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ORIGINAL ARTICLE

Quality-of-life after bile duct injury repaired by hepaticojejunostomy: a national
cohort study
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Tafline and Jenny Rystedtf

aDivision of Surgery, Department of Clinical Science, Intervention and Technology, (CLINTEC), Karolinska Institutet, Karolinska University
Hospital, Stockholm, Sweden; bDepartment of Surgical And Perioperative Sciences, Umeå University, Umeå, Sweden; cDepartment of
Surgical Sciences, Uppsala University, Uppsala, Sweden; dDepartment of Surgery, Clinical and Experimental Medicine, University Hospital,
Link€oping, Sweden; eDepartment of Surgery, Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, Sahlgrenska
University Hospital/Transplant Centre, Gothenburg, Sweden; fDepartment of Surgery, Skane University Hospital, Lund University,
Lund, Sweden

ABSTRACT
Objectives: Reports on quality-of-life (QoL) after bile duct injury (BDI) show conflicting results. The
aim of this cohort study was to evaluate QoL stratified according to type of treatment.
Methods: QoL assessment using the SF-36 (36-item short form health survey) questionnaire. Patients
with post-cholecystectomy BDI needing hepaticojejunostomy (HJ) were compared to all other treat-
ments (BDI repair) and to patients without BDI at cholecystectomy (controls).
Results: Patients needing a HJ after BDI reported reduced long-term QoL irrespective of time for diag-
nosis and repair in both the physical (PCS; p< .001) and mental (MCS; p< .001) domain compared to
both controls and patients with less severe BDI. QoL was comparable for BDI repair (n¼ 86) and con-
trols (n¼ 192) in both PCS (p¼ .171) and MCS (p¼ .654). As a group, patients with BDI (n¼ 155)
reported worse QoL than controls, in both the PCS (p< .001) and MCS (p¼ .012). Patients with a BDI
detected intraoperatively (n¼ 124) reported better QoL than patients with a postoperative diagnosis.
Patients with an immediate intraoperative repair (n¼ 99), including HJ, reported a better long-term
QoL compared to patients subjected to a later procedure (n¼ 54).
Conclusions: Patients with postoperative diagnosis and patients with BDIs needing biliary reconstruc-
tion with HJ both reported reduced long-term QoL.
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Introduction

Outcome after bile duct injury (BDI) repair in specialised referral
centres is often reported as excellent in terms of postoperative
complications and need for re-intervention [1–7]. Early identifica-
tion and referral to a hepatobiliary centre are advocated [8].
Outcome in terms of quality-of-life (QoL) after BDI is less fre-
quently reported in the literature, and the results in previous
studies have been conflicting [9–18].

A previous national cohort study from Sweden showed
that patients suffering a minor BDI, defined as a lesion less
than 5mm, detected and repaired in conjunction with the
cholecystectomy reported QoL comparable to uneventful
cholecystectomy [9]. Sarmiento and Hogan also reported no
difference in long-term QoL after BDI when compared to
uncomplicated laparoscopic cholecystectomy [12,16].
However, most QoL studies are from tertiary referral centres
with an overrepresentation of severe injuries and failures
after primary repair. Although the functional outcome is
often reported as excellent, both mental and physical QoL

may be impaired several years after repair [10,11,13–15]. A
meta-analysis from Landman et al. in 2013 stated that ‘there
is a long-term detrimental effect of BDI on mental health-
related QoL’ [19]. A recent meta-analysis by Halle-Smith et al
suggested ‘that HRQOL may potentially be related to the
severity of the injury and whether patients undergo surgical
repair’ [18].

The aim of this national study was to evaluate QoL in
patients after BDI needing biliary reconstruction with hepati-
cojejunostomy (HJ), compared to patients with less severe
injuries and to a matched control group of patients subject
to cholecystectomy without suffering from an iatrogenic BDI.

Methods

A Swedish QoL case–control cohort study reporting on 107
patients with BDI sustained during cholecystectomy from
2007 to 2011 has previously been published [9]. That study
included 17 HJs, excluded leakage from the cystic duct and
liver bed, and the majority of BDIs (n¼ 63) were a lesion less
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than 5mm. The study also included data on a control group
subject to cholecystectomy without BDI (1:2) frequency-
matched for, age, gender, ASA score, date of treatment
(± 2 years), indication for cholecystectomy (uncomplicated
gallstone disease versus complicated by cholecystitis, pan-
creatitis or biliary obstruction), planned or emergency pro-
cedure, and surgical technique (laparoscopic/converted/open
procedure) [9].

