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Abstract
BACKGROUND
The liver has traditionally been regarded as resistant to antibody-mediated rejection (AMR). AMR in liver transplants is a field in its infancy compared to kidney and lung transplants. In our case we present a patient with alpha-1-antitrypsin disease who underwent ABO compatible liver transplant complicated by acute liver failure (ALF) with evidence of antibody mediated rejection on allograft biopsy and elevated serum donor-specific antibodies (DSA). This case highlights the need for further investigations and heightened awareness for timely diagnosis.

CASE SUMMARY
A 56 year-old woman with alpha-1-antitrypsin disease underwent ABO compatible liver transplant from a deceased donor. The recipient MELD at the time of transplant was 28. The flow cytometric crossmatches were noted to be positive for T and B lymphocytes. The patient had an uneventful recovery postoperatively. Starting on postoperative day 5 the patient developed fevers, elevated liver function tests, distributive shock, renal failure, and hepatic encephalopathy. She went into ALF with evidence of antibody mediated rejection with portal inflammation, bile duct injury, endothelitis, and extensive centrizonal necrosis, and C4d staining on allograft biopsy and elevated DSA. Despite various interventions including plasmapheresis and immunomodulating therapy, she continued to deteriorate. She was relisted and successfully underwent liver retransplantation.

CONCLUSION
This very rare case highlights AMR as the cause of ALF following liver transplant requiring retransplantation.
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Core Tip: The liver has traditionally been regarded as resistant to antibody-mediated rejection (AMR). AMR in liver transplants is a field in its infancy compared to kidney and lung transplants. We present a case of a 56 year-old woman with alpha-1-antitrypsin disease who underwent ABO compatible liver transplant. The flow cytometric crossmatches were noted to be positive for T and B lymphocytes. After initial posttransplant recovery she progressively developed acute liver failure with evidence of antibody mediated rejection with portal inflammation, bile duct injury, endothelitis, and extensive centrizonal necrosis, and C4d staining on allograft biopsy and elevated donor-specific antibodies. Despite various interventions including plasmapheresis and immunomodulating therapy, she required retranpslantation.


INTRODUCTION
Acute antibody mediated rejection after liver transplantation is a rare phenomenon. antibody-mediated rejection (AMR) is a well-known phenomenon in ABO incompatible liver transplantation, and there is a growing body of literature demonstrating the presence of rejection in ABO compatible, crossmatch positive liver transplantation. Medical treatments including plasmapheresis and immune modulating medications have been successful in halting rejection[1]. Here we present a case of acute AMR after ABO compatible, crossmatch positive liver transplantation resulting in acute liver failure (ALF) and rapid clinical deterioration requiring re-transplantation.

CASE PRESENTATION
Chief complaints
A 56-year-old woman with a history of decompensated cirrhosis secondary to alpha-1-antitrypsin deficiency (ZZ phenotype) presented for liver transplantation.

History of present illness
The patient developed refractory ascites requiring repeated large-volume paracentesis and spontaneous bacterial peritonitis.

History of past illness
The patient’s past medical history was remarkable for systemic lupus erythematosus mostly manifesting with arthralgia, hair loss, multiple miscarriages, and one successful pregnancy.

Physical examination
The patient’s temperature was 36.5 °C, heart rate was 60 bpm, respiratory rate was 14 breath/min, blood pressure was 100/60 mmHg and oxygen saturation on room air was 100%. Her abdomen was distended with ascites. She was not encephalopathic.

Laboratory examinations
Laboratory values were sodium 125 meq/L, creatinine 0.95 mg/dL, aspartate aminotransferase (AST) 96 U/L, alanine aminotransferase (ALT) 59 U/L, alkaline phosphatase 263 IU/L, total bilirubin 6.1 mg /dL, albumin 2.6 g/dL, international normalized ratio (INR) 1.8, platelets 60 103/mL.

Imaging examination 
A computed tomography (CT) of the abdomen and pelvis demonstrated cirrhosis and multiple varices in the abdomen. There was no evidence of malignant liver lesions. Vasculature was patent. There was moderate ascites.

FINAL DIAGNOSIS 
The patient was diagnosed with decompensated cirrhosis with the MELD NA score of 28.

