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Abstract: Caring for liver transplant patients suffering from chronic hepatitis C virus (HCV) 

infection is a challenging task for transplant surgeons and primary physicians alike. HCV is the 

leading cause of liver transplantation in the USA and comes with a myriad of complications 

that increase morbidity and mortality. This review focuses on patient follow-up, spanning 

from before the liver transplant occurs to the patient’s long-term health. Pretransplant, both 

donor and recipient variables, must be carefully chosen to ensure optimal surgical success. 

Risk factors must be identified and HCV viral load must be reduced to a minimum. In addition 

to standard transplant complications, HCV patients suffer from additional problems, such as 

fibrosing cholestatic hepatitis and widespread viremia. Physicians must focus on the balance 

of immunosuppressive and antiviral medications, while considering possible side effects from 

these potent drugs. Over the years following surgery, physicians must identify any signs of 

failing liver health, as HCV-positive patients have an increased risk for cirrhosis and certain 

life-threatening malignancies.

Keywords: liver transplant, hepatitis C virus, postoperative, cirrhosis, donor and recipient 

variables, viremia

Hepatitis C virus and the increasing need for liver 
transplants
Chronic hepatitis C virus (HCV) infection is a global health problem that affects 

130–150 million people worldwide. With a risk of progression to cirrhosis, liver 

failure, and hepatocellular carcinoma (HCC), it has resulted in 350,000 preventable 

deaths annually in the USA.1 On the US liver transplant wait list, 81% of the current 

HCV-positive patients comprise people born between 1941 and 1960. As these baby-

boomers continue to age over the next 20 years, the number of these HCV-related 

complications is expected to drastically increase.2 Within this generation, the need 

for liver transplants is ever-growing, and the search for the most effective transplant 

methods is ongoing.

The struggle begins before the transplant surgery occurs. Donor and recipient variables 

must be carefully accounted for to allow for the best possible outcome. Posttransplant, 

almost all HCV-positive patients experience recurrence of their infection. Some are able 

to control their disease, while others progress to fibrosis and may revert back to their 

pretransplant health status. Immunosuppressants used to treat all transplant patients and 

antiviral medications needed to control HCV have opposing effects on the human immune 

system. This review focuses on problems specific to those patients before the surgery, 

during postoperative care, and throughout the long-term health of the patient.
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Table 1 All liver transplant patients

Condition Symptoms Treatment

Primary nonfunction •  Mild coagulopathy, oliguria, jaundice, and hypoglycemia 
•  Liver transaminases higher than 5,000 U/L

• I mmediate retransplant

Preservation injury •  Rising liver transaminases, hyperbilirubinemia 
•  Poor synthetic function 
•  Prolonged prothrombin time 
• I mpaired clearance of ammonia

•  Supportive care and avoidance of infection

Small-for-size syndrome • � Portal hypertension leading to cholestasis,  
poor bile production

•  Susceptibility to sepsis

•  Supportive care and avoidance of infection

Hepatic artery thrombosis • � Rapid hepatic dysfunction leading to stricture, biliary leak
•  Can rapidly progress to multiorgan failure

• � Surgical or radiologic revascularization; severe 
cases may need retransplant

Portal vein thrombosis •  Ascites 
• I ncreased portal vein pressure

• � Mechanical or pharmacological thrombolysis for 
less severe cases; portal vein thrombectomy or 
retransplant with severe cases

Biliary leak •  Constant biliary leak, bilious ascites, and biloma • � Endoscopic retrograde 
cholangiopancreatography and stent placement

Biliary stricture and stenosis •  Fever, jaundice, sepsis, and severe cholestasis 
• � Histologically, bile duct dilatation, cholangitis,  

and periductal fibrosis are observed

• � Primary treatment is antibiotics and patient 
stabilization

•  May require retransplant in severe cases
Acute cellular rejection •  Abnormal liver enzymes, hyperbilirubinemia 

• � Histologically, within endothelial cells, symptoms of inflammation, 
bile duct damage, and inflammatory infiltrate are observed

• � Maintenance immunosuppression for mild cases 
and high doses of steroids, antilymphocyte 
preparations for severe cases

Table 2 HCV-specific complications

Condition Symptoms Treatment

Fibrosing 
cholestatic 
hepatitis

• � Rapid liver dysfunction, fibrosis
• � Elevated alkaline phosphatase,  

serum bilirubin, and high  
HCV-RNA levels

• � Histologically, severe  
cholestasis, hepatocyte  
swelling, and sinusoidal fibrosis  
are observed

Antiviral 
medications

Posttransplant 
diabetes  
mellitus

• � Symptoms of diabetes plus
• � Casual plasma/2-hour plasma  

glucose concentrations  
$200 mg/dL

• � Fasting plasma glucose  
concentrations $126 mg/dL45

Standard diabetes 
mellitus therapy

Abbreviation: HCV, hepatitis C virus.

