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ABSTRACT

Portal vein thrombosis (PVT) is commonly encountered during liver trans-
plantation (LT). Depending on the grade of thrombosis, varied manage-
ment strategies are indicated. The aims of this study are to clarify the
contemporary role of renoportal anastomosis (RPA) in patients with
splanchnic vein thrombosis (SVT) undergoing LT and to systematically
analyze all reported cases of RPA. A systematic literature search was per-
formed according to Preferred Reporting Items for Systematic Reviews and
Meta- Analyses statement guidelines. The study was limited to studies
reported in English between January 1997 and May 2017. Only retrospec-
tive single center studies were included in the analysis. A total of 66
patients with SVT were reported to have undergone RPA during LT. Tran-
sient renal dysfunction was reported in 12 patients (18.1%), variceal hem-
orrhage in 2 patients (3%), early portal vein (PV) re-thrombosis in 2
patients (3%), chronic renal dysfunction in 2 patients (3%), and late PV
re-thrombosis in 1 patient (1.5%). The overall patient and graft survival
were each 80%. This analysis illustrates the decades-long evolution of a
technique practiced across the field of transplantation. Postoperative com-
plications and graft survival appear to be encouraging, even in the setting
of SVT.
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Introduction

Adequate portal flow to a transplanted liver graft is crit-

ical for graft function after both deceased donor whole

liver transplantation (LT) and living donor liver trans-

plantation (LDLT). Notably in LDLT, adequate portal

flow enables the partial liver graft to regenerate rapidly

and to satisfy the recipient’s increased metabolic

demands during the posttransplant period. Portal vein

thrombosis (PVT) is commonly encountered during

liver transplantation (LT) with a reported incidence

ranging from 2% to 26% [1]. The important objectives

of surgical PVT management are to: (i) establish ade-

quate blood flow into the allograft portal vein (PV), (ii)
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decompress the splanchnic circulation, and (iii) deliver

portal trophic factors to the allograft.

In 2000, Yerdel et al. [1] proposed a classification of

PVT defining four distinct grades. This classification

scheme has become a useful tool for planning therapeu-

tic options. Diffuse PVT, defined as complete thrombo-

sis of the PV and proximal and distal SMV (Grade IV),

is the most complex grade of thrombosis and necessi-

tates nonphysiologic portal inflow to the allograft.

Recently Sarin et al. [2] proposed a novel anatomico-

functional classification of PVT in cirrhotic patients.

This classification provides for a more precise descrip-

tion of the PVT, with categorization guided by site,

degree, presentation, and functional relevance of the

thrombosis. To date, there is yet a paucity of literature

discussing the best approach to management of com-

plete splanchnic vein thrombosis (SVT). The technical

approach to these high-grade thromboses is complex,

and associated with higher rates of morbidity and mor-

tality. Until approximately 15 years ago, diffuse SVT

was recognized as an absolute contraindication to LT,

however more recently, a variety of management strate-

gies have been devised. Caval inflow to the graft in the

form of either a lateroterminal cavo-portal anastomosis

(CPA), or the termino-terminal CPA, arterialization of

the PV and combined liver-small bowel transplantation/

multi-visceral transplantation (MVT) are techniques

that have been proposed to overcome this obstacle.

These approaches are associated with significant compli-

cations [3–23].
Cavoportal anastomosis has been associated with a

number of postoperative complications, including lower

torso edema and ascites in >50% of patients [4–8,11–
13,17,19–21]. In a large series of 23 CPAs described by

Selvaggi et al. [22], the incidence of both was as high as

91.4%. Reports from the literature estimate that 20–
30% of patients develop postoperative thrombosis,

either anastomotic or of the portal system. The high

incidence of cavo-mesenteric and portal thrombosis is

thought to be related to slower caval flow directed into

the graft [22,24,25]. After portal vein re-thrombosis,

pulmonary embolism has been reported to be the sec-

ond most common cause of mortality in patients

undergoing CPA [22]. Moreover, up to 30% of patients

experience gastrointestinal hemorrhage, and between

40–50% of the patients develop postoperative chronic

renal insufficiency [3,18,22,26].

Management strategies for patients undergoing com-

bined liver-small bowel transplantation and MVT are

limited by lack of donors and a high mortality rate on

the waiting list [27,28]. Waitlist mortality for patients

awaiting MVT is substantially higher than that reported

for any other solid organ transplant candidate group,

and has been reported to be as high as 50% [28,29].

Survival after small intestine transplantation has been

estimated to be approximately 86% after 3 months,

77% up to 1 year, 59% after 3 years, and 51% after

5 years [29]. In a large analysis of 98 patients undergo-

ing MVT, Tzakis et al. [27] reported posttransplant sur-

vival rates at 1, 3, and 5 years to be 65% � 5%,

49% � 5%, and 49% � 5%, respectively. Estimated

graft survival at the same time points was similar

(63% � 5%, 47% � 5%, and 47% � 5%, respectively).

