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1  |  INTRODUC TION

Liver transplantation (LT) for the treatment of unresectable col-
orectal liver metastases has shown promising results in selected pa-
tients,1,2 and auxiliary segment 2-3 LT with left lobe resection and 

delayed total hepatectomy has been proposed as a strategy to trans-
plant oncological patients with minimal impact on the waiting list. 
Some procedures of Resection and partial liver segment 2/3 trans-
plantation with delayed total hepatectomy (RAPID) are reported.3,4 
The limitation of this strategy is related to the complex surgery, the 
possible tumor recurrence due to the surgical manipulation, and 
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We describe a patient with liver metastases from colorectal cancer treated with 
chemotherapy and hepatic resection, who developed unresectable multifocal liver 
recurrence and who received liver transplantation using a novel planned technique: 
heterotopic transplantation of segment 2-3 in the splenic fossa with splenectomy and 
delayed hepatectomy after regeneration of the transplanted graft. We transplanted a 
segmental liver graft after in-situ splitting without any impact on the waiting list, as it 
was previously rejected for pediatric and adult transplantation. The volume of the graft 
was insufficient to provide liver function to the recipient, so we performed this novel 
operation. The graft was anastomosed to the splenic vessels after splenectomy, and 
the native liver portal flow was modulated to enhance graft regeneration, leaving the 
native recipient liver intact. The volume of the graft doubled during the next 2 weeks 
and the native liver was removed. After 8 months, the patient lives with a functioning 
liver in the splenic fossa and without abdominal tumor recurrence. This is the first case 
reported of a segmental graft transplanted replacing the spleen and modulating the 
portal flow to favor graft growth, with delayed native hepatectomy.
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systemic dissemination of the disease favored by the immunosup-
pression therapy.

Considering a previous experience of heterotopic LT in the splenic 
fossa,5-7 we planned a novel procedure: heterotopic transplantation of 
segment 2-3 in the splenic fossa, removing the spleen and modulating 
the native portal flow with delayed hepatectomy after regeneration of 
the transplanted graft.8 The procedure of Heterotopic transplantation 
of segments 2 and 3 using the splenic vein and artery after splenec-
tomy and with delayed total hepatectomy (RAVAS) was never reported.

The possibility to transplant a small graft replacing the spleen and 
waiting for its growth before native hepatectomy may provide new 
opportunities for LT in the future besides extended criteria donors, as 
segmental grafts may be retrieved by living donation with low donor 
risk or by splitting procedure.9,10 The safety and the efficacy of this pro-
cedure need to be confirmed by other cases and center experiences.

The principal theoretical advantage of the RAVAS technique 
compared to the RAPID procedure is the absence of manipulation of 
the native liver with the consequent lower risk of bleeding and bili-
ary complications and the possible application even in case of previ-
ous hepatectomies on the native liver (see Supplemental Material).

2  |  C A SE REPORT

2.1  |  Patient description

The patient to be treated was a 40-year-old white male with ad-
enocarcinoma of the sigmoid colon (endoscopic biopsy report: G2 
KRAS, NRAS, BRAF wild-type) and unresectable liver metastases, 
CEA level 202 ng/mL. Neoadjuvant chemotherapy with FOLFOXIRI 
and cetuximab (6 cycles) was given before left colectomy (histologi-
cal report: pT3 N2 M1), which was followed by chemotherapy (6 cy-
cles), also with FOLFOXIRI and cetuximab.

The radiological restaging after 6 months of therapy from the 
first evaluation showed no extrahepatic disease, with normalization 
of CEA level and partial response on the liver metastases, which 
were reevaluated as resectable. A 2-stage hepatectomy was planned 
and the patient underwent a first operation with 4 wedge resections 
and 3 radiofrequency ablation treatments in the left liver, followed 
by radiological portal vein embolization 10 days after the procedure 
and—after 4 weeks—a second operation of right hepatectomy.

The postoperative course was complicated by a severe biliary 
fistula originating from an ischemic injury of the biliary tract unre-
sponsive to endoscopic treatment, finally managed with external 
percutaneous transhepatic biliary drainage.

Subsequent tumor restaging 6 months after the right hepatec-
tomy showed multifocal recurrence in the liver remnant.

Further chemotherapy with FOLFIRI and panitumumab was 
started, which obtained stabilization of the liver disease for 6 months, 
although frequent suspensions occurred due to episodes of cholan-
gitis related to the percutaneous biliary drainage. Throughout che-
motherapy, an enlarged lymph node was evidenced at the hepatic 
hilum, close to the vessels.

Before consideration for LT, the patient presented with recurrent 
cholangitis with initial liver function impairment, stable liver disease, 
and with a suspect lymph node recurrence not suitable for safe bi-
opsy, although a fluorodeoxyglucose positron emission tomography 
scan was negative (Supporting Information).

