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Porphyrias are a heterogenous group of diseases that may result in disabling or life threatening neurovisceral symptoms and/or
cutaneous photosensitivity. In acute intermittent porphyria, the clinical features, particularly neurological symptoms, may be
life-threatening and disabling. Conventional treatment with human hemin, though effective in reducing symptoms, does not
reverse neuropathy when structural nerve damage has occurred and may cause intense phlebitis. Liver transplantation (LT)
may be considered as treatment for those with repeated life-threatening acute attacks resulting in poor quality of life,
requirement of ventilatory support, and progressive loss of venous access due to hemin infusion. Patients with variegate
porphyria (VP) present after puberty with neurovisceral symptoms and skin manifestations. LT resolved VP in the 1 patient
reported in the literature. Aminolaevulinic acid dehydratase deficient porphyria is a rare autosomal recessive disorder and a
child who presented with failure to thrive and required transfusions and parenteral nutrition did not improve with LT. In
erythropoietic protoporphyria (EPP), there is excessive production of protoporphyrin in the bone marrow. Protoporphyrin is
hepatotoxic and pigment loading of hepatocytes and bile canalicular sludging may result in progressive cholestasis and
cirrhosis. LT is beneficial for such patients with end-stage liver disease. Perioperative management includes use of filters on
operative lights to prevent skin burns and intestinal perforation. Other concerns include development of neuropathy, biliary
complications, and recurrent liver disease. This review addresses the rationale, patient selection, evaluation, management
issues, and technique of performing LT in various types of porphyria. Liver Transpl 13:1219-1227, 2007.
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The porphyrias are well-defined inherited disorders re-
sulting from deficiency of specific enzymes in the heme
biosynthesis pathway and are classified as either he-
patic or erythropoietic depending on the primary site of
overproduction of the porphyrins or porphyrin precur-
sors. Of the 7 human porphyrias, 5 are hepatic, of
which 4 can present with acute attacks, and 2 are
erythropoietic (Table 1). Although medical management
is the backbone of therapy, we have described a cure
after liver transplantation (LT) in a severely affected
patient with acute intermittent porphyria (AIP).1 LT has
also been shown to be beneficial in a patient with var-
iegate porphyria (VP), although this was not under-
taken for porphyria symptoms.2 However, LT was not
beneficial in a child with severe 5-aminolevulinate de-
hydratase deficiency porphyria, a very rare autosomal

recessive acute porphyria.3 LT is well established as a
treatment for protoporphyrin hepatotoxicity, which oc-
curs in a minority of patients with erythropoietic pro-
toporphyria (EPP).4,5

Here, we review the indications, assessment, and
posttransplantation management for patients with por-
phyria with a view to assisting transplant units in de-
veloping protocols.

AUTOSOMAL DOMINANT ACUTE PORPHYRIAS

The three autosomal dominant acute hepatic porphy-
rias, AIP, hereditary coproporphyria, and VP, result
from partial enzyme deficiency (Table 1), which affects
all tissues and can result in acute attacks that are
indistinguishable and for which the standard treatment
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is identical. AIP is the most common acute porphyria,
except for in South Africa, where, due to a founder effect
VP affects approximately 3 of every 1,000 individuals of
Afrikaner descent.6 Over 200 mutations in the hy-
droxymethylbilane synthase (porphobilinogen deami-
nase, uroporphyrinogen-I synthase) gene have been de-
scribed.7 Clinical expression is highly variable, with the
great majority of those affected never suffering an acute
attack. A minority of patients, however, can suffer re-
peated severe or fulminant attacks with devastating
clinical consequences. Hereditary coproporphyria and
VP can manifest with bullous cutaneous photosensitiv-
ity, which may occur independently or in combination
with the acute attack. Other than avoiding sun expo-
sure, there are no effective measures for treating the
skin lesions.

Clinical Features and Mechanism of Tissue
Damage

In affected individuals, precipitating factors include
drugs, fasting, alcohol ingestion, smoking, and stress
from illness or surgery. Endogenous hormones, partic-
ularly progesterone, play a role and explain why attacks
are more common in women.8

Neurovisceral symptoms, which are rare before pu-
berty, can be severely disabling and, where the condi-
tion has not been diagnosed, may be fatal. Abdominal
pain, the most frequent symptom, is usually poorly
localized and may be accompanied by vomiting, consti-
pation, distention, and rarely diarrhea. Sympathetic
overactivity may result in tachycardia, hypertension,
tremors, excessive sweating, urinary retention, cardiac
arrhythmias, and sudden death. Acute psychiatric
manifestations and seizures may occur, although these
are limited to the period of the acute attack. Seizures
may be due to hyponatremia, which may be exacer-

bated by intravenous infusion of sodium-free dextrose.
Peripheral neuropathy is due to axonal degeneration,
primarily affects motor neurons, and can lead to respi-
ratory and bulbar paralysis and death.

The mechanism for neurological damage is poorly
understood and has been attributed to accumulation of
porphyrin precursors in neural tissue together with
possible neuronal heme deficiency.9 This hypothesis is
supported by the experience following the first LT in an
AIP patient.1 Mild liver function abnormalities have
been described in hepatic porphyrias but are usually
clinically insignificant.10 Long-term complications in-
clude impaired renal function, chronic systemic arterial
hypertension,11,12 and an increased risk of hepatocel-
lular carcinoma (HCC),13,14 all of which are more com-
mon among patients with severe, recurrent acute por-
phyria.

