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n INTRODUCTION

Liver transplantation is the only treatment for patients with end-stage liver

disease (ESLD). The success of liver transplantation led in most countries to a

marked increase of patients on the waiting list, whereas the number of liver

transplantations during the same time period increased only slightly. With the

growing discrepancy between the numbers of donors and recipients, the

median waiting time for liver transplantation has increased dramatically,

exceeding in some countries 1–2 years. As a result, the number of patients

who die while waiting is increasing and many others die after removal from

the list because their clinical deterioration precludes successful transplant-

ation. Accordingly, the management of patients on the waiting list is getting

more important with the aim to maintain clinical stability so that liver trans-

plantation can eventually be successfully performed. This is achieved by (1)

prophylactic measures to prevent complications of ESLD and (2) early recog-

nition and treatment of complications of advanced liver disease. Most stable

patients can be managed as outpatients, with regular controls at the transplant

center and in close collaboration with the referring physicians. The frequency

of controls is determined by the clinical condition and the current treatment

regimen (e.g. treatment for hepatitis C) and by the requirements of the national

transplant and allocation organization. In the USA, for example, the frequency

of blood controls is determined by the actual model for end-stage liver disease

(MELD) score. Since the MELD score is a good predictor of 3 months’ mortality

on the waiting list, it is useful to see the patients at the intervals outlined in

Table 2.1.

The most common complications of advanced liver disease, encountered

in patients on the waiting list include refractory ascites, spontaneous bacterial

peritonitis (SBP), hepatorenal syndrome (HRS), fluid and electrolyte disturb-
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ances, portal hypertensive bleedings, hepatic encephalopathy (HE), hepato-

cellular carcinoma (HCC), malnutrition and progress of other medical dis-

eases. In addition, there are disease-specific aspects such as control of viral

hepatitis and prevention of alcohol relapse. In this chapter the different

aspects in the care of patients on the waiting list will be reviewed.

Refractory Ascites

The management of ascites and its complication is extensively covered

in Chapter 3. Ascites is the most common complication in patients with ESLD.

Approximately 50% of patients with compensated cirrhosis will develop ascites

over a 10-year period [1]. Development of ascites is associated with 50% mor-

tality after 2 years. The International Ascites Club recently recommended a new

grading system for patients with ascites:

Grade 1: ascites can only be detected by ultrasound;

Grade 2: moderate ascites with symmetrical distention of the abdomen;

Grade 3: large or tense ascites with marked abdominal distension [2].

At the onset, ascites (Grade 2) usually can be easily controlled with diuretics

and salt restriction (see Chapter 3), but with worsening portal hypertension the

development of treatment-refractory or treatment-resistant ascites (Grade 3) is

increasing. In this situation aggressive diuretic therapy places the patient at

risk of developing renal failure, electrolyte disturbances, volume depletion and

HE. Therefore, renal function and electrolytes have to be monitored carefully

and any deterioration of renal function should be fully investigated. If ascites

can no longer be controlled with diuretics or the use of diuretics is associated

with renal insufficiency and electrolyte disturbances, patients can either be

treated with large-volume paracentesis and plasma expanders or transjugular

intrahepatic portosystemic shunt (TIPS).

In recent years five large randomized controlled trials have compared TIPS

to repeated large-volume paracentesis [3–7]. In all studies ascites was better

controlled with TIPS compared to large-volume paracentesis. In contrast to

Table 2.1 Adult Patient Reassessment and Recertification Schedule

MELD Score Status Recertification Laboratory Values no Older Than

$25 every 7 days 48 h

#24 but >18 every 1 month 7 days

#18 but $11 every 3 months 14 days

#10 but >0 every 12 months 30 days

http://www.optn.org/PoliciesandBylaws/policies/docs/policy_8.doc
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large-volume paracentesis, which has no effect on the mechanisms leading

to ascites, TIPS is associated with a reduction in portal hypertension that

decreases the activity of sodium-retaining mechanisms and improves the

renal response to diuretics. Whether TIPS also improves survival is still con-

troversial. In two studies the survival was improved in the TIPS group;

however, this could not be confirmed in the other studies. There is also

no evidence that TIPS improves the outcome after transplantation. Whether

TIPS increases the technical difficulties of transplantation in some patients is

controversial but such difficulties are usually uncommon in experienced cen-

ters [8,9].

Until recently the major disadvantages of TIPS were (1) the high rate of

shunt stenosis (up to 75%), which led to the reappearance of ascites and (2) the

development of HE (up to 77%) [10]. However, the recent introduction of

polytetrafluoroethylene (PTFE)-covered prostheses improves TIPS patency

and decreases the number of clinical relapses and reinterventions without

increasing the risk of encephalopathy [11].

Paracentesis with albumin replacement remains the first treatment option

for patients with refractory ascites on the waiting list [2]. Paracentesis with

plasma volume expansion is safe, less costly and more widely available. Plasma

volume expansion with albumin is superior to other plasma expanders (saline,

polygeline, dextran-70) for large-volume paracentesis greater than 5 L [12,13].

To reduce the frequency of repeated paracentesis, patients should continue to

receive diuretics as tolerated. If the frequency of paracentesis is greater than

three times per month, the International Ascites Club recently recommended

considering TIPS insertion [2]. In addition, TIPS should be considered for

patients who do not tolerate large-volume paracentesis or where large-volume

paracentesis is ineffective due to multiple adhesions or loculated ascites

(Fig. 2.1).

Although randomized studies are lacking, TIPS should also be considered

for patients with treatment-refractory hepatic hydrothorax. This results in

resolution of the hepatic hydrothorax in approximately 70% of patients [14].

The peritoneovenous shunt (Le Veen shunt) is rarely used today due to the

higher complication rate compared to TIPS or large-volume paracentesis [15].

In addition shunt-related adhesions can make subsequent liver transplantation

more difficult. Therefore, the Le Veen shunt should not be considered in

patients on the waiting list.

Spontaneous Bacterial Peritonitis

SBP is characterized by infection of the ascitic fluid in the absence of any

known intra-abdominal source of infection. The diagnosis is established

when there is a positive ascites culture and/or a polymorphonuclear cell
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count (PMC) $250 cells=mm3. The prevalence of SBP ranges between 10% and

30% in patients with ascites and is sufficiently common to justify a diagnostic

paracentesis in every cirrhotic patient with ascites admitted to the hospital [16].

In addition, a paracentesis should be performed whenever there is clinical

evidence for peritonitis (abdominal pain, rebound tenderness), clinical signs

of infections (fever, leucocytosis, elevated C-reactive protein (CRP)), develop-

ment of renal insufficiency, or HE.

In patients with a previous episode of SBP, the 1-year probability for a

recurrent SBP ranges between 40% and 70% [17]. In addition, patients who

never had SBP but have an increased bilirubin (>40 mmol=L) and/or a low

total ascitic fluid protein count (>10 g=dl), as well as patients with variceal

bleeding, have an increased risk for SBP. In patients with a previous history of

SBP, the continuous administration of norfloxacin (400 mg/day) significantly

reduced the 1-year probability of SBP from 68% in the placebo group to 20%

in the norfloxacin group [18]. Secondary long-term prophylaxis is therefore

recommended for all patients with a history of SBP (Table 2.2).

