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Long-Term Heme-Arginate Treatment in Acute Intermittent
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Abstract Acute intermittent porphyria (AIP) is an autoso-
mal dominant disorder of heme biosynthesis due to a
mutation in the porphobilinogen deaminase gene. The
mutation causes a deficiency in the porphobilinogen deami-
nase enzyme, thereby causing an accumulation of heme
precursors (d-aminolevulinic acid and porphobilinogen).
These neurotoxic heme precursors elicit acute neurovisceral
attacks, which can be treated with heme-arginate infusions.
Some patients require heme-arginate infusions on a regular
basis for many years, which ultimately leads to an iron
accumulation (increased serum ferritin and iron accumulation
in the liver, spleen, and bone marrow on MRI). We report
three AIP patients, who developed iron accumulation (with

serum ferritin up to 7,850 microgram/liter) due to multiple
heme-arginate infusions. We report for the first time that the
iron accumulation in these patients was associated with
fibrosis on liver histology.

Conclusion: Regular heme-arginate treatment in AIP
does not only lead to increased serum ferritin but may also
induce liver fibrosis. This should be taken into account,
when weighing the risks and benefits of repeated heme-
arginate treatment against the risk and benefits of treating
refractory AIP by liver transplantation.

Introduction

Acute intermittent porphyria (AIP) is an autosomal domi-
nant disorder of the heme biosynthesis pathway, resulting
from mutations in the gene of the porphobilinogen deami-
nase (PBGD), also called hydroxymethylbilane synthase
(HMBS; OMIM #609806). Patients suffer from acute
neurovisceral attacks with abdominal pain, nausea, vomit-
ing, and neuropsychiatric symptoms. These acute attacks,
which can be life-threatening, are commonly treated with
carbohydrate solutions and intravenous administration of
heme-arginate preparations (Puy et al. 2010). Heme-
arginate molecules contain the central iron molecule, the
reactive center of the heme molecule. Less than 10% of
patients develop recurrent attacks (Puy et al. 2010) and
therefore require heme-arginate preparations on a regular
basis for several years, which can result in progressive iron
overload. We present three AIP cases developing a distinct
iron overload secondary to the heme-arginate treatment,
complicated with the development of liver fibrosis, con-
firmed on pathology.
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Cases

Case 1

In 2000, a 42-year-old male patient was diagnosed with
AIP, based on clinical signs and increased urinary d-
aminolevulinic acid (ALA) and porphobilinogen (PBG),
later on confirmed by genetic analysis (HMBS mutations
c.517 C>T, p.173 P>W). Initially he suffered from
recurrent acute attacks every few months. In the following
years, he experienced a gradual increase of attack fre-
quency, with attacks occurring every 2–3 weeks by the year
2006. Acute attacks were treated with glucose and heme-
arginate infusions (3 mg/kg/day for 4 days). In May 2007
prophylactic treatment with heme-arginate infusions was
introduced on a weekly basis, which initially led to an
improvement of symptom control. Despite this regular
medical treatment, he experienced a further increase in
frequency of attacks the following years, severely affecting
his quality of life. As a result of the chronic treatment with
heme-arginate infusions, he developed a progressive iron
overload, with increasing ferritin levels (Fig. 1) and on MRI
reduced signal intensity of the spleen and liver on T1- and
T2-weighted images as sign of secondary hemochromatosis
(Fig. 2). Echocardiography showed a borderline left
ventricular function, but without evidence of myocardial
iron accumulation on MRI. Liver transaminases were
slightly elevated (<2� ULN) and liver synthetic capacity
remained normal (normal albumin and INR). Underlying
mutations in the HFE1 gene (C282Y, H63D) on chromo-
some 6p21 were excluded, pointing to the absence of a
genetic predisposition to hereditary hemochromatosis.

Treatment with phlebotomies was introduced in April
2009 in between acute attacks but was poorly tolerated
(recurrence of attacks immediately after the phlebotomies).
Eventually the patient was referred to our hospital for
orthotopic liver transplantation because of poor quality of

life, based on the frequent recurrence of acute attacks
despite maximal medical treatment and progressive hyper-
ferritinemia. In January 2014 he received a liver transplant.
Histological review of the explant liver showed diffuse
deposition of iron in the Kupffer cells and the hepatocytes
but surprisingly also showed a septal stage of fibrosis.
Currently the patient is doing well, without significant
posttransplantation complications.

