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Abstract

Hallucinogens are a broad category of sub-
stances encompassing drugs with diverse phar-
macological, phenomenological, and adverse
effects. In this chapter, the focus is on disorders
caused by and exacerbated by two classes of
hallucinogens. These are classic psychedelics
(drugs including LSD and psilocybin that
exert subjective effects principally by SHT,4
agonism) and the substituted amphetamine
3,4-methylenedioxymethamphetamine
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(MDMA). In this chapter, the evidence regard-
ing disorders and other adverse effects attrib-
utable to these drugs, including acute toxicity,
abuse potential, persistent perceptual effects
(Hallucinogen Persisting Perception Disorder),
psychosis, neurotoxicity, and more, are
explored.
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Introduction

The DSM-5 categorizes hallucinogens as a broad
classification of drugs encompassing such diverse
pharmacologic classes as the k-opioid agonist
salvinorin A, the anticholinergic deliriant Datura,
the substituted amphetamine 3,4-methylenedi-
oxymethamphetamine (MDMA), and 5-HT2A
agonists — the so-called classic psychedelics. Phen-
cyclidine (PCP) and structurally related NMDA
antagonist compounds such as ketamine are spe-
cifically excluded from the category “hallucino-
gen” in the DSM-5. In ICD-11, “hallucinogen”
includes PCP, muscimol (a GABA 4 agonist), and
ibotenic acid (an agonist of NMDA and several
metabotropic glutamate receptors), while MDMA
and analogous compounds are treated separately.
In our opinion, this categorization of “hallucino-
gen” is arbitrary, as it combines drugs that have
very little shared phenomenal, pharmacologic, or
clinical features. In this chapter, disorders due to
classic psychedelics are discussed, and, separately,
MDMA. Psychedelics are defined as drugs that
exert their phenomenal effects primarily through
S5HT,4 agonism and effect profound changes in
perception, cognition, and affect. Structurally,
these drugs are composed of psychedelics that
are analogues of a tryptamine structure (e.g., psilo-
cybin, psilocin, N,N-dimethyltryptamine (DMT),
5-methoxy-N,N-dimethyltryptamine (5-MeO-DMT),
and bufotenin (5-HO-DMT)), a phenethylamine
structure (e.g., mescaline, 2,5-dimethoxy-4-
bromophenethylamine (2C-B), 2,5-dimethoxy-4-
ethylphenethylamine (2C-E)), and an ergoline

structure (e.g., lysergic acid diethylamide (LSD)
and lysergic acid amide (LSA)).

While MDMA does exert some effects through
indirect SHT, agonism, as a serotonin releaser it
is pharmacologically, phenomenally, and clini-
cally distinct enough to warrant separate discus-
sion as a different class of drug. As classic
psychedelics and MDMA have such distinctly
separate mechanisms and phenomenal effects,
these will be reviewed separately in turn.

In this chapter, authors have opted to take an
approach that does not hew strictly to ICD and
DSM classifications as it is argued that these cat-
egorizations are inadequate for the subject. These
nosological systems will be referenced, but a
broader approach will be taken in describing the
potential risks these substances pose.

ICD-11 includes the following disorder clas-
ses: hallucinogen intoxication, dependence, harm-
ful pattern of use, hallucinogen-induced psychotic
disorder, and other specified hallucinogen-
induced disorders (e.g., mood and anxiety). In
contrast to /CD-10, ICD-11 does not have a spe-
cifically defined category for hallucinogen
persisting perception disorder. /CD-1/ has analo-
gous disorders for MDMA. DSM-5 recognizes the
following disorder categories: hallucinogen intox-
ication, hallucinogen use disorder, hallucinogen
persisting perception disorder, and hallucinogen-
induced psychosis (Table 1).

Classic Psychedelics

Psychedelic drugs are unique compounds that
tend to garner alarmist press from detractors and
fanciful, grandiose claims from supporters.
Across history, they have been deemed catalysts
for human evolution (McKenna, 1992), tools of
Satan (Masters & Houston, 1966, p. 30), the solu-
tion for world peace, and other lofty claims. Many
of these assertions are grounded in the assumption
that these drugs have been used for millennia by
numerous cultures across the world and that they
may have foundational importance for humanity.
There has been fervent speculation, for example,
that a variety of ancient sacramental substances —
including soma/haoma of the Rig Veda and the
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Table 1 Comparison of diagnoses between ICD-11 and DSM-5

