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The acute hepatic porphyrias
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Abstract: The acute hepatic porphyrias (AHP) are a group of four inherited diseases of heme biosynthesis.
They present with similar severe, episodic, acute neurovisceral symptoms due to abnormally elevated
levels of porphyrin precursors delta-aminolevulinic acid (ALA). Recently genetic screening indicates
that the prevalence of mutation carrier state is more common than previously thought, occurring in 1
in 1,500, though the clinical penetrance of symptomatic AHP is low at ~1%. Symptomatic attacks occur
primarily in females during their reproductive years. In an acute porphyria attack, the primary symptom is
abdominal pain, due to intestinal dysmotility from autonomic nerve injury. Other manifestations include
seizures, weakness and mood changes, point to injury involving peripheral and central nervous system.
Due to the non-specific nature of the symptoms and signs in AHP, the diagnosis is often delayed by many
years. The diagnosis of AHP depends on biochemical evidence of elevated ALA and PBG levels in urine
during symptomatic attacks. Genetic testing is used for confirmation of the gene involved and the exact
mutation. Treatment involves administration of heme, which downregulates production of ALA. Long-term

management centers on educating genetic carriers on avoiding triggers that increase the risk of acute attacks

and screening family members.
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Heme and porphyrias

Porphyrias are inherited disorders of heme biosynthesis.
Heme is an essential molecule that carries out a wide array
of functions necessary for aerobic life. It is the prosthetic
group for essential molecules including hemoglobin,
mitochondrial cytochromes and cytochrome P-450s. Heme
is synthesized through eight enzymatic steps, and mutations
that lead to defective activity in heme synthesis enzymes
result in the eight inherited porphyrias. As a result, there is
abnormal accumulation of the intermediates that precede
the enzyme deficiency. Symptoms for the porphyrias are
due to the specific intermediates that accumulate.

The acute hepatic porphyrias, acute intermittent
porphyria (AIP), variegate porphyria (VP), hereditary
coproporphyria (HCP) and 5-aminolevulinic acid
dehydratase deficiency porphyria (ALAD) all present with
similar episodic acute neurovisceral attacks due to abnormal
accumulation of the neurotoxic porphyrin precursors delta-
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aminolevulinic acid (ALA) and porphobilinogen (PBG).

The process of heme synthesis is shown in Figure 1.
The conversion of glycine and succinyl coenzyme A to
ALA by the mitochondrial enzyme ALA synthase (ALAS)
is the first and rate limiting step in heme synthesis. In
subsequent reactions, two molecules of ALA combine to
form the porphyrin precursor PBG. Four PBGs are linked
and cyclized to form the first porphyrin of the pathway,
uroporphyrinogen 1. Subsequent reactions in the pathway
produce porphyrin intermediates of progressively decreasing
water solubility until the formation of heme (Figure I). It’s
important to note that the first two intermediates, ALA
and PBG are porphyrin precursors, not porphyrins. The
excretion of the hydrophilic ALA, PBG, and uroporphyrin
are entirely in urine, whereas coproporphyrin is in both
urine and feces, and protoporphyrin only in feces.

Though all cells in the human body synthesize heme,
it is predominantly formed by erythroblasts in the bone
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Figure 1 The pathway of heme synthesis. Between the two arms of the pathway, depicting the isomer I and isomer III porphyrin, is a box

indicating the number of carboxyl substituents for each porphyrin. ALA, §-aminolevulinic acid; PBG, porphobilinogen; URO, uroporphyrin;

COPRO, coproporphyrin; PROTO, protoporphyrin.

marrow (75% to 80%) and hepatocytes in the liver (15%
to 20%). The regulation of heme synthesis differs in bone
marrow compared to other tissues. The rate-limiting step
for the pathway as a whole is formation of ALA by ALAS.
Two forms of ALAS are present. In non-erythroid cells,
including hepatocytes, the house-keeping gene ALASI
is expressed. ALASI is subject to feedback regulation by
heme to ensure that production of ALA is appropriate to
the demand for heme. ALAS?2 is the form found in bone
marrow and serves heme synthesis in erythroblasts for the
production of hemoglobin. ALAS?2 is regulated by iron,
rather than heme.

