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Abstract: Porphyrias are, for the most part, inherited disorders of the heme biosynthetic pathway which lead to accumulation of 
specific intermediates responsible for most of the symptoms and signs of biochemically active disease. Acute hepatic porphyrias 
usually come to clinical attention primarily in women in their reproductive years who present with episodic, severe, generalized 
abdominal pain. Such acute attacks may also be associated with tachycardia, systemic arterial hypertension, hyponatremia, recent 
history of dark reddish to brownish urine, and anxiety, delirium, and sensory or motor neuropathies. Diagnosing AHPs is often 
challenging, requiring a high index of suspicion and the appropriate testing showing elevated ALA and/or PBG in a random urine 
specimen. Obstacles to diagnosis include inappropriate testing for porphyrins only, inadequate sample handling, and ordering genetic 
testing as the initial diagnostic test. While some of these pitfalls in diagnosis are surmountable with current knowledge, others are in 
need of more research. 
Keywords: porphyria, diagnosis, porphyrins, ALA, PBG, misdiagnosis, obstacle to diagnosis, acute intermittent porphyria, secondary 
coproporphyrinuria

Introduction
Porphyrias are, for the most part, inherited disorders of the heme biosynthetic pathway. Heme is synthesized from glycine 
and succinyl-coA through a pathway (Figure 1) that involves eight enzymatic steps, and mutations along the pathway 
leading to reduced enzymatic activity result in inherited porphyrias, except X-linked protoporphyria (XLP) which is due 
to gain in function mutation.1 Accumulation of specific intermediates in the heme biosynthetic pathway is responsible for 
most of the symptoms and signs of biochemically active and clinically manifest porphyrias. Porphyrias are often 
classified as hepatic or erythropoietic, depending on the site of major over production and accumulation of the precursors 
of heme. Hepatic porphyrias are classified as acute or chronic, depending on clinical presentation. Acute hepatic 
porphyrias have an acute neurovisceral presentation. There are four acute hepatic porphyrias (AHP): acute intermittent 
porphyria (AIP); variegate porphyria (VP); hereditary coproporphyria (HCP); and 5-aminolevulinic acid dehydratase 
deficiency porphyria (ALAD). Approximately 90% of symptomatic AHP patients are women in their reproductive years, 
and the most common presentation is episodic severe, generalized abdominal pain. The diagnosis of AHPs is often 
missed, with a delay as long as 15 years from onset of symptomatic AHP to diagnosis.2 Fortunately, acute porphyrias 
causing such attacks can be diagnosed with a simple urine test that is sensitive and specific, namely, urinary measurement 
of 5-Aminolevulinic acid (ALA) and Porphobilinogen (PBG), normalized to urinary creatinine concentration, and 
effective treatments are available.
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Pathophysiology
All human cells have the capacity to synthesize heme, although it is predominantly produced in the bone marrow 
(75–80%) and a smaller amount in the hepatocytes (15–20%).4 The heme biosynthesis pathway is controlled by the 

Figure 1 The pathway of heme synthesis, showing pathway intermediates and end-product regulation by heme. The eight steps of heme synthesis (left columns) are shown with the 
enzyme (middle column) that catalyzes each step. The enzymes in bold face are the clinically most prevalent porphyrias. Acute intermittent porphyria is the most common acute hepatic 
porphyria. 
Note: Reprinted from New England Journal of Medicine, Bissell DM, Anderson KE, Bonkovsky HL. Porphyria. volume 377(9), pages 862–872. Copyright © (2017) 
Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.3
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first and rate-limiting enzyme, 5-aminolevulinic acid (ALA) synthase which exists in two isoforms; ALA Synthase 1 
and ALA Synthase 2. ALA Synthase 1, the isoform in the non-erythroid cells is subject to feedback regulation by 
heme. In AHP’s, ALA Synthase 1 is the-rate limiting enzyme despite other partial enzyme defects downstream. 
5-Aminolevulinic acid (ALA) accumulates during an acute attack and is thought to play a role in both acute and 
chronic pain.5 Other porphyrin intermediaries, which can accumulate in HCP or VP, absorb light from the visible 
spectrum and cause skin damage.

