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Seven porphyrias form a group of inherited metabolic
disorders, each resulting from a partial deficiency of a
specific enzyme in the haem biosynthesis pathway
(figure 1).1,2 Porphyrias represent overproduction syn-
dromes with the formation of toxic haem precursors,
which are overproduced under particular circumstances,
with acute porphyrias resulting in neurovisceral mani-
festations. Overproduction of porphyrins causes photo-
sensitivity in cutaneous porphyrias. 

Haem is synthesised in every human cell and about
85% is made in erythroid cells, where the majority is used
for haemoglobin formation. Most of the remainder is pro-
duced in the liver, where 80% is used for the creation of
different cytochromes. The first enzyme of the pathway,
�-aminolaevulinic acid synthase (ALAS), catalyses the
condensation of glycine and succinyl coenzyme A to form
�-aminolaevulinic acid.3 In the next steps, six enzymes
catalyse formation and tetramerisation of porpho-
bilinogen to cyclic protoporphyrin IX, and in the final
step in mitochondria, ferrochelatase catalyses chelation of
ferrous iron to form haem.

Haem biosynthesis is regulated by two tissue-specific
ALAS isozymes, which are coded by separate genes.4 In
the liver, haem represses the synthesis of ALAS5 and it
can be used in the treatment of an acute porphyric
attack. By contrast, many drugs, alcohol, steroids, and
other chemicals can provoke an acute attack by inducing
ALAS in the liver, and patients with acute porphyrias
should avoid them. In erythroid cells, regulation is more
complex, and haem induces haemoglobin synthesis.6

Porphyrias are mainly inherited in an autosomal dom-
inant manner with incomplete penetrance, but auto-
somal recessive and more complex patterns of
inheritance are also possible (table 1).1,7,8 The genes
coding for the enzymes have been characterised and sev-
eral mutations in them have been identified in patients
with porphyria (table 1).1 Most mutations cause a loss of
function of the specific protein, but the enzyme activity
encoded by a normal allele is usually enough to maintain
patients’ normal demand for haem.8 The three-dimen-
sional structures of the recombinant enzymes estab-
lished by X-ray crystallography9–13 and expression
studies8,14–18 have enabled studies of modelling and intra-

cellular processing of mutant enzymes and accumula-
tion of porphyrins in different cell lines, elucidating fur-
ther pathogenetic mechanisms at the molecular level. 

Despite early reports,16,19 genotype-phenotype correla-
tion has been reported both in acute and cutaneous por-
phyrias.17,20–23 The penetrance of these diseases varies but
around half of gene carriers have clinical manifestations
and, thus, other modifying genes and environmental
factors have a crucial role in the porphyric pheno-
type.7,17,20,23–26

Although individual porphyrias are genetically hetero-
geneous, the clinical phenotype is rather uniform in
each of them, and the seven different porphyrias can be
divided into two subgroups—hepatic or erythropoietic—
according to the organ in which accumulation of por-
phyrins and their precursors mainly appears (table 1).2

Demonstration of overproduction of porphyrins or their
precursors is mandatory to show clinical manifestations
of porphyria. The pathogenetic mechanisms in different
porphyrias vary25,27,28 and no universal treatment exists.
Acute porphyrias, which manifest as acute attacks, are
the exception and treatment is standard.29

Porphyrias are panethnic and their prevalence varies
from 0·5 to 10 per 100 000 in different populations.1

They are rare and sometimes misdiagnosed because
various symptoms mimic other diseases (tables 2
and 3).30,31 Once porphyria is suspected it is easy to diag-
nose at the symptomatic phase by biochemical tests. In
remission, these tests are less specific and sensitive in
detecting different porphyrias.32,33 Symptom-free car-
riers can remain undiagnosed unless mutation
screening is undertaken.34
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Seven different porphyrias form a group of inherited metabolic disorders, each resulting from a partial deficiency of

a specific enzyme in the haem biosynthesis pathway. Clinically, the three most important entities are an acute por-

phyric attack and acute and chronic skin symptoms. Porphyrias are rare and sometimes misdiagnosed, because var-

ious symptoms and signs mimic other diseases. Once porphyria is suspected, biochemical analyses easily detect

porphyrins and their precursors from blood, urine, or faeces. Mutation screening can be done at the quiescent phase

of the disease. Pathogenetic mechanisms and clinical manifestations differ in individual porphyrias and most of

them require a specific treatment. Early diagnosis and information about precipitating factors can diminish mor-

tality and prevent subsequent attacks among patients with acute porphyrias, so mutation screening is recommended

for family members. 

Search strategy and selection criteria 

I searched MEDLINE/Ovid and PubMed, with no restrictions
on language or dates, with the following keywords:
“porphyria�genotype”, “�phenotype”, “�drugs”,
“�precipitating factors”, “�pathogenesis”, “�neuropathy”,
“�symptoms”, “�pharmacogenetics”, “�CYP450”, “�gene
therapy”, “�mouse model”, “�treatment”; and
“haem�enzymes”.
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Acute porphyrias  
Classic acute porphyrias include three different disor-
ders—acute intermittent porphyria, hereditary copropor-
phyria, and variegate porphyria—whose attacks are
clinically indistinguishable from each other.1,30 Clinical
manifestations arise after puberty and they are more fre-
quent in women.35

