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Case report: Immediate revascularization for symptomatic hepatic artery pseudoaneurysm after orthotopic liver transplantation? A case series and literature review
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Introduction: Hepatic artery pseudoaneurysm (HAPA), a rare vascular complication that can develop after liver transplantation, is associated with a high mortality rate and graft loss. To salvage the liver graft, immediate revascularization, either through surgical or endovascular intervention, is required. However, currently there is no consensus on the optimal strategy. Here, we report three cases of liver transplant recipients diagnosed with HAPA and treated with immediate revascularization. In addition, we present an overview of HAPA cases described in the literature and make recommendations on how to treat this rare complication.



Methods: All adults transplanted in our center between 2005 and 2021 were retrospectively reviewed. Literature search was done in PubMed for original studies between 1980 and 2021 reporting early hepatic artery (pseudo) aneurysm after liver transplantation requiring either surgical or endovascular intervention.



Results: From a total of 1,172, 3 liver transplant patients were identified with a symptomatic HAPA and treated with immediate revascularization. HAPA occurred 73, 27, and 8 days after liver transplantation and was treated with immediate revascularization (two surgical and one endovascular intervention). Literature review identified 127 cases of HAPA. HAPA was managed with endovascular therapy in 20 cases and by surgical intervention in 89 cases. Overall reported mortality rate was 39.6%, whereas overall graft survival was 45.2%.



Conclusion: Immediate surgical or radiological interventional excision and prompt revascularization to salvage liver grafts is feasible but still associated with a high mortality.
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1. Introduction

Hepatic artery (pseudo) aneurysm (HAPA) is a rare and potentially life-threatening complication following orthotopic liver transplantation where a locally advanced infectious process causes dilation of the arterial anastomosis. The reported incidence varies between 0.3% and 3% with mortality rates up to 80% (1). Risk factors for HAPA are bile leaks, Roux-en-Y hepaticojejunostomy, and primary sclerosing cholangitis since all these conditions are associated with biliary infection and/or contamination of the operative field (2). Diagnosis may be incidental or made as a result of symptoms varying from abdominal pain or fever, to gastrointestinal bleeding with or without hemorrhagic shock. To avoid graft loss and/or patient death, early detection and prompt treatment are essential. Both surgical and endovascular interventions are reported. Surgical options are either hepatic artery ligation followed by early retransplantation, or HAPA resection followed by immediate revascularization with an interposition graft. Endovascular treatment can include stenting to restore vascularization or embolization. Currently, there is no consensus on the optimal treatment strategy and studies are scarce.

Here, we report three cases where HAPA was treated with immediate revascularization—surgical in two cases and endovascular in one case—and provide a review of current literature. As there is no accepted algorithm for the treatment of HAPA, we also make recommendations on how to treat this rare complication.



2. Case series


2.1. Case 1

A 69-year-old woman with primary biliary cirrhosis and hepatorenal syndrome had undergone a combined liver and kidney transplantation. Patient characteristics can be found in Table 1. Seventy-three days after transplantation, she presented with a severe upper gastrointestinal bleeding resulting in hemorrhagic shock (Table 1). Following resuscitation measures, a percutaneous angiography revealed a bleeding HAPA, arising from the arterial anastomosis between the donor celiac artery and the recipient proper hepatic artery. Bleeding was immediately treated with coil embolization of the HAPA (Figure 1A). Despite hemorrhagic shock-related coronary insufficiency, the patient recovered well. Unfortunately, after 3 weeks, she was readmitted with severe gastrointestinal bleeding. Angiography confirmed recurrent bleeding from the HAPA. Considering the patient’s age, hemodynamic status, recent myocardial infarction, and the rapid recurrence, we opted for an endovascular approach where an expandable, covered stent was positioned at the level of the HAPA, thereby excluding the HAPA while preserving allograft arterialization (Figure 1B). Patency was confirmed at 6 months by CT and at 9 months MR angiography, and at 20 months by Doppler ultrasound. At the time of writing, almost 2 years after endovascular HAPA treatment, the patient is asymptomatic with normal liver tests and normal hepatic vascular parameters.
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FIGURE 1
(A) Angiography showing the hepatic pseudoaneurysm; arrowheads point to pseudoaneurysm (case 1). (B) Angiography post coiling and stenting of the hepatic pseudoaneurysm; arrows point to the stent (case 1). (C) Post-LT selective angiography revealing an extrahepatic pseudoaneurysm with a preserved arterialization of the liver allograft (case 2). (D) Intraoperative view showing status after excision of the pseudoaneurysm and vascular reconstruction using a free iliac interposition graft between common hepatic and hepatic artery (case 3). (E) Angiography after repair of the hepatic artery pseudoaneurysm; arrows point to the proximal and distal anastomosis (case 3).



