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ABSTRACT

Background: Roux-en-Y hepaticojejunostomy (RYH)J) is the standard reconstructive procedure for restoring biliary continuity in a variety of
benign biliary pathologies. Postoperative outcomes may be influenced by patient-related factors, inflammatory status, operative parameters,
and anastomotic techniques.

Aim: This study evaluated surgical, functional, and quality of life (QoL) outcomes following elective RYHJ, with a comparison between interrupted
and continuous suturing techniques.

Materials and methods: This single-center observational study included 121 patients who underwent elective RYHJ for benign biliary disease at
a tertiary care hospital in Tamil Nadu. Patients with malignant biliary obstruction, emergency biliary reconstruction, pancreaticoduodenectomies,
hepatectomies, liver transplantation, or incomplete follow-up were excluded. Preoperative, intraoperative, and postoperative variables
were analyzed. Postoperative complications were graded using the Clavien-Dindo classification, functional outcomes were assessed using
the McDonald classification, and QoL was evaluated using the WHOQOL-BREF questionnaire. Statistical analysis was performed using the
Chi-square test or Fisher’s exact test, with p < 0.05 considered statistically significant.

Results: Most patients were aged 31-60 years (68.6%), with a slight female predominance (54.5%). Interrupted anastomosis was performed
in 82.6% of cases. Early postoperative complications occurred in 20.7% of patients, with bile leak observed in 18.2%, while late anastomotic
strictures occurred in 11.6%. Major complications (Clavien-Dindo grade > Ill) were seen in 17.4% of patients. On long-term follow-up, 71.9%
achieved McDonald Grade A functional outcomes, and 87.6% demonstrated good orimproved WHOQOL-BREF scores. No significant differences
were observed between interrupted and continuous anastomotic techniques for any postoperative outcome (p > 0.05). Preoperative jaundice,
cholangitis, hypoalbuminemia, prolonged operative duration, and increased intraoperative blood loss were significantly associated with higher
complication rates (p < 0.05).

Conclusion: Elective RYHJ for benign biliary disease is associated with favorable surgical, functional, and QoL outcomes, with low rates of early
and late complications. Interrupted and continuous anastomotic suturing techniques yield comparable postoperative results, indicating that
patient-related and operative factors, rather than suturing technique, are the principal determinants of outcome.

Clinical significance: This study highlights that postoperative outcomes and QoL following RYHJ are influenced more by patient-related and
disease-related factors than by the choice of suturing technique. These findings support a tailored surgical approach and emphasize optimization
of patient condition and meticulous perioperative care to improve functional and QoL outcomes in benign biliary reconstruction.

Keywords: Benign biliary disease, Bile duct injury, McDonald classification, Modified Blumgart technique, Observational study, Postoperative
outcomes, Quality of life, Roux-en-Y hepaticojejunostomy.
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INTRODUCTION

Roux-en-Y hepaticojejunostomy (RYH)J) is the preferred surgical
procedure for restoring biliary continuity in a wide spectrum of
benign and complex biliary pathologies, including bile duct injury
(BDI), choledochal cysts, cholangiopathies, and benign biliary
strictures.! Despite being commonly performed reconstruction,
RYHJ remains a technically demanding operation that requires
meticulous surgical technique and expertise to ensure durable
anastomotic patency and prevent recurrent biliary obstruction.?
Post-cholecystectomy BDlI is one of the most frequent indications
for hepaticojejunostomy (HJ), particularly in tertiary referral centers.
When biliary reconstruction is attempted prematurely or without
adequate preoperative optimization, patients are at increased risk
of bile leak, anastomotic strictures, recurrent cholangitis, secondary
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biliary cirrhosis, and poor long-term quality of life (QoL)." Evidence
suggests that outcomes are significantly improved when HJ is
performed by specialized hepatobiliary teams, with low mortality
rates and excellent long-term stricture-free survival.>? Outcome
variability persists due to differences in timing of referral, severity
of injury, inflammatory status, and perioperative management.
Hepaticojejunostomy is also indicated for other benign biliary
strictures resulting from choledocholithiasis, hepatolithiasis,
chronic biliary inflammation, congenital anomalies, and portal
vein obstruction.

With advances in surgical techniques, minimally invasive
approaches like laparoscopic and robotic HJ have increasingly
been adopted, offering the potential for improved perioperative
outcomes.? The most significant early postoperative complication
following HJ comprises bile leak and its related septic complications,
which require prompt recognition and management to optimize
outcomes. Late complications, most notably anastomotic strictures,
typically present months to years after surgery with jaundice and
recurrent episodes of cholangitis, necessitating timely diagnosis
and radiologic, endoscopic, or surgical interventions to prevent
progressive biliary cirrhosis. Population-based studies estimate
a postoperative stricture rate of approximately 12%, and while
these strictures can be managed non-operatively, they remain
clinically challenging.* Established risk factors for anastomotic
stricture include bile duct ischemia, postoperative bile leak, and
reconstruction performed by non-specialist surgeons.> Thus, both
patient-related factors and operative variables contribute to the
heterogeneity in outcomes following HJ.

