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ABSTRACT 

Splenic artery (SA) ligation can be performed during liver transplantation (LT) to avoid portal 

hyperperfusion, which is involved in the pathogenesis of both small-for-size and splenic 

artery syndrome. Splenic artery can also be used as an inflow for arterial reconstruction. 

Exceptionally, SA interruption or agenesis has been associated with positive remodeling of 

collateral arteries supplying the spleen via left gastric artery, short gastric vessels and 

gastroepiploic arcade, with subsequent severe upper gastrointestinal bleeding. To determine 

incidence, magnitude, predictors and clinical implications of vascular remodeling after SA 

interruption during LT, we identified 465 patients transplanted in the period 2007-2017 who 

had SA ligated or interrupted at LT. Amongst them, 88 had a computed tomography 

angiography suitable for evaluation of vascular remodeling post-LT. Presence of prominent 

gastric arterial collaterals and increase in left gastric artery (LGA) and gastroepiploic arcade 

(GEA) diameter were evaluated on two-dimensional axial images and multiplanar 

reconstructions. Of the 88 patients, 28 (31.8%), 32 (36.4%) and 22 (25%) developed gastric 

collateralization graded as mild, moderate or severe. Of the patients where comparison with 

pre-LT imaging was possible (n = 54), 51 (94.4%) presented a median 37% and 55% increase 

in LGA and GEA diameter, respectively. Severe gastric collateralization was associated with 

lower body mass index (OR: 0.84 [0.71-0.98]; p = 0.03), whereas GEA caliper increase was 

positively correlated with model for end-stage liver disease score (R2 = 2.4 [0.65-4.15]; p = 

0.008). Two patients out of 465 (0.43%) had severe episodes of arterial upper 

gastrointestinal (GI) bleeding, possibly exacerbated by vascular remodeling. Conclusion: 

vascular remodeling after SA interruption during LT is frequent and can aggravate GI bleeding 

during follow-up. 

 



 

INTRODUCTION 

Splenic artery (SA) occlusion by either ligation or trans-catheter embolization is considered 

during or after liver transplantation (LT) in two different clinical scenarios: small-for-size 

syndrome and splenic artery syndrome, the latter also known as splenic artery steal 

syndrome. Although clinically different, portal hyperperfusion plays a pivotal role in both 

syndromes by determining vasoconstriction and disturbance of hepatic artery flow (1).  

Splenic artery occlusion has been shown to cause a modulation of portal vein flow and a 

concomitant increase of hepatic artery flow, and it has therefore been advocated as an 

effective procedure to prevent or treat both small-for-size syndrome and splenic artery 

syndrome (2-5).  In selected cases, SA can be divided and used for arterial reconstruction 

during transplant operation if hepatic artery and its branches are not suitable (6,7). 

Splenic artery dissection and ligation can be technically challenging in patients with severe 

portal hypertension and large peri-pancreatic varices, as it may cause significant bleeding or 

pancreatic injury. Otherwise, SA interruption during LT is considered to be safe. Early 

postoperative complications like splenic infarction and abscess are infrequently observed 

(8,9), as the spleen receives alternative arterial supply through short gastric vessels, 

gastroepiploic arcade and intra-pancreatic collaterals (10). However, very little is known 

about long-term consequences of SA interruption, especially in the setting of LT. 

Splenic artery occlusion or agenesis has been reported to be associated with upper gastro-

intestinal (GI) bleeding through the development of prominent arterial collaterals involving 

gastric wall, which serve as a bridge between left gastric artery and short gastric vessels and 

can rupture into the stomach causing severe bleeding (11-13). To our knowledge, there is one 

single published report of upper GI bleeding in a LT recipient due to the rupture of prominent 

gastric arterial collaterals following SA ligation (14).  



Vascular remodeling after SA interruption has not been studied in a cohort of LT recipients. 

We therefore conducted a single-center retrospective study to evaluate the incidence, 

predictive factors and clinical implications of visceral arteries remodeling following SA 

interruption during LT.  

 

PATIENTS AND METHODS 

Patient cohort and data collection 

In the period between January 1st, 2007 and December 31st, 2017, adult (age ≥ 18 years) LT 

recipients who had SA interrupted during transplant operation, either by ligation or because 

splenic artery was used for arterial reconstruction, were identified from operation notes. In 

all cases, LT was carried out with a graft proceeding from an ABO-compatible deceased donor 

after brain-death. Data concerning recipient and donor features, as well as procedural details 

and postoperative outcome, including long-term complications, were retrospectively collected 

(15,16). Due to the retrospective nature of the study, approval from our Institution ethical 

review board was not sought. All study procedures complied with ethical standards of the 

