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Abstract 

Background: Hepaticojejunostomy is commonly performed in hepato-bilio-pancreatic surgery, particularly dur-
ing pancreaticoduodenectomy. The purpose of this study is to evaluate the safety and efficiency of two commonly 
applied suture techniques (the interrupted versus the continuous suture technique) in patients undergoing a hepati-
cojejunostomy during pancreatoduodenectomy.

Methods: The HEKTIK trial is a multicenter, randomized controlled, patient-blinded surgical explorative trial with two 
parallel study groups. An adaptive sample size design was chosen: First, 100 patients scheduled for surgery including 
a hepaticojejunostomy will be randomized 1:1 either to the interrupted suture technique or the continuous suture 
technique after informed consent. Based on this data, needed sample size will be adjusted.

The primary endpoint will be the occurrence of anastomotic leakage of hepaticojejunostomy, defined as bilirubin 
concentration in the drain fluid at least 3 times the serum bilirubin concentration on or after postoperative day 3 or 
as the need for radiologic or operative intervention resulting from biliary collections or bile peritonitis (according to 
the definition of ISGLS). Further perioperative parameters like other morbidities as well as duration and costs of the 
hepaticojejunostomy will be analyzed as secondary outcomes.

Discussion: Until now there are no randomized controlled comparative data of these two suture techniques 
for hepaticojejunostomy. The HEKTIK trial will investigate the yet unanswered question of whether the inter-
rupted suture or the continuous suture technique has advantages performing a hepaticojejunostomy during 
pancreatoduodenectomy.

Trial registration: German Clinical Trials Register DRKS0 00243 95. Registered on 01 February 2021.
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Background
Hepaticojejunostomies represent a common step dur-
ing pancreatic and liver surgery including partial pan-
creatoduodenectomy, major liver resections, and bile 
duct resections. Overall, a hepaticojejunostomy is con-
sidered as a safe procedure with low rates of postopera-
tive complications including a leakage rate of 2.3% to 
5.6% [1, 2]. However, failure of this anastomosis leads 
to considerable consequences with a high risk of pro-
longed hospitalization and the need for interventional 
drainage or re-laparotomy, which is associated with 
high morbidity and mortality, even in high volume 
centers [3, 4]. Known risk factors for leakage are pre-
vious chemoradiation, preoperative biliary drainage, 
impaired liver synthesis capacity, malnutrition, obesity, 
and anastomosis at the level of hepatic duct bifurcation 
[1].

However, leakage of a hepaticojejunostomy could 
always be associated with the surgical technique used. 
There are especially two common techniques used for 
hepaticojejunostomy: the interrupted suture technique 
and the continuous suture technique. According to a 
current national survey in Germany 56% of the partici-
pating hospitals stated that they use both techniques 
for performing a hepaticojejunostomy depending on 
the surgical sites, while 40% of the hospitals adhere 
always to one of the mentioned two techniques. These 
results show a relevant heterogeneity of the techniques 
used among hospitals in Germany [5]. There is an 
ongoing debate between advocates of both techniques, 
who argue with universal use (also for small ducts) and 
a potentially lower stenosis rate for the interrupted 
suture technique and with a better sealing of the anas-
tomosis and operative time saving for the continuous 
suture technique.

Despite the frequent necessity of hepaticojejunosto-
mies in surgery and the relevant consequences for the 
patient with leakage, there are no randomized studies 
to compare the different surgical techniques. For this 
reason, the presented randomized controlled multi-
center trial was initiated to assess whether there is a 
significant difference in the occurrence of anastomotic 
leakage between the two groups interrupted suture ver-
sus continuous suture technique for performance of a 
hepaticojejunostomy during pancreatoduodenectomy.

Methods/design
Administrative information
The trial was initiated by the surgical department of 
the university hospital Erlangen, Friedrich-Alexander-
university Erlangen-Nuremberg. The study protocol 
was created in 04/2019 (version 1.0) and is still valid. 
The coordinators/sponsors of the trial are the first and 
both senior authors of this study protocol. The heads 
of this trial are primarily responsible for all study mat-
ters (planning, implementation, management, analysis, 
publication) and can be contacted as follows: Kranken-
hausstraße 12, 91054 Erlangen, Germany; phone: +49 
9131 85 33296. The trial was registered at the German 
Clinical Trials Register (DRKS00024395) on February 
01, 2021. The central organization costs are funded by 
internal clinic funds of the Department of general sur-
gery, university hospital of Friedrich-Alexander-Uni-
versity, Erlangen and by the “Verein zur Förderung des 
Tumorzentrums der Universität Erlangen-Nürnberg 
e.V.”. There is no external funding support of this trial 
outside the university hospital Erlangen.