An acute attack begins with minor behavioural
changes such as anxiety, restlessness, and insomnia and
proceeds rapidly to symptoms of autonomic and senso-
motoric neuropathy (table 2).29,30,36 Abdominal pain—
usually followed by vomiting and constipation—is
common and severe, mimicking acute abdominal crisis.
Pain in the back or in the extremities is frequently
present. Hypertension and tachycardia, which are signs
of increased sympathetic activity and are associated with
the activity of the disease,37 should be followed up

together with visual assessment scaling of pain (1–10).38

Pain declines within a week, but if an additional pre-
cipitating factor is administered, the progressing senso-
rimotor neuropathy—eg, diffuse muscle weakness,
decreased tendon reflexes, and sensory loss of “socks
and gloves” distribution—manifests and can proceed to
respiratory paralysis.27,30 Central nervous impairment can
manifest with convulsions and confusion (table 2). The
combination of polyneuropathy and focal CNS involve-
ment is unusual for other polyneuropathies and should
alert a doctor to look for porphyrias.36

Arrhythmias are a sign of progressing autonomic neu-
ropathy and might precede a cardiac arrest. Muscle
weakness, impaired consciousness, hyponatraemia due
to inappropriate antidiurectic hormone secretion syn-
drome, mechanical ventilation, and bulbar paralysis
indicate poor outcome, and the patient should be fol-
lowed up intensively.36 By contrast, pain, autonomic dys-
function, and mental symptoms do not affect prognosis.
In addition to cardiac arrest, a common cause of death is
pneumonia associated with prolonged mechanical venti-
lation.30,36

Pathogenesis of an acute attack  
During an acute attack, porphyrin precursors 
(�-aminolaevulinic acid and porphobilinogen) are
excreted massively from the liver because of induction of
haem biosynthesis.27 They are neurotoxic,27,39,40 and the
autonomic and peripheral nervous systems, which do
not have barrier protection, are especially vulnerable to
their action.41 Liver transplantation has restored normal
porphyrin metabolism in a symptomatic patient,42 who
thereafter became attack-free, indicating the importance
of the liver as a source of porphyrin precursors in the cir-
culation. The blood-brain barrier protects the brain from
toxic agents, but certain areas—such as the hypothal-
amus and limbic area—do not have such protection.43

Circulating porphyrins and their precursors can cause
vascular injury leading to impaired permeability and
resulting in reversible focal oedema in the brain.44 Some
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Figure 1: Porphyrias and haem biosynthesis

Enzyme defect Inheritance Gene and mutations Site of overproduction Main clinical symptoms
of haem precursors

Aminolaevulinate dehydratase Aminolaevulinate dehydratase Autosomal recessive Seven mutations in the ALAD gene Liver Acute attacks or chronic 
deficiency porphyria (7 kb) in chromosome 9q34 neuropathy
Acute intermittent porphyria Porphobilinogen deaminase Autosomal dominant 227 mutations in the PBGD gene Liver Acute attacks

(10 kb) in chromosome 11q23.3
Congenital erythropoietic porphyria Uroporphyrinogen III synthase Autosomal recessive 35 mutations in the UROS gene (34 kb) Erythroid cells Severe photosensitivity and 

in chromosome 10q25.2-q26.3 haemolysis
Porphyria cutanea tarda Uroporphyrinogen decarboxylase Autosomal dominant 60 mutations in the UROD gene Liver Skin fragility and chronic liver 

or acquired (3 kb) in chromosome 1p34 disease 
Hereditary coproporphyria Coproporphyrinogen  oxidase Autosomal dominant 36 mutations in the CPOX gene Liver Acute attacks and skin 

(14 kb) in chromosome 3q12 fragility
Variegate porphyria Protoporphyrinogen oxidase Autosomal dominant 121 mutations in the PPOX gene Liver Acute attacks and skin 

(5·5 kb) in chromosome 1q22 fragility
Erythropoietic protoporphyria Ferrochelatase Autosomal dominant  74 mutations in the FECH gene Erythroid cells Photosensitivity and liver 

(45kb) in chromosome 18q21.3 damage

Table 1: Characteristics of porphyrias 
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patients with acute porphyria have constantly raised
amounts of porphyrins and their precursors at the
symptom-free phase, but even their excretion level
increases during an acute attack.34 Vulnerability of neu-
rons to toxic reactions can vary between individuals and,
thus, some patients are more prone to paresis than are
others.23

Biochemical analyses  
Measurement of urinary porphobilinogen must be
undertaken during an acute attack, and should always
be done to confirm the diagnosis. The increase in por-
phobilinogen excretion during an acute attack can be
modest within an individual (two to fourfold) but usu-
ally it exceeds 20–50-fold compared with reference
values (table 4).34,45 Urinary porphobilinogen can be

screened qualitatively,46 methods of which detect more
than fourfold excretion, but the result should be con-
firmed by quantitative measurements.47 In remission,
measurement of urinary porphobilinogen detects 88%
of patients with acute intermittent porphyria.34 It has
predictive value, since a symptom-free patient with
normal porphobilinogen excretion is very unlikely to
have subsequent attacks.23,48 If the amount of porpho-
bilinogen in urine is normal, an increased concentra-
tion of urinary �-aminolaevulinic acid will indicate
patients with lead intoxication or rare aminolaevulinate
dehydratase (ALAD) deficiency porphyria.49,50 In varie-
gate porphyria and hereditary coproporphyria, excre-
tion of precursors falls soon after an acute attack and
can be normal in remission.17,51,52