TREATMENT
The patient underwent orthotopic liver transplantation from a 55-year-old deceased female donor (cause of brain death was an intracranial hemorrhage). Both recipient and donor were blood type A. Serologic studies revealed the recipient was cytomegalovirus (CMV), Epstein-Barr virus (EBV), and hepatitis C and B negative. Similar testing on the donor revealed CMV seronegativity and EBV seropositivity. The flow cytometric crossmatches were noted to be positive for T and B lymphocytes with the median channel shift (MCS) of 11 and 96, respectively. At transplant, donor-specific antibodie (DSA) against human leukocyte antigen (HLA) Class 1 were B51 at 700 mean fluorescent intensity (MFI), and HLA Class 2 DR04 at 2700 MFI, DR53 at 21,200 MFI, DQ07 at 13, 100 MFI, DQ08 at 12, 900 MFI (Figure 1A and Table 1).
The transplant operation was 5 h. Blood loss was 1500 cc. Intraoperative transfusions were: 6 units of packed red cells, 6 units of FFP, 2 units of cryoprecipitate, and one unit of platelets. The patient had an uneventful recovery postoperatively in the intensive care unit (ICU). She was extubated on POD 0 and was transferred from ICU to an acute surgery care unit on POD 1. Per our protocol her immunosuppression regiment included an induction course of antithymocyte globulin (ATG, 1.5 mg/kg × 3 d) with methylprednisolone taper (1 gm intraoperatively, followed by 500 mg, 250 mg, and 125 mg). This was followed by a maintenance immunosuppression with tacrolimus twice daily monotherapy starting on POD 4 with the goal trough level of 8-10 ng/mL. She achieved a tacrolimus trough level of 11.5 ng/mL on POD 7. Antimicrobial prophylaxis included trimethoprim-sulfamethoxazole, valgancyclovir, and fluconazole. An immediate postoperative Doppler liver ultrasound (US) and a routine POD 4 US demonstrated patent vasculature with adequate flow with normal velocities. Lactate normalized to 1 on POD 1. On POD 5 AST was 119 U/L, ALT 305 U/L, alkaline phosphatase 79 U/L, and total bilirubin 1.3 mg /dL, INR 1.4 (Figure 2). On POD 5 the patient developed a fever to 40.5 °C and was started on empiric antibiotic therapy with intravenous vancomycin and piperacillin-tazobactam.
A CT of the abdomen and pelvis was performed on POD 7 which did not demonstrate any evidence of intraabdominal abscess or other pathology. An US of the allograft was performed on POD 8 which was again unremarkable.
Between POD 8 and 10 the patient began experiencing intermittent episodes of hypotension. Echocardiography demonstrated a left ventricular ejection fraction of 66% and pulmonary arterial hypertension with pressure of 45 mmHg. The patient developed acute kidney injury with a creatinine of 1.8 mg/dL in a setting of a supratherapeutic tacrolimus levels close to 12 ng/mL. Mycophenolate mofetil was added to her immunosuppression maintenance regimen for renal sparing with the goal to decrease the target tacrolimus trough level of 5 ng/mL.
She worsened acutely clinically with persistent hypotension, volume overload, and grade 2 encephalopathy on POD 11 and was transferred to the ICU. Allograft US demonstrated new low bidirectional flow in left, right, and main portal veins, making it difficult to exclude portal vein thrombosis, but CT scan with contrast confirmed patent portal and hepatic artery inflow. DSAs were rechecked and were noted to be even more elevated (Figure 1), and the patient underwent plasmapheresis on POD 12. A biopsy of the liver was also performed which demonstrated portal inflammation, bile duct injury, endothelitis, and extensive centrizonal necrosis (> 40%) with positive stain for C4d, consistent with acute AMR. This would score as C4d: “3.” and the h-score of “2.” based on the Banff Working Group scoring criteria. On POD 13 she became oliguric and hemodialysis was initiated.
She underwent plasmapheresis followed by a dose of eculizumab as well as ATG. Given her rapid decompensation, multiorgan failure, and evidence of ALF (INR > 1.5, altered mental status, < 26 wk from onset)[2] she was listed for repeat liver transplant. Sample from POD 14 was retrospectively tested for C1q binding and was strongly positive for class I and class II DSA.
A liver became available and she underwent a second orthotopic liver transplantation on POD 14. The donor was a 27-year-old male of standard risk, donation after brain death (trauma), blood type O, CMV+, EBV+, hepatitis C negative and hepatitis B surface antigen negative. The donor liver had conventional anatomy and the transplant was uncomplicated. The flow cytometric crossmatch was positive also with MCS of 89 and 106 for T and B cells, respectively. DSA were HLA-A24, B13, B18, Cw07, DR07, DR08, DR53, DQ02, DQ04, and DP03, being also C1q positive B13, B18, DR7, DR53, DQ2, DQ4 and DP3 (Figure 1B and Table 2). The explanted liver allograft again demonstrated hepatic parenchyma with extensive centrizonal necrosis (approximately 40%), portal inflammation, and positive C4d staining.
She underwent induction with ATG and methylprednisolone. Her maintenance immunosuppression included tacrolimus and mycophenolate mofetil. She was treated with plasmapheresis and intravenous immune globulin G (IVIG) in the immediate post-operative period as well as rituximab (POD 3 and 19 after second transplant). Liver biopsy on POD 8 demonstrated mild endothelitis, prompting additional treatment with IVIG and plasmapheresis as well as bortezomib (POD 7 and 9 after her second transplant).
Her post-transplant course was complicated by vancomycin resistant enterococcal infection of the wound and ascites that was adequately treated with daptomycin. Immune globulin G (IgG) against donor class I HLA were quickly reduced after the second liver transplant (POD 1) but class II HLA antibodies remained high in post- transplant monitoring.