Preoperative variables
When caring for the postorthotopic liver transplant (POLT) 

HCV patient, several donor and recipient variables must be 

considered for optimal transplant success. The indications for 

transplant and symptoms of liver failure must be elucidated. 

These include ascites, gastrointestinal bleeding, varices, 

hepatic encephalopathy, and the effects of poor nutrition. 

Using the Model for End-Stage Liver Disease (MELD) score, 

it is possible to quantify the overall health of the patient’s 

liver using serum creatinine, bilirubin, and international 

normalized ratio of prothrombin time. The MELD score, 

which is adjusted for certain cases such as advanced HCC, 

can shed light on the patient’s short-term prognosis. This 

score allows the United Network for Organ Sharing to 

prioritize patients for transplantation.3 After both clinical and 

laboratory evaluation, it can be decided if a liver transplant 

is the next best step for the patient.

Donor variables, such as age and allograft source, have an 

effect on the recurrence and severity of HCV posttransplant. 

Donations from people over 50 years old progress to fibrosis 

and cirrhosis sooner than allografts from younger donors.4 

A living donor can have an impact on transplant success as 

well. One study found that recipients of right lobe living 

donor transplants demonstrated a 10% better survival rate 

than those patients receiving deceased-donor livers. These 

patients were able to receive their transplant sooner, at a 

healthier state, and with lower MELD scores than patients 

receiving deceased-donor livers.5

The donor’s cause of death has some bearing on patient 

survival as well. Ischemic-reperfusion injury occurs after 

prolonged hypoxia and subsequent restoration of oxygen 

supply. Ischemia can be a result of storage of the liver 

before transplantation, known as cold ischemic time, or 

interruption of blood supply during transplantation, referred 

to as warm ischemic time. Both prolonged ischemic time and 

reperfusion injury can compromise liver function and cause 
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recovery complications and poorer outcomes.6 Donation 

after brain death is the primary choice for an allograft, but 

with an increasing need for organs, donation after cardiac 

death is often used. After cardiac death, warm ischemic time 

increases. Many studies have revealed decreased patient 

survival in donation after cardiac death recipients.7

Another factor to consider when evaluating potential 

organ donors is the use of HCV-infected organs. Today, 

a major organ shortage exists due to an increased incidence of 

vital organ failure and more successful transplant outcomes. 

This shortage must be addressed quickly, as the number of 

patients on transplant lists and the number of patients dying 

while waiting are steadily increasing. Currently, HCV-

positive donor (HCVD+) grafts are limited to HCV-infected 

recipients. Montenovo et al8 found the use of HCVD+ grafts 

in HCV-positive recipients resulted in equally successful 

outcomes as HCV-negative donor grafts. Unfortunately, risks 

in using these organs still exist. An HCVD+ graft may prog-

ress to fibrosis in the presence of immunosuppression or the 

recipient may encounter a new strain of the virus within the 

graft. However, these concerns are diminished with modern 

anti-HCV therapy including direct-acting agents (DAAs), 

which will be discussed further in later sections.8,9

Donor and recipient genetics contribute to the success 

of the liver transplant. The interleukin-28B (IL-28B) gene, 

which can be determined pretransplant, influences post-

transplant liver function and response to treatment. The 

IL-28B gene encodes a type of interferon, crucial in the 

overall inflammatory response to a viral infection. Donor-CC 

genotype recipients have increased liver enzymes, viral load, 

and rate of fibrosis, along with adverse outcomes such as cir-

rhosis and need for retransplantation. However, recipient-CC 

genotype has the exact opposite results – less overall fibro-

sis and better outcomes. Overall, the combination of both 

donor- and recipient-CC genotype had a higher sustained 

viral response rate, indicating better response to antiviral 

medications.10,11 The IL-28B gene provides a direction for 

future research to find ways to personalize HCV treatments 

for specific patient genetics.

