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Background Pseudoephedrine is a sympathomimetic drug used as a nasal/sinus

Objective The purpose of this review article is to discuss the pseudoephedrine-
associated posterior reversible encephalopathy syndrome (PRES) and reversible cere-
bral vasoconstriction syndrome (RCVS), which have been reported to the Medicines
and Healthcare products Regulatory Agency (MHRA) of United Kingdom and Pharma-
covigilance Risk Assessment Committee (PRAC) and Committee for Medicinal Products

Abstract
decongestant in common cold remedies.
Keywords
= pseudoephedrine for Human Use (CHMP) of European Medicines Agency (EMA).

[ =

>

pharmacovigilance
adverse effects
posterior reversible
encephalopathy
syndrome

reversible cerebral
vasoconstriction
syndrome
pseudoephedrine-
containing medicines

Methods The aim is to review the literature pertinent to PRES and RCVS linked to the use
of pseudoephedrine; the literature was searched in databases such as Medline/PubMed|
PMC, Google Scholar, Science Direct, Ebsco, Scopus, Web of Science, Embase, and
reference lists.

Results The review by MHRA of the United Kingdom and PRAC and CHMP of EMA, all
available evidence, including postmarketing safety data, and a few case reports, have
confirmed the rare risk of PRES and RCVS associated with the use of pseudoephedrine.
Conclusion Health care professionals should be aware of pseudoephedrine-associated
PRES and RCVS. Patients with severe or uncontrolled hypertension or those with severe
acute or chronic renal disease should avoid using products containing pseudoephedrine.
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Introduction

On February 20, 2024, the United Kingdom’s Medicines and
Healthcare Products Regulatory Agency (MHRA) advised
health care professionals to counsel patients and caregivers
about posterior reversible encephalopathy syndrome (PRES)
and reversible cerebral vasoconstriction syndrome (RCVS)
linked to the use of products containing pseudoephedrine.
Neurologic conditions such as PRES and RCVS are tied to
reduced blood flow to the brain and can result in severe and
potentially fatal complications. Similarly, on January 26,
2024, the Committee for Medicinal Products for Human
Use (CHMP) of the European Medicines Agency (EMA) rec-
ommended medical practitioners to take certain actions to
lower pseudoephedrine-associated PRES and RCVS."

In fact, due to concerns about the risks of PRES and RCVS, the
Pharmacovigilance Risk Assessment Committee (PRAC) of EMA
started reviewing the evidence related to PRES and RCVS
associated with the use of pseudoephedrine-containing medic-
inal products on February 10, 2023.2 Furthermore, on Febru-
ary 23, 2023, the MHRA began reviewing medications that
contain pseudoephedrine to determine whether or not they
increase the risk of PRES and RCVS.3 As a result, on December 1,
2023, the PRAC recommended a few measures to decrease the
risks of PRES and RCVS related to the use of medicines contain-
ing pseudoephedrine.4 Later, on January 26, 2024, the CHMP
approved the suggestions made by the PRAC.'

Common cold remedies contain pseudoephedrine, a sym-
pathomimetic drug, which acts as a decongestant for both
the nose and the sinuses. Pseudoephedrine is typically found
in common cold remedies along with antihistamines such as
triprolidine, cetirizine, loratadine, and fexofenadine.” Pseu-
doephedrine acts as an agonist on a1-adrenergic receptors
present in blood vessels, causing vasoconstriction, which
reduces nasal secretions and relieves nasal congestion. Ad-
ditionally, synaptic nerve terminals stimulated by pseudo-
ephedrine release norepinephrine, which in turn enhances
sympathomimetic activity.6 Pseudoephedrine is chemically
related to amphetamine and phenethylamine and is
used/misused as a stimulant, weight loss aid, and appetite
suppressant in modern times.’

