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Abstract
BACKGROUND
In context of suboptimal liver utilisation, grafts with various risk factors are under consideration today. For example, impaired vascularity with severe arterial calcifications and modified liver shapes are no longer contraindications and their use depends on the centre policy and experience of the surgical team. Riedel liver lobes represent a tongue-like liver shape with inferior projection in the right liver lobe. Such development modifications were initially described when patients developed a lesion and subsequently presented with symptoms. We here present the first case report in the literature, where such livers with anatomical variations were used for transplantation. 

CASE SUMMARY
We describe here two cases of adult human liver transplantation, where we have accepted two donor livers with modified shape. The technical considerations for transplantation of such livers, found with enlarged right lobes, or Riedel shape, and hypo-trophic left lateral segment are highlighted. Both recipients experienced immediate liver function and overall good outcomes with a minimum follow up of 1 year. We also provide detailed pictures and outcome analysis in combination with a literature review. 

CONCLUSION 
The utilisation of donor livers with modified shape, such as Riedel’s Lobe appears safe and will increase the donor pool.
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Core tip: To the best of our knowledge, this will be the first report on utilisation of large right Riedel’s liver lobes with further anatomical modifications for liver transplantation. We highlight donor and recipient risk factors and focus parameters with impact on recipient selection and on technical aspects for implantation. Additionally, we combine our case series with current available literature in this field.


INTRODUCTION
In context of the increasing organ demand, transplant surgeons are forced to push the boundaries and to accept not only marginal livers, but also grafts with calcified hepatic arteries or other anomalies to improve donor liver utilization[1]. Livers donated after traumatic injury are increasingly utilised for transplantation depending on the grade of hepatic damage and the structures involved. The policy of a transplant centre, the individual surgeons experience and the general availability of donor livers with subsequent recipient waiting time impact on such decisions whether to accept livers with specific anatomical features or not. We present here two cases, where donor livers with anatomical variations were utilised for transplantation at our centre. Several modified liver shapes were described initially by hepatobiliary surgeons and enlarged right lobes with a tongue-like shape were defined as one example, summarised as “Riedel’s lobe” (Figure 1)[2–5]. We demonstrate here the safe use of such grafts for transplantation and show recipient outcomes in combination with a literature review. 

[bookmark: OLE_LINK226][bookmark: OLE_LINK227]CASE PRESENTATION
Case 1
Chief complaints: The recipient presented with an advanced liver cirrhosis and suffered from the typical symptoms, including ascites, renal impairment and feeling chronically tired and cold.

History of present illness: The donor liver was offered from a 71-year-old male donor with brain death due to intracranial haemorrhage. The candidates underlying liver disease presented with the typical features of a slowly progressive liver disease over many years, despite alcohol abstinence.

History of past illness: The past medical history of the donor included arterial hypertension and cholecystectomy due to cholecystitis with peritonitis more than 20 year prior to donation. The recipient’s history other than the liver disease was uneventful.

Personal and family history: The recipient’s history was uneventful.

Physical examination upon admission: The recipient presented with the typical symptoms of advances liver cirrhosis with several litres of ascites, requiring regular paracentesis, sarcopenia and encephalopathy.

Laboratory examinations: The donor liver parameters were entirely normal. The recipient presented with a lab end stage liver disease (MELD) score of 22 points and the sodium was in the low normal range.

Physical examination upon admission: According to the national allocation system, our team was allowed to choose the recipient from the waiting list. We selected a 62-year-old patient with alcoholic liver cirrhosis and large amount of ascites, regular paracentesis and previous spontaneous bacterial peritonitis. Recipient selection (large volume ascites) was based on the expected large right lobe of 2.2 kg. 

Laboratory examinations: Despite such advanced liver disease, the candidate achieved only limited number of 22 and 54 points for the model of MELD and United Kingdom model for end stage liver disease score with, respectively (Table 1). The standard recipients imaging, performed during transplant assessment revealed patent vessels and a replaced right hepatic artery (HA) from the supra-mesenteric artery. 

Imaging examinations: Due to an aspiration pneumonia, a computer tomography (CT) of the donor’s chest was done and the upper abdomen was captured, where a very small left lateral liver segment with possible biliary dilatation was identified. The recipient’s ultrasound scan, done as per routine prior to admission on the waiting list showed ascites and the expected cirrhotic and shrunken liver with patent vessels. Interestingly, the intraoperatively identified portal vein thrombosis was not seen on the abdominal CT scan. 