Protocol amendments
The study protocol was adapted once as part of revision 
for this publication (version 2.0).

Trial design and study setting
The objective of the HEKTIK trial is to investigate 
whether there is a significant difference in the occur-
rence of anastomotic leakage between the two groups 
interrupted suture versus continuous suture technique 
for performance of a hepaticojejunostomy during pan-
creatoduodenectomy. The study is designed as a rand-
omized controlled, national (Germany), patient-blinded 
multicenter trial with the performance of a hepaticoje-
junostomy in interrupted suture technique in one arm 
and in continuous suture technique in the other arm. 
To homogenize patient collective and the risk profile 
for occurrence of anastomotic leakage of hepaticojeju-
nostomy only patients with pancreatoduodenectomy 
were included. Until now, there is only the institution 
of the study coordinators, that recruits patients for the 
HEKTIK trial. Further high-volume centers are planned 
to initiate soon.

Keywords: Hepaticojejunostomy, Suture technique, Pancreatoduodenectomy, Continuous suture technique, 
Interrupted suture technique
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Aim of the study and study endpoints
Primary endpoint of this trial is the prevelance of an 
anastomotic leakage of the hepaticojejunostomy, as it 
was defined by the International Study Group of Liver 
Surgery (ISGLS) in 2011 [6]:

“After evaluation of the postoperative course of bili-
rubin levels in the drain fluid of patients who under-
went hepatobiliary and pancreatic operations, bile 
leakage was defined

1. as bilirubin concentration in the drain fluid at 
least 3 times the serum bilirubin concentration on or 
after postoperative day 3

 or
2. as the need for radiologic or operative interven-
tion resulting from biliary collections or bile peritoni-
tis.” [6]

The secondary endpoints are:

– Total operative time
– Postoperative increase in cholestasis parameters 

(γGT, alkaline phosphatase, bilirubin)
– Reoperation rate (during hospital stay and at 3 and 12 

months postoperative)
– Reintervention rate (e.g., ERCP, PTCD) (during hos-

pital stay and at 3 and 12 months postoperative)
– Morbidity (during hospital stay and at 3 and 12 

months postoperative)
 The recorded morbidity includes:

– Clavien-Dindo classification: see Table 1 [7].
– Comprehensive complications index (CCI): The CCI 

is calculated as the sum of all complications that are 
weighted for their severity (multiplication of the 

median reference values from patients and physi-
cians). The final formula yields a continuous scale 
to rank the severity of any combination of compli-
cations from 0 to 100 in a single patient [8]

– Postoperative pancreatic fistula (POPF): defined as 
a drain output of any measurable volume of fluid 
with an amylase level > 3 times the upper limit of 
institutional normal serum amylase activity, associ-
ated with a clinically relevant development/condi-
tion related directly to the postoperative pancreatic 
fistula [9]

– Mortality (during hospital stay and at 3 and 12 
months postoperative)

– Duration of the hepaticojejunostomy performance
– Material costs for the hepaticojejunostomy
– Stenosis rate of hepaticojejunostomy at 3 and 12 

months postoperative

Study population (inclusion and exclusion criteria)
All patients scheduled for elective hepaticojejeunostomy 
during pancreatoduodenectomy will be screened con-
secutively for eligibility and will be informed about the 
HEKTIK trial. The diameter of the ductus hepaticus be 
anastomosed must be at least 5 mm, which is determined 
by measuring the ductus hepaticus intraoperatively. 
There are the following further general inclusion crite-
ria: age equal to or older than 18 years, American Society 
of Anesthesiologists (ASA) score I–III, and a completed 
written informed consent form (Fig. 1).

Patient withdrawal criteria
Patients are free to stop their trial participation at any 
time and without giving reasons for their decision. When 

Table 1 Clavien-Dindo classification

Grade Definition

Grade I Any deviation from the normal postoperative course without the need for pharmacological treat-
ment or surgical, endoscopic, and radiological interventions.
Allowed therapeutic regimens are drugs such as antiemetics, antipyretics, analgesics, diuretics, elec-
trolytes, and physiotherapy. This grade also includes wound infections opened at the bedside.

