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Abstract

Background: It has long been debatedwhether cava anastomosis should be performed

with the piggyback technique or cava replacement, with or without veno-venous

bypass (VVB), with or without temporary portocaval shunt (PCS) in the setting of liver

transplantation.

Objectives: To identify whether different cava anastomotic techniques and other

maneuvers benefit the recipient regarding short-term outcomes and to provide

international expert panel recommendations.

Data sources:OvidMEDLINE, Embase, Scopus, Google Scholar, andCochraneCentral.

Methods: A systematic review following PRISMA guidelines and recommenda-

tions using the GRADE approach derived from an international expert panel

(CRD42021240979).
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Results: Of 3205 records screened, 307 publications underwent full-text assess-

ment for eligibility and 47 were included in qualitative synthesis. Four studies were

randomized control trials. Eighteen studies were comparative. The remaining 25 were

single-center retrospective noncomparative studies.

Conclusion: Based on existing data and expert opinion, the panel cannot recommend

one cava reconstruction technique over another, rather the surgical approach should

be based on surgeon preference and center dependent, with special consideration

toward patient circumstances (Quality of evidence: Low | Grade of Recommendation:

Strong). The panel recommends against routine use of vevo-venous bypass (Quality

of evidence: Very Low | Grade of Recommendation: Strong) and against the rou-

tine use of temporary porto-caval shunt (Quality of evidence: Very Low | Grade of

Recommendation: Strong).

KEYWORDS

caval replacement, cavocavostomy, liver transplantation, piggyback technique, renal function,
temporary portocaval shunt, venovenous bypass

1 INTRODUCTION

The initially described conventional orthotopic liver transplantation

(OLT) involves resection of the recipient native liver along with the

retrohepatic inferior vena cava (IVC), followed by the implantation of

a whole deceased donor liver graft with the interposed donor IVC. Tza-

kis et al. in 1989 first described the piggyback (Pb) technique, which

preserves the recipient IVC and intended to remove the need for veno-

venous bypass.1,2 The piggyback technique has had several iterations,

including the use of the three hepatic veins and the development of the

side-to-side cavo-cavostomy.3,4

1.1 Function and use of veno-venous bypass
during liver transplant

During the classic OLT procedure, simultaneous complete occlusion of

the recipient IVC and portal vein can lead to hemodynamic instability.

As a result, venovenous bypass (VVB) was developed to allow diver-

sion of blood from the recipient IVC and portal vein directly to the

patient’s superior vena cava during the anhepatic phase, using heparin-

bonded cannulae and a motor-driven bypass system.5,6 VVB can be

used either routinely or selectively in patients showing hemodynamic

instability after a trial of clamping the IVC and portal vein, prior to

explanting of the recipient’s liver. Outcome analysis of venous recon-

struction technique thereforehas to considerwhetherVVBbypasswas

utilized.

1.2 Use of temporary portocaval shunts

Temporary portocaval shunt (PCS) was first described by Tzakis et al.

in 1993.7 An end-to-side anastomosis is formed between the recipi-

ent’s portal vein and infrahepatic IVC; it is used as an alternative to

VVB in piggyback OLTs, to allow for decrease in portal venous pres-

sure and decreased congestion of the splanchnic bed, and intestinal

edema.

1.3 Previous reviews

There has previously been an attempt to compare transplant outcomes

related to the technique of venous reconstruction. A systematic review

was performed comparing the benefits and harms of piggyback tech-

nique to the conventional liver transplant concluded that they could

not recommend nor refute the use of the piggyback technique.8 Sim-

ilarly, a systematic review comparing the benefits and harms of VVB

could not support or refute the use of VVB in liver transplantation.9

An international survey of the practice of performing deceased

donor OLT was conducted by Kluger and coworkers and reported

in 2011. This survey, Survey of Adult Liver Transplantation (SALT),

encompassed 50 centers in Europe, eight centers in North America,

two in SouthAmerica, one in SouthAfrica, and three in theMiddle East.

Of note was that preservation of the IVC (for piggyback implantation)

was the most frequently used technique, being used routinely by 57%

of the teams and selectively by 38%. Venous bypasswas used in 15%of

cases of IVC preservation and in 58%when the IVCwas resected.10 No

outcome analysis was performed.

It has long been debated whether caval anastomosis in liver trans-

plantation should be performed with the piggyback technique or caval

replacement, with or without VVB, with or without temporary PCS,

regarding any potential short-term benefits to the recipient, such as

mortality or morbidity, including renal dysfunction.

1.4 Aim of the review

In this manuscript, we have reviewed the published literature on short

term outcomes of liver transplant related to the method of venous
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reconstruction with the goal of delineating recommendations based

on the existing data and the expert opinion of the panel. Additionally,

we aim to compare patients that underwent VVB versus no VVB and

temporary PCS versus no PCS.

2 METHODS

2.1 Protocol and registration

The study was conducted following the Preferred Reporting Items

for Systematic Reviews and Meta–Analyses (PRISMA) guidelines. The

protocol was registered on PROSPERO (CRD42021240979).