TABLE 1 Summary of characteristics of hospital course for each case.
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2.2. Case 2

A 68-year-old male was retransplanted for recurrent cholangitis related to ischemic cholangiopathy. Patient characteristics can be found in Table 1. Perioperative bile cast cultures were positive for Staphylococcus epidermidis, whereas Enterococcus faecium was cultured postoperatively from the abdominal drains. On postoperative day 14, the patient developed a fever up to 38.9°C, for which antibiotic therapy with vancomycin was initiated. The next day, he passed melena stool and biochemistry showed a hemoglobin drop (Table 1). Endoscopy revealed a duodenal ulcer, for which pantoprazole was initiated. Doppler ultrasound on day 16 showed turbulent flows in a tortuous hepatic artery, indicative of arterial stenosis. The patient developed acute abdominal pain and a CT scan revealed a confined perforation of the duodenal ulcer, which was treated conservatively with nasogastric tube aspiration and nil per mouth policy. Antibiotic therapy was escalated with meropenem and fluconazole in addition to vancomycin. One day later he developed a neutropenic fever with several hypotensive episodes responding to fluid challenges. On day 24, a de novo atrial fibrillation occurred and was managed pharmacologically. Meanwhile, his abdominal pain worsened, and an intra-abdominal collection was identified and drained percutaneously from which Enterococcus faecium was cultured. On day 27, he developed hematochezia (melena and anal red blood loss) leading to a hemoglobin drop (6 g/dl) despite transfusion with 4 units of packed red blood cells. Angiography did not demonstrate any active bleeding but—in retrospect—showed a saccular HAPA (Figure 1C) but unfortunately then interpreted as a wide arterial anastomosis. Two days later, he was urgently transferred to the operating theater with acute hemorrhagic shock, where a bleeding HAPA was found. The HAPA was resected, and immediate revascularization was established using an arterial allograft consisting of the celiac artery with the splenic artery and common hepatic artery. The splenic artery and common hepatic artery were anastomosed to the right and left hepatic arteries of the allograft, respectively, and the celiac artery was anastomosed to the recipients’ common hepatic artery (Figure 2). Unfortunately, Doppler ultrasound the day after showed a diffuse necrosis of the allograft in the absence of a normal arterial flow and the patient died at day 39 due to sepsis and multiorgan failure.
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FIGURE 2
Arterial reconstruction as described in case 2.




2.3. Case 3

A 49-year-old male was retransplanted for recurrent primary sclerosing cholangitis with biliary cirrhosis and portal vein thrombosis. Prior to retransplantation, he had been hospitalized for 3 months for recurrent severe esophageal variceal bleedings, refractory cholangitis, and recurrent bacteriemia, with need for continuous intravenous antibiotic treatment with meropenem. Patient characteristics are shown in Table 1. Eight days after transplantation, he suddenly developed a life-threatening hemorrhagic shock with massive blood loss via the abdominal drains (Table 1). At emergency laparotomy, a bleeding HAPA was identified. The aneurysm was resected and the allograft re-arterialized using a 3 cm iliac arterial interposition graft from the same donor restoring continuity between the proper hepatic artery and common hepatic artery (Figure 1D). Because a fungal infection was suspected, fluconazole was added to the anti-infectious regimen. Cultures of the aneurysm later confirmed the presence of Candida glabrata. Accordingly, the dose of fluconazole was doubled. As perioperative cultures were also positive for Lactobacillus species, meropenem was continued for another 2 weeks. Hereafter, his recovery was uneventful with repeated normal arterial blood flow on Doppler ultrasound. Twelve days after re-arterialization, a Clostridium difficile infection was treated with a 10-day course of oral vancomycin. Control angio-CT showed patent intra- and extrahepatic arterial vasculature (Figure 1E). At the time of writing, 1 year later, the patient is asymptomatic with normal liver tests and normal hepatic vascular parameters.