AIP, HCP, and VP are inherited as autosomal dominant disorders, while ALAD porphyria is an extremely rare (~10 
cases in the world) autosomal recessive disorder. Symptomatic AHP is seen in approximately 1:100,000 persons even 
though the genetic prevalence of its pathogenic variants is between 1 in 1300 and 1 in 1785 among Europeans and 
Americans.4,6 The vast majority of carriers of AHP mutations do not experience symptomatic acute attacks in their 
lifetime. HCP and VP are more often latent [without symptoms or signs] than AIP. These latent, asymptomatic HCP and 
VP patients have normal ALA and PBG levels. The low penetrance of symptomatic AHP underscores the role external 
factors play in precipitating an acute attack. Medications, especially those metabolized by the cytochrome P-450 system 
are the most common precipitants, along with other precipitants such as stress in the form of infection, surgery, starvation 
or crash dieting; excess alcohol intake, and progesterone, the latter accounting for the cyclical monthly acute attacks 
suffered by some women during the luteal phase of their menstrual cycle.

Clinical Presentation
AHPs have low clinical penetrance with the exception of ADP. Most subjects with HCP, VP and even AIP likely never 
experience an acute neurovisceral attack. Of the AHP’s HCP and VP can present with both neurovisceral and photo
cutaneous symptoms (due to accumulation of porphyrins).7 Neurovisceral attacks are characterized by severe, general
ized and poorly localized abdominal pain (cardinal symptom) often in association with nausea, vomiting, and 
constipation; central nervous system symptoms such as seizures and altered mental status; and, peripheral nervous 
system symptoms including limb paresis and peripheral neuropathy.8 The rate of progression of symptoms can be 
variable and progressive. Untreated patients can develop flaccid tetraplegia and rapidly develop respiratory paralysis 
requiring mechanical ventilation. Despite severe abdominal pain, physical examination typically reveals a non-focal 
abdominal exam since the pain is neuropathic in nature, guarding and rigidity are usually absent. These patients may 
present with an SIADH-like syndrome with hyponatremia. VP often and HCP rarely also manifest with cutaneous 
symptoms, typically blistering lesions seen primarily on sun-exposed areas.9,10 The non-specific nature of symptoms and 
physical examination findings as well as the overall rarity of AHP require a high index of suspicion by clinicians to think 
of the possibility of AHP and to obtain appropriate diagnostic testing.

The majority of symptomatic AHP patients typically have one or a few attacks throughout their lifetime. Less than 
5% of AHP patients experience frequent recurrent attacks with resultant chronic neurological symptoms, impaired quality 
of life and are at a higher risk of long-term complications of AHP. AHP patients are at risk of hepatocellular cancer, 
hypertension and chronic renal failure.

Diagnosis of Acute Hepatic Porphyrias
Early and accurate diagnosis of acute hepatic porphyrias starts with an astute clinician obtaining a focused and pertinent 
history, ordering the appropriate first-line screening biochemical tests, followed by confirmatory genetic testing if first- 
line testing is abnormal.

The symptoms, signs, and complications of AHP are thought to be due mainly to the accumulation of porphyrin 
precursors of the heme synthesis pathway; namely, ALA and PBG.7 Elevated ALA is the hallmark of all acute 
attacks of AHP. Therefore, the initial screening test of choice involves random urinary testing for ALA, PBG, and 
creatinine. Significant elevation of urinary PBG/creatinine is typically observed in AIP, HCP and VP. However, 
urinary PBG is normal in ALAD because the enzymatic defect in this extremely rare porphyria is upstream to the 
formation of PBG.11 ALA and PBG levels are elevated 5–50 fold during an acute attack. All urine samples should 
also have creatinine concentrations measured so that concentrations of analytes can be normalized to creatinine 
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concentrations, to adjust for variations in the degree of urinary dilution, such as with large doses of oral or IV fluids, 
which may have been administered.

