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Background
This randomized prospective clinical trial compared the hepatic venous outflow drainage
and renal function after conventional with venovenous bypass (n = 15) or piggyback (n =
17) liver transplantation.

Methods
Free hepatic vein pressure (FHVP) and central venous pressure (CVP) measurements
were performed after graft reperfusion. Postoperative serum creatinine (Cr) was measured
daily on the first week and on the 14th, 21st and 28th postoperative days (PO). The prevalence of acute renal failure (ARF) up to the 28th PO was analyzed by RIFLE-AKIN criteria. A
Generalized Estimating Equation (GEE) approach was used for comparison of longitudinal
measurements of renal function.

Results
FHVP-CVP gradient > 3 mm Hg was observed in 26.7% (4/15) of the patients in the conventional group and in 17.6% (3/17) in the piggyback group (p = 0.68). Median FHVP-CVP
gradient was 2 mm Hg (0–8 mmHg) vs. 3 mm Hg (0–7 mm Hg) in conventional and piggyback groups, respectively (p = 0.73). There is no statistically significant difference between
the conventional (1/15) and the piggyback (2/17) groups regarding massive ascites
development (p = 1.00). GEE estimated marginal mean for Cr was significantly higher in
conventional than in piggyback group (2.14 ± 0.26 vs. 1.47 ± 0.15 mg/dL; p = 0.02). The
conventional method presented a higher prevalence of severe ARF during the first 28 PO
days (OR = 3.207; 95% CI, 1.010 to 10.179; p = 0.048).
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Conclusion
Patients submitted to liver transplantation using conventional or piggyback methods present
similar results regarding venous outflow drainage of the graft. Conventional with venovenous bypass technique significantly increases the harm of postoperative renal dysfunction.

Trial Registration
ClinicalTrials.gov https://clinicaltrials.gov/ct2/show/NCT01707810

Introduction
A technical aspect of great importance in liver transplantation (LTx) is the maintenance of the
hemodynamic status of the recipient during the anhepatic phase. In the conventional technique, the liver is removed en bloc with the retrohepatic portion of the inferior vena cava
(IVC), interrupting the venous return of the infradiaphragmatic bed. In order to overcome the
consequences of this maneuver, a temporary venovenous bypass (VVB) driven by a centrifugal
pump is usually used, allowing diversion of the IVC blood flow to the superior vena cava [1].
Despite hemodynamic advantages, VVB presents risks such as air and thrombotic pulmonary
embolism and formation of lymphatic fistulas in the axillary and inguinal regions, where incisions for the placement of catheters are performed [2–4]. In addition, there is the inconvenience of pump, circuit and equipment operation costs.
Since late nineties, the piggyback method of LTx became increasingly used [2,5]. This technique consists of removing the diseased liver with preservation of the retrohepatic portion of
the IVC [6,7]. Thus, flow through IVC can be maintained, eliminating the need for VVB [8]. In
this method, reconstitution of the venous drainage path is performed by means of an anastomosis between the suprahepatic portion of donor’s IVC and the ostium of the recipient’s
hepatic veins. An alternative is a side-to-side (SS) anastomosis between the retrohepatic portion of graft’s and recipient’s IVC [9,10].
On comparing with the conventional method, piggyback transplantation allowed greater
hemodynamic stability, lower consumption of blood components, shorter warm ischemia time
and lower hospital charges [4,11–13]. In contrast to these advantages, there are some inconveniences such as a specific difficulty in venous drainage of the liver [14–23]. Although there are
several reports on this complication, the incidence of venous outflow block in patients operated
by using the piggyback method has discrepant results, varying from zero to 40% [17,20]. However, some of these studies do not present a control group and none specifically approaches
this issue by means of a clinical randomized prospective trial.
Studies on alterations in hepatic venous outflow after LTx generally use two distinct evaluation criteria. In some of them, venous outflow block is hemodynamically defined by the presence of a significant pressure gradient between hepatic veins and right atrium, even without
apparent manifestations [17]. In others, the diagnosis is mainly based on the development of
clinical signs suggesting this complication, such as the intraoperative aspect of the graft
[16,24], development of post-LTx ascites [25,26], and acute renal failure (ARF) [27,28]. It is
important to note that the frequency of venous outflow block may be quite different depending
on the used approach. Additionally, it should be emphasized that the development of ARF
after LTx may be related to several pre-, intra- and postoperative conditions, such as Model for
End-Stage Liver Disease (MELD) score, basal renal function, hemodynamic status, red blood
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cells requirements, surgical technique, use of nephrotoxic drugs, graft dysfunction and sepsis
[29–33]. The concurrent influence of these factors turns difficult the identification of the role
played by the outflow block in this complication.
Moreover, postoperative ARF is suspected to be associated to conventional or piggyback
techniques apart from detectable hepatic venous drainage disturbances [34]. However, in a previous retrospective study performed by our group, no relationship was identified between surgical technique and ARF [30]. Indeed, although Cabenzuelo et al. [34], in 2003, have identified
conventional technique as a predictive factor for development of ARF, the same group reported
a further investigation on their data [31], in 2006, when piggyback method was found to significantly reduce postoperative ARF in univariate analysis but did not appear as an independent
factor in multivariable logistic regression. Due these conflicting results, it’s still considered an
open question whether piggyback method allow for a reduction of renal dysfunction after LTx
[32].
The present study is a prospective randomized clinical trial designed to compare the hepatic
venous outflow between patients transplanted by the conventional or the piggyback method.
Additionally, postoperative renal function was compared between the two methods of LTx.

