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Purpose of review

Veno-venous bypass (VVB) ensures end-organ perfusion and minimizes splanchnic venous congestion
during liver transplant procedures. The adoption of the piggyback technique, where flow through

the inferior vena cava is preserved, has prompted a decline in the routine use of VVB. Meanwhile,
recommendations on VVB use in liver transplantation remain equivocal. This article explores the clinical
implications of VVB use in liver transplantation and offers a comprehensive analysis of its benefits and
risks in the context of recent surgical advancements.

Recent findings

Evidence indicates that patients undergoing complex procedures or with baseline renal dysfunction may
benefit from VVB for conventional liver resection, emphasizing the need for careful patient selection. By
contrast, small, retrospective studies suggest lower transfusion requirements and improved graft survival
when the piggyback approach was used without VVB, but evidence remains sparse. While direct bypass
cannulation-associated complications remain a concern, technical advancements have made VVB use
increasingly safe.

Summary

In conclusion, VVB remains an important tool in selected, high-acuity patients, but offers limited benefit in
more stable patients undergoing piggyback liver resection. Large-scale randomized studies are needed to
elucidate the benefit of VVB in selected patient populations undergoing procedures with different surgical

approaches.
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An estimated 10 000 patients underwent liver trans-
plant procedures in the USA in 2022, with an over
50% increase in case volume over the last decade
[1]. The conventional approach to liver transplan-
tation, pioneered by Starzl in 1963, involved cross-
clamping of the inferior vena cava [2]. However,
splanchnic congestion and a drastic reduction in
preload and cardiac output during this interven-
tion prompted efforts to bypass the venous cir-
culation [3]. First introduced by Shaw et al. [4] in
Pittsburgh in the 1980s, veno-venous bypass (VVB)
quickly became a standard technique to ensure the
venous return to the heart and eliminate intestinal
congestion during crossclamping of the inferior
vena cava in orthotopic liver transplant recipients
[5,6]. Hypothesized benefits of VVB for liver trans-
plant procedures are summarized in Fig. 1. While
initial studies demonstrated up to 40% decreased
blood loss, maintained hemodynamic stability, and
improved postoperative outcomes including lower
risk of kidney injury [4,7] (Fig. 1), the routine use
of VVB declined over the past years [8]. Emerging
evidence raised questions about the perioperative
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implications of VVB use and suggested increased
transfusion requirements, risk of hypothermia, and
morbidity associated with cannula placement [9-
11]. Advancements in surgical approaches, such as
the introduction of the piggyback technique in the
1990s, which includes preservation of the inferior
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KEY POINTS

e Veno-venous bypass (VVB) remains a frequently
employed tool to support liver transplantations for high-
acuity patients undergoing complex procedures.

e Although sparse, evidence on VVB in piggyback
procedures indicates increased blood loss and
transfusion requirements without patient or graft
survival benefits, highlighting the need for selective use.

¢ High-quality, large-scale randomized studies are
warranted to clarify the risk-benefit profile of VVB
across different patient populations and surgical
approaches fo liver transplantation.

vena cava [12], and additional temporary porto-
caval shunting [13], further reduced the need for
VVB in these procedures [14]. However, little data
are available on the risks and benefits of VVB af-
ter the establishment of piggyback liver transplant
procedures in routine clinical care [15].

Use of VVB in orthotopic liver transplants re-
mains subject to a large variability across centers in
the USA, and recent recommendations emphasize
the lack of high-quality evidence to guide its appli-
cation [16,17]. However, survey data indicate that
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approximately 42% of transplant centers across
the country reported using VVB, demonstrating
its persistent relevance to the field [18]. This re-
view article aims to summarize the current litera-
ture on the risks, benefits, and limitations of VVB
for orthotopic liver transplantations in the context
of recent developments in surgical techniques. We
discuss strategies to improve patient outcomes by
highlighting potential indications for VVB use and
inform future studies about current challenges in
generating high-quality evidence on this topic.