Patients without a history of SBP who have high ascitic fluid protein

content (>10 g=dl) have a low risk of infection (0% at 1 year, 3% at 3 years);

primary prophylaxis is probably not justified in this patient population. It is

unclear whether primary prophylaxis is justified in patients at high risk for

SBP such as patients with an ascitic fluid protein content <10 g=L or an

Refractory ascites

Large-volume paracentesis

< 5 L
Synthetic plasma expanders,

e.g. saline, dextran-70, polygeline

> 5 L
Intravenous albumin 

7−10 g/L removed

Maintenance therapy with
diuretics if possible (Kidney function, electrolyte abnormalities)
low salt diet,
fluid restriction, if needed

Repeat large-volume paracentesis as needed Consider TIPS if:
frequent recurrence
loculated ascites
patient wish
hydrothorax

Fig. 2.1 Treatment options for patients with refractory ascites.
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elevated serum bilirubin (>40 mmol=L). In one study, the long-term antibiotic

prophylaxis for primary prevention was superior compared to short-term

prophylaxis, which was administered only if patients were hospitalized [19].

However, the emergence of infections caused by norfloxacin-resistant bacteria

was significantly higher in the continuous long-term prophylaxis group. The

benefits of primary prophylaxis in this patient group must therefore be care-

fully weighed against the selection of norfloxacin-resistant bacteria, but might

be justified in selected cases on the waiting list (Table 2.3).

Patients with an upper gastrointestinal bleeding in the presence or absence

of ascites are at high risk for severe bacterial infection including SBP. Several

studies of gastrointestinal (GI) bleeders with oral or intravenous antibiotics

showed a significant reduction of infections including SBP in the antibiotic

group [20–25]. No difference was found whether the antibiotic was adminis-

Table 2.2 Diagnostic Criteria of Hepatorenal Syndrome

Major criteria

1. Chronic or acute liver disease with advanced hepatic failure and portal

hypertension.

2. Low glomerular filtration rate, as indicated by serum creatinine >133 mmol=L

(1.5 mg/dl) or 24-h creatinine clearance <40 ml=min.

3. Absence of shock, ongoing bacterial infection, volume depletion, and current or

recent treatment with nephrotoxic drugs.

4. No sustained improvement in renal function (decrease in serum creatinine to

1.5 mg/dl or less, or increase in creatinine clearance to 40 ml/min or more)

following diuretic withdrawal and expansion of plasma volume with 1.5 L of

isotonic saline.

5. No proteinuria (<500 mg=dl) and no ultrasonographic evidence of obstructive

uropathy or parenchymal renal disease.

Additional criteria

1. Urine volume <500 ml=day in patients with cirrhosis.

2. Urine sodium <10 mEq=L.

3. Urine osmolality greater than plasma osmolality.

4. Serum sodium concentration <130 mEq=L.

Type of hepatorenal syndrome

Type 1: progressive impairment in renal function as defined by a doubling of initial

serum creatinine above 220 mmol=L (2.5 mg/dl) in less than 2 weeks.

Type 2: stable or slowly progressive impairment in renal function not meeting the

above criteria.

From [28].
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tered orally or intravenously. Antibiotic prophylaxis is recommended in all

cirrhotic patients with an upper GI bleed irrespective of the presence or

absence of ascites. Although several antibiotic regimes are effective, the oral

administration of norfloxacin (2� 400 mg for 7 days) or ciprofloxacin

(2� 500 mg for 7 days) appear to be the first choice (Table 2.3) [25].

Table 2.3 Prevention of Complications in Patients on the Waiting List

Aim Intervention

I. Prevention of infections

A. Acute variceal bleeding First choice: oral norfloxacin 2� 400 mg

for 7 days

Alternative: oral ciprofloxacin

2� 500 mg for 7 days

B. Primary prevention of SBP

1. Ascitic fluid protein high

(>10 g=L)

Prophylaxis unnecessary

2. Ascitic fluid protein low

(<10 g=L)

Prophylaxis controversial

Short-term (during hospitalizations) or

long-term prophylaxis with daily nor

floxacin or trimetoprim-

sulfamethoxazole can be considered

C. Secondary prevention of SBP First choice: norfloxacin 400 mg daily

Alternative: trimetoprim-

sulfamethoxazole daily

II. Prevention of HRS in patients with

SBP

Intravenous albumin (1.5 g/kg day 0

and 1 g/kg after 2 days)

III. Prevention of variceal bleeding

A. Primary prevention of variceal

bleeding

First choice: propranolol or nadolol

(stepwise increase in dose until 25%

reduction in heart rate)

Alternative: band ligation

B. Secondary prevention of variceal

bleeding

First choice: band ligation alone or in

combination with propranolol or

nadolol

Alternative especially as bridge to OLT:

TIPS

SBP: spontaneous bacterial peritonitis; HRS: hepatorenal syndrome.
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Empiric antibiotic treatment should be started when the neutrophil count

is >250=mm3 and SBP is suspected. Currently intravenous treatment with a

third-generation cephalosporin (e.g. cefotaxime 2 g every 8–12 h, ceftriaxone

1 g/24 h for 5–7 days) is recommended [16]. Therapy needs to be modified

according to the culture results. SBP resolves in approximately 90% of patients.

The most important negative predictor of survival is the development of renal

insufficiency. The administration of albumin (1.5 g/kg at diagnosis and 1 g/kg

at day 3) is able to prevent the development of renal insufficiency and reduces

the mortality from 30% to 10% (Table 2.3) [26].

Renal Failure, Fluid, and Electrolyte Disturbances

Patients with ESLD are at increased risk to develop renal failure, either spon-

taneously (HRS) or due to iatrogenic interventions (diuretics, nephrotoxic

drugs). Patients with advanced cirrhosis and ascites are at highest risk. Renal

vasoconstriction associated with advanced liver disease leads to severe renal

vasoconstriction and functional renal insufficiency [27]. Renal failure occurs in

up to 10% of patients with advanced liver disease and even more frequently in

patients on the waiting list.

HRS can only be diagnosed after other causes of renal failure have been

excluded, including obstruction, volume depletion, glomerulonephritis, acute

tubular necrosis, and drug-induced nephrotoxicity [28]. All diuretics should be

stopped and a fluid challenge with 1.5 L of isotonic saline should be adminis-

tered to exclude volume depletion (Table 2.2). From the clinical presentation,

two types of HRS can be distinguished:

1. Type I HRS is characterized by rapidly progressive renal failure with an

increase in the serum creatinine to more than 220 mmol=L within 14 days

and marked oliguria. Type I HRS occurs mostly in patients with type II HRS

with a recent precipitating event (severe infection, e.g. SBP, large-volume

paracentesis without plasma volume expansion).

2. Patients with type II HRS have refractory ascites with stable or slowly

progressive impairment in renal function (Table 2.2).