Infection was the leading cause of mortality, reported in

38% of patients, followed by rejection (13% of

patients). Seven patients required re-transplantation

(7%), and 5 (71%) of these patients subsequently died.

Mangus et al. [30] recently reported their experience

with 84 patients undergoing MVT. The main indication

for PVT in adults was complete portal mesenteric

thrombosis. At a median mortality-adjusted follow-up

of 25 months, 1- and 3-year patient survival was 72%

and 57%, respectively. Posttransplant complications

included rejection (17% of patients), infection (>90% of

patients within the first year), graft versus host disease

(13% of patients), and posttransplant lymphoprolifera-

tive disorder (5% of patients).

Reno-portal anastomosis (RPA) has been proposed as

an alternative strategy to establish a portal inflow in

patients undergoing LT with extensive SVT or an oblit-

erated PV as a result of phlebosclerosis [31–45]. An

RPA can be performed between the left renal vein and

the allograft’s PV in an end-to-end or side-to end fash-

ion, with or without an interposition graft. In RPA,

adequate portal inflow without the steal phenomenon

can be achieved easily in patients with spontaneous or

surgical spleno-renal shunt (SRS).

The aims of this review are to clarify the contempo-

rary role of RPA in patients undergoing LT and to sys-

tematically analyze all reported cases of RPA, focusing

on short- and long-term outcomes.

Materials and methods

This systematic review was conducted in accordance

with the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses statement [46].

Selection criteria

Studies were considered for review if they fulfilled all of

the following inclusion criteria: (i) reports of adult/

118 Transplant International 2019; 32: 117–127

ª 2018 Steunstichting ESOT

D’Amico et al.



pediatric recipients of primary deceased donor LT and/

or LDLT who underwent RPA, (ii) studies describing

outcomes of various operative strategies for grade IV

PVT during LT, and (iii) studies reporting at least one

perioperative outcome following RPA. If the same insti-

tute reported more than one study, only the study with

the largest cohort of patients was included. Articles were

limited to those published in the English language dur-

ing a 20-year period from January 1997 through March

2018. There were no study restrictions regarding study

type or sample size. Review articles, letters, editorials,

abstracts, and case reports in which it was impossible to

retrieve or calculate data of interest or without a pub-

lished article were excluded.

Information sources and search strategy

Three of the manuscript’s authors (DG, QC, and DT) con-

ducted the literature search. Eligible studies were identified

using the following databases: PubMed, EMBASE, Scopus,

and the Cochrane Library Central. The following MESH

search headings were used: “portal vein thrombosis AND

liver transplantation”, “portal vein thrombosis AND reno-

portal anastomosis”, “portal vein thrombosis AND reno-

portal bypass”, “liver transplantation AND renoportal

anastomosis”, “liver transplantation AND renoportal

bypass”, “living donor liver transplantation AND renopor-

tal anastomosis”, “living donor liver transplantation AND

renoportal bypass”, “renoportal anastomosis”, “renoportal

bypass”, “renoportal”, “splenorenal shunt AND renoportal

anastomosis”, and “splenorenal shunt AND renoportal

anastomosis”. The reference lists of all retrieved articles

fulfilling the inclusion criteria were cross-checked to fur-

ther enrich the search. The last search is up to date as of

March 31, 2018 in all databases.

Study selection

Following the MeSH keyword and manual searches,

three reviewers independently performed screening of

all titles and abstracts. Studies were excluded if they did

not meet the above eligibility criteria. Consensus for

studies included for review was achieved by discussion

between reviewers based on the pre-determined inclu-

sion criteria.

Data analysis

After reviewing the full-texts of eligible studies, three

independent authors (DG, HA, and DT) performed the

data extraction and cross-checked all results. Study

characteristics, including author, year of publication,

country of enrollment, study design, number of

patients, and duration of study follow-up were col-

lected. Demographic patient data consisting of age, gen-

der, co-morbidities, etiology of liver disease, and

indication for LT were recorded. Surgical variables,

including grade of PVT, surgical intervention to enable

LT in the setting of PVT, type of PV anastomosis, post-

operative complications (ascites, transient renal dysfunc-

tion, infection, variceal hemorrhage, bile leak, hepatic

artery thrombosis, PV re-thrombosis, and chronic renal

dysfunction), morbidity, mortality rate, cause of death,

and postoperative survival rates were also noted. Any

disagreements encountered during data coding were

adjudicated by a third reviewer (CQ). Data were tabu-

lated, and cumulative analysis was performed when pos-

sible. Categorical variables were extracted as numbers

and reported as proportions. Regarding continuous

variables, the method proposed by Hozo et al. [47] was

utilized when data were presented as medians with a

range to estimate the respective means and standard

deviations. Descriptive statistics were used for data pre-

sentation and analysis.

