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INVITED REVIEW ABSTRACT: The hepatic porphyrias are a group of rare metabolic disor-
ders characterized by enzymatic defects in the biosynthesis of heme, a
metalloporphyrin that is the principal product of porphyrin metabolism. The
hepatic porphyrias are genetically transmitted as autosomal-dominant dis-
orders with variable expression that produce a particularly severe form of
neuropathy. Most medical students readily recognize acute attacks of por-
phyria when the classic triad of abdominal pain, psychosis, and neuropathy
is present. Yet, porphyric neuropathy is a source of confusion in practice,
and patients with porphyria rarely receive the correct diagnosis early in the
course of the illness. Porphyric neuropathy is manifest by symptoms, signs,
and cerebrospinal fluid abnormalities resembling acute Guillain–Barré syn-
drome. However, accompanying psychological features, a proximal predi-
lection of asymmetric weakness, and electrodiagnostic findings indicative of
an axonal polyradiculopathy or neuronopathy all suggest the diagnosis of
porphyria. Confirmation of the diagnosis depends on use of appropriate
laboratory studies. The underlying pathophysiology of porphyric neuropathy
has not been established, but it may be related to direct neurotoxicity of
elevated levels of �-aminolevulinic acid. The severity of the neuropathy and
the availability of potential treatments, including avoidance of provocative
factors, make identification important.
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Relatively distinct forms of peripheral neuropathy
develop on occasion in association with certain types
of porphyria. The term “porphyria” is used to desig-
nate a group of rare metabolic disorders character-
ized by enzymatic defects in the biosynthesis of
porphyrinogens or in the transformation of porphy-
rinogens to heme, a metalloporphyrin that is the
principal product of porphyrin metabolism.66 Heme
acts as an oxygen carrier central to all biological
aerobic reactions involving the transfer of oxygen to
a substrate.62 Heme is incorporated into various pro-
teins, including hemoglobin and myoglobin, where
it is essential for aerobic metabolism and adenosine
triphosphate (ATP) production. As a prosthetic

group of the hepatic P450 microsomal cytochromes,
heme participates in the mitochondrial electron
transport chain responsible for the metabolism of
many substances, including numerous drugs. Many
of these same substances precipitate acute attacks of
porphyria. Hepatic synthesis of microsomal cyto-
chromes in the mitochondrial electron transport
chain can be induced by as much as 40–50-fold by
many common medications, including barbitu-
rates.8,78 During activation of the cytochrome P450
system, intracellular heme is incorporated into the
hepatic cytochromes, depleting reserves. As the
heme concentration decreases, �-aminolevulinic
acid (ALA) synthase is disinhibited and the porphy-
rin metabolic pathway is activated. During times of
increased heme synthesis, patients with porphyria
overproduce certain heme precursors, some of
which may be neurotoxic when present in excess
amounts. The specific enzyme deficiency predicts
which heme precursors accumulate excessively in
tissues and body fluids. These excessive heme pre-
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cursors are excreted in the urine, where they un-
dergo oxidation into pigmented porphyrins, and fe-
ces. In the urine, pigmented porphyrins produce the
dark red discoloration which is a characteristic of
some porphyrias.29 The metabolic defects, which
may at times result in excessive accumulation of
porphyrin precursors or porphyrins, produce several
clinical syndromes. Some of these syndromes in-
clude the development of neuropathy, the focus of
this review.

HISTORICAL REVIEW

One of the first descriptions of porphyria is believed
to be that of Ranking and Pardington near the end
of the 19th century.74 Shortly thereafter, Dobrschan-
sky recognized that barbiturates could produce at-
tacks of porphyria in susceptible individuals, a re-
markable observation for the time.21 Gunther, in
1911, described the constellation of skin photosen-
sitivity, abdominal pain, constipation, and vomiting,
which he attributed to a hereditary “congenital he-
matoporphyria.”36 The descriptor “porphyria” is re-
lated to the characteristic color of porphyrins. Por-
phyria is derived from porphuros, which is Greek for
purple. The descriptor is a misnomer for the under-
lying metabolic disorder because, depending on the
specific enzymatic defect, colorless porphyrin pre-
cursors are produced and excreted in excess, not
pigmented porphyrins. Porphyria is the result of
impaired porphyrinogen formation or impaired
heme biosynthesis, not excess porphyrin produc-
tion.26,78 During an attack, freshly voided urine may
initially be colorless. However, porphyrin precursors
are oxidized to pigmented porphyrins in the bladder
or after voiding, when the urine is in the open air
and ambient light.26,78 This reaction likely accounts
for tales of astute clinicians who diagnosed porphy-
ria after observing discolored urine that had been
placed in a transparent container on a windowsill. In
1937, Waldenstrom treated the urine of known por-
phyria patients and their relatives with Ehrlich’s re-
agent (p-dimethylaminobenzaldehyde), causing it to
turn red in the presence of excess porphyrin precur-
sors. Using this test, he was able to predict which of
the patient’s relatives could safely ingest barbiturates
based on whose urine reacted with Ehrlich’s reagent.
He proposed the dominant mode of inheritance that
is now established.