Pathophysiology of acute bepatic porphyrias

Porphyrin precursors, in particular ALA, are likely
neurotoxins (see below), whereas porphyrins are light
absorbing chemicals that act as photosensitizers, resulting
in skin damage. In VP and HCP, both porphyrin precursors
and porphyrins accumulate, and patients with these types
can present with both neurovisceral attacks and cutaneous
symptoms.

In AHP, the severity of the overproduction of
intermediates is dependent on the demand for heme. When
the need for heme production is low, ALASI typically
remains the rate-limiting step in the pathway even with
the presence of a partially defective enzyme downstream,
and there is minimal accumulation of heme intermediates.
Under inducing conditions that increase demand for heme
synthesis, ALAS1 expression increases, and the defective
enzymatic step becomes the rate-limiting step. With
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persistence of the demand for heme, ALAS1 expression
remains elevated, resulting in abnormal accumulation
of ALA and PBG. In HCP and VP, the accumulation
of coproporphyrinogen III and protoporphyrinogen
IX, respectively, inhibits the function of hepatic
hydroxymethylbilane synthase (HMBS, also known as PBG
deaminase) (1). This is the metabolic setting for an acute
attack of AHP.

While several hypotheses have been proposed regarding
the pathogenesis of episodic acute attacks in AHP patients,
including relative heme deficiency in nerve tissue, recent
data has pointed to excess circulating ALA as the etiology.

Several lines of evidence point to excess hepatic ALA
production as mediator of neurotoxicity in acute attacks.
First, acute attacks are always accompanied by elevated
plasma or urine ALA. Second, symptom relief after effective
therapy correlates with decreased ALA levels (2). Third,
in lead intoxication and hereditary tyrosinemia, two non-
porphyria conditions with identical symptoms to those
of AHP, ALA (but not PBQG) is elevated. In addition, a
clinical trial using recombinant HMBS enzyme caused
a rapid reduction in plasma PBG without affecting ALA
levels and had no effect on symptoms in AIP patients (3).
Fourth, liver transplantation, which has no effect on heme
synthesis deficiency in neurologic tissue, is curative for
AHPs (4). Lastly, domino liver transplantation of AIP livers
was sufficient to cause acute attacks in recipients who have
otherwise normal heme synthesis in neurologic tissue (5).

Two mechanisms of ALA induced neurotoxicity have
been postulated. The first is that ALA acts as a gamma-
aminobutyric acid (GABA) agonist. GABA is the main
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Table 1 Symptoms and signs in acute hepatic porphyria at

presentation

Symptom/signs Frequency (%)
Abdominal pain 74
Nausea, vomiting 73
Weakness 63
Constipation 60
Anxiety/Depression 55
Palpitations 50
Hypertension 40
Diarrhea 29
Sun sensitivity 20
Seizures 9

Data taken from Bonkovsky (37). The findings in hereditary
coproporphyria and variegate porphyria are similar (36).

inhibitory neurotransmitter in the central nervous system,
and GABA receptors are present in the myenteric plexus of
the intestines to regulate peristalsis and muscle tone. Iz vitro
studies support ALA signaling through GABA receptors,
which could lead to ileus like symptoms seen in acute
attacks (6,7). Furthermore, In vivo studies show that ALA
may induce GABA-mediated inhibition of melatonin release
from the pineal gland (8).

ALA may also act as a direct neurotoxin. In the presence
of iron, ALA undergoes oxidation to release oxygen radicals
(9,10), that can be directly damaging to nerves (11-15). In
vitro studies show that ALA induces neuron misfiring (16),
neuronal cell death (17), and diminished contraction and
muscle tone of isolated intestines (18). Injection of ALA in
vivo into rat ventricles can induce seizures (19). In people,
ALA administration has resulted in severe polyneuropathy
resembling symptoms of an acute attack (20).