In patients with acute intermittent porphyria,
enhanced excretion of urinary uroporphyrins I and III
exceeds that of coproporphyrins I and III and can
resemble levels detected in patients with porphyria
cutanea tarda.34,53 Faecal protoporphyrin excretion is
increased in 20% of patients with acute intermittent
porphyria and, thus, it does not differentiate acute
intermittent porphyria from variegate porphyria.54 In
individuals with hereditary coproporphyria, faecal
coproporphyrin excretion exceeds vastly that of proto-
porphyrin.32,52

The plasma fluorescence emission spectrum55 might
be only transiently positive, as often in acute intermit-
tent porphyria patients (619 nm), but it usually remains
positive in those with hereditary coproporphyria
(619 nm)52 and individuals with variegate porphyria
(626 nm)54 and skin symptoms. 

Measurement of enzyme activities or mutation
screening is not necessary during an acute attack and
can be done in remission.34 In the variant form of acute
intermittent porphyria,56 erythrocyte porphobilinogen
deaminase (PBGD) is normal because of alternative
splicing of the gene in erythrocytes.57 The genotypes of
acute porphyrias are heterogeneous, but mutation
screening should always be undertaken if a gene defect
has been identified in the family. 

Treatment of an acute attack  
Certain drugs—in addition to alcohol, infection,
fasting, or changes in sex hormone balance—can pre-
cipitate acute attacks and should be eliminated when a
symptomatic patient is treated.48 Complete lists of
potentially safe and unsafe drugs are available on the
internet—eg, at http://www.porphyria-europe.com
and http://www.uct.ac.za/depts/porphyria. Some
drugs are strictly forbidden, since they have been asso-
ciated with several severe attacks. However, most fall
into the category of potentially hazardous and many
patients tolerate them. An acute attack is frequently
precipitated by several factors simultaneously and no
individual guidelines can be given for the use of a
single drug. Clinicians must follow up potential signs

Clinical manifestation Treatment

Symptoms and signs of Specific treatment with haem preparation,
an acute attack haem arginate*, or haematin (3 mg/kg per

day for 3–4 consecutive days)
Autonomic neuropathy Symptomatic treatment
Abdominal pain Opiates
Tachycardia � blockers 
Hypertension � blockers 
Constipation Lactulose
Vomiting Chlorpromazine
Abnormal sphincter function Urethral catheter
Diarrhoea
Arrhythmia � blockers; follow up the patient in an intensive- 

care unit
Peripheral sensory or motor neuropathy
Extremity pain, back Opiates
pain, or both
Numbness in extremities
Muscle weakness Early activating physiotherapy 
Respiratory muscle paresis Mechanical ventilator

Pneumonia Antibiotics except sulphonamides
Cranial neuropathy

Bulbar paresis (dysarthria, Sign for poor prognosis; nasogastral tube, 
dysphagia, dysphonia) speech therapy
Facial paresis

CNS involvement
Mental changes 

Insomnia Diazepam, lorazepam
Anxiety Diazepam, lorazepam
Depression
Hallucinations Chlorpromazine 

Convulsions Correction of hyponatraemia; diazepam; 
gabapentin if prolonged treatment is needed

Consciousness impairment Follow up the patient in an intensive care unit
Extensor plantar sign
Metabolic changes
Dark or red urine 
Hepatopathy
Fasting Glucose infusion (200–500 g/day) if unable to eat 
Hyponatraemia Mild cases: water restriction due to inappropriate 

anti-diuretic hormone syndrome (SIADH); severe 
cases: infusion of 3% saline (500 mmol/L) 
correction �12 mmol/L per day 

*Haem arginate is commercially available from Orphan Europe (Paris, France) and in
other countries, except the USA where haematin is commercially available from
Ovation Pharmaceuticals (North Deerfield, IL, USA).

Table 2: Clinical manifestations and treatment of acute porphyrias
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of progressive neuropathy, and a clinically significant
rise in urinary porphyrin precursor concentrations
might suggest porphyrinogenic action of a drug in use. 

Specific treatment for acute porphyria should be
started promptly because most patients benefit from
quick remission and the shortest time in hospital.29

After administration of haem, which is infused daily
for 3–4 consecutive days,29 biochemical remission—eg,
reduced excretion of porphyrins and their precursors—
lasts for a week and is usually enough to abolish por-
phyric symptoms, if precipitating factors are
eliminated.29 If the patient is vomiting and unable to

eat, parenteral nutrition with carbohydrates could be
necessary. Attacks often need symptomatic treatment
for hypertension, pain, and convulsions (table 2).30

Haem preparations can cause thrombophlebitis,
coagulopathy, and anaphylactic reactions.29,58,59 No accu-
mulation of iron or tolerance for haem preparations
after repeated infusions has been reported.