Germane recipient variables must be identified before 

surgery. Bone disease, specifically osteoporosis, is a legitimate 

concern for any transplant patient. Screening for osteoporosis 

and related diseases can be done using a bone densitometry 

test before the surgery. Additionally, any chronic health 

issues such as diabetes or cardiovascular disease must be 

documented and monitored postsurgery. Many HCV-infected 

patients also suffer from intravenous drug abuse, drinking, or 

smoking, which can cause malignancy and poor outcomes. 

These patients are encouraged to abstain from drugs, alcohol, 

and tobacco to reduce the likelihood of head and neck cancers, 

HCC, and liver dysfunction.12

All HCV-positive transplant patients should reduce their 

viral load to a minimum in order to discourage immediate 

posttransplant viral recurrence. Whether the infection has 

progressed to cirrhosis, HCC, or hepatic decompensation, 

the primary goal is to treat the HCV infection and stabilize 

the patient. It is important to improve the rates of sustained 

virological response (SVR), (defined as rendering a patient 

aviremic 12 or more weeks after completion of antiviral 

therapy).13 Currently, the standard treatment of combination 

therapy, including DAA, pegylated interferon, and ribavirin 

are prescribed to most patients on the liver transplant list 

suffering from HCV.14

Unfortunately, viral treatment is not always an easy task 

for physicians. The HCV 1a and 1b genotypes, the most 

common in the USA, have been linked to posttransplant 

complications, including fibrosis, acute and chronic hepatitis, 

and cirrhosis. Some believe that the HCV 1b genotype is 

better used to determine treatability with antivirals rather 

than posttransplant complications. Those with genotype 

HCV 1b have less of a response to interferon-based antiviral 

treatments.15 Because of this lack of response to standard 

therapy, new treatments such as protease inhibitors have been 

introduced to help these patients with HCV both pre- and 

posttransplant. Preliminary results are promising; however, 

significant side effects and drug–drug interactions have 

proven to be a problem and will be discussed later.16

Normal postoperative care and 
management
Immediately following surgery, most transplant patients 

are monitored in the intensive care unit while intubated and 

anesthetized until they are stable and ready for transfer. Any 

technical issues during the operation should be noted. The 

length of case, ischemic time, and blood loss affect graft 

function and patient recovery. Liver health can be monitored 

through normalizing prothrombin time, improving total 

bilirubin and liver transaminase level, resolving hypothermia, 

and improving mental status. Adequate urine output and 

resolving acidosis indicate good kidney and strong graft 

function.17

Standard monitoring includes electrocardiography and 

pulse oximetry to measure cardiovascular function, as well 

as pulmonary artery pressure, arterial pressure, respiration, 

and core body temperature. Neurological capacity should 

be assessed through the patient’s level of consciousness, 
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cranial nerve reflexes, and motor-sensory function. Those 

in care of the patient should be wary of any indications of 

neurological compromise such as headaches, paresthesia, 

seizures, and coma.17

Additionally, hemodynamic monitoring is crucial, 

although it is important to note key differences between trans-

plant patients and the norm. Low blood volume from preexist-

ing cardiovascular problems, ascites, hemorrhage, or edema 

can cause poor graft perfusion, increasing the likelihood for 

graft complications. In order to avoid excess administration 

of fluids, optimizing cardiac output is a priority. Mainte-

nance of strong cardiac output and normal fluid levels help 

prevent problems in the hepatic circulatory system caused by 

pulmonary edema and increased blood pressure. Electrolyte 

imbalances are common, as many transplant patients suffer 

from poor nutritional status before surgery and are given blood 

transfusions and diuresed during surgery. Given that many 

transplant medications can exacerbate these imbalances, they 

are important to monitor throughout recovery.18

Within the first week, early liver dysfunction may develop 

and certain protocols must be followed in order to correctly 

diagnose the problem. For all transplant patients, graft failure, 

structural problems, biliary complications, and graft rejec-

tion must be considered and investigated to treat the patient 

properly (Table 1). Problems specific to HCV patients will 

be discussed later.

During the immediate postoperative period, graft failure 

with no obvious cause is referred to as primary nonfunction. 

