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Female, 14-year-old
Acute intermittent porphyria
Abdominal pain ¢ hypertensive crisis ¢« hyponatremia ¢ vomiting

Genetics

Rare disease

Acute intermittent porphyria (AIP) is a rare genetic disease caused by the deficiency of porphobilinogen deam-
inase enzyme in the heme synthesis pathway. AIP is passed by autosomal dominant inheritance. Heterozygous
pathogenic variants in hydroxymethylbilane synthase (HMBS) are associated with AIP. Multisystemic manifes-
tations of acute neurovisceral features exist, which are quite challenging for diagnosis. Currently, few patients
worldwide have been reported with AIP. A small number of reports have been published in Thailand, but none
have been confirmed by molecular genetics diagnosis.

A 14-year-old female adolescent presented with severe intermittent abdominal pain, vomiting, seizure, poste-
rior reversible encephalopathy syndrome, syndrome of inappropriate antidiuretic hormone, and muscle weak-
ness, which are all classic phenotypes of an acute AIP attack. The patient received several investigations be-
fore AIP was suspected. High levels of urine porphobilinogen, high levels of urine aminolevulinic acid, and a
heterozygous known pathogenic variant in HMBS: ¢.517C>T (p.Arg173Trp) were identified. Therefore, AIP was
the definitive diagnosis. Then, Sanger sequencing testing was performed for the patient’s family; this variant
was found in her father, paternal grandmother, and sister, who were all asymptomatic (latent AIP). After the
AIP was confirmed, high carbohydrate loading was given as a standard treatment. She had a full recovery; her
clinical course of the attack episode lasted for 8 weeks.

An early diagnosis of AIP leads to prompt and specific treatment, which can shorten the duration of attacks,
prevent complications, reduce the cost of treatment, and reduce the mortality rate.

Porphobilinogen ¢ Porphyria, Acute Intermittent
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Background
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Case Report

Porphyria is a group of diseases that are related to a deficiency
of enzymes in the heme synthesis pathway, which leads to ac-
cumulation of porphyrin precursors. The varied clinical presen-
tations depend on each step of the enzyme defect. There are 2
main phenotypes: cutaneous and acute (hepatic) forms [1,2].
The true prevalence of porphyria is still unknown; however,
it estimated to affect around 1 in 5500 to 5800 people in the
United States and Europe [2].

Acute intermittent porphyria (AIP) is a common form of acute
porphyria and is caused by a deficiency of the porphobilino-
gen deaminase enzyme that converts porphobilinogen to hy-
droxymethylbilane, resulting in excess porphobilinogen and
aminolevulinic acid [3]. The classic symptoms include severe
unexplained abdominal pain accompanied by nausea, vom-
iting, or constipation; neurological attacks, such as epilepsy,
loss of sensation, and weakness; psychiatric symptoms, such
as agitation, depression, insomnia, psychosis, delusions, and
hallucinations; autonomic disturbances, such as hyperten-
sion and tachycardia; and abnormal sodium homeostasis [4].
Nevertheless, these symptoms are nonspecific and can be mim-
icked by other diseases. An acute attack is usually triggered
by stress, sleep deprivation, fasting, infections, some medica-
tions, and menstruation [4].

AIP is passed by autosomal dominant inheritance and classi-
fied as a rare genetic disease, with a prevalence of 1 in 185 000
symptomatic individuals with AIP in Europe [4,5]. It can be chal-
lenging to establish a diagnosis of AIP due to the nonspecific
clinical criteria and rarity of the disease.

Hydroxymethylbilane synthase (HMBS) is the only responsi-
ble gene for AIP [3]. While the prevalence of people who car-
ry a pathogenic or likely pathogenic variants is around 1 in
2000, or 100-fold higher than the prevalence of symptomat-
ic individuals [6], the penetrance that has been reported var-
ies from 1% to 38% [6,7]. The wide range of penetrance rais-
es concerns about the underdiagnosis of AIP and can lead to
lethal complications.

Here, we present a case of AIP in a female adolescent patient
who presented with classic features of an acute attack in AIP.
Fortunately, she finally received a definitive diagnosis by con-
firming a pathogenic variant in HMBS, after having numerous
investigations for her condition.

Our study was approved by the Human Research Ethics
Committee of the Faculty of Medicine, Thammasat University
No. 1 (MTU-EC-SA-1-236/62). Written informed consent was
obtained from each participant.
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A 14-year-old Thai girl of non-consanguineous healthy parents
was previously in good health, except for a history of febrile sei-
zure at the age of 2 years. She was born uneventfully at term,
with a birth weight of 3100 g. She had normal growth and de-
velopment. There was no family history of any medical illness.

