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Interfaces between medical specialties

Renal dysfunction associated with liver
transplantation

Rahul M Jindal, Irinel Popescu

Summary
It has been known for some time
that a variety of liver diseases
affect kidney function, but renal
dysfunction associated with
orthotopic liver transplantation
has received scant attention.
Although the mechanisms
mediating these abnormalities
are incompletely defined,
advances in the understanding of
renal pathophysiology after liver
transplantation have made it pos-
sible to develop new treatment
strategies. Aggressive and early
intervention to diagnose and treat
renal complications associated
with liver transplantation should
be the goal for transplant centres.
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Orthotopic liver transplantation is now the accepted treatment for efd-stage
liver disease, with graft and patient survival approaching that of kidney
transplantation.' As surgical techniques and pharmacological options have
improved, transplantation has even become an option for patients at extremes of
age and those with congenital and complex diseases.2 In patients with renal
dysfunction, however, with or without the classical hepatorenal syndrome,
morbidity and mortality are higher than in liver transplant recipients with
normal renal function.3
Kidney and liver failure frequently occur together.4 Early in the course of liver

disease, there may be no signs or symptoms of renal dysfunction. Careful
investigation may, however, detect signs of hypoperfusion of the renal cortex.5
Sodium and water retention, which is common in end-stage liver disease, is often
associated with renal impairment. Its appearance modifies the course of liver
disease and is associated with a worse prognosis. In fact, the renal impairment
may be fatal if not recognised and treated promptly. The glomerular filtration
rate may be increased in patients with cirrhosis due to abnormal sodium and
water retention6; in most cases, the degree of renal impairment is proportional to
the severity of the liver disease. Occasionally, however, these abnormalities may
not be demonstrable even with a reduction of up to 50%o of renal function.7
Tubular acidosis, unrelated to sodium and water retention, is occasionally

associated with cholestatic liver disease.8 This may be a manifestation of
multiorgan failure in a seriously ill patient, a consequence of infection, a result of
a toxic insult to both organs, or represent hepatorenal syndrome. Many patients
with pseudo-hepatorenal syndrome may have acute tubular necrosis, with high
urinary sodium input, and impaired tubular function.9 Others have true
hepatorenal syndrome, with low urinary sodium, and apparent maintenance of
tubular function.'0
IgA nephropathy is peculiar to alcoholic cirrhosis, but may also occasionally

occur in other forms of cirrhosis. The presumed mechanisms of IgA neph-
ropathy in this situation are thought to be due to impaired clearance of immune
complexes by the diseased liver, increased levels of IgA anti-albumin, reduced
intrahepatic circulation of IgA and portosystemic shunting of antigens from the
gut to the systemic circulation."

Renal function is commonly affected by immunosuppressive drugs and by
diseases that affect the kidney and liver simultaneously. Renal dysfunction may
be present before orthotopic liver transplantation in recipients with diabetes,
hypertension, tubulo-glomerular diseases, and hepatorenal syndrome. Pre-
operative renal dysfunction is reported to increase peritransplant morbidity and
mortality.3 The surgical stress of liver transplantation may affect early graft
function which may then be exacerbated by cyclosporine or FK506. More
commonly, renal complications occur immediately after surgery, aetiologies
include a variety of nephrotoxic drugs, including cyclosporine and FK506.12
Another common cause of postoperative renal failure is intra-operative
haemodynamic disturbances. A gradual deterioration in renal function over the
first few weeks after transplantation may also be caused secondarily by primary
non-function or delayed function of the allograft."3
There is still a debate on the mechanism of ascites and sodium retention in

functional disorders associated with end-stage liver disease. The two commonly
proposed hypotheses, the 'underfill"' and 'overflow"5 theories were unable to
explain the entire spectrum of renal dysfunction in cirrhosis. The underfill
theory proponents believed that sodium retention was the natural consequence
of intravascular insufficiency, while the overflow theory implied that the kidney
was retaining sodium inappropriately, leading to overfilling. The hypothesis of
Schrier et al'6 has gained wider acceptance as it has presented a unified approach.
Their peripheral arterial vasodilatation theory proposes that the integrity of the
arterial circulation is more important than the total plasma volume in determin-
ing sodium and water retention. The primary site of arterial vasodilatation in
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Classification of renal dys-
function associated with
liver transplantation

* Pre-liver transplant: diabetes,
hypertension, tubulo-glomerulo-
pathies, oxalosis, intractable ascites
with end-stage liver disease,
inappropriate use of diuretics,
subacute bacterial peritonitis,
sepsis

* The hepatorenal syndrome
* Volume overload or depletion

before or after transplant
* Peri-operative: inadequate fluid

replacement, uncorrected
hypotension, re-perfusion
syndrome, haemolytic syndrome
due to blood products,
inappropriate use of antifibrinolytic
agents

* Immediate postoperative: primary
non-function of the liver, delayed
function ofthe liver, inadequate
fluid replacement, inappropriate
use ofvasopressors, cyclosporine or
FK506 (especially iv)

* Renal dysfunction between 4-6
weeks: sepsis, adult respiratory
distress syndrome, delayed
non-function, graft thrombosis,
nephrotoxic drugs, high levels of
cyclosporine or FK506

* Late renal dysfunction: recurrence
of hepatitis C or B, chronic
cyclosporine or FK506 toxicity,
NSAIDs, sepsis, persistent ascites,
inappropriate use of diuretics

Box 1

Criteria for defining renal
failure associated with liver
transplant
Increase in creatinine or blood urea
nitrogen, or both, to 132 jtmol/l or
50 mg/dl, respectively, in patients
with normal pre-operative renal
function, or a 50% increase in either
variable in patients with pre-existing
renal disease