2000 Declaration of Helsinki and the 2008 Declaration of Istanbul. 

Indications for interruption of the splenic artery at our Institution are as follows: 1) poor 

hepatic artery flow as measured by intraoperative flowmetry (< 10ml/min/100 gr graft 

weight) associated with increased splenic artery caliper (≥ twice that of hepatic artery) at 

pretransplant imaging work-up; 2) modulation of portal vein flow in split LT in case of poor 

arterial flow (< 10 ml/min/100 gr graft weight) and/or portal hyperperfusion (> 500 

ml/min/100 gr graft weight); 3) splenic artery used for arterial reconstruction; 4) splenic 

artery aneurysm. Intraoperative graft blood flow measurements were made using VeriQTM 

flowmeter (Medistim®, Oslo, Norway). 



Amongst patients who had SA interrupted, we identified those who had a contrast-enhanced 

computed tomography (CT) and an arterial phase angiography for evaluating anatomy and 

caliper of visceral arteries after LT. CT angiography was acquired during an intravenous 

injection of iodinated contrast (2 mL/kg) at a flow rate of at least 4 mL/s. The examinations 

were performed using multi-slice CT scanners (GE, 64- 256-slice systems), with a slice 

thickness not exceeding 1.2 mm. Whenever possible, post-LT imaging was compared with 

pre-LT CT, which includes a 3D-reconstruction of visceral arteries and veins, focused on 

hepatic vessels, based on our Institution protocol. Imaging examinations were independently 

reviewed by two experienced radiologists (FG, GB), blinded to pre- and post-LT clinical 

patient features, and a digital archive of multiplanar reconstructions was created.  

 

Evaluation of vascular remodeling  

We chose 3 parameters to assess incidence and magnitude of vascular remodeling: the 

presence of gastric hypertrophic arterial collaterals, the variation in the maximum caliper of 

left gastric artery (LGA) and that of gastro-epiploic arcade (GEA).  

Gastric collateralization was defined as present when hypertrophic arteries involving gastric 

submucosa were evident on CT angiography, and was assessed using axial images and three-

dimensional multiplanar reconstructions. In the absence of a standardized classification, 

gastric collateralization was defined as absent, mild, moderate or severe based on the 

circumferential involvement of the gastric body (none; <1/3; 1/3-2/3; > 2/3) (Figure 1 and 

2).    

Two-dimensional axial images were used to determine the maximum diameter of the LGA and 

GEA, comparing pre- and post-LT measurements. Diameter variations between pre- and post-

LT imaging were expressed both as absolute (mm) and percentage increase.  

 



Predictive factors of vascular remodeling 

Logistic regression was used to identify variables associated with the development of severe 

gastric collateralization, whereas linear regression was carried out to evaluate the 

relationship between the increase of LGA and GEA caliper and potential predictors. Pre-LT 

variables included body mass index (BMI), model for end-stage liver disease (MELD), MELD-

Na (17), Child-Turcotte-Pugh class, blood tests (platelet count; sodium, creatinine, INR, 

bilirubin levels), glomerular filtration rate, diabetes, history of portal vein thrombosis, ascites, 

renal replacement therapy and spleen diameter.  

 

Definitions 

Hepatic artery and portal vein thrombosis were defined as early or late based on their onset 

before or after postoperative day 30th. Doppler ultrasound (US) findings obtained during 

follow-up were recorded, with a focus on hepatic artery flow alterations. Poor hepatic artery 

flow was defined in presence of a “tardus-parvus” pattern of intrahepatic artery waveform or 

if resistance index was < 0.5 (18). Early allograft dysfunction (EAD) was defined according to 

Olthoff et al, (19) and post-LT complications were graded according to Dindo et al. (20).  

 

Statistical analysis 

Categorical and continuous variables are expressed as numbers (percentage) or median 

(interquartile range [IQR]), respectively. Chi-square and Fisher’s exact test were used to 

compare categorical variables between groups, whereas Anova and Mann-Whitney test were 

used for continuous variables, as appropriate. Logistic and linear regressions were used to 

identify predictors of severe gastric collateralization and variables associated with the 

increase of LGA and GEA caliper.  All analyses and plotting were conducted with R version 

3.3.3 - "Another Canoe".  



 

RESULTS 

Whole series analysis 

Of the 1,319 patients who underwent LT during study period, 465 (35.2 %) had splenic artery 

ligated (n=402, 30.4%) or sectioned and used for arterial reconstruction (n=63, 4.8%) during 

LT. In 7 cases SA was ligated during an operation carried out in the early post-LT period for 

hepatic artery thrombosis (n = 2) or stenosis (n = 5). Details concerning baseline donor and 

recipient features are summarized in Table 1. Recipient who had SA interrupted had lower 

MELD (15.8 versus 15; p = 0.03) and received their grafts from donors with lower BMI (24.7 

versus 25.4; p = 0.004), graft weight (1440 versus 1470; p = 0.02) and D-MELD (873 versus 

917; p = 0.05).   