2.2 Eligibility criteria

The search terms were organized according to the PICO (population,

intervention, control, and outcomes) criteria. The population repre-

sents adult (aged18 years and older) recipientswho received deceased

donor. Recipients of split-liver grafts were excluded. Studies that that

reported on pediatric population alone, case reports or published in

language other than English were also excluded. The intervention

groups includedpatients that receivedapiggyback cava anastomosis, a

PCS, or VVB. The control groups included patients that received a cava

replacement. Results from the studies were not verified. The main aim

was to compare data from randomized controlled trials and to perform

metanalysis. However, comparative and single cohort studieswere also

included, retrospective or prospective, if transplant outcome data was

available.

2.3 Outcomes

The main outcomes were operative duration, blood transfusion

requirements. Additional outcomesweremortality, renal function, and

complications post-transplantation as well as hospital stay.

2.4 Information sources

A systematic literature review was performed on March 15, 2021,

searching the online databases, including Ovid MEDLINE, Embase,

Scopus, Google Scholar, Clinical.Trials.gov, and the Cochrane Central

Register of Controlled Trials. Both cava anastomotic techniques and

surgical shunts/VVB were included. There were no publication year

limitations. Studies reporting on pediatric populations as well as case

reports or conference abstracts were excluded.

2.5 Search

The following keywords were used in various combinations: (“cava

reconstruction techniques” OR “cava anastomosis” OR “cava

replacement” OR “cava resection” OR “conventional technique” OR

“piggy- back” OR “piggy back” OR “veno-venous bypass” OR “venove-

nous bypass” OR “porto-caval shunt” OR “portocaval shunt”) AND

((liver OR hepatic) AND (transplant OR transplantation))

2.6 Study selection

Bibliographic searches were performed by professional academic

librarians from the University of Zurich. Record screening was per-

formed by two independent authorswhile all authors determined eligi-

bility for each full text article using predefined criteria. Disagreements

were resolved by consensus.

2.7 Quality of studies and recommendations
grading

The “Grading of Recommendations Assessment, Development and

Evaluation” (GRADE) approach was used for grading quality of evi-

dence and strength of recommendations.11 The GRADE system was

designed to provide a comprehensive and structured approach to

rating the quality of evidence (QOE) for systematic reviews, and to

grade the strength of recommendations for development of guidelines

in health care. We applied the modified GRADE approach for QOE

assessment derived from systematic reviews using estimates summa-

rized narratively.12 The QOE was rated separately for each outcome.

The direction and strength of recommendation was assessed individu-

ally by all authors and disagreements resolved by consensus.13,14

3 RESULTS

3.1 Study selection

Of 3205 records screened, 307 publications underwent full-text

assessment for eligibility and 47 were included in qualitative synthe-

sis. Two hundred sixty articles were excluded, 164 were inappropriate

with regards to study outcomes, 20 were case reports, 68 did not have

full texts, and eight had no English text (Figure 1). Four studies were

randomized control trials (RCTs). Eighteen studies were comparative

cohorts. The remaining 25 were single-center retrospective noncom-

parative studies. Baseline characteristics, including study type, number

of subjects enrolled, and target outcomes, are reported in Table 1.

3.2 Study characteristics

The study characteristics are listed in Table 1.

3.3 Results of individual studies

The results of the individual studies as reported by the study authors

are listed in Table 2.
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F IGURE 1 Flow diagram of study extraction and selection

3.4 Operation duration in cava replacement
versus piggyback technique

The majority of the 16 observational comparative studies17,18,19,22,

23,31,33,40,43,44,48,51,53,55,58,59 and two RCTs5,32 demonstrated that the

operation duration in the piggyback group was less than that of the

cava replacement group. No studies demonstrated a shorter opera-

tive time in the cava replacement group. The quality of evidence rating

was low. Despite the presence of RCTs, RCTs were from 1997 and

2004, consisted of 39 and 67 patients at single centers, the RCTs were

dated and underpowered for the immediate and short-term outcomes

of interest.5,32

3.5 Units of packed red blood cells transfused
intraoperatively in cava replacement versus
piggyback technique

The majority of the 18 observational comparative studies17,18,19,22,

23,31,33,36,40,43,44,48,51,53,54,55,58,59 and two RCTs5,32 demonstrated that

the units of PRBCs transfused in the piggyback group was fewer than

that of the cava replacement group. No studies demonstrated the units

of PRBCs transfused in the cava replacement group was fewer. The

GRADE quality of evidence rating was low.

3.6 Early postoperative mortality in cava
replacement versus piggyback technique

All of the nine observational comparative studies17–19,27,33,36,40,53,58

and two RCTs5,32 demonstrated that there was no difference in early

postoperative mortality in the piggyback group and that of the cava

replacement group, except for one study that showed piggyback group

with less early postoperative mortality rate.58 The GRADE quality of

evidence rating was low.