Issues With Conventional Treatment and
Indications for LT

Most patients require hospitalization during an acute
attack for symptomatic treatment, administration of
intravenous dextrose, electrolytes, and hemin, and
close observation for neurological complications. The
standard regimen for hemin therapy is 3 to 4 mg/kg
infused once daily for 4 days, although in some patients
treatment for longer than 4 days may be considered.15

When hemin is not immediately available, carbohydrate
loading in the form of 10% glucose (300 to 500 gm/24
hours) will also suppress 5-aminolaevulinate synthase,
albeit at the risk of aggravating hyponatremia.16

Hemin is available as heme arginate in Europe and as
lyophilized hydroxyheme (panhematin) in the United
States. Intense phlebitis is a major issue, particularly
with panhematin, and may compromise venous access

TABLE 1. Classification of Porphyrias and the Role of Liver Transplantation

Porphyria type Deficient enzyme Inheritance

Neurovisceral

symptoms Photosensitivity

Benefit

reported

from LT

Principal

reference

Hepatic porphyrias
5-aminolevulinate

dehydratase deficiency
5-aminolevulinate

dehydratase
AR � � No 3

Acute intermittent
porphyria

HMB synthase
(PBG deaminase)

AD � � Yes 1

Porphyria cutanea tarda URO decarboxylase AD � � Not done �
Hereditary

coproporphyria
COPRO oxidase AD � � Not done �

Variegate porphyria PROTO oxidase AD � � Yes 2
Erythropoietic porphyrias

Congenital
erythropoietic porphyria

URO synthase AR � � No rationale �

Erythropoietic
protoporphyria

Ferrochelatase AD � � Yes 5

Abbreviations: LT, liver transplantation; AR, autosomal recessive; AD, autosomal dominant; XLR, X-linked recessive; ALA,
�-aminolivulenic acid; HMB, hydroxymethylbilane; PBG, porphobilinogen; URO, uroporphyrinogen; COPRO,
coproporhyrinogen; PROTO, protoporphyrinogen.
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with repeated administration. Frequent administra-
tion, therefore, requires insertion of an indwelling ve-
nous catheter (central line) with its associated clinical
risks, to allow infusion directly into a large central vein.
Reconstitution with albumin enhances the stability of
lyophilized hemin and decreases the incidence and se-
verity of phlebitis.17 We routinely administer heme
arginate reconstituted in 20% albumin to reduce the
severity of phlebitis as 1 of our female patients with
severely disabling acute attacks of AIP could not be
offered LT because of lack of venous access following
weekly administration of hemin for several years (Fig.
1). Extensive thrombosis of the inferior vena cava below
the level of the renal vessels, extending into the iliacs,
which formed around a port-a-cath (Portex, Sims Med-
ical, Hythe, Kent, United Kingdom) was recently re-
ported.18 Not only was AIP precipitated by complica-
tions arising from the thrombus but the patient was
unable to receive prophylactic hemin. There is a theo-
retical risk of transmission of Creutzfeldt-Jakob dis-
ease or its variant by the use of human albumin but no
transmission has been reported in humans. In the
Cohn fractionization process being used currently, se-
rial fractions are discarded to diminish the risk of
transmission of infections. Since albumin is isolated as
the last fraction, there is virtually no chance of trans-
mitting an infection.19

We previously reported successful liver transplanta-
tion with resolution of AIP in a patient who suffered
repeated acute attacks, and who had very poor quality
of life.1 More recently, transplantation has been under-
taken at our center in 2 further patients who had expe-
rienced life-threatening severe relapsing attacks of AIP

requiring prolonged ventilatory support (our unpub-
lished data). In 1 patient the transplant was performed
while the patient was still ventilator dependent and she
died of septic complications without recovering inde-
pendence from intensive organ support. A third patient,
who was required to recover from many months of ar-
tificial ventilation and to be independently mobile prior
to transplantation, has made a good recovery. We know
of a fourth patient (C. Millson, M.H. Davies, personal
communication) who has similarly recovered well from
LT with clinical and biochemical resolution of AIP.
Based on this experience we recommend that for pa-
tients with paralytic attacks, sufficient recovery time be
allowed for resumption of spontaneous ventilatory ef-
fort; otherwise, the unavoidable requirement for pro-
longed ventilation following transplantation greatly in-
crease the risks of the procedure in the context of
immunosuppression and nosocomial infection. We sug-
gest, as a minimum, waiting until the patient is able to
maintain normal blood gases on tracheostomy without
pressure support before they are placed on the active LT
list. Optimal timing for LT requires careful balancing
between the benefits of extended pretransplantation
convalescence and the concerns regarding progressive
loss of venous access and risk of a neurological relapse
from a further acute attack. An acute inflammatory
response due to intercurrent infection increases heme
precursor production and places the patient at risk of a
neurological relapse. In our experience, elevation of C-
reactive protein is not a feature of AIP attacks per se but
occurs when acute attacks are precipitated by infec-
tion. Prioritization for patients awaiting LT is generally
according to the Model for End-Stage Liver Disease.
Patients with acute porphyria, who have normal liver
function, would not meet the necessary criteria and
therefore merit special priority on the waiting list for LT.
Where possible, regular monitoring of urinary porpho-
bilinogen can be helpful to detect the earliest sign of
acute attack and hemin therapy can be commenced. In
patients with active AIP, urine porphobilinogen excre-
tion is usually increased between acute attacks, but
will increase more than 2-fold over this increased basal
excretion rate during an acute attack.20