In retrospect, the porphyrias have an intriguing
history, romanticized by association with royalty, leg-
ends of vampires and werewolves, and famous indi-
viduals. MacAlpine and Hunter proposed that the
“insanity” of George William Frederick (George III,

King of England from 1760 to 1811) was attributed
to porphyria, accounting for his repeated episodes
of madness, abdominal pain, constipation, muscle
weakness, and dark urine.5,51,53 They presented the
argument that King George III signed the Stamp Act
during one such episode, thereby provoking the
American Revolution. MacAlpine and Hunter also
identified other royal family members who could be
affected and described two who were subjected to
diagnostic evaluations, the results of which sup-
ported the diagnosis of porphyria.52,53 MacAlpine
and Hunter speculated that the illness of King
George III could be traced to Mary, Queen of Scots,
and they coined the term “royal malady” to describe
the possible presence of porphyria within the genes
of royalty.53 Moore and colleagues suggested that
legends of werewolves and vampires may have re-
sulted from the existence of individuals with cutane-
ous porphyrias.62 Such individuals have deposition
of porphyrins in the skin and severe photosensitivity.
They exhibit an aversion to light, because light expo-
sure produces fragility of the skin, bullae, and hyper-
trichosis.12,76 Some have speculated that Vincent van
Gogh may have had porphyria, accounting for his ep-
isodic abdominal pain, seizures, and hallucinations,
which may have influenced his paintings.50

PORPHYRIN METABOLISM

Biosynthesis of heme (Fig. 1), the principal product
of porphyrin metabolism, begins in the mitochon-
dria, where succinyl coenzyme A combines with gly-
cine to form ALA.89 This reaction is catalyzed by the
enzyme ALA synthase, the rate-limiting step in heme
formation.67 ALA synthase is inhibited by the end-
product heme, in a form of direct negative feedback.
ALA synthase is also inhibited by pyridoxine defi-
ciency, as it is pyridoxine-dependent. ALA enters the
cytoplasm where the next steps in the biosynthesis of
heme occur. The first step involves conversion of two
ALA molecules into the basic pyrrole ring, porpho-
bilinogen, a reaction that is catalyzed by ALA dehy-
dratase. Four porphobilinogen molecules are con-
densed to form uroporphyrinogen, the initial
tetrapyrrole ring. Uroporphyrinogen synthase and
cosynthase, via an unstable intermediate, catalyze
this step. Uroporphyrinogen decarboxylase converts
uroporphyrinogen into coproporphyrinogen. Cop-
roporphyrinogen enters the mitochondria where it
is converted sequentially into protoporphyrinogen
and protoporphyrin IX, reactions catalyzed by cop-
roporphyrinogen oxidase and protoporphyrinogen
oxidase, respectively. The final step in the biosynthe-
sis of heme is the addition of iron by ferrochelatase.
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CLASSIFICATION AND LABORATORY FINDINGS

The different forms of porphyria are classified on
the bases of which tissues they preferentially affect or
where the metabolic defect occurs.66,81 The erythro-
poietic porphyrias include a group of disorders that
influence the production of red blood cells. These
porphyrias are manifest primarily by skin sensitivity.
They are not associated with adverse neurological
consequences and they will not be discussed in this
review. The acute hepatic porphyrias are so named
because the deficient biosynthetic step occurs in the
liver. The acute hepatic porphyrias consist of ALA
dehydratase deficiency, acute intermittent porphy-
ria, hereditary coproporphyria, variegate porphyria,
and porphyria cutanea tarda.35,66 All of the hepatic
porphyrias are associated with variable extrahepatic
gastrointestinal and neuropsychiatric manifesta-
tions, including neuropathy, except for porphyria
cutanea tarda. Porphyria cutanea tarda does not pro-
duce neurological manifestations and will not be
reviewed. ALA dehydratase deficiency is the least
common of the hepatic porphyries. It is the only

porphyric neuropathy to present in infancy, and the
only autosomal-recessive hepatic porphyria.94

The hepatic porphyrias can be classified using
the results of biochemical laboratory analyses. Acute
attacks of porphyria are associated with increased
production of heme precursors. The specific enzyme
deficiency associated with the various hepatic por-
phyrias predicts which heme precursors will be ex-
creted in excess, as metabolites upstream of the en-
zymatic defect accumulate.35 The initial step in the
evaluation of patients with suspected porphyric neu-
ropathy is to establish an abnormal excretion pattern
of urine and fecal porphyrins. Qualitative random
screening tests can be performed on the urine to
identify elevated porphobilinogen levels. This may
be followed by a 24-hour collection to assess porphy-
rin levels. The complete laboratory evaluation re-
quires quantitative analysis of ALA, porphobilino-
gen, and porphyrins in blood, urine, and feces, and
analyses of enzyme activities for specific enzyme de-
ficiencies of the heme-forming system (Table 1).27,52

The interpretation of laboratory results is at times
confusing, in part because of nonenzymatic metab-
olism of porphyrin precursors in the bladder and
because the analyses employed to identify abnormal
levels of heme precursors oxidize all porphyrinogens
to porphyrins. The distinction between hereditary
coproporphyria and variegate porphyria is deter-
mined by the relative amounts of coproporphyrin
and protoporphyrin present, not by some absolute
threshold amount. The difficulty in distinguishing
among hereditary coproporphyria and variegate por-
phyria is further complicated by nonenzymatic oxi-
dation of heme precursors along the heme pathway
and by the existence of patients who have combined
enzymatic defects.12

In acute attacks, heme metabolites are excreted
in the urine and feces in excess of the small residual
amounts normally excreted each day.52,90 The quan-
titative determination of excreted heme precursors
and their metabolites in 24-hour collections of urine
and feces is used to secure the diagnosis, and to help
establish which form of porphyria explains the ex-
cess excretion. For example, acute intermittent por-
phyria, the most common of the hepatic porphyrias,
occurs as the result of a partial deficiency or de-
creased activity of porphobilinogen deaminase.67

During an attack of acute intermittent porphyria,
urinary excretion levels of ALA and porphobilino-
gen are markedly elevated. In contrast, hereditary
coproporphyria results from decreased activity of
coproporphyrinogen oxidase. This deficiency pro-
duces marked elevations of urinary ALA and por-
phobilinogen during an attack. In distinction from