3.7 Postoperative renal dysfunction in cava
replacement versus piggyback technique

The majority of the 14 observational comparative studies17,19,21,

27,31,33,40,43,48,51,53,54,58,59 and one RCT3 demonstrated that the there

was no difference in postoperative renal dysfunction in the piggyback
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TABLE 1 Study characteristics

Study type No. of patients Main outcomes assessed

Arzu,15 2008 Single-center, retrospective,

comparative

OLT PCS, Pb vs. No PCS, Pb

N= 186

(PCS, Pb N= 97

No PCS, Pb N= 89)

∙ Operative duration
∙ Creatinine post op day 3
∙ Blood Loss
∙ 1,3,12-month survival
∙ Hospital LOS
∙ CI/LVEF

Audet,16 2009 Single-center retrospective

Single-center experience withOLT

Pb

N= 423 ∙ Operative duration
∙ pRBCs given
∙ 1-year survival
∙ Surgical complications
∙ In hospital mortality

Barbas,17 2018 Single-center retrospective,

comparative

Cl vs. Pb vs. SS

N= 1233

(Cl N= 1076

PbN= 92

SSN= 65)

∙ Operative duration
∙ pRBCs given
∙ 1-year survival, 90-daymortality
∙ Peak creatinine
∙ 90-day graft failure rate
∙ Vasopressin use
∙ Hospital LOS
∙ Complication rate

(Clavien-Dindo> /= 3b)

Barshes,18 2004 Single center retrospective,

comparative

Cl vs. Pb inOLT

N= 220

(Cl N= 98

PbN= 122)

∙ 1,3-year survival; 90-daymortality
∙ Operative duration
∙ PRBCs given
∙ LOS
∙ complications

Brescia,19 2015 Prospective randomized control,

single-center

Randomized control trial Cl, VVB vs.

Pb

N= 32

(Cl, VVBN= 15

PbN= 17)

∙ Operative duration
∙ pRBCs given
∙ Estimatedmarginal mean creatinine
∙ Presence of severe ARF first 28 days

Postop
∙ 90-daymortality, 1-year survival
∙ Postop Ascites development
∙ Frequency of venous outflow obstruction

Busque,20 1998 Single-center retrospective, not

comparative

Single-center,

Pb with conversion to Cl

N= 131

(Cl (converted from Pb) N= 33

PbN= 81)

∙ Operative duration
∙ Blood transfused
∙ Estimatedmarginal mean creatinine
∙ max postop serum creatinine levels
∙ ICU/Hospital LOS
∙ Postopmortality

Cabezuelo,21

2003

Single-center retrospective

Pb vs. Cl, VVB vs. Cl, No VVB

N= 184

(Cl, VVBN= 20

Cl, No VVBN= 84

PbN= 80)

• Incidence Early Acute Renal Failure
• PRBC requirements

• Intraoperative complications

• Postreperfusion syndrome

Carvalho,22 1999 Single-center retrospective

Cl, VVB (ad hoc) vs. Pb

N= 51

(Cl, VVBN= 24

PbN= 27)

∙ Operative duration
∙ pRBCs given
∙ LOS
∙ Operativemortality
∙ Incidence of respiratory failure
∙ Incidence of pulmonary infiltrates

Chan,23 2017 Retrospective, provincial transplant

database, comparative

Comparison of three caval

reconstruction techniques

N= 200

(Cl N= 58

PbN= 72

SSN= 70)

•Operative time

•Blood loss
• 1-year mortality, in hospital mortality

• ICU, Hospital LOS

•Complications: HV, PV, HA thrombosis

(Continues)
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TABLE 1 (Continued)

Study type No. of patients Main outcomes assessed

De

Cenarruzabeitia,24

2007

Single-center retrospective

Advantage to PCS, Pb toNo PCS, Pb

N= 401

(PCS, Pb N= 356 [High portal flow

N= 162

Low portal flowN= 194]

No PCS, Pb N= 45 [High portal flow

N= 11

Low portal flowN= 34]

∙ Operation duration
∙ Postoperative creatinine (high portal

flow vs. low)
∙ pRBCs given (high portal flow vs. low)

Figueras,25 2001 Single-center prospective

randomized control trial

Temporary PCS, Pb-prospective

randomized study

N= 80

(PCS, Pb N= 40

No PCS, Pb N= 40)

∙ pRBCs given
∙ Operative duration
∙ Creatinine post-op day 3

Fleitas,26 1994 Single-center prospective

case series 44 consecutive

Piggyback technique

N= 44 ∙ Operative duration
∙ Total blood product requirement
∙ 90-day, 1-year survival

Ghazaly,27 2014 Single-center retrospective

Cl vs. Pb

N= 120

(Cl N= 93

PbN= 27)

∙ Short term dialysis
∙ Complications
∙ 90-daymortality
∙ 3months, 1-year graft survival
∙ Quality of life at 3, 12months

Ghinolfi,28 2011 Single-center retrospective

PCS

N= 148

(PCS, Pb N= 58

No PCS, Pb N= 90)

∙ pRBCs given
∙ 90-day, 1-year survival
∙ 90-day, 1-year graft loss
∙ Operative duration

Grande,29 1996 Prospective randomized control trial

Randomized control trial for VVB in

OLT

N= 77

(VVB= 38

NoVVB= 39)

∙ pRBCs given
∙ Serum creatinine level at post-op day 7
∙ Need for hemodialysis

Hesse,30 1997 Single-center retrospective

Single-center, SS with none, VVB or

PCS

N= 54

(SS N= 38

SS, VVBN= 8

SS, PCSN= 8)

∙ Operative duration
∙ pRBCs given
∙ change in Creatinine
∙ ICU LOS

Hesse,31 2000 Single-center retrospective

Single-center experience with Cl, Pb,

SS

N= 162

(Cl N= 75

PbN= 15

SSN= 72)