With the growing use of minimally invasive and robotic
techniques, increasing attention has been directed toward the
technical aspects of biliary reconstruction, particularly the choice
of anastomotic suturing technique. Although both continuous
and interrupted suturing methods are commonly employed,
comparative data evaluating theirimpact on bile leak rates and long-
term anastomotic patency remain limited.® Long-term follow-up
studies indicate that while many patients achieve satisfactory early
functional recovery, delayed morbidity such as recurrent cholangitis
requiring repeated hospital admissions and reinterventions can
significantly impair QoL. Functional outcome scoring systems
and structured follow-up protocols are essential to assess true
long-term success beyond radiologic patency alone.” Quality of
life studies demonstrate that patients undergoing repair for BDI
may experience persistent physical and psychological limitations,
particularly in the presence of postoperative complications.®® The
use of validated QoL assessment tools is crucial when evaluating
the overall success of biliary reconstruction.

Data on HJ outcomes from high-volume Indian tertiary care
centers remain limited. Most contemporary evidence on RYHJ is
derived from pancreaticoduodenectomy, hepatectomy, or liver
transplantation cohorts, where outcomes are confounded by the
complexity of major hepatopancreatobiliary resections, as biliary
reconstruction represents only one component of a complex
operative course. Data specifically addressing isolated elective
HJ for benign biliary disease remain limited. Therefore, the aim
of this study was to evaluate the long-term outcomes of elective
RYHJ in patients with benign biliary conditions, with particular
emphasis on perioperative morbidity, early and late postoperative
complications, long-term functional outcomes assessed using
the McDonald classification, and QoL outcomes measured using
validated instruments.

MATERIALS AND METHODS

This observational study was conducted at a single tertiary
care center in Tamil Nadu, India, and included 121 patients who
underwent elective RYHJ for benign biliary diseases. Ethical
approval was obtained from the Institutional Ethics Committee
prior to the study (IEC No. MMC/Approval/05072024), and informed
consent was obtained from all patients.

Inclusion Criteria

Patients of any age and sex who underwent RYHJ for benign biliary
conditions, including iatrogenic bile duct strictures, choledochal
cysts, choledocholithiasis, hepatolithiasis, Mirizzi syndrome, and
portal biliopathy, and who had complete clinical, operative, and
follow-up data available for analysis were included.

Exclusion Criteria

Patients were excluded if they underwent HJ for malignant biliary
obstruction, if the procedure was performed as part of other major
operations such as pancreaticoduodenectomy, hepatectomy,
or liver transplantation, or if it was carried out as an emergency
procedure. Patients with serious or uncontrolled comorbid illnesses,
incomplete clinical or follow-up data, or those lost to follow-up
were also excluded.

METHODS

Clinical and Operative Assessment

All patients underwent a detailed preoperative clinical
evaluation. Demographic details, underlying biliary diagnosis,
comorbidities (diabetes mellitus and hypertension), presence of
jaundice, cholangitis, preoperative biliary stenting, anemia, and
hypoalbuminemia were recorded. Preoperative imaging findings
and bile duct size were documented. The Bismuth-Strasberg
classification of BDI was recorded where applicable. Following
adequate preoperative nutritional and clinical optimization, all
patients underwent elective surgical procedures like biliary stricture
repair, biliary fistula takedown, extrahepatic bile duct excision,
or bile duct exploration, as indicated for their underlying benign
biliary pathology.

Bilioenteric continuity was reestablished by means of an RYH)J
using a retrocolic Roux limb measuring 50-60 cm, taken appro-
ximately 35 cm distal to the duodenojejunal flexure. The Roux
limb was anastomosed in an end-to-side manner to the transected
hepatic duct using either a modified Blumgart single-layer
interrupted technique or a single-layer continuous technique with
3-0 or 4-0 polyglactin (Vicryl) sutures, as depicted in Figures 1 to 4.
No new intraoperative trans-anastomotic stents were used. In
patients with preoperative percutaneous transhepatic biliary
drainage, the catheter was retained as a stent and removed after
clinical and radiological confirmation of anastomotic healing in
the postoperative period. Operative details, including the type of
RYHJ technique (interrupted or continuous), duration of surgery,
intraoperative blood loss, and bile duct diameter, were noted.

Postoperatively, patients were monitored for early complications
such as bile leak and bleeding. Late complications, including
anastomotic stricture and recurrent cholangitis, were recorded
during follow-up. Length of postoperative hospital stay, need for
readmissions, reinterventions, and resurgeries were documented.
Postoperative complications were graded using the Clavien-Dindo
classification. Early complications were defined as those occurring
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Fig. 1: External biliary fistula following post-cholecystectomy bile duct
injury. A Foley’s catheter is inserted into the fistula tract and hepatic
duct, with stay sutures placed on the anterior wall of the hepatic duct
(prior to fistula takedown)

Fig. 2: Roux-en-Y hepaticojejunostomy between the hepatic duct
and a retrocolic Roux limb of jejunum, fashioned 30 cm distal to the
duodenojejunal flexure and brought through a window in the transverse
mesocolon to the right of the middle colic vessels, following fistula
takedown. The posterior layer is completed, and the anterior layer is
incomplete

within 30 postoperative days, and late complications as those
occurring beyond 30 days. Bile leak and strictures were defined
according to the International Study Group of Liver Surgery (ISGLS)
criteria.

Long-term functional outcomes were assessed using the
McDonald classification. Quality of life was evaluated using the
World Health Organization Quality of Life-BREF (WHOQOL-BREF)
questionnaire and categorized as good or poor outcomes based on
trends in baseline and follow-up scores. Follow-up included clinical
evaluation, liver function tests, relevant blood investigations, and
imaging when clinically indicated to detect collections, strictures,
or leaks.

