LIVER TRANSPLANTATION (excerpt from chapter 28 in Townsend: Sabiston Textbook of Surgery, 18th ed.)

Indications for Liver Transplantation
Liver transplantation is the procedure of choice for a wide range of diseases that result in acute or chronic end-stage liver disease, as well as for several diseases in which a genetic defect affects production of an essential protein by the liver. It may also be considered as treatment for a limited number of carefully selected patients who have liver tumors resectable only by total hepatectomy that have not metastasized outside the liver.

Indications for liver transplantation in adults and children are summarized in Table 28-2 . Despite differences in the etiology of these diseases, their shared pathophysiology leads to a common set of symptoms and signs typical of end-stage liver failure. The Child-Turcote-Pugh (CTP) score was established in an attempt to standardize the severity of chronic liver failure by using a reliable set of criteria that reflect the residual function of the liver ( Table 28-3). A combination of clinical symptoms and laboratory data are used to provide insight into the severity of the disease and residual function of the liver. In the absence of more reliable methods, the CTP scoring system was adopted as the standard method for placement of patients suffering from end-stage liver disease on the transplant waiting list. Because categorization based on the CTP score was not a continuous scale, waiting time on the list was used to stratify patients within a CTP score group.


Table 28-2   -- Indications for Liver Transplantation
	ADULTS
	%
	CHILDREN
	%

	Noncholestatic cirrhosis
	65
	Biliary atresia
	58

	 Viral hepatitis B and C
	
	Inborn errors of metabolism
	11

	 Alcoholic[*]
	
	Cholestatic
	9

	 Cryptogenic
	 
	 Primary sclerosing cholangitis
	 

	Cholestatic
	14
	 Alagille's syndrome
	

	 Primary biliary cirrhosis
	 
	Autoimmune
	4

	 Primary sclerosing cholangitis
	 
	Viral hepatitis
	2

	Autoimmune
	5
	Miscellaneous
	16

	Malignant neoplasm
	2
	
	

	Miscellaneous
	14
	
	


	*
	Most alcoholic patients are coinfected with hepatitis C virus.



Table 28-3   -- Child-Turcote-Pugh Score of the Severity of Liver Disease[*]
	 
	POINTS

	 
	1
	2
	3

	Encephalopathy
	None
	1-2
	3-4

	Ascites
	Absent
	Slight
	Moderate

	Bilirubin (mg/dL)
	<2
	2-3
	>3

	For PBC/PSC
	<4
	4-10
	>10

	Albumin (g/dL)
	>3.5
	2.8-3.5
	<2.8

	PT (INR)
	<1.7
	1.7-2.3
	>2.3


	INR, international normalized ratio; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; PT, prothrombin time.


	*
	A patient can be placed on the transplant waiting list when the score is higher than 7. Higher status is assigned when the score is greater than 10 or when severe life-threatening complications related to liver failure are developing.


In 2002, UNOS put in place a new system for allocation that did not suffer from emphasis on waiting time and subjective clinical parameters (e.g., the degree of ascites or encephalopathy) integral to the CTP system. The overall goal of this major revision to liver allocation was to assign priority to the sickest patients by using a system based on objective variables. To accomplish this, a statistical model for end-stage liver disease (MELD) was used for adult patients that had been shown to have high predictive capacity in identifying patients with end-stage liver disease who were at greatest risk for mortality within 3 months.[17] The MELD score was based on three laboratory values—total bilirubin, international normalized ratio, and creatinine value—and demonstrated better correlation with 3-month survival than the CTP score did ( Table 28-4 ). A similar approach was developed for pediatric patients, although the relevant variables differ slightly (PELD score).


Table 28-4   -- Concordance With 3-Month Mortality: MELD and CTP
	SCORE
	CONCORDANCE (%)
	95% CONFIDENCE INTERVAL (%)

	Model for End-Stage
	0.88
	0.85-0.90

	 Liver Disease (MELD)
	
	

	Child-Turcote-Pugh (CTP)
	0.79
	0.75-0.83


	


This approach is not applied to urgent patients with fulminant liver failure (status 1 patients) but appears to work well for those with chronic liver disease. It is modified for certain conditions that express unique variables, such as small and potentially curable but nonresectable hepatocellular carcinomas and inborn errors of metabolism. The system is also adjusted to meet the special needs of children whose liver disease may be characterized by failure to thrive or recurrent cholangitis. It is recognized that no scoring system is perfect at identifying those at greatest risk; however, multiple laboratory tests such as serum levels of hyaluronate and amino-terminal propeptide collagen type III, indocyanine green clearance, or galactose elimination proved no better in quantitation of hepatocyte function or in correlation with the progression of liver disease.

Specific exclusion criteria for liver transplantation have not been formally established, although it is generally agreed that active sepsis and extrahepatic malignancy are absolute contraindications. Still controversial are conditions such as HIV infection in the absence of acquired immunodeficiency syndrome, large-size hepatocellular cancer (>5 cm), or cholangiocarcinoma. Several other entities once considered contraindications to transplantation, such as portal vein thrombosis, are no longer so categorized.

