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Background. The technique of redirecting blood flow from the inferior vena cava (IVC) and portal vein during 
liver transplantation (LT) offers several advantages, the most important of which is the prevention of intraoperative 
hypoperfusion-related complications. Materials and methods. A literature search was performed in the Scopus, 
PubMed, and Russian Science Citation Index (RSCI) databases using the following keywords: “liver bypass”, 
“liver transplantation with venovenous bypass/shunting”, “assisted circulation during liver surgery”, “assisted 
circulation during liver transplantation”, and “history of transplantology” from the early 1960s through 2025 
were considered. In total, 162 articles from Russian and foreign journals were analyzed, of which 44 met the 
inclusion criteria and were included in the review. Results. An analysis of Russian and foreign literature reveals 
a unified concept regarding the use of venovenous bypass (VVB) systems, as well as the general advantages and 
limitations of existing techniques. VVB remains a relevant method for maintaining hemodynamic stability and 
improving postoperative outcomes in liver transplant recipients. Particular attention is given to a novel system 
and technique for performing VVB that incorporates an oxygenator/heat exchanger and a venous reservoir, al-
lowing the simultaneous use of continuous renal replacement therapy (CRRT). Modern cardiopulmonary bypass 
techniques are characterized by the creation of optimal conditions for surgical intervention, ensuring a high level 
of patient safety throughout the procedure.
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Venovenous bypass (VVB) is a cardiopulmonary 
bypass–based technique used in liver transplantation 
(LT) to divert blood flow from the inferior vena cava 
(IVC) and the portal venous system. This approach of-
fers several advantages, most notably reducing the need 
for complete IVC clamping and thereby minimizing 
the risk of intraoperative hypoperfusion complications. 
By maintaining venous return and stabilizing systemic 
hemodynamics, VVS mitigates complications associated 
with prolonged clamping of major vessels and improves 
post-LT outcomes.

Furthermore, VVS shortens the duration of the anhe-
patic phase, which may decrease the risk of ischemia–
reperfusion injury to the graft. It also helps attenuate the 
severity of post-reperfusion syndrome. Although VVS 
requires an extracorporeal circuit (ECC) and specialized 
equipment, its integration into routine LT practice has the 
potential to improve both early and long-term postopera-
tive outcomes by reducing intraoperative complications 
related to surgical and anesthetic management [1–3].

The objective of this paper is to analyze the evoluti-
on of perfusion technologies and describe current VVS 
techniques used in LT.

A literature search and study selection were conduc-
ted in accordance with the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses) gui-
delines [4]. The identified studies were systematically 
analyzed, the findings were interpreted, and conclusions 
were formulated for inclusion in this review. Searches of 
the Scopus, PubMed, and Russian Science Citation Index 
(RSCI) databases initially identified 162 publications. 
Following a two-stage screening process, 44 relevant 
studies were selected for the final analysis.

The introduction of VVS in LT has a long history 
marked by significant milestones. The earliest descrip-
tions of VVS techniques were reported by Francis D. 
Moore in experimental canine studies conducted in the 
early 1960s. At that time, passive shunting from the left 
heart to the superior vena cava (SVC) via the internal 
jugular vein was employed; however, this approach was 
associated with a high incidence of pulmonary embolism 
caused by thrombus formation within the ECC [5].

Subsequently, in 1963, Thomas Starzl published a 
landmark report describing three attempts at human LT, 
preceded by seven years of research focused on organ 
preservation, surgical techniques, and the physiologi-
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Fig. 1. Schematic representation of blood flow redistribution from the inferior vena cava and portal vein to the superior vena 
cava system (adapted from Welch C.S. Transplant Bull. 1955 [6])

Fig. 2 Schematic representation of veno-venous bypass du-
ring liver transplantation (adapted from Butt S.P. et al., The 
Journal of ExtraCorporeal Technology, 2024 [12])

cal relationships between the liver, pancreas, and other 
abdominal organs. At  that stage, the major limitation 
remained the inadequacy of immunosuppressive therapy. 
Modifications introduced in 1962 not only improved the 
management of rejection episodes within the study but 
ultimately transformed the field of solid-organ transplan-
tation as a whole.

