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Abstract
There is enough clinical evidence that a T-tube use in biliary reconstruction at adult liver transplantation (LT) does not sig-
nificantly modify the risk of biliary stricture/leak, and it may even sustain infective and metabolic complications. Thus, the 
policy on T-tube use has been globally changing, with progressive application of more restrictive selection criteria. How-
ever, there are no currently standardized indications in such change, and many LT Centers rely only on own experience and 
routine. A nation-wide survey was conducted among all the 20 Italian adult LT Centers to investigate the current policy on 
T-tube use. It was found that 20% of Centers completely discontinued the T-tube use, while 25% Centers used it routinely in 
all LT cases. The remaining 55% of Centers applied a selective policy, based on criteria of technical complexity of biliary 
reconstruction (72.7%), followed by low-quality graft (63.6%) and high-risk recipient (36.4%). A T-tube use > 50% of annual 
caseload was not associated with high-volume Center status (> 70 LT per year), an active pediatric or living-donor transplant 
program, or use of DCD grafts. Only 10/20 (50%) Centers identified T-tube as a potential risk factor for complications other 
than biliary stricture/leak. In these cases, the suspected pathogenic mechanism comprised bacterial colonization (70%), 
malabsorption (70%), interruption of the entero-hepatic bile-acid cycle (50%), biliary inflammation due to an indwelling 
catheter (40%) and gut microbiota changes (40%). In conclusion, the prevalence of T-tube use among the Italian LT Centers 
is still relatively high, compared to the European trend (33%), and the potential detrimental effect of T-tube, beyond biliary 
stricture/leak, seems to be somehow underestimated.
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Introduction

In deceased donor liver transplantation (DDLT), the inclu-
sion criteria for donation have progressively been expanded 
in recent years [1]. Older donors, those with multiple comor-
bidities, donors after circulatory death (DCD), or grafts with 
significant steatosis have increasingly been accepted [1–3]. 
Such trend has been determined by the increasing organ 
demand of LT candidates, who in turn have been listed with 
progressively worse clinical conditions [1]. However, low-
quality graft and high-risk recipients are associated with 
an inherent greater risk of post-transplant morbidity, such 

as early allograft dysfunction, vascular and biliary compli-
cations [2, 3]. T-tube drainage has traditionally been used 
in DDLT to monitor the bile quality and output as a direct 
marker of graft function and to get an easy radiologic access 
to the biliary tree, as well as to lower the pressure in the 
biliary system and possibly reduce the incidence of anas-
tomotic strictures or leaks by providing a mechanical sup-
port to the anastomosis [4]. Nonetheless, several systematic 
review and meta-analysis [4–6], have shown that the overall 
use of T-tube may not significantly modify the risk of either 
biliary leak or stricture after DDLT. Besides, the T-tube 
itself may cause biliary obstruction or leak and its removal 
may be associated with some degree of morbidity [4, 5]. 
Furthermore, bile deprivation due to external biliary drain-
age as well as the presence of an indwelling device in the 
biliary tree may be associated with other pathogenic effects, 
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such as chronic inflammation, changes in intestinal micro-
biota, malabsorption and interruption of the enterohepatic 
cycle [7–9]. However, this latter evidence is so far based 
mainly on experimental data from animal models.

Many Centers have progressively changed their poli-
cies, limiting the use of T-tubes, but mainly relying on their 
own experience, in the absence of any standardized criteria. 
Therefore, the aim of the present survey was to assess the 
policies currently applied and the clinical rationale for the 
use of a T-tube in DDLT, among all the Italian LT Centers.

Methods

A national survey was conducted using Google Forms 
(Google LLC, Mountain View, California, US) as the elec-
tronic data capture tool, from October to December 2020. 
The survey was sent by e-mail to the directors of all the 
Italian LT Centers performing adult LT. The e-mail con-
tent comprised a cover letter calling for participation and a 
hyperlink to the survey. The study was designed to under-
stand the institutional profile, so only one senior surgeon 
from each center was invited to complete the questionnaire, 
with the agreement of all the members of the surgical team.

The survey was developed by the authors of the promot-
ing LT Center (Liver-Kidney Transplant Unit, University 
Hospital of Udine) after the review the literature on the topic 
[4–10]. It consisted of 16 questions investigating the follow-
ing aspects:

a. LT center activity (with regard to 2019) [questions 1–5];
b. institutional policy on use and management of T-tube in 

LT recipients [questions 6, 7, 9–13];
c. prevalence of LT cases with T-tube in 2019 [question 9];
d. institutional policy on administration of ursodesox-

icholic acid (UDCA) after LT [question 14];
e. potential pathogenic mechanisms associated with the use 

of T-tubes [questions 15, 16].