Prevention of an acute attack  
Early diagnosis and information about precipitating fac-
tors can prevent subsequent attacks in patients with
acute porphyria.23,48 Since biochemical measurements

Acute attacks Skin symptoms

Symptomatic patients At the symptom-free phase Symptomatic patients Symptom-free 
patients

Urinary porphobilinogen ↑↑↑ N/↑/↑↑ N/↑ N/↑
Urinary ALAD  ↑↑↑ N/↑ N/↑ N/↑
Urinary porphyrins  ↑↑↑ N/↑ ↑↑↑ except in erythropoietic protoporphyria N/↑
Faecal porphyrins  ↑/↑↑ N/↑ ↑↑/N N/↑
Erythrocyte porphyrins Unnecessary Unnecessary ↑↑↑ in erythropoietic protoporphyria; N/↑

↑in homozygous porphyrias
Plasma fluorescence spectrum Often positive Acute intermittent porphyria: often negative Positive Positive or negative 

Acute intermittent porphyria: 619 nm Variegate porphyria and hereditary Porphyria cutanea tarda and hereditary coproporphyria: 619 nm
Hereditary coproporphyria: 619 nm coproporphyria: often positive Variegate porphyria: 626 nm
Variegate porphyria: 626 nm Erythropoietic protoporphyria: 634 nm

Enzyme activity Unnecessary during an acute attack Acute intermittent porphyria: in the classic Congenital erythropoietic porphyria: E-UROS low As at the 
form E-PBGD is low and in the variant form Porphyria cutanea tarda: type I E-UROD low; types II and III; symptomatic phase
E-PBGD is normal E-UROD normal
Variegate porphyria: Ly-PPOX low Hereditary coproporphyria: E-/Ly-CPOX low
Hereditary coproporphyria: E-/Ly-CPOX low Variegate porphyria: Ly-PPOX low
ALAD deficiency: E-ALAD low Erythropoietic protoporphyria: E-/Ly-FECH low

DNA analysis* Unnecessary during an acute attack In acute intermittent porphyria, variegate In congenital erythropoietic porphyria, hepatoerythropoietic As at the 
porphyria, hereditary coproporphyria, porphyria, hereditary coproporphyria, variegate porphyria, and symptomatic phase
ALAD deficiency DNA testing available and porphyria cutanea tarda type I and III DNA testing available†
should be used†

Skin biopsy Unnecessary Unnecessary Informative but unspecific Informative but may 
be normal

N=normal or no increase. ↑=five-fold excretion. ↑↑=ten-fold excretion. ↑↑↑=>ten-fold excretion. E=erythrocyte. Ly=lymphocyte. *DNA analysis should be used whenever possible to confirm the diagnosis of acute porphyrias in
symptomatic patients and to identify symptom-free family members. †DNA analysis is an additional investigation to confirm the diagnosis of cutaneous porphyrias and can be used in family screening.

Table 4: Guidelines in diagnosis of porphyric symptoms 

Treatment of skin symptoms in different porphyrias

Photosensitivity
Acute (burning sensation, oedema, erythema)

Erythropoietic protoporphyria Betacarotene and photoprotection
Congenital erythropoietic porphyria Photoprotection or bone-marrow transplantation in severe cases with haemolysis and 

hepatosplenomegaly
Chronic (skin fragility, blisters, scars)

Variegate porphyria and hereditary coproporphyria Photoprotection
Porphyria cutanea tarda Phlebotomy every week or biweekly or chloroquine 125–250 mg twice a week until urinary excretions of 

porphyrins is close to normal
Congenital erythropoietic porphyria Photoprotection and bone-marrow transplantation in severe cases may alleviate symptoms

Hypertrichosis
Porphyria cutanea tarda May be alleviated by phlebotomy or chloroquine
Variegate porphyria, hereditary coproporphyria, and No specific treatment available, photoprotection recommended
congenital erythropoietic porphyria
Hyperpigmentation
Porphyria cutanea tarda May be alleviated by phlebotomy or chloroquine
Variegate porphyria, hereditary coproporphyria, and No specific treatment available, photoprotection recommended
congenital erythropoietic porphyria

Table 3: Clinical manifestations and treatment of cutaneous porphyrias
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overlap in patients and their relatives, diagnosis of acute
porphyrias should be confirmed by mutation screening,
especially in people in remission, to identify individuals
at risk.17,41

Strict avoidance of precipitating factors has been
judged important in the prevention of acute attacks.60

Findings of surveys48,61–65 have shown that most patients
tolerate drugs listed as precipitating and, thus, different
recommendations for symptomatic and symptom-free
patients about the use of drugs have been proposed. In
general, the possible merits and disadvantages of drugs
should always be assessed individually. New drugs are
constantly being developed and little is known about
their action on haem biosynthesis. In current practice,
patients with acute porphyria are advised to stop using
a new drug immediately if symptoms associated with
acute porphyria appear. Severe symptoms should be
treated with haem preparations. 

In both men and women, alcohol is a common cause
of an acute attack.66 Patients can tolerate small amounts
of alcohol but if porphyric symptoms arise, its use
should be restricted.48,66,67 In women, the menstrual cycle
is the most common cause of an acute attack, mani-
festing usually in the third decade with 1–3 months
interval.35,48 To suppress endogenous sex hormone pro-
duction, low-dose contraceptive pills or luteinising hor-
mone-releasing hormone analogues can be used to
prevent cyclic attacks.30,68,69 Weekly or biweekly infusions
of haem can be effective, and such intervention has
enabled frequently affected patients to lead a more
normal life. Liver transplantation can be a solution for a
severely affected patient who has recurrent severe
attacks with no benefit from conservative management,
but for the one patient who has received a transplant, no
long-term follow-up exists.42

Prognosis of acute porphyrias  
The proportion of acute attacks has fallen greatly in
patients diagnosed before and after 1980—from 49% to
17% in patients with acute intermittent porphyria23 and
from 38% to 14% in those with variegate porphyria.17