Classification ofdegree ofrenal
impairment according to peak
creatinine level
mild: < 88 gLmol/I
moderate: 176-265 jimol/l
severe: 274-680 jimol/l

Box 2

cirrhosis was shown in animal experiments to be in the splanchnic circulation,'7
but evidence for a similar effect in humans is circumstantial."8 Despite intensive
investigations, the precise mediator for vasodilatation is not known. Possible
candidates are nitric oxide, prostaglandins, glucagon, vasoactive intestinal
polypeptide, calcitonin gene-related peptide, and platelet activating factor.'9
Recent reports have suggested a role for endothelin.20

Several therapeutic options such as diuretics, a low sodium diet, peritoneo-
venous shunts (LeVeen or Denver shunt), the transjugular intrahepatic por-
tosystemic shunt, and rapid large volume paracentesis, have been proposed to
improve renal haemodynamics in patients with cirrhosis.2' The therapeutic
efficacy of each modality of treatment should be balanced against the frequency
of complications. Diuretics must be used judiciously as their use can lead to
electrolyte disturbances, prerenal azotemia, and may even precipitate hepatic
encephalopathy,22 while all shunts are prone to occlusion, infection, and
mechanical problems.23 However, the transjugular intrahepatic portosystemic
shunt, which may be either the Palmaz stent (Johnson & Johnson, New
Brunswick, NJ), or the Wallstent (Schneider, Plymouth, MN) has the advantage
of intra-hepatic placement and high patency rates, although it is prone to
thrombosis, and may precipitate encephalopathy and heart failure. Repeated
large volume paracentesis (4-6 1/day) with intravenous (iv) albumin replace-
ment has recently gained widespread acceptance.24 A number of studies have
demonstrated the efficacy of this procedure.25 Ascites ultrafiltration and re-
infusion was not shown to be superior to iv albumin infusion.26 Surgical relief of
portal hypertension by a variety ofportosystemic shunts has been demonstrated
to be effective in the treatment of refractory ascites, but carries significant
mortality, and has been largely replaced by the radiological placement of
transjugular intrahepatic portosystemic shunts. These stents should be placed in
specialised centres by skilled interventional radiologists in consultation with a
surgical team that has the appropriate skill to manage any possible complica-
tions.27'28 It may occasionally be necessary to perform surgery on patients with
portosystemic shunts, such as those whose shunts have thrombosed. It must,
however, be emphasised that these shunts should be considered as a bridge to
eventual transplantation.29
The widely held beliefthat chronic renal failure is an absolute contraindication

to liver transplantation'3 has been disproved in recent years. We suggest a scheme
for classifying the renal dysfunction associated with liver transplantation that
would promote a better understanding of its aetiology and management (box 1).
The dictum that a creatinine level greater than 265 aymol/l*is a contraindication
to liver transplantation because of increased morbidity9 is no longer true.
However, patients with pre-existing renal dysfunction should be considered for a
simultaneous liver-kidney transplant. On the other hand, higher creatinine
values may be due to hepatorenal syndrome, which may be reversible by
transplantation. A renal biopsy is critical in deciding these issues. Percutaneous
renal biopsy should be done after correction of coagulopathy, preferably by an
interventional radiologist.

Criteria for defining renal failure before and after transplantation

The absence of a universal definition of posttransplantation renal failure has
made inter-centre comparisons difficult. Renal dysfunction has been defined as
an increase in creatinine or blood urea nitrogen, or both, to132ao tmol/l or
50 mg/dl, respectively, in patients with normal pre-operative functions, or a 50%
increase in either variable in patients with pre-existing renal diseasetouWhen this
definition was applied to 102 consecutive transplant recipients, 26 (25.4%) had
pre-operative renal failure, 48% had renal dysfunction by postoperative day 6,
and 35% patients had renal failure between postoperative days 7-12. Fifteen
(14.7%) patients died with renal failure. Seven patients (6.8%) required
haemodialysis. In a much smaller series in which renal failure was defined as
creatinine >203ramol/o,3i a similar incidence of renal dysfunction (53.) was
found after liver transplant.

Investigators at the University of Pittsburgh found a surprisingly high rate of
renal failure (94o3% of 105 cases) in the immediate posttransplant period.32 They
classified the degree of renal impairment as mild, moderate, or severe (see box 2)
and found mild renal failure in 36.4% ofpatients, moderate failure in 24.2%, and
severe impairment in 39.4%. Mortality was 3% in the mild group, 6.7% in the
moderate group, and 33.3l in the severe group. Need for pen-operative dialysis
was the most important predictor of death in their experience.

*The factor used to convert creatinine conventional units to SI units was 88.4.
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When the criteria for renal failure were blood urea nitrogen > 50 mg/dl or
creatinine > 176 glmol/l, the incidence of renal failure after transplant was 21%
in adults and 22% in children.33 When renal failure was defined as a 100% rise in
creatinine over pretransplant values, the incidence was 66%.34 When it was
defined as a 50% increase, 73% of patients developed either acute or chronic
renal failure.35 Care should be taken to differentiate renal failure associated with
chronic liver disease and hepatorenal syndrome. Table 1 gives the salient points
to differentiate between acute renal failure, hepatorenal syndrome and acute
necrosis.