Adverse effects of pseudoephedrine may include those to
the cardiovascular system (increased blood pressure, en-
hanced heart rate, arrhythmia, myocardial infarction, and
ischemic stroke in rare cases), central nervous system (rest-
lessness, nervousness, anxiety, insomnia, headaches, trem-
ors, and seizures in rare cases), gastrointestinal tract (nausea,
vomiting, diarrhea, and abdominal pain), urinary retention,
and allergic reactions.?

PRES is an acute neurotoxic syndrome characterized by
vasogenic edema mainly in the parieto-occipital regions
and headache, altered mental status, encephalopathy (som-
nolence, stupor, coma), seizures (generalized tonic-clonic
seizures, partial seizures, and status epilepticus), visual
disturbances (diplopia, decreased visual acuity, visual field
deficits, visual hallucinations), nausea/vomiting, focal neu-
rological deficits (aphasia, hemiparesis), and impairment of
the level of consciousness.’

Possible pathophysiological mechanisms underlying PRES
may include severe hypertension, cerebral vasoconstriction,
and cerebral endothelial cell damage. Severe hypertension
(increased arterial pressure) may lead to brain hyperperfu-
sion, endothelial injury, and cerebral vessel damage with
subsequent failure of cerebral autoregulation and extravasa-
tion of plasma that results in vasogenic edema. Brain hypo-
perfusion brought on by cerebral vasoconstriction can result
in cerebral ischemia followed by vasogenic edema. Cerebral
endothelial cell damage induces damage to the blood-brain
barrier, followed by increased vascular leakage and vaso-
genic edema. Neuronal cell death can ultimately occur in
cases of vasogenic edema due to hypoxia and impaired
microcirculation.®

RCVSis a complex neurovascular syndrome that manifests
asreversible segmental and multifocal cerebral vasoconstric-
tion, thunderclap headache (severe, sudden-onset headache
reaching peak intensity within 1 minute), nausea, vomiting,
photophobia, phonophobia, focal neurological deficits, en-
cephalopathy, visual changes, aphasia, dysarthria, ataxia,
epileptic seizures, and focal numbness or weakness."!

Dysfunction of cerebral vascular tone, sympathetic hyper-
activity, excessive oxidative stress, endothelial dysfunction,
disruption of the blood-brain barrier, altered trigeminovas-
cular nociception, genetic predisposition, sex hormones, and
inflammation are some of the likely underlying mechanisms
of RCVS. Cerebral vasoconstriction may result from dysfunc-
tion of cerebral vascular tone linked to excessive sympathetic
discharge.!

Predisposing and precipitating factors of RCVS may induce
excessive sympathetic activity, endothelial dysfunction, and
excessive oxidative stress, resulting in dysfunction of cerebral
vascular tone and disruption of the blood-brain barrier. All
these factors can lead to cerebral vasoconstriction, thunder-
clap headache, subarachnoid hemorrhage (SAH), intraparen-
chymal hemorrhage (IPH), cerebral venous thrombosis, PRES,
ischemic stroke, and other complications.'?

As soon as a patient is diagnosed with RCVS based on both
clinical and radiological findings, the triggering factor should
be discontinued. In addition, patients with RCVS are man-
aged with intra-arterial vasodilators, including nimodipine,
nicardipine, milrinone, and papaverine, to reverse cerebral
vasoconstriction.'?

The MHRA, PRAC, and CHMP have recently released guide-
lines for health care professionals to inform patients and
caregivers about PRES and RCVS related to the use of pseudo-
ephedrine-containing medicines. As a result, the evidence
pertaining to PRES and RCVS associated with the use of
pseudoephedrine is the main focus of our current review.

Materials and Methods

We aimed to review the literature using online databases
such as Medline/PubMed/PMC, Google Scholar, Scopus, and
Web of Science, and reference lists were searched using
Medical Subject Headings (MeSH) terms including pseudo-
ephedrine, pharmacovigilance, adverse effects, PRES, and
RCVS. The online databases have been searched from
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January 2010 to March 2024, for publications pertinent to
PRES and RCVS associated with the use of pseudoephedrine.
Three case reports each of pseudoephedrine-induced PRES
and RCVS and few reviews by regulatory bodies were includ-
ed in the review. The case reports published in the English
language were included in this review, while discarding
duplicate publications.