2.2  |  Implantation of the graft (Video S1)

The liver segment 2-3 graft was procured after an in-situ splitting 
procedure of a 55-year-old donation after brain death woman whose 
liver was rejected for pediatric LT due to alcohol use of the donor 
and liver macrosteatosis of 10%.

The graft presented with left portal vein and hepatic artery, a 
single left suprahepatic vein, and a single biliary duct.

F I G U R E  1   Computed tomography scan of the heterotopic 
auxiliary segment 2-3 liver transplantation and native liver  
(A) and scintigraphy (B) showing a function of 50% for each  
liver [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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The liver graft weighed 400 g and the recipient weighed 64 kg, 
so the graft/recipient body weight (GRWR) was 0.6%, which is con-
sidered at risk for small-for-size syndrome.11-15

The recipient had no portal hypertension but considering the 
low GRWR and the very complex surgery for 1-stage transplanta-
tion, we proceeded with the planned intervention. As described in 
the previous article,8 we would have performed a standard partial 
LT only if the GRWR was higher than 1%. Cryopreserved vascular 
grafts were anastomosed to the portal vein and the hepatic artery 
to lengthen the vessels. The left suprahepatic ostium was enlarged 
through anastomosis with a cryopreserved vein graft, which was 
further anastomosed to an aortic cryopreserved graft.

The recipient operation started with bilateral subcostal incision 
and isolation of the spleen. The splenic vessels were dissected and 
clamped, and the spleen was removed.

The left renal vein was dissected, ligating the adrenal and go-
nadal veins; the left kidney had 2 arteries, which were also isolated.

The graft was placed in the splenic fossa preserving the anatom-
ical orientation of the left lobe, which lay by gravity in contact with 
the left diaphragm.

The implantation of the graft started with the anastomosis be-
tween the splenic vein and the cryopreserved graft already con-
nected to the left portal vein. Anastomotic leakage was checked by 
moving the clamp on the left portal vein at the end of the venous 
anastomosis. Then, the arterial anastomosis was performed be-
tween the splenic artery and the cryopreserved graft, already at-
tached to the left hepatic artery. Similarly, hemostasis was checked 
moving the clamp on the left hepatic artery.

The aortic cryopreserved graft was anastomosed in a termi-
no-lateral fashion to the left renal vein, upon clamping of the renal 
arteries to prevent congestion of the kidney.

The graft was perfused with the recipient blood, removing the 
clamps from the left portal vein and left hepatic artery. First-pass 
blood was flushed through a collateral branch of the aortic graft, 
which was then sutured before removing the clamp from the left 
renal vein, obtaining complete reperfusion of the vascular system. 
To direct the portal flow to the transplanted graft, a tourniquet was 
placed around the native hilum and clamped, maintaining the hepatic 
artery flow intact (Figure S1). The flow was checked with intraopera-
tive ultrasound, but portal pressure was not directly assessed.

F I G U R E  2   Liver function test during the first and second operation. INR, international normalized ratio; LT, liver transplant; PLT, platelet 
count
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We completed the operation performing a hepaticojejunostomy 
on Roux-en-Y limb with 6-0 Prolene. The duration of the operation 
was 10 hours, without any intraoperative surgical or anesthesiologi-
cal complication (Supporting Information).

2.3  |  Native liver hepatectomy

After 2 weeks the computed tomography (CT) scan showed a dou-
bled volume of the graft, and hepatobiliary scintigraphy confirmed 
that the function was equally distributed between the 2 livers 
(Figure 1). Also, the native liver developed a portal vein thrombosis 

due to the tourniquet; as laboratory tests showed a fibrinogen con-
centration drop (Figure 2), we suspected a sequestration due to the 
portal vein thrombosis, even if the platelet count was >100 000/L.

The arterial phase of the CT scan and magnetic resonance scan 
showed a steal syndrome from the hepatic artery of the native liver 
to the transplanted graft, similar to buffer syndrome16: We cor-
related this event with a progressive increase in the bilirubin blood 
level (Figure 2).

Even if daily ultrasound examination of the graft inflow perfu-
sion did not evidence any pathological issues, we were concerned 
about the risk of arterial hypoperfusion of the biliary tree. For this 
reason, considering also the oncological risk of tumor spread to 
the transplanted graft, we planned the native hepatectomy after 
2 weeks, even if scintigraphy results were unclear about the func-
tion of the graft compared to the native liver and the bilirubin 
serum concentration was increasing (see Supplemental Material).