Patients and Methods
The original protocol was submitted to the Ethics Committee of the Institution (CAPPesq—
Comissão de Ética para Análise de Projetos de Pesquisa do Hospital das Clínicas da Faculdade
de Medicina da Universidade de São Paulo) with two parallel arms that were conducted and
reported together: the first (#675/98), regarding the analysis of hepatic venous outflow drainage
after conventional with VVB or piggyback LTx as the primary outcome measure, was approved
on December 9, 1998 [S1 and S2 Protocols]; the second arm (#743/98), regarding the study of
postoperative renal function in the same population, was approved on January 13, 1999 [S3
and S4 Protocols]. All clinical investigation was conducted according to the principles
expressed in the Declaration of Helsinki. Informed written consent was obtained from each
patient.
Thirty-two patients recruited among LTx recipients submitted to surgery at the Hospital
das Clínicas da Faculdade de Medicina da Universidade de São Paulo between October 8, 1999
and September 30, 2000 were studied and followed up until June 30, 2006. Only after completion date, this trial was registered at the ClinicalTrials.gov site of the U.S. National Institutes of
Health, on October 12, 2012 (Identifier # NCT01707810). The reason for the delay in registering this study was that the research was commenced before the International Committee of
Medical Journal Editors, in 2005, and World Health Organization, in 2006, implemented a policy recommending prospective registration of all clinical trial. The authors state that there are
no unregistered ongoing related trials for this intervention in our group.
The patients were assigned by randomization to two groups: LTx performed using the conventional method with VVB or the piggyback method. Most, but not all of these patients, was
shared with 3 previously reported clinical trials that compared distinct outcomes variables
between the conventional with VVB and the piggyback methods of LTx: pulmonary alterations
[35], bacterial translocation [36], and inflammatory cytokines production [37].
Inclusion criteria admitted: both genders, age 18 years or older, first elective LTx with no
clinical or technical reasons justifying a preferential option by conventional or piggyback
method. For this reason, we excluded patients submitted to living donor LTx, in whom IVC is
routinely preserved, and those with familial amyloidotic polyneuropathy, whom, at the time of
recruitment, were routinely submitted to conventional LTx in our service [38,39]. Eligibility
assessment and enrollment were conducted by two transplant nursing coordinators along with
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one of the authors (P.C.B.M.). Consent to participate in the study was obtained from each
patient before admission for the transplant surgery. Child-Pugh and Mayo’s MELD score
[40,41], without considering liver disease etiology, were calculated using results of blood samples collected immediately before surgery. The randomization process and the assignments
of participants were performed after the induction of the anesthesia by a group of physiotherapists and nurses not involved with the intraoperative care of the patients. In each case, randomization was paired according to the Child-Pugh’s Score. Stratification was performed by
blocking randomization in each subset of patient (scores A, B, or C), with blocks of size 2 with
a one-to-one allocation ratio. Randomization was obtained by “coin-tossing” in order to facilitate pairing process at the surgical theater. Recruitment was interrupted after at least 15
patients were effectively studied in each group.
Perioperative care was delivered by using the same standard protocol in all cases. All anesthetic procedures were conducted by a dedicated liver transplant anesthesia team, composed
by three anesthesiologists. Three surgeons performed all recipient operations and early postoperative care was conducted on a specific liver transplant intensive care unit. All patients were
entered into a triple immunosuppression protocol with cyclosporine, corticosteroids and
azathioprine.
The following donor variables were registered: age, gender, weight, diagnosis, and geographic sharing (local, if the graft is procured in the metropolitan area of the city of São Paulo;
regional, if collected in the state of São Paulo; or national, if obtained from any other location
in Brazil).
Recipient operations were performed with small adaptations in the standard technique in
order to evaluate the pressure gradient between the hepatic vein and the right atrium in the
two groups. Free hepatic vein pressure (FHVP) was measured using an 8F polyethylene catheter with a multiperforated distal end, which was introduced into the graft’s right hepatic vein
for at least 6 cm during ex situ preparation on the back table. The proximal end of this catheter
was exteriorized in the infrahepatic portion of the graft IVC.
In the conventional method, the infra- and suprahepatic portions of the IVC were crossclamped during the anhepatic phase and the IVC and portal venous return was maintained by
a portal-femoral-axillary VVB driven by a centrifugal pump (BP = 80 Bio-Pump and Bio-Console 450 Pump Speed Controller; Medtronic Bio-Medicus, Minneapolis, MN, USA). In these
cases, IVC reconstruction was performed by end-to-end anastomosis above and below the
liver. In the piggyback method, IVC was not cross-clamped in any case. Implantation method
of the graft IVC on the recipient IVC was not standardized, being defined during the procedure
by the surgeon in charge. In the two groups, all patients were submitted to simultaneous arterial and portal revascularization, according to the routine of the service [42].
In the conventional group, the proximal end of the right hepatic vein catheter was exteriorized through the infrahepatic IVC anastomosis. In the piggyback group, infrahepatic IVC was
ligated around the catheter. Central venous pressure (CVP) was obtained using a Swan-Ganz
catheter (routine procedure). Measurement of hepatic vein and right atrium pressure was
made once, after concluding biliary anastomosis.
All measurements were obtained with the same transducer, using the mid-axillary line as
zero reference level. Pressure measurements were performed in apnea, in order to avoid oscillations in the pressure curve determined by patient’s respiratory incursions. When oscillations
persisted in spite of this maneuver, the arithmetic mean of the observed maximum and minimum pressure values was recorded. “Hepatic venous outflow block” was considered when a
FHVP-CVP gradient higher than 3 mm Hg was verified [17,19,43].
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Postoperative massive ascites was arbitrarily defined as abdominal fluid accumulation with
a volume over than 500 mL/day for more than 30 days evaluated through body weight, abdominal drain output or paracentesis.
Serum creatinine (Cr) was determined in the preoperative period (immediately before surgery), on postoperative days (PO) 1 to 7 and on the 14th, 21st and 28th PO. The prevalence of
ARF was analyzed according to the RIFLE-AKIN criteria [44,45]. Based on changes in Cr up to
the 28th PO from the baseline condition, patients were daily classified in four grades of increasing ARF severity: no renal impairment (Class N); “Risk” (Class R), if Cr increased from 50% to
100% (1.5- to 2-fold); “Injury” (Class I), if increasing was more than 100% to 200% (> 2- to
3-fold); and “Failure” (Class F), if Cr increase was higher than 200% (> 3-fold) or Cr was
higher than or equal to 4.0 mg/dL with an acute increase of at least 0.5 mg/dL. Patients requiring renal replacement therapy were classified as Class F irrespective of Cr values.

Statistical Analysis
The minimum sample size was estimated at 30 patients, intending to detect a difference of at
least 1.0 mm Hg between the FHVP-CVP gradient of the conventional and piggyback groups,
with an estimated standard deviation of 0.9 mm Hg [17]. With the proposed sample of 30 subjects divided in two groups and setting the significance level at 5% (α = 0.05), the study would
have an estimated power of 84% to yield a statistically significant result. Regarding postoperative overall Cr, this sample would be sufficient to detect a difference of at least 1.1 mg/dL
between the two surgical methods, with an estimated power of 83%, considering an expected
standard deviation of 1.0 mg/dL [30].
Normally distributed quantitative variables were compared by Student’s t test, ANOVA or
Bonferroni’s multiple comparison method. When normality could not be assumed, MannWhitney test was used. Qualitative variables were compared by Yates-corrected Pearson’s
chi-squared test, when no expected frequency was less than 5. When this situation occurred,
Fisher’s exact test was used. Patient’s survival was calculated constructing actuarial KaplanMeier curves and compared using the Cox-Mantel (log-rank) test [46,47].
A Generalized Estimating Equation (GEE) approach was used for comparison of longitudinal measurements of renal function [48,49]. For statistical analysis of ARF severity based on
RIFLE-AKIN criteria, this response variable was dichotomized by unifying Class N with Class
R (no/mild ARF), and Class I with Class F patients (severe ARF). Variables included in the
model were the PO day (within-subject variable), the surgical method (conventional or piggyback), and either Cr or severe ARF prevalence (numeric or binary dependent response variables). The possibility of correlation among repeated measures over time was considered by
using five different candidate working correlation structures: unstructured, independent,
exchangeable, m-dependent and first-order autoregressive. The smallest Quasi-Likelihood
under Independence Model Criterion (QIC) value was used for selecting the best correlation
structure [50].
Statistical analysis was performed using the software Sample Power version 9.0 and IBM
SPSS Statistics version 21.0. A 5% significance level was used. Values are expressed as
means ± standard deviation, estimated marginal means ± standard error, Odds Ratio (OR) and
95% confidence interval (95% CI).

