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Seven steps to diagnose 
delta-aminolevulinic acid deficiency porphyria
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ABSTRACT
Delta-aminolevulinic acid dehydratase porphyria (ADP) is a rare cause of acute polyneuropathy. It should be part of 
the differential diagnosis in every patient presenting with polyneuropathy and elevated liver enzymes. Genetic, ac-
quired and environmental factors can play a role in the clinical manifestations and there are several steps in reaching 
the diagnosis. We present the case of a male patient with at least two possible causes for his symptoms, the diag-
nostic process and the outcome.
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CASE REPORTS

INTRODUCTION

Acute polyneuropathies are usually severe dis-
orders which require a rapid therapeutic interven-
tion. A successful treatment and a good prognosis 
of the patient are obviously dependent on a correct 
diagnosis. Porphyrias represent a group of meta-
bolic disorders (inherited or acquired) that result 
from the disruption of the heme biosynthetic path-
way due to a defi ciency of a specifi c enzyme. The 
most frequent is acute intermittent porphyria, but 
similar clinical aspect can be encountered in a more 
rare form, ADP, which is an acute hepatic porphyr-
ia that results from severe delta-aminolevulinic 
acid dehydratase (ALAD) defi ciency. 

CLINICAL CASE

A 32-year old, working in the IT fi eld, was re-
ferred to our Department of Neurology for a recent-
ly installed quadriparesis, in December 2015.

His medical history was non-relevant, excepting 
two tonic-clonic seizures with loss of conscious-

ness, one in 2013, not treated and the second in 
March 2015. The investigations undertaken in or-
der to identify a cause for those seizures (brain 
magnetic resonance imaging and electroencepha-
lography) were normal. In May 2015 he was hospi-
talised in an Internal Medicine Department for ab-
dominal pain and diarrhoea. Routine blood analysis 
showed mildly increased aminotransferases, an el-
evated direct bilirubin level and a mild lymphope-
nia. He tested negative for viral hepatitis. Systemic 
lupus erythematosus and hemochromatosis were 
ruled out. He was started on Levetiracetam for his 
seizures.

A month before coming to our Department, he 
was admitted in another hospital for abdominal 
pain, nausea, vomiting, diarrhoea and progressive 
weight loss during the previous three weeks. He 
had elevated liver enzymes (over 5 times the upper 
normal limit) and high indirect bilirubin (3.5 mg/
dl), but also severe anaemia (haemoglobin 5.5 g/
dl). Subsequently, he developed ascending pares-
thesias and motor weakness involving all four 
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limbs, with diminished deep tendon refl exes. The 
upper and lower gastrointestinal endoscopy and the 
abdominal computed tomography were normal. A 
lumbar puncture was performed, and cerebral spi-
nal fl uid analysis was unremarkable, and the patient 
was considered to have a Guillain-Barré syndrome 
(GBS) due to the acute ascending motor defi cit.

He has afterwards referred to our Department, 
for intravenous immunoglobulin G treatment. 
Upon admission, he had tetraparesis, more promi-
nent proximal than distal, generalized hypotonia, 
muscle atrophies, mostly in the girdles, and absent 
deep tendon refl exes; he was unable to walk or to 
stand up without help, he could not perform the ab-
duction of the arms, while the hands had a certain 
motility preserved (Fig. 1a, Fig. 1b).

FIGURE 1A. Amyotrophies of supraspinatus, infraspina-
tus and deltoid muscles.

FIGURE 1B. Maximal range of movement at the attempt 
to abduct the upper limbs. 

Blood analysis revealed slight hypochromic 
anaemia (haemoglobin 10 g/dL) and mildly elevat-
ed liver enzymes. Motor conduction studies re-
vealed low CMAP (compound muscle action po-
tential) amplitude in all examined nerves, with a 
slightly asymmetry for the peroneal nerves. The 
area of the CMAP and the conduction velocity were 
within normal limits and the latency in the right 
median nerve was a little increased. Sensory con-

duction studies showed SNAP (sensory nerve ac-
tion potential) amplitude in the lower limit of nor-
mal for the right peroneal nerve and right median 
nerve, with decreased velocity conduction for the 
latter. To sum up, the neuro-electrophysiological 
exam was suggestive of subacute severe predomi-
nantly motor axonal polyneuropathy (Fig. 2). A 
screening for vasculitis and infections (HIV, hepa-
titis B and C, syphilis) was negative.

FIGURE 2. Results of the motor and sensory NCSs 
(nerve conduction studies).

Taking all the above into consideration, we per-
formed blood and urine tests for porphyria; the re-
sults are detailed in Table 1. They were consistent 
with delta-aminolevulinic acid dehydratase por-
phyria. 