∙ Operative time
∙ pRBCs given
∙ highest cr POD0-7
∙ ICU LOS
∙ Complications: PV, HA thrombosis,

Ascites postop
∙ 12-month survival

Isern,32 2004 Single-center, Prospective

randomized control trial

Randomized control trial for Cl, VVB

vs. Pb, VVB

N= 67

(Cl, VVBN= 34

Pb, VVBN= 33)

∙ pRBCs given
∙ Operative duration
∙ 30-daymortality
∙ Hospital LOS
∙ Duration of mechanical ventilation

Jovine,5 1997 Single-center, prospective

randomized control trial

Randomized control trial for Cl, VVB

vs. Pb, VVB

N= 39

(Cl, VVBN= 19

Pb, VVBN= 20)

∙ pRBCs given
∙ Operative duration
∙ Renal failure
∙ Vascular complications
∙ Graft nonfunction
∙ Postoperativemorbidity, mortality

Khan,33 2006 Single-center retrospective

SS vs. Cl, VVB

N= 384

(Cl, VVBN= 138

SSN= 246[

No PCSN= 54

PCSN= 192])

∙ pRBCs given
∙ Operative duration
∙ Serum creatinine level post-op day 3
∙ Long-term survival, 30-daymortality
∙ Ventilator support
∙ ICU, Hospital LOS
∙ Complications: HA thrombosis, PNF

(Continues)
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TABLE 1 (Continued)

Study type No. of patients Main outcomes assessed

Kim,34 2018 Single-center retrospective

Single center divided 300 cases into

three groups by order of operation

date

N= 242

(Group 1: First 100N= 81

Group 2: 101–200 LTN= 78

Group 3: 201–300 LTN= 83)

∙ pRBCs given
∙ Operative duration

Kuo,35 1995 Single-center retrospective

VVB vs. No VVB in CL

N= 31

(VVBN= 20

NoVVBN= 11)

∙ Overall survival (time period not

specified)
∙ Peak creatinine (14 days postop)
∙ Operative time
∙ pRBCs given
∙ degree of weight gain
∙ ICU, Hospital LOS

Lerut,36 1997 Single-center retrospective

Single-center experience with Cl,

VVB vs Pb vs Pb, VVB

N= 116

(Cl, VVBN= 38

Pb, VVBN= 39

Pb, no VVBN= 39)

∙ pRBCs given
∙ 90-day, 1-year survival
∙ Peak ALT
∙ 90-day re-OLT
∙ PNF
∙ Need for postop HD

Lerut,37 2003 Single-center retrospective

Single-center experience with SS, no

VVB

N= 202 ∙ 3-month, 1-year survival
∙ Operation duration
∙ Blood loss
∙ ICU, Hospital LOS
∙ DeNovo Post OLT renal support
∙ Vascular complications

Levi,38 2012 Single-center retrospective review

comparing two eras for Pb

Comparison of two eras for Pb

N= 2000

(Era 1 6/94-5/02N= 1080

Era 2 6/02-10/10N= 920)

∙ Operation duration
∙ pRBC given
∙ 30-daymortality, 1-year survival
∙ Hospital LOS

Mangus,39 2007 Single-center retrospective

PGB

N= 526 ∙ 3-month, 1-year survival
∙ 3-month, 1-year graft survival
∙ Hospital LOS
∙ PRBCs given

Margarit,40 1994 Single-center retrospective

Cl, VVB vs. Cl, no VVB vs. Pb

N= 119

(Cl, VVBN= 32

Cl, No VVBN= 24

PbN= 63)

∙ Operative duration
∙ Post-op serum creatinine
∙ pRBCs given
∙ 30-daymortality

Margarit,41 2005 Single-center retrospective

PCS, Pb vs. No PCS, Pb

N= 111

(PCS, Pb N= 57

No PCS, Pb N= 54)

∙ Operative duration

Mehrabi,42 2009 Single-Center Retrospective

SS

N= 500 ∙ PRBCs given
∙ Operative duration
∙ Complications
∙ 30, 90-daymortality
∙ Hospital, ICU LOS

Miyamoto,43

2004

Single-center retrospective

Cl vs. Pb

N= 167

(Cl N= 96

PbN= 71)

∙ 1 year survival
∙ Operative time
∙ pRBCs given
∙ Change in creatinine
∙ Complications
∙ ICU LOS
∙ Reinterventions

Moreno-

Gonzalez,44

2003

Single-center retrospective

Pb vs. Cl, VVB vs. Cl, No VVB

N= 50

(PbN= 17

Cl, VVBN= 16

Cl, No VVBN= 17)

∙ Operative duration
∙ pRBCs given
∙ postoperative complications
∙ reoperations
∙ retransplantation
∙ operativemortality

(Continues)
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TABLE 1 (Continued)

Study type No. of patients Main outcomes assessed

Mossdorf,45 2015 Single-center retrospective

Single-center experience with VVB

N= 163 ∙ Operative duration
∙ pRBCs given
∙ 30-daymortality, 1-year survival
∙ Creatinine post-op day 3
∙ Bypass-related complications

Muscari,46 2005 Single-center retrospective

Single-center experience with PCS,

Pb

N= 156 ∙ Operative time
∙ pRBCs given
∙ early complications
∙ early mortality

Nacif,47 2020 Single-center retrospective

Cl, No VVB vs. Pb, No VVB

N= 999

(PCS, Pb N= 509

No PCS, Pb N= 490)

∙ pRBCs given
∙ Post-op day 3 serum creatinine level
∙ 1-year survival
∙ Operative duration
∙ Complication rate

Nishida,48 2006 Single-center retrospective chart

review

Cl vs Pb

N= 1067

(Cl N= 149

PbN= 918)

∙ Operative duration
∙ Serum creatinine level at post-op day 3
∙ Blood requirement
∙ 1-year survival
∙ ICU, Hospital LOS

Pratschke,49 2012 Single-center retrospective

Is PCS useful?

