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Abstract
BACKGROUND
[bookmark: OLE_LINK7594][bookmark: OLE_LINK7595][bookmark: OLE_LINK7596][bookmark: OLE_LINK7597]Hepatic artery obstruction is a critical consideration in graft outcomes after living donor liver transplantation. We report a case of diffuse arterial vasospasm that developed immediately after anastomosis and was managed with an intra-arterial infusion of lipo-prostaglandin E1 (PGE1).

CASE SUMMARY
[bookmark: OLE_LINK7598][bookmark: OLE_LINK7599]A 57-year-old male with hepatitis B virus-related liver cirrhosis and hepatocellular carcinoma underwent ABO-incompatible living donor liver transplant. The grafted hepatic artery was first anastomosed to the recipient’s right hepatic artery stump. However, the arterial pulse immediately weakened. Although a new anastomosis was performed using the right gastroepiploic artery, the patient’s arterial pulse rate remained poor. We attempted angiographic intervention immediately after the operation; it showed diffuse arterial vasospasms like ‘beads on a string’. We attempted continuous infusion of lipo-PGE1 overnight via an intra-arterial catheter. The next day, arterial flow improved without any spasms or strictures. The patient had no additional arterial complications or related sequelae at the time of writing, 1-year post-liver transplantation. 

CONCLUSION
Angiographic evaluation is helpful in cases of repetitive arterial obstruction, and intra-arterial infusion of lipo-PGE1 may be effective in treating diffuse arterial spasms.
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[bookmark: OLE_LINK7758][bookmark: OLE_LINK7759]Core Tip: Diffuse arterial spasms are difficult to correct surgically, and there are no clear standard management protocols. This short report shows that angiography is helpful for evaluating the hepatic artery after liver transplantation and that intra-arterial infusion of lipo-prostaglandin E1 might be an effective non-surgical treatment option for diffuse arterial spasms.

INTRODUCTION
[bookmark: OLE_LINK7602][bookmark: OLE_LINK7603][bookmark: OLE_LINK7604]Liver transplantation (LT) is a favorable treatment option for advanced liver cirrhosis, hepatocellular carcinoma (HCC), and other life-threatening diseases. However, LT can be complicated depending on the recipient’s condition, immunological issues, and technical difficulties. Problems with LT include primary non-function, rejection, and biliary or vascular complications. Hepatic artery complications, such as thrombosis or stenosis, are among the most critical complications of LT[1,2]. They are more frequent in living donor LTs (LDLT) and can lead to anastomotic rupture, sepsis, diffuse intrahepatic biliary stricture, and graft failure[3-5]. Thus, arterial flow is usually evaluated using a duplex Doppler ultrasound scan before the operation is completed and again during the early postoperative period. Although hepatic artery complications are usually managed with thrombectomy and re-anastomosis, they can often be controlled with radiological intervention and medical management. Recently, we encountered a case of LT with diffuse arterial spasm that was not surgically corrected but was successfully managed with intra-arterial lipo-prostaglandin E1 (PGE1). 

CASE PRESENTATION
Chief complaints
A 57-year-old male patient presented with hepatitis B virus-related liver disease and multiple HCCs.

History of present illness
Eventually, the patient underwent ABO-incompatible LDLT from his 29-year-old daughter despite having good liver function (Child-Pugh score, 5; Model for end-stage liver disease score, 8).

History of past illness
Although he underwent radiofrequency ablation for HCC, followed by four rounds of transarterial chemoembolization for two years, subsequent imaging studies still showed multiple dysplastic nodules or possible HCCs.

Personal and family history
He presented with hepatitis B virus-related liver disease and multiple HCCs.

Laboratory examinations
The patient’s blood type was B+, whereas the donor’s was AB+. The patient was treated with rituximab and plasmapheresis before transplantation. Rituximab was administered at a single dose of 300 mg/m2 body surface area. Plasmapheresis was performed in triplicate. The final anti-A isoagglutinin titer was 1:8 before LT.

Operation process
The right liver graft was retrieved laparoscopically, and the hepatic vein branch from segment 5 was reconstructed using a polytetrafluoroethylene artificial graft. No events occurred during the donor or bench surgeries. The graft weight was 654 g, and the graft-to-recipient weight ratio was 0.99. Anastomoses of the hepatic and portal veins were performed, and reperfusion was uneventful. The first and second warm ischemia times were 12 and 55 min, respectively, whereas the cold ischemia time was 58 min.
The graft hepatic artery was first anastomosed end-to-end to the recipient’s right hepatic artery stump using interrupted 8-0 nylon. The first pulse of the hepatic artery was good after the anastomosis. However, the arterial pulse was much weaker when rechecked after the bile duct anastomosis. We were unable to detect arterial flow in the graft using intraoperative Doppler imaging; thus, we removed the anastomosis and attempted re-anastomosis. No definitive arterial thrombosis was observed. After heparin injection into both arteries, re-anastomosis was performed in the same manner; however, the arterial pulse weakened. We decided to change the artery on the recipient’s side because of the poor quality of the recipient’s hepatic artery from the previous chemoembolization. We carefully dissected the right gastroepiploic artery (RGEA) from the lower body of the gastric greater curvature and created a new anastomosis in the same manner. However, the pulse rate of the hepatic artery was poor. We decided to perform an angiographic intervention immediately after the operation.