Elevated urinary porphyrins can be seen in a variety of hepatobiliary or hematological diseases, recent alcohol use, 
concomitant drug therapy, infections, and others. It is also important to note that urine samples for porphyrins must be 
protected from light in order to yield accurate results.10,12 Urinary porphyrin level should be normalized per gram or per 
mmol of urine creatinine to help prevent false negatives in a dilute sample, and samples should best be collected during 
an acute attack and prior to treatment with IV heme or givosiran when ALA and PBG levels/ g creatinine are typically 
greater than ten times the upper limit of normal.9

In patients with positive screening results, confirmatory genetic testing to ascertain the type of AHP should be 
performed. Sequencing of the ALAD, HMBS, CPOX and PPOX genes identifies the proband mutation which can be 
used to screen family members.

A diagnosis of VP is suspected when screening urinary PBG is elevated, indicating the presence of AHP, in a patient 
with typical neurovisceral symptoms of AHP associated with blistering skin lesions. The diagnosis of VP would further 
be supported by analysis of plasma and fecal porphyrin, usually done using high performance liquid chromatography 
with fluorescence detection or mass spectrometry followed by genetic testing for a mutation in the protoporphyrinogen 
oxidase gene.13

Like VP, HCP diagnosis is suspected in patients with neurovisceral symptoms and photocutaneous lesions who 
have positive urinary ALA and PBG. The diagnosis of HCP can be distinguished from VP based on plasma and fecal 
porphyrin analysis. Typically, in VP, both plasma and stool porphyrins will be markedly elevated. In contrast, HCP is 
typically associated with markedly elevated fecal porphyrins, but normal or only slightly increased plasma 
porphyrins.14 Subsequently, genetic testing for a mutation in coproporphyrinogen oxidase gene will confirm the 
diagnosis of HCP.

Diagnostic Challenges and Clinical Perspectives
Early and definitive diagnosis of acute hepatic porphyrias (AHP) poses a diagnostic challenge due to their diverse and 
non-specific clinical presentation and the rarity of the disorders. Clinicians need to consider the diagnosis in the 
appropriate clinical setting and order appropriate diagnostic testing accordingly.

Diagnosis of AHP is based on high index of suspicion in patients presenting with unexplained recurrent 
generalized, poorly localized abdominal pain, especially in women in the age range of 15–50 years. While the 
vast majority of symptomatic AHP is seen in young females, men can also present with symptoms. Male gender 
alone is not a reason to exclude the diagnosis, especially when other work up has been unrevealing. Often clinicians 
disregard the diagnosis for lack of an identifiable trigger or precipitant. It is important to remember that such 
a trigger may not always be readily apparent in clinical practice. A positive family history of AHP is helpful in 
making a diagnosis, but most patients do not have a family history of porphyria. The lack of family history does not 
exclude the diagnosis of AIP, HCP and VP as they have autosomal dominant inheritance and the point mutation 
might have arisen de novo in the subject.

ALA and PBG are not porphyrins, but rather porphyrin precursors. Clinicians need to seek out and order the right test 
in the EMR when looking to make the diagnosis of AHP. Ordering only plasma or urinary porphyrins as a screening test 
is a common error. The test of choice is urinary ALA, PBG, and creatinine levels.

Measurement of urinary ALA, PBG and creatinine is most useful during an acute attack. A rapid urine PBG is the 
initial screening test whenever acute porphyria is suspected.15,16 To improve the bedside diagnosis of porphyria, 
recently a new rapid test for PBG (Teco Diagnostics) has been approved in the USA although it is not yet widely 
available. The lack of an easy and widely available, rapid point of care test for ALA and PBG is a barrier to diagnosis 
in a timely manner.

