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Abstract

Acute encephalopathy (AE) can be a manifestation of an acute porphyric attack. Clinical data were studied in 32 patients
during AE with or without polyneuropathy (PNP) together with 12 subjects with PNP but no AE, and 17 with dysautono-
mia solely. Brain neuroimaging was done in 20 attacks during AE, and PEPT2 polymorphisms were studied in 56 subjects,
24 with AE. AE manifested as a triad of seizures, confusion and/or blurred vision. Symptoms lasting 1-5 days manifested
3-19 days from the onset of an attack. 55% of these patients had acute PNP independent of AE. Posterior reversible encepha-
lopathy syndrome (PRES) was detected in 42% of the attacks. These patients were severely affected and hyponatremic (88%).
Reversible segmental vasoconstriction was rare. There was no statistical difference in hypertension or urinary excretion
of porphyrin precursors among the patients with or without AE. In 94% of the attacks with AE, liver transaminases were
elevated significantly (1.5 to fivefold, P =0.034) compared to a normal level in 87% of the attacks with dysautonomia, or in
25% of patients with PNP solely. PEPT2%2/2 haplotype was less common among patients with AE than without (8.3% vs.
25.8%, P=0.159) and in patients with PNP than without (9.5% vs. 22.9%, P=0.207), suggesting a minor role, if any, in acute
neurotoxicity. In contrast, PEPT2%2/2 haplotype was commoner among patients with chronic kidney disease (P=0.192).
Acute endothelial dysfunction in porphyric encephalopathy could be explained by a combination of abrupt hypertension,
SIADH, and acute metabolic and inflammatory factors of hepatic origin.

Keywords Porphyria - Encephalopathy - Seizures - MRI - PRES - Vasoconstriction - Cerebral venous sinus thrombosis -
PEPT2

Introduction signs of autonomic dysfunction, peripheral neuropathy
(PNP) and central nervous system (CNS) involvement,
accompanied by excess of plasma and urine porphyrins and
precursors [1]. Accumulation of aminolevulinic acid (ALA),
and porphobilinogen (PBG) in the circulation is initialised
by triggering factors, such as certain medications, fasting,
hormonal changes during the luteal phase of the menstrual
cycle, and alcohol, via up-regulation of ALA synthase
(ALAST). ALASI is the rate-limiting enzyme of the haem
biosynthesis in the liver. Each of the four AHPs (acute inter-
mittent porphyria, AIP, hereditary coproporphyria, HCP,
variegate porphyria, VP, and ALA dehydratase, ALAD,
deficiency porphyria) results from a partial deficiency in

Acute encephalopathy can be a manifestation of a protracted
or severe attack of acute hepatic porphyria (AHP). An acute
attack manifests typically with acute abdominal pain and
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one of the enzymes in the haem biosynthesis. All of them
manifest with a similar clinical picture of an attack.

Mild mental symptoms such as anxiety, insomnia, irrita-
bility and even mild cognitive decline occur at the prelimi-
nary stage of an attack, independent on its severity, com-
monly prior to abdominal pain [1]. Acute encephalopathy
manifests as aberrant behaviour, hallucinations, confusion,
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or decreased consciousness (19-58% of attacks), hypona-
tremia (25-61%) or seizures (1-20%) with or without
hyponatremia (Table 1). Seizures are transient, presenting
only in severe attacks with AE, and do not occur in remis-
sion [1].

Focal CNS involvement is rare during an attack and may
easily be neglected because of its short duration. Single
cases of transient cortical blindness, cerebellar ataxia, dys-
phasia, anosognosia, apraxia, vertigo or dizziness, Babinski
signs or central tetraparesis have been reported during an
attack [2—-14]. The frequency of severe encephalopathy with
confusion, unconsciousness or hallucinations is difficult to

evaluate since mental symptoms have been pooled in earlier
series (Table 1).

ALA is the only potent neurotoxin known to be associated
with the onset of acute attacks [15]. It has very low perme-
ability through the blood-brain barrier (BBB), ~1% of the
serum level demonstrated in animal studies and patients with
AIP [15-17]. Thus, direct neurotoxicity of ALA in the brain
unlikely explains AE [15].

Haem deficiency in the CNS has been suggested, but there
is only minor evidence from the murine HMBS-/- model
to support it [18]. Another study has demonstrated normal
expression and activity of the haem-containing enzymes in

Table 1 Clinical manifestations during an acute attack in different patient series

Signs and symptoms Unselected patients with AHP

Selected AHP patients with neu-
ropathy or encephalopathy

Series Number of attacks/
patients

(1)n=252 2)n=50 (3)n=40 (4)n=88 (5)*n=51/22 (6)n=112/24

(M n=25 ®)n=12 (9)°n=46

1. Autonomic dysfunction (%)

Abdominal pain 85 94 95 95
Tachycardia (>80 per min) 28 64 80 85
Hypertension 40 54 36 55
Constipation 48 84 48 80
Vomiting and nausea 59 88 43 80
Bladder paresis n/a n/a 12 n/a
II. Peripheral neuropathy (%)
Pain in the back and limbs n/a 52 50 70
Paresis/muscle weakness 42 68 60 50
Low/absent tendon reflexes  n/a 54 29 n/a
Respiratory paresis n/a 10 9 20
Cranial neuropathy n/a 28 54 15
Neuropathic sensory loss n/a 38 26 25
I11. Encephalopathy (%)
Mental symptoms 55 58 40 40
Seizures 10 16 20 20
Coma n/a n/a 10 n/a
Headache n/a n/a 5 0
Blurred vision n/a 6 6 n/a
Babinski signs n/a 10 3 n/a
IV. Metabolic changes (%)
Hyponatremia n/a 25 26 61
Transaminases increased n/a n/a 13 n/a
Pink/red/dark urine n/a n/a 74 90