At that time, VVS was performed using separate ac-
tive venous drainage systems from both the IVC and 
portal venous circulation, with blood diverted through 
the femoral and portal veins into the SVC (Fig. 1) [6, 7].

However, according to the authors of these early stu-
dies, significant problems arose due to the high incidence 
of pulmonary embolism, as the ECC itself proved to be a 
source of thrombus formation. Initial attempts to address 
this issue through systemic heparinization and veno-
arterial shunting were subsequently abandoned because 
of severe, life-threatening complications, particularly 
uncontrolled bleeding [8].

A major breakthrough occurred in the early 1980s, 
when a research group from University of Pittsburgh 
introduced an improved VVS technique using specia-
lized equipment and modified perfusion strategies. The 
adoption of heparin-coated ECC, the use of centrifugal 
pumps, and the elimination of systemic heparinization 
enabled more effective venous perfusion while minimi-
zing the severity of coagulopathy [9, 10].

Subsequent advances further improved bypass tech-
nology, including the introduction of Biomedicus centri-
fugal pumps and the Griffith shunt system. The technique 
was based on combined active venovenous drainage 
from the IVC and portal venous systems via the femoral 
and portal veins, with reinfusion into the SVC through 
the axillary vein. Over time, open cannulation methods 
were gradually replaced by percutaneous puncture tech-
niques, significantly reducing complications associated 
with heparinization and massive intraoperative bleeding 
during LT.

In addition, the development and implementation of 
rapid autotransfusion systems – first introduced by the 
Pittsburgh research group – substantially improved intra-
operative blood loss management during LT procedures 
[10, 11].

According to a study by Butt et al., the perfusion 
system most commonly used for VVS today consists of a 
circuit system combined with an oxygenator functioning 
as a heat exchanger (Fig. 2). This key component ext-
ends the conventional configuration, which traditionally 
includes only a centrifugal pump and perfusion tubing 
for blood drainage and reinfusion, by enabling precise 
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Fig. 3. Veno-venous bypass from the portal and femoral ve-
ins to the left axillary vein (adapted from Lokshin L.S., Lap-
tiy A.V., Veno-venous bypass in orthotopic liver transplanta-
tion, 1999 [16])

temperature regulation for controlled patient warming 
or cooling during surgery.

In addition, the authors supplement the system with 
bubble sensors on both the inflow and outflow lines, 
thereby improving procedural safety by reducing the 
risk of air embolism. Particular emphasis is placed on 
the use of heparin-coated materials, which decrease the 
requirement for systemic anticoagulation and enhance 
circuit biocompatibility.

The authors also note that a hemoconcentrator may be 
integrated into the VVS circuit when clinically indicated. 
However, they do not recommend the routine addition of 
other auxiliary devices because of the increased risk of 
air embolism. Instead, when required, continuous renal 
replacement therapy is performed intraoperatively as a 
separate procedure [12].

The Austin Health Transplant Center in Melbourne, 
Australia, analyzed 900 liver transplantations performed 
between 2008 and 2022 and reported that 27 patients 
(more than 3%) required emergency intraoperative use 
of VVS. In an additional 16 cases, the use of VVS had 
been planned from the outset.

Weinberg et al. reported two VVS configurations: in 
the first approach, active drainage from either the portal 
vein or femoral vein was directed into the right internal 
jugular vein; in the second approach, simultaneous shun-
ting from the femoral and portal veins into the axillary 
vein was performed without the use of an oxygenator or 
heat exchanger. This latter technique was comparable 
to the method originally described by Griffith et al. in 
1985 [13].

Despite the availability of the technique and its wi-
despread clinical adoption beginning in the 1980s, the 
routine use of VVS in LT practice has gradually decli-
ned worldwide. Several factors contribute to this trend, 
including the high cost of VVS, the risks associated 
with insertion of large-bore catheters and the shunting 
procedure itself, the potential for hypothermia, and the 
emergence of alternative techniques [3].