The primary outcomes analyzed were perioperative morbidity,
mortality, early and late postoperative complication rates, and long-
term functional outcomes based on the McDonald classification.
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Fig. 3: Incomplete RYHJ with a completed posterior layer following
extrahepatic bile duct excision in a patient with a type Ic choledochal
cyst

Fig. 4: Completed RYHJ (indicated by forceps) following extrahepatic
bile duct excision in a patient with a type Ic choledochal cyst

Secondary outcomes included QoL (WHOQOL-BREF). Potential risk
factors for adverse outcomes included underlying biliary diagnosis,
preoperative cholangitis, jaundice, prior biliary stenting, operative
duration, intraoperative blood loss, anastomotic techniques, bile-
duct leak rates, and stricture rates leading to delayed recovery,
Readmissions, reinterventions, and resurgeries.

Statistical Analysis

Descriptive statistics were used to summarize demographic
and clinical variables. Associations were analyzed using the chi-
square test or Fisher's exact test when required. Correlations were
evaluated using Spearman’s rank correlation. A p-value < 0.05 was
considered statistically significant. Data were analyzed using SPSS
software version 25.

REsuLTs

Most patients were between 31 and 60 years (68.6%), with a slight
female predominance (54.5%). latrogenic bile duct strictures
were the most frequent diagnosis (34.7%), and most patients had
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no comorbidities (76.9%). Preoperative jaundice was present in
44.6% of patients, and cholangitis in 12.4%, requiring preoperative
stenting in 30.6%. Most patients had bile duct sizes of 1-2 cm, and
the interrupted HJ technique was commonly used (82.6%), based
on the intraoperative findings. Surgery typically lasted 4-6 hours
(76%), with blood loss of less than 300 mL in 64.5% of cases. Early
complications were low, with bile leak in 18.2% of patients and
bleeding in 2.5%, and late complications occurred in 11.6% of
patients. Hospital stay was less than 10 days in most patients (69.4%),
and the readmission rate was 27.3%. Postoperative reinterventions
were required in 19.8% of patients, and resurgery in 9.9%. Only
17.4% had major (grade lll or more) Clavien-Dindo complications,
and long-term outcomes were good, with 71.9% in McDonald
grade A and 87.6% showing good or improved WHOQOL-BREF
scores (Table 1).

There was no significant association between the type of HJ
(interrupted vs continuous) and any postoperative outcome. Early
complications, late strictures, Clavien-Dindo grades, McDonald
functional grades, blood loss, hospital stay, readmission, need for
postoperative interventions, resurgery rates, and WHOQOL-BREF
scores were similar between both techniques, with all p > 0.05
(Table 2).

Table 1: Demographic and clinical profile

Parameters Category N (%)
Age (years) <17 9 (7.4%)
18-30 6 (13.2%)
31-40 6 (21.5%)
41-50 26 (21.5%)
51-60 31 (25.6%)
>61 13 (10.7%)
Sex Female 66 (54.5%)
Male 55 (45.5%)
Diagnosis latrogenic bile duct 42 (34.7%)
strictures
Choledochal cyst 3(27.3%)
Choledocholithiasis 5(12.4%)
Hepatolithiasis 7 (14.0%)
Mirizzi syndrome 11 (9.1%)
Portal biliopathy 3(2.5%)
Comorbidities Diabetes 13 (10.7%)
Hypertension 9 (7.4%)
Both 6 (5.0%)
Nil 93 (76.9%)
Jaundice Yes 54 (44.6%)
No 67 (55.4%)
Cholangitis Yes 5(12.4%)
No 106 (87.6%)
Stenting Yes 7 (30.6%)
No 84 (69.4%)
Hypoalbuminemia Yes 0(16.5%)
No 101 (83.5%)
(Contd...)

Table 1: (Contd...)

Parameters Category N (%)
Anemia Yes 22 (18.2%)
No 99 (81.8%)
Bile duct size (cm) <1 38 (31.4%)
<15 29 (24.0%)
<2 41 (33.9%)
>2 13 (10.7%)
RYHJ technique Interrupted 100 (82.6%)
Continuous 21 (17.4%)
Duration of surgery <4 15 (12.4%)
(hours) 4-6 92 (76.0%)
>6 14 (11.6%)
Blood loss (mL) <300 8 (64.5%)
300-500 6 (29.8%)
>500 7 (5.8%)
Early complications Leak 2(18.2%)
No 96 (79.3%)
Bleed 3(2.5%)
Late complications Stricture/cholangitis 4(11.6%)
No 107 (88.4%)
Hospital stays (days) <10 84 (69.4%)
10-30 0 (24.8%)
> 30 7 (5.8%)
Readmission Yes 3(27.3%)
No 88 (72.7%)
Postop intervention PCD 0(8.3%)
PTBD 11 (9.1%)
Embolization 3(2.5%)
None 97 (80.2%)
Resurgery Yes 12 (9.9%)
No 109 (90.1%)
Clavien-Dindo No 63 (52.1%)
classification Minor 37 (30.6%)
Major 21 (17.4%)
McDonald A 87 (71.9%)
classification B 19 (15.7%)
C 3(2.5%)
D 2(9.9%)
WHOQOL-BREF Good/improved scores 106 (87.6%)

Poor/worsening scores 15 (12.4%)
Values are expressed as mean + SD, median (IQR), or n (%), as appropriate.