Final diagnosis: The donor liver with anatomical variation was accepted for liver transplantation for a recipient with advanced alcohol related liver disease within the fast track liver offering system.

Treatment: Based on the long waiting time in blood group 0, we have decided to go ahead with the donation procedure and assess the donor and the liver. The procurement was done by a team from an experienced centre in the United Kingdom. A large right liver lobe (Riedel’s lobe) combined with an atrophic left lateral segment was identified. Only minimal liver tissue was evident on the left side of the falciform ligament (Figure 2). The weight of this graft was 2.2 kg, with mild steatosis and normal vascular anatomy. Some adhesions from the previous cholecystectomy were found, however no other lesions or findings were evident. Importantly, the anatomical development was normal for all vascular and biliary structures on both liver sides with a however small left hepatic vein corresponding to the atrophic left lateral segment (LLS). This graft was declined by all other centres and became fast tracked. 
During transplantation surgery, 7 L of ascites were evacuated, severe portal hypertension, and advanced SBP were found. Additionally, a grade 2 portal vein thrombosis (PVT), requiring thrombectomy was identified. Due to the graft-recipient size relation with the thick right Riedel lobe and dominant right and middle hepatic vein, the decision was made to implant the graft with a modified piggyback technique, in contrast to the standard classic piggy-back technique (graft cava–to recipient orifice of left and middle hepatic vein), which is routinely performed in half of whole grafts at our centre (Figure 2C-2D). To achieve optimal draining of the compact right liver lobe through the dominant right hepatic vein, a large teardrop shape incision was performed at both, donor and recipient vena cava. The satinksy clamp was rotated slightly to the right side of the recipient towards the graft. The recipient hepatic veins were not included in the anastomoses, due to their fragile texture. The portal vein anastomosis was done in a standard fashion (end-to-end) and the recipients replaced right HA demonstrated a good calibre and strong pulse, enabling us to use this vessel for the reconstruction with the common donor HA at the gastro-duodenal artery patch (Figure 2). 

Outcome and follow-up: The reperfusion was uneventful, no reclamping was required and immediate graft function was evident through bile flow, decreasing lactate and minimal inotrope support at the end of surgery. The reconstruction of the common bile duct (CBD) was done over a recipient duct plastie, based on the size discrepancy with a large donor CBD. Vessel patency was confirmed through intraoperative ultrasound. The liver demonstrated good function and the recipient was extubated within the first day after transplantation with an overall short intensive care stay of 2 d. Acute kidney injury occurred without requirement of hemofiltration.  The recipient was discharged within 12 d and required one short, local readmission for diarrhoea (Table 1). Further follow up was uneventful with an asymptomatic patient more than 12 mo after liver transplantation.

Case 2
Chief complaints: The second liver was offered through the national allocation system and primarily accepted for a 63-year-old lady with alcoholic liver cirrhosis and limited ascites. 

History of present illness: The selected candidate had an alcohol induced liver cirrhosis since many years.

History of past illness: Donor and recipient had no further relevant illnesses in the past. 

Physical examination upon admission: On admission the typical features of liver cirrhosis were present in the recipient, including ascites, sarcopenia and dominant venous collaterals. 

Laboratory examinations: Expectedly the transplant candidate presented with impaired liver function tests and a laboratory MELD and United Kingdom model for end stage liver disease score of 17 and 59 points, respectively. 

Imaging examinations: The previously performed abdominal ultrasound revealed a shrunken liver with features of cirrhosis, abdominal ascites and patent liver vessels.

Final diagnosis: The donor liver was 73-year-old and found with a large right Riedel’s lobe, with normal sized left lobe (Figure 3), regularly utilized for liver transplantation for the recipient with alcoholic liver cirrhosis, who was listed within the national offering system.

Treatment: There was no relevant steatosis and no retrieval injuries with normal vascular anatomy. Following an overall cold ischemia time (CIT) of 9 h 36 min the liver was implanted using a modified (side-to-side) piggyback technique. The recipient’s vessel anatomy was normal and standard end-to-end donor - recipient portal vein anastomosis was performed with subsequent arterial reconstruction at both common HA–gastro-duodenal artery patch. 