It is essential for the general surgeon to recognize the dynamics of chronic liver disease and to be able to assess residual liver function in the presence of chronic liver disease. It is not uncommon for minor surgical procedures to exhaust the residual reserve and precipitate the development of acute on chronic failure. Management of these complications is extremely difficult. If liver transplantation must be performed during such circumstances, it is associated with higher morbidity and mortality.

Diseases Treated by Liver Transplantation
Conditions that result in end-stage acute or chronic liver failure are different in the pediatric and adult populations. Whereas the incidence of most liver diseases has remained relatively constant over recent times, the prevalence of liver failure from viral hepatitis is increasing as a result of the increased rate of infection in the past 2 decades. It is expected that the relatively recent availability of hepatitis B vaccine and the ability to detect HCV in donated blood will lower the rate of new infections and the number of individuals in whom chronic disease subsequently develops.

Hepatitis B
HBV belongs to a family of closely related DNA viruses called the hepadnaviruses. Chronic HBV infection afflicts 1.25 million people in the United States and is characterized serologically by the persistent presence of HBV DNA and usually HBV antigen in serum. Treatment with recombinant interferon alfa-2b leads to remission in 40% of patients.[18] Persistent infection is associated with a continuous host immune attack against HBV proteins expressed on the surface of the hepatocyte and results in the development of cirrhosis. HBV infection is also a risk factor for hepatocellular carcinoma. As with other forms of liver cancer, tumors associated with hepatitis B result from chronic inflammation and repeated cellular regeneration, typically occurring only after 25 to 30 years of infection. If untreated, most patients with chronic hepatitis B undergoing liver transplantation will reinfect the hepatic graft, and some experience rapidly progressive liver failure. Fortunately, prophylaxis consisting of high-titer hepatitis B immune globulin or antiviral therapy (or both) is highly effective in the control of viral replication and recurrent disease after transplantation.

Hepatitis C
HCV is an RNA virus of the flavivirus family that leads to chronic inflammation of the liver in about 85% of infected individuals. It is detected by the persistence of anti-HCV antibodies, serum viral proteins, and HCV RNA. Histologic features of chronic hepatitis develop in virtually all patients with chronic HCV infection, and cirrhosis develops in as many as 20% of patients within 10 to 20 years of HCV infection. The typical complications of chronic liver disease develop, including portal hypertension, hepatocellular failure, and hepatic encephalopathy. Hepatocellular carcinoma may ensue in 1% to 4% of chronic active hepatitis C patients per year with established cirrhosis.[19] Serial liver biopsies every few years may be an important tool for monitoring the course of chronic hepatitis C because they demonstrate the degree of inflammation and the amount of fibrosis present.

For patients with advanced liver disease, liver transplantation is often the only therapeutic option. The initial results of transplantation are good, with patient and graft survival rates of 85% and 90%, respectively, at 1 year. However, virtually all patients become reinfected with HCV after transplantation, and histologic evidence of chronic hepatitis develops in about half of them within a few months. There is growing concern regarding the eventual recurrence of liver failure in these patients 5 to 10 years after transplantation, and recent evidence indicates that the long-term survival of patients who undergo transplantation for HCV may be significantly inferior to transplantation for other causes of liver disease.[20]
Alcoholic Liver Disease
Alcoholic liver injury results from the toxic effects of ethanol on hepatocytes, accumulation of fatty acids within the cells, and subsequent degeneration and necrosis. The intensity of the inflammatory process is directly related to the amount of alcohol consumed and is associated with fibrosis and subsequent cirrhosis. The coexistence of HCV infection accelerates the liver injury in most cases. Discontinuation of alcohol consumption may arrest hepatocyte destruction and allow regeneration and relatively compensated cirrhosis. Continued deterioration of liver function in the absence of alcohol ingestion plus an appropriate CTP score is an indication for transplantation, just as in other liver diseases. Transplant candidates with alcoholic cirrhosis undergo careful psychosocial evaluation in an attempt to document their sobriety for at least 6 months and the likelihood of post-transplant recidivism. Careful selection results in a low rate of recidivism in most centers. Outcomes of the transplant procedure are similar to those in other disease processes.

Primary Biliary Cirrhosis and Primary Sclerosing Cholangitis
Primary biliary cirrhosis (PBC) and primary sclerosing cholangitis (PSC) share many clinical, biochemical, and pathologic features. Clinically, both give rise to characteristic symptoms and signs of chronic biliary tract disease (e.g., pruritus and jaundice). In both conditions the most characteristic biochemical abnormality is an increased serum alkaline phosphatase level. Central to the pathologic changes in both PBC and PSC is damage to bile ducts; in the case of PBC, the smaller intrahepatic ducts are mainly involved, whereas in PSC, large ducts outside the liver are also affected, as well as the gallbladder and even pancreatic ducts. Unique to PSC is its association with inflammatory bowel disease, which occurs in 70% of the patients. There is an increased incidence of cholangiocarcinoma in PSC patients. Liver failure in both diseases is manifested by hyperbilirubinemia. Transplantation is highly successful in both groups and leads to long-term survival rates higher than 90% and an insignificant incidence of recurrence.