96 97 100 83 83
79 38 96 92 55
57 74 52 67 70
78 27 94 75 28
84 79 44 42 32
n/a n/a 54 33 n/a
25 n/a 68 75 n/a
8 10/46° 100 83 53
n/a n/a 97 83 634
0 n/a 55 67 n/a
0 n/a 69 58 n/a
n/a n/a 59 42 n/a
19 1° 86 92 72
1 5 21 33 85
0 n/a n/a 25 104
0 n/a 0 33 13
2 n/a 7 8 38
n/a n/a 3 50 n/a
32 31 28 42 55
n/a n/a 69 100 62¢
90 n/a 100 92 28

"Waldenstrom [67]; 2Goldberg [68]; *Stein and Tchudy [69]; 4Mustajoki and Koskelo [70]; 5Mustajoki and Nordmann [71]; ®Hift, Meissner [72];

"Ridley [11]; 8Pischik [73]; *Jaramillo-Calle et al. [29]
n/a, not applicable
2All cases with early treatment with heme arginate

PReview: cases were collected from other articles with case reports of PRES

“% of attacks/patients

4Not mentioned in the review, added after our analysis from the same original articles

¢Only psychosis is included
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the brain of the same mice model [19]. The findings of brain
autopsies of the patients, who died of an attack, have been
unspecific. They range from macroscopically normal brain
with mild gliosis to diffuse loss of neurons and chromatoly-
sis, and thus, have not elucidated the pathogenesis of AE
[4,6,15].

The human peptide transporter two (PEPT2) is abun-
dantly expressed on the apical membrane of the proximal
tubule in the kidney and the epithelial cells of the choroid
plexus [20-22]. PEPT2 mediates the reabsorption of ALA
in the proximal tubule, and efflux in the cerebrospinal fluid
(CSF), limiting the exposure to ALA [23-25]. Previous
haplotype analysis has revealed two main PEPT2 variants
(PEPT2*1 and PEPT2*2), which are present in substantial
frequencies in all ethnic groups and may have an impact on
the phenotype of AHP patients [26].

PEPT2*1/1 genotype, with higher ALA reabsorption
affinity in the proximal tubular cells has been associated with
lower renal function than low affinity variants (PEPT2*1/2
and PEPT2%2/2), whereas PEPT2%2/2 haplotype may
increase brain ALA levels [27, 28]. We investigated the
distribution PEPT2 haplotypes in our cohort and analysed
whether the PEPT2 variants impact porphyria-induced
encephalopathy or renal dysfunction.

During the era of neuroimaging, an increasing number of
cases have been associated with posterior reversible enceph-
alopathy syndrome (PRES) and severe AE due to AHP [29].
In this study, we have analysed the spectrum and occurrence
of abnormal neuroimaging findings in 19 AHP patients with
AE.

Materials and methods

During 1996-2021, 19 well-characterised patients with AHP
(total 20 attacks) had severe AE studied by brain CT or MRI.
The diagnosis of an attack was detected clinically by typi-
cal symptoms such as abdominal pain and/or dysautonomia
in combination with at least a fivefold increase in urinary
excretion of PBG (expressed as pmol/L) compared to the
upper normal limit [30]. AE was attributed to AHP only if
it manifested during an attack (Table 2). Mild mental symp-
toms such as anxiety, irritability or insomnia were not solely
sufficient for the diagnosis of AE. Clinical and biochemical
data was included from additional 42 attacks with (n=13)
or without (n=29) AE but no neuroimaging.

The diagnosis of AIP, VP or HCP was confirmed by
quantitative biochemical analysis of porphyrins and precur-
sors (Table 2) and genetic testing [30]. All multinational
patients were either treated or supervised by the authors dur-
ing the attack.

Study protocol followed principles outlined in the Decla-
ration of Helsinki, and ethical issues were approved by the

Consultative and Diagnostic Centre with Polyclinics, Saint
Petersburg, Russia and Central University Hospital of Hel-
sinki, Finland.

The PEPT2 haplotype was analysed among 44 sympto-
matic AHP patients (34 AIP, 9 VP, 1 HCP), eight asymp-
tomatic mutation carriers (7 AIP, 1 HCP) and four healthy
relatives. Of the symptomatic patients, 24 had a history of
AE including 16 subjects of the current study. Other six
patients had an attack with PNP, and 14 subjects dysauto-
nomia solely.

DNA samples extracted from peripheral blood leucocytes
were amplified by PCR and sequenced using primers detect-
ing polymorphic sites in the PEPT2 gene, in the region of
exon 13 and 15 [27].

Computed tomography (CT) or magnetic resonance imag-
ing (MRI) of the brain was performed during acute attacks
(Table 3) by standard protocol. All images were of good
quality and retrospectively reviewed by the same neurora-
diologist (AK).

Results
The natural course of attacks with encephalopathy

Of the 19 patients studied by neuroimaging, 89% were
women (n=17) with median age of 30 years (Table 2).
AHP was undiagnosed before the attack except in two cases
(Cases 10 and 13). All patients had clinical signs of AE dur-
ing the total of 20 attacks. Nine patients had abnormal find-
ings on neuroimaging (47%), and eight of them had PRES.
Ten patients (11 attacks) had normal neuroimaging despite
typical AE.

Attacks were triggered by a combination of hormonal
changes during the luteal phase of the menstrual cycle, pro-
longed fasting, porphyrinogenic drugs and/or alcohol. Two
patients were at the postpartum phase (Case 11, day 8 and
Case 13, day 16).