Results

Search results and study characteristics

The results yielded by the initial search algorithm and

the subsequent selection process are described in Fig. 1.

Thirteen studies were excluded as obvious overlaps or

duplications. From the 61 records retrieved, 16 studies

were considered for final inclusion. Data from the 16

studies were collected, retrospectively. Full details and

results of the reviewed articles are provided in

Tables 1–4. All included studies were retrospective sin-

gle center reports. The largest cohort of patients in any

single study was (n = 17) [38,43].

Patient demographics and characteristics

A total of 66 patients who underwent LT combined

with RPA in the presence of diffuse PVT were identified

and included in the analysis. The demographic and clin-

ical data of these patients are summarized in Table 1.

The mean age of the population was 47 � 13.2 years,

the mean Model for End-Stage Liver Disease score was

22.2 � 7.4, and 72.7% of the patients were male. One

patient was a 14-year-old child. The most common

indications for LT were viral hepatitis, alcoholic liver

disease, and cryptogenic cirrhosis.

Transplant International 2019; 32: 117–127 119

ª 2018 Steunstichting ESOT

Renoportal anastomosis and liver transplantation



Operative data

Among those studies that provided details on donor

classification, 63% of grafts transplanted were a whole

liver, 18% were split, 7.5% were derived from living

donors, and 4.5% were domino grafts. The mean opera-

tive time was 608 � 193.3 minutes, mean hospital

length of stay was 33.1 � 23.23 days, and mean

Figure 1 Preferred reporting items for systematic reviews and meta- analyses flowchart for the selection of studies according to inclusion criteria.

Table 1. Characteristics of the 16 studies selected for data extraction

Center
Type
of study

Patients
number Journal Year

Sheil Australia R 1 Clin Transplantation 1997
Kato USA R 5 Arch Surg 2000
Miyamoto Japan R 1 Transplantation 2003
Marubashi Japan R 3 Transplantation 2005
Moon Korea R 5 Hepato-Gastroenterology 2008
Perumalla UK R 1 Transpl Int 2008
Gonzalez UK R 1 Transplantation Proc. 2009
Moon Korea R 1 J Am Coll Surg 2011
Bhangui France R 17 Annals of Surgery 2011
Uchida Japan R 1 Case Report in Surgery 2012
Matsumoto Japan R 1 Surg Today 2013
Quintini USA R 10 Liver Transplantation 2015
Golse France R 17 Transplantation 2015
Mori Japan R 1 J Hepatobiliary Pancreat Sci 2015
Ozdemir Turkey R 1 World J Transplantation 2017

R, retrospective.
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intensive care unit length of stay was 11 � 13.12 days.

The mean estimated operative blood loss was

6010 � 6500 ml and the mean packed red blood cells

transfusion requirement was 8.8 � 11.41 units. The left

renal vein was always used. A renoportal end-to-end

anastomosis between the native left renal vein and the

PV of the graft was performed in 91% of patients,

whereas a side-to-end anastomosis was performed in

9% of patients. Venous interposition grafts were used in

51% of patients. Donor iliac vein was the most com-

monly used graft. Seventy per cent of these patients had

a preexistent patent spontaneous SRS, 23% of patients

had a surgically constructed distal spleno-renal or renal-

lieno shunt, and 7.5% of the patients had no SRS.

Operative data are reported in Table 2.

The approach to the left renal vein was described in

10 out of 15 papers (67%). In 9 of these studies [31–
36,39,41,45], the anterior surface of the inferior vena

cava was dissected after the lateral border of the duode-

num was mobilized (termed the Kocher maneuver), and

the root of the left renal vein was exposed. Quintini

et al. [42] described a new approach, wherein the dis-

section of the left renal vein was achieved by caudal

mobilization of the soft tissue present on the anterior

wall of the vena cava (exposed during the hepatectomy)

until the left renal vein was reached at its insertion with

the inferior vena cava. This maneuver was facilitated by

the early transection of the recipient’s thrombosed PV

along with the rest of the hilar structures.

Anticoagulant and antiplatelet use after LT

Only four papers (27%) reported the use anticoagulants

after RPA. Golse et al. [43] and Bhangui et al. [38]

reported the use of heparin infusion initiated in the

intensive care unit. The rate of the heparin infusion was

adjusted to obtain an activated partial thromboplastin

time 1.5 to 2 times higher than the reference level. This

was replaced by a daily dose of low-molecular weight

heparin once the patient had moved to the ward and

was administrated until discharge. After their discharge,

prophylactic long-term aspirin therapy (250 mg/day)

was given to all patients. Moon et al. [35,39] reported

the use of daily aspirin to prevent prosthetic graft

thrombosis.