The hepatorenal syndrome

The hepatorenal syndrome is defined as renal failure in patients with liver disease
in the absence of clinical, laboratory, or anatomic evidence of known causes of
renal failure. It must not be confused with acute renal failure due to acute tubular
necrosis, which frequently complicates hepatic and biliary disease,36 or with
other potentially curable diseases that simultaneously involve the liver and
kidney.37
The clinical features of hepatorenal syndrome can vary markedly. Renal

failure may develop rapidly, even with previously normal renal function.
Precipitating factors include rapid paracentesis, inappropriate diuretic therapy,
gastrointestinal bleeding, and sepsis.38 Classically, hepatorenal syndrome is
considered to be functional39 because there is full recovery of kidney function
after liver transplant. Recovery ofkidney function may occasionally be delayed if
there is superimposed acute tubular necrosis.'" Several studies support the view
that hepatorenal syndrome is due to severe arterial vasoconstriction leading to a
reduction in renal perfusion. Renal arterial vasoconstriction may be brought
about by activation of one or more of the following factors: renin-angiotensin-
aldosterone system, sympathetic nervous system, atrial natriuretic factors, and
antidiuretic hormone. Prostaglandins,'" and other potent vasoactive peptides,
such as endothelin,20 kallikrein,"2 and endotoxins,43 have also been implicated in
the pathogenesis of hepatorenal syndrome.

Orthotopic liver transplantation is the only effective treatment for hepatorenal
syndrome." Medical management during the waiting period for transplant
includes identification and removal ofprecipitating factors, correction ofvolume
deficits, prevention of infection, and the use of transjugular intrahepatic
portosystemic shunts in selected cases. Renal vasodilators such as prostaglandins
have not been shown to be ofvalue in true hepatorenal syndrome. Paracentesis in
patients with tense ascites is useful to reduce intraperitoneal pressure, while
haemodialysis may be useful to support the patient till a suitable liver allograft
becomes available. A variety of hepatic-support devices, currently undergoing
trial (discussed later), may eventually provide a bridge to liver transplantation.

Until recently, renal failure was considered a contraindication to liver
transplant. Without a transplant, the majority ofpatients died within a few weeks
of the development of renal failure with cirrhosis.45'46 Some patients with what
appeared to be hepatorenal syndrome, such as two in a series of200,47 did recover
spontaneously, as did 13% of 62 in another report," and 20% in a third study.49

Reversal of hepatorenal syndrome following successful transplant was first
described in 1973.50 More recently, numerous centres have reported that
successful transplant completely reverses hepatorenal syndrome5' including a
report oflong-term survival in four children.52 In another series of 102 transplant
recipients, 26 had hepatorenal syndrome; of these 11 patients had complete
recovery of their renal function after transplantation, although recovery was
delayed in the majority.30

Stegall et aF53 reported experience with hepatorenal syndrome in 23 of 250
patients who underwent liver transplant. Three of the patients died post-
operatively, but 20 survived, six of whom required retransplantation. The
incidence of primary nonfunction of the allograft was greater in patients with

Table 1 Differential diagnosis of acute renal failure in cirrhosis

Hepatorenal Prerenal Acute tubular
syndrome azotemia necrosis

Urinary Na <10 <10 >30
Flow rate oliguria oliguria oliguria
Urine osmolality >serum osmolality >serum osmolality isotonic
Urine: plasma creatinine ratio > 30:1 > 30:1 <20:1
Urine sediment normal normal normal
Response to plasma expansion none good variable
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Features of hyperoxaluria
Causes:
* Increased oxalate absorption or

intake: enteric hyperoxaluria,
excessive dietary intake ofoxalate,
dietary calcium/oxalate imbalance

* Increased endogenous oxalate
production: increased intake of
oxalate precursors (ascorbic acid,
ethylene glycol, methoxyflurane),
pyridoxine deficiency, primary
hyperoxaluria (type I and type II)
Type 1 is due to the deficient
activity of a liver peroxisomal
enzyme, alanine-glyoxylate
aminotransferase, which utilizes
pyridoxine as a cofactor
Type II is associated with a
deficiency ofD-glyceric
dehydrogenase, which catalyses the
reduction ofhydropyruvate to
D-glycerate

Treatment:
* Pre-renal failure phase: high water

intake, reduction ofcalcium and
oxalate, pyridoxal phosphate, oral
magnesium, or orthophosphate
supplements

* Renal failure phase: dialysis, renal
transplant in conjunction with
diuretics, magnesium and
orthophosphates. Combined
liver-kidney transplant, or liver
transplant alone

From ref 64, with permission

Box 3

pre-operative renal insufficiency, but creatinine at discharge was similar between
patients with and without hepatorenal syndrome; none required long-term
haemodialysis. This report suggested that, although renal failure before surgery
is an indicator of higher risk, there was full recovery of renal function after
transplant. Gonwa et aP4 also compared liver transplant recipients with and
without hepatorenal syndrome. Survival at 90 days was comparable between the
groups, but survival at one and two years was significantly lower for patients with
hepatorenal syndrome. In addition, postoperative complications, including the
need for haemodialysis, were more frequent in patients with hepatorenal
syndrome.

Combined liver-kidney transplantation

Several centres have shown that combined liver-kidney transplantation is
feasible in patients with end stage disease of both organs. The combined
approach has several advantages. When both organs are from the same donor, the
transplanted liver protects the renal allograft from antibody-mediated destruc-
tion, a phenomenon described as early as 1970.55 Combined liver-kidney
transplantation is possible even in patients with preformed lymphocytotoxic
antibodies. In a series of 12 patients, there was evidence for a definitive role ofthe
liver in removal of preformed antibodies.5
A second advantage is that a well-functioning kidney allows optimal dosing of

cyclosporine or FK506. Furthermore, a healthy kidney averts the need for
postoperative dialysis and anticoagulation. The longer operative time necessary
to perform the combined liver-kidney transplantation did not affect the
outcome.57