Severe abdominal pain was commonly an early sign of an
attack in combination with the signs of dysautonomia (tach-
ycardia, constipation, nausea) and mild mental symptoms
(anxiety and insomnia) (Table 2). AE manifested 3—19 days
from the onset of an attack. It was associated with porphy-
rinogenic drugs administered on the preceding day, severe
hyponatremia, hypertension and in two cases with high-dose
prednisolone infusion. Symptoms of AE dissipated quickly
(1-5 days) but in nine cases, reoccurred after a 4—15-day
interval (Table 2). Only Case 1 had prolonged confusion
and coma due to central venous sinus thrombosis (CVST).

Eleven patients had motor axonal PNP independent of AE
(Table 2). The clinical presentation of PNP either preceded
encephalopathy or developed 1-9 days after seizures and
confusion (Table 2, Fig. 2).
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Clinical manifestations of porphyric encephalopathy

Typical porphyric encephalopathy included a triad of sei-
zures, confusion, and blurred vision. Severe mental symp-
toms, such as somnolence or stupor, confusion, hallucina-
tions, and cognitive impairment, occurred acutely. They
commonly preceded seizures or focal CNS signs, such as
blurred vision or hemiparesis.

Seizures were present in 45% (n=9) of the attacks with
AE, and in 63% (n=>5) of those with PRES. Transient EEG
findings varied from focal epileptiform discharge related
to the area of MRI lesions to general slowing associated
with diffuse encephalopathy. EEG findings resolved with
the clinical regression of the seizures and did not reoccur
during the follow-up. None of the patients had seizures after
the acute attack.

Severe headache was rare and exceeded abdominal pain
in intensity in 25% of the attacks (n=>5) (Table 3). The most
severe bursting headache was evident in Case 2 when the
drug-resistant hypertensive crisis manifested after treatment
of seizures with porphyrinogenic anticonvulsants. It resolved
rapidly with hematin.

Blurred vision was present in 30% (n=06) of the attacks,
and in 22% of those with PRES. Central mono- or hemipa-
resis was present in 10% (n=2) of the attacks, both with
PRES (Table 3).

Although blood pressure during AE was commonly
elevated (200-125/116-80 mmHg), no statistical corre-
lation was seen between hypertension and encephalopa-
thy (P=0.182). Only three patients had systolic pressure
exceeding 180 mmHg (Table 3). Hypertension usually had
an abrupt onset.

Laboratory findings

Urinary excretion of PBG was increased > 50-fold and
ALA > tenfold when compared to the normal level, but
2—-4-fold when compared to the patients’ values in remis-
sion. Of note, urinary excretion of porphyrin precursors is
expressed as pmol/l not as pmol/mmol creatinine which is
commonly used in other European countries. Of the four
patients, whose PBG and ALA urinalysis were available at
the nadir of AE, three showed a 100-fold elevation of PBG
and > 20-fold for ALA. All patients had constantly high
urinary excretion of PBG and ALA during the follow-up
(Table 2). There was no statistically significant difference
in urinary ALA (P=0.722) or PBG excretion (P=0.813)
between patients with or without AE during an attack.
Routine laboratory examinations revealed hyponatremia,
mild elevation of liver transaminases and creatinine in both
patient groups.

Hyponatremia due to inappropriate antidiuretic hormone
syndrome (STADH) was present in 16 of 20 attacks. SIADH

@ Springer

developed before neurological manifestations and usually
lasted two weeks. Of the eight patients with PRES, seven
were hyponatremic and four were severely hyponatremic
(§/P-Na< 125 mmol/L, Table 2). The mean sodium values
did not differ in patients with or without PRES.

Serum ALT levels were analysed retrospectively from 42
additional attacks from our patient registries for comparison.
The total of 62 attacks included 12 with PNP but no AE,
17 dysautonomia solely, and 33 complicated by AE. Serum
ALT became elevated between 2nd and 27th day (mean
10 days) from the onset of an attack and became normal
within 1-2 months. ALT was normal in most attacks (87%)
with dysautonomia (mean 40 U/L, range 9-127 U/L, nor-
mal <50 IU/1), and in 25% of the attacks with PNP (mean
76, range 35-198 U/L). The elevation of ALT was earlier
and more pronounced (1.5—fivefold; mean 129 U/L, range
50-317 U/L, P=0.034) in 94% of the patients with AE
(Table 2) compared to those with PNP or autonomous dys-
function solely. Thus, hepatopathy was more common and
severe in the attacks with AE.

Five patients (26%) had mildly increased creatinine lev-
els (122-193 umol/L, normal < 90 umol/L) during an attack
(Table 2), which normalised within a month in four of them.
One patient developed mild chronic kidney disease, and
another had acute kidney injury during a subsequent attack.
None of the patients had proteinuria or haematuria indicat-
ing failure at the tubulointerstitial level. In Case 5 a renal
biopsy was normal.

At the onset of AE, no laboratory findings were related
to systemic inflammation, autoimmune diseases, or vasculi-
tis. Blood glucose level, thyroid function, and HIV serology
were normal in all patients. One patient had mild chronic
hepatitis C (Case 17) but no serology for other viral hepati-
tis. CSF analysis of protein, glucose, cell count, viral PCR
and bacterial growth were normal in all 14 patients studied.
In a patient with CVST, CSF studies revealed pleocytosis.
No markers for abnormal coagulopathy were detected in
other patients.

Neuroimaging findings
Classical PRES (cases 2-7)

Focal lesions in the brain MRI or CT were detected within
24 h of AE with seizures, blurred vision, or confusion
(Fig. 1, Table 3). The lesions were asymmetrically bilat-
eral, cortical, or subcortical multifocal, and either fronto-
temporal or parieto-occipital, or both, representing PRES.
Frontotemporal lesions were associated with seizures and
blurred vision with occipital lesions. The size and shape of
the lesions varied.