Renal function

Initial studies confirmed the hypothesized bene-
ficial effect of VVB on renal perfusion during the
anhepatic phase of liver transplantation. Veroli and
colleagues demonstrated a decrease in renal perfu-
sion pressure and urine output (1 ml/kg/h decrease
from dissection to anhepatic phase) in patients not
receiving VVB, which could be prevented when a
bypass was established [19]. These findings were
corroborated by Grande et al. [20], who reported
a reduction in inulin clearance, a surrogate of glo-
merular filtration rate, in 77 patients randomized to
undergo liver transplantation without, compared
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Hypothesized benefits of VVB for liver transplant. VVB, veno-venous bypass.
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Table 1. Retrospective data on implications of veno-venous bypass for perioperative transfusion requirements and renal

function

Definition of renal

Results with VVB outcome Study design Reference

Retrocaval hepatic resection

= Postop. kidney failure Oliguria and requirement of Cohort study in 72 patients (VVB+ vs. Fan et al.

1 Intraop. intravenous fluid, homologous blood, hemodialysis VVB-). Univariate analyses [22]
FFPs, and platelets —

= Postop. acute kidney injury 250% 1 in creatinine from Cohort study in 424 patients (VVB+ vs. Hilmi et al.

baseline or absolute 1 VVB-). Univariate analyses [21]
>0.3 mg/dl within 48 h

| Postop. acute kidney injury, if baseline >50% 1 in creatinine from Cohort study in 1037 patients (VVB+ vs.  Sun et al.
dysfunction present baseline or absolute 1 VVB-). Propensity-score matching and [25]

>0.3 mg/dl within 48 h multivariable analyses

= Postop. acute kidney injury >50% 1 in creatinine from Cohort study in 38 patients (VVB+ vs. Guarino et

= Intraop. number of PRBCs and FFPs baseline or absolute 1 VVB-). Univariate analyses al. [23]

>0.3 mg/dl within 48h

Piggyback (PGB) or retrocaval hepatic resection

1 Postop. acute kidney failure (irrespective of >200% 1 in creatinine from Cohort study in 426 patients (VVB+ in Sakai et al.
PGB) baseline within 48 h PGB- vs. VVB+ or VVB- in PGB+). [27]

1 Intraop. number of PRBCs and FFPs Univariate analyses
(irrespective of PGB)

1 Postop. acute kidney failure with PGB- absolute 1 in creatinine Cohort study in 414 patients (VVB+ or Schmitz et
irrespective of VVB but 1 postop. creatinine >0.5 mg/dl on day 1-14 VVB- in PGB- vs. VVB- in PGB+). al. [28]
decreases in PGB-VVB+ Univariate analyses.

1 Intraop. number of PRBCs and FFPs with PGB-

(irrespective of VVB)

1 Infraop. number of PRBCs and FFPs — Cohort study in 242 patients (VVB+ vs. Kim et al.
(irrespective of PGB) VVB- in PGB- and PGB+). Univariate [8]

analyses

Piggyback (PGB) hepatic resection

= Postop. acute kidney injury >50% 1 in creatinine from Cohort study in 900 patients (VVB+ vs. Weinberg

1 Intraop. number of PRBCs and FFPs baseline or absolute 1 VVB-). etal.

>0.3 mg/dl within 48h Univariate analyses [29"%]

1 Postop. acute kidney injury Requirement of hemodialysis ~ Cohort study in 874 patients (VVB+ vs. Laici et al.

1 Intraop. massive PRBC transfusion during ICU stay, or 2100% VVB-). Propensity-score matching and [30""]

1 in creatinine from

baseline within 48 h

multivariable analyses

FFP, fresh frozen plasma; PGB, piggyback; PRBC, packed red blood cells;

to with VVB. However, both aforementioned stud-
ies demonstrated no difference in short-term post-
operative kidney function based on hemodialysis
requirement or creatinine levels, raising questions
about the clinical relevance of these findings [19,20].
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VVB, veno-venous bypass.