N= 448

(PCS, Pb N= 274

No PCS, Pb N= 174)

∙ Blood loss
∙ Serum creatinine level at post-op day 7
∙ Mean survival

Rayar,50 2017 Single-center retrospective review

with propensity scorematching

PCS inOLT propensity score analysis

N= 686

(PCS, SS N= 343

No PCS, SS N= 343)

∙ pRBCs given
∙ 1-year survival
∙ Operative time
∙ Complications
∙ ICU, Hospital LOS

Reddy,51 2000 Single-center retrospective

Pb vs. Cl, Pb with selective use of

VVB

N= 76

(Cl N= 40

PbN= 36)

∙ pRBCs given
∙ Creatinine post-op day 3
∙ Operative duration
∙ 1-year survival
∙ ICU, Hospital LOS
∙ Hospital charges

Remiszewski,52

2006

Single-center retrospective

Pb vs. Cl

N= 100

(Cl N= 50

PbN= 50)

∙ 1-year survival
∙ Postoperative complications
∙ Hospital LOS
∙ POD10AST/ALT/total Bilirubin

Sakai,53 2010 Single-center retrospective

Cl, VVB vs. Pb, VVB vs. Pb, No VVB

N= 426

(Cl, VVBN= 104

Pb, VVBN= 148

Pb, No VVBN= 174)

∙ pRBCs given
∙ Incidence of AKI, ARF
∙ Operative duration
∙ 30-day, 1-year survival
∙ HA thrombosis
∙ RE-exploration
∙ ICU, Hospital LOS
∙ Intraoperative complications

Schmitz,54 2014 Single-center retrospective

Cl, VVB vs. Cl, No VVB vs. SS

N= 414

(SS N= 176

Cl N= 238

[VVBN= 112

NoVVBN= 126])

∙ Renal function
∙ pRBCs given
∙ Complications: Biliary, vascular,

infectious

Shokouh-Amiri,55

2000

Single-center retrospective

Single-center experience with Cl,

VVB vs. Pb

N= 90

(Cl, VVBN= 56

PbN= 34)

∙ Operative duration
∙ pRBCs given
∙ 1-year survival
∙ ICU, Hospital LOS
∙ Hospital charges

(Continues)
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TABLE 1 (Continued)

Study type No. of patients Main outcomes assessed

Suarez-Munoz,56

2006

Single-center retrospective

PCS

N= 349

(PCS, Pb N= 160

No PCS, Pb N= 189)

∙ Operative duration
∙ Creatinine (maximum immediate post-op

serum level)
∙ Recovered RBCs
∙ ICU, Hospital LOS

Sun,57 2017 Single-center retrospective with

propensity scorematching

Cl, VVB vs. Cl, no VVB

N= 442

(Cl, VVBN= 221

Cl, No VVBN= 221)

∙ Operative duration
∙ AKI incidence
∙ pRBCs given
∙ 1-year mortality

Vieira deMelo,58

2011

Single center retrospective,

comparative

Cl, No VVB vs. Pb, No VVB

N= 195

(Cl, No VVBN= 125

Pb, No VVBN= 70)

∙ Operative duration
∙ 30-day, 1-year mortality
∙ POD3Cr
∙ pRBCs given
∙ Biliary, vascular, infectious complications
∙ ICU, Hospital LOS

Widmer,59 2018 Single-center retrospective,

comparative

Cl vs. Pb

N= 378

(Cl N= 201

PbN= 177)

∙ Operative duration
∙ pRBCs given
∙ AKI incidence
∙ 5-year survival
∙ ICU, Hospital stay
∙ Complication rate

Wu,60 2001 Single-center retrospective

Single-center experience with SS

N= 115

(SS, no VVBN= 54

SS, VVBN= 61)

∙ 1-year survival
∙ Maximum post-op serum creatinine in

the first 5 days
∙ Operative duration
∙ pRBCs given
∙ ICU, Hospital LOS

Cl- Classic caval resection, VVB-venovenous bypass, SS-side to side cavocavostomy, LOS-length of stay, PCS-portocaval shunt, POD-postoperative day,

ICU-intensive care unit, Pb-Piggyback technique, pRBCs-packed red blood cells, AKI-acute kidney injury, OLT-orthotopic Liver transplant, ALT- alanine

transaminase, AST-aspartate aminotransferase, NS-not significant, NA-not applicable.

group versus that of the cava replacement group. The GRADE quality

of evidence rating was low.

3.8 Early complications in cava replacement
versus piggyback technique

The majority of the 14 observational comparative studies17,23,27,

31,33,43,44,48,52–54,58,59 and one RCT3 demonstrated that there was no

difference in the early complication rate in the piggyback group ver-

sus that of the cava replacement group. TheGRADEquality of evidence

rating was low.