Deviations from the Original Trial Protocol
Some deviations from the original trial protocol occurred during the conduction of the
research. The estimated minimum sample size was reduced from 42 to 30 subjects after calculation was reviewed and the FHVP-CVP gradient was analyzed as a numeric continuous variable
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instead of a categorical one. Due to the reduced sample size, paired randomization according
to the Child-Pugh’s Score was adopted, in order to prevent significant imbalances between
study groups regarding liver disease severity. Despite specified in the original protocol, the
measurement of recipient IVC pressure for assessment of the renal perfusion pressure during
the anhepatic phase was not performed in any case due to unpredicted technical and logistical
limitations for safe catheterization of the recipient IVC. In order to identify relevant but transitory renal function changes, measurement of Cr during the planned postoperative observation
period was more frequently performed than originally proposed. Finally, after renal function
data were already collected, we decided to analyze the results incorporating the RIFLE-AKIN
criteria for definition and classification of ARF, which became available in 2004. The authors
state that all recorded baseline and outcome measures are included in the present report.

Results
Fig 1 summarizes the flow of patients during the stages of eligibility assessment, enrollment
and allocation. Sixty-four LTx were performed during the period of enrollment. Of these, nineteen cases did not satisfy the inclusion criteria and were considered ineligible (Table 1). Other
three patients refused to participate in the study. The remaining forty-two patients who agreed
to participate were randomized immediately before surgery. However, ten cases (5 from conventional and 5 from piggyback group) were excluded after randomization: four because of displacement of the catheter from right hepatic vein (two patients from each surgical group); two,
in whom the surgical method predicted by randomization was switched during transplantation
(from piggyback to conventional method in both instances); two, who died in the intraoperative period (both from conventional group); one because of hemodynamic instability (piggyback group); and one, due to missing intraoperative data (conventional group). Thus 32 cases
were effectively studied, 15 of the conventional and 17 of the piggyback group. The patients’
diagnoses are shown in Table 2.
Completed data were obtained from each included patient. The distribution of donor characteristics is displayed in Table 3. Donor’s demographics, diagnosis, and geographic organ
sharing were comparable amongst conventional and piggyback groups. Comparison of recipient baseline characteristics and operative data is shown in Table 4. The two groups present
similar gender, age, Child-Pugh and MELD scores, preoperative Cr values, operative time,
graft cold ischemia time and intraoperative red packed cells transfusions requirements. All
transplants were performed using full sized grafts. Abdominal drains were placed in only one
patient.
Hepatic vein and right atrium pressure measurements were performed 174.0 ± 87.1 minutes
after graft revascularization, on average. The observed FHVP-CVP gradient values in the conventional and piggyback groups are shown in Fig 2. Mean gradient value was 2.43 ± 2.68 vs.
2.41 ± 1.94 mm Hg, respectively. Median FHVP-CVP gradient value is 2 mm Hg in the conventional group (range 0–8 mm Hg) and 3 mm Hg, in the piggyback group (range 0–7 mm
Hg). This difference was not statistically significant (p = 0.73). A FHVP-CVP gradient higher
than 3 mm Hg was observed in 26.7% of the cases (4/15) in the conventional and in 17.6% of
the cases (3/17) in the piggyback group. There is no statistically significant difference between
these rates (p = 0.68).
In the piggyback group, the suprahepatic portion of IVC of the graft was anastomosed with
the middle and left hepatic veins (ML) in 3 cases; with the right and middle hepatic veins (RM)
in 5 cases; with the right, middle and left hepatic veins (RML) in 5 cases and by means of a SS
anastomosis between the vena cava of the graft and of the recipient in 4 cases (Fig 2). A posthoc ANOVA comparison showed a significant difference between the FHVP-CVP gradient

PLOS ONE | DOI:10.1371/journal.pone.0129923 June 26, 2015

6 / 18

Conventional versus Piggyback Liver Transplantation Randomized Trial

Fig 1. Chart showing the flow of patients during the stages of eligibility, assessment, enrollment and
allocation.
doi:10.1371/journal.pone.0129923.g001

observed in these 4 types of piggyback hepatic venous outflow reconstruction (p = 0.04). However, on Bonferroni’s multiple comparison analysis, no statistically significant paired difference
was identified.
There is no statistically significant difference between the conventional (1/15 cases) and the
piggyback (2/17 cases) groups regarding massive ascites development (p = 1.00).
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Table 1. Causes of ineligibility among 64 patients transplanted during enrollment period.
Cause of ineligibility

(n = 19)

Age under 18 years

1

Liver retransplantation

3

Acute hepatic failure

5

Living donor transplantation

3

Preferential option by conventional method

Huge hepatomegaly*

2

TIPS stent dislocation in the right hepatic vein

1

Budd-Chiari syndrome

1

Familial amyloidotic polyneuropathy type 1

3

TIPS, transjugular intrahepatic portosystemic shunt
*Includes one Gouchet disease and one polycystic disease cases.
doi:10.1371/journal.pone.0129923.t001

Fig 3 shows the distribution of the mean Cr values from the preoperative period till the 28th
PO in both groups. Fig 4 shows the prevalence of ARF according to RIFLE-AKIN staging in
conventional and piggyback groups up to the 28th PO. Based on the QIC values, GEE analysis
of Cr longitudinal measurements was performed assuming exchangeable correlation while a
nine-dependent working correlation structure was preferred for ARF assessment. GEE estimated marginal mean for Cr was significantly higher in conventional than in piggyback group
(2.14 ± 0.26 vs. 1.47 ± 0.15 mg/dL; p = 0.02). The conventional method presented a significantly higher prevalence of severe ARF on the first 28 PO days (OR = 3.207; 95% CI, 1.010 to
10.179; p = 0.048).
Considering the entire study population, cumulative incidence of overall ARF (RIFLE-AKIN Class R + I + F) was 79% within 48 hours, 86% during the first week after transplantation
and 90% at the 28th PO (87%, 87% and 93%, for the conventional group, versus 71%, 78% and
85%, for the piggyback group). At the same time intervals, cumulative incidence of severe ARF
(Class I + F) was 41%, 50% and 53%, respectively (53%, 67% and 67%, for the conventional
group, versus 29%, 35% and 41%, for the piggyback group). Hemodialysis was required for
only one patient, submitted to conventional LTx. In this case, renal replacement therapy was
initiated at the 17th PO.