A quantitative test of the urine sample for PBG level and ALA level is confirmatory. A PBG level of >10 mg/g 
creatinine (normal <2–4) and ALA >10 mg/g creatinine is highly specific for acute porphyria.17 In AIP, Urine PBG and 
ALA levels can remain elevated for weeks to months after an acute attack and increase further during recurrent acute 
attacks.18 However, in HCP and VP, the ALA and PBG levels typically drop to normal soon after an attack abates. Such 
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patients may require a confirmatory testing during an acute attack and the timing of testing can pose a diagnostic 
challenge in patients with HCP and VP. Plasma emission fluorescence testing showing a peak at 626 nm is very specific 
in diagnosing VP, even in the absence of an attack.

The turnaround time for ALA and PBG is usually about 1–2 weeks as the test is only performed at large reference 
laboratories. This delay in obtaining the results in a timely manner is both a diagnostic challenge and a source of 
frustration for patients and physicians alike causing a delay in treatment at times.

Testing symptomatic family members may identify asymptomatic high excreters (ASHE), who have chroni
cally elevated levels of ALA and PBG, in the absence of any symptoms. This subgroup of ASHE patients are 
often started on treatment as patients with symptomatic AHP. This does pose a unique therapeutic dilemma as data 
is lacking about efficacy or need of treating patients who are ASHE. There is consensus that ASHE patients might 
be at an increased risk of developing chronic complications of AHP such as hepatocellular cancer and chronic 
renal failure.

PBG in urine exposed to air and/or light and at room temperature may be converted non-enzymatically to 
uroporphyrin 1. Therefore, in biochemically active AIP there may be an increase in urinary uro and copro porphyrin 
levels.19–21

In variegate porphyria (VP) there are elevated plasma porphyrins with peak emission fluorescence at 626 nm 
following excitation at 410nm along with raised fecal protoporphyrin and coproporphyrin.22,23 Unfortunately, in 
the USA, at least, many commercial or other reference laboratories do not perform this simple and useful plasma 
fluorescence test. It is performed routinely in the academic laboratory of Karl Anderson, MD, UTMB, Galveston, 
TX. Laboratory personnel are often not fully trained on sample handling and the importance of protection from 
sunlight, which leads to erroneous results. Urinary samples for ALA, PBG and porphyrins should be protected 
from light, wrapped in foil and refrigerated. Care should also be taken to transport the samples frozen.

In hereditary coproporphyria (HCP) fecal porphyrin, particularly coproporphyrin, is markedly elevated.23 The 
elevated urinary coproporphyrin may suggest HCP which should be confirmed with elevated plasma porphyrins 
and fecal coproporphyrin III. Patients find it tedious and unpleasant to collect a 24- or 72-hour stool sample. This 
can be overcome by laboratories accepting a random stool sample of at least 30 g. Patients with HCP and VP 
presenting with blistering skin lesions are sometimes misdiagnosed as porphyria cutanea tarda (PCT) in clinical 
practice.

If urinary ALA excretion in mg/g creatinine is elevated while that of PBG/creatinine is normal, ADP or an alternative 
diagnosis such as lead poisoning or hereditary tyrosinemia should be considered. Alcohol ingestion and P-450 inducing 
drugs may also increase urinary porphyrin excretion. Fecal porphyrins may be increased in patients with gastrointestinal 
bleeding or those who consume large amount of red meat.

Porphobilinogen deaminase (PBGD) activity is reduced in AIP patients and measurement of PBGD in red blood cells 
has been used as a diagnostic test. About 5–10% of bona fide AIP patients have normal RBC PBGD, because the 
mutation is found in the exon that is not expressed in RBC, but only in hepatic PBGD. Thus, RBC PBGD as 
a confirmatory test has now largely been superseded by genetic testing. Yet, there are instances in which genetic testing 
has not revealed a pathogenic mutation, RBC PBGD is low and patients clearly do have AIP.