In a multicentre study by the European-African
HepatoPancreatoBiliary Association (E-AHPBA), all consecutive
patients operated with a HJ after BDI from January 2000 to
June 2016 in Sweden were identified and outcome in terms of
post-operative complications and patency was reported [20].

By including all patients from Sweden in the E-AHPBA study
[20], a larger cohort of patients subject to HJ, from an extended
time period, was achieved, and could be compared to previ-
ously published QoL data for all other forms of BDI repair,
except HJ, and cholecystectomy without BDI (Controls) [9].

QoL assessment

Original SF-36 scales have a range from 0 to 100 with vary-
ing means and standard deviations for the different sub-
scales, which makes comparison difficult between subscales
and different patient cohorts. It is recommended to use a
norm-based score (NBS) in order to compare results more
easily between studies [21]. NBS transforms all the subscales
to have a mean of 50 and a standard deviation (SD) of 10.
The SF-36 NBS was calculated using Quality Metrics software,
which compares with US norms based on randomly selected
adults matched for age. US norms are widely used enabling
comparison between studies and countries and are recom-
mended and validated for international publications [21].

SF-36v2 was licensed from Quality Metric, OPTUM Insight:
SF36v2 License QUOTE QM047766 – OPTUM #CT154140
OP074018 OGS200.

The survey was performed by sending SF-36 forms to all
patients subject to HJ after BDI 2000–2016 including patients
that had not previously answered in the survey in 2013 (BDI
2007-2011). The questionnaires were distributed by mail to
the participants in January 2019. Written reminders were
sent by mail after approximately 4 weeks.

Ethics

Approval for the study was obtained from the Lund Regional
Ethics Committee, Sweden (Dnr 2017/279) and all partici-
pants returned a signed approval form before inclusion.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
25. Initial group comparisons were made using the
Mann–Whitney test, Fisher’s exact test and Chi2 test when
appropriate. Student t-test or Mann–Whitney U were used
for comparison of SF-36 data, and the latter test was used
when n< 20. Since SF-36 data are ordinal, non-parametric
analyses were performed primarily. The QoL data for bile
duct injuries were further stratified for analysis according to
the time of diagnosis/repair and type of repair. For pair-wise
comparison between groups ANOVA and Kruskal–Wallis tests
were applied. A p < .05 was considered significant.

Results

In Sweden, a total of 122 HJs after BDI were performed from
2000 to 2016 [20] and were compared to 144 BDIs from
2007 to 2011 [9] subject to all other forms of repair (BDI
repair) including drainage, suture (with or without T-tube)
and/or endoscopic treatment. Demographic data for these
two groups compared to the control group with uneventful
cholecystectomy [9] are displayed in Table 1. There was no
difference in age or sex between groups, at the time of
cholecystectomy. The injuries subsequently needing a HJ for
reconstruction were to a lesser extent detected intraopera-
tively as compared to less severe injuries, Table 2. Patients
with a BDI needing a HJ had a longer follow-up at the time
of the survey, but there was no difference in age between
responders in the different groups. For patients receiving a
HJ, 12 patients were reconstructed at the index operation,
and median time for all biliary reconstructions was 5 (1–90)
days after cholecystectomy.

Baseline characteristics for the responders to the survey
are displayed in Table 2. Median age of all patients respond-
ing to the survey was 61 (50–72) years and the follow-up
was longer for patients with a HJ, median 8 (5–13) years
after the injury. A majority of patients (63/86) subjected to
BDI repair and responding to the QoL survey had a lesion

Table 1. Patients subject to; cholecystectomy without bile duct injury
(Controls), with a BDI subject to drainage, suture with or without T-tube and/
or endoscopic treatment (BDI repair) and a BDI needing biliary reconstruction
with hepaticojejunostomy (HJ).