End-stage disease ofboth organs is the most common indication for combined
liver-kidney transplantation.58 An accurate diagnosis of renal disease is impor-
tant, especially in identifying two potentially reversible syndromes: acute renal
failure and hepatorenal syndrome.59 Kidney biopsy is crucial in deciding whether
a combined procedure is indicated. A decision in favour of combined
liver-kidney transplantation is particularly important, because if the kidney
transplant is performed later, the immunological advantage ofusing organs from
the same donor is lost.
Primary hyperoxaluria, a rare autosomal recessive disorder, is a particular

indication for the combined procedure. The condition is characterised by
hyperoxaluria, calcium oxalate urinary lithiasis, and nephrocalcinosis.60 Progres-
sion to end-stage renal disease is rapid, and therefore, early diagnosis and
treatment are imperative.61 Unfortunately, however, due to failure of medical
treatment or delays in diagnosis, renal failure is still common in patients with
primary hyperoxaluria. The diseased kidney can be replaced, but because the
metabolic defect persists, the risk ofrecurrence is high. Liver transplantation for
primary hyperoxaluria was first advocated by Watts in 1985.62 By 1991,
approximately 30 transplants had been done for primary oxaluria (type 1)
worldwide; in the seven surviving recipients, oxalate excretion had been
successfully lowered.61
Another indication for liver-kidney transplantation is multi-organ cystic

disease. Complications of this disorder include cyst-infection, compression, and
more rarely, carcinoma arising from the cyst.63 Box 3 gives a summary of the
features of hyperoxaluria.4

Immunosuppression-induced nephrotoxicity

CYCLOSPORINE
Nephrotoxicity of cyclosporine has been well documented. These effects may be
manifest in the immediate postoperative period, several weeks after transplanta-
tion, or after long-term administration of cyclosporine.65'66 Intravenous cyclo-
sporine is known to exacerbate the ischaemic injury associated with renal
transplantation, this early effect is particularly significant if renal function is
compromised before or during surgery.67

Cyclosporine nephrotoxicity that becomes evident 2-3 weeks after transplant
is associated with deteriorating renal function, usually but not always, with high
levels of cyclosporine; renal function usually responds to reduction of cyclos-
porine. If renal dysfunction persists after a reduction of cyclosporine levels,
biopsy of the patient's native kidney may be necessary. Biopsy may reveal
pre-existing renal disease, ischaemic damage, or nonspecific changes, and is
useful for prognosis of renal failure.6
Higher cyclosporine levels after liver transplantation than after renal trans-

plantation have been advocated.69 The strategy of maintaining high levels of
cyclosporine in liver transplant recipients may result in lowering the dosage of
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steroids.70 We have used this strategy at our centres, the rationale being that
patient's native kidneys are less susceptible to the nephrotoxicity of cyclosporine,
in contrast to patients who receive a kidney transplant. A similar protocol was
advocated by researchers at King's College, London,7" who identified a small
group of liver transplant recipients in whom no clinical factor to account for
rejection could be identified. They proposed that rejection may have been
precipitated by inadequate immunosuppression. Researchers at the Mayo
Clinic72 found that low hepatic concentrations of FK506 correlated with early
cellular rejection, despite adequate plasma concentrations of FK506. These
findings are important as it was shown that patients may suffer from acute
rejection despite seemingly adequate levels of cyclosporine or FK506.
There are two approaches to immunosuppression% for recipients of liver

transplants. The first is to employ classical immunosuppression (so called triple
therapy) with cyclosporine/FK506, azathioprine, and steroids. If renal failure
ensues, the patient is dialysed until the failure resolves. The alternative is to
induce immunosuppression with OKT3 (Orthoclone OKT3, Ortho Pharma-
ceutical Corporation), azathioprine and steroids, withholding cyclosporine to
promote recovery of renal function. In the presence of mild to moderate
rejection, steroids are added (pulse: 1 g daily for 1-3 days, followed by taper),
cyclosporine is maintained at adequate levels, and compromised renal function is
accepted as the price for salvaging the liver. Haemodialysis is initiated during the
period of renal failure. Steroid-resistant rejections are treated by the institution
of OKT3 for 7-14 days, the duration depending upon the response. An
alterative to OKT3 is equine anti-thymocyte globulin (ATGAM, Upjohn
Company). This strategy may well change with the introduction of FK506.
Centres may now chose to convert their patients with steroid-resistant rejection
to FK506 and reserve OKT3 for induction immunosuppression should a
retransplant become necessary.
Long-term immunosuppression with cyclosporine has been associated with a

slow but steady deterioration in renal function, histology may show severe
interstitial fibrosis,7' possibly caused by early ischaemic damage.74 Late renal
failure after liver transplant is treated by haemodialysis or, preferably, by kidney
transplantation. If a kidney transplant is indicated in a liver recipient, a case may
be made for prioritising the patient because haemodialysis may have a
detrimental effect on the liver allograft. Complications associated with dialysis
may be obviated by performing a kidney transplant, with substantial improve-
ment in the quality of life.
Although the precise mechanism by which cyclosporine injures the kidney is

debated, evidence suggests that it decreases renal blood flow and increases
resistance in the afferent arteriole of the glomerulus, leading to a decreased
glomerular filtration rate.75 There is also evidence that it potentiates vasocon-
striction by decreasing renal prostaglandin levels,76 and increasing the produc-
tion of thromboxane, a potent vasoconstrictor.77

Recent attempts to wean liver transplant recipients from cyclosporine because
of nephrotoxicity have resulted in unacceptable mortality.78 Withdrawal of
cyclosporine from triple immunosuppression resulted in a high rate of rejection
and even death. Ofthe 12 patients who underwent cyclosporine withdrawal due
to nephrotoxicity, two died ofrejection, one was placed on FK506 for rescue, and
five had to be restarted on cyclosporine, while the remaining four had stable renal
function. Only two patients achieved sustained improvement in renal function.