The prognosis of patients with HRS is poor with a median survival of only 15

days in patients with type I and 150 days in patients with type II [29]. Until

recently there was no effective therapy apart from liver transplantation, but

fortunately this has changed in recent years. The combination of vasocon-

strictor drugs, such as vasopressin analogues, noradrenaline, and the combin-

ation of midodrine and octreotide together with plasma volume expansion

with albumin (1 g/kg intravenously on day 1, 20–40 daily thereafter) is effect-

ive in approximately two-thirds of patients (Fig. 2.2) [10]. It has been shown
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that the combination of terlipressin and albumin is clearly more effective than

terlipressin alone [30]. Surprisingly the recurrence rate is low and responders

have a higher rate of survival than nonresponders [30,31]. The response to

treatment increases the probability that the patients with HRS survive long

enough to undergo transplantation. There is some preliminary evidence that

the improvement of renal function reduces post-transplantation morbidity and

mortality [32]. There is also evidence that TIPS is effective in patients with HRS

[33,34]. For both treatment options the available information is still insufficient;

results from randomized controlled trials are lacking.

Hemodialysis has no effect on survival and should not be used routinely.

However, as a bridge to transplantation, it might be useful in patients who fail

to respond to medical treatment.

Patients with advanced liver disease and portal hypertension have a

decreased effective arterial blood volume with activation of the renin–angio-

tensin–aldosterone system, the sympathetic nervous system, and increased

secretion of antidiuretic hormones (ADHs). The activation of these counter-

acting regulatory mechanisms leads to renal vasoconstriction. In this situation

renal perfusion is dependent upon prostaglandin-mediated vasodilatation.

Nonsteroidal anti-inflammatory drugs (NSAIDs), which inhibit prostaglandin

synthesis, may lead to a further decrease in renal blood flow and may precipi-

tate acute renal failure [35]. Therefore, NSAIDs should be avoided in patients

with ESLD. In addition, all potentially nephrotoxic drugs should be used with

caution and overtreatment with diuretics should be avoided. It is generally

recommended to stop diuretics if serum creatinine is greater than 1.7 mg/dl

(150 mmol=L) and serum urea is greater than 22 mg/dl (8 mmol=L). Several

studies have clearly shown that pretransplant renal function significantly

impacts on post-transplant survival [36,37].

Vasoconstrictor drugs

Terlipressin
  0.5 mg i.v every 4 h
  Increase to 1 and 2 mg
  every 3 days

Midodrine + Octreotide
  Midodrine:
  2.5−7.5 mg po tid
  Increase to 12.5 mg tid if needed
  Octreotide:
  100 µ g sc tid
  Increase to 200 µ g tid if needed

Noradrenaline
  0.5−3.0 mg/h i.v

Plasma volume expansion

Albumin
1 g/kg day 1
20−40 mg/d the following days,
if CVP <18 cm H2O

+

Duration: 7−14 days

Aim:
Reduction of serum creatinine
 <1.5 mg/dl

Fig. 2.2 Therapeutic options for patients with hepatorenal syndrome.
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The most common electrolyte abnormality in patients with advanced liver

cirrhosis is dilutional hyponatremia defined as a serum sodium <130 mmol=L.

This occurs as a consequence of an impaired free water clearance by the kidney

due to a nonosmotic hypersecretion of ADH. Impaired free water clearance

occurs several months after the onset of sodium retention and ascites forma-

tion and therefore represents a late event in the course of decompensated liver

disease. Hyponatremia indicates a poor prognosis and for some authors is an

important predictor of survival. It has been proposed to incorporate serum

sodium concentration in the MELD score; however, this remains controversial

[38]. As long as the serum sodium remains above 125 mmol/L, no specific

prophylactic measures are required.

If the serum sodium concentration falls below 125 mmol/L, diuretics

should be withheld and an attempt made to expand the effective circulating

blood volume by infusion of albumin (100 g/24 h) or red blood cells. This will

usually result in a transient drop in the serum sodium concentration, following

which the sodium will rise as ADH secretion is turned off by the increased

blood volume. Once the serum sodium starts to rise, the colloid infusion can be

tapered. Free water restriction should be instituted although there is no data-

supported specific threshold for initiating fluid restriction [39].

It is important to remember that attempts to rapidly correct hyponatremia

with hypertonic saline can lead to more complications [40]. Transplantation is

contraindicated if the serum sodium is below 120 mmol/L due to the risk of

developing central pontine myelinolysis.

Portal Hypertensive Bleeding

The management of portal hypertensive bleeding is extensively covered in

Chapter 3. In this section only the prophylactic measures will be reviewed.

Several studies have been published regarding the result of upper GI endos-

copy in patients being evaluated for liver transplantation. Overall 66–85% of

these patients had varices and 16–46% presented with large (Grade III to IV)

varices [41–43]. Therefore, it is generally accepted that at the time of listing all

patients should undergo an upper GI endoscopy. In the rare patients, where no

varices are found, endoscopy should be repeated in 2–3 years, and in patients

with small varices, who do not undergo some kind of primary prophylaxis,

endoscopy should be repeated yearly [44].

Prevention of a First Variceal Bleed (Primary Prophylaxis)

The high mortality rate of a first variceal bleeding episode justifies the devel-

opment of prophylactic regimes to prevent the development of, and bleeding

from, varices. Noncardioselective beta-blockers such as propranolol and nado-

KILLENBERG: Medical Care of the Liver Transplant Patient 3/e 002 Final Proof page 26 16.12.2005 5:14pm

MEDICAL CARE OF THE LIVER TRANSPLANT PATIENT

26
!



lol have been the mainstay of primary prevention. In cirrhotics with esopha-

geal varices, both propranolol and nadolol have been shown to reduce the risk

of an initial bleeding episode by 40–50%; there was a trend toward reducing

mortality [45,46]. It is customary to adjust the dose of beta-blockers until a 25%

fall of the heart rate is achieved. About 30% of patients will not respond to

beta-blockers with a reduction in hepatic venous pressure gradient (HVPG),

despite adequate dosing. These nonresponders can only be detected by inva-

sive measurements of HVPG. Beta-blockers may cause side-effects such as

fatigue and impotence that may lead to noncompliance, especially in younger

males.

While the side-effects of endoscopic sclerotherapy outweigh its benefit in

primary prophylaxes of esophageal variceal hemorrhage [47], endoscopic band

ligation has recently been shown to be effective and well tolerated [48]. Thus,

in summary, the following scheme is recommended for primary prophylaxis of

variceal hemorrhage:

1. Selection of patients with at least medium-sized esophageal varices and/or

red color or ‘‘red wale signs.’’

2. Noncardioselective beta-blocker (propranolol or nadolol) dose titrated to

reach a reduction of resting heart rate of at least 25%, but not to lower than

50–55/min.

3. In patients with esophageal varices who do not tolerate or have contraindi-

cations to beta-blockers, endoscopic band ligation is indicated (Table 2.3).

Secondary Prevention of Variceal Bleeding

About 60% of patients surviving an acute variceal hemorrhage will develop

recurrent bleeding within the first year [9,50]. Clinical predictors of early recur-

rence include severity of the initial hemorrhage, the extent of the underlying

liver disease, impaired renal function, and encephalopathy. Endoscopic features

include active bleeding at the time of endoscopy, large varices, and stigmata of a

recent hemorrhage [51]. There is a strong correlation between the severity of

portal hypertension, the survival rate, and the rebleeding risk. The high rebleed-

ing rate with its associated morbidity and mortality justifies the implementation

of a secondary prevention program. Different pharmacologic agents have been

used for secondary prevention of variceal bleeding, but there is sufficient evi-

dence of efficacy only for noncardioselective beta-blockers [52].