Results

Few case reports have been identified indicating the associ-
ation of pseudoephedrine use with a rare risk of neuro-
vascular conditions, including PRES and RCVS. In addition,
the review by the MHRA of the United Kingdom and the PRAC
and CHMP of the EMA and all available evidence, including
postmarketing safety data, have confirmed the rare risk of
PRES and RCVS associated with the use of pseudoephedrine.

Pseudoephedrine-Associated PRES

Pseudoephedrine-associated PRES has been reported in a small
number of case reports (~Table 1). After taking an over-the-
counter (OTC) cold remedy containing pseudoephedrine 60 mg,
a 19-year-old woman with a history of hypocomplementemic
urticarial vasculitis arrived at the emergency department with
PRES-associated complications, including headache, vomiting,
and other symptoms. The magnetic resonance imaging (MRI) of

Table 1 Pseudoephedrine-associated PRES

Maideen et al.

the brain revealed hyperintensities on T2/fluid-attenuated in-
version recovery (FLAIR) sequences. Clinical manifestations and
radiological abnormalities were resolved with the discontinua-
tion of pseudoephedrine and a treatment with the antihyper-
tensive drug nicardipine.' In addition, an 18-year-old female
patient with end-stage renal disease (ESRD) who self-medicated
with paracetamol + pseudoephedrine (500/60 mg) was admit-
ted to the emergency department complaining of headaches,
blurred vision, mental confusion, and vomiting. The diagnosis of
PRES was confirmed by an MRI of the brain, which revealed
bilateral hyperintense occipitotemporoparietal lesions and
thickening of the cortex on T2/FLAIR sequences. The patient
received a continuous intravenous infusion of nicardipine,
intermittent hemodialysis, and a continuous infusion of piper-
acillin-tazobactam, followed by piperacillin-alone therapy.'
Moreover, a 56-year-old man who had hyperglycemia
experienced a seizure following the administration of
a second dose of the combination product that contains
paracetamol and pseudoephedrine (500/60 mg). Bilateral
cortical and subcortical hyperintensities were seen in the
cerebellar hemispheres and the posterior regions of the
hemispheres, according to the FLAIR sequence of MRI of
the brain, which confirmed the diagnosis of PRES. To treat the
patient’s generalized tonic-clonic seizure, midazolam 5 mg
was administered intravenously. In addition, the treatment
protocol involved the use of both symptomatic therapy and

Sl. | Medication used | Precipitating Clinical Radiological Treatment Reference
no. factors manifestations | abnormalities
1 OTC cold remedy | Hypocomple- Headache, MRI of the Discontinuation of Ebbo
containing mentemic vomiting and brain—hyperinten- pseudoephedrine et al'
pseudoephedrine | urticarial other sities on T2/FLAIR Treatment with
60 mg vasculitis symptoms sequences antihypertensive
drug nicardipine
2 Self-medicated End-stage re- Headaches, MRI of the Continuous Zerbib
with paracetamol | nal disease blurred vision, brain—bilateral intravenous infusion of | et al'®
+ pseudoephed- (ESRD) mental hyperintense nicardipine
rine (500/60 mg) confusion, and | occipitotemporo- Intermittent
vomiting parietal lesions hemodialysis
and thickening of Continuous infusion of
the cortex on T2/ piperacillin-tazobactam
FLAIR sequences followed by piperacillin-
alone therapy
3 Prescription of a Hyperglycemia | Seizures MRI of the Patient’s generalized Gunduz'®
combination brain—bilateral tonic-clonic seizure—
product that cortical and treated with intrave-
contains subcortical nous midazolam 5mg
paracetamol and hyperintensities in Administration of
pseudoephedrine the cerebellar esmolol infusion to
(500/60 mq) hemispheres and manage elevated
the posterior arterial pressure
regions of the Subcutaneous insulin
hemispheres injection to manage
hyperglycemia
Intravenous administra-
tion of 20% mannitol to
manage edema