TABLE 1. Laboratory results.
Laboratory test Result Normal range

24-hour
urine

Porphobilinogen 2.28 mg 1.9 mg
Total porphyrins 1051.03 μg < 220 μg
Uroporphyrins 106.65 μg 15-50 μg
Coproporphyrins 944.38 μg 35-150 μg
Delta-aminolevulinic acid 30.75 mg < 6 mg

Blood ALAD 0.5 U/L > 14.5 U/L

During his stay in our Department, the patient 
received intravenous glucose and underwent phys-
ical therapy, which he continued after discharge. 
He returned for a follow-up two years later, being 
able to walk unassisted and with mild quadripare-



ROMANIAN JOURNAL OF NEUROLOGY – VOLUME XVI, NO. 4, 2017 177

sis. A repeated NCSs also showed slightly improve-
ment in both motor conduction velocities and am-
plitudes. We repeated the serum ALAD testing that 
showed a persistent low level.

DISCUSSION

The case is offering an opportunity to review the 
algorithm for diagnosing a motor defi cit involving 
all four limbs, with an acute onset and rapid pro-
gression. 

1. Facing such a patient the clinician has to de-
cide if the symptoms belong to an upper or lower 
motor neuron syndrome. Although this is easy to do 
in most of the cases, the preservation of deep ten-
don refl exes or a certain level of sensory defi cit as-
sociated to the lower motor neuron defi cit can 
sometimes mislead toward a central nervous sys-
tem involvement. Our patient had obviously a low-
er motor neuron involvement, with deep tendon 
refl exes diminished, no sensory involvement be-
side mild paresthesias. 

2. The onset was acute (evolving over a period
of days up to one month), with rapid progression, 
involving all four limbs. The distribution was sym-
metrical, but the limbs were affected proximal 
more than distal. Among the acute polyneuropa-
thies, GBS is the most frequent, but usually the 
classic Landry form begins distally, in the inferior 
limbs, and has an ascending course. Other con`s for 
GBS were the lack of pain and of proprioceptive 
sensory involvement, the absence of respiratory 
disturbances or of dysautonomic signs and symp-
toms despite the severity of the motor defi cit. Be-
cause there are also exceptions from this classic 
aspect, and the motor defi cit can start proximally in 
the inferior limbs, or the disease can begin in the 
superior limbs, the clinical aspect is not enough in 
order to differentiate GBS from other acute poly-
neuropathies. The CSF exam was not contributory, 
since the aspect was completely normal; CSF can 
be normal in the fi rst week and usually gets the typ-
ical albuminocytologic dissociation aspect by the 
second week. The spectrum of acute polyneuropa-
thies is very large, including acute episodes of 
chronic, demyelinating polyneuropathies, diphthe-
ria, vitamin B12 defi cit, Lyme disease, neuropathy 
of intensive care, different toxic substances, vascu-
litis or metabolic disorders such as porphyrias. 

Some of them are easy to exclude by the lack of 
medical history or of clinical context, but for the 
others we need further investigation.

3. The next mandatory step is the neuro-electro-
physiological examination (EMG), in order to dif-
ferentiate between a demyelinating and an axonal 
form of polyneuropathy. Our patient had a subacute 
(EMG was performed at almost 2 months from the 
onset), predominantly motor axonal polyneuropa-
thy, superior limbs being more affected. Although 
axonal forms are described in GBS syndrome, most 
of cases are demyelinating. The aspect of the EMG, 
combined with the other clinical signs beside the 
motor defi cit (seizures, abdominal pain, diarrhoea) 
and lab fi ndings (anaemia, elevated aminotrans-
ferases) pointed toward porphyria. 

4. Porphyrias are a group of metabolic disor-
ders, mostly inherited, characterized by different 
enzymatic defects along the pathway of heme bio-
synthesis. The lack of one enzyme leads to the ac-
cumulation of a certain heme precursor, either in 
the erythrocytes, or in the liver. Erythropoietic por-
phyrias have mainly dermatological manifesta-
tions, while the hepatic porphyrias lead to neuro-
logical signs and symptoms, with the exception of 
porphyria cutanea tarda. From the list of hepatic 
porphyrias leading to neurological dysfunction, he-
reditary coproporphyria and porphyria variegate 
also have cutaneous lesions, which were absent in 
our patient. This leaves us in the situation of search-
ing for either acute intermittent porphyria, or for an 
ALAD defi cit. The central nervous system involve-
ment is characterized by seizures and psychiatric 
manifestations (mainly behavioural changes, with 
agitation). The peripheral neuropathy is the last to 
appear (after the digestive and central nervous sys-
tem signs); it is mainly motor, affecting the upper 
limbs more proximal than distal, reaching its nadir 
one month after the onset of the attack. It is deter-
mined by the oxidative stress induced by the accu-
mulation of heme precursors combined with the 
energy failure due to the reduced heme production.1 
Clinical manifestations do not differ between these 
two types of porphyria, and the differential diagno-
sis is based entirely on lab fi ndings. 