Splenic artery interruption was significantly associated with the necessity to redo hepatic 

artery anastomosis during LT (p = 0.001) (Table 2). Intraoperative complications of splenic 

artery dissection as reported in operation notes included bleeding (n = 11; 2.4%), pancreatic 

injury (n = 2; 0.4%) or both (n = 2; 0.4%). One patient underwent distal 

splenopancreatectomy simultaneously to LT due to a pancreatic neck injury that occurred in 

the attempt to control bleeding from large varices during splenic artery dissection.  

Data on intraoperative graft blood flow after splenic artery ligation were available for 45 

patients and showed a median (IQR) increase of hepatic artery flow from 115 (80-180) 

ml/min to 225 (150-300) ml/min, or from 10 (6-14) ml/min/100 g graft weight to 21 (15-27) 

ml/min/100 g graft weight.  

Patients who had SA interrupted had a lower EAD rate (37.7% versus 47.4%; p = 0.001) but a 

high incidence of early hepatic artery thrombosis (3.2% versus 1.1%; p = 0.01). Postoperative 

complications related to splenic artery ligation/interruption included acute pancreatitis in 

two (0.4%) patients and pancreatic fistula in five (1%). All patients who developed a 



pancreatic fistula required prolonged drainage. There was one postoperative death due to 

sepsis caused by a complicated pancreatic fistula. In the postoperative period, routine 

Doppler US examinations showed areas of spleen hypoperfusion in 6 (1.3%) patients; in no 

case, however, splenectomy was required.  

Median follow-up in the whole cohort was 63.3 (30.4 – 97.8) months. There were no 

differences concerning the incidence of late hepatic artery or portal vein thrombosis; findings 

suggestive of a hepatic artery stenosis were observed in a similar proportion of patients 

between groups (5.5% versus 5.6%; p > 0.99) (Table 2). 

 

Vascular remodeling after splenic artery ligation 

Of the patients who had SA interrupted during LT, 88 had a CT angiography performed after 

LT that was suitable for evaluation of gastric collateralization. In this cohort, SA was ligated at 

transplant in 78 (88.6% %) cases, whereas in the remaining 10 (11.4 %) cases SA was divided 

and used for arterial reconstruction. Baseline features of these patients, including transplant 

technique (whole versus split liver) are summarized in Table 3. In 3 patients in this group 

splenic artery ligation was complicated intra-operatively by bleeding (n =1) or a pancreatic 

injury (n = 2), which resulted in two of them in a pancreatic fistula, which was managed 

conservatively.  

In this group, 28 (31.8%), 32 (36.4%) and 22 (25%) patients developed gastric 

collateralization graded as mild, moderate or severe, respectively. Only 6 (6.8%) patients did 

not exhibit significant gastric collateralization. Characteristics of the patients who developed 

severe gastric collateralization were comparable with those of the patients who did not (Table 

3), except for a lower BMI (23 vs. 25, p = 0.03) and a higher MELD-Na (17 vs. 13, p = 0.006). 

There was a trend towards reduced platelets level in patients with severe gastric 

collateralization (72 vs. 89 109/L, p = 0.06). The timing of imaging examination after LT 



according to the degree of gastric collateralization was 5.4 (2.7-15.7), 12.5 (2.5-51.2), 12.3 

(5.7-30.5) and 11.3 (5.6 – 73.4) months in patients with no, mild, moderate and severe gastric 

collateralization, respectively. The earliest imaging in a patient who developed severe gastric 

collaterals was performed two weeks after LT.  

In 54 out of 88 patients it was possible to compare pre- and post-LT imaging to evaluate the 

variations in LGA and GEA diameter (dynamic evaluation subset). In the remaining cases, 

comparison between pre- and post-LT imaging was not possible because pre-LT examination 

was not available or it was not in digital format.  

In this group, 51 out of 54 (94.4%) patients showed an increase in the diameter of both LGA 

and GEA. Median (IQR) absolute and percentage increase in LGA and GEA maximum diameter 

was 1.2 (0.6 – 2) mm (37%; IQR: 21% - 67%) and 1.4 (0.7 – 2) mm (55%; IQR: 28% – 84%), 

respectively. There was no significant difference between pre- and post-LT pre-anastomotic 

diameter of portal vein and hepatic artery (Table 4), nor in the LGA and GEA diameter 

variation according to the degree of gastric collateralization. Median (IQR) GEA diameter 

increase was 1.5 (1-1.8), 1.4 (0.9-2) and 1.4 (0.7-2.5) mm in patients with mild, moderate and 

severe gastric collateralization, respectively (p = 0.89). In the same groups, LGA diameter 

increase was 1.1 (0.6-2), 1.3 (0.8-2) and 1.5 (1-2.7) mm (p = 0.12), respectively. 