Steroid-related complications are also a major cause of morbidity and
mortality in recipients of liver transplants. Investigators have realised that
steroid-withdrawal regimens in recipients of organ transplants would be of
considerable long-term advantage. However, in attempting to minimise the side
effects of steroids, several centres have reported an increased incidence of acute
rejection episodes. A recent meta-analysis of seven randomised, prospective,
controlled trials suggested that complete steroid withdrawal resulted in
significantly increased incidence of rejections without influencing either patient
or graft survival. These trials were conducted in kidney transplant recipients;
similar data on liver transplant recipients are awaited. An optimum regimen
would obviously be one that would allow the lowest possible use of steroids, but
not increase the incidence or severity of rejections and, more importantly, would
not result in higher dosing of cyclosporine or FK506.79

FK506
FK506 has been approved for use in the US and other countries. Although
FK506 is structurally different from cyclosporine, their mechanisms ofaction on
T-cell function are similar.8' FK506 is approximately 100 times as potent as
cyclosporine. Early reports indicate that FK506 may permit the use of lower
doses of steroids,8' and it has been shown conclusively to salvage rejecting liver
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allografts.82 Initial reports suggested that FK506 may be less nephrotoxic than
cyclosporine, however, it is now clear that of the numerous toxic effects of
FK506, renal toxicity is a major cause for concern.83

Recently concluded muticentre trials of cyclosporine versus FK506 in liver
transplant recipients 8485 have shown that FK506 has significant nephrotoxic
properties. The European trial84 conducted in eight centres included 545 patients
in an open, randomised, parallel-group study in which patients were assigned to
receive FK506 plus low dose steroids, or to the conventional cyclosporine-based
therapy. FK506 therapy was associated with a significant reduction in acute,
refractory-acute, amd chronic rejection episodes, despite the lower dosage of
steroids. Patient and graft survival rates were not significantly different in the
two groups. The most serious complications were renal impairment,
diabetogenesis, and neurological toxicity, being more common in the FK506
group. However, there was no significant difference between the median
creatinine recorded for the two treatment groups at the end of one year.
The results of the US multicentre trial85 involving 478 adults and 51 children

at 12 US centres reported similar findings. Although nephrotoxicity was more
common with FK506, the mean glomerular filtration rate and creatinine levels
were similar in both groups. Specifically, 27 patients in the FK506, and 17 in the
cyclosporine group, required haemodialysis or ultrafiltration, a majority in the
first 28 days after transplant, and none required long-term dialysis. Comparative
complications of FK506 versus cyclosporine in the US trial are given in table 3.

Platz et alp found early renal insufficiency to be about 38% in cyclosporine and
42% in FK506 groups, late renal insufficiency was 23% (cyclosporine) and 29%
(FK506). About 8% of patients treated with FK506 required haemodialysis,
compared to about 11% in the cyclosporine group. Todo et a187 from the
University of Pittsburgh recently reported their large experience with the use of
FK506. They showed that FK506 toxicity on the kidney, pancreas, and nervous

Table 2 Compendium of immunosuppressants (adapted from H Sollinger,
ed. New immunosuppressive drugs. Glenview: Physicians & Scientists, 1994;
pp 1-208)

Drug Proposed mechanism Major toxicity Status

T-cell early activation inhibitor
Cyclosporin A inhibits SER/THR phosphatase renal, CNS FDA-approved
Cyclosporin G as above renal, CNS clinical trials
SDZ IMM 125 as above renal, CNS clinical trials
FK506 as above renal, CNS FDA-approved
Late activation inhibitors
Rapamycin unclear liver, GI clinical trials
Leflunomide inhibits tyrosine kinase not reported pre-clinical
Antimetabolites
Azathioprine inhibits PRPP amidotransferase marrow, GI, liver FDA-approved
Methotrexate inhibits dihydrofolate reductase marrow, mucosa FDA-approved
Mycophenolate inhibits IMP dehydrogenase GI, marrow clinical trials
(RS-61443)

Mizoribine inhibits IMP dehydrogenase GI, marrow pre-clinical
Brequinar inhibits DHO dehydrogenase marrow, mucosa pre-clinical
Receptor antagonists
ATG kills T cells/alters traffic serum sickness FDA-approved
OKT3 kills CD3+ cells/alters traffic cytokine syndrome FDA-approved
Anti-Tac kills CD25+ cells none clinical trials
DAB486-IL-2 kills CD25+ cells liver clinical trials
Anti-LFA-1 inhibits intercellular adhesion none clinical trials
Anti-ICAM-1 inhibits intercellular adhesion none clinical trials
Soluble HLA inhibits antigen presentation not reported pre-clinical
IL-I antagonist inhibits IL-I receptor none clinical trials
Deoxyspergualin inhibits antigen presentation marrow, GI clinical trials
Cytokine inhibitors
Anti-IL-6 neutralises IL-6 thrombocytopenia clinical trials
Anti-TNF neutralises TNF none clinical trials
IL-I receptor neutralises IL-1 none clinical trials
IL-10 inhibits cytokine synthesis none pre-clinical
Suppressor inducers
SKF105685 unclear not reported pre-clinical
IL-2 stimulates via IL-2 capillary leak clinical

FDA: Food & Drug Administration; IL: interleukin; HLA: human eucocyte antigen; CNS:
central nervous system; GI: gastrointestinal; SER/THR: serine/threonine; PRPP: 5-
phosphoribosyl-l-phosphate; IMP: inosine monophosphate; DHO: dihydroorotate dehyd-
rogenase; TNF: tumour necrosis factor
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Tx Time point