FIGURE 1. Heme biosynthesis from glycine and succinyl coen-
zyme A to heme, demonstrating the intracellular free heme pool
and its role in the feedback control of heme biosynthesis. ALA,
�-aminovulinic acid; PBG, porphobilinogen; AIP, acute intermit-
tent porphyria; HCP, hereditary coproporphyria; VP, variegate
porphria. (Reprinted from Albers,2 with permission.)
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acute intermittent porphyria, coproporphyrinogen
excretion levels are increased in urine and feces.
Variegate porphyria is associated with decreased pro-
toporphyrinogen oxidase activity,67 which results in
increased urinary excretion of ALA, porphobilino-
gen, and coproporphyrinogen during an attack. In
the feces, there may be mild elevation of copropor-
phyrinogen and marked elevation of protoporphy-
rinogen. Nevertheless, the laboratory abnormalities,
which remain the primary basis for diagnosis,35 fre-
quently overlap among the different porphyrias, and
the specific type of porphyria cannot always be accu-
rately determined. For a given patient with a hepatic
porphyria, heme precursors often are excreted in
urine and stool in normal amounts between attacks.
When elevated levels are found, they may be present
in confusing patterns.23

Enzyme determinations can be used to identify
and distinguish among the hepatic porphyrias, al-
though results also may be misleading.35 The activi-
ties of porphobilinogen deaminase (acute intermit-
tent porphyria) and coproporphyrinogen oxidase
(hereditary coproporphyria) can be measured in
erythrocytes, as the same pathway is present in the
erythropoietic line. It has been estimated that about
80% of patients with acute intermittent porphyria
have abnormal enzyme activity.63 Enzymes activity
also may be used to identify patients who are in the
latent stage of the disease when evaluated, as well as
to identify asymptomatic relatives who possess the
genetic defect.72 Among patients with variegate por-
phyria, there is a decreased protoporphyrinogen ox-
idase activity measured in cultured lymphoblasts.59

Enzyme activity among patients with variegate por-
phyria averages about 50% of referent values.59

Although a diagnosis of porphyria is unlikely if
excretion levels of heme precursors are normal dur-
ing an acute episode, not all patients who have ab-
normal levels have porphyria. Most patients referred
with a presumptive diagnosis of “porphyria” have
disorders associated with mild, nonspecific increases
in porphyrin excretion (secondary porphyrurias).9

Many conditions unrelated to the hepatic porphy-
rias, including, for example, diabetes mellitus, liver
disease, and iron-deficiency anemia, are associated
with overproduction and increased excretion of por-
phyrin precursors. In addition, porphyrin precursors
may be overproduced and overexcreted in relation
to some particular substance, another form of sec-
ondary porphyruria termed “intoxication” porphyr-
ia.8,22 Excessive ingestion of ethanol results in an
accumulation of iron, which inhibits uroporphyrino-
gen decarboxylase and thereby interferes with por-
phyrin metabolism.18 Similarly, numerous medica-
tions induce the hepatic cytochrome P450 system
and produce modest elevations of urinary copropor-
phyrinogen among normal individuals.26 There are
no clinical manifestations associated with the sec-
ondary or toxic porphyrurias. Correction of the un-
derlying problem or removal from exposure to the
offending substance results in a return to normal
porphyrin levels.97 However, additional laboratory
evaluations, including measurement of excretion of
heme precursors in feces, may be required to distin-
guish these patients from those with hereditary cop-
roporphyria.8

GENETIC FEATURES

The vast majority of inherited enzyme abnormalities
(e.g., Tay–Sachs disease and phenylketonuria) are
transmitted as autosomal-recessive traits. For such
disorders, a pathogenic threshold of biochemical
disturbance is crossed only when both alleles are
disturbed (by homozygous or compound heterozy-
gous mutations). It is not uncommon in such auto-
somal-recessive enzyme disorders for “residual en-
zyme function” to be less than 5%. Further, the vast
majority of inherited enzyme deficiencies are asymp-
tomatic in the heterozygous state. In contrast, three
of the four forms of hepatic porphyria associated
with neuropathy (acute intermittent porphyria, var-
iegate porphyria, and hereditary coproporphyria)
are unusual in that they are inherited enzyme disor-

Table 1. Characteristic patterns of abnormal levels of heme precursors in the urine and feces during an attack of hepatic porphyria.2

Type Enzyme deficiency Urine* Feces†

ALA dehydratase deficiency ALA dehydratase 1 ALA, Copro Normal
Acute intermittent Hydroxymethylbilane (also

called PBG deaminase)
1 ALA, PBG, Uro Normal

Hereditary coproporphyria Copro oxidase 1 ALA, PBG, Uro, Copro 1 Copro � Proto
Variegate porphyria Proto oxidase 1 ALA, PBG, Uro, Copro 1 Proto � Copro

ALA, �-aminolevulinic acid; Copro, coproporphyrinogen; PBG, porphobilinogen; Proto, protoporphyrinogen; Uro, uroporphyrinogen.
*Autoxidized in the bladder by nonenzymatic oxidation and during laboratory testing to all porphyrin heme precursors results in confusing profile that may vary.
†Fecal porphyrins provide the best means of distinguishing between hereditary coproporphyria and variegate porphyria.
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ders that are transmitted as autosomal-dominant
traits. Apparently, for these forms of porphyria, even
50% residual enzyme activity is insufficient to pre-
vent neuropathic levels of the specific heme-pathway
intermediates.