If the institutional policy excluded the use of T-tube in 
any case, a dedicated questionnaire was thus available for 
the responder [Section IIB instead of Section IIA], which 
included aspects (a), (d), (e) and (f) but further explored the 
institutional policy on biliary reconstruction [questions A, 
B, C]. The multiple response choices to questions in sec-
tions (c), (d) and (e) were elaborated on the basis of the 
available data from the relevant literature [4–10]; however, 
all questions had free text boxes for additional answers. The 
questionnaire was designed to be brief and completed by 
respondents in less than 10 min. The only questions which 
required a retrospective clinical data analysis were the 
annual LT volume and prevalence of T-tube use, in 2019. A 

copy of the original questionnaire is shown in Table 1. Data 
collection was considered completed when all the 20 Italian 
LT Centers had provided a response.

Categorical variables were expressed by frequencies and 
percentages, while continuous variables were expressed by 
medians and interquartile ranges (IQR). Centers with an 
annual caseload over 70 cases were defined as high-volume 
Centers, according to a standard definition [11]. The asso-
ciation between LT center activity and institutional poli-
cies (T-tube and UDCA) was performed using Fisher’s test. 
Statistical significance was accepted for p < 0.05. Analyses 
were performed using Stata/SE 15.1 (Stata Corp LP, United 
States).

Results

In 2019, a total of 1241 adult LT were performed in Italy 
by 20 Transplant Centers, with a median annual volume of 
40 cases [33–91]. Pediatric and living-donor transplant pro-
grams were active in 4/20 (20%) and 9/20 (45%) Centers, 
respectively. Grafts from DCD were used in 12/20 (60%) 
Centers. The institutional policy completely excluded the 
use T-tube in 4/20 (20%) Centers, while 5/20 (25%) Cent-
ers used it routinely in all LT cases (Fig. 1a). The remain-
ing 11/20 (55%) Centers applied a selective policy, based 
most frequently on criteria of technical complexity of bil-
iary reconstruction (72.7%), followed by low-quality graft 
(63.6%) and high-risk recipient (36.4%). Figure 1b shows 
the specific selection criteria in details.

The four LT Centers which never used or discontinued the 
use of T-tubes, implemented such policy more than 10 years 
ago in 3/4 cases and between 5 and 10 years ago in the other 
one. In 3/4 Centers, the reported rationale was the lack of 
any significant evidence of advantage in controlling the risk 
of biliary complications, and the technique used in biliary 
reconstruction comprised direct duct-to-duct anastomosis or 
hepaticojejunostomy without any other mechanical support. 
One Center discontinued the use of T-tubes because they 
opted for internal absorbable biliary stents.

Among the 16 LT Centers where T-tubes were still in 
use, 7/16 (43.8%) reported a modification of their policy 
within the last five years, consisting of a switch from routine 
to selective use, the application of more stringent indica-
tions, or the use of smaller T-tubes. In 2019, LT cases with a 
T-tube represented more than 50% of the annual center case-
load in 8/16 (50%) Centers, with only 5/16 (31.2%) using a 
T-tube in less than 25% of cases. An overall T-tube use in 
more than 50% of annual caseload was not associated with 
high-volume Center status [high-volume vs low-volume, 
3/7 (42.9%) vs 5/13 (38.5%), p > 0.999], an active pediatric 
[active vs non-active, 1/4 (25%) vs 7/16 (43.7%), p = 0.619] 
or living-donor [active vs non-active, 3/9 (33.3%) vs 5/11 
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Table 1  A copy of the original questionnaire used in the survey

Section I

1) How many adult LT procedures were performed in 2019 in your Center?

2) Is a pediatric liver transplantation program active in your Center? - Yes
- No

3) Is a living-donor liver transplantation program active in you Center? - Yes
- No

4) Are grafts form donations after circulatory death (DCD) transplanted in your 
Center?

- Yes
- No

5) Does the policy of your Center include the potential use of a T-tube in biliary 
reconstruction at LT?