In a meta-analysis of 10 randomized trials comparing propranolol to

endoscopic sclerotherapy for secondary prevention, both treatment options

were similarly effective [46]. However, sclerotherapy was associated with

significantly higher rates of side-effects. Sclerotherapy has also been

compared to band ligation in several trials, which were summarized in a
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recent meta-analysis [53]. Ligation is associated with a lower rebleeding rate

(25% versus 30%), fewer complications, lower overall costs and higher rates of

survival. In a recent randomized trial the combination of nadolol plus endo-

scopic banding was more effective for the prevention of variceal rebleeding

than endoscopic banding alone [54].

Therefore, endoscopic treatment should be considered in the context of a

combined pharmacologic and endoscopic strategy (Table 2.3) [55]. TIPS is

currently considered an effective bridge to transplantation by most clinicians.

Meta-analysis comparing TIPS with endoscopic treatment found a lower

rebleeding rate in patients with TIPS placement [56,57]. However, TIPS was

associated with a higher incidence of encephalopathy, and no difference was

found regarding the overall survival.

Additionally, the long-term use of TIPS is limited by the frequent shunt

occlusion. During the first year, 50–70% of TIPS occlude and as a consequence

20% of the patients develop rebleeding [58]. Regular investigation, usually

with Doppler ultrasound and intervention, is often required to avoid shunt

occlusion. Misplaced TIPS in the portal vein or vena cava may complicate later

liver transplantation [8]. For this reason TIPS placement should be restricted to

experienced interventional radiologists.

Hepatic Encephalopathy

Clinically detectable encephalopathy (HE) is found in one-third of patients with

ESLD [59]. Usually it presents with changes in mental status as a result of a

precipitating event (see below). An important precipitating event is the use of

benzodiazepines, prescribed for sleep disturbances. Rarely, patients present

with recurrent episodes of HE without an obvious precipitating event. This

can either be due to the presence of new spontaneous portosystemic shunts or

as the result of severe parenchymal liver disease. Several recent studies describe

the presence of subtle changes in mental function in 30–70% of patients that can

only be detected by neuropsychological testing in patients who appear other-

wise neurologically intact (minimal HE) [60,61].

It is important to remember that the diagnosis of HE is a diagnosis of

exclusion. Other etiologies such as intracranial space-occupying lesions, vas-

cular events, other metabolic disorders, and infectious diseases should be

excluded. Ammonia levels are widely scattered in patients with liver disease;

individual values are a poor predictor of the degree of encephalopathy. In spite

of these limitations, ammonia levels are frequently useful when there is un-

certainty if mental changes are the result of HE. Changes in ammonia levels

should not be considered an indicator of therapeutic benefit; improvement in

mental status is the sole therapeutic end point. The severity of HE is most

commonly graded according to the West Haven criteria (Table 2.4) [62].
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As soon as deterioration in the mental status is recognized, a search for a

precipitating event should be immediately started. Among the factors are:

1. Renal and electrolyte abnormalities, especially uremia and hypokalemia

and dehydration.

2. Gastrointestinal bleeding (increases the nitrogen load in the gut).

3. Infection – cultures, especially from ascites to exclude spontaneous bacterial

peritonitis are important.

4. Constipation.

5. Use of benzodiazepines, narcotics, or other sedatives (sometimes urinary

screening is necessary to exclude their presence).

6. Excessive dietary protein intake.

7. Worsening liver function, e.g. portal vein thrombosis.

8. Noncompliance with medications, especially lactulose or lactilol.

Development of acute HE is associated with a poor prognosis. In a recent study

1- and 3-year survival was only 42% and 23%, respectively [63].

The mainstay of therapy centers on correcting the precipitating event.

Depending on the level of consciousness, intubation has to be considered to

Table 2.4 West Haven Criteria for Semiquantitavie Grading of Mental State

Grade 1

1. Lack of awareness

2. Euphoria or anxiety

3. Shortened attention span

Grade 2

1. Lethargy or apathy

2. Minimal disorientation for time or place

3. Subtle personality change

4. Inappropriate behaviors

5. Impaired performance of subtraction

Grade 3

1. Somnolence to semistupor but responsive to verbal stimuli

2. Confusion

3. Gross disorientation

Grade 4

1. Coma (unresponsive to verbal or noxious stimuli)
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prevent aspiration. In these patients a nasogastric tube should be placed and

treatment with nonabsorbable disaccharides such as lactulose or lactilol should

be started. In cooperative patients this can be given by mouth. The usual

starting dose is 20 ml, 3–4 times daily with the aim of achieving 2–4 soft

bowel movements per day. Although recent reviews have pointed out the

weaknesses of the clinical trials that support the use of the nonabsorbable

disaccharides, they are still first-line treatment [64,65].

If patients are not improving after correcting the precipitating cause and

administration of lactulose, neomycin 3–6 g/day in divided doses might be

added. Alternatively, metronidazole can be used [66]. Classically, low protein

diet (minimum 30 g/day) is recommended for patients with encephalopathy.

During an acute episode of HE, enteral nutrition is frequently interupted for

a few days due to coma or delirium. During this period the patient relies on

gluconeogenesis from protein to maintain glucose metabolism in the brain.

Gluconeogenesis is one of the most significant sources of endogenous ammo-

nia production and can lead to worsening of the encephalopathy. Therefore,

stuporous or comatose patients should be provided with a minimum of

400 calories per day in the form of intravenous glucose to minimize gluconeo-

genesis.

Once the patient recovers from an intercurrent episode of clinical enceph-

alopathy, a moderate dose of protein (40 g/day) is instituted and is increased

up to the maximum tolerated dose within the next few days. It is important to

avoid long-term protein restriction to prevent further worsening of the nutri-

tional status. Changes in the diet might help to increase the tolerance for

proteins; there is some evidence that vegetable and milk proteins are less

encephalogenic in than equal quantities of meat protein [67]. Other therapeutic

interventions such as ornithine-aspartate, sodium benzoate, and branched-

chain amino acids are less well established [59,68].

n PORTOPULMONARY HYPERTENSION AND HEPATOPULMONARY

SYNDROME

Portopulmonary Hypertension

Portopulmonary hypertension (PPHTN) is defined by:

1. Increased pulmonary arterial pressure (PAP; mean pressure determined by

right heart catherization of >25 mmHg at rest and >30 mmHg during exer-

cise)

2. Increased pulmonary vascular resistance (PVR; >240 dyne=s=cm5).

3. Pulmonary wedge pressure of less than 15 mmHg in patients with portal

hypertension [69].
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Reports on the incidence of PPHTN vary greatly. In a recent study in

patients with cirrhosis and refractory ascites, 16% of the patients fulfilled

the criteria for PPHTN [70]; whereas in other studies the incidence was

significantly lower [71]. So far no clear relationship between the severity of

hepatic dysfunction or the degree of portal hypertension and the severity

of pulmonary hypertension has been conclusively established [71]. In addition,

little is known about the risk of developing PPHTN while waiting for liver

transplantation.