The lesions were hyperintense in diffusion-weighted
(DW) MRI in all cases, and either hyperintense or isointense
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Patient T2 FLAIR DWI/ADC
, T2, FLAIR: bilateral cortical and subcortical mainly
occipital foci.

DWI: hyperintense occipital zones with the small focus
of restricted diffusion on ADC in the parasagittal cortex.
A combination of increased diffusion coefficient and
decreased ADC values within the same area suggested a
secondary cytotoxic oedema.

T2, FLAIR: bilateral cortical occipital foci

DWI: mild hyperintensity (ADC isointense) in the same
area. Additional fronto-parietal foci not evidently visible
on FLAIR.

No contrast enhancement.

Pt4

T2, FLAIR: bilateral subcortical occipital, cortical
occipital, left parietal, temporal foci

DWI: hyperintensity in the same area (ADC isointense)
No contrast enhancement.

Pt5

T2, FLAIR: bilateral mainly cortical occipital and
parietal foci slightly visible on T2

DWI: mild cortical occipital hyperintensity,
hyperintensity of left parietal zone (isointense ADC)
Contrast enhancement of small left occipital focus only.

Pte6

T2, FLAIR: bilateral mainly cortical parietal and
occipital gyral smoothness.

DWI: mild hyperintensity in the same area, the most
evident parietal foci (isointense ADC)

Pt7

Pt8

T2, FLAIR: Asymmetric mainly left-side nucleus
caudatus (A), midbrain (B) and cortical occipital foci
(©).

ADC: hyperintensity in the same areas.

No contrast enhancement.

Fig. 1 PRES in cases 2, 4-8

in Apparent Diffusion Coefficient (ADC) suggesting vaso-  Contrast enhancement was usually unremarkable. Phase con-
genic oedema. In Case 2, the small focus of decreased ADC  trast MR-angiography was normal in four out of five patients
values suggested secondary cytotoxic oedema (Fig. 1). studied, including Case 2 with severe headache, which
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excluded reversible vasoconstriction syndrome (RVCS).
Reversible segmental vasoconstriction was detected in Case
1 with concomitant CVST (Fig. 3G and Table 3). In Case 3,
PRES was detected on brain CT, which revealed symmetric
hypodense foci (20 and 21 HU) in the subcortical white mat-
ter of the frontotemporal lobes, 13 and 22 mm.

Basal ganglia and brain stem oedema (case 8)

Case 8 with a short-lasting delirium demonstrated nucleus
caudatus and midbrain hyperintensity comparable with
Wernicke encephalopathy (Fig. 1A, B) and occipital corti-
cal oedema (Fig. 1C). This could be due to the single alcohol
binge followed by acute pancreatitis three weeks prior to the
manifestations of the attack with confusion, severe abdomi-
nal pain and PNP. Porphyrinogenic medication and rapid
weight loss before confusion triggered the attack. Hypona-
tremia (125 mmol/L) was corrected slowly without signs
of pontine myelinolysis. The patient was the only case with
both normal serum ALT (<50 U/L) and PRES. Serum vita-
min B1-level was normal at the time of imaging.

PRES and sinus thrombosis (case 1)

The most prominent finding was CVST on the brain MRI
of Case 1 (Tables 2, 3, Figs. 2 and 3). A 26-year-old female
had experienced recurrent undiagnosed attacks during
premenstrum. At the onset of an attack, she had severe
abdominal pain, tachycardia, and systolic hypertension
(150-170/90 mmHg) without headache. During the fol-
lowing four days, the attack proceeded to seizures, progres-
sive confusion and later generalised muscle weakness with
low tendon reflexes due to PNP (Fig. 2). Brain CT during
the period of seizures (11th day of the attack) revealed
hypodense foci in the left frontal and parietal area. EEG
revealed focal epileptiform discharges in the frontal area.
She was diagnosed with AHP and treated with 10-20% glu-
cose infusions before hematin was available. Plasmapher-
esis, which has been used experimentally during attacks
without clinical effect, did not improve her condition either.
Contraceptive pills were administered when she was recov-
ering from the attack to prevent further cyclical attacks
(Fig. 2). Thereafter, she became lethargic and developed
short-lasting blurred vision and reversible motor dysphasia.
Brain MRI (15th day of the attack) revealed hyperintensive
foci with the same distribution as in the CT a week earlier
suggesting PRES. Segmental vasospasms of the basilar, both
vertebral arteries and M2-M4 segments of the middle cer-
ebellar arteries could be detected. She was treated with the
hematin infusions (Normosang, Recordati Rare Diseases,
France) for four days from the 18th day of the attack.

The patient’s condition deteriorated to coma during the
following week. The previous brain MRI was re-evaluated,
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and transverse sinus thrombosis could be identified retro-
spectively (Fig. 3). Brain MRI (21st day of acute attack)
revealed progressing CVST. Control brain MRI (22nd day
of the attack) revealed haemorrhagic focus in the left parietal
area and progressing oedema.

Elevated sedimentation rate, b-dimer, fibrinogen, fibrin
degradation products (FDP), and transient thrombocytope-
nia were concomitant with the diagnosis of CVST. Coagu-
lopathy was evident only after the second week (Fig. 2).
The patient had no signs of thrombophilia: protein C and
S, and anti-thrombin levels were normal; Factor V mutation
analysis, antinuclear and anti-cardiolipin antibodies were
negative, but several thrombogenic factors such as severe
acute illness, hyponatremia, hypoalbuminemia, and immo-
bilisation were present. No signs of infection or markers
of autoimmune disorders were present. Oestrogen contain-
ing contraception pills, which should be avoided during an
attack, and hematin treatment could have contributed to the
progression of thrombosis. She was treated with nadroparin
subcutaneously, which resulted in a partial recovery.