In a single instance we opted to utilize the liver re-
moved from a patient who was transplanted for AIP as
donor in a domino transplant. The protocol was ap-
proved by the United Kindom’s Unrelated Live Trans-
plant Regulatory Authority and fully informed consent
was obtained from donor and recipient. The donor’s
disease was typical of young females in that she had
severe cyclical attacks that were ameliorated by gonad-
otropin release antagonists. Given that AIP typically
ameliorates in such patients with aging and that her
father who carried the same mutation in the hydrox-
methylbilane synthase gene had never suffered an at-
tack of AIP, it was judged ethical to perform a domino
transplant to a recipient who was a 65-yr-old man
whose HCC had grown to the point at which he was to
be withdrawn from our active LT waiting list. Unfortu-
nately, the recipient died of septic complications related
to technical surgical problems, which precluded any

Figure 1. An attempt at venography via a catheter placed in
the left internal jugular vein confirms complete occlusion of
the left internal jugular vein with formation of multiple collat-
erals in a 34-yr-old woman with acute intermittent porphyria
on weekly heme arginate infusion for several years. Tracheos-
tomy tube is in situ and the clavicle and bronchi are visible in
outline.
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firm conclusions about the wisdom of utilizing such a
liver in domino fashion in the future. The recipient had
raised levels of porphobilinogen initially but they rap-
idly reduced (Fig. 2). He developed a neuropathy that
may have been an unrelated critical care neuropathy
but a porphyric cause could not be excluded.

Evaluation for LT

Several specific factors need to be considered when
assessing patients with acute porphyria for LT.

Hematology

Anemia, although not a feature of the disease itself, is
relatively common in these severely affected patients,
and may result from poor nutrition or renal dysfunc-
tion.11 Iron status should also be evaluated, as re-
peated infusions of hemin have been noted to result in
iron overload (100 mg of hemin contains 8 mg of iron).
If transferrin saturation is increased and the serum
ferritin is above 1,000 �g/L, treatment to reduce iron
should be considered. Hepatic iron overload is reported
to reduce long-term survival following orthotopic LT.21

Screening for HCC

Retrospective population-based studies in Scandinavia
have reported a 60- to 70-fold increase in the incidence
and mortality due to HCC in patients with AIP as com-
pared with age- and sex-matched rates.13 A prospective
cohort study of 650 patients with acute porphyria fol-
lowed for 7 yr in France found 7 cases of HCC vs. an
expected national incidence of 0.2.14 These studies
showed that HCC occurred predominantly in the ab-
sence of chronic liver disease, and it was suggested that
HCC patients without an obvious etiology should be
screened for acute porphyria.

Although the mechanism of increased predilection to
HCC in acute porphyria is not known, it has recently
been postulated that 5-aminolaevulinate can dimerize
at supraphysiological concentrations to produce super-

oxide from a protonated form of 3,6-dihydropyrazine-
2,5-dipropanoic acid, which may promote carcinogen-
esis.22 Thus, 6-monthly screening with �-fetoprotein
and hepatic imaging seems appropriate, particularly for
severely affected patients.

Evaluation for Venous Access

Ultrasound or magnetic resonant venography of the
great vessels of neck and groin is recommended to as-
sess for venous thrombosis due to prolonged use of
central venous catheters and hemin infusions. Access
under ultrasound control is advisable. If the femoral
vessels are the only ones demonstrated to be patent, it
is important to check that the surgeons are not plan-
ning to completely cross-clamp the inferior vena cava
before relying on this route of access. If this combina-
tion is unavoidable, for LT to be performed, surgical
access to an upper body great vessel will have to be
acquired once the patient has been anesthetized.

Neurological Evaluation

A complete neurological evaluation including imaging
and electrophysiological studies should be carried out
to demonstrate axonal degeneration and exclude other
etiologies of paresis before considering LT.

Evaluation for Osteoporosis

In patients with active acute porphyria, immobility,
malnutrition, vitamin D deficiency, and use of low mo-
lecular weight heparin and gonadotropin-releasing hor-
mone analogs may contribute to low bone mineral den-
sity. Where identified, individual deficiencies should be
corrected and low-dose estrogen patches can be con-
sidered if necessary to prevent menopausal symptoms
due to use of gonadotropin-releasing hormone analogs.
Bone densitometry and gynecological evaluation are
recommended every 6 months during the treatment,
particularly if unopposed estrogens are used.

Figure 2. Urinary porphobilinogen (PBG) excretion showing
correction of the metabolic defect in the AIP patient following
liver replacement but a rise of PBG in the recipient of the
domino liver transplant. Results are expressed as a ratio of
PBG to creatinine concentration to correct for varying urine
concentration (reference range <1.5 �mol PBG per mmol cre-
atinine).

Figure 3. Urinary excretion of heme precursor porphobilino-
gen (PBG) showing correction of metabolic defect after liver
transplantation in 3 patients with acute intermittent porphy-
ria. Results are expressed as a ratio with urine creatinine
concentration to correct for varying urine concentration (ref-
erence range <1.5 �mol PBG per mmol creatinine).
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The use of immunosuppressive agents, in particular
corticosteroids, tacrolimus, and cyclosporin A following
LT, may lead to further deterioration in bone mineral-
ization, resulting in morbidity and reduced quality of
life.23 In a prospective study, osteopenia was noted in
48.5% and osteoporosis in 23.5% of patients undergo-
ing LT and the use of alendronate along with vitamin D
and calcium supplementation prevented bone loss after
LT and led to increase in bone marrow density within 24
months.24 Treatment with bisphosphonates not only
prevented deterioration in bone mineral density but
also diminished the risk of fractures in postmenopausal
women and glucocorticoid-induced osteoporosis.25,26

The combination of vitamin D3 (400 units or 10 �g
daily), calcium (1,000 mg daily), and alendronic acid (5
mg daily) is safe in acute porphyria and should be
encouraged, particularly when LT is being considered
as a management option. However, in critically ill pa-
tients in which alendronic acid may be unsuitable, in-
travenous or long-acting bisphosphonates should be
considered. Deficiency of calcium and vitamin D should
be corrected before starting bisphosphonates.