There have been considerable advances in our
understanding of the molecular basis of porphyrias.
Genes responsible for ALA dehydratase–deficient
porphyria (5 ALA dehydratase),38 acute intermittent
porphyria (hydroxymethylbilane synthase, also
called porphobilinogen deaminase),14,32,42,84,86 he-
reditary coproporphyria (coproporphyrinogen oxi-
dase),15,31,48,55,85 and variegate porphyria (protopor-
phyrinogen oxidase)19,58,96 have been mapped,
cloned, and disease-specific mutations identi-
fied.11,14,32,54,65,73,77,82,84,86,92,95 Still, for the vast major-
ity of subjects, laboratory diagnosis is based on bio-
chemical analysis of the pattern of excess porphyrin
and porphyrin precursors in plasma and urinary
concentrations. Nonetheless, definitive diagnosis of
a particular type of porphyria can be achieved by
demonstration of a disease-specific mutation in the
causative gene. Such studies are important because
there may be significant overlap between high-
heterozygote and low-normal values.17

As noted previously, ALA dehydratase–deficient
porphyria is different from the other forms of acute
hepatic porphyria associated with neuropathy be-
cause it is transmitted as an autosomal-recessive trait.
Although ALA dehydratase–deficient porphyria is
rare worldwide, the frequency of carriers in Sweden
was estimated to be about 2%.17 Desnick and associ-
ates emphasized that ALA dehydratase inhibition by
lead, styrene, and succinylacetone produced clinical
and laboratory signs similar to those of acute por-
phyria.17 For this reason, they recommend confirm-
ing the diagnosis of ALA dehydratase–deficient por-
phyria with adenosine diphosphate mutation
analysis. Five point mutations and a two-base dele-
tion of the ALA dehydratase gene have been report-
ed.17 Prenatal diagnosis of ALA dehydratase–defi-
cient porphyria is possible (although not yet
reported) by analysis of ALA dehydratase enzyme
activity or gene mutation in a chorionic villus sample
or amniocytes.17

Acute intermittent porphyria, probably the most
common type of genetic porphyria,41 occurs in all
ethnic groups but is most common in Scandinavia,
Britain, and Ireland.17 The prevalence of acute in-
termittent porphyria is estimated to be of the order
of 1 in 10,000 to 1 in 100,000 among the white
population.97 Acute intermittent porphyria is due to
mutations in the hydroxymethylbilane synthase (por-
phobilinogen deaminase) gene.17,41 The vast major-

ity of the more than 160 reported mutations are
restricted to the family in which they were discov-
ered.14,32–34,42,83,84,86 Two distinct mRNAs of porpho-
bilinogen deaminase are produced through alterna-
tive splicing, one of which is present only in
erythroid cells, whereas the other is expressed in all
tissues.33,34 Exon 1 is spliced out of the mRNA of the
erythroid enzyme; mutations involving this 5� region
may lead to a false-positive erythrocyte assay for por-
phobilinogen deaminase. Molecular defects also occur
in other portions of the gene, producing abnormal
hepatic and erythroid isoforms of porphobilinogen
deaminase.

It is important to note that approximately 90% of
subjects with hydroxymethylbilane synthase/por-
phobilinogen deaminase gene mutations are clini-
cally asymptomatic and do not have laboratory evi-
dence of acute intermittent porphyria.37,41,78 This
demonstrates the important role of other genes and
environmental factors, including diet, medications,
nutrition, and physical activity, in causing episodes
of acute intermittent porphyria, and underscores the
need to diagnose acute intermittent porphyria by a
combination of clinical and biochemical laboratory
findings rather than by the presence of hydroxy-
methylbilane synthase/porphobilinogen deaminase
gene mutation alone.

Hereditary coproporphyria is due to mutations in
the coproporphyrinogen oxidase gene. Although
usually transmitted as an autosomal-dominant disor-
der, homozygous affected subjects have been report-
ed.17 Many different coproporphyrinogen oxidase
mutations have been identified, and, as with other
types of porphyria, these mutations are almost always
unique to the family in which they were discovered.

Variegate porphyria is due to mutations in the
protoporphyrinogen oxidase gene. Although usually
an uncommon form of porphyria, variegate porphy-
ria has a high prevalence in South Africa, where it is
estimated that 0.3% of whites have variegate porphy-
ria.5 Kirsch et al. attributed the high prevalence of
variegate porphyria in South African whites to a
Dutch immigrant in 1688.13,17,24,43 One missense mu-
tation (R59W) has been identified as the common
mutation in South African variegate porphyria sub-
jects of Dutch descent.17 Many other mutations have
also been identified and are usually restricted to the
family in which they were discovered. Rare subjects
with homozygous mutations have been identified.
Such subjects have specific protoporphyrinogen ox-
idase mutations, which result in greater residual en-
zyme activity than those causing autosomal-domi-
nant variegate porphyria.
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CLINICAL FEATURES

Porphyric neuropathy occurs in association with
other features of an acute attack of hepatic porphy-
ria, not in isolation. Recognition of those more gen-
eral systemic features is important in considering the
diagnosis of porphyria.

General Features. The acute hepatic porphyrias,
with the exception of porphyria cutanea tarda, ex-
hibit similar systemic and neurological involvement
as prominent features of their clinical course. The
primary difference between the three disorders is
the presence of skin lesions among patients with
hereditary coproporphyria and variegate porphyria
but not with acute intermittent porphyria. The skin
lesions are related to deposition of photosensitive
porphyrins in the skin, producing bullae, increased
fragility, and hypertrichosis (Fig. 2).2,12,76 Neurolog-
ical involvement includes central and peripheral
nervous system manifestations, typically as part of a
discrete episode during an acute attack. The neuro-
logical features do not distinguish among the he-
patic porphyrias. Although the porphyrias are a
source of confusion for clinicians, this condition is
one that is readily recognized when presenting with
the classic triad of abdominal pain, psychosis, and
neuropathy. In practice, however, patients with por-
phyria rarely receive the correct diagnosis early in
the course of the illness, perhaps because of the
rarity of the disease and the sometimes vague clinical
presentations. Nevertheless, most attacks of porphy-
ria follow a predictive course. Attacks may be precip-

itated or promoted by many factors, the most impor-
tant being medications.60 Other situations that affect
porphyrin metabolism may exacerbate an attack. For
example, starvation states with reduced glucose con-
centration are important precipitants because glu-
cose inhibits ALA synthase.97 Hormone levels also
affect heme metabolism,97 and progesterone, estro-
gen, and testosterone all activate ALA synthase, likely
explaining why attacks of porphyria are rare prior to
puberty,97 and perhaps explaining why attacks are
more common in women. Despite the recognition of
numerous potential precipitants, the acute precipi-
tating event is only identified on occasion.