OUTCOME AND FOLLOW-UP
The patient recovered well from the second transplant and was discharged home on hospital day 30. Her maintenance immunosuppression consisted of tacrolimus, rapamycin, and prednisone. She is currently over 2 years after transplant with normal liver transplant and native kidney function, still with DSA class II being positive at moderate levels with DR53 at 5100.

DISCUSSION
The liver has traditionally been regarded as resistant to AMR. Various reasons for this have been postulated, including dual blood supply, large vascular bed resulting in a diluted effect of circulating DSA, and secretion by kuppfer cells of HLA that neutralize DSA[3]. Rejection after liver transplantation could be cellular, humoral or mixed[1]. Rejection can be sub-classified according to the timing of onset. There are three types of AMR: Hyperacute, acute, or chronic[4]. In particular, acute AMR in the setting of ABO-compatible liver transplantation is an exceedingly rare phenomenon and the true incidence is unknown. A large French series of 1788 liver transplant patients reported an acute AMR rate of 0.56%[5]. Another smaller study reported up to a 3.6% rate of AMR[6]. Although there is an increasing body of literature on the topic, most of this is in the form of case reports. While there are assays performed prior to transplantation that can provide information about preformed antibodies, cytotoxic potential of these antibodies, as well as the presence of reactive T- and B-lymphocytes, the clinical significance of alloantibody is not fully understood[7]. At present testing pre-transplant for preformed DSA is not a standard practice for all liver transplant centers. Both HLA and non-HLA antibodies can cause rejection, but it is important to note that not all HLA antibodies are pathogenic[8]. Class I HLA with or without class II HLA are associated with acute AMR while class II HLA, specifically HLA-DQ, are associated with worse outcomes in chronic rejection[9]. DSA and resulting complement fixation have been found to be markers for AMR, both acute and chronic[10-12]. Risk factors for DSA development as well as the detrimental effects on the allograft have been identified, including higher MELD score, re-transplantation, use of cyclosporine, lower immunosuppression, variability in the level of tacrolimus, and non-adherence to immunosuppression therapies, female donor, and recipient/donor gender mismatch[9]. In 2016, the Banff Working Group published diagnostic criteria for acute AMR which include histopathologic pattern of injury consistent with acute AMR, positive serum DSA, diffuse microvascular deposition of C4d, and reasonable attempts made to exclude other causes of allograft failure[13]. Recently Halle-Smith et al[14] described two cases of AMR presenting with graft dysfunction and being associate with lactic acidosis, hypoglycemia, and eosinophilia in both blood and liver biopsies[14]. Baliellas et al[15] described AMR manifesting as a sinusoidal obstruction syndrome with the patient presenting with pleural effusion, ascites found to have venulitis and diffuse C4d staining in the central veins on liver biopsy[15]. Vascular thromboses both venous and arterial in a setting of elevated DSAs presumably related to AMR have also been described in the literature[16,17]. All these criteria will hopefully lead to increased diagnostic sensitivity which will in turn lead to greater understanding of the true incidence and risk factors, improved treatment options, and potentially changes in practice in crossmatch positive liver transplantation.
Treatment of acute AMR has been described mostly in case reports and is of variable efficacy. Regimens have been based on advances made in ABO incompatible liver transplantation and include plasmapheresis, intravenous immune globulin, rituximab, and basiliximab[18]. Case reports have demonstrated successful rescue from AMR with the use of regimens of mycophenolate mofetil and plasmapheresis, IVIG, corticosteroids, ATG, rituximab, bortezomib, or a combination of the above[19-22].
Our sensitized female patient with pre transplant DSAs developed ALF a week after successful deceased donor liver transplant in a setting of robust immunosuppression exhibiting graft dysfunction, hepatic encephalopathy, rising lactate, and renal failure requiring dialysis with definitive evidence of AMR. She was treated with salvage eculizumab, plasmapheresis, and IVIG. Her graft biopsy was impressive for over 40% hepatocyte necrosis with C4d staining without evidence of eosinophilia. As a result of minimal improvement despite aggressive therapy, the decision was made to pursue re-transplantation. Her explant allograft biopsy confirmed similar findings. After her second liver transplant, she underwent induction with ATG and methylprednisolone and was kept on tacrolimus and mycophenolate mofetil. After induction was complete, DSA levels were followed (Figure 1B and Table 1) and plasmapheresis and IVIG therapy was instituted along with rituximab and bortezomib. Even though she has normal liver function tests, because of the presence of HLA class II Ab, future liver biopsies are contemplated.