3. Literature review

Literature search was done in PubMed for studies between 1980 and 2021. All original studies reporting early (within 3 months after liver transplantation) hepatic artery (pseudo) aneurysm after liver transplantation requiring either surgical or endovascular intervention were included. In total, 127 cases were identified over a period of 40 years in 28 different centers. All studies are presented in Table 2, and the overall results are summarized in Table 3.


TABLE 2 Overview of hepatic artery (pseudoaneurysms after liver transplantation published between 1988 and 2022).
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TABLE 3 Summary of all reported cases.
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Clinical presentation of HAPA varied widely. Detailed information about symptomatology was reported in 114 cases. Thirty-two percent of reported patients presented with a hemorrhagic shock, whereas other presentations included gastrointestinal bleeding (i.e., melena and hematemesis) (n = 32, 25%), hypotension (n = 20, 15.7%), intra-abdominal bleeding (n = 7, 5.5%), pain (n = 3, 2.4%), or abnormal liver function tests (n = 3, 2.4%). Mean time between transplantation and diagnosis is 58 days (range 1–760). In 84 cases, a risk factor associated with HAPA was present: primary sclerosing cholangitis (n = 13), Roux-en-Y hepaticojejunostomy (n = 40), bile leak (n = 24), or retransplantation (n = 7). Out of the 127 cases, perioperative cultures were reported in 68 cases, revealing 44 bacterial (34.6%), 22 fungal infections (17.3%), and 2 negative cultures (1.6%). No detailed information on the treatment was given in 18 cases. Endovascular treatment was done in 20 cases: stenting in 7 and embolization in 13. Surgical intervention was performed in 76 cases including ligation (n = 25, 23.8%), excision and revascularization (n = 21, 16.5%), excision and revascularization with graft (n = 28, 22%), and transplantectomy (n = 1, 0.8%). Unfortunately, in 13 (13%) of all the cases, no treatment could be offered. Fourteen patients received a retransplantation (12.8%). Overall mortality in the literature is 39.6% with a graft survival of 45.2%.



4. Discussion

Hepatic arterial thrombosis and hepatic artery aneurysms are the most feared complications after liver transplantation. They occur in up to 4% and 2%–3% respectively (2, 13, 16). In case of liver transplantation, hepatic artery aneurysm is also referred to as hepatic artery pseudoaneurysm or HAPA. Hepatic artery aneurysm formation is due to arterial wall dissection or infection (26). In 1885, the term mycotic aneurysm was first mentioned by Osler but nowadays infected aneurysm is the preferred term as it is known that a “mycotic aneurysm” can also be caused by bacterial pathogens (30). Infected aneurysms are more common in immune-compromised patients such as diabetic, oncologic, and transplant patients (18). Diagnosis of a hepatic artery aneurysm may be incidental at imaging or made as a result of symptoms varying from vague abdominal pain syndrome, anemia, obstructive jaundice, or fever, to severe life-threatening conditions caused by massive gastrointestinal or intra-abdominal bleeding (31–33).

HAPA most commonly occurs within the first 3 months as in case 2 and 3. In case of late (after 3 months) presentation as in our first case, it is hypothesized that the HAPA is not associated with an infection. Patients who present late are usually asymptomatic (incidental finding) or have insidious abdominal complaints (34). As shown in Table 3, an overall graft loss of 54.8% and an overall patient mortality of 46.7% are reported. Our small case series including one endovascular stenting and two excisions with immediate graft revascularization reports a similar graft and patient survival of 66%.

Since clinical presentation varies widely, early diagnosis relies on a high index of suspicion. Reported risk factors include biliary leakage, biliodigestive anastomosis (mostly Roux-Y hepatic-jejunostomy), and primary sclerosing cholangitis. Indeed, all these conditions are associated with biliary infection or contamination of the operative field (2, 10, 26). As shown in Table 3, in 31.5% of all reported cases, biliary reconstruction was performed by Roux-Y hepaticojejunostomy, whereas in 10.2%, indication for liver transplantation was primary sclerosing cholangitis. The presence of these risk factors in patients who present with a post-transplant gastrointestinal or abdominal bleeding should therefore alert the clinician to consider a possible HAPA.