Multiple studies, including a S-year retrospective
study targeting 424 liver transplant recipients [21],
confirmed these observations by demonstrating
comparable incidences of postoperative renal fail-
ure in patients with normal preoperative kidney
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function undergoing conventional liver transplan-
tation with and without VVB [22-24].

Of note, one recent study in nonpiggyback liver
transplantation showed that in patients with com-
promised pretransplant renal function (baseline
creatinine >1.2 mg/dl), VVB significantly reduced
the incidence of postoperative acute kidney injury
(37.2% vs. 50.8%), which was not observed in pa-
tients with normal baseline kidney function [25].
In contrast to previous studies, Sun and colleagues
controlled for a variety of potential confounding
variables, setting their study apart from earlier re-
ports [22-24]. These data suggest that patients un-
dergoing conventional liver transplantation with
baseline impairment in kidney function may bene-
fit from the use of VVB.

Trends of favoring the piggyback approach over
conventional retrocaval hepatic resection prompt-
ed research on the interplay between the surgical
approach and VVB use. For example, Cabezuelo et
al. [26] demonstrated the standard surgical tech-
nique with or without VVB, compared to the piggy-
back technique, to be an independent risk factor for
postoperative acute renal failure defined as serum
creatinine >1.5 mg/dl, a creatinine increase by 50%
or more from baseline, or oliguria requiring renal
replacement therapy, indicating that the piggyback
approach should be implemented where possible.

Yet, evidence on the association between VVB
use and postoperative kidney function in pig-
gyback procedures remains equivocal, and non-
standardized definitions of postoperative kidney
failure make it difficult to directly compare studies
(Table 1). A small study reported no difference in
post-transplant kidney injury in unadjusted analy-
ses on 900 patients with over 90% adherence to the
piggyback technique [29""]. By contrast, a 2024 pro-
pensity score weighted analysis in piggyback-only
cases demonstrated higher risks for acute kidney
injury during the first 24 h after ICU admission to-
gether with 85% higher odds for renal replacement
therapy needed during ICU stay [30™], suggesting
that VVB may not have beneficial effects in these
procedures.

Transfusion requirements and blood loss

A presumed reduction in blood loss and resuscita-
tion requirements was part of the initial rationale for
the widespread adoption of VVB during orthotopic
liver transplantations (Fig. 1). A small meta-analysis
including three randomized controlled trials con-
ducted in the 1990s reported no difference in blood
transfusion requirements between VVB and con-
trol groups [17]. However, more recent data from a
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prospective cohort study in 72 liver transplant re-
cipients demonstrated a 1600 ml higher amount of
intravenous fluid resuscitation volume, along with
almost 50% increased requirements for packed red
blood cell, platelet, and fresh frozen plasma units
among patients undergoing VVB [22]. These find-
ings align with reports from an Australian study in
900 patients, where the number of units of packed
red blood cells transfused was 7.0 (4.8-12.5) units
in the VVB group compared to 3.0 units (1.0-6.0)
in the non-VVB group [29™"]. Notably, a study in
27 patients undergoing liver resection under pro-
longed (255 min) vascular exclusion with hypo-
thermic liver perfusion demonstrated a more than
60% lower blood loss (600 vs. 1,750 ml) under VVB
[31]. While these data do not directly pertain to liv-
er transplantation, they emphasize that the tech-
nique may still be considered in select high-acuity
patients where the anatomical situation requires
complete clamping of the inferior vena cava.