CONCLUSION
In conclusion, we believe our case is one of the rare cases in the literature that describes AMR resulting in ALF treated with re-transplantation. We hypothesize that even though the DSA levels were higher after the second liver transplant, the class I Ab became negative immediately after the second transplant, while class I Ab associated with C1q positivity dramatically increased after the first liver transplant leading to irreversible liver injury requiring re-transplantation. We advocate for closer monitoring of DSA post liver transplantation to further elucidate their effect on liver transplant outcomes.
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[image: D:\樊佳茹-工作文件\第二次定稿\稿件编辑加工\稿件\已编稿件\排版发校对\72226--\72226-PDF\72226-Figures\72226-g001.png]Figure 1 Donor specific antibodies after liver transplant. A: After 1st liver transplant; B: After 2nd liver transplant.
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Figure 2 Trend of pertinent laboratory values during clinical course. Please note, the patient received intermittent administration of fresh frozen plasma. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR: International normalized ratio.


Table 1 Donor specific antibody levels after 1st transplant
	
	A11
	A34
	B51
	B64
	C8
	C15
	DR4
	DR11
	DR52
	DR53
	DQ7
	DQ8
	DP4

	Pre-transplant
	0
	0
	700
	0
	0
	0
	2700
	0
	0
	21200
	13100
	12900
	0

	POD 12
	3300
	12100
	5300
	15500
	11200
	8800
	23100
	0
	0
	19600
	14300
	14400
	8200

	POD 14
	1600
	6100
	3200
	10600
	6200
	5100
	20200
	0
	0
	20200
	12900
	14200
	6500

	C1q
	A11
	A34
	B51
	B64
	C8
	C15
	DR4
	DR11
	DR52
	DR53
	DQ7
	DQ8
	DP4

	Pre-transplant
	Neg
	Neg
	Neg
	Neg
	Neg
	Neg
	Neg
	Neg
	Neg
	40300
	Neg
	Neg
	Neg

	POD 14
	Neg
	Neg
	400
	9700
	Neg
	Neg
	17800
	Neg
	Neg
	41800
	42300
	42540
	Neg




Table 2 Donor specific antibody levels after 2nd liver transplant
	
	A2
	A24
	B13
	B18
	C6
	C7
	DR7
	DR8
	DR53
	DQ2
	DQ4
	DP3
	DP4

	Pre-transplant
	0
	4700
	24900
	8300
	0
	4100
	26100
	6100
	20200
	23000
	26100
	22700
	0

	POD 1
	0
	0
	3300
	0
	0
	0
	16400
	1000
	23800
	15500
	18600
	21300
	0

	POD 2
	0
	0
	2600
	0
	0
	0
	15400
	0
	20400
	14300
	18300
	20000
	0

	POD 3
	0
	0
	3400
	0
	0
	0
	19700
	0
	21400
	17500
	21800
	22300
	0

	POD 5
	0
	0
	2300
	0
	0
	0
	16900
	0
	24100
	18700
	22500
	24000
	0

	POD 6
	0
	0
	1100
	0
	0
	0
	12600
	0
	25500
	15700
	20500
	23100
	0

	POD 8
	0
	0
	2000
	0
	0
	0
	10200
	0
	24800
	13800
	17900
	22600
	0

	POD 10
	0
	0
	1000
	0
	0
	0
	11000
	0
	23700
	14100
	19600
	22600
	0

	POD 12
	0
	0
	0
	0
	0
	0
	10400
	0
	24400
	12400
	18500
	23000
	0

	C1q
	A2
	A24
	B13
	B18
	C6
	C7
	DR7
	DR8
	DR53
	DQ2
	DQ4
	DP3
	DP4

	Pre-tx
	Neg
	Neg
	5200
	3500
	Neg
	Neg
	36300
	Neg
	40800
	35400
	36500
	39200
	Neg
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