 

Predictors of vascular remodeling 

Univariate logistic regression (Table 5) identified lower BMI as the only variable associated 

with the development of severe gastric collateralization (OR: 0.84 [0.71-0.98]; p = 0.03), 

whereas linear regression identified higher MELD at LT as the only variable associated with 

GEA diameter increase (r2 = 0.12; p = 0.008) (Figure 3A). There was no significant association 

between the interval from LT to the imaging examination and the magnitude of vascular 

remodeling (r2 = 0.05; p = 0.09) (Figure 3B).  



 

Vascular remodeling and severe upper gastro-intestinal hemorrhage after LT 

We observed two patients who presented with severe episodes of upper GI arterial bleeding 

in association with vascular remodeling. Both of them had SA ligated during LT to prevent 

splenic artery syndrome.  

The first patient underwent combined liver-lung transplantation for cystic fibrosis (CF).  

Before LT, he presented radiologic signs of severe portal hypertension, i.e. increased caliper 

and calcifications of the portal and splenic vein, large portosystemic collaterals and severe 

splenomegaly (Figure 4A). To relieve portal hypertension a trans-jugular intrahepatic 

portosystemic shunt was positioned pre-LT. Besides a biliary stricture treated by 

percutaneous transhepatic dilatation, his post-LT was uneventful. He presented 9 years after 

transplant with repeated episodes of life-threatening upper GI bleeding from a gastric ulcer. 

At the moment of bleeding, the patient was not taking anti-acid drugs. The lesion was 

described by the attending endoscopist as a Dieulafoy-like lesion, causing profuse arterial-

type bleeding. Initially, bleeding control required two sessions of endoscopic cyanoacrylate 

injection and application of hemostatic clips. Endoscopic treatment resulted in the formation 

of a large callous ulcer extensively involving the posterior aspect of the gastric body. 

Computed tomography obtained during patient work-up (Figure 5A) showed extensive 

involvement of the stomach by large arterial collaterals. Due to the high risk of severe 

recurrent bleeding from the ulcerous crater, the patient was treated by total gastrectomy with 

GEA preservation, in order to minimize the risk of splenic infarction, with good outcome.  

The second patient was referred from a peripheral hospital after endoscopic treatment of a 

duodenal ulcer, 2 years after LT for HCV-related cirrhosis and 2 months after having stopped 

therapy with proton pump inhibitors. At endoscopy, profuse arterial bleeding from the lesion 

was observed and hemostasis was achieved by hemostatic clips and cyanoacrylate injection. 



Endoscopic treatment was complicated by hepatic artery thrombosis and the patient was 

scheduled for re-LT. Computed tomography obtained during pretransplant work-up showed 

revascularization of the distal part of SA by a large intra-pancreatic collateral (hypertrophic 

Kirk’s arcade) (21), supplied by dorsal pancreatic artery and inferior pancreaticoduodenal 

artery close to the duodenum (Figure 5B). Patient underwent re-LT, which was complicated 

by an arterial pseudoaneurysm related to a pancreatic fistula, and died during the 

postoperative period.  

 

DISCUSSION 

Based on our data, vascular remodeling after SA interruption during LT can be considered the 

rule rather than the exception. A quarter of patients in our series presented with severe 

gastric collateralization, defined as the circumferential involvement of more than two-thirds 

of the stomach. When it was possible to compare pre- and post-LT CT, it appeared that in 

94.4% of patients there was an increase in the diameter of LGA and GEA. Surprisingly, we 

observed that vascular remodeling could develop early after LT. Two patients in our series 

presented with episodes of arterial upper GI bleeding that, although they were primarily 

related to gastric and duodenal ulcers, were rather impressive with regards to the entity of 

bleeding and consequences for the patients. To our knowledge, this is the first study assessing 

the extent and clinical implications of this poorly studied effect of SA interruption during LT. 

In our experience we recurred rather frequently to SA ligation or interruption in case of 

difficult arterial reconstruction, as demonstrated by the increased percentage of patients in 

whom hepatic artery anastomosis was performed more than once and by the higher rate of 

early hepatic artery thrombosis. Although in the majority of patients SA dissection and 

ligation was uncomplicated, a minority experienced intra- and postoperative complications, 

mainly represented by bleeding and consequences of pancreatic injury. One postoperative 



death in our series was related to a pancreatic fistula issue of a pancreatic body injury 

occurred during SA dissection. Unfortunately, due to the retrospective nature of our study, we 

could not gather reliable data concerning postoperative alterations of GI motility. Splenic 

artery interruption was not associated with a higher rate of late vascular complications. 