Case 2

A female patient was diagnosed with AIP in 1973, at the age
of 38 years. In 2001 her medical history was complicated
with a breast carcinoma, which was treated with a mastec-
tomy followed by chemotherapy. Diagnosis of AIP was made
when she presented with severe back pain and dark-colored
urine. The diagnosis was confirmed by genetic analysis
(HMBS mutations c.181 ins G). Because of a high frequency
of acute attacks, she was started on weekly prophylactic
heme-arginate infusions in 1996 (200 mg/day). Despite this
intensive treatment, severe acute attacks continued at high
frequency. In addition, there was a progressive increase in
ferritin levels (Fig. 3) and transferrin saturation, with signs of
bone marrow iron deposition on MRI of the spine. The latter
was performed because of predominant back pain in a patient
with previous breast carcinoma. No evidence of metastasis
was found, but a clear iron deposition was detected. Liver
function remained normal. Underlying mutations in the
HFE1 gene (C282Y, H63D, S65C) on chromosome 6p21
were excluded. Heme-arginate administration was reduced
and monthly phlebotomies were started in 2010. Because of
persisting disabling attacks, the patient was eventually trans-
planted in August 2012. Pathological review of the explant
liver showed excessive iron deposition in the hepatocytes and

Fig. 1 Evolution of serum ferritin levels in case 1 (expressed in mg/L
– normal values: 13–150 mg/L). Arrow 1 introduction of heme-
arginate infusions. Arrow 2 introduction of weekly infusions

Fig. 2 T2-weighted image with signal intensity of the liver and
spleen lower than the signal in the paravertebral muscle, pointing to
iron accumulation in the liver and spleen
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Kupffer cells as well as advanced fibrosis with portoportal
fibrous septa (Fig. 4). The posttransplantation period was
complicated by a thrombosis of the hepatic artery, which was
treated with an immediate surgical thrombectomy, but
eventually she required a second transplant in November
2013. The patient is currently doing well.

Case 3

Another female patient was diagnosed with AIP in 1987 at
the age of 45 years, confirmed by urinary and genetic
analysis (HMBS mutations c.cgg-346-tgg, p.arg-116-trp,
R116W). Treatment with heme arginate was administered
on a regular basis for recurrent neurovisceral attacks from
2005, at 3 mg/kg/day (lifelong dose estimated at
40,000 mg). Biochemical follow-up revealed an asymptom-
atic elevation of ferritin levels up to 1904 mg/L. Mutations
in the HFE1 gene (C282Y, H63D, S65C) were excluded. In
2010, the patient was diagnosed with hepatocellular

carcinoma and treated with chemoembolization, followed
by a partial hepatectomy (segments IV, V, and VIII) in
2011. Liver function was normal up until this complication.
Histological review of the resection specimen showed
excessive iron deposition in the hepatocytes and advanced
fibrosis. Eventually the patient died in 2013, at the age of
70 years, of metastatic disease.

Discussion

We collected data of three illustrated cases of AIP patients
presenting with acute neurovisceral attacks on an almost
weekly basis and in need of frequent medical treatment. All
patients were treated during attacks with the classical dose
of 3–4 mg/kg of heme-arginate infusions per day and also
periodically received preventive treatment, for many years.
Secondary to this iron-loaded treatment, they developed
secondary hemochromatosis, both biochemically and on
imaging. For the first time, we report here that these ferritin
increases were associated with advanced fibrosis on liver
histology.

AIP is an autosomal dominant disorder of the heme
biosynthesis pathway. Mutations result in an enzyme
activity of approximately 50% of normal. More than 200
different mutations have been described in the gene
encoding porphobilinogen deaminase (PBGD), also called
hydroxymethylbilane synthase (HMBS) (Siegesmund et al.
2010). Prevalence of a mutant AIP gene is estimated at 1
per 500, but the penetrance of the disorder is incomplete
and the prevalence of symptomatic disease is estimated at
only 1–2 per 100,000 in Europe (Elder et al. 2013). The
reduced PBGD enzyme activity causes accumulation of
heme precursors ALA and PBG, which are neurotoxic and
cause the acute neurovisceral attacks. These acute attacks
are debilitating and may become life-threatening if unrec-

A B

Fig. 4 (a) Iron staining on liver resection specimen from case 2 (arrows: iron deposits in Kupffer cells). (b) Fibrosis on liver resection specimen
from case 2 (arrows: fibrous septum running from the upper left portal tract to the lower right portal tract)

Fig. 3 Evolution of serum ferritin levels in case 2 (expressed in mg/L
– normal values: women 10–140 mg/L). Arrow 1 introduction of
heme-arginate infusions. Arrow 2 start of phlebotomies
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ognized or left untreated. Most commonly patients present
with abdominal pain, but pain can also occur in the back or
thighs. Gastrointestinal dysmotility symptoms such as
nausea, vomiting, and constipation are also highly preva-
lent. In addition, a variety of neurological and psychiatric
symptoms can be associated with the attacks.