Postoperative complications

Overall, 71% of patients developed postoperative com-

plications, including ascites (18 patients, 27.2%), tran-

sient renal dysfunction (12 patients, 18.1%), infection

(13 patients, 19.6%),variceal hemorrhage (2 patients,

3%), bile leak/stenosis (4 patients, 6.1%), early hepatic

artery thrombosis (3 patients, 4.5%), early (diagnosed

during the same admission) PV re-thrombosis (2

patients, 3%), late (after 12 months) PV re-thrombosis

(1 patient,1.5%), and chronic renal dysfunction (2

patients, 3%) (Table 3). All cases of postoperative

ascites and transient renal dysfunction resolved within

3 months of LT.

Vascular complications

Hepatic artery thrombosis was reported in 3 patients as

an early event (defined as during the same admission as

LT), and was associated with fungal thrombosis in a

patient with human immunodeficiency virus, ileal per-

foration complicated by peritonitis, and biliary leak

from hepaticojejunostomy. Re-operation was needed in

2 of these patients, whereas the remaining patient

required re-transplantation. PV re-thrombosis was dis-

covered as an early event in 2 patients, with the earliest

diagnosis made on postoperative day 3. One of these

patients required portal angioplasty with stenting (re-

sulting in a satisfactory outcome), whereas the other

patient succumbed to multi-organ failure. One patient

was reported to have PV re-thrombosis as a late event

(defined as having occurred 12 months after LT) and

died while awaiting re-transplantation as a result of

multi-organ faliure.

Follow-up data

The mean follow-up of these patients was

35.2 � 29.7 months. The study with the longest dura-

tion of follow-up was 12 years [38]. At the time of the

last available follow-up, all-cause mortality was reported

to be 19.6% (13 patients) and overall patient and graft

survival were each 80%. Notably, mortality related to

thrombosis of the RPA was only 7.7% (1 patient).

Causes of death after LT included sepsis (4 patients,

30.7%), cerebral hemorrhage (4 patients, 30.7%), hepa-

tocellular carcinoma recurrence (2 patients, 15.4%),

multi-organ failure (1 patient, 7.7%), variceal hemor-

rhage (1 patient, 7.7%), and sudden cardiac arrest (1

patient, 7.7%). No patients died from complications

directly related to the surgical procedure (Table 4).

Discussion

Portal vein thrombosis has been a historically unfavor-

able condition for performing LT. Over the course of

122 Transplant International 2019; 32: 117–127

ª 2018 Steunstichting ESOT

D’Amico et al.



the last two decades, various surgical approaches have

been described, which have facilitated LT in the case of

PVT. A major factor in the selection of an optimal sur-

gical strategy in the setting of PVT is the capability to

exactly assess the localization and extension of PVT.

The ideal technique to address the complexity of PVT

during LT remains controversial, especially for diffuse

SVT. The clinical decision depends primarily on the

degree of PVT and the experience of the surgeon.

D’Amico et al. [48] and Paskonis et al. [3] have pre-

viously summarized the different approaches to obtain

an adequate portal vein inflow according to the grade

of PVT. For Grade I, Grade II and Grade III PVT, por-

tal vein thrombectomy, extra-anatomic venous graft

interposition between superior mesenteric vein and por-

tal vein, and the use of coronary vein or large, unnamed

collateral veins, have been proposed. In the case of dif-

fuse SVT (Grade IV), combined liver-intestine trans-

plantation, CPA, and RPA have been considered as

technical alternatives for reconstruction of the graft por-

tal inflow.

In recent years, the overall results of combined liver-

intestine transplantation have been improved with a

three-year survival rate of approximately 60% at experi-

enced centers [29,49]. However, this combined

approach should be reserved as the last resort in the

presence of diffuse SVT.

The most commonly observed complications after

CPA have been ascites, renal dysfunction, variceal hem-

orrhage, and PV re-thrombosis [7–9,11–22]. Variceal

bleeding has been reported in approximately 30% of

patients, PV re-thrombosis in 20–30% of patients, and

chronic renal dysfunction in 40–50% of patients [4–
6,22]. Some of these phenomena are pathophysiological,

as prehepatic portal hypertension can persist after LT

with CPA. In principle, LT with CPA transforms the

condition of diffuse PVT in a patient with liver disease

into a condition of diffuse PVT in patients with a

healthy liver allograft.