Up to date, there is no clear diagnostic algorithm for HAPA. The literature review as well as our small case series clearly highlight the importance of a rapid diagnosis but even more of an urgent treatment. Indeed, early detection of a HAPA after liver transplantation has been shown to contribute to improved survival (25). Routine Doppler ultrasound has been shown to improve the detection of vascular complications after liver transplantation (35). Visualization of a hilar cystic structure abutting the vessels and presenting a turbulent, bidirectional, or slow monophasic flow should immediately raise suspicion for a HAPA. Multidetector angio-CT or MR are both suggested to confirm the diagnosis. Additional angiography could be considered as this allows to locate more precisely the site of the hepatic artery aneurysm as well as to judge the arterialization of the allograft. Moreover, angiography offers, as shown in case 1, the possibility to intervene during the same procedure.

Despite awareness, the diagnosis of HAPA often remains difficult. In the series of Kim et al., the median time between living donor liver transplantation and diagnosis of HAPA was 10 days; routine imaging using Doppler ultrasound and CT scan allowed us to detect HAPA in 6 out of 11 patients (54%). The Seoul group showed, when comparing different imaging methods, that angio-CT and multidetector CT are the imaging modality of choice to diagnose HAPA (20). Nevertheless, in our series (case 2), the diagnosis of HAPA on angio-CT was initially missed, which delayed timely treatment.

Equally, there is no consensus on optimal treatment strategies. Here, lessons from larger experiences in infected aortic surgery can be learned. The two guiding principles are, first, the immediate start of antibiotic therapy in case infection is present at endovascular or open surgery in order to minimize the risk of prosthetic graft contamination by hematogenous spread. Second, a surgical repair is preferred unless the perioperative risk is prohibitively high (cf. case 1 in our series). Surgical treatment should include debridement with complete excision of the infected vessel or graft, followed—whenever possible—by an in situ reconstruction using free vascular auto- or allografts. If unavailable, an extra-anatomic reconstruction could be opted for using a prosthetic graft impregnated with antibiotics. Endovascular arterial repair is considered a bridge to a more definite treatment or, in the absence of gross contamination, a viable option for patients at risk or unfit for open surgery (36). Endovascular repair entails an infectious risk as the infected aneurysmal sac and surrounding tissues remain. The latter being the reason why endovascular aortic repair for mycotic aortic aneurysm is still debated despite the extensive experience with endovascular stent repair in abdominal aortic aneurysm. Endovascular aortic repair is indeed associated with a poor prognosis when pre- and postoperative blood cultures are positive and lifelong oral antibiotic therapy is required (37).

Although the etiology of HAPA compared to an infected aorta or visceral artery seems totally different, the fundamental principles of endovascular repair may well be adapted to effectively treat HAPA following liver transplantation. Antibiotics should be administered during a period of 6–8 weeks if inflammatory signs are present at the time of treatment. This therapy must be adapted and eventually prolonged and guided by results of blood and tissue cultures (38). As shown in Table 3, a specific pathogen was identified in 34.6% of the reported cases and a mycosis was present in 17.3% of them.

The treatment of HAPA after liver transplantation should be guided by (i) the clinical condition of the patient, (ii) the vascularization of the allograft, and (iii) finally the location of the aneurysm. Although an endovascular approach is without doubt an attractive solution to a difficult problem, one should keep in mind that the HAPA is frequently infected in the transplant setting (28, 39). An intraluminal stent may, therefore, act as an infectious nidus. Saad et al., therefore, propose to use stents as a temporizing measure to prevent (further) bleeding while preserving the arterial flow to the allograft. This measure allows the transplant team to evaluate the salvageability of the graft and consider later on surgical revascularization or retransplantation (23). Endovascular treatment may also be preferable in the case of late appearance of hepatic aneurysms (cf. case 1 in our series). Moreover, these patients frequently present with some arterial collateralization, allowing a more aggressive exclusion of the aneurysm.