Traditional surgical techniques for LT involve com-
plete cross-clamping and resection of the retrohepatic 
IVC, together with temporary portal vein clamping. The-
se maneuvers may result in pronounced hemodynamic 
disturbances, including reduced venous return, decrea-
sed cardiac output, distal venous congestion, and organ 
hypoperfusion, all of which can be life-threatening for 
patients in poor general health [15].

Analysis of the Russian-language literature revealed 
relatively limited data on the use of VVS between 1990 
and 2012, with 2023 considered separately due to incre-
ased research interest. In 1999, Lokshin and Laptiy pub-
lished a paper titled “Veno-venous shunting in orthotopic 
liver transplantation” in which they reported the use of 
VVS in 28 patients employing a centrifugal pump with 
inflow and outflow perfusion lines (Fig. 3). The confi-
guration represented a classical VVS technique. Their 
study demonstrated the benefits of VVS in preventing 
ischemic injury to the abdominal organs and kidneys, 
reducing intraoperative and postoperative complications, 
and emphasized the necessity of VVS in recipients with 
certain anatomical features [16, 17].

In 2008, Lutzyk published an experimental study 
titled “Collateral Venovenous Shunting in Liver Trans-
plantation”, which demonstrated the application of a mo-
dified VVS system and technique. The study showed that 
the method provided stable hemodynamic parameters 
without significant disturbances in patient homeostasis, 
despite the use of heparin-coated tubing. The authors also 
emphasized the advantages of centrifugal pumps over 
roller pumps, as the latter caused mechanical damage to 
blood cells and resulted in hemolysis in 58% of cases.

The principal modification compared with the clas-
sical VVS configuration was the incorporation of a heat 
exchanger before reinfusion of blood into the axillary 
vein, thereby enabling maintenance of a controlled tem-
perature throughout the procedure [18, 19, 21].

Following a prolonged period of limited activity in 
this field, a significant development occurred in 2023, 
when the Shumakov National Medical Research Center 
of Transplantology and Artificial Organs registered a 
patent entitled “System and Method of Extracorporeal 
Circulation During Liver Surgery”. In addition, Bon-
darenko et al. reported the use of a proprietary VVS 
technique incorporating an oxygenator/heat exchanger 
and a venous reservoir, allowing immediate reinfusion 
of shed blood into the SVC system via a double-lumen 
catheter inserted into the jugular vein (Fig. 4) [20].
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Fig.  4. Schematic representation of veno-venous shunting 
using an oxygenator/heat exchanger and a venous reservoir 
[20]. Abbreviations: IVC, inferior vena cava; CRRT, conti-
nuous renal replacement therapy

This system and technique combine the advantages of 
conventional VVS with the ability to control the patient’s 
intravascular volume status, thereby reducing the im-
pact of intraoperative blood loss and decreasing the need 
for transfusion of blood products during surgery. The 
percutaneous approach for jugular vein catheterization 
eliminates many of the disadvantages associated with 
open surgical access to the axillary vein.

Over the past two decades, VVS techniques have 
undergone substantial refinement, including the intro-
duction of percutaneous cannulation as a safer and tech-
nically simpler alternative to traditional open surgical 
access. The percutaneous approach has demonstrated 
advantages in terms of procedural safety and ease of 
implementation.

Moreover, advances in extracorporeal technologies, 
including improvements in ECC design, such as integ-
ration of heat exchangers to prevent perioperative hypo-
thermia, and the availability of coated (coagulation-inert) 
circuits for better anticoagulation management, have 
expanded the clinical applicability and importance of 
VVS in critically ill patients undergoing LT. Collectively, 
these innovations have enhanced surgical outcomes [1].

A number of studies evaluating the use of veno-ve-
nous/portal (VVP) shunting in LT have reported favora-
ble outcomes. These studies indicate that VVP shunting 
contributes to intraoperative hemodynamic stability, re-
duces operative time, and improves postoperative outco-
mes, particularly in patients with renal dysfunction. Ad-
ditionally, it has been associated with a lower incidence 
of complications such as cardiac arrhythmias, pulmonary 
hypertension, and right ventricular dysfunction. Overall, 

these findings support improved recipient safety through 
a reduction in perioperative surgical risks, thereby rein-
forcing the role of VVS in minimizing complications 
and enhancing LT outcomes [2, 3].