This change is due to early diagnosis and correct treat-
ment of these patients and proper counselling—eg,
information about precipitating factors. Such manage-
ment has prevented subsequent attacks in 60% of pre-
viously symptomatic and 95% of previously
symptom-free patients with acute intermittent por-
phyria.23

At present, the chance of dying from an acute attack
is low,48,70 unless a patient is misdiagnosed and addi-
tional precipitating factors are administered. In such
cases, the case-fatality rate can be 10–40%.30,36 Although
most patients with acute porphyria lead a normal life
and seldom have attacks, other diseases such as hyper-
tension, chronic renal failure, and hepatoma48,71–76 can
become a problem and should be followed up. If acute
attacks arise later in adulthood, hepatoma should be

excluded. Since 10% of patients with acute intermittent
porphyria die because of hepatoma, yearly ultrasound
of the liver and measurement of serum �-fetoprotein
should be undertaken in individuals older than age
50 years. 

After the diagnosis of acute porphyria has been con-
firmed, other diseases should be treated appropri-
ately,63–65 pregnancies and operations should not be
restricted,48,77 and blood donation should not be barred. 

Cutaneous porphyrias  
Pathogenesis of skin symptoms in hepatic porphyrias
In variegate porphyria, hereditary coproporphyria, and
porphyria cutanea tarda, skin symptoms are chronic and
manifest usually many days after sun exposure.
Excessive fragility, blistering, and scarring take place,
especially on the backs of the hands (table 3, figure 2).31

Hypertrichosis and hyperpigmentation can arise on the
face. Skin symptoms show seasonal variation, being
most intense in summer and autumn after repeated
exposure to the sun. 

Skin symptoms develop as a result of interaction of
solar radiation (around 400 nm) and high amounts of cir-
culating porphyrins, which originate from the liver and
accumulate in the skin.78 Porphyrins can absorb light
energy because of their electronic configuration. Once
promoted to a singlet-excited state, porphyrin molecules
can return to their stable states by emission of energy as
light and by transference of energy in chemical reactions,
such as peroxidation of cell membrane lipids, leading to
loss of function and disruption of membrane and intra-
cellular organelles.79

In all porphyria types, the major histopathological
change of the skin is thickening of the superficial dermal
vessel walls, suggesting that the primary site of photo-
damage is in the vascular level of the skin.80–82 Repeated
phototoxic injury results in a permanent multilayering of
basement membrane in vessel walls. Various serum pro-
teins have been recorded in the vicinity of the vessel
walls, indicating secondary leakage from the circulation.
The photodynamic reaction, which activates the comple-
ment pathway and other inflammatory mediators, can
damage the epidermal basement membrane and cause
blistering and fragility of the skin.83,84

Precipitating factors for hepatic porphyrias
Of patients with variegate porphyria, 40–70% have skin
symptoms which arise independently from acute
attacks.17,19,85 In our series,17 only 14% of individuals with
this disorder have both acute attacks and skin symptoms,
and 27% have acute attacks alone. Although in our study
the number of acute attacks fell greatly during the past
two decades, the prevalence of skin symptoms has dimin-
ished by only a quarter, from 45% to 34%, indicating dif-
ferent pathogenetic mechanisms. 

Except for solar radiation and mechanical trauma, no
precipitating factors inducing skin symptoms of varie-
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gate porphyria are known.31 Skin symptoms arise usually
after the second decade, and manifest every year in most
cases, declining during the fifth decade. In hereditary
coproporphyria, 35% of patients have acute attacks and
29% have skin symptoms.86

Porphyria cutanea tarda, which is the most common
porphyria worldwide,31 manifests after the fourth decade
with skin symptoms and chronic hepatopathy. It is asso-
ciated with many risk factors, such as mutations in the
HFE locus (often Cys282Tyr and His63Asp) associated
with haemochromatosis and certain polymorphisms in
cytochromes (CYP1A2) and the transferrin receptor 1
gene (TFRC), hepatitis C and HIV infections, excess
alcohol intake, and exposure to oestrogens in
women.7,25,87–91 Porphyria cutanea tarda has also been
reported in patients on haemodialysis for chronic renal
failure.92,93 Liver involvement in patients with porphyria
cutanea tarda varies from a mild rise in hepatic amino-
transferase concentrations to cirrhosis, which can
progress to hepatoma.76,94,95 Hepatic siderosis is a typical
finding in these patients, and iron has a key role in inhi-
bition of uroporphyrinogen decarboxylase (UROD), even
in individuals with hepatitis C and alcohol excess.25,87 The
amount of ferritin in serum is usually increased in most
patients, even in those without HFE mutations.25,87,88

Thus, these risk factors alone are not sufficient to induce
clinical manifestations of porphyria cutanea tarda. If a
mutation in the UROD gene is not identified, as in
familiar cases of this disorder (type II and III), other
genetic factors—currently unknown—are probably
needed for the phenotype of a sporadic type (type I).25,89,96

Of note, environmental toxic compounds can precipitate
non-hereditary porphyria cutanea tarda.97

Biochemical analyses for cutaneous hepatic porphyrias  
Plasma fluorescent spectrum is the best initial screening
test for cutaneous porphyrias.98 The presence of por-
phyrins in plasma, faeces, and urine is the prerequisite
for the clinical manifestations and histopathological
changes.17,32 Excretion profiles of urinary and faecal por-

phyrins are sensitive but unspecific in differentiating
porphyrias. Many liver diseases and heavy metal intoxi-
cations manifest as secondary porphyrinuria, which is
mainly coproporphyrin in origin.46,66