Safety of Drugs Used for LT

Drugs used in patients with acute porphyria may be
classified as safe, unsafe, or of uncertain safety with
regard to their potential ability to precipitate acute at-
tacks. This information is collated from clinical experi-
ence, experimental evidence, usually in tissue culture
cells, and knowledge relating to the mechanism of me-
tabolism and excretion. Where a drug is required that is
unsafe or of uncertain safety, the risk should be as-
sessed in relation to the potential benefit in the individ-
ual patient, taking into account the clinical circum-
stances at that time. It should also be noted that the
transplanted liver, the site of metabolism of most xeno-
biotics, has normal heme biosynthetic pathway enzyme
activity, and the patient should therefore not be at risk
of drug-induced acute attacks. However, in view of re-
ports of peripheral neuropathy in patients with acute
porphyria in the absence of acute attacks, possibly re-
lating to a heme biosynthesis dysfunction in neuronal
tissue, we believe some caution in prescribing should
be maintained. At the very least, drugs that have been
clearly implicated in causing acute attacks should be
avoided in all but life-threatening situations.

The safety of a variety of drugs used during and after
LT is summarized in Table 2. The standard immuno-
suppression protocol for LT at our unit is a combination
of corticosteroids, azathioprine, and tacrolimus. Al-
though the safety of tacrolimus is classified as uncer-
tain, it as been used safely in 3 of our patients trans-
planted for AIP. In addition, a patient with AIP received
separate trials of tacrolimus and cyclosporine as part of
the pretransplant evaluation for kidney transplanta-
tion, without precipitating an acute attack.27 Manage-
ment of vancomycin-resistant enterococci may be a
problem as the safety of linezolid is uncertain due to
lack of data. However, we have used linezolid in our unit
without precipitating an acute attack. Teicoplanin,

which is not metabolized by the liver, may be an alter-
native.28 The use of cotrimoxazole for prophylaxis
against pneumocystis carinii pneumonia is contentious
as it is known to have induced acute attacks. Dapsone
is also unsafe for the same reason. The alternative is to
use nebulised pentamidine, which is likely to be safe,
but its use is cumbersome. In view of the very low
incidence of pneumocystis carinii pneumonia at our
center, we prefer not to use any prophylaxis in patients
receiving transplantation for porphyria and reserve
atovaquone for treatment rather than prophylaxis.

Issues in Anesthesia

Porphyria is always a challenge for the anesthesiologist
because of the requirement for administering a number
of drugs, sometimes at short notice, to treat unexpected
situations.29 This is particularly true for prolonged and
complex operations like LT. Nevertheless, anaesthetic-
induced porphyric crises are now extremely rare.30

Preoperative assessment should include evaluation
for neuropathy, both peripheral and autonomic. Respi-
ratory function should be assessed. Cranial nerve dys-
function may increase the risk of aspiration. Prolonged
fasting should be avoided preoperatively and, if neces-
sary, dextrose may be administered intravenously.

Anesthesia is widely understood to be a major risk
factor, particularly in previously undiagnosed cases.
However, this relates mainly to older induction agents
such as thiopentone and methohexitone, which, being
barbiturates, are clearly porphyrinogenic. Two alterna-
tives, etomidate and ketamine, are also considered un-
safe. These have now been almost entirely superseded
by propofol and although animal studies suggest an
increased risk, practical experience suggests that it is
safe.31-34 Although propofol may also be used for main-
tenance, the risk of a crisis also relates to the total dose
of drug given, and it may therefore be unwise to use it in
this way. Volatile agents are therefore more commonly
used. Although data are lacking, our experience sug-
gests that both isoflurane and desflurane are safe
(http://www.drugs-porphyria.org). Muscle relaxants
like vecoronium and atracurium are safe in our experi-
ence.35 Since patients being considered for LT will have
severe neuropathy, it may be possible to manage with
little or no neuromuscular blockade. This has the ad-
vantage of reducing the total exposure to the drug and
reduces the risk of precipitating a crisis. Suxametho-
nium may be used for rapid sequence induction. Opi-
ates are safe and we have routinely used alfentanil,
although data on its safety is lacking. Alternatively mor-
phine is safe and fentanyl, despite being metabolized by
cytochrome P450, is widely reported as safe by most
drugs advisory services.

To set against these problems, because of the ab-
sence of liver disease in acute porphyrias, patients typ-
ically have normal coagulation and no portal hyperten-
sion. They may therefore be suitable for combined
general anesthesia and epidural blockade with pro-
caine or bupivacaine may be used.36 thus providing the
benefit of postoperative analgesia with little respiratory
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depression. The risks and consequences of epidural
blockade should be fully discussed with the patient
beforehand so that temporary postoperative weakness
caused by the epidural is not assumed to be due to an
exacerbation of the neuropathy.

Long-Term Follow-Up After LT for Acute
Porphyria

In all 3 of our patients who underwent LT for AIP, the
levels of urinary heme precursors rapidly returned to
normal after LT (Fig. 3). One of our patients has re-
mained entirely free from acute attacks of porphyria
over 4 yr of follow-up and has given birth to a healthy

child. Her nerve conduction studies remain normal as
does her urinary porphobilinogen excretion. As illus-
trated by the successful pregnancy described above,
genetic counseling for additional family members
should not be forgotten.