Abbreviations: FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging; OTC, over-the-counter; PRES, posterior reversible

encephalopathy syndrome.
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supportive care, such as the administration of esmolol infu-
sion to manage elevated arterial pressure, subcutaneous
insulin injection to manage hyperglycemia, and intravenous
administration of 20% mannitol to manage edema.'®

Furthermore, the Pharmacovigilance Expert Advisory
Group (PEAG) of the Commission on Human Medicines
(CHM) reviewed the case reports received by the MHRA
and other available evidence. In fact, the MHRA received four
case reports (yellow card reports) of suspected PRES or RCVS
associated with the use of pseudoephedrine.'”

Pseudoephedrine-Associated RCVS

There are few case reports published regarding pseudo-
ephedrine-associated RCVS (~Table 2). A 53-year-old wom-
an took a cold remedy containing pseudoephedrine for 3 days
before experiencing severe fluctuating headaches, fatigue,
nausea, and vomiting. Her systolic blood pressure was
exceeded 200mm Hg. Significant changes in the brain
were found by both MRI and magnetic resonance angiogra-
phy (MRA) of the brain, which resulted in a provisional
diagnosis of PRES. Her headache and blood pressure did
not improve, and she also experienced cortical blindness,
right hemiparesis, and paresthesias. The degree of vasocon-
striction improved after 20 minutes of verapamil injection
into the vertebral artery, prompting the consideration of
RCVS. The patient’s level of consciousness improved after
receiving additional intra-arterial injections of verapamil
into the internal carotid arteries, anterior cerebral artery,
and left vertebral artery.'® In addition, a 46-year-old woman
took pseudoephedrine to manage allergic rhinitis. Three days
later, she was admitted with a thunderclap headache and left

Table 2 Pseudoephedrine-associated RCVS

hemiparesis, and a computed tomography (CT) angiography
revealed multifocal narrowing of the basilar artery. After
receiving nimodipine treatment for suspected RCVS, her
headache gradually improved, and a follow-up CT angiogra-
phy showed normalized cerebral vessels.'®

Moreover, a 52-year-old man began screaming and
experiencing sudden, sharp, significantly worsening pos-
terior headache along with photophobia and phonophobia
after taking two 60-mg pills of pseudoephedrine just
before boarding the aircraft. Because of triggering factors,
which included pseudoephedrine, high altitude, cocaine,
and marijuana (consumed 5 days prior to admission), PRES
was suspected. Based on his symptoms, triggering factors,
and radiological changes, the patient was diagnosed with
PRES in conjunction with RCVS. Once the patient was
treated with calcium channel blockers (CCBs) like nicardi-
pine followed by oral verapamil SR 180mg daily, his
headache and blood pressure improved significantly. After
1 month, complete resolution of radiological changes
related to PRES and RCVS was observed in the head MRA
and brain MRL.2°

Furthermore, the PEAG of the CHM reviewed the case
reports received by the MHRA and other available evidence.
In fact, the MHRA received four case reports (yellow card
reports) of suspected PRES or RCVS associated with the use of
pseudoephedrine.'”

Probable Mechanisms of Pseudoephedrine-Associated
PRES and RCVS

The pathological mechanisms underlying PRES and RCVS
linked to pseudoephedrine are controversial and are not