Figure Postoperative glomerular filtration
rate (GFR) at the end of one year in
recipients of liver transplantation.
Cyclosporine- vs FK506-treated patients
(adapted from 8). *p<0.05 compared to
pretreatment levels

system could be averted by avoiding early postoperative FK506 plasma spike
without compromising the liver allograft.
We have analysed the results of a prospective, randomised, trial of cyclos-

porine (10 mg/kg per os (po) before transplant, followed by 1 mg/kg iv bid in 37
patients) versus FK506 (0.05 mg/kg iv, followed by 0.15 mg/kg po in 30
patients).88 Doses were adjusted to plasma drug levels. The steroid protocol in
the FK506 group was 200 mg po prednisone initially, tapered to 20 mg by day 6;
the cyclosporine group received an initial dose of 1 J, tapered similarly.
Creatinine, 24 h urine output, electrolytes, and need for dialysis were recorded.
Glomerular filtration rate was also recorded at one, six and 12 months. Age, sex,
primary disease, and severity of liver failure did not differ significantly between
groups. Postoperatively, six patients in each group developed renal failure
requiring dialysis. FK506 immunosuppression was associated with a higher rate
of nephrotoxicity in the immediate postoperative period, but at the end of one
year, nephrotoxic effects were similar in both groups of patients (figure).
Some centres have advocated a sequential approach, such as induction with a

monoclonal or polyclonal antibody, followed by FK506, to avoid nephrotox-
icity.89 but this approach may result in the formation of antibodies, and may
preclude its use to treat rejection at a later time.
There are conflicting data on the value of switching from cyclosporine to

FK506 for renal toxicity. Demetris et al' reported on 96 liver transplant

Table 3 The incidence
domised trial85

of adverse effects (% patients) in the US ran-

FK506 (n = 250) Cyclosporine (n = 250)

Nervous system
headaches
tremors
insomnia
paresthesia

Gastrointestinal
diarrhoea
nausea
constipation
abnormal liver function tests
anorexia
vomiting

Cardiovascular system
hypertension

Renal
increased creatinine
increased blood urea nitrogen
urinary tract infection
oliguria

Metabolic and nutritional
hyperkalaemia
hypokalaemia
hyperglycaemia
hypomagnesaemia

Haemic and lymphatic
anaemia
leukocytosis
thrombocytopenia

Miscellaneous
abdominal pain
fever
asthenia
backpain
ascites
peripheral oedema

Respiratory system
pleural effusion
atelectasis
dyspnoea

Skin
pruritus
rash

64
56
64
40

60
46
68
30

72
46
24
36
34
27

47
37
27
30
24
15

47 56

39
30
16
18

25
22
18
15

45
29
47
48

26
34
38
45

47
32
24

38
26
20

59
48
52
30
27
26

54
56
48
29
22
26

30
28
29

36
24

32
30
23

20
19

The above adverse effects were reported in > 15% patients. Adapted from package insert
(Fugisawa USA, Inc)
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recipients who were converted from cyclosporine to FK506 because of rejection
or cyclosporine toxicity. In patients experiencing acute or early chronic
rejection, despite optimal cyclosporine-steroid therapy, response to the switch
from cyclosporine to FK506 was favourable. Patients with late chronic rejection,
however, failed to respond and eventually lost their grafts. At 180 days after
conversion from cyclosporine to FK506, there was no change in renal function.
There have been reports on renal allograft pathology in dogs and baboons

immunosuppressed with FK506.91'92 The canine kidneys showed acute tubular
necrosis, renal artery occlusion, renal vein thrombosis, and atrophy. An oral dose
of 1 mg/kg was immunosuppressive, but animals had acute fibrinoid vasculitis in
most organs. A reduced level of 0.5 mg/kg was not immunosuppressive, but
vasculitis was still present. In a study on rodents,93 an increase in blood urea
nitrogen was observed at day 7 in all three treatment groups (FK506, 1 mg/kg
intramuscularly (im); cyclosporine, 25 mg/kg po; and FK506 + cyclosporine,
while creatinine was raised only in FK506 groups. Moutabarrik et at4 showed
that exposure of kidney tubular cells to high concentrations of FK506 or
cyclosporine induced a time- and dose-dependent cell injury characterised by a
direct cytotoxic effect. In a comparison of the effects of FK506 and cyclosporine
on endothelial cell function in vitro, and on renal vascular resistance in vivo,
FK506 did not induce cell detachment or lysis at any concentration, whereas
cyclosporine (10 ftM) induced a significant reduction in cell count accompanied
by cell lysis.95 Systemic and renal vascular changes have been studied in the first
four weeks after transplantation in patients treated with FK506 or cyclo-
sporine;9 FK506 caused less systemic vasoconstriction and hypertension, but
the same degree of renal vasoconstriction as cyclosporine.
The multitude of recent data comparing cyclosporine versus FK506 has

demonstrated the superiority of FK506-based regimens after liver transplanta-
tion without a corresponding increase in renal toxicity. The fact that FK506 can
be given orally in the early postoperative period is an important clinical
advantage over cyclosporine. There is a need for more studies on the value of
switching from cyclosporine to FK506 or vice versa in patients who have severe
renal dysfunction after transplant.

OKT3
OKT3 has been used for initial immunoprophylaxis in place of cyclosporine, for
preservation ofrenal function.97' 00Millis et at97 reported on 52 patients who were
randomised to receive OKT3 (14 days), azathioprine, and steroids vs cyclos-
porine, azathioprine, and steroids. The groups were matched for age, diagnosis,
and Child's classification. Infectious complications were similar in both groups.
At 14 days, renal function, as measured by creatinine, was significantly better
with OKT3 than with cyclosporine. Use ofOKT3 reduced the incidence ofacute
early rejection, however, the incidence of rejections after 14 days was similar in
both groups. Three patients in each group required dialysis.
The development ofanti-OKT3 antibodies can be problematic, but low titres

of OKT3 antibody may not be detrimental.'0' Because low OKT3 levels may
result in failure of prophylaxis,'02 it is necessary to monitor T-cell subsets and
serum OKT3 levels. Patients randomised to receive OKT3 or cyclosporine
showed that renal function, graft and patient survival, and the incidence of
rejection episodes were similar in the two groups at the end of one year.'03 The
OKT3 group, however, had higher levels of anti-OKT3 antibody (39%). In
addition, the incidence of infections was significantly higher in theOKT3 group.