Table 2. Patient primary diagnoses.
Diagnosis

Conventional (n = 15)

Piggyback (n = 17)

Total (n = 32)

Hepatitis C

7

7

14

Hepatitis B

1

2

3

Hepatitis C and B

1

0

1

Alcoholic cirrhosis

3

0

3

Hepatitis C and alcohol

0

1

1

Hepatitis C and B and alcohol

0

1

1

Primary sclerosing cholangitis

0

2

2

Primary biliary cirrhosis

0

2

2

Ductopenic disease

1

0

1

Autoimmune hepatitis

1

0

1

Cryptogenic cirrhosis

0

2

2

doi:10.1371/journal.pone.0129923.t002
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Table 3. Donor characteristics.
Conventional (n = 15)
Gender
Age (years)
Weight (kg)

Diagnosis

Sharing

Piggyback (n = 17)

p

male/female

8/7

7/10

0.74

mean ± SD

35.0 ± 16.0

36.6 ± 13.5

0.76

median (range)

36.0 (9–60)

40.0 (14–57)

—

mean ± SD

62.3 ± 13.5

69.2 ± 11.2

0.12

median (range)

65.0 (30–85)

70.0 (45–85)

—

Stroke

8

8

0.78

Trauma

6

6

Others

1

3

Local

13

15

Regional

1

1

National

1

1

1.00

doi:10.1371/journal.pone.0129923.t003

Patient’s postoperative Kaplan-Meir survival curves are shown in Fig 5. One-, 3- and
5-years patients survival was 93%, 80% and 80%, in the conventional group, and 94%, 88% and
82%, in piggyback group, respectively (p = 0.32).

Discussion
Despite the popularization of piggyback LTx, the benefits of this technique on clinical outcomes over conventional LTx with VVB are yet under debate [4]. Unfortunately, most of the
literature concerning the advantages of conventional or piggyback LTx techniques is based on
historical comparisons. In 2011, a systematic review on this issue concluded that currently
there is no evidence to recommend or refute the use of piggyback LTx [51].
Venous outflow obstruction, caused by either graft rotation or anastomotic stricture, has
been a cause for concern after the piggyback technique. To the best of our knowledge, the
Table 4. Patient baseline characteristics and operative data.
Conventional (n = 15)
Gender
Age (years)

Child-Pugh score

MELD score
Creatinine (mg/dL)
Operative time (min)
Graft cold ischemia time (min)
Red packed cells use (units)

Piggyback (n = 17)

p

male/female

11/4

11/6

0.71

mean ± SD

47.8 ± 2.9

46.6 ± 2.7

0.76

median (range)

47.0 (28–70)

48.0 (18–64)

—

A

2

2

1.00

B

9

11

C

4

4

mean ± SD

14.3 ± 1.5

14.3 ± 4.2

0.97

median (range)

12.8 (6.8–24.8)

13.9 (7.6–21.2)

—

mean ± SD

1.01 ± 0.29

1.03 ± 0.49

—

median (range)

1.0 (0.5–1.5)

0.8 (0.6–2.6)

0.47

mean ± SD

724.0 ± 115.3

649.3 ± 156.6

0.14

median (range)

690 (555–925)

600 (435–960)

—

mean ± SD

555.1 ± 160.9

582.4 ± 172.7

0.65

median (range)

530 (261–890)

550 (340–900)

—

mean ± SD

13.9 ± 10.3

9.0 ± 7.6

0.13

median (range)

9 (4–34)

6 (3–35)

—

doi:10.1371/journal.pone.0129923.t004
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Fig 2. Gradient between the free hepatic vein pressure and the central venous pressure (FHVP-CVP).
Large symbols represent mean FHVP-CVP gradient values and bars represent standard deviation. Small
symbols represent individual FHVP-CVP gradient values. Median FHVP-CPV gradients are similar in
conventional and piggyback techniques (p = 0.74). In the piggyback group, four variants of hepatic venous
outflow reconstruction were used: anastomosis to the cuff of the middle and left hepatic veins (grey square);
to the right and middle hepatic veins (grey diamond); to the right, middle and left hepatic veins (black
diamond); and side-to-side anastomosis between graft’s and recipient’s vena cava (black square). ANOVA
comparison showed a significant difference between these 4 reconstructions (p = 0.04).
doi:10.1371/journal.pone.0129923.g002

present study is the first prospective randomized clinical trial designed to compare the hepatic
venous outflow between conventional or piggyback LTx. Additionally, postoperative renal
function was also compared between the two methods.
According to previously reported studies, hepatic venous outflow was analyzed based on the
FHVP-CVP gradient [17,25]. We found very similar FHVP-CVP gradients in conventional
and piggyback groups. Frequency of venous outflow blockade, defined by the FHVP-CVP
gradient > 3 mm Hg, was not statistically different between both methods and there was no
statistically significant difference regarding massive ascites development.
Our findings differ from the results of a retrospective study performed by Cirera et al. that
reported a three times higher incidence of massive ascites after piggyback than in conventional
LTx [25]. Considering the entire group, they found a significantly higher FHVP-CVP gradient
in patients with ascites than in those without this complication (10.4 ± 3.7 vs. 5.6 ± 4.6 mm Hg;
p<0.01). It is important to note that the mean gradient in the group without ascites was higher
than 3 mm Hg. It means that several patients who presented a gradient considered hemodynamically significant did not develop clinical manifestations. We observed a similar pattern in
the present study: among the 7 patients with hemodynamic hepatic venous block criteria, only
2 developed massive ascites. This discrepancy suggests that consideration should be given on
adopting a threshold higher than 3 mm Hg for characterizing a clinically relevant FHVP-CVP
gradient [52].
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Fig 3. Mean serum creatinine (Cr) values from the preoperative period till the 28th postoperative day.
Bars represent standard error. The estimated marginal mean for Cr was significantly higher in conventional
than in piggyback group (2.14 ± 0.26 vs. 1.47 ± 0.15 mg/dL; p = 0.02).
doi:10.1371/journal.pone.0129923.g003

The risk of upper caval outflow compromise after piggyback LTx may be strongly related to
technical aspects of venous reconstruction. Several different methods of piggyback upper vena

Fig 4. Prevalence of acute renal failure (ARF) till the 28th postoperative day according to RIFLE-AKIN staging. Class N = no renal impairment; Class
R = risk; Class I = injury; Class F = failure. The conventional method presented a significantly higher prevalence of severe ARF (Class I + F) during the first 28
postoperative days (OR = 3.207; 95% CI, 1.010 to 10.179; p = 0.048).
doi:10.1371/journal.pone.0129923.g004
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Fig 5. Patient’s postoperative Kaplan-Meir survival curves in conventional and piggyback groups
(p = 0.32).
doi:10.1371/journal.pone.0129923.g005