The patient may display mild symptoms such as coagulopathy, 

oliguria, jaundice, and hypoglycemia. It could present 

more severely with neurological setbacks and coma. Liver 

transaminases may reach levels higher than 5,000 U/L. 

The only definitive therapy for these patients is immediate 

retransplant.19 Preservation injury, another type of graft 

dysfunction, occurs within 72 hours posttransplantation. 

Differing from nonfunction, it is less severe and has a higher 

probability of recovery. Despite treatment with fresh frozen 

plasma, patients show rising liver transaminases, poor syn-

thetic function, and prolonged prothrombin time. Additional 

problems include hyperbilirubinemia and impaired metabolic 

clearance of ammonia. With supportive therapy and careful 

avoidance of infection, preservation injury begins to resolve 

in 3 days without retransplantation.17

Structural problems can arise from size discrepancies 

between the donor artery and other native vessels. Small-for-

size syndrome occurs mostly with partial liver grafts from 

a live donor or a split liver. Hemodynamic congestion and 

portal hypertension cause cholestasis, poor bile production, 

and susceptibility to many complications, namely sepsis. 

Hepatic artery thrombosis, a relatively uncommon compli-

cation at 3%–5%, is potentially life threatening.18 During 

the early postoperative period, it presents as rapid hepatic 

dysfunction and can include other hepatic complications such 

as stricture, biliary leak, and multiorgan failure. Diagnosis 

with a Doppler ultrasound is necessary. It is confirmed with 

angiography. Treatment with surgical or radiologic revas-

cularization is usually appropriate. If this fails, retransplant 

may be necessary.20

Portal vein thrombosis (PVT) has an incidence in up to 

10% of patients and occurs commonly in those with technical 

problems or with preexisting PVT. Sudden symptoms like 

ascites and increased portal vein pressure indicate PVT. 

Preliminary diagnosis is done with ultrasound, and confirmed 

with magnetic resonance imaging or computed tomography 

scan. If severe hepatic ischemia occurs, immediate portal 

vein thrombectomy or retransplant is necessary. In less 

severe cases, the preferred treatment is thrombolysis, either 

mechanically or pharmacologically.21

Biliary complications are one of the major obstacles in 

liver transplant, occurring in up to 50% of patients. Leaks 

from the biliary tract are discovered early in the postopera-

tive period, resulting from necrosis at the anastomosis of the 

donor and recipient bile ducts. Symptoms can include bilious 

ascites, constant bile drainage, and biloma. Ultrasound 

is the standard diagnostic tool and treatment may require 

endoscopic retrograde cholangiopancreatography and stent 

placement. These leaks may progress to serious systemic 

infection and must be closely monitored. On the other hand, 

biliary stricture and stenosis present with fever, jaundice, 

sepsis, and severe cholestasis.22,23 Histologically, bile duct 

dilatation, cholangitis, and periductal fibrosis will be seen.24 

These patients can progress to secondary organ failure, 

impairing cardiovascular, renal, and pulmonary function. 

The primary treatment focuses on antibiotics and patient 

stabilization. In some severe cases, patients may require 

retransplant.22

As with any transplant surgery, a major concern is 

rejection. Differences in donor and recipient leukocyte 

antigens cause inflammation of the allograft and graft 

dysfunction. In the first 30 days, the most common form 

is acute cellular rejection, a function of T-cell-mediated 

injury to the vascular endothelium and bile ducts of the 

liver.17 Abnormal liver enzymes and hyperbilirubinemia 

indicate acute rejection, and a percutaneous or transjugular 

liver biopsy should be obtained. Histologically, portal 

inflammation, bile duct damage, and inflammatory infiltrate 
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to endothelial cells can be seen. Solely signs of inflamma-

tion point toward a quick diagnosis, but there must be other 

proof of rejection before the diagnosis can be confirmed.25 

Standard treatment for mild rejection includes robust main-

tenance immunosuppression with calcineurin inhibitors or 

other agents. If rejection becomes more severe, high doses of 

steroids and antilymphocyte preparations must be used.26 This 

aggressive treatment proves to be a problem for HCV-positive 

patients, as it leads to increased severity and frequency of 

HCV recurrence. When treating these patients, the least 

number of drugs at the lowest dose is the gold standard, as 

long as sufficient immunosuppression is reached.27

Infection poses a significant risk during the postoperative 

period, occurring in up to 80% of transplant patients. Most 

infections are endogenous from gastrointestinal flora. Infection 

risk increases with recipient malnutrition or advanced liver 

disease, preexisting donor infection, and surgical complica-

tions such as retransplantation or prolonged surgery times. 