Renoportal anastomosis was first described in 1997

by Sheil et al. [31] and further modified with interposi-

tion grafts by Kato et al. [32]. A total of 66 cases are

reported in the literature. The contribution of the SRS

to the outcome after RPA is evident. The SRS (surgical

or spontaneous) enables all three of the important

objectives of the surgical management of PVT to be

achieved; the SRS provides an adequate amount of

blood flow into the allograft PV, decompresses the

splanchnic vasculature, and delivers portal trophic fac-

tors to the allograft. Additionally, according to our cen-

ter’s experience, decompression of the portal

vasculature facilitates a less complex and essentially

bloodless hilar dissection. A major factor when

approaching this surgical strategy is the preoperative

Table 3. Post operative complications

Ascites
HA
thrombosis

Cerebral
hemorrhage ARF

Renoportal
thrombosis

Variceal
bleeding Infection

Biliary
leak/stenosis

Portal
stenosis

HA
Stenosis

Sheil 1
Kato 1* 2 1
Miyamoto
Marubashi 2
Moon 2 1
Perumalla
Gonzalez 1
Moon
Bhangui 4 1* 1 5 1† 2 2 1
Uchida
Matsumoto 1
Quintini 5 3 1 1 1
Golse 2 1* 3 2* 5 1
Mori 1
Ozdemir 1 1 1

HA; hepatic artery, ARF; acute renal failure.

*Early during the same admission.

†Late after 12 months.
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assessment of the localization and extension of SRS and

other collaterals (including esophageal, gastric, pancre-

atic, and duodenal), in order to have a complete map-

ping of the portal venous system. However, the

technique is also associated with certain disadvantages.

The large splenorenal collateral is preserved, therefore

any collaterals, such as varices, will remain present and

may deteriorate and hemorrhage; this risk is of special

concern in the case of LDLT with a small graft. Variceal

bleeding in patients with SRS is rare after deceased

whole graft LT [50]. Other possible disadvantages

include injury of the liver graft from the elevated portal

venous flow, renal dysfunction, anastomotic strictures

or thrombosis of the interposition graft, and hyper-

splenism.

According to the literature, approximately 50% of

patients with diffuse SVT will have a detectable SRS;

this suggests that almost half of Grade IV thromboses

may be suitable for a RPA. This option may serve to

expand the recipient pool. Our systematic review of the

existing literature demonstrates that complications in

patients with RPA are limited (Table 3). Three patients

(4.5%) experienced PT re-thrombosis and only one

patient (1.5%) died because of RPA thrombosis and

variceal hemorrhage. Despite concerns regarding renal

flow after RPA and subsequent renal congestion, only 2

patients (3%) developed chronic renal insufficiency.

This analysis begs an important question: is RPA a

relevant approach even in the case of diffuse SVT with-

out a SRS? We propose that RPA may be an option in

highly selected cases. In this clinical setting, available

options include a CPA with multi-visceral transplanta-

tion and a RPA. To date, five cases (7.5%) of RPA in

the absence of a SRS have been reported in the litera-

ture, four of which were reported by Bhangui et al.

[38], and one case was reported by Gonzalez-Pinto

et al. [37]. Three patients out of five died. None of the

deaths were related to the procedure or complications

of the RPA. The RPA was patent in all patients up until

the time of death, and no patients manifested evidence

of portal hypertension. We estimate, according to the

data reported in literature, that approximately 5–10% of

all cases with PVT without SRS could be successfully

transplanted.

Renoportal anastomosis ensures adequate portal per-

fusion with a flow rate matching that of the native PV,

and carries additional advantages such optimal coaxial-

ity, congruence of the anastomosed vessels, and preser-

vation of the retrohepatic inferior vena cava flow.

Moreover, RPA obviates the specific and frequent

Table 4. Follow-up data

Author
Patients
(n = 66)

Mortality
n = 13 (20%)

Cause of
death

Graft
survival n = 53
(80%)

Patients
survival
n = 53 (80%)

Follow-up
(month)

Sheil 1 0 – 1 1 60
Kato 5 1 Sepsis 4 4 17.7 � 15.4
Miyamoto 1 0 – 1 1 3
Marubashi 3 0 – 3 3 28 � 17
Moon 5 1 Cerebral hemorrhage 4 4 19.4 � 16.1
Perumalla 1 0 – 1 1 12
Gonzalez 1 0 – 1 1 1.5
Moon 1 0 – 1 1 8
Bhangui 17 6 Cerebral Hemorrhage

Sepsis (n = 2)
Myocardial Infarction
HCC Recurrence
Variceal Bleeding

11 11 62 � 45.6

Uchida 1 0 – 1 1 36
Matsumoto 1 1 – 1 1 4
Quintini 10 0 – 10 10 42.2 � 21.1
Golse 17 4 Cerebral Hemorrhage (n = 2)

HCC Recurrence
Multi-organ failure

13 13 36

Mori 1 0 – 1 1 –
Ozdemir 1 1 Sepsis 0 0 2
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complications associated with CPA [4–22]. In addition,

as Bhangui et al. [38] hypothesized, over a period of

time, the flow of blood may be directed from the high-

pressure splanchnic system to the low-pressure caval

system, thereby decompressing the portal circulation

and resolving the portal hypertension.