cava anastomosis have been reported in the literature and, currently, a standard international
operative technique does not exist [5]. The greater venous drainage disorder observed by Cirera
et al. in the piggyback method may be related to the exclusive use of the ML anastomosis in
their study [25]. This variant, which was extensively employed in the early descriptions of piggyback LTx, may have an increased likelihood of kinking or stenosis due to the long length of
the common stump of the middle and left hepatic veins, the spatial orientation of their axis to
the left and the narrow outflow orifice in IVC [15,16,21,24]. In fact, after analysis of their
results, the authors attempt to reduce the risk of hepatic venous outflow obstruction by using
RML anastomosis and, since then, the occurrence of ascites after piggyback LTx became anecdotal in their service. Similarly, most centers performing piggyback LTx have extensively
replaced ML anastomosis for wider, shorter and better positioned venous outflow alternatives,
like RML and SS [5,15,16,17,53].
In the present study, four variants of hepatic venous outflow reconstruction were used in
the 17 cases of the piggyback group. RML, RM and SS anastomosis were widely preferred and
ML reconstruction was used in only three cases (17.7%). We believe that the similar venous
outflow hemodynamic profile observed between conventional and piggyback LTx in our study
reflects the reduced frequency of hepatic outflow block with the current techniques of piggyback venous reconstruction.
Conversely, it should be realized that avoiding cross-clamping of IVC throughout LTx is
one of the most appealing aspects of IVC preservation. Widening the piggyback outflow reconstruction may impair to varying degrees the venous return through the recipient IVC, which
might reduce the hemodynamic advantages achieved by maintaining an unobstructed caval
flow during the anhepatic phase. In effect, while in ML variant clamping of the IVC was minimal, RML and SS techniques involves partial side clamping of the recipient IVC which can
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produce transient reductions in IVC blood flow and cardiac output and lead to some renal congestion [54]. Unfortunately, we were unable to perform serial measurements of the renal perfusion pressure during the anhepatic phase in the present study despite prespecified in our
original protocol.
The RIFLE-AKIN criteria allow early detection of ARF in mildly affected patients, in whom
kidney injury can be prevented (“Risk” stratum or Class R), but limits the specificity for true
renal dysfunction at this stage. Therefore, we decided to perform statistical analysis combining
Class I with Class F patients, as a single group with more markedly affected renal function, like
other authors did [55,56].
Using the RIFLE-AKIN classification, we found a relatively high cumulative incidence of
overall (90%) and severe (53%) ARF, four weeks after LTx. Using the same standardized diagnostic criteria, the incidence of ARF after LTx differs quite widely among the literature, ranging
from 31% to 93%, for overall ARF, while severe ARF (Class I + F) is reported in 10% to 64% of
the recipients [31,55,57–65]. Such disparities may be partially explained by different characteristics of the population being studied or by the discrepant time points used for assessment of
ARF staging, varying from 48 hours to more than 30 PO days. In the present study, we
observed an increment higher than 10% on cumulative incidence of overall and severe ARF
from 48 hours to the 28th PO.
It has been demonstrated that, in respect to Class N, the risk of poor clinical outcomes
almost linearly increases with each worse RIFLE-AKIN stage [65,66]. Despite the high rate of
overall and severe ARF found in the current study, our patients experienced a low mortality,
with one- and five-years survival rates above 90% and 80%, respectively. We believe that these
satisfactory short- and long-term outcomes may result from the interaction between patient’s
selection and specific perioperative anesthetic, surgical and intensive care practices.
The most relevant finding in our study was a significant worse postoperative renal function
following conventional with VVB than piggyback LTx. These results are in agreement to a
previous prospective randomized study, reported by Jovine et al. [67], that found a significant
higher probability of ARF (defined as Cr higher than or equal to 2.5 mg/dL) after conventional
with VVB than piggyback LTx (30.8% vs. zero; p<0.05). It’s important to note that the delineation of both trials does not allow attributing the development of postoperative ARF to the type
of hepatic venous outflow reconstruction by itself (conventional versus piggyback), otherwise
to the distinct procedure used in each surgical group for sustaining venous return during anhepatic phase (i.e. VVB versus caval flow preservation).
Caval flow preservation and VVB are different strategies to reduce systemic hemodynamic
derangements and renal venous congestion, which are considered leading intraoperative factors contributing to renal dysfunction after LTx. As expected, piggyback technique significantly
reduced the risk of RIFLE-AKIN overall ARF up to 5 days after LTx compared to full caval
clamping (conventional without VVB) in a prospective observational study of 59 patients [59].
In contrast, in a prospective randomized clinical trial, the use of VVB in conventional LTx did
not decrease postoperative renal impairment, despite improving systemic and renal hemodynamics during full caval cross-clamping [68]. Sakai et al. retrospectively compared three
surgical groups: 174 patients submitted to piggyback LTx, 148 patients transplanted using piggyback with VVB and 104 patients submitted to conventional LTx with VVB [69]. They found
a significant lower incidence of postoperative Class F ARF using caval flow preservation when
compared to VVB, irrespective of graft implantation by conventional or piggyback method.
The authors concluded that the benefit of piggyback technique was decreased when it was combined with VVB. Taken together, these results suggest that, for reasons not fully understood,
VVB does not prevent renal damage associated to IVC cross-clamping and even may has a detrimental effect to the kidney. Considering that currently less than 25% of the liver transplant
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centers always use VVB when not preserving IVC [5], could be interesting to conduct further
prospective randomized studies comparing ARF after piggyback or conventional LTx without
VVB.
Prior to conclude, it is important to consider some weakness of the present study. First of
all, this trial was mainly designed as a hemodynamic investigation and was powered to identify
small differences in regard to early hepatic venous pressure gradients after LTx, which can be
considered a very sensitive approach for detection of systematic venous outflow changes. However, considering the small probability of persistent clinically detectable outflow block with current surgical techniques, usually below 2%, a much larger sample size would be required in
order to distinguish slight disparities between intervention groups regarding some relevant
clinical variables that were not originally considered primary end points of the present study.
For this reason, the lack of a significant difference in relation to clinical variables, such as massive ascites, should be suspiciously interpreted. Secondly, the method of venous reconstruction
used in the piggyback group was not standardized. Although some evidence has emerged from
our results, suggesting distinct venous outflow profile according to each variant of piggyback
caval implantation, we are unable to explore this finding. Further prospective studies comparing different hepatic venous anastomotic techniques in piggyback LTx are desirable to verify
these data. Thirdly, according to the original design of our trial, outcome data were not prospectively collect from 10 patients who deviated from protocol after randomization. For this
reason, we are unable to perform an intention-to-treat analysis. In spite of this, the exclusion of
these cases did not produce any apparent imbalance between the two study groups. Lastly, we
cannot ignore the fact that our study population was constituted more than a decade ago. For
this reason, some factors that can influence the risk of either postoperative ARF or mortality,
like blood transfusion requirements and mean MELD score [62], were substantially different in
our patients than practiced nowadays [70]. However, although the probability of a historical
bias could be deeply considered in a retrospective study, this concern is less relevant in a prospective randomized trial. In fact, the main principle of this approach is to compare groups
without any apparent imbalances in order to indentify and isolate the influence of the intervention of interest on the selected outcome variables. In the present trial, the randomization process succeed producing independent conventional and piggyback groups that are proved to be
quite similar regarding all baseline and operative variables analyzed.
Regardless of these limitations, by confirming a lower prevalence of severe ARF after piggyback LTx, we believe that the present randomized prospective trial provides a methodologically
robust evidence of a relevant clinical benefit of this method over the conventional with VVB
technique. Therefore, the data presented support a recommendation for routine use of piggyback method avoiding VVB.