When an endovascular repair is not possible or unsuccessful, urgent laparotomy is often indicated. Depending on the intraoperative findings, there are two surgical options: ligation of the feeding arteries or excision of the aneurysm followed by an arterial reconstruction. Such reconstructions should preferably be done using donor arterial allografts, if possible from the same donor. If a “donor vascular toolkit” is not available, autologous saphenous, iliac, and left renal veins, or cryopreserved arterial allografts can be used. These allografts can be safely used after a storage period reaching up to 2 weeks despite destruction of the endothelium. Larger experiences have shown that arterial allografts are superior to prosthetic grafts and more physiologic compared to venous allografts (40). In living donor liver transplantation, cryopreserved iliac artery allografts have been frequently used successfully. Wang et al. showed that there is no loss of patency in cryopreserved allografts, which have been stored for more than 1 year (41). Mohkam et al. and Sellers et al. corroborated these findings in deceased donor liver transplantation cases requiring urgent arterial revascularization (27, 42). If a patient suffers from extensive local infection or significant hemodynamic instability, the only potential life-saving measures usually involve ligating the artery to control bleeding, removing the transplanted organ due to anticipated allograft necrosis, and creating a temporary portocaval shunt. These interventions should be accompanied by long-term, comprehensive anti-infectious treatment and urgent relisting for a subsequent retransplantation (4). In some cases of late HAPA formation, extensive arterial collateralization may allow us to keep the allograft “alive” despite ligation of the hepatic artery.

We recognize the limitations of our study. Inherent to the low incidence of HAPA, the study design was retrospective and mostly covered small case reports and series with incomplete reporting of data and a possible focus on unusual and/or successful cases. Because of the nature of reporting, data on actual follow-up times are not available. Nevertheless, we believe that our study brings together valuable insights into the diagnosis and treatment of HAPA.