Persisting
Definition of Disordered use/ hallucinogen
hallucinogen Acute intoxication addiction Psychosis effects
ICD-11  Classic “Hallucinogen “Hallucinogen “Hallucinogen- No specific
psychedelics, intoxication”: dependence”: induced psychotic diagnosis
PCP, clinically significant,  repeated disorder”: psychotic
muscimol, transient condition hallucinogen use symptoms (e.g.,
ibotenic acid, following with loss of control  delusions,
NOT MDMA consumption of of use, craving, use  hallucinations,
hallucinogen that taking precedence disorganized
may include changes  over other important thinking, grossly
in cognition, affect, features of life, disorganized
perception, behavior,  requires daily or behavior) that
and autonomic almost daily use for 3 develop during or
system months. “Harmful soon after
pattern of use”: a intoxication with
pattern of use hallucinogen
resulting in harm to
self or others
DSM-5  Salvinorin-A, “Hallucinogen “Hallucinogen use “Hallucinogen- “Hallucinogen
Datura, intoxication”: very disorder”: use in induced psychosis”:  persisting perceptual
MDMA, similar to ICD-11 greater amounts than clinically significant disorder”:
classic intended, delusions or reexperiencing of
psychedelics, unsuccessful hallucinations that ~ perceptual
NOT PCP nor attempts at reducing occur after symptoms similar to
ketamine use, excessive time  hallucinogen use and those experienced

spent using,
obtaining, or
recovering from
hallucinogens,
craving, tolerance,

while intoxicated
that are clinically
impairing and not
better explained by
another cause

are not better
explained by another
cause

and functional
impairment

Avesta, and kykeon of the Eleusinian mysteries —
may have been psychedelics. Psychedelic com-
pounds (whether from plants, animals, or fungi)
are indeed found on every continent save Antarc-
tica, though their historically confirmed use has
been confined to relatively circumscribed geo-
graphic areas — largely in the Americas. In the
Americas, only two sites show definitive evidence
of psychedelic use dating back millennia — Meso-
america and the Andes. This evidence includes
mescaline-containing cacti, psilocybin mush-
rooms, and a 5-HO-DMT and 5-MeO-DMT
containing plant Anadenanthera peregrina. The
spread of ayahuasca through the Amazon may
have happened relatively recently, in post-
Columbian times (Brabec de Mori, 2011).
Psychedelics exert their effects principally
through 5HT,, receptor agonism, and their

subjective effects are nearly completely blocked
by pretreatment with the relatively selective
SHT,, antagonist ketanserin (Kometer et al.,
2012; Valle et al., 2016; Vollenweider et al.,
1998). There are a wide variety of natural and
synthetic psychedelics that are commonly in use
for a variety of reasons including traditional sac-
ramental, recreational, and therapeutic.
Psychedelic mushrooms, containing the
pro-drug  psilocybin  (4-phosphoryloxy-N,N-
dimethyltryptamine) and, to a lesser extent,
psilocin  (4-hydroxy-N,N-dimethyltryptamine)
are widely spread across the world. Psilocybin’s
function in fungi is not fully known, but the genes
for its production have been horizontally trans-
ferred between different lineages so it likely con-
fers some fitness value (Reynolds et al., 2018).
There are dozens of psilocybin-containing
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mushrooms in different genera, and the psilocybin
content of these species can vary widely. Psilocy-
bin mushrooms are typically taken orally, with
onset within 60 min and effects lasting 68 h.

Dimethyltryptamine (DMT) is another trypt-
amine psychedelic that occurs in a wide range of
plants with a history of traditional use centered in
South America. It is taken through various routes
of administration. The plant Anadenanthera
peregrina (which contains bufotenin, 5-MeO-
DMT, and DMT) is used by various Amazonian
peoples as a snuff. Unlike psilocybin, its close
structural cousin, DMT is not orally active. How-
ever, an Amazonian brew that is called various
names including ayahuasca, yage, daime, and
more contains DMT plus a reversible MAOI, allo-
wing oral activity. Ayahuasca is typically com-
posed of the DMT-containing plant, Psychotria
viridis and Banisteriopsis caapi, a vine that con-
tains the reversible MAOI alkaloids harmine,
harmaline, and tetrahydroharmine. Other combi-
nations of an DMT-containing plant and an MAOI
are also possible. Nowadays, DMT is frequently
vaporized and inhaled in its crystalline form. This
method leads to onset within seconds and offset of
effects within minutes.