In turn, the effectiveness of VVP shunting during 
LT was further demonstrated by Mossdorf et al., who 
analyzed 163 consecutive liver transplants performed at 
a single center following the initiation of its transplant 
program in 2010. Mean operative time was 269 minutes, 
while mean warm ischemia time did not exceed 43 mi-
nutes. The median requirement for red blood cell and 
plasma transfusions was 7 and 14 units, respectively. 
No intraoperative mortality was reported, and the 30-
day mortality rate was 3%, with no severe complications 
attributable to the shunting procedure.

The VVS technique in this series was primarily used 
to minimize intravascular volume overload, reduce the 
need for vasopressor therapy, limit myocardial injury, 
and improve peripheral circulation [14].

In a 2019 comparative study, researchers evaluated 
the impact of VVS during liver resections involving 
prolonged vascular isolation and hypothermic organ 
perfusion. It was found that the use of VVS was asso-
ciated with significantly reduced intraoperative blood 
loss (p = 0.010) and a lower incidence of postoperative 
respiratory complications – 15% in the VVS group com-
pared with 64% in patients without VVS (p = 0.012).

Although the operative time was longer in the VVS 
group (460 vs. 375 minutes, p = 0.023), no statistically 
significant differences were observed between the groups 
in terms of postoperative mortality or incidence of major 
complications.

These findings highlight the potential benefits of 
VVS in improving surgical outcomes during complex 
liver resections involving prolonged vascular isolation 
and hypothermic liver perfusion. Accordingly, the study 
supports the recommendation to use this method in such 
cases [25].

Sakai et al. reported that the introduction of tech-
niques for preserving the retrohepatic segment of the 
IVC in LT significantly reduced the need for VVS si-
gnificantly and represented a notable advancement in 
surgical strategy. Nevertheless, VVS continues to serve 
as a valuable adjunctive method in LT practice.

Traditionally, venous return cannulation via open ac-
cess through the axillary vein has been associated with 
considerable risks, including lymphorrhea, infection, 
and injury to the brachial plexus. Consequently, in adult 
LT, percutaneous insertion of the return cannula into the 
internal jugular vein is now preferred as a safer alternati-
ve. This approach not only minimizes procedure-related 
complications but also improves the overall safety and 
effectiveness of the surgical intervention [26].

A retrospective study by Sun at al. evaluated the ef-
fect of VVS on the development of acute kidney injury 
(AKI) following LT. Among 1,037 patients included 
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in the analysis, 247 received intraoperative VVS. The 
incidence of AKI was significantly lower in patients 
with pre-transplant renal dysfunction (serum creatinine 
>1.2 mg/dL) who underwent VVS, and VVS was iden-
tified as an independent protective factor against AKI. 
However, no significant differences were observed in the 
requirement for renal replacement therapy or 1-year mor-
tality between groups. In patients with normal baseline 
renal function (creatinine <1.2 mg/dL), the incidence of 
postoperative hemodynamic disturbances did not differ 
significantly between VVS and non-VVS groups. Ove-
rall, the findings suggest that intraoperative VVS may 
reduce the risk of post-transplant renal complications in 
patients with pre-existing renal impairment, although 
further studies are required to confirm this effect [27].

In another report, Rocco et al. described two cases of 
complex orthotopic LT in which VVS was employed to 
manage the porto-mesenteric compartment, with venous 
grafts anastomosed either to the inferior mesenteric vein 
(IMV) or the splenic vein (SV). In both cases, a per-
cutaneous femoral–axillary VVS was established prior 
to abdominal incision to facilitate control of massive 
collateral circulation within the abdominal wall. In the 
first case, the IMV was anastomosed to a donor venous 
graft, while in the second case, severe splenomegaly ne-
cessitated splenectomy, after which the SV was similarly 
anastomosed to the donor venous graft.