Mechanism of arterial collaterals positive remodeling and growth after interruption of blood 

flow into SA are likely similar to those observed after occlusion of coronary arteries (22), 

central retinal artery (23) or limbs arteries (24).  It has been suggested that in these scenarios 

vascular remodeling is driven by increased tangential shear stress over endothelial cells 

leading to increased expression of adhesion molecules, recruitment of inflammatory cells and 

secretion of several mediators and cytokines that ultimately determine reshaping of the 

arterial wall and caliper increase. After SA ligation, flow into hepatic artery is increased as an 

effect of the interruption of the splenic siphon and of decreased portal vein flow (1-5). Flow is 

diverted also towards LGA and, if gastroduodenal artery has not been divided, towards GEA, 

causing the hemodynamic changes determining vascular remodeling. It may be argued that, 

similarly to splenic artery, hypertrophic LGA and GEA could steal hepatic artery flow and 

determine a higher incidence of late hepatic artery thrombosis or hepatic artery flow 

disturbances. However, in our experience, SA interruption was not associated with a higher 

incidence of these complications in the long-term (Table 2).  

In the attempt to identify risk factors for vascular remodeling, we observed a positive 

correlation between MELD score at LT and the increase of GEA diameter, whereas there was a 

significant association between lower BMI and higher MELD-Na with the development of 

severe gastric collateralization. These findings were rather expected, as patients with higher 

MELD and MELD-Na tend to have more severe portal hypertension and hypersplenism and 

could therefore be more susceptible to develop arterial collaterals. The protective effect of 

higher BMI towards the development of gastric collateralization is open to multiple 



interpretations. Lower BMI is frequently observed in patients with end-stage liver disease as 

an effect of malnutrition and muscles depletion and could therefore be considered as a 

marker of advanced liver disease. Alternatively, patients with higher BMI could have 

increased intra-abdominal adipose tissue, which could serve as an alternative route for the 

development of small arterial collaterals, limiting the remodeling of larger arteries.  Overall, 

these findings suggest that patients with more severe portal hypertension have an increased 

probability of developing significant vascular remodeling.   

In our series, we observed two cases of severe upper GI bleeding caused by ulcerous disease 

in two patients who had developed arterial collaterals. Upper GI bleeding from ectatic SA 

collaterals was reported in non-LT setting as a consequence of congenital absence or 

occlusion of the splenic artery and was treated with splenectomy combined with either partial 

gastric devascularization or partial gastrectomy (11-13). Hanouneh et al. (14) reported a case 

of upper GI bleeding 5 years after SA ligation during living donor liver transplantation, which 

was managed by splenectomy after recurrent bleeding following transcatheter left gastric 

artery embolization.  

After LT, gastric and duodenal ulcers represent one of the most frequent causes of upper GI 

bleeding, along with enteritis, portal hypertension and bleeding from Roux-en-Y bowel 

anastomosis (25). Although a direct causal relationship between vascular remodeling and 

upper GI bleeding could not be established, we hypothesize that in these patients upper GI 

bleeding is caused by the association of two different hits intervening in sequence: the first is 

represented by vascular remodeling, the second by ulcerous disease. This combination likely 

caused a particularly severe and life-threatening GI bleeding in our patients. The need for this 

association could also explain why, while it seems that vascular remodeling is the rule rather 

that the exception, bleeding happens only in a minority of patients. Based on this hypothesis 

and on the fact that both patients were off anti-acid drugs at the moment of bleeding, we may 



propose that long-term acid secretion suppression in LT recipients who had interruption of 

the splenic artery at transplant could be beneficial.  

It may be argued that one of the patients who presented with upper GI bleeding in our series 

was a peculiar one, as he was the recipient of a combined liver-lung transplant in the setting 

of cystic fibrosis. Indeed, liver disease arising in patients with CF is a rare indication for LT 

(26). The pathogenesis of portal hypertension in CF liver disease has recently been 

reappraised. Whereas some patients develop portal hypertension as an issue of increased bile 

viscosity leading to bile duct obstruction, inflammation, proliferation, focal biliary fibrosis 

and, ultimately, biliary cirrhosis, recent series (27-29) have shown that a significant 

proportion of patients develop non-cirrhotic portal hypertension due to obstructive portal 

venopathy, which is characterized by narrowing, thrombosis or nonvisibility of intrahepatic 

portal vein branches. These patients present with extreme portal hypertensive manifestations 

characterized by an increased portal vein caliper, large portosystemic collaterals and severe 

splenomegaly (27). Before LT, our case closely matched this clinical picture and, noteworthy, 

the histopathological revision of the explanted liver showed some findings consistent with 

obstructive portal venopathy (Figure 4B), although in presence of significant fibrosis. It is 

likely that the severe pre-LT portal hypertension might have predisposed this patient to the 

development of particularly prominent arterial collaterals, whereas another factor 

contributing to enhance vascular remodeling could have been increased levels of vascular 

endothelial growth factor, which have been observed in patients suffering from cystic fibrosis 

(30). However, it should be noted that this patient was not exceptional with regards to the 

degree of vascular remodeling, as other patients transplanted for other more common 

indications presented vascular remodeling to a similar degree (Figure 2).  