Lysergic acid diethylamide (LSD) is perhaps the
world’s most famous psychedelic. This was syn-
thesized by Alexander Hoffman who in 1943
famously ingested 250 micrograms of LSD. It is
most often sold in the form of “tabs” of blotter
paper upon which LSD was dropped and taken
orally/sublingually. The introduction of LSD to
the world led to a period of enthusiastic experimen-
tation across different research paradigms — as a
therapeutic, as a psychotomimetic, and even for its
potential utility in warfare. After it gained notoriety
as a recreational drug, this wave of psychedelic
research ended due to a combination of social
backlash and increasing regulatory difficulties.

Mescaline is perhaps the first psychedelic
known to Western science and is found naturally
in the peyote (Lophophora williamsii), San Pedro
(Echinopsis pachanoi), and Peruvian torch
(Echinopsis peruvianus) cacti (Jay, 2019). These
cacti have longstanding traditions of use in
Central and South America. Mescaline is not
widely available as a synthetic drug. Apart from

mescaline, there are several other naturally
occurring psychedelic compounds, including
5-MeO-DMT found in the toad Bufo alvarius
and several plants, and lysergic acid amide (LSA)
found in morning glory seeds ([pomoea violacea).

Several psychedelics do have an ongoing his-
tory of sacramental/religious use. The Native
American Church is a syncretic Native American
religious organization founded in the late nine-
teenth century that includes peyote rituals. These
are legally allowable in the USA due to the
American Indian Religious Freedom Act. Simi-
larly, the Unido do Vegetal, a Brazilian ayahua-
scareligion, is also allowed to sacramentally take
ayahuasca in the USA following a Supreme
Court ruling.

There are also countless other synthetic psy-
chedelics. The American chemist Alexander
Shulgin synthesized and personally ingested hun-
dreds of psychedelic compounds (Shulgin &
Shulgin, 1991).

Common classic psychedelic drugs

Drug Sources

Psilocybin ~ Various mushroom species

LSD Synthetic, ultimately derived from
ergot fungal compounds

DMT Various plants (Psychotria viridis,
Mimosa tenuiflora, Anadenanthera
peregrina, Anadenanthera
colubrina, Diplopterys cabrerana,
Acacia species)

5-MeO- Anadenanthera peregrina,

DMT Anadenanthera colubrina, Bufo
alvarius toad venom, Virola
elongata

Mescaline  Peyote (Lophophora williamsii),

San Pedro cactus (Echinopsis
pachanoi), Echinopsis peruvianus

Pharmacologic Mechanisms

The prototypical phenethylamine class psyche-
delic is mescaline, and this class is fairly selective
for SHT), receptors. Tryptamine class compounds
include psilocybin and DMT and are less selective
and interact with more classes of SHT receptors,
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including SHT,, SHTg, and SHT, (Nichols, 2004;
Vollenweider & Preller, 2020). Ergoline class
compounds, such as LSD, are the least specific
for SHT receptors and can bind several other
receptor types. LSD is pharmacodynamically
complex and partially agonizes several subtypes
of 5SHT, in addition to SHT, (Lovenberg et al.,
1993). It also exhibits SHT; 5 autoreceptor activ-
ity that suppresses serotonergic activity (Passie
et al.,, 2008). Uniquely among commonly used
psychedelics, LSD also interacts with D1 and D2
receptors (Passie et al., 2008).

The main mechanism common to all classic
psychedelics is SHT, 5 agonism. This is supported
by a wealth of human and animal literature. In
humans, the effects of LSD, psilocybin, and DMT
are blocked by the SHT,, antagonist ketanserin
(Kometer et al., 2012; Preller et al., 2017; Valle
et al., 2016; Vollenweider et al., 1998). In addi-
tion, subjective psilocybin effects are positively
correlated with SHT,, occupancy (Madsen et al.,
2019). It is still possible, however, that other SHT,
subtypes play more minor roles. The SHT,x
receptor is widely distributed throughout the cor-
tex and found predominantly in the apical den-
drites of layer 5 pyramidal neurons (Hall et al.,
2000). A fuller account of the circuit-level mech-
anisms of psychedelics is beyond the scope of this
chapter, but there may be important contributions
from enhanced downstream glutamatergic trans-
mission with possible resulting effects on
neuroplasticity (Barre et al., 2016; Marek et al.,
2000), as well as downstream dopaminergic
effects (Vollenweider, 1999). For attempts to syn-
thesize a global account of psychedelic effects, the
interested reader is directed toward Vollenweider
and Preller (2020) and Carhart-Harris and
Friston (2019).