Controls BDI repair HJ
pn¼ 362 n¼ 144 n¼ 122

Age years (IQR) 56 (45–68) 55 (44–69) 56 (42–68) .595
Male gender 141 (39%) 58 (40%) 52 (43%) .771
Responders to QoL survey 192 (53%) 86 (60%) 69 (57%) .374
Follow-up months (IQR) 40 (40–50) 59 (43–73) 118 (68–168) <.001
Intraoperative diagnosis — 133 (92%) 75 (62%) <.001
Intraoperative repair — 125 (88%) 43 (36%) <.001
IOC — 138 (95%) 103 (84%) .003

Age at cholecystectomy; IOC (intraoperative cholangiogram, performed or
attempted at cholecystectomy); for continuous variables: median and IQR
(inter quartile range). QoL: quality of life.

Table 2. Responders to the quality of life document SF-36.

Controls BDI-repair HJ
pn¼ 192 n¼ 86 n¼ 69

Age years (IQR) 62 (50–71) 56 (49–72) 62 (52–74) .498
Male sex 74 (39%) 32 (37%) 25 (36%) .937
Follow-up months (IQR) 43 (39–50) 64 (47–88) 99 (57–158) <.001
Intraoperative diagnosis — 80 (93%) 44 (65%) <.001
Intraoperative repair — 77 (91%) 22 (32%) <.001
IOC — 81 (94%) 62 (90%) .164

Patients subject to; cholecystectomy without bile duct injury (Controls), with a
BDI subject to drainage, suture with or without T-tube and/or endoscopic
treatment (BDI repair) and a BDI needing biliary reconstruction with hepatico-
jejunostomy (HJ). IOC (intraoperative cholangiogram, performed or attempted
at cholecystectomy); for continuous variables: median and IQR (inter-quar-
tile range).
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less than 5mm of the bile duct (Strasberg type D or
Hannover grade C1), and none had a complete transection
of the bile duct. The severity of injury in the group subjected
to HJ was not specifically graded, in part due to the difficulty
to determine exact injury grade retrospectively, especially in
patients with postoperative diagnosis.

Overall the QoL reported was good with physical and
mental component scores (PCS: 49.4, SD 9.95; MCS 50.0, SD
10.9), and mean SF-36 summary scores for the three groups,
stratified for intra- or postoperative diagnosis, are displayed
in Table 3.

When comparing the whole cohort of patients with a BDI
(n¼ 155) to patients with cholecystectomy without BDI
(n¼ 192), the patients with a BDI reported worse QoL in
both the physical and mental domain than the controls (PCS;
p< .001 and MCS; p¼ .012) (Figure 1).

QoL was comparable for controls (n¼ 192) and patients
with less severe BDIs (BDI repair; n¼ 86), that is patients with
a BDI subject to drainage, suture with or without T-tube
and/or endoscopic treatment not needing a biliary recon-
struction (PCS; p¼ .171 and MCS; p¼ .654). Long-term QoL in
patients needing a bilioenteric anastomosis (HJ) (n¼ 69) was
worse than in patients subject to all other forms of repair
(BDI repair) (n¼ 86) (PCS; p¼ .002 and MCS; p¼ .003)
(Figure 2).

Patients who had their BDI detected intraoperatively
(n¼ 124) reported better QoL than patients with a postoper-
ative diagnosis but reported a lower physical QoL than con-
trols (n¼ 192), (PCS; p¼ .018 and MCS; p¼ .072), Table 3.
When comparing patients with intra- and postoperative diag-
nosis of BDI, there was a difference in physical component
score (PCS; p¼ .003 and MCS; p¼ .068), Figure 3. Notably 24
out of 30 patients with postoperative diagnosis had a BDI
that needed a biliary reconstruction with a HJ. For patients
with HJ (n¼ 69), there was no difference in long-term QoL
for timing of diagnosis (intra- or postoperative diagnosis) of
BDI (PCS: p¼ .375; MCS: p¼ .414).

Patients with an immediate intraoperative repair (n¼ 99),
including HJ, reported a better long-term QoL compared to
patients subjected to a later procedure (n¼ 54), either due
to postoperative diagnosis (n¼ 30) or delayed surgery and/or
referral (n¼ 24), (PCS; p¼ .002 and MCS; p¼ .011), Figure 4.
Immediate intraoperative repair (n¼ 99) included 12 HJs, 51

suture(s) over T-tube, 33 suture repairs, 2 endoscopic proce-
dures, and one laparotomy with drain.

Sensitivity analyses

Since SF-36 data are ordinal, non-parametric analyses were
performed primarily and presented in Results. When treating
PCS and MCS as continuous variables, and performing
Students t-test, the same p-values were calculated as when
Mann–Whitney U was used and histograms confirmed suffi-
ciently normally distributed variables.