- Yes (please go to section IIA)
- No (please go to section IIB)

Section IIA
6) Which indications are applied in your Center for the use of a T-tube in deceased 

donor adult liver transplantation? (more than one option is possible)
- No selective criteria, routine use
- Split liver
- Advanced donor age
- Prolonged cold ischemia time
- DCD grafts
- Pre-donation acute liver injury (high transaminases levels)
- Significant liver steatosis
- Size discrepancy of bile ducts between donor and recipi-

ents
- Small bile duct caliber
- Re-transplantation
- Delayed biliary reconstruction
- High MELD recipient
- Others—please specify

7) Has the policy of your Center changed in the last 5 years? - No
- Yes—please specify

8) In how many cases a T-tube was placed at transplantation in your Center, in 
2019?

9) Which are the criteria for T-tube clamping? (more than one option is possible) - Negative trans-T-tube cholangiography
- Low bilirubin serum levels
- High bile output

10) In an uneventful LT case, when is T-tube routinely clamped? (postoperative 
day)

11) Is the T-tube removed under endoscopic retrograde cholangiopancreatography 
(ERCP) control?

- Always
- Never
- Selectively: please specify

12) Is internal biliary stent, instead of T-tube, used in your Center? - Never
- Always
- Occasionally
- Selectively: please specify

13) In case of T-tube use, is there any protocol for bile replacement in your 
Center?

- No
- Yes—please specify

14) Is ursodexocholic acid routinely administered to the recipient in the postopera-
tive period?

- Always
- Never
- Selectively: please specify

15) Do you think the T-tube use may represent an hazard for postoperative mor-
bidity other than mechanical biliary complications (leaks, strictures)?

- Yes
- No
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(45.5%), p = 0.670] transplant program, or use of DCD grafts 
[DCD grafts use vs no-use, 5/12 (41.6%) vs 3/8 (37.5%), 
p > 0.999].

The criteria for T-tube clamping included a decreasing 
trend of serum bilirubin in 6/16 (37.5%) Centers, a decreas-
ing trend of serum bilirubin plus a negative trans-T-tube 
cholangiography in 4/16 (25%), a negative cholangiography 
in 3/16 (18.75%) and a decreasing trend of serum bilirubin 
plus an high daily bile output of the T-tube in 3/16 (18.75%) 
(Fig. 2a). In an uncomplicated postoperative course, the 
T-tube was routinely clamped on postoperative day (POD) 
3–5 in 5/16 (31.3%) Centers, on POD 6–8 in 9/16 (56.3%), 
and after POD 8 in 2/16 (12.5%) (Fig. 2b). None of the Cent-
ers reported on the use of any protocol for bile replacement. 
On the other hand, 15/20 (75%) Centers routinely admin-
istered UDCA postoperatively, while only 1 (5%) Center 
used it selectively, in the presence of a small bile ducts and 
4 (20%) Centers did not administer it routinely.

After a preliminary trans-T-tube cholangiography, the 
T-tube removal was programmed earlier than 3 months 
in 1/16 (6.25%) Center, at months 3 to 4 in 11/16 (68.8%) 
Centers and at month 6 or later in 4/16 (25%) Centers. The 
procedure was performed under endoscopic retrograde 
cholangiopancreatography (ERCP) control and with biliary 
stenting as a routine practice in 2/16 (12.5%) Centers; it was 

selectively programmed in the presence of biliary complica-
tion, biliary sludge or stones, or T-tube with large diameter, 
in 7/16 (43.7%) of Centers. Conversely, in the remaining 
7/16 (43.75%) Centers, an ERCP was never used as technical 
or therapeutic aid during T-tube removal.

As an alternative to T-tube, the use of internal biliary 
stents was reported as sporadic by only 3/16 (18.7%) 
Centers.

Lastly, only 10/20 (50%) Centers considered the T-tube 
as a potential risk factor for complications other than bil-
iary stricture/leak. In these cases, the suspected pathogenic 
mechanism comprised bacterial colonization (70%), mal-
absorption (70%), interruption of the entero-hepatic bile-
acid cycle (50%), biliary inflammation due to an indwelling 
catheter (40%) and gut microbiota changes (40%). No other 
mechanisms were additionally reported.

Discussion

In 2019, an international online survey investigating the 
technical practice in LT was conducted within the Euro-
transplant, Swisstransplant, Scandiatransplant, and British 
Transplant Society networks [10]. To be noticed, none of 
the Italian Transplant Centers was enrolled in the survey. 

Table 1  (continued)

16) If yes, which pathogenic mechanisms may be implicated? - Biliary inflammation due to an indwelling catheter
- Bacterial colonization
- Gut microbiota changes
- Malabsorption
- Interruption of the entero-hepatic bile-acid cycle
- Other: please specify

Section IIB
A) When did your Center opted for a no-T-tube policy? - Less than 5 years ago

- Between 5 and 10 years ago
- More than 10 years ago

B) Which was the rationale that supported this policy change?