Hereditary coproporphyria was confirmed by plasma
porphyric emission spectrum (positive at 619 nm), 20-fold
increases in urinary and faecal excretion of coproporphyrin
(isomers I <IIT) and a mutation in the coproporphyrinogen
oxidase gene (p.LL94P).

Control brain MRI (55th day of the attack) revealed pro-
fuse gliosis in both frontal and parietal areas (Fig. 3) and
brain MR angiography was normal. In the follow-up of 2
years, clinical sequelae such as mild cognitive decline with
the frontal deficiency and asymmetric left-sided central
tetraparesis remained as the signs of chronic encephalopathy.

SIADH (case 9)

Her brain MRI showed no signs of PRES despite the clini-
cal manifestations of AE with confusion and Babinski signs
accompanied by abdominal pain and rhabdomyolysis (CK
21,806 U/L, normal range < 150 U/L) during neuroimaging
(Fig. 4).

The patient had severe hyponatremia (Na 108 mmol/L,
normal range 135-145 mmol/L) due to STADH nine days
prior to MRI [31]. Even though the plasma sodium level had
normalised before neuroimaging, a reduced signal of ADH-
containing neurohypophysis at T1 images in the posterior
pituitary was present. The patient recovered from a severe
attack after nine days without sequelae.

Acute encephalopathy and normal brain MRI (cases 10-19)

In about half of the cases neuroimaging was unremarkable,
despite severe AE manifested with confusion and/or hal-
lucinations. Lower sensitivity of CT, incorrect MRI tim-
ing several days after the peak of AE could partly explain
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PERIPHERAL NEUROPATHY

ENCEPHALOPATHY

AUTONOMIC NEUROPATHY

Diffuse muscle weakness,
absent tendon reflexes
Seizures Confusion  Lethargy Coma .
. ) . Severity of the
v SeizuresV  Amaurosis fugax  Babinsky
. symptoms
Abdominal  |Vomiting Bladder paresis _, :'. “
pain, ORI L
tachycardia, v _‘_.-"
nausea _..-"Y‘V
Moee extubation
“adays s 9. 11. 14,15. 18. 21. 22. 34. 55. days
' 1 - & T REANE T
CT 11d MRI 15d MRI 21, 22 d MRI 55 d
PRES PRES? sinus gliosis
and focal thrombosis
vasospam FRAXIPARINE 21-55 d
GLUCOSE 14-18 d
HEMATIN 18-21d
PLASMA EXCHANGE
14,15d CONTRACEPTIVE PILLS, 14-21d
Measure/days 5. 9-12. 14. | 17. | 19. 21. 24, 25. 34-38. Normal
range
S-ALT 29 76 45 45 78 131 51 <35 mmol/L
S-Sodium 130 131 | 135 >136
mmol/L
S-Albumin 32 18.4 21 27 37.2 >38g/L
SR 10 3 23 14 43/68 54 34 32 <20 mm/h
WBC 8.5 14 19 15 17 24/38 28 11 6 4-9 10%/L
PLT 259 271 | 154 | 261 174/72 73 73 348 180-390
10%/L
D-dimer <0.5 <0.5 16 16 <0.5 pg/mL
FDP <5 <5 80 80 <5 pg/mL
Fibrinogen 1.5 4 4.1 4 2-4 g/L
Pl 68 41 65 66 >70 %
CSF, cells 1 74: erythrocytes and leucocytes <5/uL
CSF. protein 17 45 15-33 mg/dL
CSF, glucose N 3.5 2,8—3,9
mmol/L
CSF, viral DNA, negative negative negative
bacteriology

S-ALT, serum alanine aminotransferase; SR, sedimentation rate; WBC, white blood cells; PLT, platelets;
FDP, fibrin degradation products; PI, prothrombin index; CSF, cerebrospinal fluid

Fig.2 The natural course of an acute attack complicated by cerebral venous sinus thrombosis (CVST) in case 1
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Fig.3 Cerebral venous sinus thrombosis (left transverse and sigmoid F 50. day of encephalopathy) leading to diffuse gliosis. G 3D-time of
sinuses) in case 1. A—-C FLAIR: areas of the increased signal inten- flight (TOF) MR angiography: vascular narrowing and uneven shapes
sity at the sinus location at 10. day of encephalopathy. D, E FLAIR: of basilar and both vertebral arteries suggesting segmental vasospasm
progression of focal lesions within 1.5 months (D 10. day, E 17. day, at the 10 day
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Fig.4 T1-weighted MR
imaging revealed a reduced
bright signal from the posterior
pituitary gland in case 9 (A,
arrowhead) in comparison to
the normal bright signal in case
4 (B, arrowhead)

this (Table 3). Brain MRI performed just 12 h after the
episode of generalised seizures and 3-h postictal confu-
sion was unremarkable indicating that even short-lasting
encephalopathy with seizures may not be enough to pro-
duce PRES-like foci (Case 13, Table 3).

Prognosis of porphyric encephalopathy

Most patients (89%) recovered without clinical and radio-
logical sequelae. The patients without co-existing PNP were
discharged 10-15 days later without clinical sequelae, even
though residual lesions of PRES were still present in three
cases. Brain MRI became normal 1.5 months later in two
cases, and only one patient had minimal residual foci.

Poor prognosis of AE was caused either by a diagnostic
delay > 1 month or concomitant CVST. In contrast to PNP
with a prolonged recovery, AE was quickly reversible. One
patient died of an attack due to ventilator-associated pneu-
monia, complicated by septicemia and coagulopathy. Brain
autopsy demonstrated grossly normal brain tissue similar to
reported previously [4, 6].