3.9 Hospital length of stay in cava replacement
vs piggyback technique

The majority of the 13 observational comparative studies17,18,22,

23,27,33,48,51,52,53,55,58,59 and one RCT32 demonstrated that the there

was no difference in the hospital LOS in the piggyback group versus

that of the cava replacement group. The GRADE quality of evidence

rating was low.

3.10 Operative duration in VVB versus no VVB

The majority of the seven observational comparative30,35,40,44,51,53,57

demonstrated that the operative duration in the noVVBgroupwas less

than that of the VVB group. The quality of evidence rating was very

low.

3.11 Units of packed red blood cells transfused
intraoperatively in VVB versus no VVB

The majority of the nine observational comparative

studies30,35,36,40,44,51,53,54,57 and one RCT29 demonstrated that

the units of PRBCs transfused in the no VVB group was fewer than

that of the VVB group. The GRADE quality of evidence rating was low.

3.12 Early postoperative mortality in VVB versus
no VVB

All of the three observational comparative studies36,40,53 demon-

strated that there was no difference in early postoperative mortality
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10 of 29 SHAKER ET AL.

in the no VVB group and that of the VVB group. The GRADE quality of

evidence rating was very low.

3.13 Postoperative renal dysfunction in VVB
versus no VVB

The majority of the nine observational comparative studies21,30,35,

40,51,53,54,57,60 and one RCT29 demonstrated that the there was no dif-

ference in postoperative renal dysfunction in the no VVB group versus

that of the VVB group. The GRADE quality of evidence rating was low.

3.14 Early complications in VVB versus no VVB

The majority of the three observational comparative studies44,53,54

demonstrated that there was no difference in the early complication

rate in the no VVB group versus that of the VVB group. The GRADE

quality of evidence rating was very low.

3.15 Hospital length of stay in VVB versus no
VVB

All of the three observational comparative studies35,51,53 demon-

strated that there was no difference in the Hospital LOS in the no VVB

group versus that of the VVB group. The GRADE quality of evidence

rating was very low.

3.16 Operation duration in PCS versus no PCS

The majority of the five observational comparative studies24,28,30,50,56

and one RCT25 demonstrated that the operative duration in the no

PCS group was no different than that of the PCS group. The quality of

evidence rating was low.

3.17 Units of packed red blood cells transfused
intraoperatively in PCS versus no PCS

The majority of the six observational comparative studies24,28,

30,49,50,56 and one RCT25 demonstrated that the PCS group required

fewer units of blood transfusion than in the no PCS group. The GRADE

quality of evidence rating was low.

3.18 Early postoperative mortality in PCS versus
no PCS

Both of the observational comparative studies28,50 demonstrated that

there was no difference in early postoperative mortality in the no PCS

group and that of the PCS group. TheGRADEquality of evidence rating

was very low.

3.19 Postoperative renal dysfunction in PCS
versus no PCS

The majority of the four observational comparative studies24,30,49,56

and one RCT25 demonstrated that the there was no difference in

postoperative renal dysfunction in the no PCS group versus that

of the PCS group. The GRADE quality of evidence rating was

low.

3.20 Early complications in PCS versus no PCS

Both of the observational comparative studies24,50 demonstrated that

therewas no difference in the early complication rate in the PCS group

versus that of the no PCS group. The GRADE quality of evidence rating

was very low.

3.21 Hospital length of stay in PCS versus no PCS

One of the two observational comparative studies56 (n= 349) demon-

strated that there was shorter hospital LOS (12.7 vs. 18.9 days,

p = .001) in the PCS group versus that of the no PCS group, the other

study showed no difference.50 The GRADE quality of evidence rating

was very low.

3.22 Quality of evidence

The main outcomes were identified by the panel as those of prime

importance prior to the data analysis. The summary of findings include

the early postoperative mortality, operation duration, early complica-

tion rate, units ofPRBCs transfused, hospital LOSand renal function for

caval resection versus piggyback, VVB versus no VVB, and PCS versus

no PCS. Additionally, the final QOE grading according to the GRADE

approach are summarized in Tables 3A, B, and C.

The QOE was rated low to very low for the reported outcomes

dependentoncavaanastomotic technique. Themain reasons fordown-

grading were imprecision due to large variation in study groups and

interventions as well as limitations due to the retrospective observa-

tional nature of most studies. The RCTs that were included were dated

and underpowered for the immediate and short-term outcomes we

were interested in.

Low quality of evidence despite RCTs secondary to dated trials,

underpowered for outcomes of interest, very low quality of evidence

for operative duration, mortality, complications, hospital LOS due to

only observational comparative studies with low numbers.
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3.23 Recommendations

The direction and strength of recommendation was rated as strong for

the surgical approach based on surgical and institutional preference.

The direction and strength of recommendation was rated as strong

against the routine use of VVB. The direction and strength of recom-

mendation was rated as strong against the routine use of temporary

PCS. (Tables 4A,B,C).