Hepatocellular Carcinoma
The rationale for liver transplantation in patients with nonresectable hepatocellular carcinoma is based on the logical potential of complete removal of disease that is confined to the liver. Unfortunately, it has become evident that in many cases the tumor recurs. However, the procedure can provide significant benefit in a specific subpopulation of patients identified by the following characteristics: histologic grading of G1 to G2, tumor size less than 5 cm, and limited multifocally. The initial workup in all transplant candidates must exclude extrahepatic metastases and macrovascular invasion of the liver on imaging. The results of transplantation in this selected group are variable, but they have been reported to have a disease-free survival rate of 60% to 85% at 3 years. It is yet to be determined whether the addition of pretransplant measures to gain local tumor regression (e.g., radiofrequency ablation of transcatheter arterial chemoembolization) or the addition of adjuvant chemotherapy after transplantation will improve the control of tumor recurrence.

Biliary Atresia
Extrahepatic biliary atresia is an obliterative cholangiopathy that affects all or part of the extrahepatic biliary tree. The condition occurs in 1 in 10,000 neonates. The diagnosis is suggested in neonates who remain jaundiced for 6 weeks or more after birth and have pale stools and dark urine. By then, the liver is enlarged and firm or hard, a reflection of the presence of underlying portal fibrosis. The Kasai procedure (hepatic portoenterostomy with resection of the obliterated bile ducts and reestablishment of biliary drainage to the intestine) can increase survival rates at the early stage. However, progressive intrahepatic bile duct destruction by chronic inflammation, fibrosis, and cirrhosis commonly occurs. Failure of the Kasai procedure is manifested by failure to thrive, recurrent cholangitis, and typical signs of end-stage liver disease, which are indications for transplantation.

Failure of a Previous Liver Graft
An important and increasingly common indication for transplantation is failure of a previous graft. It occurs in the acute setting immediately after transplantation and is caused by technical failures discussed later or chronically as a result of chronic rejection or disease recurrence. Retransplantation can be particularly complex in the chronic setting because of the usual factors associated with reoperative surgery. Overall, the results of retransplantation are inferior to those achieved with primary grafts, and each subsequent transplant is associated with an additional decrement in survival.

Patient Selection and Preoperative Consideration
Patients who experience progressive deterioration or acute decompensation of preexisting chronic liver disease or previously normal patients in whom fulminant liver failure suddenly develops are candidates for transplantation and need to be referred promptly to a transplant center for evaluation. An extensive workup is performed to assess the degree of liver disease and the potential for recovery, as well as to determine the existence of other extrahepatic conditions that might compromise the outcome of a transplant.

Comprehensive medical assessment is mandatory to establish the candidate's ability to withstand complex major surgery and to determine the potential for long-term survival. Only a few specific contradictions totally preclude transplantation in high-risk candidates (i.e., extrahepatic malignancy, irreversible CNS damage, severe cardiopulmonary failure, or uncontrollable sepsis). In patients with liver failure, deterioration of the kidneys (hepatorenal) and deterioration of the lungs (hepatopulmonary) are well-defined syndromes that may be reversible in the presence of a functioning liver and should not exclude candidates from liver transplantation. Irreversible kidney damage can be managed successfully by combined liver-kidney transplantation.

Assessment of Acute Liver Failure
The hallmarks of fulminant liver failure include the development of encephalopathy, coagulopathy, and hypoglycemia. Careful neurologic evaluation must determine the stage of hepatic coma. Progression from a state of confusion to one of unresponsiveness is associated with an increased likelihood that the brain damage is irreversible. At this stage, assessment must include brain imaging with CT or magnetic resonance imaging, and monitoring of intracranial pressure (ICP) is considered. An attempt is made to help promote cerebral perfusion (>60 mm Hg) by reducing ICP and maintaining high mean arterial pressure. Irreversible injury is associated with persistent elevation of ICP, which leads to the development of severe brain edema and herniation. Other variables that define the extent of liver injury and predict the chance of recovery relate to changes in prothrombin time, levels of factor V, phosphorus levels, and persistence of hypoglycemia. Coagulopathy may be resistant to correction but is best treated by transfusion of fresh frozen plasma. Plasmapheresis may be beneficial in small children, in whom administration of large fluid volumes is problematic. Severe hypoglycemia is usually controlled by dextrose infusion. Interestingly, changes in liver transaminases are not reliable indicators of the potential for recovery.

Superimposed acute liver failure in patients with chronic liver disease may have a clinical manifestation similar to that of fulminant liver failure in previously normal patients. In most cases the precipitating factor is related to acute bleeding or infection. Management is directed toward resuscitation and control of the bleeding or infection. Ideally, successful stabilization and clinical improvement are followed by urgent transplantation. However, these candidates are at higher risk for morbidity and mortality, mostly because of the development of bacterial and fungal infections. The surgeon must use clinical judgment to determine the presence of irreversible multiorgan system failure and avoid unnecessary or futile transplantation.