Limitations of our study include its retrospective single-center nature and the relatively small 

sample size. Being a retrospective study, data concerning hepatic blood flow at transplant 



were available only in a minority of patients. For the same reason, vascular remodeling was 

evaluated based on imaging examinations obtained at a variable time after LT. A systematic 

evaluation at fixed time-points would have allowed a more objective assessment of the 

phenomenon. However, we do not believe this significantly hampers the validity of our 

findings.  

In conclusion, this study demonstrates that vascular remodeling of visceral arteries after SA 

interruption during LT is very frequent and that it can be observed early after LT. Patients 

with features of advanced liver disease at the moment of LT are at higher risk. This finding 

may be clinically relevant, as ulcerous disease arising on a background of significant vascular 

remodeling can cause severe life-threatening GI bleeding in post-LT follow-up.  
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Figure legends:  

Figure 1. Computed tomography angiography of three different patients with mild (A), 

moderate (B) and severe (C) gastric collateralization. Panel A. Some collaterals are observed, 

involving less than one third of gastric body; Panel B. Collaterals are more evident, involving 

about two thirds of gastric body circumference; Panel C. Circumferential involvement of 

gastric body. 

Figure 2. An example of a patient who developed severe vascular remodeling after splenic 

artery ligation. Computed tomography was obtained 7 months after liver transplantation for 

primary biliary cholangitis during the workup of a hepatico-jejunostomy for biliary 

anastomotic stricture. The distal part of splenic artery is revascularized through the large 

gastroepiploic arcade. The gastric body and fundus are extensively involved by prominent 

arterial collaterals (arrow). 

Figure 3. Scatterplots with regression line showing the variation of GEA diameter according 

to MELD score at transplant (Panel A) or the interval at which imaging was obtained after 

transplant (Panel B). 

Figure 4. Baseline radiologic and histologic features of the patients who underwent combined 

liver-lung transplantation in the setting of cystic fibrosis. Panel A. Multiplanar computed 

tomography reconstruction showing splenomegaly, large portosystemic collaterals and a 

dilated splenic vein; Panel B. Histologic appearance of the native liver. The picture shows an 

enlarged portal tract with bridging fibrotic septa. Bile duct (thick arrow) and hepatic artery 

branches (thin arrow) are present, whereas portal vein branches are not visible. Some bile 

plugs are observed (circle). Hematoxylin and Eosin staining; original magnification 100x.  

Figure 5. Multiplanar 3D reconstructions of arterial collaterals of the two patients who 

presented episodes of arterial upper gastro-intestinal bleeding Panel A. The first patient had 

repeated episodes of profuse bleeding from a gastric ulcer 8 years after combined liver-lung 



transplantation and eventually required total gastrectomy. After ligation of the splenic artery 

(thin arrow) he developed extensive gastric collateralization and a prominent gastroepiploic 

arcade (thick arrow). B. The second patient had splenic artery ligated at transplant distally to 

the outlet of dorsal pancreatic artery (thick arrow); he presented with severe bleeding from a 

duodenal ulcer two years after LT. In this picture, the distal portion of the splenic artery is 

revascularized by a branch of the greater pancreatic artery, which is supplied by the dorsal 

pancreatic artery and by a large collateral vessel, issue of the inferior pancreaticoduodenal 

artery (thin arrow). This patient also developed moderate gastric collateralization. Hepatic 

artery is not visible since it was accidentally embolized during endoscopic treatment of the 

duodenal ulcer. Patient required retransplantation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1. Baseline recipient and donor features in the whole series 
 Controls 

 
(n = 854) 

Splenic artery 
interrupted 

(n = 465) 

p 

Recipient features    

Age (years) 55.3 (49.4-60.9) 55.4 (49.1-61.4) 0.69 

Indication for transplant   0.15 

HCV 322 (37.7) 177 (38.1)  

HBV 150 (17.6) 106 (22.8)  

Alcoholic cirrhosis 138 (16.2) 55 (11.8)  

Cryptogenic cirrhosis 39 (4.6) 23 (4.9)  