C) Is any other mechanical support used in biliary reconstruction at LT? - No, biliary reconstruction is always performed with duct-
to-duct direct anastomosis or hepatico-jenjunostomy

- Yes: please specify

14) Is ursodexocholic acid routinely administered to the recipient in the postopera-
tive period?

- Always
- Never
- Selectively: please specify

15) Do you think the T-tube use may represent an hazard for postoperative mor-
bidity other than mechanical biliary complications (leaks, strictures)?

- Yes
- No

16) If yes, which pathogenic mechanisms may be implicated? - Biliary inflammation due to an indwelling catheter
- Bacterial colonization
- Gut microbiota changes
- Malabsorption
- Interruption of the entero-hepatic bile-acid cycle
- Other: please specify
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The use of a T-tube was reported by 14/42 (33.3%) of the 
responding Centers, either in an end-to-end or side-to-side 
biliary anastomosis. Its use was advocated to reduce biliary 
complications by mechanically supporting the biliary anasto-
mosis in most cases (5/14, 57.1%), followed by a diagnostic 
purpose (35.7%) and a matter of institutional protocol and 
center routine (14.3%). As stated by the authors, the main 
message of the survey was that there is still a substantial het-
erogeneity and lack of best practices regarding the utilization 
of various surgical techniques in LT within Europe. Based 
on these data, we wanted to further investigate the standard 
practice of biliary reconstruction in the Italian LT setting, 
increasing the granularity of the information investigated and 
widening the clinical scenario to the post-transplant man-
agement. Biliary complications are still the most frequent 
surgical complications after LT, with a significant impact 
in terms of overall morbidity, quality of life and costs [4–6]. 

Therefore, a comprehensive analysis and critical discussion 
of the prevalent strategies in biliary reconstruction and T-tube 
use seemed a relevant aim to pursue. The first result to be 
outlined is that the prevalence of Centers using T-tubes in the 
present Italian survey was significantly higher than that of the 
European survey (80% vs 33.3%, p < 0.001). No association 
between the center caseload and the implemented surgical 
approach was noted in either surveys as well as the lead-
ing indication for T-tube was a technically high-risk biliary 
reconstruction in both of the surveys. In the present survey, 
the other main indication for T-tube use was to raise the 
postoperative surveillance of the graft functional recovery 

Fig. 1  Graphic presentation of answers to question 5 (a) and 6 (b). 
DCD donation after circulatory death, MELD model for end stage 
liver disease

Fig. 2  Graphic presentation of answers to question 9 (a) and 10 (b). 
POD postoperative day
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as well as of early surgical complications. Under this per-
spective, a low-quality graft, as determined by an advanced 
donor age, a prolonged cold ischemia time and a significant 
steatosis, were the major clinical concerns (4/11, 36.4% for 
each factor). Despite the evident effectiveness and reliability 
of bile output as a direct marker of liver graft function, in 
recent years, several non-invasive assessment methods have 
been developed, with comparable prognostic power [12–14]. 
The indocyanine green—plasma disappearance rate (ICG-
PDR), either used as an intraoperative or early postoperative 
functional parameter, was demonstrated to be an effective 
predictor of early allograft dysfunction (EAD), primary non-
function (PNF), and patient and graft survival [12, 13, 15]. 
Another functional test which has been developed and vali-
dated in liver resection surgery but recently applied also to 
LT, is the Liver Maximal Function Capacity (LiMax) which 
has been identified as an effective and early (within 24 h after 
LT) predictor of EAD/PNF [13, 14]. Beside functional tests, 
which are still under investigation and validation, the clini-
cal practice has also been implemented with several clinical 
prognostic scores, such as the definition of EAD according to 
the criteria of Olthof et al. [16], the Model for Early Allograft 
Function (MEAF) score [17], the Liver Graft Assessment 
Following Transplantation (L-GrAFT) risk score [18], and 
more recently the Early Allograft Failure Simplified Estima-
tion [EASE] score [19]. All these scores are based on routine 
laboratory tests, can be easily calculated, show a high predic-
tive value for graft and patient survival, and have internally 
and externally been validated. Even in terms of biliary com-
plications, the advances in imaging technology have nowa-
days provided diagnostic tools, such as contrast-enhanced 
magnetic resonance cholangiopancreatography (CEMRCP), 
which show a diagnostic performance that is almost compa-
rable to trans-T-tube cholangiography [20].