In the absence of definitive therapy for most types of liver disease, it must be expected that the natural course of decompensated liver disease will lead to worsening of the patient's general condition and the development of life-threatening complications, including variceal bleeding, hepatic encephalopathy, spontaneous bacterial peritonitis, and hepatorenal syndrome. Unfortunately, there are few effective means to prevent such complications. Thus, patients who are judged to be at risk for decompensation are given priority for urgent transplantation.

Donor Assessment
A major limitation to clinical transplantation is the availability of organ donors. Appropriate management of brain-dead donors and avoidance of damage to the graft during the procurement procedure are essential in securing optimal function of the transplant. It is important to establish aggressive donor management protocols to minimize the adverse physiologic consequences of brain death. These protocols include respiratory and hemodynamic support, adequate fluid resuscitation, and the initiation of hormone replacement. Brain death is associated with significant instability, and minute-to-minute management by experienced personnel in the intensive care unit (ICU) is necessary to ensure adequate perfusion of all organs. Simultaneously, the donor's liver function must be determined. Rapid screening and serial follow-up of liver enzymes and synthetic function are performed to determine the degree of liver injury and predict the potential for recovery. Routine assessment for diseases that might be transmitted by the liver graft must in-clude hepatitis screening, as well as any history of the use of toxic substances such as long-standing alcohol consumption.

The donor shortage has led to more frequent use of livers that would have been discarded in the past. The terms marginal donor and expanded criteria donor have evolved as transplant programs have been forced to consider suboptimal donors, including older donors, hepatitis C– and hepatitis B core antibody–positive donors, and livers with a moderate amount of steatosis (up to 30%). Although donor age has been shown to have an adverse impact on outcome, most programs now consider the use of donors up to 75 or 80 years of age. This approach has been necessary because of the desperate need for lifesaving organs and is supported by scientific evidence of a relatively slow aging process occurring within the liver parenchyma. It also appears that grafts from donors with serology positive for a pathogen present in the recipient (i.e., hepatitis B or C) can be used with results equal to those of transplantation with uninfected grafts, as long as the liver does not have established severe hepatitis or fibrosis.[20] Severe steatosis in liver grafts is associated with a high degree of primary nonfunction, but acceptable results can be obtained if the steatosis is mild to moderate (10%-30%). Whenever a marginal graft is used, controllable variables, such as cold ischemic time, need to be kept to a minimum.

Donor and recipient matching are based on ABO blood group compatibility and size. However, these barriers may be crossed when transplantation is urgent. Most surgeons try to match donor-recipient age for pediatric recipients because variation may have an impact on long-term graft survival.

Donor Operation
Liver procurement is almost always part of a multiteam approach aiming to maximize the number of transplantable organs that can be recovered from a single donor. A midline incision extending from the suprasternal notch to the symphysis pubis allows access to the thoracic and abdominal organs. The round ligament is ligated and divided, the falciform ligament is incised, and the left lateral segment is freed from the diaphragm. Inspection of the gastrohepatic ligament will reveal a replaced left hepatic artery. Medial reflection of the right colon and small bowel allows exposure of the infrahepatic vena cava and renal veins, control of the distal aorta, and identification of the inferior mesenteric vein.

Attention is then turned to the hepatoduodenal ligament, where a variable order of dissection is performed with the aim of identifying one or more of the structures, including the common hepatic artery, common bile duct, and portal vein. Attention must be directed toward preservation of aberrant or accessory arteries to the liver, or both. Technique varies between procurement surgeons, with some preferring to perform the majority of the dissection while the heart is still beating and others first identifying the basic anatomy and then completing the dissection after cold perfusion. After all teams complete the dissection of all organs, the donor is heparinized, followed by perfusion with cold preservation solution via cannulas inserted in the distal aorta and a branch of the portal vein and placement of topical ice. The liver is then removed with the entire length of the celiac artery or any other accessory or replaced arteries, a significant length of the portal vein, the common bile duct, and the entire retrohepatic vena cava ( Fig. 28-4). Further preparation of the graft before transplantation is done on the bench while the liver is kept immersed in ice. Such preparation usually includes removal of the diaphragm and excess tissue around the blood vessels and, if necessary, reconstruction of the replaced hepatic arteries to one common trunk.

	



	Figure 28-4  Liver cadaveric donor operation. UW, University of Wisconsin solution. 
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The tolerance of liver grafts to extended periods of cold ischemia depends on the composition of the preservation solution, donor age, the presence of steatosis, and hemodynamic stability before procurement. In theory, UW preservation solution may extend the cold ischemia time up to 24 hours before revascularization. However, most experienced surgeons prefer to minimize the length of cold ischemia to less than 10 hours.

Recipient Operation
The unpredictable nature of organ availability dictates that most liver transplants be done without extensive preoperative preparation of the recipient. Most patients do not need complete bowel preparation, but they receive preoperative prophylaxis with antibiotics to cover gram-positive and gram-negative bacteria. Administration of immunosuppressive agents before transplantation is dictated by the specific protocol being used.

Anesthesia management in most cases begins by preparation for continuous monitoring of arterial blood pressure, pulmonary artery pressure, and cardiac output. Large-bore IV cannulas and a rapid infuser may be inserted in anticipation of possible major blood loss. Correction of coagulopathy and replacement of blood lost is initiated early in the operation before any possible extensive bleeding or the development of significant circulatory compromise.