Grad II Requiring pharmacological treatment with drugs other than such allowed for grade I complications
Blood transfusions and total parenteral nutrition are also included

Grade III Requiring surgical, endoscopic or radiological intervention

 Grade IIIa Intervention not under general anesthesia

 Grad IIIb Intervention under general anesthesia

Grade IV Life-threatening complication requiring IC/ICU management

 Grade IVa Single organ dysfunction (including dialysis)

 Grade IVb Multiorgan dysfunction

Grade V Death of patient
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a trial participant withdraws his/her informed consent, 
he/she is asked to decide whether his/her data captured 
so far may be analyzed or if it should be discarded. In 
addition, if intraoperatively the diameter of the ductus 
hepaticus is less than 5 mm or in the surgeon’s opin-
ion there is only one possible technique or one better 
technique for the patient, the trial participation will be 
stopped for this patient (Fig. 1). In this case, the patient 
will not be randomized, and the reason for screening 

failure must be recorded in the screening log. All rand-
omized patients, including those with premature trial 
termination, will be included in the final analysis.

Surgical technique
The hepaticojejunostomy will be performed as a part of 
pancreatoduodenectomy and can be placed on the same 
jejunal loop as the pancreatojejunostomy or on a second 
jejunal loop.

Fig. 1 Flow chart of the HEKTIK trial. POD, postoperative day
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The common preparation before suturing the hepatico-
junostomy includes an opening of the hepatic duct with 
corner sutures and an antimesenterical jejunal incision. 
After the corner sutures are placed at the hepatic duct, 
the diameter of the ductus hepaticus is measured in mm 
and documented in the CRF.

The further procedure depends on the randomized 
technique:

1. Interrupted suture technique: with this technique 
both the posterior and the anterior walls are per-
formed single-rowed using interrupted stitches.

2. Continuous suture technique: with this technique 
both the posterior and the anterior walls are per-
formed single-rowed using continuous sutures.

There are no specifications for the suture material and 
the number of sutures used, but these data will be docu-
mented in the CRF. If an anastomotic leakage is detected 
intraoperatively, any number of interrupted sutures may 
be added to the hepaticojejunostomy. The measure-
ment of the duration of the hepaticojeunostomy begins 
with the first suture (excluding the corner sutures of the 
hepatic duct) and ends with the cutting of the last thread, 
which is necessary to complete the hepaticojeunostomy. 
The application of an abdominal drainage near the hepa-
ticojejunostomy is standard in our department and is rec-
ommended, but not mandatory.

Used suture material, number of sutures, number of 
interrupted stiches, number and place of abdominal 
drains, and the time for hepaticojejunostomy are docu-
mented in the CRF. In addition, the surgeon’s experience 
performing hepaticojejunostomies is recorded and docu-
mented in the CRF.

Randomization and blinding
After the inclusion criteria have been confirmed and the 
patient’s consent has been obtained preoperatively by 
trained medical staff as well as exclusion criteria (e.g., 
no performance of a hepaticojejunostomy due to irre-
sectability of the pancreatic tumor) have been excluded 
intraoperatively, randomization will be carried out intra-
operatively immediately before the hepaticojejunostomy 
is performed. Randomization only takes place if the sur-
geon considers the present situs to be suitable for both 
suturing techniques and the ductus hepaticus is at least 5 
mm (Fig. 1).

Sequence generation
The randomization is designed with fixed block sizes 
in a 1:1 allocation ratio and is generated using research 
randomizer (www. rando mizer. org). The generation of 

randomization codes and the randomization on the day 
of the surgery is performed independently of the surgical 
team by authorized study personnel only. More details of 
the randomization will be kept safe and confidential as 
long as this trial is ongoing.

Allocation concealment mechanism
Ass allocation concealment mechanism, the author-
ized study personnel, who perform randomization, are 
not involved in the inclusion of patients as well as in the 
treatment part.

Blinding
To reduce bias blinding of study contributors is a common 
and effective measure [10]. However, in our study, only 
patients were blinded to the study treatment. Surgeons 
cannot be blinded as they perform the study therapy. The 
data analyst, data collector, and the outcome assessor 
were not blinded due to the robust outcome parameters.

Study visits and data collection
This trial consists of a total of seven study visits, which 
take place at the following times and include the follow-
ing milestones of the trial (Table 2):

– Preoperative at the first consultation or at the day 
before surgery: verification of all eligibility criteria 
(inclusion and exclusion criteria), obtaining patient 
informed consent, completing the screening form 
including laboratory results

– Day of operation: randomization, performing hepati-
cojejunostomy in the randomized surgical technique, 
completing the surgical form

– Postoperative day 1 (POD 1): completing the mor-
bidity and mortality form including laboratory 
results and an intraabdominal drainage analysis of 
bilirubin

– Postoperative day 3 (POD 3): completing the mor-
bidity and mortality form including laboratory 
results and an intraabdominal drainage analysis of 
bilirubin

– Day of discharge: completing the discharge form 
including the morbidity and mortality form

– Three and 12 months after operation: completing the 
morbidity and mortality form by telephone interview

Preoperative and postoperative stationary data are col-
lected by the investigators, operative data by the operat-
ing surgeon and the data at three months postoperative 
by authorized study personnel.

