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The porphyrias are a group of inherited or acquired enzy-
matic defects of heme biosynthesis. Each type of porphy-
ria has a characteristic pattern of overproduction and
accumulation of heme precursors based on the location of
dysfunctional enzyme in the heme synthetic pathway.
Variegate porphyria, one of the acute hepatic porphyrias,
is characterized by a partial reduction in protoporphy-
rinogen oxidase, the seventh enzyme of the heme biosyn-
thetic pathway. A case of liver transplantation is described
with a recovery from a variegate porphyria. Acute porphy-
ria is commonly worsened by a wide variety of medica-
tions. We describe a step-by-step perioperative manage-
ment protocol. (Liver Transpl 2004;10:935–938.)

Porphyrias (Fig. 1) are a group of genetic diseases
usually with autosomic dominant transmission.

They are characterized by a disorder of the heme syn-
thesis owing to a defect of an enzyme involved in its
production and leading to an accumulation of heme’s
precursors, the porphyrins, in some tissues and in the
excreted matter (urine and feces).1 Eighty percent of the
heme synthesis takes place in the bone marrow, whereas
20% is hepatic and is involved in the P 450 cytochrome
synthesis. Enzymatic defects are always incomplete; an
absolute deficiency would be incompatible with life.
Two groups of porphyrias are described—hepatic and
erythropoietic—depending on the tissue in which the
metabolic disorder predominates. All hepatic porphy-
rias, except porphyria cutanea tarda, produce acute
neuro-visceral manifestations such as abdominal pain,
and neurologic and psychiatric disorders.2 The disease
results from an overproduction of porphyrins in the
liver. The accumulation of some porphyrins, in porphy-
ria cutanea tarda and protoporphyria, is then responsi-
ble for the chronic hepatic disease. We report our expe-
rience with a recovery from a variegate porphyria (VP)
by a liver transplantation.

Case Presentation

A 46-year-old man underwent a liver transplantation
for a Child-Turcotte-Pugh B alcohol induced cirrhosis.
His history included chronic alcohol abuse, with no
alcohol intake for 1 year, with 1 episode of decompen-
sated ascites and 2 episodes of spontaneous bacterial

infections of the ascites fluid. When the patient was
eligible for liver transplantation, blood tests were as
follows: prothrombin time, 37 %; total serum bilirubin;
206�m/L; platelets; 100,000/mL; albumin; 33g/L. He
also experienced a VP progressing for 20 years that was
responsible for abdominal pain and cutaneous manifes-
tations (bullous skin eruption upon exposure to sun-
light during a trip to Spain). Following an acute attack
two years ago, the laboratory tests showed an increase in
porphobilinogen in the urine to 13.2 �m/L (normal,
�5 �m/L); an increase in total porphyrin in the feces,
dry weight 230 nm/g (normal, � 200nm/g), mainly
involving the protoporphyrins without involving cop-
roporphyrin and uroporphyrin; and a total porphyrin
concentration in the plasma (spectrofluorometric dos-
age) reaching the upper normal limit. An evaluation of
the lymphocyte protoporphyrinogen oxidase (PPO)
activity did confirm this diagnosis: 1.9 nm/mg protein /
hour (normal, �3.5 nm PPO/mg protein/hr).

The liver transplantation was performed using a pig-
gyback procedure without any transitory veno-venous
bypass. The procedure lasted for 6 hours and was per-
formed under general anesthesia with propofol, sufen-
tanil, and rocuronium. Antibiotic prophylaxis included
vancomycin, amikacin and ceftriaxone for the next 48
hours. During the transplantation the patient required
inotrop support with norepinephrine (0.2 �g/kg/mn)
and dopamine (3 �g/kg/mn) to control the hemody-
namic condition. Diuresis was enhanced with furo-
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semide. Transfusion requirement was 7 units of packed
red blood cells in association with the Cell Saver
(Didico Electa). Immunosuppression included tacroli-
mus and methylprednisolone. Analgesia consisted of
morphine patient controlled analgesia (PCA).

The postoperative period was uneventful, weaning
of the mechanical ventilation was possible within the
first 24 hours.

Once liver function tests normalized, the patient was
discharged home postoperative day 10. The recipient’s
native liver examination revealed a nonspecific
micronodular cirrhosis with an aspecific inflammation
and without any intrahepatocyte uroporphyrin crystals.
A new uroprotoporphyrinogen and fecal protoporphy-
rinogen level was performed 8 days after the transplan-
tation and was normal. Three months after the trans-
plantation, no manifestation of any porphyria relapse

was noted, allowing the conclusion that the VP recov-
ered.

Discussion

VP is a hepatic porphyria; the metabolic disorder pre-
dominates in the liver. VP results from a decrease in the
PPO activity, the seventh enzyme involved in the heme
synthesis. The gene coding for PPO is located on the
long arm of chromosome 1, whose sequence was
described by Puy et al. in 1996.4 The disease usually
appears in adulthood. Cutaneous manifestations are
less common in cold climates. The abdominal manifes-
tations, less frequent than in the acute intermittent
porphyria, are often triggered by events leading to a
heme decrease (menstruation, pregnancy, dehydration,
stress, infection, and fasting).5 A decrease in the heme

Figure 1. Metabolic pathway of heme synthesis.
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concentration is responsible for an increase in Delta-
aminolevulinic acid (ALA) synthetase production. This
enzymatic induction can also be triggered by some
drugs whose metabolisms require P450 cytochrome
activation. The VP diagnosis is based on the fecal pro-
toporphyrinogen, which is always increased, as well as
the fluorescent plasma pic at 688 nanometer and
decreased PPO activity. Only during the acute attacks
are ALA and porphobilinogen increased.