Genetics

AIP, HCP and VP are autosomal dominant disorders with
low penetrance. ALAD porphyria is a very rare autosomal
recessive disorder with only 5 reported cases in the world
literature (21-24). Disease-causing mutations in AHP genes
typically result in at least 50% reduction of the activity
in the corresponding enzyme. While all AHPs are rare
diseases, recent population level genetic studies have shown
that the prevalence of genetic carrier state for AHPs is
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much higher than previously thought. Initial clues came
from a screen of healthy blood donors in France, where the
prevalence of disease-causing genetic mutations for acute
intermittent porphyria (AIP) was 1:1,650 (25). Two recent
large screens of genomic databases have reached a similar
mutation prevalence of 1:1,300 to 1:1,785 (26,27).

The vast majority of genetic carriers of AHP do not
experience symptomatic acute attacks in their lifetime.
Recent data from Europe estimate the incidence of
symptomatic AHP at ~0.5 per 100,000 (28). Based on this,
the estimated penetrance of symptomatic disease is ~1%
of AIP gene carriers (27) with HCP and VP thought to
be more often latent than AIP (29). The low penetrance
indicates the likely presence of additional factors that are
required for symptomatic manifestation of AHPs.

AHPs are present worldwide, though a few areas have
higher prevalence. The prevalence of AIP in northern
Scandinavia is unusually high due to a founder effect and
geographic isolation. In South Africa, the prevalence of
VP from the a single genotype is high in people of Dutch
ancestry (Afrikaners) due to a founder effect from one of the
original Dutch settlers in the late 17th century (30).

Rare cases of homozygous AIP have been reported,
which results in severely depressed HBMS activity to
~2-5% of normal. These cases typically present in early
childhood with severe neurologic and developmental
defects with rapid progression of symptoms are early death
(31,32). In South Africa, homozygosity for the founder
mutation is seen and associated with severe disease starting
in childhood (33). Compound heterozygous VP has also
been reported in a child with developmental and language
delay (34). Harderoporphyria is a variant of HCP and is
also an autosomal recessive disorder. Its manifestations are
markedly elevated urinary porphyrins and photosensitivity,
without acute neurovisceral attacks (35).

Clinical manifestations
Acute attacks

All four AHPs present with identical clinical symptoms of
episodic, severe neurovisceral attacks (36). Approximately
90% of symptomatic patients are female, and attacks
typically begin only after the onset of menses and are rare
after menopause. The most common symptoms are listed
in 7able 1. In an acute attack, patients present with severe
non-focal abdominal pain that is aching more often than
colicky. Nausea, vomiting and constipation are typically
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present. The symptoms buildup over the course of several
days rather than hours. The physical exam is usually normal
without abdominal guarding or rebound tenderness.
Laboratory tests may show hyponatremia, which can
be seen in up to 30% of acute attacks, but are otherwise
unremarkable [ref]. Abdominal imaging is normal except for
signs of ileus.

Neurologic symptoms are present in up to 70% of acute
attacks (36). The peripheral, autonomic and central nervous
system can all be affected. The most common symptom
is weakness which starts proximally and progresses
distally. Sensory disturbances such as paresthesias and
numbness occur in about half of the patients (38). The
rate of symptom progression is variable but can be rapid,
progressing to flaccid tetraplegia and respiratory paralysis
within days. Autonomic involvement including tachycardia
and hypertension are common. Central nervous system
involvement includes mental status changes ranging from
depression to delusions are seen in 50-75% of acute attacks
(36,39). Seizures are seen in up to 20% of acute attacks (36).