Orthotopic liver transplantation is a three-step surgical procedure, with each step presenting different unique challenges for surgeons and anesthesiologists.

Recipient Hepatectomy
The abdominal cavity is entered via a bilateral subcostal incision with a midline extension toward the xiphoid. The round ligament is clamped, divided, and ligated. Exploration of the abdominal cavity is performed, and any accumulated ascites is removed. The falciform ligament is divided down to the suprahepatic vena cava. Placement of an appropriate mechanical retractor allows adequate exposure of the liver and its attachments. At this stage the left lateral segment is separated from the diaphragm and the hepatogastric ligament is divided. The rest of the dissection is done on the hepatoduodenal ligament. The right and left branches of the hepatic artery are then ligated and divided at the hilum. Similarly, the common bile and cystic ducts are ligated and divided. At this stage the portal vein is skeletonized. The rest of the dissection includes detachment of the liver from the retroperitoneum (bare area) and exposure of the infrahepatic and suprahepatic vena cava. Clamps are then placed on the portal vein and suprahepatic vena cava, and the liver is removed. To keep blood loss to a minimum, the majority of the dissection is carried out with electrocautery, and hemostasis is achieved with the argon beam coagulator.

This standard technique is slightly modified in some centers, specifically with regard to the surgeon's preference for the use of venovenous bypass. The reduction of venous blood return from the portal system and the infrahepatic inferior vena cava may result in hemodynamic instability and portal venous congestion. This problem can be avoided by inflow cannulation of the portal and femoral/iliac veins (by either percutaneous or cutdown techniques) and outflow via a cannula in the internal jugular vein to allow return of more than 2.5 L/min. Additional important advantages of this technique include control of body temperature with the use of a warming circuit and the potential for ultrafiltration with attached filters. Many surgeons do not advocate routine use of venovenous bypass and contend that most patients can tolerate clamping of the portal vein and that the entire vena cava may be preserved without interrupting blood flow.

Anhepatic Phase
After hemostasis, the retroperitoneum may be reapproximated to cover the bare area. The suprahepatic vena caval cuff is prepared by opening the orifice of the right, middle, and left hepatic veins and oversewing the phrenic branches. Transplantation is done by end-to-end anastomosis of the donor and recipient suprahepatic venae cava, followed by similar end-to-end anastomosis of the infrahepatic venae cavae. Alternatively, an end-to-side anastomosis of the vena cavae may be performed in a piggyback fashion in which the recipient's entire vena cava is left intact. The preservation solution is next flushed out with lactated Ringer's solution, the portal bypass cannula is removed, and portal vein anastomosis is carried out via a continuous suture with the use of a growth factor to prevent stenosis at this anastomosis. The clamps are then released, and the liver is reperfused with portal blood. This part of the procedure is critical and is characterized by varying degrees of reperfusion syndrome, which is manifested by hypotension, bradycardia, arrhythmias, and rarely, cardiac arrest because of a sudden influx of cold, hyperkalemic, acidotic blood into the heart.

Arterial Revascularization and Biliary Reconstruction
After hemostasis and reperfusion, the recipient hepatic artery is freed from surrounding tissue. The preferred method for reconstruction is an end-to-end anastomosis using an aortic Carrel patch of the donor celiac artery and a branch patch of the recipient artery at the level of the gastroduodenal bifurcation. This method allows the creation of a relatively wide anastomosis and minimizes the potential for hepatic artery thrombosis. In most cases, biliary drainage can be achieved with a duct-to-duct anastomosis with or without placement of a T tube. Alternatively, pathology of the bile duct, such as the presence of PSC or biliary atresia, requires biliary drainage via a choledochojejunostomy. Completion of this phase is demonstrated in Figure 28-5 . After adequate hemostasis, three drains are placed around the liver, and the abdominal cavity is closed.

	


	Figure 28-5  Liver recipient operation. IVC, inferior vena cava. 
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Segmental and Lobar Liver Transplantation
The necessity to maximize the number of liver grafts has led to several surgical innovations, including transplantation of so-called split livers from cadaveric and living donors. These procedures are possible by virtue of the unique segmental anatomy of the liver and its regenerative capacity. For pediatric recipients, transplantation of left lateral segments split from cadaveric donors or a living donor has become standard practice. Especially for very young children, for whom cadaveric grafts of the appropriate size are rare, the availability of these options in addition to whole cadaveric grafts has led to a significant reduction in waiting time for pediatric patients and a reduction in waiting list mortality.