A key component in the selection of the patients who

would be suitable candidates for RPA in the setting of

diffuse SVT is the measurement of intraoperative flow.

The measurement of intraoperative flow has been

shown to be a useful tool for assessing PV flow, hepatic

artery flow, and the need for shunt ligation if there is a

significant collateral steal [51–53]. However, the use of

intraoperative flow measurements is still not universally

accepted. Normally, the liver receives a total blood flow

of 100 to 130 ml/min/100 g of parenchyma, 20% to

30% of which is supplied by the hepatic artery, and the

remainder by the PV [54]. The left renal vein flow rep-

resents approximately 12.5% of the cardiac output. A

normal resting cardiac output of 5.6 l/min for a 70 kg

patient would translate to a left renal vein flow of

700 ml/min; for a cirrhotic patient, the left renal vein

flow can reach up to 900 ml/min. The additional con-

tribution of a SRS can account for up to a 1000 ml/min

flow (range 350–1000 ml/min) [55]. The ideal target PV

flow for a partial graft has been proposed to be twice

the perfusion observed in the full-size graft (260 ml/

min/100 g). A graft with adequate hepatic artery flow

(≥100 ml/min) and PV flow values (90 to 260 ml/min/

100 g according to the graft type) represents the best-

case scenario. Interpreting this data, we speculate that

RPA could be performed even without SRS, in the case

of a small size graft, if the flows permit it. A slightly

lower renoportal flow (because of the absence of SRS)

can be easily compensated by a higher arterial flow.

In summary, RPA is not a revolutionary technique;

this analysis demonstrates the decades-long evolution of

an efficacious technique practiced across the field of

transplantation. Postoperative outcomes and survival

appear to be encouraging, even in the setting of diffuse

PVT. We encourage other transplant centers to embrace

this technique with confidence in the management of

patients with diffuse PVT.

Funding sources

No funding.

Conflict of interest

The authors have no financial or proprietary interest in

the subject matter or materials discussed in the manu-

script.

REFERENCES

1. Yerdel MA, Gunson B, Mirza D, et al.
Portal vein thrombosis in adults
undergoing liver transplantation: risk
factors, screening, management, and
outcome. Transplantation 2000; 69: 1873.

2. Sarin SK, Philips CA, Kamath PS, et al.
Toward a comprehensive new classification
of portal vein thrombosis in patients with
cirrhosis. Gastroenterology 2016; 151: 574.

3. Paskonis M, Jurgaitis J, Mehrabi A,
et al. Surgical strategies for liver
transplantation in the case of portal
vein thrombosis–current role of
cavoportal hemitransposition and reno-
portal anastomosis. Clin Transplant
2006; 20: 551.

4. Tao YF, Teng F, Wang ZX, et al. Liver
transplant recipients with portal vein
thrombosis: a single center retrospective
study. Hepatobiliary Pancreat Dis Int.
2009; 8: 34.

5. Tzakis AG, Kirkegaard P, Pinna AD, et al.
Liver transplantation with cavoportal
hemitransposition in the presence of

diffuse portal vein thrombosis.
Transplantation 1998; 65: 619.

6. Pinna AD, Nery J, Kato T, Levi D,
Nishida S, Tzakis AG. Liver transplant
with portocaval hemitransposition:
experience at the University of Miami.
Transplant Proc. 2001; 33: 1329.

7. Norrby J, Mj€ornstedt L, Liden H,
Friman S, Olausson M. Liver trans-
plantation using cavoportal hemi-
transposition: a possibility in the
presence of extensive portal vein
thrombosis. Transplant Proc. 2001; 33:
2495.

8. Santaniello W, Ceriello A, Defez M,
et al. Liver transplant with cavoportal
hemitransposition for portal and
mesenteric thrombosis: case report.
Transplant Proc. 2001; 33: 1488.

9. Weeks SM, Alexander JR, Sandhu J,
Mauro MA, Fair JH, Jaques PF.
Mechanic and pharmacologic treatment
of a saddle embolus to the portal vein
after liver transplantation and

portacaval hemitransposition. AJR Am J
Roentgenol 2000; 175: 537.

10. Shrotri M, Sudhindran S, Gibbs P, et al.
Case report of cavoportal hemi-
transposition for diffuse portal vein
thrombosis in liver transplantation.
Transplant Proc. 2003; 35: 397.

11. Gerunda GE, Merenda R, Neri D, et al.
Cavoportal hemitransposition: a
successful way to overcome the problem
of total portosplenomesenteric thro-
mbosis in liver transplantation. Liver
Transpl 2002; 8: 72.

12. Urbani L, Cioni R, Catalano G, et al.
Cavoportal hemitransposition: patient
selection criteria and outcome.
Transplant Proc. 2002; 34: 3331.

13. Varma CR, Mistry BM, Glockner JF,
Solomon H, Garvin PJ. Cavoportal
hemitransposition in liver transplantation.
Transplantation 2001; 72: 960.