5. ALAD, also called porphobilinogen synthase,
is involved in the second step of the heme synthesis 
pathway, forming porphobilinogen from two mole-
cules of delta-aminolevulinic acid, but the most fre-
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quent form is acute intermittent porphyria, caused 
by the defi ciency of porphobilinogen deaminase 
(Fig. 3).

If we take a look to the steps of the heme synthe-
sis pathway, we see that starting with acute inter-
mittent porphyria, all the types of porphyria should 
have both delta-aminolevulinic acid (ALA) and 
porphobilinogen (PBG) level increased, while in 
ALAD porphyria, the level of PBG is normal and 
only ALA is increased. In our patient urinary PBG 
was 2.28 mg/24 h, very slightly increased com-

pared to the normal upper limit of 1.9 mg/24 h, 
while ALA level was fi vefold increased, and this 
determined us to rule out acute intermittent por-
phyria and incline towards the rarer ALAD por-
phyria. We performed the serum dosage of ALA 
dehydratase, and the defi cit was confi rmed.

6. The last stage of the diagnostic work-up was
to identify the cause of ALAD defi ciency.

ALAD defi ciency may be caused by an autoso-
mal recessive disorder (ADP) or by a variety of fac-
tors, such as lead poisoning, hereditary tyrosinemia 
type 1, exposure to iron, trichloroethylene or sty-
rene; furthermore, it can also be associated with 
more frequent conditions such as diabetes mellitus, 
hemodialysis for chronic kidney disease, drugs that 
are metabolized via cytochrome P 450, smoking 
and alcoholism (2-5).

ADP is the rarest form of inherited porphyrias. 
The concept of ADP was fi rst introduced by Doss et 
al. in 1979, and since then only six cases have been 
confi rmed on a molecular level worldwide, all of 
them being males (6-12). Eleven ALAD gene mu-
tations have been identifi ed until the present mo-
ment (12-14). Five out of the six patients had com-
pound heterozygous mutations and were under the 
age of 20 at the onset of symptoms; the sixth pa-
tient had one heterozygous mutation, but also had a 
red cell line myeloproliferative disorder, which de-
creased the erythrocyte production of ALAD (6,9-
12).

Clinical manifestations depend on the level of 
ALAD (15,16). There is a physiologic excess of 
ALAD in contrast to all the other enzymes involved 
in the heme synthesis, therefore taking into consid-
eration the data reported in the literature so far, it 
appears that in order for a patient to have the specif-
ic symptoms, there has to be one of three scenarios: 
compound heterozygous mutations; one heterozy-
gous mutation with a precipitating factor; or, a se-
vere enough external factor (such as lead poisoning 
or alcohol intake) (10,17-19).

Since the genetic defect is so rare and diffi cult to 
prove, we looked for external factors able to pre-
cipitate an acute attack of porphyria and determine 
the acute polyneuropathy. At the beginning the pa-
tient and his family strongly denied alcohol con-
sumption and there was no history of concomitant 
medication with drugs metabolized via Cytochrome 
P 450; therefore, we looked for a possible lead poi-FIGURE 3. Heme synthesis pathway.
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soning. The results were striking, with very high 
levels of lead in serum and urine (Table 2).

TABLE 2. Lead levels in serum and urine.
Laboratory test Result Normal range
24 h urine Lead 354.75 μg N < 8 μg
Serum Lead 40.53 μg/dl N < 25 μg/dl

7. Where did the lead come from? The patient
fi nally admitted that he was a heavy drinker and 
that he drank mostly strong alcohol, manufactured 
in the countryside in a crafted boiler with lead 
jointing. We asked the family to take samples of the 
alcohol and of the fountain water from the country-
side home (where the patient spend most of the 

time) and we found out that the lead level was 
105.55 μg/l in the alcohol, and 8.45 μg/l in the 
fountain water, much above the admitted limits. 

CONCLUSION

We concluded that the underlying cause of the 
porphyria was a chronic exposure to lead and 
chronic alcohol ingestion. However, we cannot rule 
out a possible single heterozygous mutation of the 
ALAD gene, as the serum enzyme level was persis-
tently decreased two years after diagnosis, without 
apparent exposure to lead and with no reported al-
cohol intake.
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