Translating this experience to benefit adults await-ing transplantation required the development of new approaches. The limitation of segmental liver graft transplantation for larger adult recipients is related to the minimum liver mass necessary for adequate support of the recipient in the immediate post-transplant period. It is generally accepted that a graft–to–body weight ratio of greater than 1% would allow adequate physiologic function. For this reason, right lobe grafts have recently been favored for live donor transplantation in adults.[21] Removal of up to 60% of the donor's liver mass is naturally associated with greater potential for morbidity and mortality than is a left lateral segmentectomy used for small children. This had led to cautious application of the procedure at experienced centers to target patients who are at risk for waiting list mortality before a cadaveric donor liver becomes available. Thus, frequent recipients in this group have been patients with hepatocellular carcinoma and those in whom the MELD score is thought to underestimate the patient's risk for mortality. This approach is reflected in the fact that the average MELD score of living donor liver recipients is less than 20 whereas in those receiving cadaveric grafts it is nearly 25. Because of the continuously increasing number of patients awaiting transplantation, there has been an increase in living donor liver transplantation that peaked at 519 such procedures in 2002 but fell to approximately 300 to 350 per year since implementation of the MELD-based allocation system in 2002. In 2005, 321 living donor liver transplants were performed ( Fig. 28-6 ).

	


	Figure 28-6  Growth in liver transplantation. 
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Recent analysis of recipients of living donor right lobe grafts has documented that a massive amount of regeneration occurs in the first 1 to 2 weeks. Recipients of partial grafts have rapid proliferation of liver mass, with the majority reaching a calculated standard liver volume by 1 month. The donors, however, do not reach their complete starting volume, even by 1 year. This is contrary to what was believed and different from rodent models and remains to be studied in detail in the human setting. It also became apparent that the graft-to-recipient size ratio was critical inasmuch as grafts that were too small had decreased survival. These findings correlated with clinical experience in that small-for-size grafts regenerate to an appropriate size for the recipient; however, there was significant functional impairment of grafts that were less than 50% of expected weight, as demonstrated by prolonged cholestasis and histologic changes consistent with ischemic injury. Liver grafts with a graft weight/standard liver volume of less than 40% have poor graft survival and prolonged hyperbilirubinemia.

Removal of a segment from a living donor, or an attempt to split a cadaveric liver for use in two recipients, is a complex procedure that requires precise knowledge of the hepatic anatomy of the donor. In the case of a living donor, the surgeon's primary responsibility is to remove the donated segment without harming the donor. Similarly, splitting a cadaveric liver needs to be done without compromising either segment. Preoperative assessment of the live or cadaveric donor is similar to that described previously. In addition, it is helpful to perform imaging studies in a living donor before surgery to determine the volume of the donated segment and its vascular supply.

The living donor operation is begun before the recipient hepatectomy and includes isolation of the individual branches of the hepatic artery, portal vein, and bile duct leading to the donated segment. The liver is separated from the vena cava, which is left intact, and all small hepatic vein branches are ligated. Further preparation includes isolation of the main hepatic vein, which provides the outflow tract. Completion of hepatic parenchymal division is done via careful dissection along anatomic planes by using the finger fracture technique, the harmonic scalpel, or the Cavitron ultrasonic aspirator ( Fig. 28-7). It is important to preserve intact blood flow to the segment until after transection of the hepatic parenchyma, at which point the vessels are clamped and transected and the segment is flushed with cold preservation solution. To minimize cold ischemia time, the recipient operation is started once the donor anatomy is clearly identified to be favorable and the parenchyma is dissected. The diseased liver is then completely removed from the recipient when the donated segment is available for transplantation.

	


	Figure 28-7  Living donor right lobe procedure. 
	[image: image7.png]





Transplantation of the donated lobe is performed by techniques similar to those developed for whole liver grafts, with a few modifications: the entire length of the recipient vena cava is preserved, and the lobe is transplanted in piggyback fashion. The graft is placed in the usual anatomic position to allow anastomoses of the portal vein and the hepatic artery without the need for interposition grafts. In most cases, bile duct reconstruction is done via hepaticojejunostomy.

Safety issues are of the highest priority for a living donor. Careful selection of the candidate, combined with fastidious surgical technique, minimize any potential complications. Early data regarding donor morbidity and mortality in adult-to-adult cases suggest that the procedure can be performed with a high degree of safety. Nonetheless, donor mortality from the procedure has been reported. In addition, the recipient of these grafts may have an increased risk for postoperative complications such as bleeding or bile leakage from the cut surface and potential short- and long-term problems with the biliary-enteric anastomosis. This reinforces the notion that living donor transplantation for adult recipients is reserved for those who are unlikely to undergo transplantation in time with conventional cadaveric transplantation.

Operative Complexities and Complications
Operative Bleeding
Excessive bleeding from portal hypertension may occur during hepatectomy and is likely to be accentuated by coagulopathy or adhesions from previous surgery. Removal of the cirrhotic organ, transplantation of a graft with normal function, and correction of coagulopathy by the appropriate use of platelets and fresh frozen plasma best control bleeding during hepatectomy and after reperfusion.

Thrombosis of the Portal Vein
Dissection may be more complex in the presence of a partially or totally thrombosed portal vein. In most cases the thrombosed portion extends to the bifurcation of the splenic/superior mesenteric vein confluence, and the thrombus can be removed by endarterectomy techniques while preserving an intact main portal vein. Rarely, a vein graft to the superior mesenteric vein may be necessary. Complete occlusion of the portal venous system is not an absolute contraindication to transplantation because the infrahepatic vena cava can be anastomosed to the donor portal vein to provide adequate venous flow. At times, a large collateral vein such as the coronary may be used for inflow.