ERYTHROPOIETIC PROTOPORPHYRIA (EPP)

EPP results from diminished activity of ferrochelatase,
the final enzyme in the heme biosynthetic pathway.37

Enzyme activity is reduced to 10 to 35% of normal in all
tissues by a molecular mechanism that is now under-
stood.38 although the excess protoporphyrin is pro-
duced mainly from the bone marrow.39 The resulting

TABLE 2. Safety of Drugs Commonly Prescribed in Liver Transplant Patients With Acute Porphyria

Safety Safety

Immunosuppressants
Azathioprine UncertainN

Cyclosporin SafeUK

Daclizumab SafeN

Hydrocortisone SafeUK

Methyl prednisolone SafeUK

Mycophenolate UncertainN

Prednisolone SafeUK

Sirolimus UncertainN

Tacrolimus UncertainN

Antimicrobials/antivirals/antifungals
Acyclovir SafeUK,N

Amphoterecin SafeUK

Atovaquone SafeUK,N

Ciprofloxacin SafeUK

Co-amoxyclav SafeUK

Co-trimoxazole UnsafeUK,N

Dapsone UnsafeUK

Fluconazole UnsafeUK,N

Ganciclovir SafeUK,N

Imipenem � cilastatin UncertainN

Linezolid UncertainN

Meropenem UncertainN

Pentamidine SafeUK

Piperacillin � tazobactam UncertainN

Valganciclovir SafeN

Vancomycin SafeUK,N

Acid suppressants
Ranitidine SafeN

Omeprazole SafeUK

Lansoprazole UncertainN

Pantoprazole UncertainN

Esomeprazole UncertainN

Sucralfate SafeUK,N

Antihypertensives
Ramipril UncertainN

Perindopril No data, avoid
Amlodipine UncertainN

Atenolol SafeUK,N

NOTE: Drugs are classified as safe, unsafe, or uncertain based on information available from a safe drugs list developed in
Cardiff and the Nordic drug database (http://www.drugs-porphyria.org). The clinical risk vs. benefit should be assessed before
using a drug classified as uncertain, where necessary with assistance from a specialist porphyria center (see http://
www.porphyria-europe.org).
Abbreviations: N, data from Nordic drug database; UK, data from Cardiff safe drug list.

Analgesics
Paracetamol SafeUK,N

Codeine SafeUK,N

Morphine SafeUK,N

Tramadol UnsafeUK,N

Alfentanil SafeUK,N

Diuretics
Furosemide SafeUK,N

Spirinolactone UnsafeUK,N

Amiloride SafeUK,N

Antiemetics
Cyclizine UnsafeN

Domperidone SafeUK

Metoclopramide UncertainN

Ondansetron SafeUK,N

Granisetron SafeN

Miscellaneous
Aspirin SafeUK,N

Enoxaparin SafeUK

Soluble insulin SafeUK,N

Sodium bicarbonate SafeUK,N

Magnesium sulfate SafeUK,N

Senna SafeUK,N

Ursodeoxycholic acid SafeN

Noradrenaline SafeUK

Pravastatin UncertainN

Rosuvastatin SafeUK,N

Hepatitis A vaccine SafeUK,N

Hepatitis B vaccine SafeUK,N

Hepatitis B immunoglobulin SafeUK,N

Bisphosphonates SafeUK,N

Thiamine SafeUK,N

Fluoxetine SafeUK,N

Chlorpromazine SafeUK,N

Haloperidol SafeUK,N

Acetylcysteine SafeUK,N

Vitamin D SafeUK,N

Calcium SafeUK,N
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accumulation of free protoporphyrin, primarily in skin,
results in acute painful photosensitivity that usually
manifests during early childhood. There may be few
obvious clinical signs and diagnosis is frequently de-
layed.40 Treatment relies on sunlight avoidance, and
patients report a marked reduction in quality of life.

A small minority of EPP patients develop chronic liver
disease due to pigment-loading of hepatocytes and bile
canalicular sludging. Inadequate biliary excretion of
protoporphyrin has a toxic effect on hepatobiliary
structure and function.41 Hepatocyte cytoplasmic pro-
toporphyrin has been demonstrated by microfluo-
rospectrophotometry and polarized light microsco-
py.42,43 It has been demonstrated that protoporphyrins
impair bile formation and alter the activity of hepatic
membrane bound enzymes.44,45 Bile formed has been
shown to be toxic and leads to damage to the bile duct
epithelium, resulting in biliary fibrosis.46 In patients
with progressively worsening liver dysfunction, at-
tempts have been made to slow down the deterioration.
These include measures to suppress erythropoiesis
such as hypertransfusion and/or hemin infusion and
measures to increase excretion by plasmapheresis, ad-
ministration of activated charcoal or bile acid seques-
trants.47-49 The safety and efficacy of ursodeoxycholic
acid in enhancing biliary excretion of protoporphyrin
remains to be established.

There are several reports of successful LT for patients
with EPP and cirrhosis of liver with liver failure.50-54 At
our center, we have performed LT for 2 patients with
EPP. One of them, transplanted at the age of 40 yr, has
normal liver function and histology at 19 yr of follow-
up.55

Perioperative Considerations

Perioperative management should include measures to
reduce protoporphyrin levels in order to reduce the risk
of acute neuropathy and protoporphyrin-mediated
damage to the transplanted liver. This may be achieved
through the use of exchange transfusion, hemin infu-
sion, or plasmapheresis.56,57 Neuropathy causing ab-
dominal and limb pain may be present and also helped
by these procedures prior to transplantation. During
surgery, operative lights cause harm by producing pho-
tocutaneous and photovisceral damage. Third degree
skin burns adjacent to the surgical incision and multi-
ple small bowel perforations have been reported.55 The
use of special filters (CLS-200-X; Madico Inc., Woburn,
MA), is recommended to filter wavelengths that excite
protoporphyrin (400-410 nm). These clear filters cause
minimum distortion of vision and do not impede sur-
gery. However, first and second degree skin burns may
occur despite the use of these filters, which were prin-
cipally designed to block transmission of ultraviolet-A
and ultraviolet-B light.

