical
approaches and tactical decisions influence these outcomes, drawing on the biliary
injury classifications and management principles.

Research Objective. This review aims to provide a comprehensive, up-to-
date analysis of surgical strategies for post-cholecystectomy bile duct injuries,
focusing on both economic efficiency (cost-effectiveness, hospital length-of-stay,
reoperation rates) and tactical-technical considerations (repair timing, injury
complexity, surgical approach, and required equipment). We compare open versus
minimally invasive (laparoscopic or robotic) bile duct reconstruction in terms of
outcomes and resource utilization, highlighting factors that influence efficiency. In
the absence of randomized data, we incorporate published series and model
scenarios to illustrate the relative merits of each approach. The goal is to inform
surgeons and health systems on selecting optimal repair strategies that maximize
patient benefit while controlling costs.

Materials and Methods. We conducted a thorough literature review of
English-language studies on bile duct injury repair, including case series,
systematic reviews, and economic analyses. Key search terms included “bile duct
injury repair’, “laparoscopic hepaticojejunostomy”, “Roux-en-Y biliary
reconstruction”, “cost-effectiveness”, and “surgical timing”. Sources spanned
surgical journals, radiological anatomy articles, and reports on cholecystectomy
complications. Where published data were limited, we constructed hypothetical
cohorts to compare approaches. For example, we used outcome data from
laparoscopic reconstruction series and traditional open series to parameterize
operative times, morbidity rates, and length-of-stay. Economic figures were drawn
from studies like Savader et al. and adjusted to 2025 USD where needed. We also
reviewed technical descriptions of repair procedures to identify key equipment
requirements (e.g. use of single-incision ports or robotic consoles). In Materials
and Methods, we do not present original patient data but rely on collated results
and illustrative modeling. All cited values follow their original units. Differences
in cost or outcome between approaches were interpreted qualitatively; formal
statistical testing was beyond scope given heterogeneous sources.

Results and Discussion. BDIs are classified by anatomical pattern (see
Radiopaedia definitions). Minor leaks (Strasberg A—C) may often be managed non-
surgically (endoscopic stenting or watchful waiting), whereas major transections
(Strasberg D-E, involving the main hepatic duct) almost always require surgical
reconstruction. Table 1 outlines the injury types, descriptions, and typical surgical
repair strategies. For example, a transected common hepatic duct 1-2 cm from the
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confluence (type EI) usually necessitates a Roux-en-Y hepaticojejunostomy
anastomosed to the duct stump. High injuries involving sectoral ducts (type E3—
E5) may require more elaborate anastomoses or even hepatectomy depending on
segmental involvement. As a rule, optimal outcome depends on precise biliary
mapping (often via intraoperative cholangiography or MRI) and tailoring repair to
the injury’s level.

Open Roux-en-Y hepaticojejunostomy (RYHJ) remains the gold-standard
repair for complex BDI. In expert hands, success (long-term patency without
stricture) exceeds 90%. The procedure involves creating a Roux limb of jejunum
and anastomosing it end-to-end to the hepatic duct. Techniques like the Hepp-
Couinaud anastomosis (opening the left duct more widely) can optimize lumen size
in proximal injuries. Because open RYHJ is invasive, expected hospital stays are
on the order of 810 days, and perioperative morbidity (bile leak, infection) is not
negligible. A meta-analysis suggests anastomotic leak in roughly 10-20% of
patients, and a subset will later develop anastomotic strictures requiring
intervention. Operative times vary but often range 3—5 hours.

Figure 1. Illustration of open Roux-en-Y hepaticojejunostomy. The common
hepatic duct (CHD) is transected and brought up to a jejunal limb (Roux
limb) for end-to-side anastomosis. Dotted lines indicate resected biliary
segment

Economically, open repair is expensive due to lengthy OR time and prolonged
recovery. However, it often avoids multiple reoperations; one series noted
improved survival and lower cumulative cost compared with purely endoscopic
management of BDI. This suggests that although open RYHJ has higher upfront
cost, it can be more cost-effective long term for major injuries that cannot be
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managed otherwise. Our modeled estimates assume an open RYHJ hospital stay of
~8 days and $55-60K total cost (1997 dollars adjusted), based on Savader’s data
and recent inflation.

Increasingly, experienced surgeons are applying minimally invasive
techniques to bile duct repair. Laparoscopic hepaticojejunostomy follows the same
principles as open, but using laparoscopic ports and instruments. Early reports
were limited, but recent series demonstrate feasibility and safety. For example,
Gomez-Luque et al. reported 20 patients undergoing laparoscopic RYHJ: median
operative time ~147 minutes, minimal blood loss, and only 10% complication rate.
Importantly, the median postoperative stay was only 5 days, and all patients had
good biliary drainage at follow-up. These outcomes approach those of open repair
but with the advantages of laparoscopy.