Conclusions
It can be concluded that patients submitted to LTx using conventional or piggyback methods
present similar results regarding venous outflow drainage of the graft. Renal function is significantly worse after conventional with VVB transplantation.

Supporting Information
S1 CONSORT Checklist. CONSORT checklist.
(PDF)
S1 Protocol. Portuguese language hepatic venous hemodynamic protocol.
(PDF)

PLOS ONE | DOI:10.1371/journal.pone.0129923 June 26, 2015

14 / 18

Conventional versus Piggyback Liver Transplantation Randomized Trial

S2 Protocol. English version hepatic venous hemodynamic protocol.
(PDF)
S3 Protocol. Portuguese language renal function protocol.
(PDF)
S4 Protocol. English version renal function protocol.
(PDF)

Acknowledgments
The authors would like to thank Wânia Regina M. Baía and Conceição Aparecida F. Inácio, for
conducting eligibility assessment and enrollment, to Ana Gabriela S. Lopes, Ana Paula T. Pieroni, Carla Machado, Claudia M. Starling, Meire Tieme Sasaki, Renata Angélica Bongiorno,
Rita de Cassia C. Martins and Vanessa S. Nunes, for conducting the randomization procedure,
and Ana Olga N. G. Fernandes Mies, André Beer Jr., Carlos Eduardo S. Baía, Eloiza Helena D.
Quintela, Estela Regina R. Figueira, Francisco Lúcio Silva Filho, João Plínio Souza Rocha, Joel
Avancini Rocha Filho, Márcio M. Paredes and Margareth Pauli Lalée, for helping data
collection.

Author Contributions
Conceived and designed the experiments: MDGB PCBM SM. Performed the experiments:
MDGB PCBM SM. Analyzed the data: MDGB PCBM ESI SM. Wrote the paper: MDGB PCBM
ESI SM.

References
1.

Shaw BW Jr, Martin DJ, Marquez JM, Kang YG, Bugbee AC Jr, Iwatsuki S, et al. Venous bypass in clinical liver transplantation. Ann Surg. 1984; 200:524–534. PMID: 6385876

2.

Chari RS, Gan TJ, Robertson KM, Bass K, Camargo CA Jr, Greig PD, et al. Venovenous bypass in
adult orthotopic liver transplantation: routine or selective use? J Am Coll Surg. 1998; 186:683–690.
PMID: 9632158

3.

Reddy K, Mallet S, Peach T. Venovenous bypass in orthotopic liver transplantation: time for a rethink?
Liver Transpl. 2005; 11:741–749. PMID: 15973707

4.

Fonouni H, Mehrabi A, Soleimani M, Müller SA, Büchler MW, Büchler MW, et al. The need for venovenous bypass in liver transplantation. HPB (Oxford). 2008; 10:196–203. doi: 10.1080/
13651820801953031 PMID: 18773054

5.

Kluger MD, Memeo R, Laurent A, Tayar C, Cherqui D. Survey of adult liver transplantation techniques
(SALT): an international study of current practices in deceased donor liver transplantation. HPB
(Oxford). 2011; 13:692–698. doi: 10.1111/j.1477-2574.2011.00348.x PMID: 21929669

6.

Calne RY, Williams R. Liver transplantation in man-I, observations on technique and organization in
five cases. Br Med J. 1968; 4:535–540. PMID: 4881063

7.

Tzakis A, Todo S, Starzl TE. Orthotopic liver transplantation with preservation of the inferior vena cava.
Ann Surg. 1989; 210:649–652. PMID: 2818033

8.

Jones R, Hardy KJ, Fletcher DR, Michell I, McNicol PL, Angus PW. Preservation of the inferior vena
cava in orthotopic liver transplantation with selective use of veno-venous bypass: the piggy back operation. Transplant Proc. 1992; 24:189–191. PMID: 1539239

9.

Belghiti J, Panis Y, Sauvanet A, Gayet B, Fékété F. A new technique of side to side caval anastomosis
during orthotopic hepatic transplantation without inferior vena caval occlusion. Surg Gynecol Obstet.
1992; 175:270–272. PMID: 1514163

10.

Mehrabi A, Mood ZA, Fonouni H, Kashfi A, Hillebrand N, Müller SA, et al. A single-center experience of
500 liver transplants using the modified piggyback technique by Belghiti. Liver Transpl. 2009; 15:466–
474. doi: 10.1002/lt.21705 PMID: 19399735

11.

Moreno-Gonzalez E, Meneu-Diaz JG, Fundora Y, Ortega P, Moreno Elola-Olaso A, García García I,
et al. Advantages of the piggy back technique on intraoperative transfusion, fluid consumption, and

PLOS ONE | DOI:10.1371/journal.pone.0129923 June 26, 2015

15 / 18

Conventional versus Piggyback Liver Transplantation Randomized Trial

vasoactive drugs requirements in liver transplantation: a comparative study. Transplant Proc. 2003;
35:1918–1919. PMID: 12962848
12.

Hosein Shokouh-Amiri M, Osama Gaber A, Bagous WA, Grewal HP, Hathaway DK, Vera SR, et al.
Choice of surgical technique influences perioperative outcomes in liver transplantation. Ann Surg.
2000; 231:814–823. PMID: 10816624

13.

Nishida S, Nakamura N, Vaidya A, Levi DM, Kato T, Nery JR, et al. Piggyback technique in adult orthotopic liver transplantation: an analysis of 1067 liver transplants at a single center. HPB (Oxford). 2006;
8:182–188. doi: 10.1080/13651820500542135 PMID: 18333273

14.

Stieber AC, Gordon RD, Bassi N. A simple solution to a technical complication in "piggyback" liver
transplantation. Transplantation. 1997; 64:654–655. PMID: 9293882

15.

Navarro F, Le Moine MC, Fabre JM, Belghiti J, Cherqui D, Adam R, et al. Specific vascular complications of orthotopic liver transplantation with preservation of the retrohepatic vena cava: review of 1361
cases. Transplantation. 1999; 68:646–650. PMID: 10507483

16.

Parrilla P, Sánchez-Bueno F, Figueras J, Jaurrieta E, Mir J, Margarit C, et al. Analysis of the complications of the piggy-back technique in 1,112 liver transplants. Transplantation. 1999; 67:1214–1217.
PMID: 10342311

17.

Ducerf C, Rode A, Adham M, De la Roche E, Bizollon T, Baulieux J, et al. Hepatic outflow study after
piggyback liver transplantation. Surgery. 1996; 120:484–487. PMID: 8784401

18.

Bilbao JI, Herrero JI, Martínez-Cuesta A, Quiroga J, Pueyo JC, Vivas I, et al. Ascites due to anastomotic
stenosis after liver transplantation using the piggyback technique: treatment with endovascular prosthesis. Cardiovasc Intervent Radiol. 2000; 23:149–151. PMID: 10795843

19.

Wang SL, Sze DY, Busque S, Razavi MK, Kee ST, Frisoli JK, et al. Treatment of hepatic venous outflow
obstruction after piggyback liver transplantation. Radiology. 2005; 236:352–359. PMID: 15955856

20.