Native hepatectomy was complex due to the previous surgeries 
and to the presence of an enlarged lymph node, which was adherent 
to the portal vein and hepatic artery. We managed to remove the 
native liver while preserving the vena cava, removing the thrombus 
in the portal vein and removing the enlarged lymph node.

Upon completion of the native hepatectomy, portal pressure was 
assessed showing a value of 16 mm Hg. We performed a liver biopsy 
on the graft, which showed a moderate cholestasis without any signs 
of rejection. The histology of the native liver showed a multifocal 
area of adenocarcinoma metastasis with different rates of tumor 
necrosis; the enlarged lymph node had a 70% necrotic area, but the 
remaining part showed active tumor.

2.4  |  Postoperative course

At the time of the second intervention, the graft had a volume 
of 650 cm3, reaching a GRWR close to 1%, which is considered a 
safe limit to avoid small-for-graft syndrome. Despite those values, 
the patient developed encephalopathy and reversible liver fail-
ure, with intact renal function. Therefore, he was managed with 
hemofiltration to reduce the ammonia levels and to protect the 
nervous system. The postoperative course was also complicated 
with small-bowel perforation, which required relaparotomy and 
a small ileal resection and anastomosis. Liver function progres-
sively improved (Figure 2), and a second liver biopsy showed de-
creasing cholestasis, associated with mitoses and regeneration of 
hepatocytes.

Due to the development of tacrolimus-related neurotoxicity, the 
immunosuppressive regimen was switched to cyclosporine with res-
olution of the neurological symptoms.

After 8 months, the patient is in good clinical condition, with a 
functioning liver on the left side (last CT scan volume 830 cm3) of 
the abdomen and without any tumor recurrence (Figure 3). A longer 
follow-up will permit evaluation of the oncological efficacy of the 
transplant procedure for this patient, but in terms of liver function 
impairment related to cholangitis, cure was achieved.

F I G U R E  3   Intraoperative abdomen after native hepatectomy 
and with graft transplanted in the left side (A); computed 
tomography scan of the heterotopic auxiliary segment 2-3 liver 
transplantation 3 months after the procedure (B) [Colour figure can 
be viewed at wileyonlinelibrary.com]

A

B

www.wileyonlinelibrary.com


874  |    RAVAIOLI et AL.

3  |  DISCUSSION

This is the first reported case of a segmental graft transplanted 
replacing the spleen and modulating the portal flow to favor graft 
growth, with delayed native hepatectomy.

This technique may encourage other clinical strategies for LT in 
addition to living donation or extended criteria donors,10 because 
the procurement of a left lobe may be obtained safely through 
a split procedure; furthermore, the opportunity to wait for the 
growth of the graft may permit using split grafts even from sub-
optimal donors.

The patient had no suitable living donor candidates, and split 
graft procurement from a suboptimal DBD donor guaranteed 
that no patient on the waiting list would have disadvantages.

The surgical procedure still needs refinements to be developed 
through further experience; the timing of native hepatectomy and 
the technique of portal flow modulation are probably—based on this 
case—the key issues to be better addressed. Beside those points, 
many other technical aspects will emerge with more experience (eg, 
complexity of hepaticojejunostomy in partial grafts, and indications 
for the procedure). Moreover, the follow-up of the patient needs to 
be longer.

The liver failure condition that developed in the patient after 
native hepatectomy may suggest that the timing of the second 
operation should probably be postponed to at least 4 weeks after 
transplantation; also, functional assessment processes need to be 
implemented, to better compare the graft to the native liver in terms 
of function. Portal pressure may be another important element to 
consider for native hepatectomy planning; in our case the high val-
ues measured during the last stage are probably related to the re-
versible liver failure.

Some authors may argue that the absence of portal hypertension 
of the recipient and the GRWR of 0.6% may permit a 1-stage trans-
plantation, with standard modulation of the portal flow through 
portacaval shunt or splenectomy, but the complex native hepatec-
tomy due to previous right hepatectomy and biliary fistula and the 
encasement of the hilum with the pathological lymph node were 
relevant obstacles for a 1-stage operation. Furthermore, the patient 
developed reversible liver failure even if graft function was signifi-
cantly increasing. The functional competition among the native liver 
and the auxiliary graft was investigated in the past17,18 in cases of 
metabolic liver disease transplanted with auxiliary partial graft; this 
amount of knowledge was recently improved through the scien-
tific advancements on liver partition and portal vein ligation during 
staged hepatectomy.19,20

While the present operation has gained many insights from these 
studies, further experience with this peculiar technique is recom-
mended to encourage its wider use. In our opinion, it is important 
to present this preliminary experience to the scientific community, 
because the RAVAS technique may enhance the spread of LT indica-
tions; thus, to achieve such purpose, many other transplant centers 
should perform and gain experience with this procedure.
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