HJ, hepaticojejunostomy; RYHJ, Roux-en-Y hepaticojejunostomy

Age, sex, comorbidities, preoperative stenting, anemia, bile
duct size, and anastomotic technique showed no significant
association with early or late complications (all p > 0.05). Diagnosis
showed no association with early complications (p > 0.05) but a
significant association with late complications (p = 0.046). Jaundice,
cholangitis, hypoalbuminemia, prolonged operative duration,
and higher intraoperative blood loss were significantly associated
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Table 2: Comparison of interrupted vs continuous HJ technique

RYHJ

Parameters Category Interrupted Continuous p-value

Early complications Leak 17 (77.3%) 5(22.7%) 0.576
No 80 (83.3%) 16 (16.7%)
Bleed 3 (100%) 0

Late complication Stricture/cholangitis 11 (78.6%) 3(21.4%) 0.669
No 89 (83.2%) 18 (16.8%)

Clavien-Dindo classification No 54 (85.7%) 9(14.3%) 0.63
Minor 29 (78.4%) 8(21.6%)
Major 7 (81%) 4 (19%)

McDonald classification A 74 (85.1%) 13 (14.9%) 0.669
B 5(78.9%) 4(21.1%)
C 2 (66.7%) 1(33.3%)
D 9 (75%) 3(25%)

Blood loss (mL) <300 62 (79.5%) 16 (20.5%) 0.314
300-500 31 (86.1%) 5(13.9%)
>500 7 (100%) 0

Hospital stays (days) <10 69 (82.1%) 15 (17.9%) 0.617
10-30 6 (86.7%) 4(13.3%)
>30 5(71.4%) 2 (28.6%)

Readmission Yes 26 (78.8%) 7 (21.2%) 0.493
No 74 (84.1%) 14 (15.9%)

Postoperative intervention PCD 9 (90%) 1(10%) 0.281
PTBD 7 (63.6%) 4 (36.4%)
Embolization 3 (100%) 0
No 81 (83.5%) 16 (16.5%)

Resurgery Yes 10 (83.3%) 2(16.7%) 0.947
No 90 (82.6%) 19 (17.4%)

WHOQOL-BREF Good/improved 89 (84%) 17 (16%) 0.309
Poor/worsening 1(73.3%) 4 (26.7%)

Values are expressed as mean + SD or median (IQR). HJ, hepaticojejunostomy; RYHJ, Roux-en-Y hepaticojejunostomy

with early complications (all p < 0.05), while jaundice, cholangitis,
and hypoalbuminemia were also significantly associated with late
complications (all p < 0.05). McDonald classification showed an
association with both early and late complications (p < 0.0001)
(Tables 3 and 4).

Comorbidities, including diabetes and hypertension, showed
no significant association with Clavien-Dindo grades. In contrast,
jaundice and cholangitis showed a significant association, with
higher proportions of major complications in affected patients.
Stenting and hypoalbuminemia were also significantly associated
with increased severity of complications. Anemia showed a
modest but significant association with higher minor and major
complication rates. The type of HJ technique showed no significant
association with complication grades. However, longer operative
duration and greater intraoperative blood loss were associated
with increased severity of complications, particularly operations
exceeding 6 hours and a blood loss >500 mL showed the highest
rates of major complications.

Age, sex, stenting, anemia, bile duct size, and the type of
HJ showed no significant association with McDonald outcomes

or WHOQOL-BREF QoL scores. Diagnosis showed a significant
association with McDonald classification, but not with QoL scores.
Early leaks and late complications showed significant associations
with both poorer McDonald grades and poorer WHOQOL-BREF
scores. Hypoalbuminemia and jaundice were also significantly
associated with worse McDonald outcomes. Longer hospital stay
showed a significant association with declining McDonald grades.
Readmission and resurgery were both associated with poorer
WHOQOL-BREF outcomes (Table 5).

Diagnosis showed no significant association with early
complications, as leak and bleed rates were comparable across
groups. However, a significant association with late complications,
with hepatolithiasis showing the highest late stricture/cholangitis
rate (35.3%) (Table 6). Clavien-Dindo severity also varied
significantly by diagnosis, with major complications more common
in hepatolithiasis and portal biliopathy. Hospital stay did not
differ significantly across diagnostic groups, although prolonged
stays (>30 days) were more frequent in hepatolithiasis and portal
biliopathy. Resurgery showed a significant association with
diagnosis, occurring most frequently in hepatolithiasis (35.3%).
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Table 3: Association of patient and perioperative variables with early and late complications