T-tube may not only cause itself biliary obstruction or 
biliary leakage, but it also seems to sustain other pathogenic 
mechanisms resulting in non-mechanic biliary complica-
tions. In the present survey, only 50% of responding Centers 
acknowledged such risk, identifying bacterial colonization 
of the T-tube and malabsorption as the most probable under-
lying mechanisms. Indeed, several studies have reported on 
an increased risk of postoperative cholangitis or infected 
bilomas in association with the use of a T-tube [4, 21, 22]. 
However, the implicated pathogenic mechanism seems not to 
be limited to bacterial colonization of the T-tube. Bile acids 
regulate the gut microbiome structure by controlling gut bac-
teria composition and overgrowth by a selective antimicro-
bial effect, and protecting the epithelial barrier via farnesoid 
X receptor signaling [23]. Therefore, bile diversion through 
a T-tube in the early post-transplant period may result in gut 
microbiota changes, which have recently been shown to be 
associated with potential long-term inflammatory, metabolic 
and immune effects [24]. Moreover, hepatic bile acids have 

recently been identified as important mediators of early liver 
regeneration [7, 25]. Their depletion after major hepatec-
tomy, by a bile salt-sequestering resin or external drainage in 
experimental models [7, 25], or by a T-tube in clinical stud-
ies [26], resulted in a significantly reduced liver regrowth. 
Moreover, a persistent pro-inflammatory state in the biliary 
tree or a postoperative bile leak has been also associated 
with an impaired liver regeneration in animal models [7, 26].

A greater agreement was found, among the Centers using 
a T-tube, on its postoperative management. The large major-
ity of Centers clamped the T-tube on POD 6–7 and removed 
it 3–4 months post transplant, in uncomplicated LT cases. 
Some heterogeneity was found in the indications for clamp-
ing. However, a decreasing trend of serum bilirubin, either 
as single or composite parameter, represented the leading 
criteria (81%). Only 19% of Centers reported that a high bile 
output from the T-tube was also considered as a criteria for 
T-tube clamping, when associated with a decreasing trend 
of serum bilirubin, but none of the Centers reported on the 
use of any protocol of bile replacement in presence of an 
open T-tube. It was interesting to notice that the vast majority 
(75%) of centers administered unselectively UDCA to all LT 
recipients, although there are currently heterogeneous data 
supporting this clinical practice. UDCA solubilizes choles-
terol from the surface and core of gallstones. Moreover, it 
seems to have a cytoprotective activity by decreasing the bile-
acid/phospholipid ratio of the secreted bile, and by an anti-
oxidant, anti-apoptotic and membrane-stabilizing effect [27]. 
A recent meta-analysis of two retrospective studies and one 
randomized controlled trial (RCT) have demonstrated that 
UDCA did significantly reduce the risk of post-LT biliary 
stones and sludge but did not have any significant impact on 
the risk of biliary strictures [27]. On the other hand, a meta-
analysis of four high-quality RCTs has shown that UDCA, as 
an adjuvant treatment, was not able to prevent acute cellular 
rejection or steroid-resistant rejection after LT [28].

Very limited data are available on the best timing for 
T-tube removal, but it is usually accepted that a T-tube 
should remain in place for a minimum of 3–6 months after 
LT to allow for sufficient time for biliary fistulous formation 
[29]. However, there are some reports that have identified 
a T-tube removal earlier than 6 months in DDLT [30] as an 
independent risk factor for biliary stricture, and earlier than 
8 months in LDLT [29] as a risk factor for post-removal 
biliary leakage. Overall, the result of the present survey was 
in line with the prevalent practice. The procedure of T-tube 
removal carries the risk of biliary leakage, with a reported 
prevalence of 20–30%. The majority of cases is a self-limit-
ing complication which only requires clinical surveillance, 
but in rare cases, it may worsen to biliary peritonitis, thus 
requiring invasive treatments [29, 31]. Under this perspec-
tive, this procedure may be undertaken under ERCP con-
trol, with placement of a stent to cover the biliary defect. 
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However, such benefit should be balanced with the inherent 
morbidity risk of ERCP [32]. Thus, a selective approach 
that limits ERCP use only to cases with evidence of biliary 
anomalies (stricture, sludge, stones) on pre-removal cholan-
giography may appear the most appropriate.