PEPT2 polymorphism

The most common haplotypes in our cohort were PEPT2%1/1
(corresponding to the genotype exon 13C/exon 15C; 38%,
21 subjects) and PEPT2*1/2 (exon 13C/exon 15T; 39%, 22
subjects). PEPT2*2/2 haplotype (exon 13T/exon 15T) was
detected among 10 subjects (18%) and other PEPT?2 vari-
ants of unknown significance among three subjects (5%).
There was no correlation between PEPT?2 variants and AHP
subtypes (P =0.956). Furthermore, the PEPT2 haplotype did
not correlate with AHP phenotype (P =0.363).

PEPT2 haplotype showed no correlation with the
prevalence of AE (two-sided P < 0.05 for all). In contrast,
PEPT2#2/2 haplotype was more common among patients
without encephalopathy than with encephalopathy (25.8%
vs. 8.3%, respectively, P=0.159). Similarly, no correlation
was detected between the PEPT2 haplotypes and polyneu-
ropathy (two-sided P <0.05 for all). Of note, PEPT2*1/2

haplotype was commoner among patients with polyneuropa-
thy than without (52.4% vs. 31.4%, respectively, P=0.161),
and PEPT2*2/2 was less common (9.5% vs. 22.9%, respec-
tively, P=0.207).

Chronic kidney disease was diagnosed among nine
patients of the 48 patients (19%) with sufficient data avail-
able. Chronic kidney disease was most common among
patients with PEPT2%*2/2 haplotype, although this did not
reach statistical significance (P=0.192).

Discussion
Clinical and radiological findings

In this study, a triad of seizures, confusion, and blurred
vision was the most common clinical pattern of AE during
an acute attack. Since severe encephalopathy is a rare com-
plication of an attack, other aetiologies should be excluded
promptly using neuroimaging.

PRES

Reversible multifocal lesions corresponding to PRES were
detected in 42% of our 19 patients with severe AE and AHP.
In another series including eight patients with AE, only one
patient (12.5%) had PRES [32].

Radiological picture of PRES in AHP is similar with
PRES of other origin [33]. PRES is an unspecific radiologi-
cal finding resulting from reversible vasogenic oedema [33]
supported by increased both DW and ADC values in the
same lesions [4]. The small focus of cytotoxic oedema with
restricted diffusion verified by decreased ADC in our Case
2 has been described in few cases with AE and PRES [5,
34]. Cytotoxic oedema results from longer-lasting oedema
than those of a purely vasogenic origin. No DW restriction
correlates with quicker radiological recovery.

A combination of classic cortical-subcortical PRES with
brainstem and basal ganglia involvement in Case 8 has rarely
been described in PRES [35]. Few similar cases of AHP
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with deep brain foci have been published [5, 36, 37]. Alco-
hol consumption and malnutrition could have been addi-
tional triggering factors of AE in this case with PRES and
Wernicke-like encephalopathy [38].

MR angiography

In our series including five patients studied by MRA, tran-
sient segmental vasoconstriction could be detected only in
Case 1 with PRES and CVST. In other series including 12
patients with AHP and PRES studied by MRA or conven-
tional angiography, RVCS and PRES have been identified
simultaneously in five cases [29]. These patients were more
severely affected and resulted in radiological and clinical
sequelae. The similar frequency of RVCS has been reported
in PRES of other origin [33, 39].

MR spectroscopy performed in two cases with AHP and
PRES was unremarkable [40, 41], excluding lactate overload
and deficiency of haem-containing cytochrome oxidases as
seen in mitochondrial encephalomyopathy, lactic acidosis
and stroke-like episodes (MELAS) [42].

Radiological evidence of SIADH

The absence of hypophyseal ADH-bright signal after
severe hyponatremia in Case 9 supports the primary role of
increased membrane permeability and the leakage of ADH
from the neurohypophysis storage in the development of
SIADH in AHP.

PRES and CVST

Cerebral venous thrombosis has not been previously
reported in AHP. The combination of CVST and PRES has
been reported only in a few patients with eclampsia [43], or
in haematological oncology [44]. Even though endothelial
dysfunction is a key factor in the pathogenesis of both condi-
tions, the pathogenesis of CVST and PRES differ substan-
tially. CVST in Case 1 occurred most likely due to secondary
causes such as plasmapheresis-induced hypoalbuminemia,
and activation of the coagulation pathway by contraceptive
pills and heme infusions, dehydration and anaemia [45].
Since hormonal preparations such as contraceptive pills can
be both porphyrinogenic and thrombogenic, they should not
be administered to patients during an attack. PRES could
have been a predisposing factor to CVST due to increased
intracerebral pressure and venous stasis [44].

The clinical pictures of PRES and CVST overlap and can
only be distinguished by neuroimaging. It is crucial to rec-
ognise CVST promptly and prevent secondary complications
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such as brain infarctions, intracranial haemorrhage and
severe neurological sequelae [44].

PRES due to AHP vs. eclampsia

Hormonal and weight changes after delivery can be trigger-
ing factors for an attack, as in Cases 11 and 13. The clinical
and radiological picture of encephalopathy partly coincides
in both acute attacks and eclampsia [29, 46]. In contrast, a
combination of dysautonomia, PNP and hyponatremia in
the absence of proteinuria are atypical for eclampsia [46].

Clinical manifestations of porphyric encephalopathy
with PRES

PRES represents the most severe type of AE, since seizures,
confusion, hallucinations and focal CNS signs are more fre-
quent among patients with PRES during an attack than in
any of the previously published series (Table 1) [29].