Cholestatic disease 41 (4.8) 25 (5.4)  

Other 96 (11.2) 44 (9.5)  

Retransplant 68 (8.0) 35 (7.5)  

HCC 375 (43.9) 216 (46.5) 0.41 

TIPS pre-transplant 84 (10.0) 54 (11.8) 0.35 

Previous abdominal surgery 224 (26.3) 129 (27.9) 0.59 

BMI (kg/m2) 24.8 (22.8-27.3) 25.1 (23.0-27.2) 0.74 

MELD 15.8 (11.1-21.8) 15.0 (10.3-19.6) 0.03 

MELD-Na 18.7 (13.0-25.6) 17.6 (12.0-23.8) 0.24 

Donor features    

Age (years) 62.9 (49.7-73.6) 65 (48.6-74.3) 0.85 

BMI (kg/m2) 25.4 (23.1-27.8) 24.7 (23.0-27.3) 0.004 

Cause of death   0.47 

Cerebrovascular 611 (71.5) 317 (68.2)  

Anoxia 75 (8.8) 42 (9.0)  

Trauma 153 (17.9) 99 (21.3)  

Neurologic 7 (0.8) 5 (1.1)  

Other 8 (0.9) 2 (0.4)  

Macrovesicular steatosis ≥ 15% 113 (13.8) 63 (14.2) 0.90 

Graft weight (g) 1470 (1270-1720) 1440 (1240-1700) 0.02 

Diabetes 105 (13.0) 52 (11.7) 0.58 

DRI 1.83 (1.49-2.08) 1.86 (1.48-2.07) 0.56 

D-MELD 917 (616-1319) 873 (589-1234) 0.05 

Abbreviations: HCV, hepatitis C virus; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; TIPS, transjugular 
intrahepatic portosystemic shunt; BMI, body mass index; MELD, model for end-stage liver disease score; MELD-
Na, MELD sodium score; DRI, United States donor risk index; D-MELD, donor age x MELD score.  

 

 

 

 



Table 2. Procedure details, postoperative outcome  
and vascular complications in the whole series 

 Controls  
 

(n = 854) 

Splenic artery 
interrupted  

(n = 465) 

p 

Procedure details    

Cold ischemia time (min) 453 (388-514) 440 (381-506) 0.17 

Significant bleeding* 119 (13.9) 58 (12.5) 0.51 

Redo hepatic artery anastomosis 26 (3.0) 33 (7.1) 0.001 

Temporary packing 85 (10.0) 36 (7.7) 0.22 

Postoperative outcome    

Early allograft dysfunction19 398 (47.4) 174 (37.7) 0.001 

Grade ≥ 3 complications20 217 (25.4) 104 (22.4) 0.24 

Vascular complications    

Early (< 30 days) hepatic artery thrombosis 9 (1.1) 15 (3.2) 0.01 

Early (< 30 days) portal vein thrombosis 4 (0.5) 1 (0.2) 0.80 

Late (> 30 days) hepatic artery thrombosis 5 (0.6) 1 (0.2) 0.59 

Late (> 30 days) portal vein thrombosis  10 (1.2) 8 (1.7) 0.57 

Late hepatic artery stenosis** 47 (5.5) 26 (5.6) >0.99 

* Significant bleeding was defined as transfusion of ≥ 10 units of packed red blood cells;  
** Late hepatic artery stenosis was defined as a persistent intrahepatic artery waveform with 
“tardus-parvus” pattern and/or a resistance index < 0.5 at Doppler ultrasound throughout 
follow-up.  

 

 

 

 

 

 

 

 

 

 

 



Table 3. Baseline characteristics of evaluable patients 

according to the development of severe gastric collateralization 

 Whole cohort 

 

(n = 88) 

Severe 

collateralization 

(n = 22) 

No severe 

collateralization 

(n = 66) 

p* 

Age 54.2 (47.5- 62) 53.8 (46.6-62-5) 54.7 (48.7-61.3) 0.58 

Weight (kg) 71.5 (65-84) 69 (65-82.7) 74 (65-84) 0.27 

Height (cm) 173 (167-178) 170 (154-177) 165 (150-178) 0.24 

Body mass index 25 (22.5-27.8) 23.4 (21.9-26.7) 25.4 (23.2-28) 0.03 

Creatinine (mg/dl) 1 (1-1.04) 1 (1-1.03) 1 (1-1.04) 0.62 

Creatinine clearance 

(ml/min) 