Outcome and follow-up: Day one ultrasound confirmed patent vascularity and the patient were discharged to the normal ward within 3 d. However, moderate acute cellular rejection (ACR) occurred and required steroid treatment with a prolonged hospital stay of 26 d. During further follow-up a late anastomotic stricture was identified and conservative treatment failed with subsequent requirement of a biliary reconstruction, performed 14 mo after liver transplantation. This event was followed by a second episode of ACR, three months later, where the patient recovered with normal liver function tests almost 2 years after transplantation (Table 1). Both donor livers were normally perfused with no areas of hypoperfusion during follow up with ultrasound and CT (Figure 4).
The analysis and report of the cases was approved by the local ethic committee (CARMS-15376). 

DISCUSSION
To the best of our knowledge this is the first report, where donor livers with modified shape, including Riedel’s lobe were safely utilised for liver transplantation. Anatomical liver variations were first described by hepatobiliary surgeons, initially identified through explorative laparotomies, indicated when the large lobe was palpable through the abdominal wall, imitating a large liver lesion[4,6]. The features of the Riedel’s lobe were described first by Corbin in 1830, while Riedel defined this enlarged right liver in 1888 as a „round shaped tumour found on the right distal side of the liver“, which extends beyond the gallbladder[7]. Riedel’s lobes are more common in females and some described the shape as a “tongue“[7]. The overall liver size depends on age, body size, gender and body shape[8]. The ethiology was discussed by many as either congential, being a result of an anomaly of the hepatic bud during development, or acquired, secondary to changes in hepatic morphology in context of skeletal anomalies, including kyphoscoliosis with a wide thorax[2,3]. Further potential causes were described as chronic traction due to adhesions through appendicitis or gallstone disease with subsequent cholecystitis and peritonitis[3]. Such features were found in the first donor, reported here. The development of the liver vessels and biliary tree appeared normal and all structures were evident even on the atrophic left side. In context of acute on chronic cholecystitis with peritonitis the LLS atrophied throughout years with a compensatory increase of the right liver to a Riedel’s lobe shape. The reperfusion of the LLS appeared normal at implantation. Meticulous assessment of potential risk factors in the donors past medical history is of importance to avoid an underlying disease of the biliary tree. In the United Kingdom, the donor past medical history is very thoroughly examined by specialist nurses of organ donation. Donor families, general practitioner and specialists involved are routinely contacted to obtain further details prior to organ donation[1]. 
Ideally, selection of either larger recipients or the presence of ascites is suggested to achieve enough space for the graft and avoid congestion of the large Riedel’s lobe. Potential candidates with progredient ascites and repeat paracentesis have a prolonged window of fairly stable liver function with low MELD scores, despite very advanced intraabdominal disease with portal hypertension, cocoon-like peritoneum due to repeat peritonitis, which may appear relatively silent. Additionally, such candidates are at higher risk to develop sudden portal vein thrombosis, as seen in our case. Based on this we have selected our recipient here for the first case presented.  
In order to achieve an optimal outflow of the dominant right and middle hepatic vein either cava replacement or modified piggyback implantation technique could be used, similarly to right lobe split grafts. In the second case, segment 5/6 were pedunculated from segment 7/8 on a however wide bridging area with low risk of torsion. Similar considerations in terms of space are suggested, though the right lover lobe was not comparably thick as in case 1, which lead to a more standardised side to side piggyback implantation technique with more simple longitudinal incision of donor and recipient cava. 
This case report has several limitations. First the retrospective design and selective presentation of two cases, while there is an expected much higher number of Riedel lobe graft implantations, potentially done at our centre where simply the imaging material was not properly collected in earlier days. Such Although variations in liver shape, including Riedel lobes have been seen by many experienced transplant and hepatobiliary surgeons who either removed tumour lesions from such tongue-like liver lobes or used the liver for transplantation, this is the first case report identified to the best of our knowledge. To increase the donor pool further we would therefore suggest to use liver grafts with specific anatomical variations for implantation given there is no other contraindication to accept the graft.  