5. Conclusion

HAPA is a rare but life-threatening complication after liver transplantation. A high index of suspicion during the early post-transplant period, especially in case of unexplained hemoglobin drop or symptomatic gastrointestinal/abdominal bleeding, is paramount to salvage both the liver graft and the patient. Physicians should be extra vigilant in case of any previous biliary leakage, biliodigestive reconstruction, or primary sclerosing cholangitis as the indication for transplantation. Routine Doppler ultrasound and especially angio-CT scan are the best diagnostic procedures to diagnose HAPA. In a hemodynamically (un)stable patient, endovascular repair may be a valid therapeutic option to bridge patients for definite surgical treatment and/or retransplantation, or even as a definite treatment in late presenting cases preferably without evidence of infection. However, in case of hemorrhagic shock, urgent surgical exploration is usually required, where, if feasible, excision of the HAPA followed by a re-arterialization using vascular allografts is the preferred therapeutic option. Evidently, any treatment modality requires stringent radiological follow-up to assess vascular parameters, as well as graft perfusion.
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LHA-SPLA 1
Fichelle (5) 1997 | 1 30 M1|0 | Staphylococcus HS 30 RYHJ 0 CHA-CTR Anas S | Exc+graft revasc | 0 A (5 years) 1
aureus 1
Lowell (9) 1999 2 37,52 M2 |0 | No infection GIB (n=1) NR RYHJ (n=1) 0 NR NR S | Exctrevascl |0 A2(1-24mo) |2
INC (n=1) Exc + graft
Revasc 1
Stange (10) 5 45 M5 2| Proteus species (n= | GIB (n=2) 1205 (28- | CHOL NR | PHA-GDA 3 Anas s Ligs 25 A3 5
Settmacher (11) G1- n HS (n1=1) 300) DUOD PHA-SPLA 2 (n=3) Exc + graft revasc D2
2000 65) Staphylococcus INC (n=1) STOMY (n=2) CTR 2 2% Exc + graft
species (n=2) Card dec (n=1) DD (n=3) (n=1) (6 months,
Candida species Dist 3 years)
(n=2) ANAS
(n=1)
Leonardi (12) 1 30 M [0 MR GIB 119 NR 1 CHA-CHA Anas S | Excgraftrevasc1 | 0 A24m (HAT |0
2001 (n=1) graft reLT)
Marshall (13) 9 43 |NR |5 | Candida species GIB (n=2) 328 (8-75) | RYH] (n=7) 4 Aortic jump graft 4 | NR IR Emb3 29 A2 0
2001 a3 (n=3) HS (n=6) s Lig3 D7
62) Aspergillus species | Fever (n=1) Exc + Revasc 1 -3x Lig; 1x RLT
(n=1) Exc + graft revasc ~1x Emb
1 ~1x Exc + revasc
RelT 4 ~1x Exc + graft
(post-Emb 3x/ ~1x None
post-LIG 1x)
None® 1
Almogy (14) 2002 | 1 45 | M1 |1 | Citrobacter freundii | GIB 31 RYH] 0 NR NR IR | Emb 1 0 A 1
Turrion (15) 2002 | 4 NR | NR |[NR |NR HS (n=4) NR NR NR | NR NR None® 4 44 D4
Leelaumdonlipi | 8 365 | NR | NR | Streptococcus species | GIB (n=2) 1222 (12- | RYH] (n=5) NR | CTR-CHA2 NR S | Exctrevasc2 | 4/8 A4 (86~
(16) 2003 (32- (n=1) HTens (n=4) | 760) CHA-CHA 2 Exc + graft revasc 128 years)
59) Gemella Abnrl LT (n=2) CHA_GDA 1 6 D4
haemolysans (n=1) CHA_RHA 1 ~1x Exc + revasc
Streptoc faccalis (n = SA -CHA 1 ~3x Exc + graft
n
Enterococcus species
(n=1)
Haemophilus
paraproph (n=1)
Candida species
(n=2)
Aspergillus species
(n=1)
Patel (17) 2003 | 1 70 [F1]0o |NR GIB 50 DD 1 CHA-CHA/GDA | Anas IR | Emb 1 0 A (6mo) 1
(thrombin)
Alamo (18) 2005 | 2 43 M | NR | Pseudomonas (n=2) HS (n=2) NR NR NR | NR NR S | Excirevascl | % Al 1
2pt | 2pt Enterobacter (n=2) Tx-ectomy 1 DI
NR | NR ~1x Tx-ectomy
Finley (19) 2005 | 2 4655 | F1 |0 | Aspergillus GIB (n=2) 26 NR 1 NR Anas S | Exc+graft revasc | 0 A2(16- 2
M1 fumigatus (n=1) 7 years (n=2) 2 72 months)
Kim (2002005 11 |52 |F2 |0  Candida species HTens (n=5) | 138(6-40) | NR NR | PHA-PHA Anas NR | NR NR NR NR
LDLT “3- M9 (n=1) Abnrl LTests (n=7)
65) (n=1) Stump
INC (n=5) HA
(n=1)
CHA
(n=2)
RGA
(n=1)
Fistouris (21) 1 |NR |NR |NR | Enterococcus GIB (n=6) 675 RYH] (n=6) 3 NR NR IR Lig6 611 AS 1
2006 faecium (n=1) HTens (n=4) | (14-240) S | Exc+graft revasc (7.4 months-
Klebsiella Pain (n=2) 3 6.9 years)
pneumoniae. (n=2) | Anemia (n=1) RelT 5 D6
Enterococcus species | Abdominal (post-Lig 4x, -2x Lig
(n=1) bleed (n=1) post revasc 1x) ~1x Exc + graft
Candida albicans None® 2 ~2x None
(n=5)
Candida glabrata
(n=1)
Jain (22) 2006 | 4 52 | F3 |0 | NR NR 17475 (1- | NR NR | NR NR IR | Emb 1 14 A3 3
“o- M1 482) S Revasc+lig1 (141 months)
65) Exc + graft revasc D1
1 ~None
RelT 1
(post revasc +
LIG)
None® 1
Saad (23) 2011 |9 52 |F2 |[NR |NR GIB (n=3) 495 (1-196) | RYH] (n=5) NR | NR Anas IR | Stent 3 209 A7 2
6~ M7 HS (n=2) DD (n=4) (n=7) Exc + revasc 1 D2
63) HTens (1n=5) RHA ReLT 4 (post -1 Stent
(n=1) stent 1x) ~1x None
CHA None® 1
(n=1)
Volpin () 2014 16 |40 | F6 |1 | Enterococcus species | GIB (n=3) 25.1 (4-100) | RYHJ (n=6) 4 CTR-PHA 4 NR IR | Emb 1 8/16 A8 (34 months- | 7
REVIEW @0- M (n=2) HS (n=13) DD (n=10) CTR-CHA 1 S Stent1 18 years)
62) 10 Staphylococcus Abdominal SPLA-AO1 Ligs D8
aureus (n=2) bleed (n=5) PHA-PHA 3 Exc + revasc 5 -3x Lig
Methicillin resistant CHA-CHA 2 Exc + graft revasc ~1x Exc + revasc
staphylococcus RHA-RHA 4 2 ~1x Exc + graft
aureus (n=2) CHA-GRAFT-CHA None 2 ~2x None
Pyocyaneus]G. bacilli 1
(n=2)
Pseudomonas
aeruginosalE. coli (n
-1
Aspergillus fum (n =
1)
Reznichenko (24) | 1 56 |F1 |0 |NR Pain 180 DD 0 CHA-CHA Anas S | Excirevascl |0 A(dmonths) |1
2016
Jeng (25) 2016 2 4 M2[0  |NR HS (n=2) 38 NR 0 NR Anas IR | Embl 202 D2 0
REVIEW 63 147 (n=1) |S | Exc+Revasc2
RHA
(n=1)
Harrison (26) 7 49 |F2 |2 | Klebsiella NR 46 (4-133) | RYH] (n=3) 3 CHA-CHA 5 NR NR | NR 27 AS 5
2017 REVIEW (8- M5 pneumoniae (n =4) DD (n=4) CHA-PHA 1 D2
62) Pseudomoas CHA-graft AO
aeruginosa (n=1)
Candida caselifl
(n=1)
Mohkam (27) |3 52 | NR [0 | NR NR 68 (29-147) | NR NR | CTR-CHA Anas IR | Stent>Revasc 1 | 0 A3 (35, 3
2017 (45- (n=1) Exc + graft revasc 269 months)
62) 3
Gao (25)2019 |1 59 | M1/0o |NR Jaundice NR NR NR | NR NR IR | Stent 1 0 A 1
4 0 492 (15-84) | NR i NR NR 214 2
St. Michel (29) 52 F1 Enterococcus species | HTens (n=2) IR | Emb2 A1 (24 months)
2019 G7- M3 (n=1) anemia (n=4) S | Excrevasc2 D2
62) Stenotropohm 2% Emb
maltoph (n =2)
Present 2023 3 62 |F1 |1 | Enterococcus faec (n | GIB (n=1) 366 (8-79) | RYH] (n=1) 1 CHA-CHA/GDA 3 | Anas IR | Emb1+Stent1 | 1/3 A2(024mo) |2
“9- M2 =1) HS (n=1) (n=3) S | Exc+ graft revasc D1
69) E. coli (n=1) Abdominal 2
Candida glab. bleed (n=1)
(n=1)