Ten days prior to admission at our hospital, she developed
intermittent left lower quadrant abdominal pain with nausea
and vomiting 4 to 6 times a day. The vomitus was non-bilious
content. Seven days prior, she was brought to a local hospital
and received omeprazole, metoclopramide, and antacid sus-
pension treatment for gastritis and dyspepsia. However, she
did not respond to treatment, and her symptoms worsened:
she still had intractable intermittent abdominal pain, nausea,
and vomiting 5 to 6 times a day. Therefore, 3 days prior to
her referral, she was admitted to a general hospital. Her vom-
itus was only saliva because she was unable to eat or drink.
Gastritis with moderate dehydration was the diagnosis. The
treatment included 5% dextrose normal saline infusion, on-
dansetron, hyoscine butylbromide, and metoclopramide. Two
days prior to referral, she developed loose stools twice a day;
therefore, ceftriaxone was given as empirical treatment for en-
teritis. Then, 1 day prior to being referred, she had 2 episodes
of brief generalized tonic seizure, with around 1 min before
regaining consciousness. She was noticed to have high blood
pressure (130-150/100 mmHg) for the past 3 days while ad-
mitted. Therefore, she was referred to our university hospi-
tal for suspected hypertensive encephalopathy, accompanied
by severe intermittent abdominal pain and vomiting. She de-
nied any fever, skin rash, or functional change. She lost 5 kg
during these 10 days.

From the physical examination at our hospital, her vital signs
revealed high blood pressure of 157/113 mmHg, pulse rate of
132 beats/min, temperature of 37.6°C, and respiratory rate of
22 breaths/min. Her body weight was 40 kg, and her height
was 153 cm. She had good consciousness. Only mild tender-
ness at the suprapubic and left lower quadrant was noticed.
The face, heart, lungs, skin, and neurological examination
were all normal.

The initial differential diagnosis included acute poststrepto-
coccal glomerulonephritis, systemic lupus nephritis, thyrotox-
icosis, and pheochromocytoma. Therefore, initial laborato-
ry investigations were sent; the results are shown in Table 1.
Unexpectedly, the abnormalities were only mild hyponatremia,
hypophosphatemia, and hypomagnesemia, which were caused
by renal loss. The brain magnetic resonance imaging of T2 with
fluid-attenuated inversion recovery revealed evidence of pos-
terior reversible encephalopathy syndrome (PRES; Figure 1).
Abdominal magnetic resonance imaging revealed 2 lobulated
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Table 1. Initial laboratory results.

Laboratory Reference

test Result e Unit
CBC
W 121 115155 gdl
CHe 61 3648 %
CRBCcount 471 a6 0L
Mo 766 8095 o
mcH %7 2734 g
mcHe 36 3335 %
ROW 23 115144 %
WBCcount 85 411 10l
CNeutrophil 6740 4570 %
Clymphogte 1930 2540 %
Monogte 260 212 %
CEosinophil 040 18 %
CBasophl 030 o1 %
Plateletcount 29 140440 107l
Semmelectrolyte
Na 132() 136145 mmoll
e a5 3551 mmoll
« b= 99 98107  mmoll
0, 205 2132 mmoll
T 1235 718 mgd
o o0& 0613 mgd
e+ 89 8sl1 UL
N 22) 2549 mgdl
Mg 13() 1824 mgd

arterial hyper-enhancing masses with radiate fibrous septate
arising from the enhancing central scar at hepatic segment 4b
and 7, which were compatible with focal nodular hyperplasia.
Liver function tests and the alpha-fetoprotein level were with-
in the reference range.

She received the treatment for hypertensive encephalopathy
by nicardipine intravenous (i.v.) drip for 1 day, and was then
switched to oral propranolol and amlodipine. Ceftriaxone
was continually given for empirical treatment of enteri-
tis, and esomeprazole was given for dyspepsia. Her blood
pressure decreased to the upper normal range for her age
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Laboratory Reference

test Result i Unit
Liver function test
CTotalprotein 71 6482 | gdl
CAbumin 39 355 gdl
CGlobuln 32 2535 gd
Totalbilrubin 087 o1 mgd
Directbiliubin 027 | 002 mgdl
AT o4 1537 oL
At o 1278 oL
A &7 4116 oL
Curinalyss
CColor  Paleorange
Cspgr o2
Blod  Negatve
CProtein  Negatve
R 12 Cells/HPF
wec 35 Cells/HPF
CSqepithelum o1 Cells/HPF
ER 6 mmh
CANA Negatve
CAntidsDNA  Negative
= = 84 sgies
@ u2 1440
Casotiter 00 @0 umi
Anti-DnaseB 901 @0 wml
TS o711 uumi
CFreeTd 3
CFreeTs o
CurinevmA 71 uu/mi

* Value is based on our laboratory’s reference range.