The clinical picture of PRES-associated encephalopathy
in AHP is similar with PRES of other origin, except for the
rarity of headaches (25% in our series, 13% in previously
published vs. 50% in PRES of other origin) [29, 33]. This
could be due to the decreased level of consciousness and
abdominal pain exceeding the severity of headache in some
cases. The patients with AE and severe headache during an
attack do not necessarily complain of abdominal pain or
manifest PNP (Cases 10, 14, 16), which suggests different
mechanisms of encephalopathy (endothelial dysfunction,
permeability failure), and autonomic and polyneuropathy
(direct neurotoxicity of porphyrin precursors). Seizures
have been reported in 85% of the published cases with acute
porphyria and PRES (n=46) [29] and in 63% in our series
(Table 3). Seizures reflect the severity of encephalopathy
[47] and could be secondary to PRES but can also deterio-
rate it. Seizures should be treated immediately with non-por-
phyrinogenic anticonvulsants, such as levetiracetam [48] or
benzodiazepines, but the patients do not need anti-epileptic
therapy after recovery from the attack [30].

Pathogenesis of PRES in acute porphyria

Triggering factors of PRES reported from several diseases
with multiple pathogenesis include severe hypertension,
anti-VEGF cytotoxic drugs, eclampsia and autoimmune
diseases leading to transient endothelial dysfunction [33,
39]. Of the metabolic diseases, PRES has been reported in
renal and hepatic failure, and severe electrolyte imbalances
including hypercalcemia, hyper- and hyponatremia in addi-
tion to AHP [33, 49]. The common features in these condi-
tions include moderately elevated BP and an acute nature of
metabolic disturbances otherwise different from AHP.
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Since PRES could be very mild resolving within a few
hours [33], it is difficult to predict, if vasogenic oedema
is always present in porphyric encephalopathy. However,
it seems that oedema is a universal mechanism of severe
encephalopathy in AHP, and it is just a matter of the techni-
cal sensitivity to detect it.

The pathophysiology of BBB disruption has not been
established in AHP or in PRES of other origin [29, 33]. The
main hypotheses are (1) disruption of the vessel reactivity
via rapid increase of blood pressure or vasoactive metabo-
lites such as NO or CO; (2) direct toxicity to endothelial cells
of BBB via pro-inflammatory cytokines or chemokines [29,
33, 39]; (3) abnormal functioning of aquaporins (AQPs),
astrocyte water channels [29, 33, 39].

Currently, ALA is the only metabolite shown to be neu-
rotoxic for autonomic and peripheral nerves during an attack
(Table 4) [15]. ALA has very low BBB permeability leading
to low concentration in CSF, insufficient to cause neuro-
toxic effect [15—17]. In contrast, the endothelial dysfunction
resulting in permeability failure, but not direct neurotoxic-
ity of ALA, could be a key element in the pathogenesis of
PRES-associated encephalopathy in AHP similarly to many
other PRES [29]. The exclusive factors causing endothelial
dysfunction in AHP has not yet been established (Table 4).

Dysregulated vascular tone of cerebral arteries

Several lines of evidence support increased vascular reactiv-
ity in different organs during acute attacks in patients with
AHP and HMBS —/—mice, e.g. kidney, retina and mesen-
teric arteries [50]. Reversible cerebral vasoconstriction has
been detected in half of the cases with PRES studied by
angiography [29].

Acute autonomic neuropathy, which manifests mainly as
cholinergic deficiency with secondary sympathetic activa-
tion, is present in 100% of attacks [1]. This could be one
explanation of abundant vasoconstriction or vasodilation
during an attack, since dysautonomia has directly affected
the endothelial function in animal models [51]. If cere-
bral blood pressure does not exceed critical values (mean
60—-160 mmHg), humoral myogenic autoregulation mecha-
nisms prevail over neurogenic regulation. Thus, autonomic
dysfunction alone cannot explain disrupted vascular tone in
the brain, but could serve as a co-factor decreasing the upper
limits of autoregulation [51].

Hypertension is a common sign of an attack due to auto-
nomic neuropathy. It is present in 70% of the cases with
PRES due to AHP, but hypertensive crisis is infrequent [29].
Malignant hypertension was the first factor reported to cause
PRES alone via disrupted autoregulation of cerebral flow
[52]. Moreover, mild hypertension is commonly detected
in PRES of other origin [33]. Although blood pressure was

only moderately elevated during an attack in our series, the
rise can still be dramatic in most patients, who are mainly
young females with low normal blood pressure in remission.
Hypertension unlikely explains PRES in AHP, but can be an
important co-factor in cases with pronounced fluctuations of
blood pressure [33].

Haem deficiency in the brain

Mild haem protein deficiency during an attack has been
demonstrated in the liver [15, 19]. Significant alteration
of NO level in addition to endothelin-1, has been demon-
strated in symptomatic AHP patients, but the origin of this
alteration is unclear [53]. The deficiency of haem-containing
endothelial nitric oxide synthase (NOS) 1 in the brain has
been assumed to be responsible for NO deficiency and cer-
ebral vasoconstriction [54]. The activity and mRNA expres-
sion of NOS1 have been normal in the brain homogenates
of the HMBS (—/—) mice after induction of ALAS with
phenobarbital [19]. Moreover, serum NOS concentration
was normal in the AIP patient during PRES accompanied
by RVCS [34]. Absence of lactate peaks typical of mito-
chondrial deficiency in MR spectroscopy in two cases with
AHP and PRES excludes deficiency of cerebral oxidative
phosphorylases [18, 34, 40, 42].

Exogenous haem does not cross BBB, but alleviates AE
by correcting the liver metabolism, and liver transplanta-
tion brings an immediate cure for patients with severe recur-
rent attacks [55]. Thus, the liver is the most likely source of
endothelial toxins in AHP.