Attacks of porphyria typically begin with abdom-
inal pain, followed by psychiatric problems and
other central nervous system manifestations. The
abdominal pain is usually severe and the presenta-
tion dramatic, reflecting poorly localized visceral
pain with few physical findings other than a resting
tachycardia and possibly elevated blood pressure.
Constipation is usually present, often with nausea
with vomiting. The abdominal pain is sometimes
sufficient to require pain medications or to result in
exploratory surgery requiring anesthesia, both forms
of treatment that may sustain or exacerbate an at-
tack.76 The mental status and psychiatric manifesta-
tions that develop, either in association with the
abdominal pain or soon afterward, are nonspecific.
They include restlessness, insomnia, and agitation
followed by varying degrees of neurotic or hysterical
behaviors.76 A diagnoses of somatization disorder or
conversion reaction frequently is considered, based
on the psychiatric features and unremarkable ab-
dominal examination. These behaviors may result in
sedation with barbiturates or similar medications.
Barbiturates, of course, are among those medica-
tions that promote increased heme synthesis and a
resultant increase in heme precursors. Some pa-
tients develop mental status changes, delirium, and
hallucinations, and occasionally become coma-
tose.79,87 Generalized tonic–clonic or partial com-
plex seizures occur commonly during an acute por-
phyric attack. The central nervous system findings
resemble a posterior leukoencephalopathy, and the
most common focal deficit is cortical blindness sec-
ondary to occipital lobe infarctions.44

Neuropathy. The incidence of neuropathy among
patients with porphyria is unknown. Estimates of the
frequency of neuropathy, based on information de-
rived from patients diagnosed with porphyria (pre-
sumably because of porphyric attacks), suggest that
10–40% develop neuropathy.3,88 These percentages
do not account for the substantial number of asymp-

FIGURE 2. Photograph taken during an acute episode of quadri-
paresis, respiratory failure, and photodistribution skin lesions.
The skin lesions were characterized by mechanical fragility, mul-
tiple blisters and bullae, and rupture of bullae into open sores.
The patient had biochemical evidence of coproporphyria, al-
though a diagnosis of variegate porphyria could not be com-
pletely excluded. (Reprinted from Albers,2 with permission.)
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tomatic carriers (based on the known autosomal-
dominant transmission) or those patients who de-
velop porphyric neuropathy without being
diagnosed with porphyria. Although it is believed
that many patients with suspected Guillain–Barré
syndrome actually have porphyric neuropathy, no
patient among the 450 patients screened for the
North American study of plasmapheresis and acute
Guillain–Barré syndrome was excluded because of
porphyria.93

Porphyric neuropathy likely consists of a com-
bined autonomic neuropathy and a peripheral neu-
ropathy. It is generally thought that the abdominal
pain that heralds the onset of a porphyric attack
reflects an autonomic neuropathy producing de-
creased gastric motility, constipation, and pseudo-
obstruction. Other signs of autonomic neuropathy
include a resting tachycardia. Symptomatic ortho-
static hypotension may be present, but labile hyper-
tension is a more common finding. Episodic dia-
phoresis may occur.87 Rare patients develop urinary
and rectal sphincter incontinence.30 Autonomic
function testing may confirm severe autonomic dys-
function during the attacks,45,91 and porphyric auto-
nomic neuropathy may develop in isolation.91

Peripheral neuropathy, which can be severe and
life-threatening, develops after the onset of abdom-
inal pain, psychiatric abnormalities, and other cen-
tral nervous system manifestations.75 Among a series
of patients with porphyria, neuropathy developed
3–75 days after the onset of the abdominal pain.76 In
another series, 80% of patients who developed por-
phyric neuropathy did so within 1 month of devel-
oping abdominal pain.75 In general, once neuropa-
thy appears, it progresses to a maximum deficit over
approximately 1 month.78 At the nadir of illness,
there may be total quadriplegia and respiratory in-
sufficiency requiring ventilator support.

Several forms of porphyric neuropathy have been
reported, but the typical neuropathy is generally
considered to be a primary motor neuropathy,49

characterized clinically by weakness, areflexia, and
sensory symptoms with or without demonstrable sen-
sory loss.3,78,89 Laboratory abnormalities include evi-
dence of elevated total protein and normal cell
count in the cerebrospinal fluid. In the context of an
antecedent gastrointestinal illness, the combination
of an acute-onset motor neuropathy and areflexia,
respiratory insufficiency, and elevated cerebrospinal
fluid protein without pleocytosis suggest a diagnosis
of Guillain–Barré syndrome. Not surprisingly, the
diagnosis of porphyric neuropathy at times is not
considered until the second attack of neuropathy,
because recurrent Guillain–Barré syndrome is un-

common. Other features of porphyric neuropathy,
including labile hypertension and tachycardia sug-
gestive of an autonomic neuropathy, also are associ-
ated with the Guillain–Barré syndrome. Because of
the striking similarities between porphyric neuropa-
thy and Guillain–Barré syndrome, urine porphyrins
are examined routinely in clinical studies of inflam-
matory neuropathy.93