The detection of PPHTN before liver transplantation, however, is

crucial because the presence of pulmonary hypertension of any severity in-

creases the perioperative and long-term risk of liver transplantation

[72,73]. The most common presenting symptom is progressive dyspnea on

excertion; however, patients with even severe PPHTN can be completely

asymptomatic.

Echocardiography is the screening method of choice [74,75]. Using a

systolic right ventricular pressure (RVsys) of more than 50 mmHg as a cutoff,

the sensitivity and specificity to detect moderate to severe PPHNT is 97% and

77%, respectively. Only these patients need to undergo right heart catheteriza-

tion to fully characterize pulmonary hemodynamics. If moderate to severe

PPHNT is confirmed, treatment with pulmonary vasodilators should be insti-

tuted with the aim of decreasing PAP to <35---40 mmHg and PVR to

<400 dyne=s=cm5 [76]. Although rare, PPHTN can develop after the initial

evaluation for liver transplantation [76,77]. In another study PPHNT was

diagnosed in 65% of patients only in the operating room prior to transplant-

ation [73].

These data clearly suggest that regular echocardiographic examinations

of liver transplant candidates on the waiting list are mandatory, although the

optimal screening frequency remains to be determined. In patients with nor-

mal echocardiographic findings at initial evaluation, the echocardiography

should be repeated annually and in patients with an RVsys between 35 and

50 mmHg, every 6 months (Table 2.5) [76].

Hepatopulmonary Syndrome

Hepatopulmonary syndrome (HPS) is defined as a triad consisting of:

1. Chronic liver disease.

2. Hypoxemia (PaO2 <70 mmHg or alveolar to arterial oxygen gradient

>20 mmHg).

3. Intrapulmonary arteriovenous dilatation or shunts as detected by contrast

echocardiography, lung perfusion scanning, or pulmonary angiography

[69].
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HPS is a serious complication that should be diagnosed before liver transplant-

ation. The reported incidence of HPS in patients with chronic liver diseases is

variable (4–32%) and depends on the diagnostic criteria and the tests used to

detect intrapulmonary shunts [78,79]. A recent prospective study demon-

strated that the survival of patients with HPS is significantly shorter (median

Table 2.5 Recommended Follow-up Examinations for Patients on the Waiting List

Complication Examination Time Interval

Portopulmonary

hypertension

Echocardiography 12 months, if baseline

examination normal; 6

months, if RVsys at baseline

between 35 and 50 mmHg

Hepatopulmonary syndrome Pulse oxymetry in standing

position

6–12 months: arterial blood

gas analysis if SpO2 < 97%;

if PaO2 < 70 mmHg,

perform echocardiography

Alternative: arterial blood gas

standing

6–12 months: if

PaO2 < 70 mmHg, perform

echocardiography

Known hepatocellular

carcinoma

Abdominal CT or MRI 3 months

Chest CT 3 months

Bone scan 3–6 months

Cancer screening:

Hepatocellular carcinoma Abdominal ultrasound 3 months

Alternative: abdominal CT or

MRI

6 months

Cholangiocarcinoma Abdominal ultrasound and

CA 19-9

6 months

Colon cancer in primary

sclerosing cholangitis

patients

Colonoscopy 12 months

Breast cancer in women >40

years

Mammography 12 months

Cervical cancer in women

>40 years

Cervical smear 12 months

Prostate cancer in men >45

years

Prostate-specific antigen 12 months
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survival 11 months) compared to patients without HPS (median survival 41

months) [78].

Medical management has so far been disappointing. Increasingly, liver

transplantation has been advocated as the treatment of choice for patients

with HPS; normalization of hypoxemia can be expected in approximately

82% within 15 months after liver transplantation. After liver transplantation

up to 30% of patients with HPS will die; this is almost twice the death rate

experienced by all other transplant recipients [80]. Although the optimal

screening methods and interval have not been defined so far, it is probably

useful to screen patients every 6–12 months for signs of hypoxemia (Table

2.5). Hypoxemia is the prerequisite for the diagnosis of HPS; therefore, every

diagnostic approach should begin with the documentation of hypoxemia at

rest. The routine measurement of arterial blood gases has been advocated in

all liver transplant candidates [81]. Considering the prevalence of HPS this

would lead to a large number of unnecessary arterial blood gas analyses.

Therefore, a recent study evaluated the usefulness of pulse oxymetry for the

detection of arterial hypoxemia in liver transplant candidates [82]. If arterial

blood gas analysis is restricted to patients with an O2-saturation below 97%

only 32% of all patients would need an arterial blood gas analysis. This

would still maintain a high sensitivity (96%) and acceptable specificity to

identify hypoxemic patients (75%). If hypoxemia is established, the diagnosis

of HPS should be confirmed by echocardiography or lung perfusion scan-

ning. For patients with HPS an increase in the MELD score equivalent to a

15% risk of mortality (MELD score ¼ 24) might be requested in the USA (see

Chapter 6).

Hepatobiliary Cancer

Hepatocellular carcinoma can complicate all common forms of liver cirrhosis,

but occurs most commonly in hepatitis B- or C-induced liver cirrhosis. HCC

may be the indication for liver transplantation or may develop on the waiting

list. Follow-up of transplant candidates will differ. The management of pa-

tients with hepatoma is considered in detail in Chapter 8.

Cholangiocarcinoma (CCA) is a well-recognized complication of primary

sclerosing cholangitis (PSC). The reported frequency is as high as 7–36% in

patients undergoing liver transplantation. The occurrence of CCA is unpre-

dictable and is often difficult to diagnose. Liver transplantation is only for a

selected group of patients with early-stage CCA who undergo preoperative

radiation and chemotherapy in the absence of metastases. The issue of how

patients with PSC should be screened on the waiting list is still unresolved.

However, screening is important, because if the tumor is detected at early

stages, where it is still confined in the biliary tree, transplantation still offers
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the best chances for cure. Currently the best approach probably consists of an

ultrasound or magnetic resonance cholangiography and CA 19-9 level every 6

months (Table 2.5). Management of patients with PSC prior to transplantation

is discussed in Chapter 10.

Other Cancers

The most common extrahepatic cancer in PSC patients with ulcerative colitis is

colon cancer. Patients with ulcerative colitis should undergo yearly colono-

scopy while awaiting liver transplantation.

Annual mammography and cervical smear should be obtained yearly in

women over 40 years and an annual prostate-specific antigen (PSA) level

should be measured in men over 45 years awaiting liver transplantation

(Table 2.5).

n MANAGEMENT OF OTHER MEDICAL DISEASES

Diabetes Mellitus

Patients with established diabetes mellitus will need careful monitoring to

ensure that blood sugar is maintained within acceptable limits. There should

be a low threshold for instituting insulin-based control since diabetic trans-

plant recipients almost always require insulin in the initial post-transplant-

ation period.

Hypertension

Patients with arterial hypertension will need monitoring to ensure that blood

pressure is optimally controlled. If there are any cardiac abnormalities on

screening, electrocardiogram (ECG) and echocardiography should be repeated

at 6-monthly intervals.