14. Bakthavatsalam R, Marsh CL, Perkins
JD, Levy AE, Healey PJ, Kuhr CS.
Rescue of acute portal vein thrombosis

Transplant International 2019; 32: 117–127 125

ª 2018 Steunstichting ESOT

Renoportal anastomosis and liver transplantation



after liver transplantation using a
cavoportal shunt at re-transplantation.
Am J Transplant 2001; 1: 284.

15. Kumar N, Atkison P, Fortier MV, Grant
DR, Wall WJ. Cavoportal transposition
for portal vein thrombosis in a pediatric
living-related liver transplantation. Liver
Transpl 2003; 9: 874.

16. Verran D, Crawford M, Stormon M,
Shun A. Liver retransplantation in an
infant requiring cavoportal hemi trans-
position. Pediatr Transplant 2004; 8:
416.

17. Ceulemans B, Aerts R, Monbaliu D, et al.
Liver transplantation using cavoportal
transposition: an effective treatment in
patients with complete splanchnic
venous thrombosis. Transplant Proc.
2005; 37: 1112.

18. Yan ML, Zeng Y, Li B, et al.
Postoperative complications after liver
transplantation with cavoportal hemi-
transposition. Hepatobiliary Pancreat Dis
Int. 2008; 7: 322.

19. Ho MC, Hu RH, Lai HS, Yang PM, Lai
MY, Lee PH. Liver transplantation in a
patient with diffuse portal venous system
thrombosis. Transplant Proc. 2000; 32:
2174.

20. Bernardos A, Serrano J, Gomez MA,
et al. Portal vein thrombosis: an
emergency solution for blood flow in
liver transplantation. Transpl Int 2003;
16: 500.

21. Egawa H, Tanaka K, Kasahara M, et al.
Single center experience of 39 patients
with preoperative portal vein thrombosis
among 404 adult living donor liver
transplantations. Liver Transpl 2006; 12:
1512.

22. Selvaggi G, Weppler D, Nishida S, et al.
Ten-year experience in porto-caval
hemitransposition for liver trans-
plantation in the presence of portal vein
thrombosis. Am J Transplant 2007; 7:
454.

23. Azoulay D, Hargreaves GM, Castaing D,
Bismuth H. Caval inflow to the graft: a
successful way to overcome diffuse portal
system thrombosis in liver
transplantation. J Am Coll Surg 2000;
190: 493.

24. Cescon M, Sugawara Y, Kaneko J,
Ohtsuka H, Takayama T, Makuuchi M.
Restoration of portal vein flow by
splenorenal shunt ligation and
splenectomy after living-related liver
transplantation. Hepatogastroenterology
2001; 48: 1453.

25. Azoulay D, Raccuia JS, Roche B, Reynes
M, Bismuth H. The value of early
transjugular liver biopsy after liver
transplantation. Transplantation 1996;
61: 406.

26. Azoulay D, Adam R, Castaing D, et al.
Liver transplantation with cavoportal or

renoportal anastomosis: a solution in
cases of diffuse portal thrombosis.
Gastroenterol Clin Biol 2002; 26: 325.

27. Tzakis AG, Kato T, Levi DM, et al. 100
multivisceral transplants at a single
center. Ann Surg 2005; 242: 480;
discussion 491-483.

28. Smith JM, Skeans MA, Horslen SP,
et al. OPTN/SRTR 2015 annual data
report: intestine. Am J Transplant 2017;
17(Suppl 1): 252.

29. Roberts JP, Brown RS, Edwards EB, et al.
Liver and intestine trans-
plantation. Am J Transplant 2003; 3
(Suppl 4): 78.

30. Mangus RS, Tector AJ, Kubal CA, Fridell
JA, Vianna RM. Multivisceral
transplantation: expanding indications
and improving outcomes. J Gastrointest
Surg. 2013; 17: 179.; discussion p.186-
177.

31. Sheil AG, Stephen MS, Chui AK, Ling J,
Bookallil MJ. A liver transplantation
technique in a patient with a
thrombosed portal vein and a
functioning renal-lieno shunt. Clin
Transplant 1997; 11: 71.

32. Kato T, Levi DM, DeFaria W, Nishida
S, Tzakis AG. Liver transplantation with
renoportal anastomosis after distal
splenorenal shunt. Arch Surg 2000; 135:
1401.

33. Miyamoto A, Kato T, Dono K, et al.
Living-related liver transplantation with
renoportal anastomosis for a patient
with large spontaneous splenorenal
collateral. Transplantation 2003; 75:
1596.

34. Marubashi S, Dono K, Nagano H, et al.
Living-donor liver transplantation with
renoportal anastomosis for patients with
large spontaneous splenorenal shunts.
Transplantation 2005; 80: 1671.