One apparent feature of porphyric neuropathy
that is atypical of most other forms of neuropathy is
the distribution of abnormality. In one series, about
50% of patients with porphyric neuropathy experi-
enced onset in the arms, and 80% had greatest
involvement in the proximal muscles.75 One-third of
the patients had onset in the legs; weakness was
greatest proximally in about 50%. The remaining
patients developed onset of weakness simultaneously
in the arms and legs. Asymmetric weakness was a
common finding. In the same series of patients with
porphyric neuropathy, a minority reported paresthe-
sias and sensory loss in a stocking-and-glove distribu-
tion or a proximal “bathing suit” distribution.75

In addition to Guillain–Barré syndrome, other
disorders producing a combination of symptoms and
signs similar to those of porphyric neuropathy in-
clude vasculitis, heavy metal intoxication, and polio-
myelitis.49 Vasculitic neuropathy is usually asymmet-
ric at onset, presenting as mononeuritis multiplex.
Laboratory evaluation for evidence of systemic vas-
culitis is helpful if positive, but peripheral nerve
biopsy may be required to establish the diagnosis.
Some reports of lead neuropathy resemble those of
porphyric neuropathy. As with porphyria, the neu-
ropathy associated with lead intoxication is thought
to have an acute onset, involves motor nerve fibers
more than sensory fibers, shows a multifocal distri-
bution, and involves the arms preferentially, often in
a proximal and asymmetric manner. Lead neuropa-
thy also has been associated with abnormalities in
the heme metabolic pathway and with abnormal
excretion of heme precursors. The disruption of
heme synthesis by lead is believed to contribute to
the syndrome of lead toxicity, including the periph-
eral neuropathy.18 Lead intoxication usually is sus-
pected by the clinical presentation and documented
by an elevated serum lead level.78 Whether lead neu-
ropathy is identical to porphyric neuropathy is un-
clear, as is the possibility that lead intoxication sim-
ply precipitates porphyric neuropathy among
susceptible individuals. Acute lead intoxication in-
terrupts later stages of porphyrin metabolism involv-
ing the formation of porphobilinogen.80 In lead neu-
ropathy, increased urinary excretion of ALA and
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coproporphyrin are thought to be a consequence of
ALA dehydratase inhibition.62

The prognosis for an attack of acute hepatic
porphyric is generally good, with rapid resolution of
abdominal pain, autonomic symptoms, and central
nervous system manifestations once the attack is
aborted. The neuropathy resolves much more slowly,
and recovery from the neuropathy depends on the
extent and magnitude of axonal degeneration. Re-
covery usually occurs over many months, often with
incomplete return of motor function. After repeated
attacks, cumulative deficits occur, as regeneration
may be incomplete, producing fixed weakness and
atrophy. The long-term prognosis depends on the
ability to prevent recurrent porphyric attacks with
prophylactic measures.

ELECTROPHYSIOLOGICAL FINDINGS

There are few electrodiagnostic evaluations of
groups of patients with confirmed porphyric neurop-
athy. Most reports describe patients with porphyric
neuropathy due to acute intermittent porphyria, the
most common hepatic porphyria in the USA. How-
ever, despite the variable findings even among re-
ports of neuropathy in acute intermittent porphyr-
ia,28,56,64,99 there is no firm evidence to suggest that
the neuropathies differ among the different forms of
hepatic porphyrias. More likely, differences in inter-
pretation reflect when the evaluations were per-
formed in relation to onset of neuropathy. Despite
these limitations, electrophysiological results have
been important in extending understanding of the
pathophysiology of porphyric neuropathy. Electrodi-
agnostic testing is also important in the evaluation of
the individual patient thought to have porphyric
neuropathy, or, more importantly, acute Guillain–
Barré syndrome. This is because the diagnosis of
porphyria may not be considered and the appropri-
ate laboratory evaluations requested until the elect-
rodiagnostic results appear atypical for Guillain–
Barré syndrome. Although there are no nerve
conduction study or needle electromyography find-
ings pathognomonic for porphyric neuropathy, the
distribution and type of abnormality will sometimes
suggest the diagnosis.

A retrospective review of patients who developed
an acute weakness ultimately attributed to acute in-
termittent porphyria indicated that the electrodiag-
nostic abnormalities were best explained by an acute
axonal neuropathy.3 Motor responses were generally
of low amplitude, but conduction velocities and dis-
tal latencies recorded during the initial phase of the
neuropathy were normal or only slightly abnormal.

The magnitude of conduction slowing was consistent
with the degree of axonal degeneration or with loss
of the fastest conducting motor fibers. No patient
showed evidence of partial conduction block, and
abnormal temporal dispersion of motor responses
was not seen.3 At times, the same nerves showing
motor abnormalities demonstrated relative or com-
plete sparing of sensory function. Needle electro-
myography demonstrated prominent fibrillation po-
tentials within several weeks of onset. The
abnormalities were most prominent in proximal
muscles, and sometimes more prominent in the
arms than legs, a finding consistent with the clinical
observations. Involvement was often multifocal, with
relative sparing of some muscles immediately adja-
cent to other muscles that showed profound abnor-
malities. During the first few weeks of weakness,
there were no motor unit abnormalities aside from
reduced recruitment. Patients studied during the
recovery phase showed evidence of ongoing reinner-
vation, characterized by high-amplitude, long-dura-
tion, polyphasic motor units.3 The electrophysiolog-
ical features of the porphyric neuropathy were
characterized as an acute axonal neuropathy or neu-
ronopathy with variable amounts (none to severe) of
sensory axon involvement.3 Importantly, the find-
ings were not those of an acquired demyelinating
neuropathy, and therefore atypical of those usually
obtained in Guillain–Barré syndrome. A small per-
centage of patients with Guillain–Barré syndrome
have an axonal form of neuropathy, and the findings
are indistinguishable from those of porphyric neu-
ropathy.