In summary, OKT3 induction speeds the resolution of renal dysfunction, and
limits the need for posttransplant haemodialysis. However, it increases the risk of
antibody formation, septic complications, and more importantly, the incidence
of lymphoproliferative disease.'04
Newer immunosuppressants are being evaluated in animal models and in

clinical trials. Of these, deoxyspergualin has been shown to have minimal
nephrotoxicity.1' RS-61443 reportedly does not have any toxic effects on the
kidney or liver.06 Other immunosuppressive agents, such as brequinar and
rapamycin, require further study. The ongoing US multicentre trials of
RS-61443 and rapamycin in recipients of kidney transplants are awaited with
interest.

Prostaglandins in liver transplantation

The major prostaglandins in the kidney are PGE2, PGF,., and PGD2. Throm-
boxane A2 and prostacyclin have also been isolated from the kidney. Renal
prostaglandin synthesis occurs in the medulla and cortex. The prostaglandins
enter tubular cells by a facilitated transport system, diffuse into the urine, and are
partially reabsorbed at the loop of Henle and at the distal tubule. A number of
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physiological functions have been ascribed at least in part to renal prostaglan-
dins, including renin synthesis and release, production and excretion of renal
sodium, and modulation of renal vascular resistance and systemic hypertension.

Transport of renal prostaglandins into tubular cells is inhibited by a variety of
drugs, including indomethacin, furosemide, and ethacranic acid. This has
serious implications after organ transplantation in general.'07 Non-steroidal
anti-inflammatory drugs (NSAIDs) taken inadvertently after liver transplanta-
tion have resulted in renal failure requiring haemodialysis; full renal function
was eventually recovered (personal observations).

Prostaglandins have been administered to liver transplant recipients for a
variety of reasons: to protect the kidney from the effects of iv cyclosporine or
FK506,'° to treat primary liver nonfunction,'09 to ameliorate damage due to
extended cold preservation of livers, and to treat fulminant liver failure."0
Sinclair et all" from Toronto, Canada, evaluated PGE, in 17 patients with
fulminant liver failure. PGE, was well tolerated at a dose of 0.6 Jtg/kg/h
administered by continuous infusion for up to 28 days. They claimed that 70% of
the patients survived, thereby avoiding transplantation. Subsequently, Sheiner et
all"2 in a prospective, randomised, double-blind trial ofPGE, in cases ofviral and
drug-induced fulminant hepatic failure, failed to show the benefit of prostaglan-
din therapy. Further large trials will be necessary before a definitive conclusion
can be made on the beneficial effects of prostaglandins in liver disorders.

In animal models, and in human recipients oftransplanted organs, prostaglan-
dins of the E and I series have exhibited significant immunosuppressive effects.
Prostaglandins of the E series have also been shown to provide cytoprotection to
the intestinal and gastric mucosa, and prevent post-ischaemic renal injury."3
PGE1 has been effective in reversing primary non-function of the transplanted
liver and hepatorenal syndrome."14 These reports were, however, in small
numbers of patients.

In a major randomised, double-blind, placebo-controlled clinical trial of renal
transplant recipients, Moran et al"15 showed that misoprostol improved renal
function and reduced the incidence of acute rejection in recipients treated with
cyclosporine and prednisone. However, in another large, multicentre trial of
renal transplant recipients, Adams et all16 reported that enisoprost (PGE) did not
have a beneficial effect on the incidence ofacute rejections or on the development
of renal failure.

In our opinion, routine use of prostaglandins in transplantation outside of
controlled trials should be discouraged.

Dialysis in liver transplantation

Some of the morbidity and mortality that accompanies liver transplantation in
patients with renal failure is attributable to side effects ofhaemodialysis, such as
hypotension, cardiovascular instability, coagulopathy, and sepsis. In the
presence of primary nonfunction, delayed graft function, or preservation injury,
anticoagulation with systemic heparin may compound existing coagulation
problems. Hypotension associated with haemodialysis can confuse the post-
operative picture, and may lead to the inappropriate use ofvasopressors. The use
of large amounts of vasopressors may in turn aggravate renal ischaemia.

In a retrospective review, the incidence of acute renal failure in 105 adult liver
transplant recipients was 94.2%9 (this figure included mild degrees of renal
dysfunction, box 2). Other findings associated with increased mortality included
peak serum creatinine > 265 gmol/l, multiple transplants, and the requirement
for haemodialysis. Pretransplant renal failure did not increase mortality. The
most significant predictor of peri-operative death was the need for dialysis.

In unstable patients with end-stage liver disease and renal failure, continuous
arteriovenous/venous haemofiltration (CAVH) permits removal of excess fluid
and correction of electrolyte abnormalities. CAVH employs a small filter with a
membrane highly permeable to water and low molecular weight solutes; the
patient's blood pressure is sufficient to maintain filtration and remove excess
fluid. CAVH is now an effective alternative in patients who cannot tolerate
haemodialysis, despite adequate vasopressors and fluid management.