Patient Survival, Graft Survival, and
Complications

The long-term patient and graft survival rates, recur-
rence of EPP liver disease, and management issues in

20 patients who underwent LT in the United States
between 1979 and 2004 were recently reported.5 The
explants were black in color and showed active hepato-
cellular necrosis, portal inflammation, cholestasis, and
extensive deposits of dark brown pigment in hepato-
cytes, biliary structures, and Kupffer cells. Chole-
dochoduodenostomy was the most common biliary
reconstruction used. Postoperative neuropathy mani-
festing as severe motor weakness requiring prolonged
ventilation for up to 7 weeks occurred in 6 of the 20
patients. Biliary complications were seen in 9 out of 20
patients (anastomotic strictures in 5, biliary calculi in
2, anastomotic biliary leak in 1. and displacement of
the t-tube in 1) and cytomegalovirus disease in 8 pa-
tients. Recurrent EPP liver disease occurred in 11 (65%)
of the 17 patients who survived more than 2 months
after LT. Recurrent EPP liver disease was noted as early
as 8 months after LT and 3 patients were retrans-
planted at 1.8, 12.6, and 14.5 yr. A total of 3 additional
patients who died with recurrent EPP liver disease had
extensive protoporphyrin deposits and bridging fibrosis
or cirrhosis on liver biopsy. The overall patient and graft
survival rates after LT were 85% at 1 yr, 69% at 5 yr,
and 47% at 10 yr. In view of the continued production of
protoporphyrin by the bone marrow after LT, hematin
infusion and/or plasmapheresis have been used to de-
crease photosensitivity and diminish the risk of recur-
rent EPP disease and to treat recurrent allograft
dysfunction.58 However, long-term administration of
hematin carries additional clinical risks, as described
in the section on acute porphyrias. Bone marrow trans-
plantation has been shown to correct the ferrochelatase
activity and, thus, the excess production of protopor-
phyrin.59 Thus, where possible, bone marrow trans-
plantation may be used to prevent or stabilize recurrent
EPP liver disease, as has recently been shown.60 EPP,
therefore, is the most established indication for LT for
porphyria but the treatment is not directed at the cause
of the disease. The use of hemin and plasmapheresis
prior to LT decreases the bilirubin level, thus lowering
the Model for End-Stage Liver Disease score. These
patients, therefore, also merit special consideration
when being listed for LT during EPP crisis.

CONCLUSION

LT has been successful in achieving apparent cure in
patients with AIP and may therefore be considered as a
valid treatment option for selected patients with recur-
rent attacks and significant, disabling neurological dys-
function. However, the high risk of carrying out LT
must be weighed against the potential benefit in some-
one with poor quality of life, and the timing of LT is
crucial. In chronically affected patients developing vas-
cular thrombosis because of repeated hemin adminis-
tration, the procedure should be undertaken when at
least 2 out of 6 major veins used in clinical practice,
including 1 internal jugular vein for measurement of
central venous pressure, are still patent. LT should
ideally be delayed until a significant degree of neurolog-
ical recovery has occurred, to facilitate early discharge
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from intensive care units. Our experience indicates that
performing transplantation on patients who are under-
going intensive care for paralytic episodes is inadvis-
able as treatment is preventative and will not restore
neuronal dysfunction that has already occurred. LT has
been successfully performed for VP but cannot be cur-
rently recommended for 5-aminolaevulinate dehy-
dratase deficiency porphyria. LT is recommended for
EPP when complicated by liver failure. If a matched
sibling is available, early bone marrow transplantation
is likely to prevent or stabilize recurrent EPP liver dis-
ease.

REFERENCES

1. Soonawalla ZF, Orug T, Badminton MN, Elder GH, Rhodes
JM, Bramhall SR, et al. Liver transplantation as a cure for
acute intermittent porphyria. Lancet 2004;363:705-706.

2. Stojeba N, Meyer C, Jeanpierre C, Perrot F, Hirth C, Pot-
techer, et al. Recovery from a variegate porphyria by a liver
transplantation. Liver Transpl 2004;10:935-938.

3. Thunel S, Henrichson A, Floderus Y, Groth CG, Eriksson
BG, Barkholt L, et al. Liver transplantation in a boy with
acute porphyria due to aminolaevulinate dehydratase de-
ficiency. Eur J Clin Chem Clin Biochem 1992;30:599-606.

4. Pimstone NR. Roles and pitfalls of transplantation in hu-
man porphyrias. Liver Transpl 2005;1:1460-1462.

5. McGuire BM, Bonkovsky HL, Carithers RL Jr, Chung RT,
Goldstein LI, Lake JR et al. Liver transplantation for eryth-
ropoietic protophyria liver disease. Liver Transpl 2005;11:
1590-1596.

6. Hift RJ, Meissner PN. An analysis of 112 acute porphyric
attacks in Cape Town, South Africa: evidence that acute
intermittent porphyria and variegate porphyria differ in
susceptibility and severity. Medicine (Baltimore) 2005;84:
48-60.

7. Human Genome Mutation Database. Available at: http://
www.hgmd.org. Last accessed: July 16, 2007.

8. Anderson KE, Spitz IM, Bardin CW, Kappas A. A gonado-
tropin releasing hormone analogue prevents cyclical at-
tacks of porphyria. Arch Intern Med 1990;150:1469-1474.

9. Meyer UA, Schuurmans MM, Lindberg RL Acute porphy-
rias: pathogenesis of neurological manifestations. Semin
Liver Dis 1998;18:43-52.