Sakai and coworkers reported a reduction in
perioperative red blood cell (P = 0.006), fresh frozen
plasma (P = 0.005), and cell saver return (P = 0.007)
requirements in 426 patients undergoing piggy-
back liver resection without VVB [27]. These ben-
eficial effects of the piggyback approach were not
observed when a VVB was used, suggesting that the
potential benefits of the piggyback technique for
transfusion requirements were partially attributable
to the elimination of VVB. Another retrospective
study spanning over a 3-year VVB-weaning period
corroborates these findings by reporting a decrease
in blood product requirements with increasing im-
plementation of non-VVB piggyback liver resection
[8]. However, the study did not account for other
factors resulting from potential changes in practice
that could have impacted the observed trend in
transfusion requirements. While these unadjusted
data provide a weak level of evidence (Table 1), they
suggest that the use of VVB may be unnecessary in
procedures where the piggyback approach can be
used.

Graft outcomes

Establishment of a VVB requires substantial ex-
pertise and has been shown to be associated with
a prolonged total operative duration of up to 3 h
[22], which can in turn affect short- and long-term
graft function [32]. In a retrospective analysis on
414 patients, Schmitz and colleagues found no dif-
ference in graft function within 2 weeks, quantified
via bilirubin and transaminase levels, between pa-
tients undergoing complete clamping of the inferi-
or vena cava with or without VVB [28]. However,
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despite an often described shorter operative and
ischemic time in patients undergoing piggyback
liver transplant procedures without VVB [33], this
technique was also not associated with improved
graft survival in univariate analysis. Only one study
reported a lower risk of 30-day graft loss (3.4%)
with the piggyback technique without VVB, com-
pared to procedures employing VVB irrespective of
surgical approach (12.5 and 11.5% for retrohepatic
caval resection and piggyback with VVB, respec-
tively) [27]. However, this study was a retrospective
analysis from a single institution, where the choice
of bypass use and surgical approach was to the dis-
cretion of the attending surgeon. Thus, these data
give a hint on potential benefits of the piggyback
technique that results from the avoidance of VVB,
but cannot be generalized to other settings and
patients.

For example, multiple studies with thorough
adjustment for underlying comorbidity load of
patients undergoing exclusively piggyback liver
transplant procedures reported no benefit of VVB
avoidance for graft function [29",30"]. These find-
ings indicate that while VVB may benefit high-risk
patients in conventional procedures, its utility in
improving graft-related outcomes in the piggy-
back technique remains less clear, advocating
for patient-centered approaches in perioperative
planning.

Perioperative mortality

Multiple early randomized studies investigated
patient survival after orthotopic liver transplanta-
tion with vs. without VVB. Grande and colleagues
reported no difference in early postoperative mor-
tality within 30 days between patients with, vs.
without VVB in their 1996 randomized controlled
trial [20]. A recent retrospective study in 1037 pa-
tients undergoing nonpiggyback orthotopic liver
transplant procedures with and without VVB sup-
ported these findings by demonstrating compara-
ble 1-year recipient survival among patients with
impaired preoperative kidney function following
multivariable regression analyses [25].

By contrast, one small study demonstrated a
slightly higher incidence of in-hospital mortality
when a VVB was established, which marginally
reached statistical significance in nonparametric
tests (P =0.042) [22]. However, the 72 study pa-
tients were not randomly, but sequentially allo-
cated to the treatment groups, resulting in notable
imbalances (e.g. 31.9% higher absolute rate of pre-
operative ICU admission of VVB patients), which
may have additionally limited the finding’s gen-
eralizability [22]. Another recent study in patients
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undergoing liver transplant procedures using the
piggyback technique alarmed by reporting exces-
sive rates of postoperative mortality in VVB pa-
tients [29™]. Weinberg and coworkers documented
a 17.4% higher absolute risk of in-hospital mortali-
ty among patients receiving an intraoperative VVB
[29™]. Of note, the VVB was established as a res-
cue intervention for massive intraoperative bleed-
ing in 40.1% of affected patients, emphasizing the
relevance of addressing unobserved confounding
in studies evaluating the risks and benefits of this
technique. While the authors of these two studies
provide important information on the availability
and applicability of VVB as a rescue tool in com-
plex cases of orthotopic liver transplant procedures
[34], their unadjusted analyses in imbalanced
groups preclude meaningful conclusions on VVB-
associated mortality risk in the more general pop-
ulation. By contrast, Laici and colleagues applied
propensity score-weighted general linear mod-
els accounting for patient- and procedure-related
characteristics that may affect the decision wheth-
er or not to establish a VVB [30™]. These well-
analyzed data showed no association between VVB
use and in-hospital mortality [30™]. While Sakai
and coworkers supported these findings of com-
parable mortality even irrespective of surgical ap-
proach [27], the disparity in findings of unadjusted
vs. adjusted analyses and lack of studies investigat-
ing long-term outcomes underscores the complex-
ity of interpreting available evidence.