Early complication Late complication
Stricture/
Variable Category Leak Bleed No p-value  Cholangitis No p-value
Age-group (years) <17 3(33.3%) 0 6 (66.7%) 0.503 3(33.3%) 6 (66.7%) 0.085
18-30 0 1(6.3%) 15 (93.8%) 1(6.3%) 15 (93.8%)
31-40 6 (23.1%) 1(3.8%) 9 (73.1%) 3(11.5%) 23 (88.5%)
41-50 6 (23.1%) 1(3.8%) 9 (73.1%) 1(3.8%) 25 (96.2%)
51-60 6 (19.4%) 0 5 (80.6%) 6 (19.4%) 25 (80.6%)
>61 1(7.7%) 0 2(92.3%) 0 3 (100%)
Sex Female 13 (19.7%) 2 (3%) 1(77.3%) 0.803 8(12.1%) 8 (87.9%) 0.836
Male 9 (16.4%) 1(1.8%) 5 (81.8%) 6 (10.9%) 49 (89.1%)
Diagnosis latrogenic bile duct 8 (19%) 2 (4.8%) 2(76.2%) 0.068 4 (9.5%) 8(90.5%) 0.046
stricture
Choledochal cyst 6(18.2%) 0 27 (81.8%) 2 (6.1%) 31 (93.9%)
Choledocholithiasis 1(6.7%) 0 4(93.3%) 1(6.7%) 4 (93.3%)
Hepatolithiasis 4(23.5%) 0 3(76.5%) 6 (35.3%) 1(64.7%)
Mirizzi syndrome 2(18.2%) 0 9 (81.8%) 1(9.1%) 0 (90.9%)
Portal biliopathy 1(33.3%) 1(33.3%) 1(33.3%) 0 3 (100%)
Comorbidities Diabetes 1(7.7%) 0 12(92.3%) 0.7 4 (30.8%) 9 (69.2%) 0.082
Hypertension 2(22.2%) 0 7(77.8%) 0 9 (100%)
Both 0 0 6 (100%) 0 6 (100%)
Nil 19 (20.4%) 3(3.2%) 71 (76.3%) 10 (10.8%) 83 (89.2%)
Jaundice Yes 15 (27.8%) 2 (3.7%) 37 (68.5%) 0.031 12 (22.2%) 42 (77.8%) 0.001
No 7 (10.4%) 1(1.5%) 59 (88.1%) 2 (3%) 65 (97%)
Cholangitis Yes 8(53.3%) 0 7 (46.7%) 0.001 7 (46.7%) 8(53.3%) <0.0001
No 14 (13.2%) 3(2.8%) 89 (84%) 7 (6.6%) 99 (93.4%)
Stenting Yes 10 (27%) 2 (5.4%) 25 (67.6%) 0.079 6 (16.2%) 31(83.8%) 0.289
No 12 (14.3%) 1(1.2%) 71 (84.5%) 8(9.5%) 76 (90.5%)
Hypoalbuminemia Yes 12 (60%) 0 8 (40%) <0.0001 5 (25%) 15 (75%) 0.04
No 10 (9.9%) 3 (3%) 88 (87.1%) 9 (8.9%) 92 (91.1%)
Anemia Yes 6 (27.3%) 1(4.5%) 5 (68.2%) 0.349 3(13.6%) 9 (86.4%) 0.738
No 16 (16.2%) 2 (2%) 81 (81.8%) 11(11.1%) 88 (88.9%)
Bile duct size (cm) <1 8(21.1%) 0 0 (78.9%) 0.616 8(21.1%) 0 (78.9%) 0.121
<15 6(20.7%) 2 (6.9%) 21 (72.4%) 3(10.3%) 26 (89.7%)
<2 6 (14.6%) 1(2.4%) 4 (82.9%) 3(7.3%) 38(92.7%)
>2cm 2 (15.4%) 0 1 (84.6%) 0 3 (100%)
RYHJ technique Interrupted 17 (17%) 3 (3%) 80 (80%) 0.576 11(11%) 89 (89%) 0.669
Continuous 5(23.8%) 0 6 (76.2%) 3(14.3%) 8 (85.7%)
Duration of surgery <4 2(13.3%) 0 3(86.7%) 0.002 1(6.7%) 4(93.3%) 0.011
(hours) 4-6 14(152%)  1(1.1%) 77 (83.7%) 8 (8.7%) 84 (91.3%)
>6 6 (42.9%) 2 (14.3%) 6 (42.9%) 5(35.7%) (64.3%)
Blood loss (mL) <300 11 (14.1%) 0 67 (85.9%) <0.0001 6 (7.7%) 2(92.3%) 0.133
300-500 11 (30.6%) 1(2.8%) 24 (66.7%) 6 (16.7%) 0 (83.3%)
>500 0 2 (28.6%) 5(71.4%) 2 (28.6%) 5(71.4%)
McDonald A 2(2.3%) 2(2.3%) 83 (95.4%) <0.0001 0 87 (100%) <0.0001
classification B 13(684%)  1(53%)  5(263%) 0 19 (100%)
C 2 (66.7%) 0 1(33.3%) 3 (100%) 0
D 5 (41.7%) 0 7 (58.3%) 1(91.7%) 1(8.3%)

Values are expressed as n (%). Complications graded according to the Clavien-Dindo classification
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Table 4: Association of variables with Clavien-Dindo complication severity