Acute Effects

Aside from receptor pharmacology, classic psy-
chedelics are difficult to define by their effects.
Grinspoon et al. (1979, p. 9) provide the following
definition: “A drug which, without causing phys-
ical addiction, craving, major physiological dis-
turbances, delirium, disorientation, or amnesia,

more or less reliably produces thought, mood,
and perceptual changes otherwise rarely experi-
enced except in dreams, contemplative and reli-
gious exaltation, flashes of vivid involuntary
memory, and acute psychosis.”

Psychedelics may seem to produce a bewilder-
ing variety of experiences in part because, perhaps
more so than other drugs, the effects of psyche-
delic drugs are highly context-dependent. In the
psychedelic literature, these contextual effects
(both external and internal) have been termed
“set and setting” effects (Hartogsohn, 2017). In
the 1950s, the markedly varying effects of peyote
on white research subjects compared to American
Indians taking it in a culturally sanctioned sacra-
mental setting are telling. White participants who
took peyote in research settings had experiences
characterized by feelings of meaninglessness, dis-
tress, “hallucinations largely idiosyncratic in con-
tent,” and a general lack of therapeutic benefits
(Wallace, 1959). In contrast, Native Americans
taking peyote in a ceremonial setting with a pre-
sumption of a meaningful and beneficial experi-
ence enjoyed “welcome feelings of contact with a
new, more meaningful... reality prefigured in
doctrinal knowledge” (Wallace, 1959).

Acute Psychological Effects
Psychedelics produce a broad range of perceptual,
cognitive, and affective changes (Griffiths et al.,
2006, 2011). These include visual illusions (more
so than hallucinations), synesthesia, an enhanced
sense of meaningfulness, increased emotionality
including anxiety, panic, or euphoria, alterations
in sense of time (including experiences of time-
lessness), and alterations in the sense of self.
Psychedelics can produce very challenging,
negatively valenced experiences characterized
by profound fear, anxiety, dysphoria, and a
distressing loss of touch with reality, all together
colloquially called a “bad trip” (Carbonaro et al.,
2016; Johnson et al., 2008). While non-ideal con-
texts seem more likely to provoke these challeng-
ing experiences, these can and do occur even
among carefully screened participants in moni-
tored clinical settings. In a psilocybin study of
18 healthy volunteers, 39% of subjects experi-
enced extreme “fear, fear of insanity, or feeling
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trapped” during their session, and 44% experi-
enced delusions or paranoia (Griffiths et al.,
2011). Notably, such challenging experiences do
not preclude therapeutic benefit. Positive emo-
tionality is also enhanced, and experiences of
joy, ecstasy, and euphoria are not uncommon.
Although relatively rare, without the safeguards
and structure of clinical or perhaps ceremonial
settings, dangerous behavior resulting from chal-
lenging experiences can result in harm including
death (Carbonaro et al., 2016; Johnson et al.,
2008, 2018).

The profound derangement of typical cogni-
tion and perception engendered by psychedelics
inspired early researchers to study their effects as
a “model psychosis.” Indeed, many features of the
psychedelic experience do mimic psychosis,
including perceptual disturbances, paranoia, delu-
sions, and formal thought disorder. However, it is
an imperfect model. Psychedelics do not generally
cause negative symptoms, for example
(Gouzoulis-Mayfrank et al., 2005; Heekeren
et al., 2007), and while primary psychosis is char-
acterized by auditory more than visual hallucina-
tions, the reverse is true for psychedelics (Bauer
etal., 2011; Waters et al., 2014). Similarly, synes-
thesia is common under psychedelics, but not in
primary psychosis (Luke & Terhune, 2013). Nota-
bly, haloperidol does not reduce psilocybin-
induced visual illusions and hallucinations and
in fact increases “dread of ego-dissolution,” a
psychometric construct encompassing dysphoric
ego dissolution and derealization (Vollenweider
et al., 1998).