The screening form contains demographic data 
including basis data, disease course, and comorbidities 

http://www.randomizer.org
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as well as preoperative blood results (including hemo-
globin, white blood cells, creatinine, albumin, serum 
c-reactive protein, and liver enzymes). In the surgical 
form data about the operation like duration and kind 
of surgery as well as data about the hepaticojejunos-
tomy (duration, suture material, information about 
the hepatic duct) is recorded. The postoperative forms 
include always the documentation of morbidity and 
mortality as well as at POD 1 and 3 laboratory results 
(including hemoglobin, white blood cells, creatinine, 
albumin, serum c-reactive protein, Quick, bilirubin as 
well as liver enzymes and cholestasis parameters) and 
the bilirubin concentration in the abdominal drain 
being close to the hepaticojejunostomy. At discharge 
histological results and length of hospital stay are addi-
tionally documented.

Post‑trial care
In addition to the two calls after 3 and 12 months postop-
eratively to record morbidity, there is no specific follow-
up program for the included patients. Further follow-up 
care depends in particular on the underlying disease: e.g. 
if pancreatic carcinoma is present, we would offer a quar-
terly follow-up check-up in the first year and after that a 
follow-up every 6 months.

Documentation and data management
The collected data is documented using a case report form 
(CRF) with pseudonymization of patients. For data pro-
tection, the CRF contains only an individual identification 
code including a center number and a patient number. All 
CRFs are reviewed by the investigators. All data collected 
is treated with strict confidentiality in accordance with 

the data protection and the GCP guidelines. Access to the 
data is only permitted to authorized personnel.

Data monitoring and quality assurance
Data monitoring and quality assurance are guaranteed by 
an inspection of all CRFs together with other documents 
such as the surgery report and the discharge letter. There-
fore there is no data monitoring committee (DMC) as 
well as no data monitoring visits, as the risk of study bias 
through missing extended monitoring is considered low. 
There is no mandatory intraoperative photo documen-
tation of the hepaticojejunostomy. Since there are only 
limited technical requirements for the performance of 
the hepaticojejunostomy, the risk of deviations from the 
study protocol should be low. In addition, the anatomi-
cal and surgical characteristics (such as the number and 
type of suture material, nature of the hepatic duct) are 
recorded in the CRF.

The trial can be stopped by the coordinators of the 
trial in case of reasons recommending termination of 
the trial like medical or ethical rationales as well as 
inadequate patient recruitment or additional external 
evidence.

Assessment of safety
Any deviations from the normal postoperative course 
will be documented in a special morbidity form during 
the whole study period (from signature of the informed 
consent until 12 months postoperative) and classified 
according to the Clavien-Dindo classification. The mor-
bidity form record the symptoms, the diagnostics and 
therapy taken and the beginning, severity, duration, 

Table 2 Visit schedule of the HEKTIK trial

Study period

Screening at first consultation 
or at the day before surgery

Day of 
operation

POD 1 POD 3 Day of 
discharge

3 months 
after 
operation

12 months 
after 
operation

In-/exclusion criteria X

Patient informed consent X

Screening form X

Laboratory tests X X X

Randomization X

Used surgical technique X

Surgical form X

Morbidity and mortality form X X X X X

Drainage analysis X X

Discharge form X

Telephone interview X X
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consequences, and outcome of the event as well as to 
what extent a causality with the trial intervention is 
possible.

A major morbidity event (Clavien-Dindo ≥ 3) must be 
reported to the sponsor by the responsible investigator 
within 24 hours after their occurrence. The heads of this 
trial are responsible for the assessment of these events 
and the possible need to notify the responsible ethics 
committee.

Ethical aspects
The trial is to be conducted in line with the Declaration 
of Helsinki. All trial documents (study protocol, CRF, 
patient information, informed consent) were approved 
by the ethical committee of the Friedrich-Alexander-
university Erlangen-Nuremberg (number: 167_19 B; 
decision on 22.05.2019). All screened patients will be 
informed in detail about the study and possible risks. 
All further participating centers have to obtain approval 
from their local ethics committee.