There also are reports of patients demonstrating
small-amplitude, rapidly recruited motor units in
proximal muscles.5 Although these findings are sug-
gestive of a proximal porphyric myopathy, the “myo-
pathic” motor units may represent selective involve-
ment of the terminal axons of motor units, possibly
due to failure of conduction or a functional impair-
ment of neuromuscular transmission. Electrophysio-
logical studies performed on patients with acute in-
termittent porphyria long after recovery from an
acute attack of neuropathy indicate that most pa-
tients recover completely, but a small percentage
continue to show evidence of a chronic neuropa-
thy.28

PATHOLOGY AND PATHOPHYSIOLOGY

The most consistent neuropathological feature of
porphyric neuropathy is axonal loss with wallerian
degeneration.16 Patchy areas of demyelination occur
in association with axonal disruption and, infre-
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quently, isolated demyelination.16 Pure sensory
nerves are frequently spared. Anterior horn cells
demonstrate central chromatolysis, consistent with
proximal axonal damage. On occasion, dorsal root
ganglion cells also show central chromatolysis. The
combined findings are consistent with the clinical
presentation of a predominantly motor neuropathy
of the axonal type. The findings suggestive of demy-
elination likely represent secondary demyelination
due to axonal degeneration.97 None of the changes
is specific, and a diagnosis of porphyric neuropathy
cannot be established by nerve biopsy.

The mechanism by which a defect in heme me-
tabolism produces neuropathy is unknown. Many of
the hypothesis were proposed to explain central ner-
vous system mechanisms, but most are, nonetheless,
relevant to neuropathy. One hypothesis proposes
that the metabolic abnormality in the heme pathway
is sufficiently severe to result in heme deficiency.
Heme is an essential component of the mitochon-
drial electron transport chain and critical to aerobic
metabolism and adenosine triphosphate (ATP) pro-
duction. Fast axonal transport is highly energy-
dependent, and diminished ATP availability could
disrupt this process and result in axonal death. This
mechanism is not unique to porphyria, however. In
opposition to this hypothesis, the intraneuronal
heme pool should not diminish during an acute
attack of hepatic porphyria, because there is little
cytochrome P450 activity in the nervous system and
ALA synthase should not be induced.70 Neuronal
aerobic metabolism therefore should not be com-
promised.68 Also, other conditions that impair heme
synthesis, such as iron deficiency, are not known to
produce similar syndromes.7 Another hypothesis is
that a reduced hepatic heme pool impairs metabo-
lism of substances known to precipitate porphyric
attacks. The impaired metabolism results in exces-
sive accumulation of the precipitant, thereby pro-
ducing the clinical manifestations of porphyria, in-
cluding a toxic neuropathy. This explanation seems
unlikely, given the wide range of identified precipi-
tants, which are unlikely to share a common neuro-
toxicity. Also, the neurotoxicity potential of the
known precipitants among patients without porphy-
ria is variable. An alternative hypothesis suggests
that, during an attack, heme precursors and their
metabolites increase to levels that are neurotoxic. It
is well known that many substances, including some
essential vitamins, are neurotoxic when present in a
sufficient dose. There is no evidence that attacks
occur without an elevation of heme precursors.7

Also, lead intoxication,98 which inhibits ALA dehy-

dratase and causes accumulation of ALA, is thought
to produce a neuropathy similar to that of porphyria.

If accumulation of heme precursors is important
in the pathogenesis of porphyric neuropathy, the
one precursor common to all the porphyrias is ALA
(Table 1). ALA does not ordinarily cross the blood–
brain or blood–nerve barriers. However, during an
attack, ALA appears in measurable quantities in the
cerebrospinal fluid, an observation of uncertain im-
portance.69 It remains uncertain how ALA produces
neuronal or axonal damage in the peripheral ner-
vous system.27 ALA is believed to be an endogenous
source of reactive oxygen species that can produce
oxidative damage to cell structures in general, and
there is experimental evidence that ALA induces
necrotic cell death of mouse astrocytes.40 The clini-
cal distribution of weakness involving proximal more
than distal muscles at onset of porphyric neuropathy
has been attributed to possible retrograde axonal
transport of some neurotoxic substance from the
distal motor axon to the motor neuron.5 Access at
the neuromuscular junction occurs because there is
no blood–nerve barrier at this site. If the heme
precursor is toxic to the neuron at the level of the
cell body, neurons innervating proximal muscles
would initially be affected in this model involving
retrograde axonal transport, explaining the proxi-
mal predilection seen in porphyric neuropathy.5

TREATMENT

Specific treatment of porphyric neuropathy includes
abortive and preventive therapies that treat the un-
derlying condition, not the neuropathy directly. The
first is treatment during the acute attack and the
second is prophylactic treatment between attacks.
Treatment during an attack can be further separated
into symptomatic treatment and disease-modifying
treatment directed at aborting the attack. The symp-
tomatic and supportive treatments of an acute por-
phyric attack include management of the many sys-
temic manifestations. These treatments have been
reviewed elsewhere and will not be addressed in this
review of porphyric neuropathy.89 Supportive treat-
ment includes opiates for pain control, monitoring
for and treatment of medical complications such as
hypertension and hyponatremia, and monitoring of
respiratory function.6 Many medications accentuate
or precipitate acute attacks, particularly those that
induce cytochrome P450 enzymes and therefore he-
patic heme precursors. Medications should be used
cautiously, selecting to the extent possible those be-
lieved to be safe in terms of accentuating porphyria.
Table 2 lists several medications that are generally
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considered safe for use during attacks of acute por-
phyria. Because of the availability of new medica-
tions, as well as accumulating experience with older
medications with regard to treatment of acute por-
phyria, it is important to consult current references
before initiating treatments; for example, organiza-
tions such as the American Porphyria Foundation
and the Welsh Medicines Information Centre, and
other publications and sources that maintain up-
dated information on the use of medications in por-
phyria.1,4,25