35. Moon DB, Lee SG, Ahn CS, et al.
Technical modification of reno-portal
anastomosis in living donor liver
transplantation for patients with
obliterated portal vein and large
spontaneous splenorenal shunts.
Hepatogastroenterology 2008; 55: 2193.

36. Perumalla R, Jamieson NV, Praseedom
RK. Left renal vein as an option for
portal inflow in liver transplant
recipients with portal vein thrombosis.
Transpl Int 2008; 21: 701.

37. Gonz�alez-Pinto IM, Miyar A, Garc�ıa-
Bernardo C, et al. Renoportal
anastomosis as a rescue technique in
postoperative portal thrombosis in liver
transplantation. Transplant Proc. 2009;
41: 1057.

38. Bhangui P, Lim C, Salloum C, et al.
Caval inflow to the graft for liver
transplantation in patients with diffuse
portal vein thrombosis: a 12-year
experience. Ann Surg 2011; 254: 1008.

39. Moon DB, Lee SG, Ahn CS, Ha TY, Park
GC, Yu YD. Side-to-end renoportal
anastomosis using an externally stented
polytetrafluoroethylene vascular graft for
a patient with a phlebosclerotic portal
vein and a large spontaneous splenorenal
shunt. J Am Coll Surg 2011; 212: e7.

40. Uchida H, Sakamoto S, Shigeta T, et al.
Living donor liver transplantation with
renoportal anastomosis for a patient
with congenital absence of the portal
vein. Case Rep Surg. 2012; 2012: 670289.

41. Matsumoto Y, Ikegami T, Morita K,
et al. Renoportal anastomosis in right
lobe living donor liver transplantation:
report of a case. Surg Today 2013; 43:
1316.

42. Quintini C, Spaggiari M, Hashimoto K,
et al. Safety and effectiveness of
renoportal bypass in patients with
complete portal vein thrombosis: an
analysis of 10 patients. Liver Transpl
2015; 21: 344.

43. Golse N, Bucur PO, Faitot F, et al.
Spontaneous splenorenal shunt in liver
transplantation: results of left renal vein
ligation versus renoportal anastomosis.
Transplantation 2015; 99: 2576.

44. Mori A, Iida T, Iwasaki J, et al. Portal
vein reconstruction in adult living
donor liver transplantation for patients
with portal vein thrombosis in single
center experience. J Hepatobiliary
Pancreat Sci. 2015; 22: 467.

45. Ozdemir F, Kutluturk K, Barut B, et al.
Renoportal anastomosis in living donor
liver transplantation with prior proximal
splenorenal shunt. World J Transplant.
2017; 7: 94.

46. Moher D, Liberati A, Tetzlaff J, Altman
DG, PRISMA Group. Preferred
reporting items for systematic reviews
and meta-analyses: the PRISMA
statement. PLoS Med 2009; 6: e1000097.

47. Hozo SP, Djulbegovic B, Hozo I.
Estimating the mean and variance from
the median, range, and the size of a
sample. BMC Med Res Methodol 2005;
5: 13.

48. D’Amico G, Tarantino G, Spaggiari M,
et al. Multiple ways to manage portal
thrombosis during liver transplantation:
surgical techniques and outcomes.
Transplant Proc. 2013; 45: 2692.

49. Kubal CA, Mangus RS, Tector AJ.
Intestine and multivisceral
transplantation: current status and
future directions. Curr Gastroenterol Rep
2015; 17: 427.

50. Wexler MJ, MacLean LD. Massive
spontaneous portal-systemic shunting
without varices. Arch Surg 1975; 110:
995.

51. Rasmussen A, Hjortrup A, Kirkegaard P.
Intraoperative measurement of graft
blood flow–a necessity in liver

126 Transplant International 2019; 32: 117–127

ª 2018 Steunstichting ESOT

D’Amico et al.



transplantation. Transpl Int 1997; 10:
74.

52. Chan SC, Lo CM, Chok KS, et al.
Modulation of graft vascular inflow
guided by flowmetry and manometry in
liver transplantation. Hepatobiliary
Pancreat Dis Int. 2011; 10: 649.

53. Troisi R, Cammu G, Militerno G, et al.
Modulation of portal graft inflow: a
necessity in adult living-donor liver
transplantation? Ann Surg 2003; 237:
429.

54. Greenway CV, Stark RD. Hepatic
vascular bed. Physiol Rev 1971; 51: 23.

55. Aucejo FN, Hashimoto K, Quintini C,
et al. Triple-phase computed tomo-
graphy and intraoperative flow
measurements improve the management
of portosystemic shunts during liver
transplantation. Liver Transpl 2008; 14:
96.

Transplant International 2019; 32: 117–127 127

ª 2018 Steunstichting ESOT

Renoportal anastomosis and liver transplantation