(120-130/80-90 mmHg) on the second day after admission.
However, her abdominal pain persisted and constipation was
noticed since the last loose stool was 4 days ago; therefore,
polyethylene glycol was given.

Five days after admission, her blood pressure was in the nor-
mal range (110-120/70-80 mmHg), her abdominal pain was
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Figure 1. Magnetic resonance imaging of brain of T2/fluid-
attenuated inversion recovery revealed hyperintensity
at cortical and subcortical areas of parieto-occipital
lobes and cortical area of the left parietal lobe (arrow).

intermittent, she had no fever, and the bacterial cultures for
blood, urine, and stool were negative. She developed con-
fusion with proximal muscle weakness. Her blood chem-
istry showed severe hyponatremia, with a sodium level of
114 mmol/L, accompanied by euvolumia and high serum os-
molarity (275 mmol/kg), compared with urine osmolarity
(254 mmol/kg). Therefore, syndrome of inappropriate antidi-
uretic hormone (SIADH) was confirmed in this case of abdom-
inal pain and PRES, which led to suspected AIP at day 8 after
admission. The urine color change after exposure to sunlight
is shown in Figure 2. The biochemical tests revealed high urine
porphobilinogen, urine aminolevulinic acid, and serum ami-
nolevulinic acid dehydrogenase (Table 2). The treatment of
150 g of glucose infusion per day with 10% dextrose i.v., and
dextrin 40 g per day added in drinking water was given on day
8 after admission, with the caution of volume restriction for

Table 2. Specific blood results.

Laboratory test Result

Blood ALA-D 335 (1)
. UrinePBG es12()
© UrineAtA ;728N
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Figure 2. Fresh urine and urine after sunlight exposure, showing
the brown color (arrow).

SIADH. High Carbohydrate loading, at least 300 g per day, has
been the guideline standard treatment of AIP, with the aim of
inhibiting the heme synthesis pathway [4,8]. Apart from car-
bohydrate loading, other supportive treatments for abdomi-
nal pain, nausea, and vomiting were administered by opioid
analgesic, ondansetron, and diazepam.

After treatment for AIP was given, her clinical signs improved
(blood pressure 106-123/64-86 mmHg and heart rate 80-100
beats/min). There was no more abdominal pain, but the weak-
ness remained, and she developed depressive mood on day
12. At that time, her serum sodium level was 134 mmol/L (nor-
mal) and other blood chemistry results were in the reference
range. She was then discharged on day 14. Her muscle weak-
ness and depressive mood lasted for another 3 weeks, before
returning to normal at 8 weeks after the onset of the acute
attack. Her trigger may have been the fasting 12 h per day
that she had done 1 week prior to the onset of her symptoms.

A molecular genetic test was sent to establish the definitive di-
agnosis. The patient’s deoxyribonucleic acid (DNA) was sent to
a commercial laboratory for a gene panel of acute hepatic por-
phyria (ALAD, CPOX, HMBS, and PPOX). A heterozygous patho-
genic variant was identified in HMBS (NM_000190.3), ¢.517C>T

Reference range* Unit
108-299 U/mL erythrocytes
- o4 ugmt
e mgl

* Value is based on our laboratory’s reference range. ALA — aminolevulinic acid; ALA-D — aminolevulinic acid dehydrogenase;

PBG — porphobilinogen.
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Figure 3. Pedigree of the proband family, arrow indicates our
patient, positive (+) indicates the persons who carries
Argl73Trp variant, negative (-) indicates persons who
have a wild type, grey color indicates symptomatic
acute intermittent porphyria (AIP), and cross symbol
indicates latent AIP.

(p.Argl73Trp). This variant was observed in 2 in 156 386 al-
leles in gnomAD (available at https://gnomad.broadinstitute.
org) and in 0 in 6412 of the Thai Reference Exome Database
(available at https://trex.nbt.or.th). This was also reported as
pathogenic in the Human Gene Mutation Database (available
at http://www.hgmd.cf.ac.uk/ac/index.php).