This study presents several limitations: the data required to 
complete the survey were retrospectively analyzed; the spe-
cific technique used in biliary reconstruction and the Center’s 
prevalence of biliary complications were not evaluated, since 
the primary endpoint of the study was to investigate the institu-
tional policies on T-tube use, rather than assessing the impact 
of T-tube on post-LT outcomes. Nonetheless, we believe that 
the present results may actually promote further investigations, 
aimed at exploring the impact of the diversified Center policies 
on the risk of post-transplant complications.

Conclusion

In the present survey, the prevalence of T-tube use among the 
Italian LT Centers is still relatively high, compared to the Euro-
pean trend, and the potential detrimental effects of T-tubes, 
beyond biliary stricture/leakage, are probably underestimated. 
We believe that nowadays the use of a T-tube as a surveillance 
tool of graft functional recovery may no longer be necessary in 
clinical practice, thanks to the advances in imaging technology 
and clinical tests. On the other hand, complex biliary recon-
structions may still be advantaged by the use of a mechanical 
tutor. Strategies to reduce the potential functional morbidity of 
T-tube should further be explored and implemented in clinical 
practice. Nonetheless, the European trend as well as the expe-
rience of the Italian Centers that have completely discontinued 
the use of T-tubes, clearly demonstrates that T-tube-free biliary 
anastomosis is feasible and should be considered as realistic 
and probably warranted in clinical practice.

Acknowledgements The authors thank Nicola Vernaccini for his tech-
nical support during the creation and implementation of the survey.

Author contributions RP and UB designed the study, analyzed the data 
and wrote the paper. PDS, DP, AL, MC, EG, MC, FDB, FDF, BA, TM, 
AC, MV, FR, GV, NG, MC, AA, MFV, QL and UB collected the data, 
answered to the questionnaire, and reviewed the study; UB supervised 
the study.

Funding Open access funding provided by Università degli Studi di 
Udine within the CRUI-CARE Agreement.

Data availability The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflict of interest None.

Research involving human participants and/or animals The present 
study did not imply any direct investigation on human participants.

Informed consent For this type of study, formal consent was not 
required.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Adam R, Karam V, Cailliez V et al (2018) 2018 Annual Report of 
the European Liver Transplant Registry (ELTR)—50-year evolu-
tion of liver transplantation. Transpl Int 31(12):1293–1317

 2. Hoyer DP, Paul A, Gallinat A et al (2015) Donor information 
based prediction of early allograft dysfunction and outcome in 
liver transplantation. Liver Int 35(1):156–163

 3. Nair A, Hashimoto K (2018) Extended criteria donors in liver 
transplantation-from marginality to mainstream. Hepatobiliary 
Surg Nutr 7(5):386–388

 4. Riediger C, Muller MW, Michalski CW et al (2010) T-Tube or no 
T-tube in the reconstruction of the biliary tract during orthotopic 
liver transplantation: systematic review and meta-analysis. Liver 
Transpl 16:705

 5. Sun N, Zhang J, Li X, Zhang C, Zhou X, Zhang C (2015) Biliary 
tract reconstruction with or without T-tube in orthotopic liver 
transplantation: a systematic review and meta-analysis. Expert 
Rev Gastroenterol Hepatol 9(4):529–538

 6. Akamatsu N, Sugawara Y, Hashimoto D (2011) Biliary recon-
struction, its complications and management of biliary complica-
tions after adult liver transplantation: a systematic review of the 
incidence, risk factors and outcome. Transpl Int 24(4):379–392

 7. Chiang JYL, Ferrell JM (2018) Bile acid metabolism in liver 
pathobiology. Gene Expr. 18(2):71–87. https:// doi. org/ 10. 3727/ 
10522 1618X 15156 01838 5515 (Epub 2018 Jan 11. PMID: 
29325602; PMCID: PMC5954621)

 8. Li Y, Tang R, Leung PSC, Gershwin ME, Ma X (2017) Bile acids 
and intestinal microbiota in autoimmune cholestatic liver diseases. 
Autoimmun Rev 16(9):885–896. https:// doi. org/ 10. 1016/j. autrev. 
2017. 07. 002 (Epub 2017 Jul 8 PMID: 28698093)

 9. Pravisani R, Baccarani U, Eguchi S (2019) In search of a patho-
genesis for impaired liver regeneration after major hepatectomy 
with extrahepatic bile duct resection: the plot thickens! Hepatol 
Res 49(10):1091–1093

 10. Czigany Z, Scherer MN, Pratschke J et  al (2019) Technical 
aspects of orthotopic liver transplantation-a survey-based study 
within the eurotransplant, swisstransplant, scandiatransplant, 
and British transplantation society networks. J Gastrointest Surg 
23(3):529–537