CR, case report; CS, case series; GIB, gastrointestinal bleed; HS, hemorrhagic shock; HTens, hypotension; INC, incidental find; RYHJ, Roux-en-Y Hepaticojejunostomy; DD, duct to duct anastomosis; PHA, proper hepatic artery; CHA,
common hepatic artery; CTR, celiac trunk; LHA, left hepatic artery; SPLA, splenic artery; GDA, gastroduodenal artery; IR, interventional radiology; Emb, embolization; Lig, ligation; Exc + revasc, excision and revascularization; Exc + graft
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Indication for LT

Primary biliary cirrhosis

Retransplantation

Retransplantation

Ischemic type biliary strictures with
cholangitis

Primary Sclerosing Cholangitis

MELD score

12

Surgical procedure

Cold ischemia time

NI

430

‘Warm ischemia time

NI

41

Arterial

Biliary reconstruction

PHA-TC

CHA-CHA

CHA-CHA/GDA

Postoperative course

Duct-to-duct

Duct-to-duct

Roux-Y hepatic-jejunostomy

Immunosuppression

Corticosteroids

Corticosteroids

Corticosteroids

Mycophenolate mofetil

Mycophenolate mofetil

Mycophenolate mofetil

Tacrolimus

‘Tacrolimus

Tacrolimus

Infection present

No

Yes

Yes

Staphylococcus epidermidis and
Enterococcus faccium

Candida glabrata

Biliary complications

Yes, anastomotic stricture on duct-to-duct
biliary anastomosis

No

No

Acute anemia

Yes

Yes

Yes

Hypotension
Clavien-Dindo 23

Yes
Yes, IIIb, IV

Yes
Yes, Ila, IV,V.

Yes

Days between surgery and diagnosis

73

27

Days from hypotensive/acute anemia
episode to diagnosis

0

14

Diagnostic modality

Angiogram in acute setting

Angiogram

Emergency laparotomy

‘Therapeutic modality

Embolization followed by stenting

Excision of aneurysm and surgical
reconstruction

Excision of aneurysm and surgical
reconstruction

Mortality

No (follow-up >20 months)

Yes (39 days)

No (follow-up >24 months)

LT, liver transplantation; NI, no information: PHA, proper hepatic artery; TC, celiac trunk; CHA, common hepatic artery: GDA, gastroduodenal artery; MELD, model of end
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