In patients with variegate porphyria and skin symp-
toms, increased excretion of faecal protoporphyrin and
urinary coproporphyrin is a constant finding.17,54

Diagnosis of this porphyria can be based on the typical
plasma porphyrin fluorescence (626 nm) and enhanced
faecal excretion of protoporphyrin (more than two-
fold).17,32,98 In urinalysis, coproporphyrin excretion exceeds
that of uroporphyrin, but it is only an additional investi-
gation in variegate porphyria to exclude porphyria
cutanea tarda.17,54,98 Measurements of lymphocyte proto-
porphyrinogen oxidase (PPOX) activity might overlap in
patients with variegate porphyria and their healthy family
members, so this enzyme activity cannot be the
only investigation for the diagnosis of variegate por-
phyria.80 Mutation screening in the PPOX gene is enough
to confirm the diagnosis at the symptom-free phase, but
biochemical analyses are mandatory to prove that skin
manifestations are caused by variegate porphyria.
Heterogeneity of the genotype in variegate porphyria
(table 1) limits the usefulness of DNA testing, and can be
used only if a mutation in the family is known. In varie-
gate porphyria, normal faecal excretion of protoporphyrin
(about 20% of patients) in adulthood predicts freedom
from both skin symptoms and acute attacks.17 A highly
raised urinary coproporpyrin concentration—eg, excre-
tion of more than 1000 nmol/day—predicts an increased
risk for skin symptoms, acute attacks, or both in variegate
porphyria.17,80

In patients with hereditary coproporphyria and skin
symptoms, high excretion of faecal coproporphyrin III,
frequently accompanied by increased urinary copro-
porphyrin excretion, and plasma fluorescence peak at
619 nm are the biochemical hallmarks of the disease.52

Coproporphyrinogen oxidase (CPOX) activity is usually
diminished and mutation screening can be used to
detect symptom-free patients in the family.16

Figure 2: Clinical manifestations of cutaneous porphyrias
(A) Blisters, erosions, and scars on the back of the hand of a patient with porphyria cutanea tarda. (B) Local oedema of the skin of the back of the hand in a 
patient with erythropoietic protoporphyria after sun exposure. (C) Thickening of dermal vessel walls and perivascular amorphous deposits in a biopsy specimen of
sun-exposed skin of a patient with erythropoietic protoporphyria (periodic acid-Schiff stain). Photos courtesy of Kaisa Timonen.
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In patients with porphyria cutanea tarda, excretion of
uroporphyrins (mean 100-fold) and 7-carboxyl por-
phyrin is greatly increased (table 4).32,33 Urinary excre-
tion of uroporphyrin, which is mainly isoform I,
exceeds vastly that of coproporphyrin I and III. Faecal
and urinary excretion of coproporphyrin is less exten-
sive in porphyria cutanea tarda than in hereditary copro-
porphyria, and faecal isocoproporphyrin is informative.
Faecal protoporphyrin measurement is normal in most
individuals with porphyria cutanea tarda. The plasma
porphyrin fluorescence assay is very sensitive, showing
a characteristic peak at 619 nm in the symptomatic
phase, but in remission it is usually negative.98

Erythrocyte UROD activity is reduced in 25% of patients
with porphyria cutanea tarda, suggesting familial type II
disorder. Mutation screening might be the only way to
screen symptom-free relatives in type III families who
have normal UROD activity in erythrocytes.25 In spo-
radic porphyria cutanea tarda (type I), only liver UROD
activity is diminished,99,100 and measurement from other
cells and mutation screening are useless. 

Treatment of chronic skin symptoms  
No specific treatment exists for the skin symptoms in
variegate porphyria and hereditary coproporphyria
(table 3).31,101 The only way to lessen skin symptoms is
long-term protection of the skin from solar radiation,
which can be achieved by avoiding sunshine with
clothes or with opaque sunscreen ointments. 

In porphyria cutanea tarda, predisposing factors, if
possible, should always be eliminated. Cessation of
alcohol intake or oestrogen use might result in clinical
and biochemical remission.84 Because iron loading is so
common, repeated phlebotomy is recommended for
most patients even without HFE mutations.25 Improve-
ment of clinical symptoms happens earlier than bio-
chemical remission, and phlebotomy should be
continued every week or biweekly around 6 months
until total porphyrin excretion falls close to normal.84

Excretion of porphyrins returns to normal usually
within a year but should be followed up yearly for
relapse. Chloroquine, which forms a unique complex
with porphyrins and enhances their excretion,102 is as
effective as phlebotomy but it should be administered
twice a week with a low dose to avoid acute hepatoxic
reactions and massive porphyrinuria (table 3).
Biochemical remission—eg, normal uroporphyrin
excretion—is important not only to alleviate skin symp-
toms but also to avoid development of hepatoma.95,103

Liver cirrhosis precedes malignant transformation,95 by
contrast with hepatoma shown in patients with acute
intermittent porphyria, who have no liver cirrhosis
before carcinoma.71

Symptoms of erythropoietic porphyrias 
Erythropoietic protoporphyria manifests with acute
photosensitivity from early spring to late summer