Potential factors of abnormal BBB permeability

Hepatic cytokines. A high level of porphyrin metabolites
could result in acute toxic and/or inflammatory hepatitis
[56]. Interestingly, our patients with AE had acute 1.5-5-fold
increases in liver transaminases in contrast to normal values
during typical attacks with dysautonomia and pain solely.

Pro-inflammatory factors such as IL-6 or cytokines,
which originate from the liver during an attack, could be a
reasonable explanation for PRES in AHP, similar to other
encephalopathies such as eclampsia, autoimmune diseases
or cytotoxic medications [29, 33]. The main limitations of
this hypothesis include the absence of relevant systemic
inflammation sufficient to cause endothelial toxicity during
an attack when assessed by inflammatory or autoimmune
responses in our and previously published cases of AE [4,
37,40, 41, 57-59]. A single study has revealed mild eleva-
tion of cytokines, chemokines and growth factors in symp-
tomatic patients with AIP in remission, suggesting mild
inflammation even in remission [60].

Elevated levels of ROS originating from auto-enolisation
of ALA have been detected in experimental studies of AHP
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[61]. This effect is present only under very high concentra-
tions of ALA, which have not been detected during acute
attacks, and thus, the role of ROS in PRES is most likely
limited [62].

Hyponatremia is common, present in 88% of acute attacks
with PRES in our series and in 55% of previously published
[29], which is significantly more common than otherwise in
PRES [33]. Hyponatremia in AHP can be multifactorial, but
it is mainly due to SIADH during AE. Hyponatremia could
mediate PRES either directly by increased BBB permeabil-
ity and vascular reactivity due to osmotic factors, or indi-
rectly by elevated ADH via increased secretion of VEGF,
accelerated transcription of aquaporin 4 in astrocytes, or
activation of vasopressin V1a receptors disturbing cerebral
vascular reactivity [63—65]. STADH seems to be a second-
ary phenomenon of the membrane leakage based on MRI
findings in Case 9 but has a significant role in the cascade
of factors increasing BBB permeability in AHP.

Nausea induces ADH excretion dramatically via neural
stimulus and rigorous fluid therapy may aggravate hypona-
tremia. Clinicians should be careful with fluid therapy not
to cause potential acute renal impairment with too strict vol-
ume restrictions or too rigorous fluid therapy to aggravate
hyponatremia causing CNS complications.

PEPT2 polymorphisms

Only 1% of ALA crosses the unaffected BBB, mainly taken
up by PEPT?2 in choroid plexuses [15—17, 20]. Theoretically,
the patients with the less active form of PEPT2%2/2 should
have higher susceptibility than PEPT2*1/2 to porphyric
encephalopathy by decreased ALA clearance from the CSF
[23]. The same polymorphism brings lower susceptibil-
ity to nephropathy by decreased tubular re-uptake of ALA
[27]. According to this theory, patients with AHP are either
predisposed to encephalopathy or nephropathy. In contrast,
the PEPT2%2/2 haplotype was less common among patients
with encephalopathy and/or polyneuropathy compared to
PEPT2*1/2 haplotype in our series, but more common in
patients with chronic kidney disease. This did not reach sta-
tistical significance probably due to the small number of
patients. Our results demonstrate that PEPT2 haplotypes
most likely have only a minor role, if any, in developing AE.

The pathogenesis of mild porphyric encephalopathy
without PRES

In addition to the direct neurotoxicity of ALA suggested
for autonomic and peripheral nerves, concurrent agonism of
GABA receptors in the brain tissues has been demonstrated
in animal models even at low concentrations of ALA [15,
66]. This could explain mental symptoms during an attack

without producing radiologically evident lesions. Modulat-
ing CNS signal transduction by ALA could be involved in
patients with milder symptoms of porphyric encephalopathy,
suggesting two different pathogenetic entities of porphyric
encephalopathy: GABA-mediated metabolic encephalopathy
and PRES.

Conclusions

1. Acute encephalopathy in AHP manifests with a com-
bination of mental symptoms and confusion, seizures,
and STADH, but rarely with focal CNS deficits, except
for blurred vision. It is caused by reversible, multifocal
brain oedema visualised as PRES on brain MRI.

2. The clinical picture of PRES-associated encephalopathy
in AHP is similar with PRES of other origin, except for
the rarity of headache.

3. Findings of PRES in patients with AE should alert radi-
ologists and neurologists to look for acute porphyria,
especially if patients are young women. In addition,
venous sinus thrombosis should be excluded.

4. Mild encephalopathy at the early phase of an acute attack
possibly caused by ALA-promoted modulation of neural
GABA/glutamate transduction and severe encephalopa-
thy with PRES are two different pathogenetic entities.

5. The pathogenesis of PRES in AHP is multifactorial and
still unclear. Acute endothelial dysfunction resulting
in permeability failure could be explained by a com-
bination of abrupt hypertension and increased vascular
reactivity as signs of autonomic neuropathy induced by
metabolic and inflammatory factors of hepatic origin.
PRES can be accelerated by STADH and vice versa, and
it may aggravate SIADH by increasing the BBB perme-
ability also in the neuro-hypophyseal area.

6. The role of haem deficiency in neural tissues is still
controversial. Even though urine and plasma levels of
PBG and ALA are commonly extremely high during AE
reflecting the biochemical severity of an acute attack, the
neurotoxicity of ALA cannot explain PRES due to very
low BBB permeability leading to low concentration in
CSF, insufficient to cause neurotoxic effect.

7. Our results demonstrate that PEPT2 haplotypes are
unlikely to contribute to pathogenesis of AE.
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