Sl. no. | Medication Clinical Radiological Treatment Reference
used manifestations abnormalities
1 Cold remedy Severe fluctuating MRI and MRA of the Verapamil injection into | Farid et al'®
containing headache, fatigue, brain—FLAIR shows the vertebral artery—
pseudoephedrine | nausea, vomiting, bilateral parieto-occipi- degree of vasoconstric-
for3d cortical blindness, tal white matter edema tion improved
right hemiparesis, Intra-arterial injections
and paresthesias of verapamil into
internal carotid arteries,
anterior cerebral artery,
and left vertebral artery
—level of
consciousness
improved
2 Pseudoephedrine | Thunderclap CT angiography—multi- | Nimodipine administration | Lee et al'®
headache and left focal narrowing of the | —gradual improvement of
hemiparesis basilar artery headache
3 Two tablets of Sudden, sharp, Brain MRI—confluent CCBs like nicardipine Jacoby et al®?
pseudoephedrine | significantly white matter T2/FLAIR | followed by oral
60 worsening posterior | hyperintensities in verapamil SR 180 mg
headache, occipital lobes daily—headache and blood
photophobia, and Head MRA—multiseg- pressure were improved
phonophobia ment narrowing of significantly
intracranial vessels

Abbreviations: CCB, calcium channel blockers; CT, computed tomography; FLAIR, fluid-attenuated inversion recovery; MRA, magnetic resonance
angiography; MRI, magnetic resonance imaging; RCVS, reversible cerebral vasoconstriction syndrome.
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elusive as of this writing. Pseudoephedrine may cause
cerebral vasoconstriction, cerebral endothelial cell damage,
and increased arterial pressure/severe hypertension that
results in vasogenic edema (=Fig. 1). By causing cerebral
vasoconstriction, pseudoephedrine can cause brain hypo-
perfusion, which can lead to cerebral ischemia followed by
vasogenic edema. Moreover, pseudoephedrine may in-
crease arterial pressure (severe hypertension), which can
result in brain hyperperfusion, capillary injury, cerebral
vessel damage, and endothelial injury. These effects can
cause failure of cerebral autoregulation and extravasation of
plasma followed by vasogenic edema. Furthermore, pseu-
doephedrine-associated elevated arterial pressure may re-
sult in impaired cerebral autoregulation that increases
cerebral blood flow and endothelial dysfunction, which is
believed to play a pivotal role in the pathogenesis of PRES
and RCVS.2122

Measures to Overcome Pseudoephedrine-Associated
PRES and RCVS in Real-World Setting

Health care practitioners need to understand PRES and
RCVS linked to pseudoephedrine. Patients with severe acute
or chronic renal disease or patients with uncontrolled
hypertension should not use pseudoephedrine-containing
products. In the event that patients experience any PRES or
RCVS symptoms, such as sudden severe headaches or
thunderclap headaches, seizures, confusion, or visual dis-
turbances, the health care professionals should advise the
patients to cease using products containing pseudoephed-
rine. Patients with pseudoephedrine-associated PRES and
RCVS may be managed with the cessation of pseudoephed-
rine-containing products; they may also be treated with
antihypertensive medications such as nicardipine, nimodi-
pine, verapamil, and esmolol; intravenous midazolam may
be used to treat generalized tonic-clonic seizures; subcuta-
neous insulin injection may be used to treat hyperglycemia;
and 20% mannitol may be administered intravenously to
treat edema.

Maideen et al.

Recommendations from the MHRA and EMA

Owing to the increased risk of PRES and RCVS linked to
pseudoephedrine use, regulatory bodies such as the United
Kingdom’s MHRA and EMA’s PRAC and CHMP have released a
few guidelines for health care professionals to reduce the
incidence of negative outcomes (~Table 3). Because of the
increased risks of PRES and RCVS, the MHRA advised health
care professionals to use pseudoephedrine only for brief
periods. Patients with severe hypertension, uncontrolled
hypertension, or severe renal disease should not use prod-
ucts containing pseudoephedrine. When patients experience
symptoms of PRES and RCVS, such as sudden severe
headache/thunderclap headache, seizures, confusion, or vi-
sual disturbances, the patients and caregivers should be
advised to cease using pseudoephedrine-containing prod-
ucts and seek medical attention right away.'’