Clavien-Dindo classification

Variable Category No Minor Major p-value
Comorbidities Diabetes 7 (53.8%) 4 (30.8%) 2 (15.4%) 0.349
Hypertension 4 (44.4%) 5 (55.6%) 0
Both 5(83.3%) 1(16.7%) 0
Nil 47 (50.5%) 27 (29%) 19 (20.4%)
Jaundice Yes 19 (35.2%) 18 (33.3%) 17 (31.5%) <0.0001
No 44 (65.7%) 9 (28.4%) 4 (6%)
Cholangitis Yes 3 (20%) 4(26.7%) 8(53.3%) <0.0001
No 0 (56.6%) 3(31.1%) 13 (12.3%)
Stenting Yes 4 (37.8%) 2 (32.4%) 11 (29.7%) 0.033
No 49 (58.3%) 25 (29.8%) 10 (11.9%)
Hypoalbuminemia Yes 4 (20%) 7 (35%) 9 (45%) <0.0001
No 59 (58.4%) 30 (29.7%) 12 (11.9%)
Anemia Yes 6 (27.3%) 11 (50%) 5(22.7%) 0.031
No 57 (57.6%) 26 (26.3%) 16 (16.2%)
RYHJ Interrupted 54 (54%) 29 (29%) 17 (17%) 0.63
Continuous 9 (42.9%) 8(38.1%) 4 (19%)
Duration of surgery (hours) <4 8(53.3%) 6 (40%) 1(6.7%) <0.0001
4-6 52 (56.5%) 29 (31.5%) 1(12%)
>6 3(21.4%) 2 (14.3%) 9 (64.3%)
Blood loss (mL) <300 52 (66.7%) 18 (23.1%) 8(10.3%) <0.0001
300-500 10 (27.8%) 17 (47.2%) 9 (25%)
>500 1(14.3%) 2 (28.6%) 4 (57.1%)
Values are expressed as n (%). Late complications were assessed during follow-up
Table 5: Association of variables with McDonald’s functional outcome and QoL
Quality of life
McDonald classification (WHOQOL-BREF)
Good/ Poor/
Variable Category A B C D p-value  Improved  Worsening  p-value
Age-group <17 5 (55.6%) 1(11.1%) 1(11.1%) 2(22.2%) 0.234 6(66.7%) 3(33.3%) 0.095
18-30 13 (81.3%) 2(12.5%) 1(6.3%) 0 5(93.8%) 1(6.3%)
31-40 6 (61.5%) 6(23.1%) 1(3.8%) 3(11.5%) 22 (84.6%) 4(15.4%)
41-50 9(73.1%) 6(23.1%) 0 1(3.8%) 25(96.2%) 1(3.8%)
51-60 2 (71%) 3(9.7%) 0 6 (19.4%) 25(80.6%) 6 (19.4%)
>61 2(92.3%) 1(7.7%) 0 0 3 (100%) 0
Sex Female 5(68.2%) 12(18.2%) 2 (3%) 7 (10.6%) 0.778 7 (86.4%) 9(13.6%) 0.65
Male 2 (76.4%) 7(12.7%) 1(1.8%) 5(9.1%) 49 (89.1%) 6(10.9%)
Diagnosis latrogenic bile duct 31(73.8%) 7(16.7%) 1 (2.4%) 3(7.1%) 0.008 8(90.5%) 4(9.5%) 0.08
stricture
Choledochal cyst 26 (78.8%) 4(12.1%) 1 (3%) 2 (6.1%) 30(90.9%) 3(9.1%)
Choledocholithiasis 14 (93.3%) 0 0 1(6.7%) 14(93.3%) 1(6.7%)
Hepatolithiasis 6 (35.3%) 5(29.4%) 0 6 (35.3%) 11 (64.7%) 6(35.3%)
Mirizzi syndrome 9(81.8%) 1(9.1%) 1(9.1%) 0 10(90.9%) 1(9.1%)
Portal biliopathy 1(33.3%) 2 (66.7%) 0 0 3 (100%) 0
Stenting Yes 2 (59.5%) 9(24.3%) 1(2.7%) 5(13.5%) 0.224 31(83.8%) 6(16.2%) 0.397
No 65 (77.4%) 10(11.9%) 2 (2.4%) 7 (8.3%) 75(89.3%) 9(10.7%)
(Contd...)
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Table 5: (Contd...)

Quality of life
McDonald classification (WHOQOL-BREF)
Good/ Poor/
Variable Category A B C D p-value  Improved  Worsening  p-value
Early Leak 2(9.1%) 13(59.1%) 2(9.1%) 5(22.7%) <0.0001 15(68.2%) 7(31.8%) 0.009
complications g 83(86.5%)  5(5.2%) 1(1%) 7 (7.3%) 88(91.7%) 8 (8.3%)
Bleed 2 (66.7%) 1(33.3%) 0 0 3 (100%) 0
Late Yes 0 0 3(21.4%) 11(78.6%) <0.0001 0 4(100%) <0.0001
complication g 87 (81.3%) 19 (17.8%) 0 1(0.9%) 106 (99.1%) 1 (0.9%)
Bile duct <1 24 (63.2%) 6(15.8%) 1(2.6%) 7 (18.4%) 0.741 - - -
size (cm) <15 21(724%)  5(172%) 1(34%)  2(6.9%) - - -
<2 31 (75.6%) 7(17.1%) 1(2.4%) 2 (4.9%) - - -
>2 11 (84.6%) 1(7.7%) 0 1(7.7%) - - -
RYHJ technique Interrupted 74 (74%) 15 (15%) 2 (2%) 9 (9%) 0.669 - - -
Continuous 13 (61.9%) 4 (19%) 1 (4.8%) 3(14.3%) - - -
Hospital stays <10 78 (92.9%) 6(7.1%) 0 0 <0.0001 - - -
(days) 10-30 9(30%)  11(36.7%) 3(10%)  7(23.3%) - - -
>30 0 2 (28.6%) 0 5(71.4%) - - -
Readmission - - - - - - 18 (54.5%) 15(45.5%) <0.0001
Resurgery - - - - - - 0 2(100%)  <0.0001
Values are expressed as n (%). Functional outcome assessed using the McDonald classification
Table 6: Association of diagnosis with complications and outcomes
Diagnosis
latrogenic bile Choledochal Mirizzi Portal
Variable Category duct stricture cyst Choledocholithiasis Hepatolithiasis ~ syndrome biliopathy  p-value
Early Leak 8 (19%) 6 (18.2%) 1(6.7%) 4 (23.5%) 2 (18.2%) 1(33.3%) 0.068
complications No 2 (76.2%) 27 (81.8%) 14 (93.3%) 13 (76.5%) 9(81.8%) 1(33.3%)
Bleed 2 (4.8%) 0 0 0 0 1(33.3%)
Late complication  Stricture/ 4(9.5%) 2(6.1%) 1(6.7%) 6 (35.3%) 1(9.1%) 0 0.046
cholangitis
No 8(90.5%) 31(93.9%) 14 (93.3%) 11 (64.7%) 10 (90.9%) 3 (100%)
Clavien-Dindo No 0(23.8%) 24 (72.7%) 12 (80%) 7 (41.2%) 9(81.8%) 1(33.3%) <0.0001
classification Minor 4(571%)  3(9.1%) 3 (20%) 7 (41.2%) 0 0
Major 8 (19%) 6 (18.2%) 0 3(17.6%) 2(18.2%) 2 (66.7%)
Hospital stays <10 7 (64.3%) 27 (81.8%) 12 (80%) 10 (58.8%) 8(72.7%) 0 0.097
(days) 10-30 1(262%)  5(15.2%) 3 (20%) 5 (29.4%) 3(273%) 3 (100%)
>30 4 (9.5%) 1 (3%) 0 2(11.8%) 0 0
Resurgery Yes 3(7.1%) 1(3%) 1(6.7%) 6 (35.3%) 1(9.1%) 0 0.011
No 39(92.9%) 32(97%) 14 (93.3%) 11 (64.7%) 10 (90.9%) 3 (100%)