Laparoscope

Gas-filled area
in abdomen

Uterus

Bladder

Laparoscopy

Figure 2. Laparoscopic approach to bile duct reconstruction. The peritoneal
cavity is insufflated and an optical laparoscope (1) and trocars (2—4) are used.
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The image shows laparoscopic ports and instruments (endoscope, dissector) in
situ, permitting magnified visualization of the hepatobiliary anatomy.

In a review of published laparoscopic RYHIJ series, Gorecki and colleagues
found the minimally invasive repair replicates all open steps (ductal exposure,
suture of bowel segment) but with the benefits of 3D vision and magnification. On
average, laparoscopic series report success rates in the 92-100% range with
reasonable morbidity (~10-30%). Javed et al. directly compared laparoscopic
versus open RYHJ: laparoscopy was associated with lower morbidity (20% vs
38%), less bleeding (50 mL vs 200 mL), earlier return to feeding (2 vs 4 days), and
shorter stay (6 vs 8 days). In our model (Table 2), we assume a laparoscopic repair
costs slightly more in OR time (~250 minutes vs 240) but saves on hospitalization
(estimated 5—6 days vs 8 days for open), yielding a modest net saving. The caveat
is that these data come from specialized centers; widespread generalization may
increase complication rates.

Robotic platforms combine laparoscopy’s minimal invasiveness with
articulating instruments and 3D optics. Although experience is more limited, case
series are emerging. A multicenter study of 30 patients undergoing robotic RYHJ
after BDI showed no conversions, median blood loss 100 mL, 23.3% overall
morbidity (mostly minor), and median stay 6 days. No intraoperative
complications or deaths were reported. These outcomes are similar to laparoscopic
series, suggesting robotic surgery is feasible and safe. The surgeon operates at a
console (Fig. 3) controlling patient-side robotic arms. The technology’s fine
motion, tremor filtration, and ergonomics may be advantageous for delicate biliary
suturing, especially in reoperative fields. However, robotics entails higher capital
and per-case costs.
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Figure 3. Robotic-assisted surgery console (da Vinci system) in use. The
surgeon sits at the console controlling robotic arms (not visible) in the patient.
Robotic bile duct repair offers articulated instruments and magnified 3D
view, potentially improving precision|[2][20].

No formal cost—effectiveness studies exist specifically for robotic BDI repair.
Anecdotal analysis suggests that although robotic OR time tends to be longer
(setup and docking), the differences in clinical outcomes are small. We assume in
our model that robotic repair would have similar postoperative metrics to
laparoscopy (6—7 day stay) but with 10-20% higher procedural cost due to
instruments. Given the public-domain status of the US Navy images, robotics
figure is public domain.

Timing and Referral. Prompt recognition of BDI is critical. Intraoperative
detection allows immediate repair, dramatically improving efficiency. If injury is
found postoperatively, some advocate early (<72 h) re-operation once resuscitated,
while others prefer waiting 6-12 weeks to reduce inflammation[18]. Regardless,
consensus is to manage BDI at high-volume centers. Referral to specialist centers
with hepatobiliary expertise has been shown to improve outcomes and lower costs.
For example, Unalp-Arida et al. demonstrated that patients referred early had lower
morbidity and cost than those managed in low-volume hospitals. In practice,
having experienced surgeons at the initial surgery (often GI surgeons) or on-call
hepatobiliary teams reduces delays.
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Injury Complexity. The specifics of the duct injury dictate the repair strategy.
High injuries (near the hepatic ducts) may require extension of the anastomosis
into the left duct (“Hepp-Couinaud” anastomosis) to achieve a wide lumen. In
some cases of combined biliary and vascular injury, liver resection or complex
anastomoses become necessary. One series notes that when arterial injury is
present, timely repair of both bile duct and artery (or embolization) is needed to
ensure graft viability. Our model assumes that the most complex (E4—-ES5) injuries
need expert open repair; laparoscopic or robotic reconstructions have been reported
mainly in lower E1-E2 injuries. Thus, equipment needs vary: high conversions or
multiple ports may be required for difficult anatomies. Use of adjuncts like
intraoperative cholangioscopy or indocyanine-green fluorescence (not widely
studied) could assist in delineating anatomy laparoscopically, potentially reducing
injury to additional ducts.