Multivariable linear regression analysis

When adjusting for age, sex and follow-up there was still a
significant difference between BDI repair and HJ in QoL, PCS
estimate �4.7, p¼ .010 (OR �2.605; 95% CI �1.140 to
�8.307) and MCS estimate �5.5, p¼ .004 (OR �2.907; 95% CI
�1.758 to �9.223). Scatterplots on regression standardised
residuals and predicted values were acceptable.

Discussion

This nationwide study shows that BDI resulted in reduced
long-term QoL, evaluated with SF-36, for patients recon-
structed with a HJ compared to patients treated with chole-
cystectomy without BDI. In addition, HJ resulted in a
reduction in QoL compared to patients with BDI treated with
drainage, sutures and/or endoscopy. A similar reduction in
physical QoL (PCS) as in the present study, but without dif-
ference in the mental domain (MCS), was found in the study
by Booij et al. including not only HJ but a majority of injuries
referred to a tertiary hepatobiliary centre treated by endo-
scopic and/or percutaneous means [17]. Most previous stud-
ies have focused on classification of the BDI and its impact
on the outcome. The impact on QoL by type of repair, and
HJ alone, has previously been investigated to a little extent.
A recent study by Otto et al. included 236 patients recon-
structed with HJ, but the comparison is difficult since a
majority of the included patients had their primary repair at
a local hospital and 59 patients were referred first after
developing an anastomotic stricture [22]. In a recent multi-
centre study on HJ after BDI, the long-term re-intervention
rate was 11% [20]. Interventions after HJ have been shown
to further decrease QoL [23]. In addition, the duration of
treatment is of importance and long treatment periods have
been described to be associated with reduced QoL [10].

The clinical relevance of the reduction in QoL found in
the present study is somewhat difficult to assess. The con-
cept of minimally clinically important difference (MCID) of
the SF-36 PCS score has been elaborated for, e g. hip and
knee replacement, with a MCID of 3–21 [24], rheumatoid
arthritis (MCID ¼ 7) [25], asthma and heart disease (MCID ¼
10) [26], chronic obstructive pulmonary disease (MCID ¼ 8)
[26]. For MCS, a MCID of 5 was found for patients with
chronic musculoskeletal pain and comorbid anxiety [27]. The
changes in PCS and MCS between patients reconstructed
with HJ compared to control patients were 6.6 and 5.8,

Table 3. Mean SF-36 summary scores for patients stratified into the following
groups; subject to cholecystectomy without bile duct injury (controls), all bile
duct injuries (BDI), patients with a BDI subject to drainage, suture with or
without T-tube and/or endoscopic treatment (BDI repair), patients with a BDI
needing biliary reconstruction with hepaticojejunostomy (HJ); all BDIs stratified
according to time of detection of the injury (intraoperative or postopera-
tive diagnosis).

N PCS MCS

Controls 192 51.16 (9.30) 52.13 (10.67)
BDI 155 47.32 (10.35) 49.30 (10.98)
BDI repair 86 49.58 (9.83) 51.65 (10.19)
HJ 69 44.51 (10.37) 46.37 (11.29)

Intraoperative diagnosis BDI 124 48.67 (9.84) 50.10 (10.52)
Postoperative diagnosis BDI 30 42.55 (10.29) 45.70 (12.31)

Controls (cholecystectomy without bile duct injury); BDI repair (drainage,
suture with or without T-tube and endoscopic treatment); HJ: hepaticojejunos-
tomy. PCS: physical component score; MCS: mental component score pre-
sented as mean (std deviation).
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respectively, is therefore in the lower range of what is con-
sidered MCID.

The length of follow-up between groups differed in this
study, being significantly longer for patients with HJ, but the
age of the responders to the survey did not differ between
groups. Age has importance for patient QoL, primarily dis-
played as a decreasing PCS with increasing age [22,28,29].
The age of patients at the time of the QoL survey in the pre-
sent study was 61 (50-72) years, which can be compared to
50 years in the study by Booij et al. [17]. Accordingly, com-
paring the PCS for the control groups in these studies, a
lower PCS was found in the present study (51 versus 54).

However, the control group reported higher QoL than, for
example, the reference values for the Norwegian population,
(PCS 47.01, SD 10.24; MCS 50.48, SD 9.61) [29].