Values are expressed as n (%). p-value compares outcomes across diagnostic categories (Chi-square/Fisher’s exact test)

Discussion

This study evaluated surgical, functional, and QoL outcomes
following elective RYHJ for benign biliary disease. The results
demonstrate low overall morbidity with favorable long-term
functional recovery and QoL outcomes. No significant differences
were observed between interrupted and continuous anastomotic
suturing techniques. In contrast, postoperative morbidity was
significantly associated with preoperative cholangitis, poor

nutritional status, prolonged operative duration with increased
blood loss, and underlying biliary pathology. Variations in outcomes
reported across published studies are likely attributable to
differences in patient characteristics, inflammatory burden, timing
of referral, and surgical expertise.

This study population consisted mainly of middle-aged
patients with a slight female predominance, with no major
comorbidities and most commonly presenting with iatrogenic
bile duct strictures, followed by choledochal cysts, hepatolithiasis,
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choledocholithiasis, Mirizzi syndrome, and portal biliopathy,
frequently complicated with biliary obstruction and cholangitis,
and a portion of them requiring preoperative stenting. Interrupted
HJ was the predominant anastomotic technique, and operative
parameters were within expected ranges. Postoperative
morbidity and reintervention rates were low, hospital stay was
typically short, and long-term functional and QoL outcomes were
favorable. In comparison, Booij et al. reported a median age of
46.3 years (IQR 36.5-62.3) with a higher female predominance of
67.3%.'% Seifert et al. described an older cohort with median ages
of 72 and 67 years and a near-equal sex distribution, in which most
patients were classified as American Society of Anesthesiologists
(ASA) Il and had malignant disease, predominantly pancreatic
carcinoma (48.8-56.4%) and extrahepatic bile duct carcinoma
(19.5-23.1%). Preoperative biliary drainage and common bile
duct stenting were required in more than half of these patients,
with bile duct diameters ranging from 12 to 14 mm."" Saxena
et al. analyzed a larger cohort of 556 patients with mean ages
between 46 and 49 years, including both benign (53%) and
malignant (47%) indications, and reported bile duct diameters
of >8 mm in all cases.'” Therefore, malignant cohorts in the
literature tend to be older, with a higher burden of comorbidities
and more complex disease profiles, which likely contributes to
differences in complication patterns and postoperative recovery
when compared with predominantly benign cohorts such as the
present study.

In the present study, no significant difference was observed
between interrupted and continuous HJ techniques. Early and late
complication rates were comparable. The severity of complications,
operative parameters, hospital stay, need for reintervention,
functional outcomes, and QoL scores were similar between
techniques. Saxena et al. reported overall morbidity rates of 38.6%
in the continuous group and 42.7% in the interrupted group (p =
0.47). Bile leak was more frequent with interrupted sutures (10.2%
vs 6.8%; p = 0.04). Thirty-day mortality rates were comparable
(2.7-3.4%; p = 0.42), and median hospital stay was similar (9 vs 10
days; p = 0.47). Long-term anastomotic stricture occurred in 4.6%
with no technique-related difference.”” Ahmad et al. reported a
90-day morbidity of 51.7%, bile leak in 5.7%, and 90-day mortality
of 2.3%. Long-term morbidity was 13.7%, with anastomotic stricture
rate of 5.7% and a 10-year stricture-free survival of 95%.2 A major
strength of the present study is the uniform operative approach
within a high-volume hepatobiliary center, supporting consistency
in technique and follow-up evaluation.