Similarly, the PRAC of EMA examined all relevant data,
including postmarketing safety reports, and concluded that
patients with severe or uncontrolled hypertension and with
severe acute or chronic kidney disease should not take med-
icines containing pseudoephedrine. The PRAC further recom-
mended that health care professionals should counsel patients
who experience symptoms of PRES or RCVS, such as severe
headache with a sudden onset, feeling sick, vomiting, confu-
sion, seizures, and visual disturbances, to cease taking pseu-
doephedrine-containing medications right away and seek
immediate medical attention.* Moreover, on January 26,
2024, the EMA’'s CHMP approved the PRAC’s suggested actions
to minimize the risks of PRES and RCVS related to the use of
medicines containing pseudoephedrine.! Furthermore, on
February 8, 2024, the EMA Web site published a direct health
care professional communication (DHPC) regarding pseudo-
ephedrine-associated PRES and RCVS on a dedicated page.23

Conclusion

The use of medications containing pseudoephedrine has
been shown to increase the risks of PRES and RCVS,

Brain hypoperfusion, which
can lead to cerebral ischemia

dby

—_——
Cerebral vasoconstriction
A J

Brain hyperperfusion, capillary
injury, cerebral vessel damage,
and endothelial injury
impaired cerebral autoregulation
that increases cerebral blood flow and
endothelial dysfunction

N
Increased arterial pressure/ ]
severe hypertension

Failure of cerebral autoregulation,
extravasation of plasma followed b

H vasogenic edema

LCerebraI endothelial cell damag%

Pseudoephedrine

Fig. 1 Probable mechanisms of pseudoephedrine-associated posterior reversible encephalopathy syndrome (PRES) and reversible cerebral

vasoconstriction syndrome (RCVS).
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Table 3 Recommendations from

regulatory bodies

Sl. no. | Regulatory agency

Recommendations

Reference

1 UK’s MHRA

Health care professionals should prescribe pseudoephedrine-containing
products only for brief periods of time

Patients with severe hypertension, uncontrolled hypertension, or severe
renal disease should not use products containing pseudoephedrine

When patients experience symptoms of PRES and RCVS, such as sudden severe
headache/thunderclap headache, seizures, confusion, or visual

disturbances, the patients and caregivers should be advised to cease using
pseudoephedrine-containing products and seek medical attention right away

MHRA

2 PRAC of EMA

Patients with severe or uncontrolled hypertension and with severe acute or
chronic CKD should not take medicines containing pseudoephedrine
Health care professionals should counsel patients who experience symptoms
of PRES or RCVS, such as severe headache with a sudden onset, feeling sick,
vomiting, confusion, seizures, and visual disturbances, to cease taking
pseudoephedrine-containing medications right away and seek immediate
medical attention

EMA*

3 CHMP of EMA

Approved the PRAC’s suggested actions to minimize the risks of PRES and
RCVS related to the use of medicines containing pseudoephedrine
Published a direct health care professional communication (DHPC) regarding
pseudoephedrine-associated PRES and RCVS, on a dedicated page

EMA'

Abbreviations: CHMP, Committee for Medicinal Products for Human Use; CKD, chronic kidney disease; EMA, European Medicines Agency; MHRA,

Medicines and Healthcare products Regulatory Agency; PRAC, Pharmacovigilance Risk Assessment Committee; PRES, posterior reversible
encephalopathy syndrome; RCVS, reversible cerebral vasoconstriction syndrome.

particularly in patients with other concomitant precipitat-
ing/triggering factors. Health care professionals should
advise patients to cease taking pseudoephedrine-containing
medications right away and seek immediate medical atten-
tion if they experience symptoms of PRES or RCVS, such as
sudden-onset severe headaches, nausea, vomiting, confu-
sion, seizures, and visual disturbances. This recommenda-
tion comes from the MHRA of the United Kingdom and the
PRAC and CHMP of the EMA. Furthermore, patients with
severe or uncontrolled hypertension and with severe acute
or chronic renal disease should not use products containing
pseudoephedrine.
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