Sanger sequencing was performed to confirm the patholog-
ic variant in our patient and all her available relatives, includ-
ing her parents, sister, and paternal grandparents, by using
genomic DNA extracted from their blood (Purgene® DNA ex-
traction kit). A specific primer was designed: forward 5’-cagc-
cagctagagagggaaa-3’, and reverse 5’-ggggatgactgtaaggcaga-3'.
The reference sequence NM_000190.3 of HMBS was used.
Polymerase chain reaction was performed, as was sequencing
by capillary electrophoresis. The patient’s pedigree and result
revealed this pathogenic variant in her father, paternal grand-
mother, and sister, as shown in Figures 3 and 4. However, all
of her family members have been asymptomatic (latent AIP).

She had another 1 to 2 acute attacks per year; however, prompt
and appropriate treatment was given; therefore, the later ep-
isodes lasted for only a few weeks. However, her renal func-
tion declined until the stage of chronic kidney disease; her
blood urea nitrogen and creatinine levels were 24 mg/dL and
1.9 mg/dL, respectively.
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Figure 4. Chromatograms show a heterozygous missense
pathogenic variant ¢.517C>T in HMBS in our patient,
her father, paternal grandmother, and sister.

Discussion

This case report of our patient is the first report of confirmed
molecular diagnosis of AIP in Thailand. She presented with
classic and complete features of AIP, starting with abdomi-
nal pain and vomiting, then developed hypertensive enceph-
alopathy, followed by SIADH, psychiatric issues, and muscle
weakness. If the prevalence of symptomatic AIP is around 1 in
200 000 individuals in the population [6], there are estimat-
ed to be more than 350 patients in Thailand. However, based
on our personal communication with all Thai geneticists and
researching all online publications, in which only biochemi-
cal tests were used for diagnosis, we determined that AIP has
been diagnosed in fewer than 5 patients [9-11]. It remains
difficult to infer whether the prevalence of AIP in Thai peo-
ple is lower than that in Europeans or if the diagnosis of AIP
has not been made.

Because AIP has multiple manifestations as neurovisceral symp-
toms, nearly all patients with acute attacks usually present
with serious abdominal pain. Several cases were diagnosed
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Table 3. Comparing clinical manifestation of Argl173Trp variants in an acute attack.

Our stud Greene-Davis et al Chen et al Indika et al Nunnemann et al
y 1997 [19] 2015 [21] 2018[12] 2020 [18]
Country Thailand Canada Chinese Taipei Sri Lanka Germany
Sex Female Female Male Male Female
Age of the first diagnosis 14 24 39 33 18
(years)
Inherited pathologic variant From her father From his mother
Presenting symptoms Abdominal Recurrent Intermittent Abdominal pain,
pain, vomiting, abdominal pain  severe abdominal vomiting and loss of
hypertensive with proximal pain, unexplained weight with u/d of
encephalopathy muscle weakness  tachycardia, and celiac disease
acute nephritis
Duration after the first 3 weeks 2 years 2 years (with 6
symptoms to get the hospitalization)
diagnosis
Neurovisceral symptoms
Seizure Present N/A GTC N/A N/A
Confusion Present Present
Abdominal pain Present N/A Present Present Present
Nausea/vomiting Present N/A N/A Present Present
Constipation Present
Hypertensive emergency
Muscle weakness Present N/A Present Present Present (severe to
tetraplegia, and
requiring ventilator
support)
Rhabdomyolysis
(CPK 48860 IU/L)
Hyponatremia Present N/A Present Present N/A
(lowest Na level; mmol/L) (114) (114)

with an acute surgical condition; however, there were nega-
tive surgical findings in these operations [10,12,13]. Other di-
agnoses that can mimic AIP include systemic lupus erythema-
tosus or autoimmune disease, as in our patient, Guillain-Barré
syndrome [14], inflammatory bowel disease [15], neurodegen-
erative diseases, and psychosis [16].

Hypertension and tachycardia are also classic symptoms of
an autonomic disturbance, which can be distinguished from
Cushing effect as a sign of increased intracranial hypertension.
PRES has been reported in fewer than 40 AIP patients with
acute attacks. More than 90% were in female patients and were
associated with seizure, as in our patient. PRES in AIP might
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not be caused by hypertensive encephalopathy but can be
from an accumulation of ALA, a neurotoxic substance [17-19].