In both cases, connecting the distal end of the venous 
graft to the VVS circuit enabled effective decompression 
of the porto-mesenteric compartment. This resulted in a 
reduction in portal hypertension and improved surgical 
access to the hepatic hilum, which was particularly im-
portant in the context of complex dissection following 
previous extensive surgeries. The described technique 
is considered both safe and technically straightforward, 
and it may serve as a valuable alternative in patients 
requiring VVS who lack standard portal venous access, 
particularly in cases of severe portal hypertension or 
repeat LT procedures [12].

An unusual clinical case reported by Salloum at 
al. described a previously undocumented approach to 
VVS during LT using a patent paraumbilical vein. In this 
patient, preoperative computed tomography revealed 
a significantly dilated paraumbilical vein. Prior to ab-
dominal incision, a percutaneous femoro-axillary VVS 
was established and subsequently connected to the pa-
raumbilical vein, enabling continuous splanchnic venous 
decompression throughout the entire surgical procedure.

The successful use of the paraumbilical vein for VVS 
in this case suggests a promising approach for similar 
clinical scenarios in the future [28].

In 2024, Butt et al. from Abu Dhabi (United Arab 
Emirates) reported their experience with VVS in LT in 
a cohort of 11 patients with varied indications, inclu-
ding high Model for End-Stage Liver Disease (MELD) 
scores, prior abdominal surgeries with adhesions, recur-

rent spontaneous bacterial peritonitis, portal vein throm-
bosis, and coronary artery disease with heart failure. The 
authors reported favorable outcomes, with no vascular 
complications related to cannulation and no technical 
issues associated with the VVS circuit. Notably, post-
reperfusion syndrome was not observed in any of the 
cases [12].

The potential benefits of VVS include improved 
hemodynamic stability during the anhepatic phase due 
to preservation of venous return, reduced intraopera-
tive blood loss in the setting of portal hypertension, 
and maintenance of perfusion to vital organs [10, 29]. 
In addition, patients with metabolic or cholestatic liver 
diseases – even in the absence of clinically significant 
portal hypertension – may still be at risk of portal con-
gestion and therefore benefit from VVS or temporary 
portocaval shunting.

VVS may also facilitate blood flow redirection in 
cases of complex vascular anatomy or technically de-
manding surgery, such as massive hepatomegaly, while 
enabling decompression of the porto-mesenteric circu-
lation [3] and reducing diffuse abdominal bleeding from 
venous collaterals [14]. Finally, in cases of fulminant 
liver failure, VVS may help maintain venous return and 
reduce excessive fluid administration, thereby potenti-
ally limiting worsening intracranial hypertension and 
potential cerebral edema.

However, several authors have reported that in most 
comparative studies of LT outcomes with and without 
routine use of VVS, no statistically significant diffe-
rences were observed in operative time [9–13], blood 
product transfusion requirements [22, 23, 30], early post-
operative mortality [31], incidence of postoperative AKI 
[24, 32], early postoperative complication rates [24, 33], 
or length of hospital stay [23, 32, 34]. Based on these 
findings, some investigators do not recommend routine 
use of VVS, although they acknowledge that it may still 
be justified in selected clinical situations where specific 
indications are present [13].

In line with current clinical trends, the decision to 
employ VVS should therefore be made on an individu-
al, case-by-case basis, taking into account clearly defi-
ned indications and contraindications. Liver surgery in 
high-risk patients may be associated with substantial 
acute blood loss, necessitating immediate restoration of 
circulating blood volume. The use of blood reinfusion 
systems (CellSaver) does not always provide immediate 
reinfusion, this process requires a certain amount of time 
[35, 36].

Thus, while ongoing improvements in VVS systems 
have enhanced the safety and feasibility of the technique, 
the resolution of existing challenges has also given rise 
to new issues that require further investigation. Current 
practices among Russian scientists, as well as global 
trends, indicate that LT is increasingly performed without 
routine use of VVS.
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This global transition toward selective, rather than 
routine, application of VVS – based on specific disease 
indications, patient condition, and expanded surgical 
criteria – reflects growing interest in assisted circulation 
during LT. It also highlights efforts to address current 
controversies and unresolved issues, with the overar-
ching goal of improving procedural safety.

The authors declare no conflict of interest.
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