The greatest risk of infection (and HCV recurrence) coincides 

with the highest doses of immunosuppressive medications, 

as with acute rejection patients.28

HCV-specific complications
HCV-specific complications are shown in Table 2. Most 

transplant patients with an existing HCV infection exhibit 

immediate reinfection with widespread viremia, sometimes 

exceeding pretransplant HCV-RNA levels. The infection may 

progress more rapidly in patients posttransplant than those 

not undergoing a liver transplant.29

Fibrosing cholestatic hepatitis (FCH) is an early, vicious, 

recurrence of HCV after a liver transplant differing from 

general viremia. Occurring in less than 10% of the patients 

with chronic HCV, those suffering from FCH have a 

much higher risk of mortality. Within 2 years, FCH causes 

rapid liver dysfunction, leading to fibrosis and graft loss.30 

Therefore, it is crucial to differentiate this HCV-specific 

complication from acute or chronic rejection. Lab findings 

include elevated alkaline phosphatase and serum bilirubin 

and high serum HCV-RNA levels.31 Signs can be seen within 

the first 6 months after transplantation. Due to similar clinical 

symptoms, biopsy findings are imperative in differentiating 

FCH from acute rejection. Histologically, severe cholestasis, 

hepatocyte swelling, and advanced sinusoidal fibrosis are 

found. Conversely, the primary finding in acute rejection is 

severe biliary epithelium damage and inflammatory infiltrate 

surrounding vascular endothelium. If FCH is incorrectly 

diagnosed as acute rejection, immunosuppressive treatment 

can cause serious side effects in the patient.24,32 In addition to 

antiviral medications, treatment for FCH includes interferon 

therapy or the newer anti-HCV agents.31

The liver is necessary for proper glucose metabolism, thus 

liver dysfunction can lead to insulin resistance and type II 

diabetes mellitus (DM). Transplant patients are already pre-

disposed to insulin resistance due to the side effects of immu-

nosuppressive medications such as steroids and calcineurin 

inhibitors. Additionally, HCV is an independent risk factor for 

posttransplant diabetes mellitus (PTDM). PTDM frequently 

develops simultaneously with HCV recurrence, indicating 

a possible link between viral replication and poor glycemic 

control. Immunosuppressive drugs, namely steroids and cal-

cineurin inhibitors, have a compounding effect. Alone, they 

are diabetogenic, allowing increased viral replication, further 

increasing the likelihood for DM to develop.33 HCV increases 

the chances of PTDM and the resulting insulin resistance 

increases the severity of HCV recurrence.34 PTDM is also 

associated with higher rates of mortality among transplant 

recipients due to increased incidence of acute rejection in the 

2-year period following the transplant.35

The complication of medications
The administration of antirejection medications must 

coincide with careful monitoring of potential side effects. 

Tacrolimus, a calcineurin inhibitor, slows the activation of 

T-cells, the main mediator of allograft rejection. Several 

side effects, mainly nephrotoxicity and neurotoxicity, can 

cause increased morbidity and mortality posttransplant. 

Mycophenolate mofetil, an antimetabolite, can cause bone 

marrow suppression resulting in neutropenia and gastrointes-

tinal toxicity. Corticosteroids are a main cause of diabetes, 

osteoporosis, hypertension, and psychiatric disorders.36

Additionally, patients must be treated prophylactically for 

infections that may arise under immunosuppressive therapy. 

Cytomegalovirus, an opportunistic viral infection, must be 

preemptively prophylaxed with valacyclovir. Pneumocystis, 

a severe pulmonary infection, must be treated with Bactrim. 