Liver manifestations of AIP include elevation of serum ami-
notransferase, particularly in patients who have recurrent at-
tacks [20]. Additionally, the risk of hepatocellular carcinoma
is more common in symptomatic patients over the age of 60
years. However, the liver mass in our patient was compatible
with focal nodular hyperplasia, which was an incidental find-
ing. The treatment would be conservative, with clinical follow-
up, in asymptomatic patients.
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HMBS is on chromosome 11q23.3, which functions for synthe-
sis of porphobilinogen deaminase enzyme in the heme synthe-
sis pathway and contains 15 exons. The carrying of pathogen-
ic variants has no difference by sex; however, an acute attack
of AIP presents in women up to 5 times more than in men [5].
Additionally, the first episode usually presents after puberty,
suggesting a role of estrogens or progestin [1,4]. The typical
age of symptoms is between 18 and 40 years [21].

Currently, there have been more than 528 pathogenic/likely
pathogenic variants reported in HMBS, listed in the Human
Gene Mutation Database Professional. Our study focuses on 1
of the pathogenic missense variants of ¢.517C>T (p.Arg173Trp),
which has been reported previously by authors in many coun-
tries. Most reports have been from European countries [7,22,23],
and also, there has been 1 report each from Japan [24],
Taiwan [25], and Sri Lanka [12].

A series of genotype p.Arg173Trp demonstrated more pene-
trance intra-family (up to 38%), more recurrent attacks with
longer duration, more impaired renal function, and higher mor-
tality than other genotypes [7,26]. The clinical manifestations
of Arg173Trp variant in attacks are compared in Table 3. One
patient with this genotype had frequent recurrent attacks until
requiring liver transplantation for her treatment [27].

For a disease with such a low penetrance, although there is
an inherited pathogenic variant in HMBS, the patients with at-
tacks might be only index cases. However, a follow-up study of
nearly 40 years demonstrated that 5% of asymptomatic cas-
es of AIP could turn to symptomatic AIP [7]. Therefore, fami-
ly members who carry pathogenic variants should be aware
of the small possibility of developing symptoms throughout
their lifetime. Therefore, balancing between awareness and
over anxiety should be considered in genetic counseling. The
attacks usually occur after having some triggers. Therefore, af-
ter establishing the diagnosis, the guideline of avoiding trig-
gers is beneficial for the patient and family members who car-
ry pathologic variants.

The hemin infusion is a specific treatment for AIP, with effica-
cy in more than 85% of cases [28], resulting in faster resolu-
tion, lower incidence of complications, and shorter hospital-
ization, especially when given in the early stage of a moderate
to severe acute attack [4,29]. The mechanism is suppressed
alpha-aminoleuvunic acid synthase, whereby the level of ami-
noleuvunic acid and porphobilinogen are decreased. However,
hemin is not available in several countries, including Thailand.
Although, it can be ordered from abroad, the cost and dura-
tion of shipping are barriers. Hemin is also beneficial for pro-
phylaxis episodes in frequent recurrent attacks, classified as
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4 or more attacks that required hospitalization in 1 year [4].
The efficacy in recurrent attacks was found to be 68% [28];
however, thrombotic complications and iron overload need-
ed to be monitored.

The prognosis of acute attacks is good, with most patients with
AIP fully recovering; however, 5% to 20% of patients might
have morbidity and mortality, especially in undiagnosed, de-
layed, or inappropriate treatment [29]. The long-term sequel-
ae of AIP can be hepatocellular carcinoma, hypertension, and
chronic kidney disease. Tubulointerstitial lesions are the main
mechanism of renal disease, and rising creatinine levels are
observed after an AIP attack; therefore, the recommendations
are monitoring renal function, avoiding recurrent attacks, and
nephrotoxic medications [29]. Hepatocellular carcinoma was
observed with a prevalence of 21% to 27% in symptomatic
and latent AIP [29,30]. Therefore, the recommendation should
be screening by hepatic imaging (ultrasound) at 6-month in-
tervals for early detection of liver cancer, especially in patients
over 50 years old [31].

We would like to raise the awareness of considering AIP in the
differential diagnosis in patients with multiorgan symptoms.
The delay in diagnosis can cause over investigating and non-
specific treatment, which may not be effective and can lead
to lethal complications.

Conclusions

Because AIP is considered a rare disease due to its low inci-
dence and varying symptoms and manifestations that make
diagnosis challenging, this case report is aimed to improve
the awareness of medical practitioners. Earlier diagnosis of
AIP leads to prompt and specific treatment that can shorten
the duration of attacks, prevent complications, lower the cost
of treatment, and reduce the mortality rate.
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