Direct bypass and cannulation-associated
complications

The conventional approach to cannula placement
in the axillary vein involved a surgical cut-down,
which itself is associated with a considerable sur-
gical risk. First introduced by Oken in 1994 [35],
percutaneous insertion of an 18 Fr venous return
cannula, performed under ultrasound guidance
via the Seldinger technique, has become a de fac-
to standard of care across institutions in the USA
[36,37]: A 1999 randomized controlled trial on 40
liver transplant procedures demonstrated a 59 min
longer operative duration in patients receiving sur-
gical, compared to percutaneous cannula placement
[38]. Another study in 81 patients undergoing liv-
er transplantations reported a lower risk of axillary
and groin lymphoceles while similar intraoperative
blood flow rates were achieved (2238 vs. 2197 ml/
min) [39], suggesting that percutaneous cannu-
lation may not only be faster to achieve, but also
safer. Still, multiple case reports describe bypass
and cannulation-associated mortality, for example,
due to hemothorax development on VVB initiation
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[40], and life-threatening morbidity [41] including
the occurrence of air embolisms [42]. These risks
underscore the importance of careful patient selec-
tion and vigilance during and after cannulation.
Nevertheless, safety standards in the operating room
have increased over the last decades and are still in-
creasing [43], and prospective evidence suggest that
complications associated with bypass placement
and percutaneous cannulation remain rare [44].

Despite an overall decrease in its application in
recent years, especially in the context of the tran-
sition to the piggyback technique [8,45], VVB
remains a widely used tool in liver transplant
procedures [18]. Early evidence from random-
ized studies demonstrated the beneficial effects
of VVB in procedures with total clamping of the
vena cava inferior, while current recommen-
dations regarding its utility in piggyback liver
transplant procedures are mostly based on small,
retrospective studies. These report longer operative
times, higher transfusion requirements, a risk of
cannulation-associated complications and no
benefit for patient or graft survival, but are often
limited by the lack of rigorous methods of con-
founder control to account for imbalance in base-
line characteristics. This is particularly relevant in
the context of the increasing popularity of pig-
gyback procedures where VVB is used as a rescue
intervention [34], and recent evidence suggesting
that VVB may be most beneficial for high-acuity
patients undergoing complex procedures. Large-
scale randomized studies comparing the out-
comes of VVB in patients with different surgical
approaches and depending on baseline patient
characteristics are needed to guide its future use
in orthotopic liver transplantation.

In the context of recent surgical advances including
the widely established surgical preservation of the
inferior vena cava and percutaneous cannulation,
VVB remains a frequently employed technique in
more complex cases of liver transplantation. Recent
high-quality evidence on the benefits of VVB in the
more general population undergoing liver trans-
plant procedures is lacking. Data suggest a varying
risk-benefit ratio depending on baseline patient
characteristics and surgical approach, urging clini-
cians to selectively use VVB. High-acuity patients,
especially when the piggyback technique cannot
be employed, may benefit most from VVB use. We
strongly encourage future large-scale randomized

0952-7907 Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.
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trials comparing outcomes of VVB use in selected
patient populations with a varying comorbidity
burden undergoing procedures with different sur-
gical approaches.
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