 11. Burroughs AK, Sabin CA, Rolles K, European Liver Transplant 
Association et al (2006) 3-Month and 12-month mortality after 
first liver transplant in adults in Europe: predictive models for 
outcome. Lancet 367(9506):225–232

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3727/105221618X15156018385515
https://doi.org/10.3727/105221618X15156018385515
https://doi.org/10.1016/j.autrev.2017.07.002
https://doi.org/10.1016/j.autrev.2017.07.002


1388 Updates in Surgery (2021) 73:1381–1389

1 3

 12. Bolondi G, Mocchegiani F, Montalti R, Nicolini D, Vivarelli 
M, De Pietri L (2016) Predictive factors of short term outcome 
after liver transplantation: a review. World J Gastroenterol 
22(26):5936–5949

 13. Olmedilla L, Lisbona CJ, Pérez-Peña JM et  al (2016) Early 
measurement of indocyanine green clearance accurately predicts 
short-term outcomes after liver transplantation. Transplantation 
100(3):613–620

 14. Lock JF, Schwabauer E, Martus P et al (2010) Early diagnosis 
of primary nonfunction and indication for reoperation after liver 
transplantation. Liver Transpl 16(2):172–180

 15. Cherchi V, Vetrugno L, Zanini V et al (2020) Indocyanine green 
dye clearance test: early graft (dys)-function and long-term 
mortality after liver transplant. Should we continue to use it? 
An observational study. J Clin Monit Comput. https:// doi. org/ 
10. 1007/ s10877- 020- 00493-z (Epub ahead of print. PMID: 
32166552)

 16. Olthoff KM, Kulik L, Samstein B (2010) Validation of a current 
definition of early allograft dysfunction in liver transplant recipi-
ents and analysis of risk factors. Liver Transpl. 16(8):943–949

 17. Jochmans I, Fieuws S, Monbaliu D, Pirenne J (2017) “Model 
for early allograft function” outperforms “early allograft dys-
function” as a predictor of transplant survival. Transplantation 
101(8):e258–e264

 18. Agopian VG, Harlander-Locke MP, Markovic D et al (2018) 
Evaluation of early allograft function using the liver graft assess-
ment following transplantation risk score model. JAMA Surg 
153(5):436–444

 19. Avolio AW, Franco A, Schlegel A et al (2020) Development and 
validation of a comprehensive model to estimate early allograft 
failure among patients requiring early liver retransplant. JAMA 
Surg 155(12):e204095

 20. Girometti R, Pancot M, Como G, Zuiani C (2017) Imaging of liver 
transplantation. Eur J Radiol 93:295–307

 21. Said A, Safdar N, Lucey MR et al (2004) Infected bilomas in liver 
transplant recipients, incidence, risk factors and implications for 
prevention. Am J Transplant 4(4):574–582

 22. Sotiropoulos GC, Sgourakis G, Radtke A et al (2009) Orthotopic 
liver transplantation: T-tube or not T-tube? Systematic review and 
meta-analysis of results. Transplantation 87(11):1672–1680

 23. Chiang JYL, Ferrell JM (2018) Bile acid metabolism in liver 
pathobiology. Gene Expr 18(2):71–87

 24. Liu Y, Sun LY, Zhu ZJ, Wei L, Qu W, Zeng ZG (2020) Bile micro-
biota: new insights into biliary complications in liver transplant 
recipients. Ann Transl Med 8(6):354

 25. van de Laarschot LF, Jansen PL, Schaap FG, Olde Damink SW 
(2016) The role of bile salts in liver regeneration. Hepatol Int 
10(5):733–740

 26. Otao R, Beppu T, Isiko T et al (2012) External biliary drain-
age and liver regeneration after major hepatectomy. Br J Surg 
99(11):1569–1574

 27. Pedersen MR, Greenan G, Arora S, Murali A, Mayo MJ (2020) 
UDCA decreases incidence of primary biliary cholangitis and bil-
iary complications after liver transplant: a meta-analysis. Liver 
Transpl. https:// doi. org/ 10. 1002/ lt. 25935 (Epub ahead of print. 
PMID: 33185320)

 28. Deng YL, Xiong XZ, Cheng NS (2014) Efficacy of ursodeox-
ycholic acid as an adjuvant treatment to prevent acute cellular 
rejection after liver transplantation: a meta-analysis of randomized 
controlled trials. Hepatobiliary Pancreat Dis Int 13(5):464–473