Statistical considerations and sample size calculation
Literature was systematically reviewed to identify all 
published data to this topic (see Supplementary Fig. 1). 
There were no randomized controlled trials and only 
one retrospective analysis from Japan, which compared 
the interrupted suture technique with the continuous 
suture technique in the setting of liver transplantations 
[11]. However, these data are not suitable for a mean-
ingful sample size calculation, as the leakage rates of 
this reported trial come from a different setting and 
seem to be high compared to data derived mainly from 
hepaticojejunostomies only or as part of a pancrea-
toduodenectomy (5.6% using interrupted sutures [1] 
and 2.3% using both techniques [2], respectively).

Therefore, an adaptive sequential sample size design 
was chosen: The sample size per patient group was set 
exploratively at a group size of 50 patients. Total sam-
ple size was 100 patients. The prevalence of the primary 
endpoint in the 100 patients examined then forms the 
data basis for an adequate further sample size analy-
sis and consequently for a sample size adjustment. To 
proceed the study with the then new calculated sam-
ple size, some criteria have to be met: First, the abso-
lute difference in the primary endpoint must be at least 
1% to justify clinical relevance of the study. Second, 
the calculated sample size per group should not exceed 
1000 patients in order to be able to meaningfully end 
the study.

Due to the design with multiple testing an error cor-
rection will be performed in statistical analysis. Due to 
the lack of reliable data in the literature, this adaptive 

design offers the best opportunity to get meaningful 
data with adequate power.

Statistical analysis will be performed using SPSS soft-
ware. An intention-to-treat and a per-protocol-analysis 
will be used for the analysis of the primary outcome. 
Comparisons of metric and ordinal data will be calcu-
lated with the Student t-test or Mann-Whitney U test. 
The chi-square test was used for categorical data. Sta-
tistical significance will be set at p < 0.05.

Dissemination policy
After completion of the study, the results will be pub-
lished in an international journal.

Discussion
This clinical trial is one of the first randomized controlled 
study to investigate the safety and efficiency of two com-
monly applied suture techniques (the interrupted versus 
the continuous suture technique) in patients undergoing 
a hepaticojejunostomy during pancreatoduodenectomy. 
In addition to this study, there could be identified a sec-
ond ongoing registered study on the same issue in China 
(ChiCTR1900020605).

Although the performance of a hepaticojejunostomy 
is a common procedure in hepato-pancreato-biliary sur-
gery and a leakage of this anastomosis is associated with 
relevant morbidity and mortality, very few studies have 
dealt with this topic to date. A comparison of the suturing 
techniques with regard to the leakage rates was only car-
ried out in one retrospective study in the setting of liver 
transplantations. This illustrates the necessity and useful-
ness of a study to compare the suturing techniques for 
hepaticojejunostomy during pancreatoduodenectomy.

Before initiating the present trial, a Germany-wide 
survey was carried out on the application of the vari-
ous suturing techniques for hepaticojejunostomies. This 
confirmed that there is enormous heterogeneity in the 
technology used. While the majority use both techniques 
depending on the intraoperative situs, 40% of those ques-
tioned are rigidly attached to their technique. The bile 
duct diameter was cited as the most important decision 
criterion for those who use both techniques. This shows 
that very small bile ducts in particular can often be bet-
ter treated using the interrupted suture technique. There-
fore, the lower limit of the bile duct diameter in our study 
was set to 5 mm.

Due to the small amount of data comparing surgical 
techniques for hepaticojejunostomies, the sample size 
calculation is a particular challenge. There are only data 
available comparing the interrupted and the continuous 
suture technique in the liver transplant setting, where the 
risk of leakage is likely to be higher. Published data from 
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the pancreatic surgery setting show lower leakage rates. 
However, in this pancreatic setting, there are no compar-
ative data. To compensate for this lack of data, an adap-
tive design with an interim analysis after 100 patients was 
incorporated. At this point in time, the sample size can 
be adjusted, which significantly increases the accuracy of 
the sample size calculation.

In summary, we have emphasized the importance of 
the suture technique for hepaticojejunostomies, as hepa-
ticojejunostomies are common procedures and a leakage 
of the hepaticojejunostomy is associated with relevant 
sequelae for the patients. In addition, the paucity of the 
available data was presented by performing a systematic 
literature review. Therefore, the initiation and implemen-
tation of this trial represents the logical step.

Trial status
Recruitment is ongoing (study protocol version 2.0). The 
first patient was enrolled in March 2020. Recruitment of 
the last patient is planned for March 2024.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13063- 022- 06427-1.

Additional file 1: Sup. Figure 1. Overview of the literature search for 
sample size calculcation.

Additional file 2. 
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