Preventing Further Liver Damage

Patients with ESLD are at increased risk of developing fatal hepatic failure if

they develop superimposed acute hepatitis A [83]. Vaccination against hepa-

titis A and B is much more effective in patients with compensated liver

cirrhosis compared to patients with decompensated disease [84]. Therefore,

all patients with chronic liver disease should be vaccinated against hepatitis A

and B as early as possible in the course of their disease (see Chapter 7).

If possible, potentially hepatotoxic drugs should be avoided, especially

medications that increase the risk of GI bleeding or renal insufficiency.
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Malnutrition

Malnutrition is common in patients with chronic liver disease awaiting trans-

plantation, and is a risk factor for mortality following liver transplantation

[85,86]. Unfortunately, nutritional supplementation has not been proven to

affect outcome [87]. However, most of the studies done to date were either

poorly controlled or not adequately powered to detect small differences in

survival.

In general, the total amount of calories provided should be at least 30–

35 kcal/kg/day [88]. Protein restriction should not be considered routine.

Adults can receive daily 1–2 g of protein/kg of dry body weight. Patients

with ESLD awaiting liver transplant should take daily multivitamin and

other supplements as needed. Specific fat-soluble vitamin supplementation

should be provided if a deficiency is present.

Temporary Suspension from the Waiting List

Patients may temporarily be inactivated on the waiting list for several reasons

and reactivated as soon as the temporary problem is resolved. The most

common reasons for temporary suspension are intercurrent infections and

variceal bleeding. Such infections should be vigorously treated; management

of bleeding and portal hypertension is discussed in Chapter 3.

Disease-specific aspects of the pretransplantation management of patients

with viral hepatitis (Chapter 7), hepatoma (Chapter 8), alcoholic liver disease

(Chapter 9), autoimmune diseases (Chapter 10), metabolic diseases (Chapter

11), and fulminant hepatic failure (Chapter 13) are covered elsewhere.

n REFERENCES

1. Fernandez-Esparrach G, Sanchez-Fueyo A, Gines P, et al. A prognostic model for

predicting survival in cirrhosis with ascites. J Hepatol 2001;34(1):46–52.

2. Moore KP, Wong F, Gines P, et al. The management of ascites in cirrhosis:

report on the consensus conference of the International Ascites Club. Hepatology

2003;38(1):258–266.

3. Rossle M, Ochs A, Gulberg V, et al. A comparison of paracentesis and transjugular

intrahepatic portosystemic shunting in patients with ascites. N Engl J Med

2000;342(23):1701–1707.

4. Lebrec D, Giuily N, Hadengue A, et al. Transjugular intrahepatic portosystemic

shunts: comparison with paracentesis in patients with cirrhosis and refractory asci-

tes: a randomized trial. French Group of Clinicians and a Group of Biologists.

J Hepatol 1996;25(2):135–144.

KILLENBERG: Medical Care of the Liver Transplant Patient 3/e 002 Final Proof page 35 16.12.2005 5:14pm

MONITORING THE PATIENT AWAITING TRANSPLANTATION

35
!



5. Gines P, Uriz J, Calahorra B, et al. Transjugular intrahepatic portosystemic shunting

versus paracentesis plus albumin for refractory ascites in cirrhosis. Gastroenter-

ology 2002;123(6):1839–1847.

6. Sanyal AJ, Genning C, Reddy KR, et al. The North American Study for the Treat-

ment of Refractory Ascites. Gastroenterology 2003;124(3):634–641.

7. Salerno F, Merli M, Riggio O, et al. Randomized controlled study of TIPS

versus paracentesis plus albumin in cirrhosis with severe ascites. Hepatology

2004;40(3):629–635.

8. Clavien PA, Selzner M, Tuttle-Newhall JE, et al. Liver transplantation complicated

by misplaced TIPS in the portal vein. Ann Surg 1998;227(3):440–445.

9. Somberg KA, Lombardero MS, Lawlor SM, et al. A controlled analysis of the

transjugular intrahepatic portosystemic shunt in liver transplant recipients. The

National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) Liver

Transplantation Database. Transplantation 1997;63(8):1074–1079.

10. Gines P, Cardenas A, Arroyo V, et al. Management of cirrhosis and ascites. N Engl

J Med 2004;350(16):1646–1654.

11. Bureau C, Garcia-Pagan JC, Otal P, et al. Improved clinical outcome using poly-

tetrafluoroethylene-coated stents for TIPS: results of a randomized study. Gastro-

enterology 2004;126(2):469–475.

12. Gines A, Fernandez-Esparrach G, Monescillo A, et al. Randomized trial comparing

albumin, dextran 70, and polygeline in cirrhotic patients with ascites treated by

paracentesis. Gastroenterology 1996;111(4):1002–1010.

13. Sola-Vera J, Minana J, Ricart E, et al. Randomized trial comparing albumin and

saline in the prevention of paracentesis-induced circulatory dysfunction in cirrhotic

patients with ascites. Hepatology 2003;37(5):1147–1153.

14. Siegerstetter V, Deibert P, Ochs A, et al. Treatment of refractory hepatic hydro-

thorax with transjugular intrahepatic portosystemic shunt: long-term results in 40

patients. Eur J Gastroenterol Hepatol 2001;13(5):529–534.

15. Gines P, Arroyo V, Vargas V, et al. Paracentesis with intravenous infusion of

albumin as compared with peritoneovenous shunting in cirrhosis with refractory

ascites. N Engl J Med 1991;325(12):829–835.

16. Rimola A, Garcia-Tsao G, Navasa M, et al. Diagnosis, treatment and prophylaxis

of spontaneous bacterial peritonitis: a consensus document. International Ascites

Club. J Hepatol 2000;32(1):142–153.

17. Tito L, Rimola A, Gines P, et al. Recurrence of spontaneous bacterial peritonitis in

cirrhosis: frequency and predictive factors. Hepatology 1988;8(1):27–31.

KILLENBERG: Medical Care of the Liver Transplant Patient 3/e 002 Final Proof page 36 16.12.2005 5:14pm

MEDICAL CARE OF THE LIVER TRANSPLANT PATIENT

36
!



18. Gines P, Rimola A, Planas R, et al. Norfloxacin prevents spontaneous bacterial

peritonitis recurrence in cirrhosis: results of a double-blind, placebo-controlled

trial. Hepatology 1990;12(4, Pt 1):716–724.

19. Novella M, Sola R, Soriano G, et al. Continuous versus inpatient prophylaxis of the

first episode of spontaneous bacterial peritonitis with norfloxacin. Hepatology

1997;25(3):532–536.

20. Rimola A, Bory F, Teres J, et al. Oral, nonabsorbable antibiotics prevent infection in

cirrhotics with gastrointestinal hemorrhage. Hepatology 1985;5(3):463–467.

21. Bleichner G, Boulanger R, Squara P, et al. Frequency of infections in cirrhotic patients

presenting with acute gastrointestinal haemorrhage. Br J Surg 1986;73(9):724–726.

22. Soriano G, Guarner C, Tomas A, et al. Norfloxacin prevents bacterial infection in

cirrhotics with gastrointestinal hemorrhage. Gastroenterology 1992;103(4):1267–1272.

23. Bernard B, Cadranel JF, Valla D, et al. Prognostic significance of bacterial

infection in bleeding cirrhotic patients: a prospective study. Gastroenterology

1995;108(6):1828–1834.