Diagnosis of AIP is based on clinical suspicion, with
first-line confirmation through high urinary ALA and PBG
during or shortly after acute attacks. Direct DNA sequenc-
ing has become the gold standard for diagnostic confirma-
tion and defining the underlying genetic defects. This also
allows counseling of family members, thereby preventing
attacks in those with latent disease (Puy et al. 2010; Herrick
and McColl 2005).

Treatment is primarily based on avoidance of precipitat-
ing factors that either induce production of ALA and PBG
or increase the demand for heme synthesis in the liver and
bone marrow. These precipitants include hormonal fluctua-
tions in women, porphyrinogenic drugs, infections, alcohol
use, smoking, and caloric deprivation (Badminton and
Elder 2002; Herrick and McColl 2005). In case of an acute
attack, treatment consists of intravenous administration of
carbohydrates (minimum of 300 g/day), heme-arginate
preparations (3 mg/kg heme arginate once daily for 4
days), and further supportive measures (e.g., pain treatment
with safe drugs). The intravenously administrated heme
inhibits the upregulation of ALA synthase in the liver
resulting in a dramatic reduction of urinary and plasma
ALA and PBG (Puy et al. 2010). Liver transplantation has
become a valid treatment option in selected patients with
recurrent attacks and significant disabling symptoms with
poor quality of life (Seth et al. 2007; Singal et al. 2014).

Less than 10% of patients show frequently recurring
attacks requiring medical treatment. In some of these
patients, prophylactic use of heme arginate – e.g., every
few weeks – is applied to prevent further attacks and
improve symptom control and therefore also quality of life.
In the literature, few complications of treatment with heme-
arginate administration have been reported. Aside from
anaphylactic reactions and local irritation of blood vessels
(with thrombophlebitis and progressive loss of venous
access), there are a few rare complications reported such as
renal failure and acute liver failure due to overdose
(Anderson et al. 2005; Frei et al. 2012). However, knowing
that a single dose of human heme arginate contains 22.7 mg
of iron (Puy et al. 2010; Siegesmund et al. 2010), there is
also a high risk of developing iron overload and secondary
hemochromatosis with related complications in the subgroup
of patients receiving repeated administration of heme
arginate over several years. Current literature is limited on
this matter, but AIP seems not to be directly associated with
fibrosis or cirrhosis in itself. Even in AIP patients developing
HCC, cirrhosis is rarely reported (Innala and Andersson

2011; Stewart 2012). Based on the current literature, it is
even suggested that patients diagnosed with HCC in a non-
cirrhotic liver should be screened for acute intermittent
porphyria (Deybach and Puy 2011). In the patients we report
here, the liver fibrosis we observed is most likely due to the
secondary hemochromatosis induced by years of treatment
with heme-arginate preparations. Other underlying causes of
liver fibrosis, such as chronic viral hepatitis, were excluded
on serology and on biopsies. To our knowledge, these are the
first patients described with fibrosis due to medical treatment
of acute AIP attacks with heme arginate. This implies the
necessity for close monitoring of ferritin levels in patients
receiving regular heme arginate and the need to screen for
related complications such as liver fibrosis/cirrhosis as well
as for extrahepatic complications (cardiac involvement,
diabetes, etc.). It remains unclear when treatment and
screening for complications should be started, although
applying the same guidelines as for hereditary hemochroma-
tosis and other forms of iron overload seems the most
appropriate (Siddique and Kowdley 2012; European Associ-
ation for the Study of the Liver 2010).

Conclusion

Chronic administration of heme arginate over many years
in AIP patients can result in secondary hemochromatosis
with liver fibrosis. Recurrence of acute neurovisceral
attacks in patients with AIP necessitates regular heme-
arginate infusion in less than 10% of AIP patients. This
subgroup appears to be at risk for evolution to secondary
hemochromatosis with associated complications, such as
liver fibrosis. Close monitoring of ferritin levels is needed
during follow-up, as well as screening for complications of
iron overload. Increasing ferritin levels are to be taken into
account when evaluating these patients for liver transplan-
tation, in addition to the standard considerations as are the
presence of repeated life-threatening acute attacks, failure
of medical therapy, and poor quality of life.

Synopsis

Regular treatment with heme arginate in AIP may lead to
iron overload and liver fibrosis.
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