10. Ostrowski J, Kostrzewska E, Michalak T, Zawirska B,
Medrzejewski W, Gregor A. Abnormalities in liver function
and morphology and impaired aminopyrine metabolism in
hereditary hepatic porphyrias. Gastroenterology 1983;85:
1131-1137.

11. Church SE, McColl KE, Moore MR, Youngs GR. Hyperten-
sion and renal impairment as complications of acute por-
phyrias. Nephrol Dial Transplant 1992;7:986-990.

12. Andersson C, Wikberg A, Stegmayr B, Lithner F. Renal
symptomatology in patients with acute intermittent por-
phyria. A population-based study. J Intern Med 2000;248:
319-325.

13. Anderrson C, Bjersing L, Lithner F. The epidemiology of
hepatocellular carcinoma in patients with acute intermit-
tent porphyria. J Intern Med 1996;240:195-201.

14. Andant C, Puy H, faivre J, Deybach JC. Acute hepatic
porphyrias and primary liver cancer [Letter]. N Engl J Med
1998;338:1853-1854.

15. Anderson KE, Bloomer JR, Bonkovsky HL, Kushner JP,
Claus A, Pierach MD, et al. Recommendations for the
diagnosis and treatment of the acute porphyrias. Ann In-
tern Med 2005;142:439-450.

16. Tschudy DP, Valsamis M, Magnussen CR. Acute intermit-

tent porphyria: clinical and selected research aspects.
Ann Intern Med 1975;83:851-864.

17. Tenhunen R, Mustajoki P. Acute porphyria: treatment
with heme. Semin Liver Dis 1998;18:53-55.

18. Grant P, Insall R. Porta-cath complicated by IVC throm-
bosis. Eur J Intern Med 2005;16:200-201.

19. Foster PR. Assessment of the potential of plasma fraction-
ation processes to remove causative agents of transmissi-
ble spongiform encephalopathy. Transfus Med 1999;9:3-
14.

20. Aarsand AK, Petersen PH, Sandberg S. Estimation and
application of biological variation of urinary delta-amin-
olevulinic acid and porphobilinogen in healthy individuals
and in patients with acute intermittent porphyria. Clin
Chem 2006;52:650-656.

21. Tung BY, Farrell FJ, McCashland TM, Gish RG, Bacon BR,
Keeffe EB, Kowdley KV. Long-term follow-up after liver
transplantation in patients with hepatic iron overload.
Liver Transpl Surg 1999;5:369-374.

22. Hunter GA, Rivera E, Ferreira GC. Supraphysiological
concentrations of 5-aminolevulinic acid dimerize in solu-
tion to produce superoxide radical anions via a protonated
dihydropyrazine intermediate. Arch Biochem Biophys
2005;437:128-137.

23. Leslie WD, Bernstein CN, Leboff MS. AGA technical review
on osteoporosis in hepatic disorders. Gastroenterology
2003;125:941-966.

24. Millonig G, Graziadei IW, Eichler D, Pfeiffer KP, Kinken-
stedt G, Muehllechner P, et al. Alendronate in combina-
tion with calcium and vitamin D prevents bone loss after
orthotopic liver transplantation: a prospective single-cen-
ter study. Liver Transpl 2005;11:960-966.

25. Liberman UA, Weiss SR, Broll J, Minne HW, Quan H, Bell
NH, et al. Effect of oral alendronate on bone mineral den-
sity and the incidence of fractures in postmenopausal
osteoporosis. The Alendronate Phase III Osteoporosis
Treatment Group. N Engl J Med 1995;333:1437-1443.

26. Saag KG, Emkey R, Schnitzer TJ, Brown JP, Hawkins F,
Goemaere S, et al. Alendronate for the prevention and
treatment of glucocorticoid induced osteoporosis. Glu-
cocorticoid-Induced Osteoporosis Intervention Study
Group. N Engl J Med 1998;339:292-299.

27. Barone GW, Gurley BJ, Anderson KE, Ketel BL, Abul-Ezz
SR. The tolerability of newer immunosuppressive medica-
tions in a patient with acute intermittent porphyria. J Clin
Pharmacol 2001;41:113-115.

28. Ozdemir D, Karabay O, Sencan I. The use of teicoplanin in
a patient with acute intermittent porphyria. J Chemother
2005;17:573-574.

29. James MFM, Hift RJ. Porphyrias. Br J Anaesth 2000;85:
143-153.

30. Cooper R. Anaesthesia for porphyria using propofol. An-
aesthesia 1988;43:611-613.

31. Hughes PJ. Propofol in acute porphyrias. Anaesthesia
1990;45:415-417.

32. McLoughlin C. Use of propofol in a patient with acute
porphyria. Br J Anaesth 1989;62;371-373.

33. Rigg J, Petts V. Acute porphyria and propofol. Anaesthesia
1993;48:1108-1109.

34. Kantor G, Rolbin SH. Acute intermittent porphyria and
Caesarean delivery. Can J Anaesth 1992;39;282-285.

35. Lin YC, Chen L. Atracurium in a patient with acute inter-
mittent porphyria. Anesth Analg 1990;71:440-441.

36. McNeill MJ, Bennett A. Use of regional anaesthesia in a
patient with acute porphyria. Br J Anaesth 1990;64:371-
373.

37. Cox TM, Alexander GJ, Sarkany RP. Protoporphyria. Se-
min Liver Dis 1998;18:85-93.

38. Gouya L, Puy H, Robreau AM, Bourgeois M, Lamoril J, Da

1226 SETH ET AL.

LIVER TRANSPLANTATION.DOI 10.1002/lt. Published on behalf of the American Association for the Study of Liver Diseases



Silva V, et al. The penetrance of dominant erythropoietic
protoporphyria is modulated by expression of wildtype
FECH. Nat Genet 2002;30:27-28.