24. Pauwels A, Mostefa-Kara N, Debenes B, et al. Systemic antibiotic prophylaxis after

gastrointestinal hemorrhage in cirrhotic patients with a high risk of infection.

Hepatology 1996;24(4):802–806.

25. Bernard B, Grange JD, Khac EN, et al. Antibiotic prophylaxis for the prevention

of bacterial infections in cirrhotic patients with gastrointestinal bleeding: a meta-

analysis. Hepatology 1999;29(6):1655–1661.

26. Sort P, Navasa M, Arroyo V, et al. Effect of intravenous albumin on renal impair-

ment and mortality in patients with cirrhosis and spontaneous bacterial peritonitis.

N Engl J Med 1999;341(6):403–409.

27. Schrier RW, Arroyo V, Bernardi M, et al. Peripheral arterial vasodilation hypoth-

esis: a proposal for the initiation of renal sodium and water retention in cirrhosis.

Hepatology 1988;8(5):1151–1157.

28. Arroyo V, Gines P, Gerbes AL, et al. Definition and diagnostic criteria of refractory

ascites and hepatorenal syndrome in cirrhosis. International Ascites Club. Hepatol-

ogy 1996;23(1):164–176.

29. Gines A, Escorsell A, Gines P, et al. Incidence, predictive factors, and prognosis of

the hepatorenal syndrome in cirrhosis with ascites. Gastroenterology 1993;105(1):

229–36.

30. Ortega R, Gines P, Uriz J, et al. Terlipressin therapy with and without albumin for

patients with hepatorenal syndrome: results of a prospective, nonrandomized

study. Hepatology 2002;36(4, Pt 1):941–948.

KILLENBERG: Medical Care of the Liver Transplant Patient 3/e 002 Final Proof page 37 16.12.2005 5:14pm

MONITORING THE PATIENT AWAITING TRANSPLANTATION

37
!



31. Moreau R, Durand F, Poynard T, et al. Terlipressin in patients with cirrhosis and

type 1 hepatorenal syndrome: a retrospective multicenter study. Gastroenterology

2002;122(4):923–930.

32. Restuccia T, Ortega R, Guevara M, et al. Effects of treatment of hepatorenal syn-

drome before transplantation on posttransplantation outcome: a case–control study.

J Hepatol 2004;40(1):140–146.

33. Guevara M, Gines P, Bandi JC, et al. Transjugular intrahepatic portosystemic shunt

in hepatorenal syndrome: effects on renal function and vasoactive systems. Hepa-

tology 1998;28(2):416–422.

34. Brensing KA, Textor J, Perz J, et al. Long-term outcome after transjugular intrahe-

patic portosystemic stentshunt in non-transplant cirrhotics with hepatorenal syn-

drome: a phase II study. Gut 2000;47(2):288–295.

35. Boyer TD, Zia P, Reynolds TB. Effect of indomethacin and prostaglandin A1 on

renal function and plasma renin activity in alcoholic liver disease. Gastroenterology

1979;77(2):215–222.

36. Gonwa TA, Klintmalm GB, Levy M, et al. Impact of pretransplant renal function on

survival after liver transplantation. Transplantation 1995;59(3):361–365.

37. Nair S, Verma S, Thuluvath PJ. Pretransplant renal function predicts survival in

patients undergoing orthotopic liver transplantation. Hepatology 2002;35(5):1179–

1185.

38. Heuman DM, Abou-Assi SG, Habib A, et al. Persistent ascites and low serum

sodium identify patients with cirrhosis and low MELD scores who are at high

risk for early death. Hepatology 2004;40(4):802–810.

39. Runyon BA. Management of adult patients with ascites due to cirrhosis. Hepatol-

ogy 2004;39(3):841–856.

40. Sterns RH. Severe symptomatic hyponatremia: treatment and outcome: a study of

64 cases. Ann Intern Med 1987;107(5):656–664.

41. Rabinovitz M, Yoo YK, Schade RR, et al. Prevalence of endoscopic findings in

510 consecutive individuals with cirrhosis evaluated prospectively. Dig Dis Sci

1990;35(6):705–710.

42. Weller DA, DeGuide JJ, Riegler JL. Utility of endoscopic evaluations in liver trans-

plant candidates. Am J Gastroenterol 1998;93(8):1346–1350.

43. Zaman A, Hapke R, Flora K, et al. Prevalence of upper and lower gastrointestinal

tract findings in liver transplant candidates undergoing screening endoscopic

evaluation. Am J Gastroenterol 1999;94(4):895–899.

44. Merli M, Nicolini G, Angeloni S, et al. Incidence and natural history of small

esophageal varices in cirrhotic patients. J Hepatol 2003;38(3):266–272.

KILLENBERG: Medical Care of the Liver Transplant Patient 3/e 002 Final Proof page 38 16.12.2005 5:14pm

MEDICAL CARE OF THE LIVER TRANSPLANT PATIENT

38
!



45. Poynard T, Cales P, Pasta L, et al. Beta-adrenergic-antagonist drugs in the preven-

tion of gastrointestinal bleeding in patients with cirrhosis and esophageal varices:

an analysis of data and prognostic factors in 589 patients from four randomized

clinical trials. Franco-Italian Multicenter Study Group. N Engl J Med

1991;324(22):1532–1538.

46. D’Amico G, Pagliaro L, Bosch J. Pharmacological treatment of portal hypertension:

an evidence-based approach. Semin Liver Dis 1999;19:475–505.

47. Teres J, Bosch J, Bordas JM, et al. Propranolol versus sclerotherapy in

preventing variceal rebleeding: a randomized controlled trial. Gastroenterology

1993;105(5):1508–1514.

48. Imperiale TF, Chalasani N. A meta-analysis of endoscopic variceal ligation for

primary prophylaxis of esophageal variceal bleeding. Hepatology 2001;33(4):

802–807.

49. Bosch J, Garcia-Pagan J. Prevention of variceal bleeding. Lancet 2003;361:952–954.

50. D’Amico G, Pagliaro L, Bosch J. The treatment of portal hypertension: a meta-

analytic review. Hepatology 1995;22:332–354.

51. de Franchis R, Primignani M. Why do varices bleed? Gastroenterol Clin North Am

1992;21(1):85–101.

52. Bernard B, Lebrec D, Mathurin P, et al. Beta-adrenergic antagonists in the

prevention of gastrointestinal rebleeding in patients with cirrhosis: a meta-analysis.

Hepatology 1997;25:63–70.

53. Laine L, Cook D. Endoscopic ligation compared with sclerotherapy for treatment of

esophageal variceal bleeding: a meta-analysis. Ann Intern Med 1995;123:280–287.

54. Lo G, Lai K, Cheng J, et al. Endoscopic variceal ligation plus nadolol and sucralfate

compared with ligation alone for the prevention of variceal rebleeding: a prospect-

ive, randomized trial. Hepatology 2000;32:461–465.

55. Sharara AI, Rockey DC. Gastroesophageal variceal hemorrhage. N Engl J Med

2001;345(9):669–681.

56. Papatheodoridis G, Goulis J, Leandro G, et al. Transjugular intrahepatic portosys-

temic shunt compared with endoscopic treatment for prevention of variceal

rebleeding. Hepatology 1999;30:612–622.