Recurrent acute attacks

The vast majority, at least 90%, of symptomatic AHP
patients experience only one or a few acute attacks in their
lifetime. However, a small percentage of symptomatic
AHP patients experience frequent recurrent attacks. These
patients are also usually women, some with attacks during
the luteal phase of their menstrual cycles. In addition to the
acute attack symptoms described above, more than 50%
of patients with frequent, recurrent attacks report chronic
daily neurologic symptoms, and 35% had a diagnosis of
neuropathy, outside of overt attack episodes (40,41). These
patients typically have persistently elevated levels of ALA
and PBG (42). It is unclear whether their chronic symptoms
are due to unrecovered neurologic damage from frequent
severe acute attacks or persistently elevated ALA.

Asymptomatic bigh excretors

Some individuals who carry an AHP mutation have
persistently elevated ALA and PBG but have never
experienced acute attack symptoms. This group of
asymptomatic high excretors (ASHE) may be at increased
risk, relative to mutation carriers with normal ALA, for an
acute attack or for chronic renal or hepatic injury (3,43).
Emerging data has also shown that these patients may have
chronic, subacute neurologic symptoms (44). Further study
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is needed to determine whether this is due to chronically

high circulating levels of ALA.

Diagnosis

Diagnosis of symptomatic AHP requires biochemical
testing. The hallmark of all acute attacks is elevated ALA in
the urine or plasma. In all AHP except ALAD porphyria,
PBG is also elevated. During acute attacks, both ALA
and PBG are at elevated at least 5-fold the upper limit of
normal. The levels are high enough that a random urine
sample is sufficient, and plasma or 24-hour urine collection
is not needed. It is important to note that since ALA and
PBG are porphyrin precursors they are not included in
tests of porphyrins, which typically measures fractionate
porphyrins.

Both ALA and PBG can be measured with high sensitivity
and specificity (45-47). Unfortunately, these tests are
performed only at large reference laboratories and results
take 1-2 weeks. Rapid, qualitative urine PBG tests have
been available since the 1950s (Watson-Schwartz test) (48),
but their clinical use has been limited because current
regulations limit its use certified laboratory technicians. No
other rapid tests for ALA or PBG are currently available to
most healthcare center.

For the majority of AHP patients, those who experience
only a few acute attacks in their lifetime, testing for urine
ALA and PBG is most useful during an acute attack. Unless
the patient has been treated with IV heme, testing for ALA
and PBG can be done days after the acute attack. Studies
of AIP patients showed that ALA and PBG can remain
elevated for many months to years in urine after an acute
attack (49). This is less so in HCP or VP, in which ALA
and PBG levels can fall quickly after an acute attack. When
testing is performed in sporatic AIP patients while they are
asymptomatic, 44% to 15% can have normal urine ALA
and PBG values (50,51). The same is likely true for HCP
and VP. In these patients, confirmatory testing may require
repeat testing during an acute attack.

In the small population of AHP patients with recurrent
acute attacks, ALA and PBG are typically elevated even at
baseline, in between acute attacks (42). In patients who have
frequent symptoms suggestive of acute attacks, normal ALA
and PBG levels likely rule out AHP as the etiology of the
symptoms.

Once the biochemical tests indicate AHP, confirmation
of the specific type of AHP is usually established by
genetic testing, with sequencing of the four genes ALAD,
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HMBS, CPOX and PPOX. When whole-gene sequencing
is performed, 95-99% of cases can be identified (52). Once
the proband mutation is defined, it is used to screen family
members.

While mutation analysis is the gold standard for
confirmation of diagnosis, it is not recommended for initial
screening. This is due to the low penetrance of AHPs. Even
in those with identification of a disease-causing mutation,
confirmation of whether symptoms are due to acute attacks
still requires biochemical testing.

Diagnosis of AHPs are frequently delayed, with the
average time from onset of symptomatic AHP to diagnosis
being 15 years in both the United States and Europe (37).
Because of this, AHP should be considered in any women
in their child-bearing years who presents with otherwise
unexplained recurrent, severe abdominal pain.