Jaundice, cholangitis, hypoalbuminemia, prolonged operative
duration, and increased blood loss were significantly associated with
early complications in the present study. Demographic variables,
comorbidities, anemia, bile duct size, preoperative stenting, and
anastomotic technique showed no significant association. The
McDonald classification correlated with postoperative outcomes.
Booij et al. identified postoperative bile leakage, sepsis, and higher
Clavien-Dindo grades as predictors of late stricture formation.'’
Seifert etal. reported no significant differences between continuous
and interrupted techniques for bile leak, cholangitis, liver abscess,
overall complications, or 30-day mortality."" Saxena et al. showed
significantly shorter anastomosis time with continuous suturing
(21.4 + 11.2 vs 44.6 + 20.3 minutes; p < 0.001)." The analysis was
limited to univariate associations, and multivariable adjustment was
not performed, which may allow residual confounding between
clinical and operative factors.

Higher Clavien-Dindo grades in the present study were
significantly associated with jaundice, cholangitis, hypoalbuminemia,
preoperative stenting, anemia, prolonged operative duration, and
increased blood loss. Comorbidities and anastomotic technique
had no significant effect on complication severity. Booij et al.
reported grade IlI-V complications in 14.6% of patients, associated
with bile leak and sepsis.'” Saxena et al. reported McDonald grade
A outcomes in 94.1% of the continuous group and 87.4% of the
interrupted group. Grade B outcomes were higherin the interrupted
group (6.1% vs 1.2%; p = 0.04), while grade C outcomes were rare.'?
Otto et al. identified intra-abdominal infection, bile collection, failed
primary repair, pre-reconstruction cholangitis, and female sex as
independent predictors of poor long-term outcomes.”

Functional outcomes and QoL in the present study were
mainly influenced by postoperative complications and the hospital
course. Early bile leak, late complications, hypoalbuminemia,
jaundice, prolonged hospital stay, readmission, and resurgery
were associated with poorer McDonald grades and inferior QoL
scores. Age, sex, bile duct size, anemia, stenting, and anastomotic
technique had no significant impact. Ali et al. reported McDonald
grade A outcomes in 67% of patients, with 87.5% achieving
excellent or good results by Terblanche grading.”® Otto et al.
reported WHOQOL-BREF scores >60 across all domains, with better
physical and psychological scores in clip-related obstruction.”
These findings show the need to optimize cholangitis control,
nutritional status, and perioperative parameters to reduce adverse
outcomes. The absence of technique-related differences suggests
that patient condition and inflammatory burden are more influential
determinants of recovery than suturing method.

In the present study, the underlying biliary diagnosis emerged
as a key determinant of late complications, severity of complications,
and resurgery rates, while early postoperative complication rates
remained comparable across diagnostic groups. Hepatolithiasis
and portal biliopathy were associated with higher rates of late
stricture, cholangitis, major Clavien-Dindo complications, and
reinterventions. Hospital stay did not differ significantly between
diagnostic groups. Otto et al. showed that the cause of referral
influenced outcomes more than injury level, with clip-related
obstruction showing the best results.” Kusano et al. reported worse
long-term outcomes in hepatolithiasis." Li et al. reported high rates
of residual stones, recurrent cholangitis, and biliary complications
after HJ in hepatolithiasis.’”

Key strengths of this study include a comprehensive evaluation
of perioperative variables, the use of validated and standardized
systems for grading postoperative complications and functional
outcomes, and the incorporation of patient-reported QoL
assessment. The uniform surgical approach and consistent
perioperative management within a specialized hepatobiliary unit
further enhance the internal validity of the findings by minimizing
technique-related variability. Although the single-center design
limits generalizability, the results provide robust real-world data on
isolated elective HJ for benign biliary disease. Future prospective,
multicenter studies with longer follow-up and multivariable risk
modeling are warranted to refine risk stratification, optimize
preoperative optimization strategies, and further improve
outcomes in complex biliary reconstruction.

CONCLUSION

Roux-en-Y HJ remains an effective reconstructive procedure for
benign biliary pathologies, achieving good long-term functional
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recovery and QoL when performed electively in specialized
centers. The choice between interrupted and continuous
anastomotic suturing does not significantly affect perioperative
morbidity, late stricture formation, or patient-reported outcomes.
The postoperative outcomes are predominantly influenced
by preoperative biliary sepsis, jaundice, nutritional status, and
intraoperative factors such as operative duration and blood
loss. These findings highlight the importance of careful patient
selection, preoperative optimization, and surgical expertise over
technical variations in anastomotic suturing. Future studies should
include multicenter, prospective designs with larger sample sizes
to improve generalizability and allow robust evaluation of factors
influencing long-term functional and QoL outcomes following
elective RYHJ.

Limitations

This study is limited by its single-center, observational design,
which may restrict the generalizability of the findings. The absence
of randomization introduces the potential for selection bias, and
unmeasured confounding factors may have influenced outcomes.
Functional and QoL assessments, although performed using
validated instruments, may be subject to response bias. Larger,
multicenter prospective studies are required to confirm these
findings and improve external validity.

Clinical Significance

In patients undergoing RYHJ for benign biliary diseases,
postoperative outcomes and long-term QoL are influenced
predominantly by patient-and disease-related characteristics rather
than the suturing technique used for anastomosis. The findings
suggest that technical variations in anastomotic suturing have a
limited impact on functional and patient-reported outcomes when
surgery is performed electively in specialized centers. Emphasis
on appropriate patient selection, preoperative optimization, and
meticulous perioperative management may yield better clinical
benefit than modifications in suturing technique alone.
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