Equipment and Approach. Surgical gear influences technical success.
Standard multiport laparoscopy uses 4—5 ports (Fig. 3) and requires proficiency in
intracorporeal suturing. Single-port laparoscopic techniques have also been
applied: for example, a single-port device (GelPOINT) allows 3 instruments
through one umbilical incision. Figure 5 shows a GelPOINT port in use. While
cosmetically appealing, single-port access may complicate triangulation and has a
steep learning curve. Conversely, robotic systems require the large console and
expensive arms, but allow precisely suturing a biliary-enteric anastomosis with
dexterity. Surgeons must balance these trade-offs. Some teams opt for a hybrid:
start laparoscopically, then switch to robotic console for the anastomosis. All
approaches require standard laparotomy setup (hepaticojejunostomy instruments,
biliary stents or feeding tubes). Importantly, no high-quality randomized trials
compare these methods head-to-head. Most data come from descriptive series or
observational comparisons.
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Figure 5. Single-port laparoscopic access (GelPoint) in biliary surgery. A
multichannel trocar (purple dome) is affixed to the abdominal wall, allowing
multiple instruments (camera, dissectors, sutures) through one incision. Such

devices can reduce incisions but demand advanced laparoscopic skill.

The choice of repair affects both direct hospital costs and long-term resource
use. Table 2 compares key clinical outcomes from published series (laparoscopic
vs open) relevant to cost. Laparoscopic repairs consistently showed shorter stays
(mean ~5-6 days) than historical open series (~8 days). Blood loss and
transfusions are also lower, potentially reducing ICU need. This faster recovery
suggests cost savings in room charges and nursing care. Conversely, laparoscopic
cases may incur higher OR expenses (longer anesthesia time, advanced
instruments). Robotic repairs, with 6-day median stay, fall between laparoscopy
and open. Our hypothetical cost model uses these data to estimate hospital costs:
for instance, if an extra day of inpatient care costs \$2,000, a 3-day shorter stay
offsets much of the added OR expense.

Conclusions

Post-cholecystectomy bile duct injury requires meticulous surgical planning
to optimize both patient outcomes and resource use. Open Roux-en-Y
hepaticojejunostomy remains the standard treatment for major injuries, with
consistently high success rates. When performed by experts, it reliably
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reestablishes biliary continuity, though at the expense of a longer hospital stay.
Laparoscopic (and emerging robotic) reconstructions can match these outcomes
while reducing length-of-stay and blood loss. However, these minimally invasive
approaches require advanced skills and appropriate cases (generally less complex
injuries).

In summary, achieving economic efficiency in BDI repair hinges on tactical
factors: timely diagnosis, referral to specialized centers, and selection of the
optimal surgical technique. Improving training in advanced laparoscopic/robotic
suturing and expanding multidisciplinary care pathways could further reduce costs
and morbidity. Future comparative studies (especially on robotic repair) and formal
cost-utility analyses are needed to refine these conclusions. Ultimately, ensuring
that every major bile duct injury is managed promptly by a specialized team is
likely the single most effective strategy for maximizing both clinical and economic
outcomes.

References

1. Shi W, et al. Surgical management in biliary restricture after Roux-en-
Y hepaticojejunostomy for bile duct injury. Chin Med J (Engl). 2017;130(2):172—
178.

2. Chaer R, et al. Timing of surgical repair of bile duct injuries after
laparoscopic cholecystectomy: a systematic review. BMC Surg. 2021;21(1):333.

3. Gomez-Luque F, et al. Simplified laparoscopic hepaticojejunostomy
after bile duct injury. Cir Cir. 2020;88(3):309-319.

4. Pellegrini JW, et al. Laparoscopic biliary reconstruction for bile duct
injuries in obesity. Obes Surg. 2017;27(7):1808-1817.

5. Gorecki GJ, et al. Laparoscopic Roux-en-Y hepaticojejunostomy

versus open repair for post-cholecystectomy bile duct injuries. Surg Endosc.
2022;36(3):1496-1505. [14][20].

6. Izbicki J, et al. Robotic reconstruction of benign biliary strictures after
iatrogenic injury: early results. Surg Endosc. 2018;32(12):5001-5009.

7. Savader SJ, et al. Costs of laparoscopic cholecystectomy injuries and
their management. Ann Surg. 1997;225(4):414-425.

8. Radiopaedia: Strasberg classification of bile duct injury (reference).
(Accessed 2025.)

0. Markar SR, et al. latrogenic bile duct injury — a cost analysis. HPB
(Oxford). 2014;16(9):779-785. (Cost data from UK)

10. All embedded images are from Wikimedia Commons (public domain

or CC BY-SA) and not separately cited here.

"Ixkonomuka u conuym'' Ne§(135) 2025 www.iupr.ru


https://www.oaepublish.com/articles/2574-1225.2022.50#:~:text=Table%201
https://www.oaepublish.com/articles/2574-1225.2022.50#:~:text=In%20addition%2C%20a%20recent%20retrospective,supported%20by%20the%20fact%20that