Differential diagnosis

While the differential diagnosis for patients presenting
with symptoms consistent with acute attacks is broad (36),
a few specific diagnosis are worth more detailed discussion.
Patients presenting with progressive weakness and
neuropathy should be evaluated for Guillain-Barré
syndrome (GBS). Some key differences include the lack
of severe abdominal pain and autonomic nervous system
involvement in GBS, and the lack of ascending paralysis
in acute attacks (53). The most important difference is the
presence in AHP of markedly elevated urine ALA and PBG,
which are normal in GBS.

There are two conditions which can also present with
elevated ALA levels and symptoms indistinguishable
from acute attacks (54). In lead intoxication, excess lead
inhibits the function of ALA dehydratase, the enzyme that
is defective in ALAD porphyria (55). Biochemical testing
shows isolated elevations of urine ALA but normal PBG,
which helps distinguish it from AIP, VP and HCP attacks.
Measuring the blood lead is definitive for diagnosis.

Hereditary tyrosinemia is an autosomal recessive
disorder of tyrosine catabolism due to mutations in the
fumarylacetoacetate hydrolase (FAH) gene. Patients with
defective FAH function have abnormal accumulation of
fumarylacetoacetate and succinyl acetone in hepatocytes
which inhibit ALA dehydrase (56). Biochemical testing
shows elevated ALA levels in the urine, but normal PBG.
Clinically, hereditary tyrosinemia manifests in infancy or
early childhood whereas AHP is rarely active before puberty
(57,58).
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Secondary coproporphyrinuria

A common mistake in the diagnostic workup for AHPs
is to screen for urine porphyrins, which do not include
the porphyrin precursors ALA and PBG. Many patients
without AHP show mild to moderate increases in urinary
porphyrins, in particular coproporphyrins I and III. This
is a nonspecific result that can be seen in a wide range
of conditions unrelated to AHP (59,60). The finding of
isolated secondary coproporphyrinuria is rarely evidence of

AHP.

Treatment

The mainstays of management during an acute attack are
elimination of triggering factors, treatment of the acute
symptoms, and therapy with intravenous heme.

Identification of known triggers of acute attacks

A number of conditions are known to induce heme synthesis
and the expression of ALAS1 in the liver, which can lead to
acute attacks. A mainstay in management of acute attacks is
identifying and eliminating inducers of acute attacks.

Medications that are known to induce synthesis of
cytochrome P450s are a well-known class of triggers for acute
attacks. Several drug safety databases are available with lists of
drugs (https://www.porphyriafoundation.com/drug-database;
https://www.drugs-porphyria.org) that are considered risky as
well as those that are thought to be safe (61).

Prolonged fasting also predisposes to acute attacks.
First attacks of acute porphyria have been reported during
a fast imposed by abdominal surgery or with extreme
measures for weight loss such as a highly restricted diet or
gastric bypass (62). Animal studies have shown that fasting
induces the expression of peroxisome proliferator-activated
receptor gamma coactivator 1-alpha (PGC-1a), which
induces the expression of ALASI (63). This is the basis for
giving carbohydrates to patients in an acute attack (64).
Conversely, there is no evidence that a diet with excess
carbohydrates protects against attacks. Instead, patients
who take extra carbohydrates for this purpose can develop
obesity. While exercise can affect caloric balance, it has
never been implicated in acute attacks.

Changes in ovarian hormone levels are another
possible inducer of attacks, with progestins likely more
porphyrogenic than estrogens (65). In some cases, the
attacks are recurrent and cyclic, occurring just prior to
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menstruation. Oral contraceptive use has been associated
with acute attacks and is not recommended in AHP. Low-
dose estrogen replacement therapy, on the other hand,
appears to be safe (65). Pregnancy is usually uneventful, but
acute attacks have been reported and may require treatment
with intravenous heme (65).