Both of these medications cause neutropenia, which must be 

monitored throughout patient care. In the incidence of an 

infection, immunosuppressant doses must be lowered until 

the patient is stable.36

With a detectable HCV viral load pretransplant, the 

chance of recurrence is practically universal, and treat-

ment is necessary to prevent further complications, such 

as cirrhosis.37 Those suffering from latent HCV have a 

50%–80% chance for HCV reinfection posttransplant and 

their viral load must be monitored to determine if, and 

when, it occurs.36 Currently, two schools of thought exist in 
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regard to the proper timing of treatment. Some believe in 

“preemptive treatment”, meaning antiviral medications are 

prescribed immediately after surgery under the assumption 

that recurrence will occur in all patients. This method of 

treatment is fairly outdated; the protocol today is to begin 

treatment once there is a diagnosed, established recurrence 

of HCV infection. This diagnosis can be made with alanine 

aminotransferase elevation, positive HCV-polymerase chain 

reaction test, or histological evidence in a liver biopsy. Other 

reasons for graft failure, as discussed before, must be ruled 

out if any uncertainty exists.13

Interferon and ribavirin were the most commonly used 

medications for posttransplant viral recurrence; however, they 

showed poor efficacy in this setting. Furthermore, the risk of 

acute and chronic rejection increased due to upregulation of 

the immune system through the mechanism of interferon.15 

As per the European Association for the Study of the Liver 

guidelines, the current standard treatment involves combina-

tion therapy, using both interferon and ribavirin, along with 

other antivirals. DAA, such as telaprevir and boceprevir act as 

protease inhibitors, reversibly binding to HCV-nonstructural 

proteins. These drugs show increased efficacy, specifically 

against HCV genotype 1 patients. Newer DAAs, including 

sofosbuvir, simeprevir, and daclatasvir, have recently been 

approved for combination therapy against HCV genotypes 1 

and 4.14 However, due to the high cost of these medications, 

along with severe drug–drug interactions with immunosup-

pressants, their use is limited. The continued use of interferon 

and ribavirin in combination therapy leads to several severe 

side effects. Patients suffer from anemia, and may require 

erythropoietin therapy to stimulate red blood cell growth. 

More prominent in those with severe hepatitis, symptoms 

of fatigue, pyrexia, and cytopenias are evident.13

Due to side effects and low success rates in treating 

HCV genotype 1 patients, interferon-free regimens have 

been introduced. Combination therapy with sofosbuvir 

and ledipasvir, with and without ribavirin, has shown 

promising results. In both fibrotic and nonfibrotic HCV 

genotype 1 patients, this treatment plan resulted in over 

90% SVR.38 These new treatments offer an alternate cure to 

transplantation, and are especially important for those who 

are not transplant eligible. These new DAA combination 

therapies are the future of anti-HCV therapy and could pos-

sibly lead to complete eradication of the disease.39

HCV genotype 3 patients have been less successful fol-

lowing the DAA combination therapy regimen, and have 

appeared to be the most difficult to treat with interferon-free 

DAA combinations.38 HCV genotype 3 accounts for 40% of 

all HCV cases in Asia and majority of HCV cases for intra-

venous drug users worldwide. When interferon and ribavirin 

were the standard treatment, HCV genotype 3 was considered 

an “easily treatable” disease. With anti-HCV therapy moving 

toward DAA combination therapy and interferon-free treat-

ment, HCV genotype 3 has become increasingly harder to 

treat. Considering the sheer number of patients suffering from 

this specific strain of HCV, and its propensity to progress to 

severe liver disease, developing therapy has been a pressing 

issue among researchers.40

While great strides have been made in finding a cure for 

HCV, many patients suffering from this disease find that the 

new treatment regimens are difficult to access. Currently, 

DAA and interferon-free therapy are provided for patients 

who have not responded to interferon-based treatments, with 

cirrhosis, on the liver transplant list, and in the posttransplant 

setting. Due to the high cost of these drugs, many patients 

are unable to afford these drugs unless universal health care 

is granted. Since it has been established that these drugs can 

possibly eradicate the disease and potentially avoid liver 

transplantation, it becomes increasingly important to find 

ways to allow all patients access.41

Long-term care
Recipients must be monitored for a myriad of comorbidities 

for the remainder of their lives. Long-term complications 

range from controllable cardiovascular diseases to life-

threatening malignancies. Standard screening techniques 

can be utilized to treat these patients effectively and 

quickly. Cardiovascular disease causes 20% of long-term 

deaths in transplant patients. While often caused by risk 

factors beyond a patient’s control, such as sex, family his-

tory, and advanced age, certain risk factors can be avoided. 