(table 3).31,104 Symptoms are usually present in early
childhood but they can manifest later in adult life.
Severity of the disease correlates with the amount of cir-
culating protoporphyrins,21,28,105 which originate mainly
from red cells. Characteristic skin symptoms include a
burning sensation, oedema, and erythema, which arise
immediately after sun exposure and resolve after a few
days of sun avoidance. Mild chronic changes, such as
pitting scars of the facial skin, perioral furrow-like scars,
and thickening of the skin of the knuckles, are generally
present. The histopathological changes of the skin are
similar but greater compared with other cutaneous por-
phyrias (figure 2).106 Mild anaemia with a microcytic
hypochromic blood film is generally present104 and fluo-
rescence-positive erythrocytes can be visualised in blood
smears.107 Of patients with erythropoietic proto-
porphyria, 20–30% manifest hepatopathy, which varies
from a mild increase of hepatic aminotransferases to
liver cirrhosis.21,104 Gallstones are common (10%) and
can be present in childhood. Fewer than 5% of patients
with erythropoietic protoporphyria manifest massive
deposits of protoporphyrins in hepatocytes and bile
canaliculi, which can result in rapidly progressive liver
failure.28,104 Although patients with gene defects causing
truncated proteins might be more vulnerable to liver
complications,21,22 no exact genotype-phenotype correla-
tion predicting liver damage has been reported. 

In congenital erythropoietic porphyria, clinical mani-
festations vary from hydrops fetalis to mild cutaneous
lesions in adulthood.104,108 Any source of light exposure
and minor skin trauma induces skin manifestations.
Most patients have severe photosensitivity, leading to
bullae, scarring, and ultimately, disfigurement of the
light-exposed parts of the body such as hands, ears, and
nose. Secondary infections of lesions can lead to scar-
ring and deformities. Erythrodontia and bone fragility
due to deposition of porphyrins and hypercellular bone
marrow can be present. Haemolysis and hypersplenism
indicate severely impaired haem metabolism in ery-
throcytes. Red urine in nappies that fluoresces provides
an easy bedside diagnosis of congenital erythropoietic
porphyria. Genotype-phenotype correlation has been
reported in this disorder, and the residual activity of
mutant polypeptides and porphyrin excess have impor-
tant roles in the severity of the disease.18,109

Biochemical analyses for erythropoietic porphyrias  
In erythropoietic protoporphyria, the main biochemical
abnormality is the massive increase of erythrocyte pro-
toporphyrin concentration exceeding 10–100-fold when
compared with the normal range.32,98 Plasma porphyrin
fluorescence assay shows a characteristic peak at 634
nm in symptomatic patients. Excretion of urinary por-
phyrins is usually normal, but faecal protoporphyrin
excretion can be increased in symptomatic patients.
Enhanced urinary excretion of coproporphyrins can
predict liver complications.104,110
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In patients with erythropoietic protoporphyria and
skin symptoms, ferrochelatase activity is reduced to
10–50% of normal when measured from patients’ ery-
throcytes or lymphocytes.28,111 Certain polymorphisms in
non-coding regions of the ferrochelatase gene associate
with the low enzyme activity in healthy controls, but
homozygous individuals for these polymorphisms do
not have erythropoietic protoporphyria.8 According to
the current theory, both alleles should be affected with a
polymorphism and a mutation before clinical manifesta-
tions of the disorder appear, and thus erythropoietic pro-
toporphyria acts like a recessive disease. Mutation
screening might reveal new symptom-free family mem-
bers, but DNA testing is unnecessary to confirm the dis-
order in symptomatic patients. 

In congenital erythropoietic porphyria, the biochem-
ical hallmark is accumulation of uroporphyrin I in ery-
throcytes, plasma, and urine.33,108 Urinary porphyrins
consist mainly of uroporphyrin I and to a lesser extent
coproporphyrin I, but porphyrin precursors are normal.
Faecal coproporphyrin, which is mainly isoform I, is
strikingly increased, but no isocoproporphyrin is
present. Erythrocytes contain large amounts of uropor-
phyrin I and coproporphyrin I accompanied by mildly
increased protoporphyrin concentrations. Plasma con-
tains mainly uroporphyrin and peak of fluorescence is
similar to that seen in patients with acute intermittent
porphyria, porphyria cutanea tarda, and hereditary
coproporphyria. Erythrocyte uroporphyrinogen III syn-
thase (UROS) is greatly diminished in symptomatic
patients, and measurement of enzyme activity can be
used to diagnose congenital erythropoietic porphyria.
Several mutations have been described in patients with
this disorder, and Cys73Arg/Cys73Arg homozygous
patients have the most severe clinical manifestations.18

Treatment of erythropoietic porphyrias  
In most patients with erythropoietic protoporphyria,
betacarotene raises tolerance to sunlight.104 It has no
effect on the level of protoporphyrin in plasma or ery-
throcytes but it quenches the formation of free radicals
during photoreaction of the skin. The clinical effect of
betacarotene is achieved concomitantly with caroteno-
dermia, which develops over 3–6 weeks. Treatment
should be started early enough—eg, 1 month before skin
symptoms are expected to arise. Wearing clothing and
opaque topical sunscreens against long-wave ultraviolet
(UV) radiation with high protection factor or UVB pho-
totherapy can be useful.104,110,112,113

No specific treatment to prevent liver complications
exists.31,104 Patients with high erythrocyte protopor-
phyrins should be followed up in 6–12 month intervals
because increased excretion of urinary coproporphyrins,
high erythrocyte protoporphyrins, and reduced excretion
of faecal protoporphyrins can predict liver failure.
Alcohol and drugs with hepatoxic and cholestatic effects
should be avoided. Management with colestyramine,

chenodeoxycholic acid, cysteine, and haematin and blood
transfusions has been tested but usefulness has not been
established.104 About 20 liver transplantations have been
undertaken, and this intervention is the best manage-
ment for severe liver disease in erythropoietic protopor-
phyria.114,115 Protection of the skin with a physical barrier
and modification of the intensity of theatre lighting are
recommended during surgery because of potential
phototoxic injury of intra-abdominal organs.104 Proto-
porphyrin-induced damage can develop in a transplanted
liver.