Treatment of acute attacks

Carbohydrate infusions should be started early, with a
goal of providing approximated 400 g of dextrose daily.
While this has not been tested in a controlled trial, clinical
experience indicates that it can result in symptomatic
improvement in the early stages of attacks (66).

Hyponatremia can be seen in up to 30% of acute attacks.
It may be due to hypovolemia secondary to prolonged
nausea and vomiting or to the syndrome of inappropriate
secretion of antidiuretic hormone (SIADH). This should
be corrected carefully with saline administration, with
precautions to minimize the risk of brainstem damage (67).
Autonomic symptoms including tachycardia and
hypertension are common and can be treated with
propranolol (68).

Intravenous heme is the only currently approved therapy
specific for acute attacks and should be started as soon
as possible (2,66,69-71). Heme rapidly down-regulates
ALASI expression in the liver, thus stopping the continued
accumulation of ALA and PBG. Symptomatic relief depends
on elimination of excess ALA and PBG and typically takes
48-72 hours. Recovery rate of neurologic symptoms can
vary, depending on the underlying pathology.

Heme can induce a chemical phlebitis when infused
into small veins (72), thus It is given by slow drip into a
large peripheral vein or central catheter. Reconstitution in
albumin solution can reduce the risk of phlebitis (72). In
Europe and most other countries, heme is complexed with
the amino acid arginine to form heme arginate, which is
stable in solution and marketed as Normosang (Orphan
Europe SARL, Paris, France). Orally administered heme
is degraded by intestinal heme oxygenase and is ineffective
(70,73).

Complications from heme therapy is rare outside
of phlebitis. Excessively high doses of heme can be
nephrotoxic (74) and hepatotoxic (75). Rare anaphylaxis has
been reported (76). With chronic administration, secondary
iron overload is a common issue. These patients should
be monitored with regular iron studies and treated with
phlebotomy or iron chelator therapy when the ferritin is
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>1,000 ng per mL.

Trreatment of recurvent attacks:

In recurrent attacks that appear linked to the menstrual
cycle, ovulatory suppression with gonadotropin-releasing
hormone (GnRH) agonists may be helpful (77,78). GnRH
agonists are peptides that have no demonstrable porphyria-
inducing activity (65,79). The main adverse effect is
menopausal symptoms, which are not tolerated by some
patients. Supplemental low-dose estrogen may be helpful
for those whose porphyria symptoms are improving on
treatment.

Patients who experience more than 3—4 attacks per year
should consider prophylactic hematin therapy (80-82).
Monitoring of ALA and PBG between attacks is helpful
for optimizing the timing of prophylactic hematin therapy.
Regular, long-term administration of hematin typically
requires the placement of an indwelling venous catheter
for access. Patients should be monitored for complications
related to chronic hematin administration such as iron
overload.

A novel therapy is in development for prevention of acute
attacks based on RNA-interference against ALASI. It uses
small interfering RNA molecules that target the mRNA
transcripts for ALAS1 specifically within hepatocytes to
down-regulate excessive ALA production. Preclinical studies
in a mouse model of AIP showed successful reduction of
urine ALA levels without any evidence of oversuppression
of heme synthesis (83). As of mid-2019, a phase I/II trial
with open-label extension and a phase III trial are ongoing
for attack prevention in patients experiencing at least
3 episodes annually. The data indicate a high degree of
efficacy with acceptable side-effects (40,42).

Patients with recurrent attacks often report symptoms
between episodes, which vary from pain and mild nausea
to chronic fatigue (84-86). Some live in constant fear of
the next acute flare and want pain medication on hand,
to take when they sense an attack building. Opioids are
discouraged in this situation because of the very high risk
of addiction. Other drugs for pain include gabapentin,
tricyclic antidepressants, and acetaminophen. Some
patients report benefit from marijuana, but others dislike
the central side effects. Non-euphoriant preparations
are under development that may expand the use of
cannabinoids for pain control. Anti-emetics (ondansetron,
promethazine and others) are often helpful and are safe
in porphyria. Anxiolytics such as alprazolam, if used at all,
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should be started in very small doses. Muscle relaxants
(benzodiazepines, carisoprodol) are avoided because of
addiction potential. Also, carisoprodol has been linked
to acute attacks. For patients taking opiates chronically,
consultation with a pain management specialist is
recommended.