 29. Wang SH, Lin PY, Wang JY, Lin HC, Hsieh CE, Chen YL (2015) 
Predictors of biliary leakage after T-tube removal in living donor 
liver transplantation recipients. Transplant Proc 47(8):2488–2492

 30. Lattanzi B, Lai Q, Guglielmo N et al (2013) Graft macrosteatosis 
and time of T-tube removal as risk factors for biliary strictures 
after liver transplantation. Clin Transplant 27(3):E332–E338

 31. Cascales Campos P, Ramírez Romero P, González R et  al 
(2012) Laparoscopic treatment of biliary peritonitis after 
removal of T-tube in liver transplant patients. Transplant Proc 
44(6):1550–1553

 32. Johnson KD, Perisetti A, Tharian B et al (2020) Endoscopic retro-
grade cholangiopancreatography-related complications and their 
management strategies: a “Scoping” literature review. Dig Dis Sci 
65(2):361–375

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Riccardo Pravisani1  · Paolo De Simone2 · Damiano Patrono3 · Andrea Lauterio4 · Matteo Cescon5 · Enrico Gringeri6 · 
Michele Colledan7 · Fabrizio Di Benedetto8 · Fabrizio di Francesco9 · Barbara Antonelli10 · Tommaso Maria Manzia11 · 
Amedeo Carraro12 · Marco Vivarelli13 · Enrico Regalia14 · Giovanni Vennarecci15 · Nicola Guglielmo16 · 
Manuela Cesaretti17 · Alfonso Wolfango Avolio18 · Maria Filippa Valentini19 · Quirino Lai20 · Umberto Baccarani1

1 Liver-Kidney Transplantation Unit, Department of Medicine, 
University of Udine, Udine, Italy

2 Hepatobiliary Surgery and Liver Transplantation, University 
Hospital Pisa, Pisa, Italy

3 General Surgery 2U, Liver Transplant Center, A.O.U. Città 
della Salute e della Scienza di Torino, University of Torino, 
Turin, Italy

4 General Surgery and Abdominal Transplantation, ASST 
Grande Ospedale Metropolitano Niguarda, Milan, Italy

5 General Surgery and Transplantation Unit, Department 
of Medical and Surgical Sciences, Azienda Ospedaliero-Univ
ersitaria-Policlinico S.Orsola-Malpighi, Bologna, Italy

6 Hepatobiliary Surgery and Liver Transplantation Unit, 
University Hospital, Padua, Italy

7 Chirurgia Generale 3, Trapianti Addominali, Ospedale Papa 
Giovanni XXIII, Bergamo, Italy

8 Hepatopancreatobiliary Surgery and Liver Transplantation 
Unit, University of Modena and Reggio Emilia, Modena, 
Italy

https://doi.org/10.1007/s10877-020-00493-z
https://doi.org/10.1007/s10877-020-00493-z
https://doi.org/10.1002/lt.25935
http://orcid.org/0000-0003-2928-4580


1389Updates in Surgery (2021) 73:1381–1389 

1 3

9 Department for the Treatment and Study of Abdominal 
Diseases and Abdominal Transplantation, IRCCS 
ISMETT-UPMC, Palermo, Italy

10 General and Liver Transplant Surgery Unit, Fondazione 
IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, 
Italy

11 HPB and Transplant Unit, Department of Surgery Science, 
University of Rome Tor Vergata, Rome, Italy

12 General Surgery and Liver Transplant Unit, University 
Hospital of Verona, Verona, Italy

13 HPB Surgery and Transplantation Unit, Department 
of Clinical and Experimental Medicine, Polytechnic 
University of Marche, Ancona, Italy

14 HPB Surgery and Transplantation Unit, Istituto Nazionale 
Tumori, IRCCS, Milano, Italy

15 Laproscopic, Hepatic, and Liver Transplant Unit, AORN 
A. Cardarelli, Naples, Italy

16 Division of General Surgery and Liver Transplantation, 
S. Camillo Hospital, Rome, Italy

17 Liver Transplant Unit, Department of General Surgery, 
Azienda Ospedaliera G. Brotzu, Cagliari, Italy

18 General Surgery and Liver Transplantation Unit, Fondazione 
Policlinico Universitario Agostino Gemelli IRCCS, Rome, 
Italy

19 General Surgery and Liver Transplantation Unit, Department 
of Emergency and Organ Transplantation, University of Bari, 
Bari, Italy

20 General Surgery and Organ Transplantation Unit, Sapienza 
University of Rome, Rome, Italy


	An Italian survey on the use of T-tube in liver transplantation: old habits die hard!
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