Comparable long-term QoL was found between controls
and patients with less complex repairs (BDI repair; drainage,
sutures and/or endoscopy). If the BDI was diagnosed and
treated immediately at the index cholecystectomy patients
reported QoL better than if the injury was treated at later
stage, either because of later diagnosis and/or referral to a
tertiary hepatobiliary centre. A recent meta-analysis con-
cluded that published studies on QoL after BDI are still con-
flicting with half showing worse QoL and half showing

Figure 1. SF-36 norm-based scores (SF-36 NBS). Controls (cholecystectomy without bile duct injury) (n¼ 192); BDI (bile duct injury) (n¼ 155). Mean 50, SD 10, error
bars with 95% CI. Subscales presented in the following order: PF (physical function); RP (role physical); BP (bodily pain); GH (general health); VT (vitality); SF (social
function); RE (role emotional); MH (mental health); PCS (physical composite score); MCS (mental composite score).

Figure 2. SF-36 norm-based scores (SF-36 NBS). Controls (cholecystectomy without bile duct injury) (n¼ 192); BDI repair (BDI subject to drainage, suture with or
without t-tube and endoscopy) (n¼ 86); Hepaticojejunostomy (n¼ 69). Mean 50, SD 10, error bars with 95% CI. Subscales presented in the following order: PF
(physical function); RP (role physical); BP (bodily pain); GH (general health); VT (vitality); SF (social function); RE (role emotional); MH (mental health); PCS (Physical
Composite Score); MCS (Mental Composite Score).
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similar QoL [18]. Two factors potentially related to reduced
QoL were identified: major BDI and nonsurgical treatment.
The former is in line with the present study showing the
need for HJ being associated with worse long-term QoL.
Otto et al. reported satisfactory QoL after definitive biliary
reconstruction in 199 patients, but that patients diagnosed
with post-cholecystectomy inflammatory complications had
worse outcome [22].

Post-operative detection is correlated to more severe BDI,
most likely due to confirmation bias during cholecystectomy
(the surgeon is convinced of operating on the cystic duct
during the whole procedure until proven wrong post-opera-
tively). The aim of this study was to evaluate the impact of

biliary reconstruction for post-cholecystectomy BDI, not to
evaluate QoL by classification of severity of the BDI. QoL
after HJ is probably influenced by long-term complications.
The biliary stricture rate, defined as the need for biliary re-
intervention more than 90 days after reconstruction with HJ,
was 20% in the Swedish cohort presented in Rystedt et al.
[20]. However, no data on long-term complications for
patients with BDI repair (less severe injuries than those
repaired with HJ) was included in the present study, making
it difficult to assess the importance of long-term complica-
tions on QoL.

The strengths of this study are that it is nationwide and
includes a large number of severe BDIs needing biliary

Figure 3. SF-36 norm-based scores (SF-36 NBS). Intraoperative diagnosis (n¼ 124), Postoperative diagnosis (n¼ 30). Mean 50, SD 10, error bars with 95% CI.
Subscales presented in the following order: PF (physical function); RP (role physical); BP (bodily pain); GH (general health); VT (vitality); SF (Social Function); RE (role
emotional); MH (mental health); PCS (Physical Composite Score); MCS (Mental Composite Score).

Figure 4. SF-36 norm-based scores (SF-36 NBS). Immediate intraoperative repair (n¼ 99), Delayed/later repair (n¼ 54). Mean 50, SD 10, error bars with 95% CI.
Sub-scales presented in the following order: PF (physical function); RP (role physical); BP (bodily pain); GH (general health); VT (vitality); SF (social function); RE (role
emotional); MH (mental health); PCS (physical composite Score); MCS (Mental Composite Score).
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reconstruction and the long follow-up time. The response
rate is acceptable and comparable to previous publications
[11,13,15]. A weakness of the study is that QoL was meas-
ured only at one occasion and several years after the chole-
cystectomy and the BDI. Neither was cystic duct leakage
included in the analysis though previous studies have shown
poor QoL during and after treatment for this type of
injury [10].

In conclusion, this nationwide cohort study showed a
reduction in both physical QoL and mental QoL for patients
suffering a severe BDI during cholecystectomy, which
required a biliary reconstruction with a HJ, as compared to
patients without BDI as well as to patients with less
severe BDI.
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