Haemodialysis has been ineffective in avoiding the need for liver transplanta-
tion in hepatorenal syndrome, although it may be useful in carefully selected
patients with end-stage liver disease and renal failure."7 Haemodialysis with
large pore-size polyacrylonitrile membranes may occasionally be useful in
hepatic coma, because it permits removal of toxic molecules."8 Hakim et al"19
recently showed that, in patients with acute renal failure, the use of polymethyl
methacrylate membrane as compared with the cuprophane (cellulose membrane
made from cotton fibres) membrane resulted in improved recovery of renal
function, while another report'2 showed that polyacrylonitrile membranes were
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Learning points

* liver and kidney failure frequently
occur together

* the differential diagnosis of acute
renal failure in patients with
cirrhosis is between hepatorenal
failure, pre-renal azotemia, and
acute tubular necrosis

* modalities to improve renal
haemodynamics in cirrhotics before
liver transplantation include the
judicious use of diuretics, low
sodium diet, paracentesis, and a
variety of shunt procedures

* liver transplantation is the only
effective treatment for hepatorenal
syndrome

* combined liver-kidney
transplantation should be
considered for patients with end
stage failure ofboth organs

* renal function is commonly affected
by immunosuppressants used to
prevent rejection after liver
transplantation

* cyclosporine and FK506 (Prograf,
Tacrolimus) have significant
nephrotoxicity, and should be used
carefully with frequent monitoring
ofdrug levels

* haemodialysis and haemofilteration
are useful modalities to treat renal
failure in liver transplant recipients.
The role ofprostaglandins is under
investigation

* hepatic-assist devices as a bridge to
definitive liver transplantation are
under intensive investigation

* newer immunosuppressants such as
rapamycin, deoxyspergualin,
RS-61443, leflunomide,
mizoribine, and brequinar sodium
are under investigation. Some of
these drugs may have reduced
nephrotoxicity

* early investigations to diagnose and
treat renal dysfunction associated
with cirrhosis will reduce mortality
and morbidity in recipients of liver
transplantation

Box 4

superior to cuprophane membranes. These reports have suggested that biocom-
patible membranes are associated with reduction in complement and neutrophil
activation, as compared to cellulose membranes.

Other treatment modalities based on the principle of dialysis, such as
charcoal-haemoperfusion, cross-haemodialysis in pigs, cuprophane-haemo-
dialysis, and haemoperfusion via extracorporeal devices filled with activated
charcoal or ion-exchange resin, have been of minimal or no benefit.

It would be pertinent to discuss briefly some exciting developments in the field
of hepatic-assist devices as a bridge to transplantation. Researchers have used
artificial devices containing either human liver cells originally derived from
either a hepatoblastoma or a pig liver.'2' Even more exciting was the report by
Chari et all'22 from Duke University, who designed a veno-veno circuit for ex-vivo
pig-liver perfusion. They treated four patients in liver failure who were critically
ill; three had temporary neurological and biochemical improvement, but
subsequently died. One patient was stabilised for 10 days, and later received a
liver transplant with full recovery. A prospective, controlled trial, in which
patients with equal degrees ofliver failure are randomly assigned to conventional
medical support, artificial liver-assist devices, or ex-vivo pig-liver perfusion, will
be needed to evaluate the safety and efficacy of these procedures.

Considerable interest has been raised by recent reports ofxenotransplantation
of livers as an alternative or a bridge to orthotopic liver transplantation. Porcine
xenotransplantation was used by investigators at Cedars Sinai Hospital, Los
Angeles, to support a critically ill patient until a suitable liver was available, but
the attempt was unsuccessful as the patient died within a few hours.'23 In 1992,
two patients with end-stage liver disease received baboon livers at the University
of Pittsburgh, unfortunately both patients died, after 26 and 74 days, respec-
tively.'24 Nevertheless, these attempts have stimulated further research in
extracorporeal liver support systems.

Late renal dysfunction due to recurrent hepatitis C

Causes of late renal dysfunction after orthotopic liver transplantation are well
documented; these include chronic cyclosporine or FK506 toxicity, use of
NSAIDs, sepsis, inappropriate diuretic therapy, and persistent ascites. In
addition, recurrence of hepatitis C or B in the transplanted liver may be
associated with renal dysfunction. Hepatitis C is a major cause of end-stage liver
disease requiring liver transplantation; recurrence of hepatitis is becoming a
major problem in this group of patients. At the Mount Sinai Medical Center,
New York,"2 ofthe 96 patients with hepatitis C transplanted between September
1988 and December 1992, clinical recurrence of hepatitis C was diagnosed in 43
(44.8%); mean time from transplantation to recurrence was 206 days. Seven of
these patients (15.9%) underwent re-transplantation, there were a total of 10
deaths (four in patients without recurrence and six in those whose disease
recurred).
The association of renal dysfunction with primary or recurrent hepatitis C

raises the possibility of a role for hepatitis C virus in the pathogenesis of mixed
cryoglobulinemia. The incidence of anti-hepatitis C virus antibody was found to
be 98% in patients with essential mixed cryoglobulinemia, but only 2% in
controls (patients with non-cryoglobulinemic glomerulopathies).'26 In patients
with type II cryoglobulinemia,'27 a 96% incidence of hepatitis C virus was
documented with a second generation ELISA. In another prospective study of
127 patients with hepatitis C, mixed cryoglobulinemia was found in 54%. 128 In a
series of 19 patients with type II cryoglobulinemia; 42% had hepatitis C virus
antibodies, 84% had hepatitis C virus RNA, 26% had hepatitis B markers, but
only 5.2% had evidence of active hepatitis B infection, suggesting that type II
cryoglobulinemia is strongly associated with concomitant hepatitis C virus
infection and occasionally with hepatitis B infection.'29 In contrast, only two of 13
patients with biopsy-proved chronic hepatitis C infection were positive for type
III cryoglobulinemia, negative samples had low amounts ofrheumatoid factor.""

We acknowledge the contribution of Martin Milgrom, MD, in reviewing the manuscript.
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