Genetic testing is used to confirm the diagnosis of AHP in patients with biochemical evidence of disease and 
identify the specific type of AHP. Genetic sequencing of the 4 genes ALAD, HMBS, CPOX, and PPOX helps 
diagnose ALAD, AIP, HCP and VP, respectively. Unveiling of known pathogenic mutations can be used to identify 
carriers among family members of the proband case.24 The recent easy availability of genetic testing and its use in 
diagnosing patients and family members with symptoms suggestive of AHP raises a new set of diagnostic dilemmas. 
Genetic sequencing of the culprit genes often reports variants of uncertain significance (VUS) or lack of reported 
pathogenic mutations even in patients with biochemical evidence of AHP. Such cases need to be referred to centers 
of excellence for confirmatory testing. The finding of a VUS in a patient with lack of biochemical evidence of 
disease raises more questions than it answers. There is no consensus on how to manage patients with VUS or 
pathogenic mutations with no biochemical evidence of disease. Genetic testing should not be used as first-line 
testing for suspected AHP.
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Secondary porphyrinuria: In secondary porphyrinuria, conditions unrelated to porphyria may result in raised urinary 
levels of porphyrins. In some hepatobiliary disorders, etc, as described above, coproporphyrins are raised in urine as there 
is a decrease in the biliary excretion of porphyrins. Alcohol and P-450 inducing drugs may cause increase in urine 
porphyrin level by inhibiting organic anion transporters which normally transport porphyrins specially coproporphyrins 
into bile.25,26 These disorders show normal or only minimally elevated levels of ALA-PBG which helps distinguish 
secondary porphyrinuria from acute porphyrias.

Improving Clinical Management
Hemin is currently approved treatment for acute attacks, and givosiran is approved for patients with recurrent attacks of 
AHP.27 Both are highly effective at preventing acute clinical deterioration and recurrent attacks, if used early on in the 
disease course. It behooves the treating clinician to diagnose patients in a timely manner to prevent complications both 
acute and chronic. Patients should be tested with any suspicion of disease and the importance of early and accurate 
testing cannot be over-emphasized. Treating providers need to be educated about appropriate testing to order, but also in 
the correct interpretation of tests. This would avoid not only a delay in diagnosis but also inaccurate diagnosis. Health 
insurance companies and health systems need to work on ensuring easy, widespread availability and coverage of both 
point of care testing and genetic testing. Laboratory medical directors on the other hand need to standardize testing, adopt 
best practices and ensure that their personnel are adequately trained on handling samples and processing. EMR vendors 
can also help in improving clinical outcomes by optimizing the ease of ordering the appropriate testing and also promote 
the use of artificial intelligence in diagnosis. The high cost of currently available treatment along with the onerous prior 
authorization requirements are also a barrier to treating patients. Pharmaceutical manufacturers and healthcare plans also 
owe it to the patients to ensure accessibility of life saving and altering treatment. These diagnostic and therapeutic 
challenges are summarized in Table 1 and can be viewed as action items which can be worked on with currently available 
knowledge and as future areas of additional research.

In conclusion clinicians, geneticists, researchers and industry need to work together keeping the patients front and 
center. There are several unanswered questions such as the role and utility of treating ASHE, interpretation of variants of 
unknown significance, and when to order genetic testing. We are still unclear on how often to follow patients with known 
pathogenic genetic mutations but no clinical or biochemical evidence of disease. While a meeting of minds with 
a consensus conference to move the needle might be need of the hour, it would be presumptuous to propose it as 
a panacea. AHP is a poster child on how all stakeholders involved in health care need to work together to improve 
diagnosis, ensure access to treatment and answer outstanding clinical questions.

Table 1 Obstacles to Early Diagnosis and Clinical Conundrums

Surmountable Diagnostic Challenges Clinical Conundrums

Ordering accurate testing- urine ALA and PBG Ordering Genetic testing as first line tests

Correct handling of specimens- protecting urine from light Lack of knowledge regarding management of asymptomatic high 

excreters

Lack of easy availability of rapid point care test for Urine PBG Genetic screening yielding variants of uncertain significance (VUS)

Testing for ALA and PBG promptly in suspected HCP and VP as levels drop 

rapidly

Lack of pathogenic mutations in patients with biochemical 

evidence of AHP.

Turnaround time of 1–2 weeks for ALA and PBG as it is done only in large 

reference labs.

Lack of easy availability of plasma emission spectrometry

Difficulty in collecting fecal sample to test for porphyrins
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