These changes were found in our patient at the time
of his first evaluation. The fluorometric measurement
of plasma porphyrins can specifically differentiate the
VP from any other porphyria, based on the peak of
emission in the fluorometric spectrum. In our patient,
the total plasma porphyrin concentration assessed by
fluorometric measurement remained within the normal
range. The diagnosis was confirmed by a 50% decrease
in the involved enzyme’s activity in agreement with the
porphyria considered.

Likewise, the normalization of the fecal protopor-
phyrinogen concentration after liver transplantation
confirmed the recovery. No new lymphocyte PPO
activity measurement was done secondary to expected
technical difficulty. In any case, the genetic enzyme
deficiency’s being unsolved, its measurement would
have shown a persistent deficit.

Drugs Used

Anesthetic Drugs
Many anesthetics are metabolized by the P450 cyto-
chromes and may precipitate an acute attack of porphy-
ria. In our patient, the anesthetic management was cho-
sen in agreement with the data of the French Center for
Porpyrias. Induction and maintenance of anaesthesia
were performed with propofol. The safety of this
drug, despite some controversial data, has been often
reported.6–8 Meanwhile, some recent reports warn
against a prolonged use of this drug.9–11 This protocol
did not precipitate any acute attack.

The administration of halogenated agents is tradi-
tionally considered to be safe, but they should be given
with caution because of the lack of clinical experience of
anesthesia with porphyric patients.12,13 Halothane has
often been used without any trouble, although a review
mentions 2 acute attacks related to it.14 Only enflurane
could present a porphyrinogen risk, but this drug is no
longer used. Isoflurane is an interesting choice because
of its weak hepatotoxicity.15 The late halogenated anes-
thetics (sevoflurane and desflurane) could be less sus-
ceptible of triggering any porphyric attack, as they have

a short half-life and a low hepatic metabolism. Recently
2 successful cases of anesthesia with sevoflurane have
been reported.16 There is no data about the use of
desflurane. Thiopental and etomidate are very powerful
inductors of the ALA synthetase activity and should be
avoided, even though some authors mention its use in
latent porphyria.17 Ketamine is not porphyrogenic in
experimental models, and its use seems permissible in
asymptomatic porphyria.18 Sufentanil, as well as all opi-
oids, can be administered without any problem in por-
phyric patients. Use of remifentanil was lately reported
with success.19

Neuromuscular blockade was performed with rocu-
ronium. In vitro, all neuromuscular blocking agents are
possibly porphyrinogenic,20 but this effect was not seen
in clinical practice.21,22 The administration of rocuro-
nium is justified, as it allows a fast onset of neuromus-
cular blockade at the induction of anesthesia in a
patient with a possible “full stomach” and avoids the
hemodynamic effects of succinylcholine.

Immunosuppression
The immunosupresive protocol included tacrolimus and
methylprednisolone. Steroid administration is well
accepted in porphyric patients.23 On the other hand, the
administration of tacrolimus was more experimental.
Indeed the action of the inhibitor of interleukin-2 recep-
tors in porphyric patients is poorly documented. Experi-
mentally, cyclosporine might precipitate porphyric attacks
in rats.24,25 Nevertheless, tacrolimus has already been suc-
cessfully administered in a patient with an acute intermit-
tent porphyria undergoing a kidney transplantation.26 It is
widely acknowledged that the drugs that worsen the por-
phyric attacks are cytochrome P450 inductors. As neither
cyclosporine nor tacrolimus are enzymatic inductors, a
conventional immunosuppressive regimen including an
interleukin-2 inhibitor was elected.

Other drugs25

The antibioprophylaxis commonly used in liver trans-
plantation include cefriaxone and vancomycin. Only
metronidazole, a possible inductor of porphyric attacks,
was not administered.

The vasoppressors (dopamine and norepinephrine)
administered during the procedure, as well as furosemide,
are not recognised as triggers of acute porphyria attacks.

Surgical Procedure

The piggyback procedure is preferable to the extracor-
poreal circulation, which may trigger acute attacks of
porphyria by hypothermia and hemolysis.
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Recovery

In some porphyrias, the liver represents the target organ
of the disease by accumulation of porphyrins and their
precursors ALA and porphobilinogen. It can be the site
of a chronic hepatic disease, as with porphyria cutanea
tarda and protoporphyrias. In the latter case, the liver
transplantation may be the only adequate treatment if
the hepatic damage is severe.27 Although most of the
excess protoporphyrin production takes place in the
bone marrow, the life expectancy depends on the evo-
lution of the liver disease toward cirrhosis and hepato-
cellular deficiency by overloading the hepatocytes, bili-
ary ducts, and Kupffer cells with pigment. In this case,
liver transplantation does not treat the basic enzyme
deficiency, but a double liver / bone marrow transplan-
tation could be considered for cure. Until now, trans-
plantation has not been performed for this indication.
On the contrary, VP is one among other hepatic por-
phyrias in which the enzymatic deficiency predomi-
nates in the liver, but in this case there is no hepatic
damage by accumulation of biliary pigments. This fact
could be confirmed by histological examination of our
patient’s native liver, which showed a picture of
micronodular cirrhosis related to the chronic alcohol
abuse without any cytoplasmic inclusion of protopor-
phyrins crystals. Therefore, liver transplantation of
genetically competent cells is theoretically able to cure
the disease.

Our patient represents the first case reported of a VP
recovery via liver transplantation.

A cautionary note has to be introduced regarding the
safety of the drugs administered during and after this
procedure. In fact, the tolerance to drugs encountered
can be the result of the correction of the hepatic enzyme
deficiency.
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