Hepatic Arterial Reconstruction
The surgeon is faced with arterial complexities more often than venous abnormalities. Intimal dissection or other pathology of the hepatic artery may necessitate placement of an allogeneic vascular graft to the recipient's supraceliac or infrarenal aorta. The potential need for venous or arterial grafts for revascularization mandates that the procuring team always obtain adequate donor blood vessels for potential extension grafts. In addition, any unused blood vessel grafts must be kept refrigerated under sterile conditions for a few days after transplantation in the event of emergency need for subsequent vascular reconstruction.

Post-transplant Management
Liver transplant recipients may require a short stay in the ICU after surgery. This period is used to observe recovery of the graft and ensure hemodynamic and respiratory stability, as well as adequate kidney function. The principles of care are similar to those for other critically ill patients in the ICU setting but are rendered more complex by the necessity for immunosuppressive therapy. Common complications encountered in the early postoperative period are related to initial graft function, technical misadventures, infections, and rejection. Treatment with antirejection drugs may be associated with the development of several serious side effects such as metabolic encephalopathy, hypertension, and diabetes.

Common Complications
Primary Nonfunction
The mechanisms of immediate graft failure after successful revascularization of the transplanted liver are not completely understood but may relate to donor variables, inadequate preservation, prolonged cold ischemia time, or the humoral immune response. This problem is encountered in 2% to 5% of liver grafts. It is characterized by clinical and laboratory findings indicating poor synthetic function and severe hepatocyte injury. Postoperatively, the recipient may exhibit progressive hemodynamic instability, multiorgan system failure, and encephalopathy. Laboratory findings demonstrate worsening acidosis, coagulopathy, and extremely elevated liver enzymes (lactate dehydrogenase, aspartate aminotransferase, and alanine aminotransferase). The development of primary nonfunction is a surgical emergency that can be successfully treated by early retransplantation. Failure to find a suitable graft within 7 days is associated with higher morbidity and mortality. Delayed nonfunction of the graft is characterized by failure of all liver functions, which leads to persistent coagulopathy and progressive hyperbilirubinemia. In these circumstances vital organs fail or infection ensues (or both), in most cases rapidly leading to death from bacterial or fungal sepsis.

Intra-abdominal Bleeding
Persistence of immediate post-transplant coagulopathy, fibrinolysis, and the presence of multiple vascular anastomoses place these patients at high risk for postoperative bleeding. However, the coagulopathy spontaneously corrects in the presence of recovering liver graft function and with infusion of platelets. A persistent drop in hemoglobin and a need for transfusion of more than 6 units of packed red blood cells are usually indications for re-exploration and evacuation of the hematoma. In most cases, removal of the clot will be sufficient to arrest further fibrinolysis and will stop the bleeding. Occasionally, it will be necessary to repair the bleeding sites.

Vascular Thrombosis
Vascular complications after liver transplantation are more common in the pediatric population and are directly related to the small size of the vessels used for reconstruction. The most frequent complication is hepatic artery thrombosis, which can be manifested as rapid or indolent worsening of graft function or as necrosis of the bile duct and dehiscence of the biliary-enteric anastomosis. Early recognition and successful thrombectomy may salvage the graft. However, deteriorating liver function and bile duct necrosis indicate the need for immediate retransplantation.

Biliary Leak
Reconstruction of the biliary system by either duct-to-duct anastomosis or choledochojejunostomy may be complicated by a bile leak, usually secondary to a technical error or ischemia of the donor duct. Early leakage can be diagnosed by the appearance of bile in the drains and is confirmed by T-tube cholangiography, hepato-iminodiacetic acid (HIDA) scanning, or endoscopic retrograde cholangiopancreatography (ERCP). Surgical exploration and revision of the anastomosis or stenting of the anastomosis by ERCP are mandatory and will solve the problem in most cases. However, a leak secondary to ischemic bile duct injury as a result of early hepatic artery thrombosis is an indication for urgent retrans-plantation.

Infections
Infections remain the most significant complications in liver transplantation and are responsible for most of the mortality in the early postoperative period. There seems to be a direct correlation between the preoperative status of the recipient, the pattern of recovery after transplantation, and the incidence of bacterial and fungal infections. The probability for the development of such complications is highest in patients who await a transplant in an ICU. These chronically ill and malnourished patients are unusually susceptible to resistant hospital flora before surgery and are then placed at further risk for infection by high-dose immunosuppression after the procedure. The development of organ system failure or graft malfunction further contributes to the morbid outcome. The spectrum of infection is evolving to more frequent infection by resistant gram-positive bacteria (enterococci and staphylococci) than by gram-negative bacteria. The deliberate use of broad-spectrum antibiotics in immunosuppressed patients contributes in part to the development of systemic fungal infection (Candida, Aspergillus). It is wise to begin antibiotic therapy for common bacteria as soon as a patient's clinical status suggests the presence of infection. The treatment can then be modified when and if results of culture and sensitivity studies dictate a change.