MULTIDISCIPLINARY EXPERT CONSULTATION
The RGEA was not well-delineated on the first angiography (Figure 1). Thrombolysis was induced by injecting heparin and a tissue plasminogen activator into the gastroduodenal artery just once. After thrombolysis, the RGEA and hepatic artery anastomosis sites were delineated. 

FINAL DIAGNOSIS
Although there was no mechanical stricture at the anastomosis site, multiple irregular constrictions were found in the RGEA and graft hepatic artery, which looked like ‘beads on a string’ (Figure 2).

TREATMENT
We attempted infusion of lipo-PGE1 via an arterial catheter for diffuse arterial spasm. We observed improvement in the spasm 10-20 min later. Thus, we decided to maintain the intra-arterial infusion of lipo-PGE1 overnight at 6 µg/h, in addition to an intravenous infusion of 20 µg/h, based on the routine protocol. Since there was no study of complications after such a liver transplant, there was no exact criterion for doses, so I started with a 1/3 dose of the Systemic Dose and then used a method of gradually increasing the spasm when F/U Angiography done on the following day revealed excellent arterial flow without spasms or strictures (Figure 3). Diffuse arterial spasms completely disappeared. We stopped the continuous infusion of intra-arterial PGE1 and removed the arterial catheter on the second postoperative day (POD).

OUTCOME AND FOLLOW-UP
Vascular flow was repeatedly evaluated using Doppler ultrasound every day until the third POD with dynamic computed tomography (CT) on the sixth POD. The arterial flow was good in all examinations, and no additional intervention was required. Intravenous lipo-PGE1 was administered until sixth postoperative POD. The patient was discharged on the thirteenth POD. A recent CT scan performed 10 mo post-LT also showed good arterial flow. Eventually, the patient had no additional arterial complications or related sequelae at the time of writing, 1-year post-LT.

DISCUSSION
Many studies have been published on hepatic artery complications after LT. The treatment of choice for these complications is revascularization by surgery or radiological intervention. However, because the anastomosis is very narrow and the arterial course may be tortuous in LDLT, an interventional approach may be difficult. If both surgery and intervention fail to correct these complications, the only way forward may be observation with or without medical treatment, and retransplantation may be needed in many situations[6].
Diffuse vasospasm of the hepatic artery is rare in LT, and its standard management remains unclear. Delayed cerebral ischemia due to cerebral vasospasm is known to be one of the most fatal complications after subarachnoid hemorrhage[7]. Treatment options for cerebral vasospasm include intravenous volume expansion, radiological interventions, such as balloon angioplasty, and intra-arterial injection of a vasodilator[7,8]. Diffuse arterial spasms are difficult to treat surgically. Although the spasm may be transient and leave no sequelae, it still needs to be thoroughly evaluated and managed because arterial flow disturbances in the early postoperative period can lead to diffuse intrahepatic cholangiopathy and graft failure.
As a vasodilator, PGE1 acts directly on the vascular smooth muscles and decreases the response to vasoconstriction[9]. PGE1 is commonly used in LT because of its effects on graft protection, including an increase in hepatic blood flow, enhanced recovery of mitochondrial respiration function after reperfusion, and stabilization of membrane microviscosity[10]. According to our LT protocol, we infuse lipo-PGE1 intravenously immediately after reperfusion, and continuous infusion of 20 μg/h is maintained through the sixth POD. In this case, we added lipo-PGE1 at 6 µg/h via an intra-arterial catheter. Diffuse spasms completely blocked arterial flow despite the administration of intravenous lipo-PGE1. Fortunately, intra-arterial infusion led to a quick improvement in the spasm, which resolved the next day. 
The cause of the diffuse arterial spasm was not clarified in this case. Such an event is rare, and the present case represents our first experience. Hepatic artery vasospasms can resolve without treatment. Hepatic artery flow, however, is critical to the viability of the bile duct, and its insufficiency can cause fatal outcomes in LT. 

CONCLUSION
Our experience shows that angiography is helpful for evaluating the hepatic artery after LT and that intra-arterial infusion of lipo-PGE1 may be effective in treating diffuse arterial spasms. Therefore, we suggest that early angiographic evaluation can be attempted in suspected post-LT arterial insufficiency cases, and intra-arterial PGE1 can be considered in patients with severe arterial spasms.
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[bookmark: OLE_LINK7618][bookmark: OLE_LINK7619][bookmark: OLE_LINK7622][bookmark: OLE_LINK7623]Figure 1 Angiography immediately following liver transplantation. A: The hepatic artery and right gastroepiploic artery (RGEA) were not initially delineated (black arrow); B: RGEA (black arrow) was gradually visualized using thrombolysis; C: Anastomotic site between the RGEA and the graft artery. 
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Figure 2 Diffuse arterial spasm on angiography. A: Guidewire passed through the anastomotic site (black arrow); B: Diffuse arterial spasm (white arrows) in the right gastroepiploic artery and graft artery. 
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[bookmark: OLE_LINK7620][bookmark: OLE_LINK7621]Figure 3 Angiography after overnight intra-arterial infusion of lipo-prostaglandin E1. Good arterial flow with no spasms or anastomotic strictures (black arrow).
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