Hypertension, a common side effect of immunosuppressant 

medications, can be treated per the standard guidelines for 

nontransplant patients. Hyperlipidemia and obesity, often 

comorbidities with cholestatic liver disease and diabetes, 

can be treated through lifestyle modifications and first-line 

statin medications.36

Renal disease, a complication for 20% of liver trans-

plant patients, can be monitored through creatinine levels 

and glomerular filtration rates. Elevated creatinine is a risk 

factor for end-stage renal disease. Patients with early renal 

dysfunction – including acidosis and oliguria posttransplant – 

must be closely monitored. Nephrotoxic agents, specifically 

calcineurin inhibitors, must be reduced or eliminated from 

patient treatment upon apparent nephrotoxicity. Bone dis-

ease should be screened for before, and up to 5 years after, 
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the transplant. Preexisting conditions such as osteoporosis, 

vitamin D deficiency, and hypogonadism can contribute to 

future developments of bone disease. As a result of transplant 

treatment with corticosteroids, bone mass greatly decreases 

and should be monitored throughout posttransplant care.36

Any signs of liver decompensation indicated pretrans-

plant must be monitored throughout the patient’s continuing 

care. Ascites should resolve with improved graft function 

and through diuresis used to treat hypertension. A patient 

may never fully recover from any neurological deficits from 

hepatic encephalopathy pretransplant, but neurological func-

tion should not decline with a healthy allograft. Any patient 

who suffered from intravenous drug, alcohol, or tobacco use 

pretransplant must abstain from these substances throughout 

his or her recovery.12

Malignancy remains the highest cause of morbidity and 

mortality in liver transplant patients. Overall, up to 12.9% 

of liver transplant patients suffer from some kind of cancer, 

ranging from posttransplant lymphoproliferative disorders to 

oropharyngeal malignancies. Patients should undergo age-

appropriate screening for cancer, in addition to appropriate 

checkups for any health concerns.12 Half of all new malig-

nancies are skin cancer, and patients are advised to visit a 

dermatologist for any suspicious skin lesions posttransplant. 

Sunscreen is advised.42 Furthermore, HCV-positive patients 

are at a much higher risk for HCC than most undergoing a 

liver transplant.37 While existing HCC should be cured with 

a liver transplant, recurrence of malignancy is possible. 

The standard test is abdominal and chest imaging every 

6 months for the 3 years following surgery. Any lesion 

discovered should be properly biopsied and diagnosed. 

Lab measurements of α-fetoprotein can be used to monitor 

previously occurring HCC.12

Specifically for HCV-positive patients, viral recurrence 

is an ongoing issue. While all HCV-positive patients suffer 

from continued infection posttransplant, 75% of patient 

cases result in clinical hepatitis;15 20%–30% of these patients 

with clinical hepatitis progress to cirrhosis within 5 years 

posttransplant. Patients who develop cirrhosis have a 42% 

chance of liver decompensation within the next year.43 While 

most transplant patients have permanently elevated liver 

enzymes, if the primary physician notices above-baseline 

liver enzymes levels or poor liver function tests, further inves-

tigation is needed. Late allograft rejection, reactivation of a 

latent infection such as cytomegalovirus and technical issues 

are common possibilities. Biopsies, imaging, ultrasound, and 

HCV-polymerase chain reaction testing can help diagnose 

the cause of hepatic decompensation.42

In the event of a severe recurrence of HCV, antiviral 

medications must be started immediately to reduce the viral 

load to manageable levels. With uncontrolled infections, 

HCV can progress to cirrhosis and the patient’s health will 

return to pretransplant status. In the event that the primary 

care physician establishes signs of liver decompensation, the 

transplant center must be notified. Severe recurrence is an 

indication for elective liver retransplant; however, this treat-

ment is controversial and its long-term efficacy is unproven.44 

Throughout the ongoing treatment for the patient, commu-

nication between the primary care physician and transplant 

center is crucial.

HCV remains the leading indication for liver transplant in 

the USA and will be in the foreseeable future. Primary care 

physicians and transplant surgeons alike have made strides in 

caring for HCV-infected patients. New standards of antiviral 

medications and awareness of unique complications have 

improved transplant outcomes; however, the challenging 

task of caring for an HCV-infected liver transplant patient 

remains. Before the surgery, during postoperative care, and 

throughout the patient’s long-term health, it is important 

to correctly diagnose complications, treat carefully, and 

screen for comorbidities to ensure an optimal outcome for 

the patient.
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