92.2 (69.6-111.1) 90 (69-115) 92 (71-108) 0.87 

Bilirubin (mg/dl) 1.6 (1-3) 1.7 (1-5) 1.6 (1-2.5) 0.49 

INR 1.34 (1.15-1.57) 1.40 (1.26-1.73) 1.28 (1.14-1.53) 0.99 

Sodium 139 (137-140) 138 (137-140) 139 (136-140) 0.55 

Platelets (109/L) 81 (60-114) 72 (55-86) 89 (61-127) 0.06 

Refractory ascites  32 (36.4%) 11 (50%) 21 (31.8%) 0.20 

History of portal vein 

thrombosis 

17 (19.3%) 2 (9%) 15 (22.7%) 0.22 

TIPS 11 (12.5%) 3 (13.6%) 8 (12.1%) 0.99 

CTP: 

A 

B 

C 

 

42 (47.7%) 

31 (35.2%) 

15 (17%) 

 

7 (32%) 

10 (45%) 

5 (23%) 

 

35 (53%) 

21 (32%) 

10 (15%) 

0.20 

MELD 13 (9-17) 14 (10-19) 13 (8-17) 0.28 

MELD-Na 14 (10-18) 17 (13-23) 13 (10-17) 0.006 

D-MELD 746 (533-1093) 862 (583-1235) 729 (532-1070) 0.39 

Transplant technique: 

Whole graft 

Right split (S5-8) 

 

86 (97.7%) 

2 (2.3%) 

 

21 (95.5%) 

1 (4.5%) 

 

65 (98.5%) 

1 (1.5%) 

0.40 

Interval (months)** 12.2 (4.2-41.2) 11.3 (5.6-73.4) 12.2 (3.8-31.8) 0.14 

 

Data are expressed as numbers (%) or median (confidence interval). * p-value referring to patients with versus without 

severe gastric collateralization; ** months between transplant and imaging examination. Abbreviations: INR, international 

normalized ratio; TIPS, transjugular intra-hepatic porto-systemic shunt; CTP, Child-Turcotte-Pugh score; MELD, model for 

end-stage liver disease; D-MELD donor age x MELD score 

 

 

 

 

 



Table 4.  Visceral arteries and portal vein diameters before and after liver transplantation 

 Pre-LT diameter 

(mm) 

Post-LT diameter 

(mm) 

Delta  

(mm) 

Delta  

(%) 

p* 

Left gastric artery 3 (2.6 – 3.6) 4.4 (3.8 – 5) 1.2 (0.6 – 2) 37 (21 – 67) < 0.001 

Gastroepiploic arcade 2.5 (2.1 – 2.8) 3.8 (3.3 – 4.6) 1.4 (0.7 – 2) 55 (28 – 84) < 0.001 

Hepatic artery 5.1 (4.4 – 5.2) 5.4 (4 – 6.9) 0.5 (-1.2 – 1.4) 9 (-19 – 32) 0.51 

Portal vein 19.1 (17.2 – 21.2) 19 (16.8 – 21.3) -0.3 (-2.2 - 1.2) - 1.8 (-9.2 – 5.9) 0.69 

 

* result of non-parametric Wilcoxon signed rank test. Abbreviations: LT, liver transplantation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 5. Results of univariate logistic regression  

of variables associated with severe gastric collateralization. 
 

Odds ratio 

(Conf. Interval) 

p 

Age  0.98 (0.95-1.03) 0.58 

Weight (Kg) 0.97 (0.93-1.02) 0.69 

Height (cm) 1.03 (0.98-1.11) 0.24 

BMI 0.84 (0.71-0.98) 0.03 

INR 1.00 (0.51-1.47) 0.99 

Bilirubin (mg/dl) 1.02 (0.95-1.09) 0.50 

Creatinine (mg/dl) 0.69 (0.11-2.47) 0.62 

Creatinine clearence (ml/min) 1.01 (0.99-1.01) 0.87 

Na (mmol/L) 0.96 (0.87-1.08) 0.55 

Platelets (109/L) 0.98 (0.97-0.99) 0.06 

Ascites 2.14 (0.80-5.80) 0.12 

Diabetes 1.40 (0.35-4.90) 0.60 

History of portal vein thrombosis 0.34 (0.05-1.35) 0.18 

TIPS 1.14 (0.23-4.42) 0.52 

CTP class   

B (versus A) 2.38 (0.79-7.48) 0.12 

C (versus A) 2.50 (0.62-9.67) 0.18 

MELD 1.03 (0.96-1.12) 0.29 

MELD-Na 1.04 (1.01-1.11) 0.08 

D-MELD 1.00 (0.99-1.00) 0.39 

Early allograft dysfunction 1.06 (0.38-2.88) 0.90 

 

Abbreviations: BMI, body mass index; INR, international normalized ratio; TIPS, transjugular intra-hepatic 

porto-systemic shunt; CTP, Child-Turcotte-Pugh score; MELD, model for end-stage liver disease; D-MELD 

donor age x MELD score 
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