CONCLUSION
In conclusion, modifications of the donor liver shape should not preclude utilization, particularly in experienced centres, where different implantation techniques, including several piggyback variations, are available and routinely adapted to the clinical and anatomical situation of graft and recipient.  
Modifications of the donor liver shape should not preclude utilization, particularly in experienced centres, where different implantation techniques, including several piggyback variations, are available and routinely adapted to the clinical and anatomical situation of graft and recipient.  
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Figure legends
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Figure 1 Schematic overview of anatomical liver variations, adapted from Sabih et al[6]. H and N show different anatomical variations with Riedel’s lobes as previously described with a tongue like shape. 
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[bookmark: OLE_LINK228][bookmark: OLE_LINK229][bookmark: OLE_LINK232][bookmark: OLE_LINK233]Figure 2 Schematic overview of donor liver with Riedel’s lobe (Case 1): Bench pictures. A: Demonstrate atrophic left lateral segment with limited tissue on the left side of the falciform ligament and large right liver Riedel’s lobe with maintained liver vascularity including normal supra-hepatic inferior vena cava, portal vein and donor hepatic artery, donor had previous cholecystectomy; Schematic presentation of liver; B: Modified Piggy-Back anastomosis (side-to-side); C: With creation of a larger orifice compared to simple side-to-side cavo-cavostomy, Reperfusion pictures, schematic and in vivo; D: Modified side to side piggyback implantation with large teardrop incision of both donor and recipient inferior vena cava, reperfusion through portal vein first (end-to-end reconstruction, standard), end-to-end anastomosis between donor common hepatic artery and right common hepatic artery both at gastroduodenal artery patch. LLS: Left lateral segment; HA: Hepatic artery; PV: Portal vein; IVC: Inferior vena cave; CHA: Common hepatic artery; RHA: Right hepatic artery; SMA: Supra-mesenteric artery; GDA: Gastroduodenal artery; CBD: Common bile duct. 
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Figure 3 Schematic overview of donor liver with Riedel’s lobe (Case 2): Bench picture. A: Schematic presentation of the liver; B: With large segmental separation of S6/7 and 5/8, a special variation of a Riedel’s lobe and the implantation technique; C: The implantation was performed with a side to side piggy back technique in a routine way with longitudinal incision of the donor and recipient inferior vena cava. This was in contrast to the first case. PV: Portal vein; CHA: Common hepatic artery; RHA: Right hepatic artery; GDA: Gastroduodenal artery; CBD: Common bile duct. 
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Figure 4 Cross-sectional imaging after liver transplantation. Case 1 (computer tomography scan, performed 3 mo after liver transplantation, local hospital admission for diarrhoea). A: Showed normal graft perfusion with patent portal vein and hepatic artery and no signs of outflow issues; B: Computer tomography done one year after implantation of the second liver, done prior to biliary reconstruction for anastomotic biliary stricture, normal perfusion of entire graft including large right lobe. HV: Hepatic vein; IVC: Inferior vena cave; CBD: Common bile duct; HA: Hepatic artery; PV: Portal vein.


Table 1 Risk factors and outcomes of the two cases 
	Parameter 
	Case 1 
	Case 2 

	Donor and graft Parameter-type, COD 
Age (yr) 
BMI (kg/m2) 
Past medical history 



Liver weight (kg) 
	DBD, ICH 

71
23  
Hypertension, Previous cholecystectomy for cholecystitis and peritonitis 
2.2  
	DBD, ICH 

73
25  
Hypertension 



1.8 

	Recipient parameter 
Age (yr) 
Underlying disease 


Lab MELD 
	
62
Alcoholic cirrhosis, ascites, SBP, regular paracentesis
22 points
	
63
Alcoholic cirrhosis 


17 points 

	Transplantation surgery 
	7L Ascites, thrombectomy for portal vein thrombosis Grade 2 
Modified Piggy back, side-to-side 
Donor CHA-GDA patch to Recipient RHA from SMA (GDA patch) 
Duct – to – Duct over plastie 
5 RBC, 8 FFP, no platelets or cryo 
	Minimal ascites 
Modified Piggy back, side-to-side 
Donor CHA-GDA patch to Recipient CHA-GDA patch 
Duct – to – Duct 
2 RBC, no FFP, no platelets or cryo 

	Outcome 
	Immediate liver function and extubation 
Acute kidney injury without renal replacement therapy 
Hospital stay: 12 d 
One local readmission for diarrhea within first 3 mo 
	Immediate liver function and extubation 
One episode of acute cellular rejection 
Hospital stay: 26 d 
Biliary reconstruction for Anastomotic stricture after 14 mo 
One episode of acute cellular rejection after 19 mo 

	Follow up 
	12 mo, alive, normal liver function 
	22 mo, alive, normal liver function 


DBD: Donation after brain death; ICH: Intracranial haemorrhage; COD: Cause of death; MELD: Model of end liver disease; SBP: Spontaneous bacterial peritonitis; CHA: Common hepatic artery; GDA: Gastroduodenal artery; SMA: Supra-mesenteric artery; RBC: Red blood cell concentrate; FFP: Fresh frozen plasma.
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