Patients with acute porphyric neuropathy, akin to
patients with dysautonomia due to Guillain–Barré
syndrome, may show dramatic or accentuated re-
sponse to hypertensive medications, and treatment
should begin at low doses using medications with a
short half-life.46,61 The hypertension and tachycardia
associated with acute porphyric neuropathy often
respond to propranolol or related medications. Hy-

dration is important as oral intake is often reduced.
The syndrome of inappropriate antidiuretic hor-
mone secretion occurs among patients with acute
porphyria, and close attention to electrolytes is war-
ranted with fluid management adjusted to maintain
adequate hydration without inducing hyponatre-
mia.6 Controlling the environment also is important.
It is important to recognize the potential photosen-
sitivity among patients with hereditary coproporphy-
ria or variegate porphyria, particularly those patients
admitted to an intensive care setting. Ideally the
patient should be provided a dark room.

The primary treatment of porphyric neuropathy
is directed at the underlying cause, recognizing that
there is no treatment that will rapidly reverse a neu-
ropathy cause by axonal degeneration. Maintaining
an adequate carbohydrate load is standard therapy
for a porphyric attack, because glucose inhibits ALA
synthase, the rate-limiting step in heme synthesis.
Patients who have satisfactory oral intake should
maintain a minimum of 2500 kcal per day, including
at least 300–400 grams of carbohydrates plus ade-
quate protein.9,46,61 Patients who are unable to main-
tain adequate oral intake require intravenous sup-
plementation. If carbohydrate loading does not
promptly relieve systemic symptoms of the acute at-
tack, intravenous heme is indicated.9 Because heme
is the major inhibitor of ALA synthase via feedback
inhibition, ALA synthase activity is markedly re-
duced, as is the production of porphyrin metabo-
lites, by hematin during an attack.10,20,47 Despite the
known pharmacological effects, the clinical response
to hematin treatment is controversial. However,
most but not all trials have shown clinical bene-
fit,57,71 although clinical improvement is difficult to
fully assess in a relapsing and remitting illness of this
type. Hematin is administered intravenously at a rec-
ommended dose of 4 mg/kg/day given once every
24 hours or in two divided doses each 12 hours for
4–14 days, depending upon response.46 After of a
full course of hematin, a rebound increase in por-
phyrin levels may occur. Some patients show a simi-
lar rebound, sometimes sufficient to precipitate a
second attack, after discontinuation of intravenous
glucose during the initial recovery stage of the at-
tack.

The treatment of the inducible porphyrias in-
volves prophylaxis of attacks of porphyria. This is
accomplished primarily by avoiding precipitating
factors, to the extent possible. Some carriers of the
abnormal genes associated with the hepatic porphy-
rias are vulnerable to a wide range of exogenous and
endogenous factors.66 Included among these factors
are medications, sex hormones, fasting, and alco-

Table 2. Examples of medications and substances reported to be
potentially safe, potentially unsafe, and unsafe for use in patients

with hepatic porphyria.1,2,4,25,97

Potentially safe* Potentially unsafe Unsafe

Acetaminophen
Acyclovir
Amantadine
Aspirin
Atropine
Beta blockers
Bromides
Cimetidine
Chloral hydrate
Chlorpromazine
Colchicine
Dopamine
Fentanyl
Gabapentin
Glucocorticoids
Haloperidol
Insulin
Narcotic analgesics
Neostigmine
Procaine
Penicillin
Phenothiazines
Propofo
lPropranolol
Reserpine
Serotonin reuptake

inhibitors
Streptomycin
Tetracycline
Vitamins

Agents inducing
cytochrome P450

Alkylating agents
Clonidine
Chloroquine
Estrogens
Erythromycin
Hydralazine
Ketamine
Lidocaine
Lidocaine
Methyldopa
Nalidixic acid
Nortryptyline
Pentazocine
Phenoxybenzamine
Rifampin
Spirolactone
Theophylline

Alcohol
Barbiturates
Calcium channel

blockers
Carbamazepine
Chloramphenicol
Chlorpropamide
Clonazepam
Danazol
Ketamine
Dapsone
Ergots
Felbamate
Griseofulvin
Halothane
Meprobamate
Phenytoin
Primidone
Progestins
Succinamides
Sulfonamides
Theophylline
Tolazamide
Tolbutamide
Tranquilizers
Trimethadone
Valproic acid

*Numerous medications are reported to precipitate acute attacks of
porphyria and all medications should be used with caution, weighing the
potential risk/benefit ratio, considering alternative treatment choices, and
consulting current sources of drug information.
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hol.35 Use of medications should be minimized and
limited to those known to be safe for patients with
porphyria. Table 2 lists some of the medications
reported to precipitate attacks of acute porphyria, as
well as certain other medications that are considered
to present an increased risk of inducing heme pre-
cursors. The table represents only a sample of the
available information, and updated sources should
be consulted whenever questions arise involving the
safety of any particular medication, because informa-
tion about the use of medications in porphyria
changes frequently as new information becomes
available. Periods of fasting or restricted carbohy-
drate intake should be avoided. Patients with varie-
gate porphyria and hereditary coproporphyria
should avoid sunlight and use appropriate topical
sunscreens to prevent the photosensitivity that oc-
curs with these forms of porphyria.6 Future treat-
ments of porphyria undoubtedly will include correc-
tion of the biochemical defect, and initial steps
toward gene therapy have already recently been
taken. Namely, porphobilinogen deaminase can be
expressed in human acute intermittent porphyria
fibroblasts, and nonviral gene delivery of plasmids
encoding porphobilinogen deaminase induced syn-
thesis of protoporphyrin in porphobilinogen deami-
nase–deficient human and mouse cells.39
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