39. Thunell S, Harper P, Brun A. Porphyrins, porphyrin me-
tabolism and porphyrias. IV. Pathophysiology of erythyro-
poietic protoporphyria—diagnosis, care and monitoring of
the patient. Scand J Clin Lab Invest 2000;60:581-604.

40. Holme SA, Anstey AV, Finlay AY, Elder GH, Badminton
MN. Erythropoietic protoporphyria in the United King-
dom: clinical features and effect on quality of life. Br J
Dermatol 2006;155:574-581.

41. Doss MO, Frank M. Hepatobiliary implications and com-
plications in protoporphyria, a 20-year study. Clin Bio-
chem 1989;22:223-229.

42. Cripps DJ, Scheur PJ. Hepatobiliary changes in erythro-
poietic porphyria. Arch Pathol 1965;80:500-502.

43. Klatskin G, Bloomer JR. Birefringence of hepatic pigment
deposits in erythropoietic porphyria; specificity and sen-
sitivity of polarization microscopy in the identification of
hepatic porphyrin deposits. Gastoenterology 1974;
67:294-297.

44. Avner DL, Lee RG, Berenson MM. Protoporphyrin induced
cholestasis in the isolated in-situ perfused rat liver. J Clin
Invest 1981;67:385-394.

45. Avner DL, Larsen R, Berenson MM. Inhibition of liver sur-
face membrane Na, K-adenosine triphosphatase, Mg-
adenosine triphosphatase and 5�-nucleotidase activities
by protoporphyrin. Observations in vitro and in the per-
fused rat liver. Gastroenterology 1983;85:700-706.

46. Meerman L, Koopen NR, Bloks V, VanGoor H, Havinga R,
Wolthers BG, et al. Biliary fibrosis associated with altered
bile composition in a mouse model of erythropoietic pro-
toporphyria. Gastroenterology 1999;117:696-705.

47. Meerman L. Erythropoietic porphyria. An overview with
emphasis on the liver. Scand J Gastroenterol 2000;35:79-
85.

48. Reichheld JH, Katz E, Banner BF, Szymanski IO, Saltz-
man JR, Bonkovsky HL. The value of intravenous heme-
albumin and plasmapheresis in reducing postoperative
complications of orthotopic liver transplantation for eryth-
ropoietic protoporphyria. Transplantation 1999;67:922-
928.

49. Do KD, Banner BF, Katz E, Szymanski IO, Bonkovsky HL.
Benefits of chronic plasmapheresis and intravenous
heme-albumin in erythropoietic protoporphyria after or-

thotopic liver transplantation. Transplantation 2002;73:
469-472.

50. Polson RJ, Lim CK, Rolles K, Calne RY, Williams R. The
effect of liver transplantation in a 13-year old boy with
erythropoietic porphyria. Transplantation 1988;46:386-
389.

51. Bloomer JR, Weimer MK, Bossenmaier IC, Snover DC,
Payne WD, Ascher NL. Liver transplantation in a patient
with protoporphyria. Gastroenterology 1989;97:188-194.

52. Johnson JA, Fusaro RM. Liver transplantation in patients
with erythropoietic protoporphyria. Gastroenterology
1990;96:1726-1727.

53. Mion FBC, Faure JL, Berger R, McGragor B, Perrot H,
Paliard P. Liver transplantation for erythropoietic porphy-
ria. J Hepatol 1992;16:203-207.

54. Bloomer JR, Rank JM, Payne WD, Snover DC, Sharp HL,
Zwiener RJ, et al. Follow up after liver transplantation for
protoporphyric liver disease. Liver Transpl Surg 1996;2:
269-275.

55. Herbert A, Corbin D, Williams A, Thompson D, Buckels J,
Elias E. Erythropoietic protoporphyria: unusual skin and
neurological problems after liver transplantation. Gastro-
enterology 1991;100:1753-1757.

56. Meerman L, Verwer R, Sloof MJH, Van Hattum J, Beuke-
veld GJJ, Kleibeuker JH, et al. Perioperative measures
during liver transplantation for erythropoietic protopor-
phyria. Transplantation 1994;57:155-158.

57. Rank JM, Carithers R, Bloomer J. Evidence of neurologi-
cal dysfunction in end-stage protoporphyric liver disease.
Hepatology 1993;18:1404-1409.

58. Dellon ES, Szczepiorkowski ZM, Dxik WH, Graeme-Cook
F, Ades A, Bloomer JR, et al. Treatment of recurrent allo-
graft dysfunction with intravenous hematin after liver
transplantation for erythropoietic protoporphyria. Trans-
plantation 2002;73:911-915.

59. Poh-fitzpatrick MB, Wang X, Anderson KE, Bloomer JR,
Bolwell B, Lichtin AE. Erythropoietic protoporphyria: al-
tered phenotype after bone marrow transplantation for
myelogenous leukaemia in a patient heteroallelic for fer-
rochelatatse gene mutations. J Am Acad Dermatol 2002;
46:861-866.

60. Rand EB, Bunin N, Cochran W, Ruchelli E, Olthoff KM,
Bloomer JR. Sequential liver and bone marrow transplan-
tation for treatment of erythropoietic protoporphyria. Pe-
diatrics 2006;118:e1896–e1899.

LIVER TRANSPLANTATION FOR PORPHYRIA 1227

LIVER TRANSPLANTATION.DOI 10.1002/lt. Published on behalf of the American Association for the Study of Liver Diseases