4 DISCUSSION

4.1 Cava replacement techniques

With the advent of different cava reconstruction techniques for liver

transplantation (LT), there has been a debate as to whether one tech-

nique provides advantages over the other with regards to patient

outcomes. The panel considered the key clinical outcome variables and

there was consensus that immediate/early postoperative outcomes

of hospital LOS, operation duration, units of packed red blood cells

transfused, early mortality, early complication rates, and renal dys-

function as the outcomes of interest. After reviewing the literature

and performing a quality of evidence assessment according to the

GRADE criteria, there is a lack of high or moderate quality evidence

for each of outcomes. The two RCTs that were included were limited

and underpowered for the immediate and short-term outcomes we

were interested in. The only differences that were apparent were that

the Piggyback (Pb) group is related to a shorter operation duration

and fewer PRBCs transfused. The expert panel’s recommendation was

made that the surgical approach based on surgeon and institutional

preferences, with special consideration toward certain patient-related

factors. The panel cannot recommend one technique over the another

with regard to the outcomes considered. There is a need for multi-

center, prospective randomized trials to delineate the immediate and

short-term outcomes between the different surgical approaches.

There have been many modifications to the caval-preserving meth-

ods used in different conditions and indications at the time of trans-

plantation. The essential part of all these methods is to preserve the

inferior vena cava. We did not analyze the many variants of the PB

technique to determine whether any methods are better than others.

These technical variants require careful evaluation and comparison

to determine the relative benefits and harms of each of the different

techniques. The primary end points of such studies should be identi-

fied in advance to ensure they can adequately determine the optimal

technique.

The degree of caval occlusion during piggyback technique can be

variable depending on caval anatomy and positioning of clamp. Oliver

et al. measured the anhepatic inferior vena cava pressure gradient and

found that it varied substantially, with pressure gradient being linearly

associated with early acute kidney injury (AKI).61 This suggests that

renal venous congestion is an etiological factor to post operative AKI.

Fabes et al. described a less invasive method of assessing the gradient

using saphenous vein pressuremonitoring.62

4.2 Venovenous bypass

With regard to the routine use of VVB, similar to the cava reconstruc-

tion technique, the panel considered the key clinical outcome variables

and there was consensus that the immediate/early postoperative out-

comes of hospital LOS, operation duration, units of packed red blood

cells transfused, early mortality, early complication rates, and renal

dysfunction as the outcomes of interest. After reviewing the litera-

ture and performing a quality of evidence assessment according to the

GRADE criteria, the quality evidence for each of the outcomes was

very low. The one RCT that was included was limited and underpow-

ered for the immediate and short-term outcomes we were interested

in. The only differences that were found were that the group with VVB

had longer operative duration andmore PRBCs transfused. The expert

panel’s recommendation was against routine use of VVB in liver trans-

plantation, while recognizing that there are certain situations where

it can be considered, but in such situations, there needs to a balance

that includes surgeon familiarity, organizational familiarity, and level

of experience of the anesthesiology team. There is a need for multi-

center, prospective randomized trials to delineate the immediate and

short-term outcomes for the routine use of VVB.

Advantages of VVB include a reduction in cardiovascular instability

resulting from reduced venous return to theheart during venous cross-

clamping, particularly in patients with acute liver failure or in patients

with noncirrhotic indications forOLTwhomaynot havedevelopedpor-

tosystemic venous collaterals.7 Since our review did not find an impact

onmortality, complication rate, renal function, or hospital stay, then the

importance of achieving this reduction in cardiovascular instability is

not clear.

However, the VVB can cause complications, some of them fatal.

Complications associated with VVB were described as occurring in

10–30% of cases.63 These include seroma at the site of cannulae inser-

tion, hematoma, wound infection, deep venous thrombosis, and nerve

injury.7,64,65 The most frequent complications are wound lympho-

coeles, both in the inguinal and axillary incisions. They can be avoided

by careful dissection and ligation of all lymphatics. Lymphocoeles are

usually self-limiting and self-healing, but occasionally chronic lymphor-

rhea can be quite disabling and requires surgical correction.64,65 Less

invasive approaches to percutaneous cannulation of the femoral vein

and internal jugular vein may obviate wound complications associated

with cutdowns, however the risk of hematoma formation or venous

perforation exists with these techniques.66 Mortality has also been

described with an air embolus at the time of decannulation as well

as intracircuit clots and a subsequent pulmonary embolus, the latter

having occurredmainly when non-heparin bonded tubing was used.65

4.3 Temporary portocaval shunt

With regard to the routine use of temporary PCSs, the panel con-

sidered the key clinical outcome variables and there was consensus

that the immediate and early postoperative outcomes of hospital LOS,

operative duration, units of packed red blood cells transfused, early
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TABLE 4

A. Cava anastomotic techniques

Question:Which cava anastomotic techniques are optimal regarding immediate and short-term outcomes after liver transplantation?

Judgment

Decision domain Yes No Reason for Judgment

Balance between desirable and undesirable outcomes

(estimated effects), with consideration of values and

preferences (estimated typical)

✓ There was no difference in immediate and short term

outcomes after liver transplantation between the

different cava anastomotic techniques with regard to

hospital stay, postoperative renal dysfunction,

complication rates, and early mortality.With regard

to the operative duration and units pRBCs

transfused, the Pb group had lower operative

duration and less pRBCs transfused.