Immunologic Aspects of Liver Transplantation
The relatively low immunogenicity of liver allografts and the unique ability of the liver to regenerate are probably the main reasons for the excellent long-term outcome. Good results are achieved when graft and recipient are ABO blood group compatible. Preoperative HLA matching does not appear to be necessary and has not been shown to afford any benefit. Most recipients are treated with combination therapy that includes a calcineurin inhibitor (cyclosporine or tacrolimus), along with prednisone, with or without azathioprine or MMF. Protocols are adjusted for rapid taper of corticosteroids within the first 3 to 6 months after surgery and a significant reduction in the dose of the calcineurin inhibitor. Long-term maintenance of immunosuppression seems to be necessary in most recipients because complete cessation of immunosuppression carries significant risk for the development of acute and chronic rejection.

Acute Rejection
T-cell–mediated acute rejection is seen at a rate of 30% to 50% within the first 6 months after transplantation, most often within the first 10 days. The clinical findings are variable and may include the development of fever, abdominal pain, and elevated liver enzymes and bilirubin. Patients with a T-tube may manifest a decrease in quantity and a change in the character of bile. The diagnosis is confirmed by a liver biopsy demonstrating the presence of a periportal lymphocytic infiltrate that extends into the liver parenchyma, as well as invasion of inflammatory cells into the vascular endothelium. Most rejec-tion episodes are responsive to the administration of high-dose corticosteroids. More potent monoclonal or polyclonal anti–T-cell antibodies are effective against corticosteroid-resistant rejection and lead to reversal of the acute episode in more than 90% of recipients. Rejection seems to be less responsive if an acute episode occurs long after transplantation or in the case of chronic rejection.

Chronic Rejection
This type of rejection is seen months or years after transplantation. It is manifested by poor synthetic liver function and hyperbilirubinemia. Chronic rejection is usually characterized histologically by paucity of the bile ducts and is thus often described as vanishing bile duct syndrome. The etiology of this phenomenon is not well understood and may be related to a humoral reaction involving antibodies and fibrogenic cytokines. Treatment of chronic rejection is limited, and some of these patients may be considered candidates for retransplantation.

Recurrent Disease
Replacement of the liver may not permanently cure recipients of their original disease. Recurrence of viral hepatitis is likely within a short time after transplantation in infected recipients. Control of active HBV infection is possible in most patients with lamivudine, which inhibits viral DNA polymerase, as well as with hepatitis B immune globulin. In contrast, interferon alfa or ribavirin, or both, are less effective in HCV infection. Reinfection of the liver graft may be mild and in many cases will not result in liver failure. Retransplantation for recurrent hepatitis B or C remains controversial. The obvious recurrence of viral hepatitis contrasts with reports describing the pattern of early pathologic findings seen in patients who undergo transplantation for PBC and PSC. The significance of these findings is not clear because they rarely result in liver failure necessitating retransplantation.

Most liver transplant recipients who survive the im-mediate post-transplant period enjoy full functional recovery. However, restoration of a fully functional status depends on the patient's preoperative condition, an appropriate support system, and the patient's attitude toward rehabilitation.

Long-Term Results
The number of cadaveric liver transplants performed has steadily risen from about 5000 in 2002 to more than 6000 in 2005. At the end of 2005, over 17,000 patients were listed for liver transplantation. UNOS registry data on more than 78,000 liver transplants performed since 1988 demonstrate impressive long-term survival. At 5 years, adult patient survival rates exceed 70%. The results in children are even better, with more than 80% surviving at 5 years ( Fig. 28-8 ).

	


	Figure 28-8  Pediatric (Peds) versus adult liver transplant survival. GS, graft survival; PS, patient survival. 
	[image: image9.png]





Morbidity and mortality after orthotopic liver transplantation directly correlate with the recipient's preoperative status and immediate function of the liver allograft. Higher mortality has been reported in recipients whose UNOS status was categorized as urgent and those who had multiorgan system failure. Other variables associated with decreased survival include older age, ventilator dependency, pretransplant need for dialysis, and retransplantation. It is controversial whether scarce livers should be used in these circumstances because there would be greater chance of long-term function in patients who are less seriously ill. Stratification of recipients by MELD score also correlates with observed post-transplant survival. If the MELD score is higher than 25, the 1-year survival rate is less (85%) than in groups with lower scores (MELD score of 19-24, 88% at 1 year; MELD score <19, 90% at 1 year). However, the rationale for continuing to perform transplantation in the sickest patients is their unquestionably poor outcome without a transplant. In fact, a variety of analyses suggest that transplantation in patients even at the highest MELD scores results in the greatest gain based on the total number of life-years saved.

Overall, long-term survival after liver transplantation is excellent; however, recipients may suffer from significant side effects of the immunosuppressive drugs. Physical and psychosocial growth may be inhibited in the pediatric group. In contrast, most adults will experience an average gain in weight of 15 to 20 lb. Recognized outcomes of corticosteroid and calcineurin inhibitors include renal failure, osteoporosis, hypertension, hyperglycemia, and hyperlipidemia. Recipients have an increased incidence of malignancy, particularly PTLD. This condition can often be resolved by a reduction or complete withdrawal of corticosteroids and a significant reduction in cyclosporine or tacrolimus. However, attempts to stop all immunosuppression usually result in the development of acute or chronic rejection, or both.