57. Luca A, D’Amico G, LaGalla R, et al. TIPS for prevention of recurrent bleeding in

patients with cirrhosis: meta-analysis for randomized clinical trials. Radiology

1999;212:411–421.

58. Casado M, Bosch J, Garcia-Pagan J, et al. Clinical events after transjugular intrahe-

patic portosystemic shunt: corrolation with hemodynamic findings. Gastroenter-

ology 1998;114:1296–1303.

KILLENBERG: Medical Care of the Liver Transplant Patient 3/e 002 Final Proof page 39 16.12.2005 5:14pm

MONITORING THE PATIENT AWAITING TRANSPLANTATION

39
!



59. Lizardi-Cervera J, Almeda P, Guevara L, et al. Hepatic encephalopathy: a review.

Ann Hepatol 2003;2(3):122–130.

60. Groeneweg M, Quero JC, De Bruijn I, et al. Subclinical hepatic encephalopathy

impairs daily functioning. Hepatology 1998;28(1):45–49.

61. Amodio P, Del Piccolo F, Marchetti P, et al. Clinical features and survival of

cirrhotic patients with subclinical cognitive alterations detected by the number

connection test and computerized psychometric tests. Hepatology 1999;29(6):

1662–1667.

62. Atterbury CE, Maddrey WC, Conn HO. Neomycin–sorbitol and lactulose in the

treatment of acute portal-systemic encephalopathy: a controlled, double-blind clin-

ical trial. Am J Dig Dis 1978;23(5):398–406.

63. Bustamante J, Rimola A, Ventura PJ, et al. Prognostic significance of hepatic en-

cephalopathy in patients with cirrhosis. J Hepatol 1999;30(5):890–895.

64. Cordoba J, Blei AT. Treatment of hepatic encephalopathy. Am J Gastroenterol

1997;92(9):1429–1439.

65. Butterworth RF. Complications of cirrhosis III: hepatic encephalopathy. J Hepatol

2000;32(suppl 1):171–180.

66. Blei AT. Diagnosis and treatment of hepatic encephalopathy. Baillieres Best Pract

Res Clin Gastroenterol 2000;14(6):959–974.

67. Bianchi GP, Marchesini G, Fabbri A, et al. Vegetable versus animal protein diet in

cirrhotic patients with chronic encephalopathy: a randomized cross-over compari-

son. J Intern Med 1993;233(5):385–392.

68. Riordan SM, Williams R. Treatment of hepatic encephalopathy. N Engl J Med

1997;337(7):473–479.

69. Hoeper MM, Krowka MJ, Strassburg CP. Portopulmonary hypertension and hepa-

topulmonary syndrome. Lancet 2004;363(9419):1461–1468.

70. Benjaminov FS, Prentice M, Sniderman KW, et al. Portopulmonary hypertension in

decompensated cirrhosis with refractory ascites. Gut 2003;52(9):1355–1362.

71. Hadengue A, Benhayoun MK, Lebrec D, et al. Pulmonary hypertension complicat-

ing portal hypertension: prevalence and relation to splanchnic hemodynamics.

Gastroenterology 1991;100(2):520–528.

72. De Wolf AM, Scott VL, Gasior T, et al. Pulmonary hypertension and liver trans-

plantation. Anesthesiology 1993;78(1):213–214.

73. Krowka MJ, Plevak DJ, Findlay JY, et al. Pulmonary hemodynamics and periopera-

tive cardiopulmonary-related mortality in patients with portopulmonary hyperten-

sion undergoing liver transplantation. Liver Transpl 2000;6(4):443–450.

KILLENBERG: Medical Care of the Liver Transplant Patient 3/e 002 Final Proof page 40 16.12.2005 5:14pm

MEDICAL CARE OF THE LIVER TRANSPLANT PATIENT

40
!



74. Torregrosa M, Genesca J, Gonzalez A, et al. Role of Doppler echocardiography in

the assessment of portopulmonary hypertension in liver transplantation candi-

dates. Transplantation 2001;71(4):572–574.

75. Kim WR, Krowka MJ, Plevak DJ, et al. Accuracy of doppler echocardiography in the

assessment of pulmonary hypertension in liver transplant candidates. Liver Transpl

2000;6(4):453–458.

76. Minder S, Fischler M, Muellhaupt B, et al. Intravenous iloprost bridging to ortho-

topic liver transplantation in portopulmonary hypertension. Eur Respir J 2004;24(4):

703–707.

77. Colle IO, Moreau R, Godinho E, et al. Diagnosis of portopulmonary hypertension

in candidates for liver transplantation: a prospective study. Hepatology 2003;37(2):

401–409.

78. Schenk P, Schoniger-Hekele M, Fuhrmann V, et al. Prognostic significance of

the hepatopulmonary syndrome in patients with cirrhosis. Gastroenterology

2003;125(4):1042–1052.

79. Mandell MS. Hepatopulmonary syndrome and portopulmonary hypertension in

the model for end-stage liver disease (MELD) era. Liver Transpl 2004;10(10, suppl

2):S54–S58.

80. Arguedas MR, Abrams GA, Krowka MJ, et al. Prospective evaluation of outcomes

and predictors of mortality in patients with hepatopulmonary syndrome undergo-

ing liver transplantation. Hepatology 2003;37(1):192–197.

81. O’Brien JD, Ettinger NA. Pulmonary complications of liver transplantation. Clin

Chest Med 1996;17(1):99–114.

82. Abrams GA, Sanders MK, Fallon MB. Utility of pulse oximetry in the

detection of arterial hypoxemia in liver transplant candidates. Liver Transpl

2002;8(4):391–396.

83. Reiss G, Keeffe EB. Hepatitis vaccination in patients with chronic liver disease.

Aliment Pharmacol Ther 2004;19(7):715–727.

84. Arguedas MR, Johnson A, Eloubeidi MA, et al. Immunogenicity of hepatitis A

vaccination in decompensated cirrhotic patients. Hepatology 2001;34(1):28–31.

85. Shaw BW, Jr, Wood RP, Gordon RD, et al. Influence of selected patient variables

and operative blood loss on six-month survival following liver transplantation.

Semin Liver Dis 1985;5(4):385–393.

86. Muller MJ, Loyal S, Schwarze M, et al. Resting energy expenditure and nutritional

state in patients with liver cirrhosis before and after liver transplantation. Clin Nutr

1994;13(3):145–152.

KILLENBERG: Medical Care of the Liver Transplant Patient 3/e 002 Final Proof page 41 16.12.2005 5:14pm

MONITORING THE PATIENT AWAITING TRANSPLANTATION

41
!



87. Le Cornu KA, McKiernan FJ, Kapadia SA, et al. A prospective randomized study of

preoperative nutritional supplementation in patients awaiting elective orthotopic

liver transplantation. Transplantation 2000;69(7):1364–1369.

88. Aranda-Michel J. Nutrition in hepatic failure and liver transplantation. Curr Gas-

troenterol Rep 2001;3(4):362–370.

KILLENBERG: Medical Care of the Liver Transplant Patient 3/e 002 Final Proof page 42 16.12.2005 5:14pm

MEDICAL CARE OF THE LIVER TRANSPLANT PATIENT

42
!