Miyamoto S, Polak WG, Geuken E, Peeters PM, de Jong KP, Porte RJ, et al. Liver transplantation with
preservation of the inferior vena cava. A comparison of conventional and piggyback techniques in
adults. Clin Transplant. 2004; 18:686–693. PMID: 15516245

21.

Cescon M, Grazi GL, Varotti G, Ravaioli M, Ercolani G, Gardini A, et al. Venous outflow reconstructions
with the piggyback technique in liver transplantation: a single-center experience of 431 cases. Transpl
Int. 2005; 18:318–325. PMID: 15730493

22.

Khan S, Silva MA, Tan YM, John A, Gunson B, Buckels JA, et al. Conventional versus piggyback technique of caval implantation; without extra-corporeal veno-venous bypass. A comparative study. Transpl
Int. 2006; 19:795–801. PMID: 16961770

23.

Wojcicki M, Post M, Pakosz-Golanowska M, Zeair S, Lubikowski J, Jarosz K, et al. Vascular complications following adult piggyback liver transplantation with end-to-side cavo-cavostomy: a single-center
experience. Transplant Proc. 2009; 41:3131–3134. doi: 10.1016/j.transproceed.2009.07.092 PMID:
19857694

24.

Robles R, Parrilla P, Acosta F, Bueno FS, Ramirez P, Lopez J, et al. Complications related to hepatic
venous outflow in piggy-back liver transplantation: two- versus three-suprahepatic-vein anastomosis.
Transplant Proc. 1999; 31:2390–2391. PMID: 10500634

25.

Cirera I, Navasa M, Rimola A, Garcia-Pagan JC, Grande L, Garcia-Valdecasas JC, et al. Ascites after
liver transplantation. Liver Transpl. 2000; 6:157–162. PMID: 10719013

26.

Leonardi LS, Boin IF, Leonardi MI, Tercioti V Jr. Ascites after liver transplantation and inferior vena
cava reconstruction in the piggyback technique. Transplant Proc. 2002; 34:3336–3338. PMID:
12493466

27.

Aucejo F, Winans C, Henderson JM, Vogt D, Eghtesad B, Fung JJ, et al. Isolated right hepatic vein
obstruction after piggyback liver transplantation. Liver Transpl. 2006; 12:808–812. PMID: 16628691

28.

Glanemann M, Settmacher U, Stange B, Haase R, Lopez-Häninnen E, Podrabsky P, et al. Caval complications after orthotopic liver transplantation. Transplant Proc. 2000; 32:539–540. PMID: 10812103

29.

Cabezuelo JB, Ramirez P, Acosta F, Sanchez Bueno F, Robles R, Pons JA, et al. Prognostic factors of
early acute renal failure in liver transplantation. Transplant Proc. 2002; 34:254–255. PMID: 11959271

30.

Lima EQ, Zanetta DM, Castro I, Massarollo PC, Mies S, Machado MM, et al. Risk factors for development of acute renal failure after liver transplantation. Ren Fail. 2003; 25:553–560. PMID: 12911159

31.

Cabezuelo JB, Ramírez P, Ríos A, Acosta F, Torres D, Sansano T,et al. Risk factors of acute renal failure after liver transplantation. Kidney Int. 2006; 69:1073–1080. PMID: 16528257

32.

Lewandowska L, Matuszkiewicz-Rowinska J. Acute kidney injury after procedures of orthotopic liver
transplantation. Ann Transplant. 2011; 16:103–108. PMID: 21716193

PLOS ONE | DOI:10.1371/journal.pone.0129923 June 26, 2015

16 / 18

Conventional versus Piggyback Liver Transplantation Randomized Trial

33.

Saner FH, Cicinnati VR, Sotiropoulos G, Beckebaum S. Strategies to prevent or reduce acute and
chronic kidney injury in liver transplantation. Liver Int. 2012; 32:179–188. doi: 10.1111/j.1478-3231.
2011.02563.x PMID: 21745304

34.

Cabezuelo JB, Ramirez P, Acosta F, Torres D, Sansano T, Pons JA, et al. Does the standard vs piggyback surgical technique affect the development of early acute renal failure after orthotopic liver transplantation? Transplant Proc. 2003; 35:1913–1914. PMID: 12962846

35.

Isern MR, Massarollo PC, de Carvalho EM, Baía CE, Kavakama J, de Andrade Lima P, et al. Randomized trial comparing pulmonary alterations after conventional with venovenous bypass versus piggyback liver transplantation. Liver Transpl. 2004; 10:425–433. PMID: 15004772

36.

Abdala E, Baía CE, Mies S, Massarollo PC, de Paula Cavalheiro N, Baía VR, et al. Bacterial translocation during liver transplantation: a randomized trial comparing conventional with venovenous bypass
vs. piggyback methods. Liver Transpl. 2007; 13:488–496. PMID: 17436334

37.

Baía CE, Abdala E, Massarollo P, Beduschi T, Palma TM, Mies S. Inflammatory cytokines during liver
transplantation: prospective randomized trial comparing conventional and piggyback techniques.
Hepatogastroenterology. 2009; 56:1445–1451. PMID: 19950808

38.

Acosta F, Sansano T, Rodriguez MA, Contreras RF, Reche M, Beltran R, et al. Need for venovenous
bypass in patients with familial amyloidotic polyneuropathy treated with liver transplantation. Transplant
Proc. 1999; 31:2394–2395. PMID: 10500636

39.

Bittencourt PL, Couto CA, Farias AQ, Marchiori P, Massarollo PCB, Mies S. Results of liver transplantation for familial amyloid polyneuropathy type I in Brazil. Liver Transpl. 2002; 8:34–39. PMID: 11799483

40.

Pugh RNH, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. Transection of the esophagus for
bleeding esophageal varices. Br J Surg. 1973; 60:646–649. PMID: 4541913

41.

Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau TM, Kosberg CL et al. A model to predict
survival in patients with end-stage liver disease. Hepatology. 2001; 33:464–470. PMID: 11172350

42.

Massarollo PCB, Mies S, Raia S. Simultaneous arterial and portal revascularization in liver transplantation. Transplant Proc. 1998; 30:2883–2884. PMID: 9745610

43.

Ikeda O, Tamura Y, Nakasone Y, Yamashita Y, Okajima H, Asonuma K, et al. Percutaneous transluminal venoplasty after venous pressure measurement in patients with hepatic venous outflow obstruction
after living donor liver transplantation. Jpn J Radiol. 2010; 28:520–526. doi: 10.1007/s11604-0100463-8 PMID: 20799017

44.

Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P, Acute Dialysis Quality Initiative workgroup.
Acute Renal Failure—definition, outcome measures, animal models, fluid therapy and information technology needs: the Second International Consensus Conference of the Acute Dialysis Quality Initiative
(ADQI) Group. Crit Care. 2004; 8:R204–R212. PMID: 15312219

45.

Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et al. Acute Kidney Injury Network: report of an initiative to improve outcomes in acute kidney injury. Crit Care. 2007; 11:R31. PMID:
17331245

46.

Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am Stat Assoc. 1958;
53:457–481.

47.

Friedman LM, Furberg CD, DeMets DL. Survival analysis. In: Friedman LM, Furberg CD, DeMets DL,
editors. Fundamentals of clinical trials. 3rd Edition. New York: Spriger-Verlag; 1998. pp. 233–245.

48.

Diggle PJ, Liang KY, Zeger SL. Analysis of longitudinal data. Oxford: Oxford University Press; 1994.

49.

Hanley JA, Negassa A, Edwardes MD, Forrester JE. Statistical analysis of correlated data using generalized estimating equations: an orientation. Am J Epidemiol. 2003; 157:364–375. PMID: 12578807

50.

Pan W. Akaike's information criterion in generalized estimating equations. Biometrics. 2001; 57:120–
125. PMID: 11252586

51.

Gurusamy KS, Pamecha V, Davidson BR. Piggy-back graft for liver transplantation. Cochrane Database Syst Rev. 2011; 1:CD008258. doi: 10.1002/14651858.CD008258.pub2 PMID: 21249703

52.

Darcy MD. Management of venous outflow complications after liver transplantation. Tech Vasc Interv
Radiol. 2007; 10:240–245. PMID: 18086429

53.

Levi DM, Pararas N, Tzakis AG, Nishida S, Tryphonopoulos P, Gonzalez-Pinto I, et al. Liver transplantation with preservation of the inferior vena cava: lessons learned through 2,000 cases. J Am Coll Surg.
2012; 214:691–698. doi: 10.1016/j.jamcollsurg.2011.12.039 PMID: 22364695

54.

Margarit C, Lázaro JL, Hidalgo E, Balsells J, Murio E, Charco R, et al. Cross-clamping of the three
hepatic veins in the piggyback technique is a safe and well tolerated procedure. Transpl Int. 1998; 11
(Suppl 1):S248–S250. PMID: 9664989

55.

Chen J, Singhapricha T, Hu KQ, Hong JC, Steadman RH, Busuttil RW, et al. Postliver transplant acute
renal injury and failure by the RIFLE criteria in patients with normal pretransplant serum creatinine

PLOS ONE | DOI:10.1371/journal.pone.0129923 June 26, 2015

17 / 18

Conventional versus Piggyback Liver Transplantation Randomized Trial

concentrations: a matched study. Transplantation. 2011; 91:348–353. doi: 10.1097/TP.
0b013e31820437da PMID: 21127462
56.

Utsumi M, Umeda Y, Sadamori H, Nagasaka T, Takaki A, Matsuda H, et al. Risk factors for acute renal
injury in living donor liver transplantation: evaluation of the RIFLE criteria. Transpl Int. 2013; 26:842–
852. doi: 10.1111/tri.12138 PMID: 23855657

57.

Lewandowska L, Matuszkiewicz-Rowińska J, Jayakumar C, Oldakowska-Jedynak U, Looney S, Galas
M, et al. Netrin-1 and semaphorin 3A predict the development of acute kidney injury in liver transplant
patients. PLoS One. 2014; 9(10):e107898. doi: 10.1371/journal.pone.0107898 PMID: 25289643

58.

O'Riordan A, Wong V, McQuillan R, McCormick PA, Hegarty JE, Watson AJ. Acute renal disease, as
defined by the RIFLE criteria, post-liver transplantation. Am J Transplant. 2007; 7:1 S68–176.

59.

Niemann CU, Walia A, Waldman J, Davio M, Roberts JP, Hirose R, et al. Acute kidney injury during
liver transplantation as determined by neutrophil gelatinase-associated lipocalin. Liver Transpl. 2009;
15:1852–1860. doi: 10.1002/lt.21938 PMID: 19938135

60.

Ferreira AC, Nolasco F, Carvalho D, Sampaio S, Baptista A, Pessegueiro P, et al. Impact of RIFLE classification in liver transplantation. Clin Transplant. 2010; 24:394–400. doi: 10.1111/j.1399-0012.2009.
01087.x PMID: 19744093

61.

Iglesias JI, DePalma JA, Levine JS. Risk factors for acute kidney injury following orthotopic liver transplantation: the impact of changes in renal function while patients await transplantation. BMC Nephrol.
2010; 11:30. doi: 10.1186/1471-2369-11-30 PMID: 21059264

62.

Kundakci A, Pirat A, Komurcu O, Torgay A, Karakayali H, Arslan G, et al. Rifle criteria for acute kidney
dysfunction following liver transplantation: incidence and risk factors. Transplant Proc. 2010; 42:4171–
4174. doi: 10.1016/j.transproceed.2010.09.137 PMID: 21168655

63.

Zhu M, Li Y, Xia Q, Wang S, Qiu Y, Che M, et al. Strong impact of acute kidney injury on survival after
liver transplantation. Transplant Proc. 2010; 42:3634–3638. doi: 10.1016/j.transproceed.2010.08.059
PMID: 21094830

64.

Narciso RC, Ferraz LR, Mies S, Monte JC, dos Santos OF, Neto MC, et al. Impact of acute kidney injury
exposure period among liver transplantation patients. BMC Nephrol. 2013; 14:43. doi: 10.1186/14712369-14-43 PMID: 23425345

65.

Uchino S, Bellomo R, Goldsmith D, Bates S, Ronco C. An assessment of the RIFLE criteria for acute
renal failure in hospitalized patients. Crit Care Med. 2006; 34:1913–1917. PMID: 16715038

66.

Ricci Z, Cruz D, Ronco C. The RIFLE criteria and mortality in acute kidney injury: A systematic review.
Kidney Int. 2008; 73:538–546. PMID: 18160961

67.

Jovine E, Mazziotti A, Grazi GL, Ercolani G, Masetti M, Morganti M, et al. Piggy-back versus conventional technique in liver transplantation: report of a randomized trial. Transpl Int. 1997; 10:109–112.
PMID: 9089994

68.

Grande L, Rimola A, Cugat E, Alvarez L, García-Valdecasas JC, Taurá P, et al. Effect of venovenous
bypass on perioperative renal function in liver transplantation: results of a randomized, controlled trial.
Hepatology. 1996; 23:1418–1428. PMID: 8675159

69.

Sakai T, Matsusaki T, Marsh JW, Hilmi IA, Planinsic RM. Comparison of surgical methods in liver transplantation: retrohepatic caval resection with venovenous bypass (VVB) versus piggyback (PB) with
VVB versus PB without VVB. Transpl Int. 2010; 23:1247–1258. doi: 10.1111/j.1432-2277.2010.01144.
x PMID: 20723178

70.

Pestana RC, Baracat EI, Massarollo PC, Pereira LA, Szutan LA. Consequences of the implementation
of the Model for End-stage Liver Disease system for liver allocation in Brazil. Transplant Proc. 2013;
45:2111–2114. doi: 10.1016/j.transproceed.2012.11.007 PMID: 23747144

PLOS ONE | DOI:10.1371/journal.pone.0129923 June 26, 2015

18 / 18