In congenital erythropoietic porphyria, bone-marrow
transplantation is the only specific way to alleviate clin-
ical manifestations.116 To date, seven patients have been
treated with this intervention and enhanced tolerance
for sunlight and reduction of excreted porphyrins have
been noted. Hepatosplenomegaly diminishes and
haematological findings return to normal.116–118 Up to
now, no follow-up data for these children exist after
puberty. 

In mild cases of congenital erythropoietic porphyria,
avoidance of sunlight and trauma of the skin is manda-
tory to prevent skin symptoms. Wearing clothes and
opaque topical sunscreens can be used. Splenectomy
alleviates haemolysis temporarily.116,117 Repeated red-cell
and haem transfusions suppress overproduction of por-
phyrins, and haematocrit (packed cell volume) should be
more than 0·33 in transfusion-dependent patients.

Homozygous porphyrias  
ALAD deficiency does not cause symptoms in heterozy-
gous patients but in the homozygous (or compound het-
erozygous) form it leads to a rare disease called ALAD
deficiency porphyria.119 The disease is rare (fewer than ten
patients reported) and manifests either in childhood or
later in adulthood. It is associated with severe neurolog-
ical symptoms, which have features of acute attacks.120

Raised urinary �-aminolaevulinate and coproporphyrin
excretion accompanied by low erythrocyte ALAD activity
diagnoses this porphyria. Identification of mutations con-
firms the diagnosis and helps in genetic counselling.
Treatment is the same as in acute attacks.120 Liver trans-
plantation in a patient had little effect on the symptoms or
biochemical picture of this disease.121

Porphyrias which manifest in a heterozygous state
arise rarely in a homozygous form. Five cases of acute
intermittent porphyria with chronic neurological symp-
toms such as mental retardation, ataxia, and convulsions
manifesting in early childhood have been reported.122,123

The orange colour of urine in nappies could indicate
abnormal porphyrinuria in these patients. Individuals
with homozygous variegate porphyria and hereditary
coproporphyria manifest with severe photosensitivity
accompanied by similar chronic neurological symp-
toms.124–126 Hepatoerythropoietic porphyria is a homozy-
gous form of UROD deficiency and manifests with severe
acute and chronic skin symptoms accompanied by
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haematological and hepatic abnormalities, which
resemble congenital erythropoietic porphyria.14,127,128

A common feature of these porphyrias is a moderately
increased protoporphyrin concentration in erythrocytes,
which is predominantly zinc protoporphyrin. If a child
has severe bullous photosensitivity, doctors should keep
in mind the possibility of a homozygous state of por-
phyria, even if no other relatives are known to have this
disorder.

For the future  
Biochemical tests are mandatory to prove the causality of
clinical symptoms of porphyrias, and DNA testing can be
undertaken during the quiescent phase of the disease.
Since early diagnosis and information about precipitating
factors diminish the morbidity and mortality of patients
with acute porphyrias, mutation screening is recom-
mended before puberty to identify patients before their
symptoms arise. Since increasing numbers of patients
with porphyrias are diagnosed with mutation detection,
more precise penetrance rates, genotype-phenotype corre-
lations, and predictive guidelines related to biochemical
analyses can be established.

The phenotype of acute porphyrias varies, even within
families, and penetrance could be affected by common
polymorphisms in human metabolism. The cause is
probably multifactorial and various genes—eg, those
related to tissue-specific uptake and excretion of por-
phyrins and their precursors from the liver and kidneys—
might affect the phenotype.23 Interactions of cytochrome
P450 haem enzymes, which lead to biotransformation of
many drugs, might have an important role in acute por-
phyrias.7 Increasing information about pharmacoge-
netics129 could provide useful knowledge about drugs that
are potentially dangerous to patients with acute por-
phyrias.41

Knowledge of gene-gene and gene-environment inter-
actions and protein networks from gene microarray and
proteomics technologies can provide more information
about intracellular mechanisms of porphyrias and linkage
to the other associated diseases. More precise knowledge
of pathogenetic mechanisms, using animal models and
clinical series, could provide novel therapeutic strategies
for porphyrias and their long-term complications.

Animal models, which have been established for sev-
eral porphyrias,130–133 mimic human porphyrias to some
extent. They have enabled new therapeutic experiments
to correct the enzyme deficiency in different tissues.134,135

Successful virus-mediated gene transfers have been
shown, and metabolic defects in patients’ cell lines or
mouse models have been corrected.134,136–140 Transfer of
naked DNA into hepatocytes has not been as effective as
viral gene transfer,141–143 but current viral vectors are not
tissue-specific and still far from clinical use because of
their potential carcinogenic and cytotoxic effects.144

Whether a specific enzyme therapy135 will correct the
intracellular absence of an enzyme remains to be seen. 
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