Confidence in themagnitude of estimates of effect of

the interventions on important outcomes (overall

quality of evidence for outcomes)

✓ pRBCs transfused, early mortality, postoperative renal

function, complication rate:

Very low●○○○

Hospital LOS andOperative duration:

Low●●○○

Confidence in Values and Preference, and their

Variability

✓ Based on the limited data and clinical experience of all

the authors, it is difficult to recommend one cava

anastomotic technique over the other.

Resource implications ✓ If Caval replacement is usedwith VVB, then there are

more resources required to put a patient on

venovenous bypass. This includes additional costs

and personnel. If no VVB is used, the resource

implications are negligible.

Overall Quality of Evidence: Low

Recommendation: Strong for Surgical approach based on surgeon preference and center dependent,

with special consideration towards certain, panel cannot recommend

one technique vs another with regard tomain outcomes

B. Temporary Portocaval Shunt

Question: Temporary Portocaval Shunt

Judgment

Decision domain Yes No Reason for Judgment

Balance between desirable and undesirable outcomes

(estimated effects), with consideration of values and

preferences (estimated typical)

✓ There was no difference in immediate and short term

outcomes after liver transplantation between the

different cava anastomotic techniques with regard to

postoperative renal dysfunction, complication rates,

operative duration and early mortality.With regard

to the units of pRBCs transfused, the no PCS group

had fewer units transfused.With regard to hospital

LOS, the PCS group had lower LOS.

Confidence in themagnitude of estimates of effect of

the interventions on important outcomes (overall

quality of evidence for outcomes)

✓ Early mortality, Hospital LOS, complication rate:

Very low●○○○

RBCs transfused, renal function, Operative duration:

Low●●○○

Confidence in Values and Preference, and their

Variability

✓ Based on the limited data and clinical experience of all

the authors, there is limited application of temporary

portocaval shunts in vena cava-preserving liver

transplantation and no role for routine use of PCS.

Resource implications ✓ In the case of temporary portocaval shunt placement,

the resources required for its placement are

negligible.

Overall Quality of Evidence: very low

Recommendation: Strong Considering all decision domains, the guideline panel recommends

against routine use of temporary PCS

(Continues)
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TABLE 4 (Continued)

C. Veno-venous bypass

Question: Veno-venous bypass

Judgment

Decision domain Yes No Reason for Judgment

Balance between desirable and undesirable outcomes

(estimated effects), with consideration of values and

preferences (estimated typical)

✓ There was no difference in immediate and short term

outcomes after liver transplantation between the

different cava anastomotic techniques with regard to

hospital stay, postoperative renal dysfunction,

complication rates, and early mortality.With regards

to operative duration, units pRBCs transfused, the

venovenous bypass group had shorter operative

duration and fewer units of PRBCs transfused.

Confidence in themagnitude of estimates of effect of

the interventions on important outcomes (overall

quality of evidence for outcomes)

✓ Early mortality, complication rate, Hospital LOS and

Operative duration:

Very low●○○○

pRBCs transfused, postoperative renal function:

Low●●○○

Confidence in Values and Preference, and their

Variability

✓ Based on the limited data and clinical experience of all

the authors, there is limited application of

venovenous bypass in liver transplantation and no

role for routine use of VVB.

Resource implications ✓ It is well known that more resources are required to

put a patient on venovenous bypass. This includes

additional costs and personnel. By not routinely

using venovenous bypass, significant resources are

saved by not using VVB.

Overall Quality of Evidence: very low

Recommendation: Strong Against routine use of venovenous bypass in Liver transplantation.

There are certain situations where it can be considered, but in such

situations there needs to balance that includes surgeon familiarity,

organizational familiarity and level of experience of the

anesthesiology team

Pb-Piggyback, Cl-Classic caval resection, pRBC-packed red blood cells, PCS-Porto-caval shunt, VVB-veno-venous bypass, LOS-length of stay.

mortality, early complication rates, and renal dysfunction as the out-

comes of interest. After reviewing the literature and performing a

quality of evidence assessment according to the grade criteria, the

quality evidence for each of the outcomes was very low. The one RCT

that was included was limited and underpowered for the immediate

and short-term outcomes we were interested in. The only differences

that were found were that the PCS group had fewer PRBCs trans-

fused and shorter hospital LOS. Considering all decision domains, the

expert panel’s recommendation was against routine use of temporary

PCS placement in liver transplantation, recognizing that there are rare

cases where a temporary PCS might be beneficial. There is a need for

multicenter, prospective randomized trials to delineate the immediate

and short-term outcomes for the routine use of PCS.

4.4 Limitations

The limitations of this study are that the quality of evidencewas low to

very low. The great majority of comparative studies were single center

and retrospective, with no recent, prospective RCTs.

5 CONCLUSION

The panel cannot recommend one cava reconstruction technique over

another, but rather the surgical approach should be based on surgeon

preference and center dependent, with special consideration toward

patient circumstances (Quality of evidence: Low | Grade of Recom-

mendation: Strong). The panel recommends against routine use of VVB

(Quality of evidence: Very Low | Grade of Recommendation: Strong)

and against the routine use of temporary porto-caval shunt (Quality

of evidence: Very Low | Grade of Recommendation: Strong). There

is a need for multicenter, prospective randomized trials to evaluate

the benefits and harms of the different cava reconstruction tech-

niques, the routine use of VVB, and the routine use of temporary

PCS.
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