Liver transplantation

In patients who have recurrent attacks and neurologic
progression despite intensive hematin therapy, liver
transplantation can be considered and is curative. To date
16 liver transplants have been reported (87,88). Liver
transplant rapidly normalizes ALA and PBG and resolves
acute symptoms (87). Recovery of neurological function,
however, has been variable, with long-standing deficits in
some cases showing little or no improvement. Quadriplegia
and respiratory paralysis are viewed as exclusionary for
liver transplantation. Due to the morbidity and mortality
associated with liver transplantation, it is considered as a
treatment of last resort.

Prognosis

Prior to the development of heme therapy, AHP patients
were at risk for increased mortality and severe neurological
complications (89). With improved recognition of acute
attacks, avoidance of known pharmacological triggers,
better critical care and heme treatment, the prognosis of
AHP has improved dramatically. Overall, patients can have
a good prognosis, especially if their disease remains latent
or when the diagnosis is made in a timely fashion, acute
attacks are managed rapidly, and future attacks prevented.

Despite this, AHP patients remain at risk for significant
morbidity. AHP patients with multiple recurrent attacks
may develop chronic pain. The pathogenesis for this is
unclear, but chronic neuropathy is likely part of the etiology
(16,90). These chronic symptoms may not respond to heme,
and referral to a pain management specialist may be helpful
for management of chronic neuropathic pain. AHP patients
with persistent chronic pain symptoms can develop severe
depression and anxiety, which is associated with an increased
risk for suicide, and may require psychiatric monitoring and
care (91).

AHP patients are at increased risk for chronic renal
disease (92,93). While systemic arterial hypertension usually
resolves after resolution of an acute attack, some patients
may develop chronic hypertension, which may be a cause
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of chronic renal damage. A common variant of peptide
transporter 2 (PEPT2), a transporter for ALA in the kidney
and brain, may predispose patients to develop chronic
renal disease in AHP patients (94). Asymptomatic patients
without elevated porphyrin precursors and porphyrins are
not at risk of chronic renal disease (95). Due to the high
prevalence of chronic kidney disease, serum creatinine and
eGFR should be monitored annually for all symptomatic
patients. Referral to a nephrologist is recommended if
hypertension is not controlled by first line treatment or
when renal dysfunction is first recognized.

AHP patients are also at higher risk for developing liver
complications. A significant portion of AHP patients have
increased serum transaminases during an acute attack 66.
Persistent elevations in serum transaminases are common
in patients who have recurrent attacks. AHP patients
may be at higher risk for developing cirrhosis than the
general population. AHP patients, especially females, are
at substantial risk for hepatocellular carcinoma (96,97).
The risk may be greatest in those with a history of active
porphyria (recurrent attacks and/or chronically elevated
ALA and PBG) or liver disease However, HCC can be seen
in patients with no history of liver disease and no clinical
findings suggestive of portal hypertension. A previous study
suggested that AHP genes may act as tumor suppressor
genes (98). In the tumors of two AHP patients who
developed HCC, a second mutation in trans to the already
mutated AHP gene was found. Liver function tests should
be checked in all patients at baseline. An initial abdominal
ultrasound and Fibroscan to screen for the presence of
advanced liver disease should be performed. Patients found
to have elevated liver enzymes or abnormal liver imaging
should be evaluated for concomitant liver disease. Those
with evidence of chronic liver injury should have cirrhosis
and HCC screening starting at age 50 using abdominal
imaging and serum alpha-fetoprotein (99).
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