Psychedelics can engender classical mystical
experiences (Gasser et al., 2014; Griffiths et al.,
2006, 2011; Stace, 1960). As described by Walter
Stace, these are subjective states characterized by:

1. A sense of sacredness

2. A noetic quality: a feeling of having encoun-
tered something fundamentally true

3. Positive mood: this can include ecstasy, pro-
found awe, peace

4. Ineffability: a sense that the experience cannot
be expressed in words

5. Paradoxicality

6. Transcendence of time and space: this can
include feelings of timelessness or infinite
space (Stace, 1960)

One’s degree of mystical experience experi-
enced in a psychedelic trial, as operationalized
by the Mystical Experience Questionnaire
(Barrett et al., 2015) (whether in its 43- or abbre-
viated 30-item version), has been shown to be
associated with various clinical outcomes, includ-
ing smoking cessation, alcohol abuse, anxiety and
depression associated with cancer, and major
depressive disorder (Barrett et al., 2018;
Bogenschutz et al., 2015; Davis et al., 2021;
Griffiths et al., 2016; Johnson et al., 2014; Ross
etal., 2016).

Normal Mini-Mental State Examination
(MMSE) scores administered while subjects are
under the influence of psilocybin suggest that
typical psychedelic effects should not be under-
stood as delirium (Barrett et al., 2018) although
delirium might be an appropriate term of a subset
of individuals encountered outside of clinical
research.

The DSM-5 criteria for hallucinogen intoxica-
tion include recent (non-phencyclidine) halluci-
nogen use, clinically significant behavioral or
psychological changes, perceptual changes, as
well as other non-specific signs including pupil-
lary dilation, palpitations, tremors, etc. Similarly,
ICD-11 hallucinogen intoxication requires clini-
cally significant behavioral, perceptual, etc.,
changes that may include a variety of features

including hallucinations, illusions, paranoia,
tremors, sympathomimesis, depersonalization,
and more.

Ultimately, these criteria are overly broad and
arguably unhelpful. This is in no small part due to
lumping together substances from entirely differ-
ent drug classes under the rubric “hallucinogen.”
The most definitive feature in diagnosing halluci-
nogen intoxication is history — urine toxicology
for psychedelic compounds is generally not rou-
tinely available nor particularly useful. The men-
tal status exam can mimic psychosis
(hallucinations, paranoia, thought disorder),
mania (euphoria, grandiose delusions, pressured
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speech), and anxiety and depressed mood can be
prominent. This is unlikely to present clinically
except in the emergency department setting —
likely for agitation, psychological distress, or
bizarre behavior. The course of intoxication is
highly variable and dependent on the drug —
smoked DMT can last as little as minutes, whereas
the effects of LSD can last 12 h. The most likely
diagnostic information leading to suspicion of
hallucinogen intoxication is verbal report, either
spontaneously or upon inquiry, that the patient
took a psychedelic. For classic psychedelics, the
first treatment should be the provision of
reassurance and a calming presence if possible.
Otherwise, treatment should include symptomatic
treatment of anxiety with benzodiazepines, and
agitation with benzodiazepines and/or atypical
antipsychotics. Oral diazepam is a preferred
choice among benzodiazepines (Johnson et al.,
2008), with dose recommendations ranging from
a single 10 mg dose (Grinspoon et al., 1979) up to
15-30 mg per hour (Ungerleider & Frank, 1976).
Typical antipsychotics should probably be
avoided due to a potential risk for potentiating
dysphoric psychedelic effects (Vollenweider
et al., 1998).

Clinical Research

Psychedelics were researched for a variety of clin-
ical conditions from the 1950s to 1970s but went
into a period of dormancy, restarting in clinical
settings in the 1990s and developing momentum
since then. Psilocybin is the subject of several
clinical studies, demonstrating preliminary prom-
ise for a variety of conditions including psycho-
logical distress associated with cancer, major
depressive disorder, and tobacco and alcohol use
disorders (Bogenschutz et al., 2015; Carhart-
Harris et al., 2016; Griffiths et al., 2016; Johnson
et al., 2014) in fixed doses up to 25 mg or weight-
based doses ranging from 20 to 30 mg/70 kg.
These are moderate to high doses that are akin to
or even on the higher side of recreational doses.
Other psychedelics, including LSD and the DMT
containing brew ayahuasca, are also being evalu-
ated for clinical conditions (Gasser et al., 2014;

Palhano-Fontes et al., 2019). This work generally
excludes subjects with personal or family histories
of psychosis or bipolar disorder and has demon-
strated an exceptional safety profile with appro-

priately selected subjects and monitoring
procedures.
Epidemiology of Use

The Monitoring the Future survey has surveyed
US students annually since 1975. According to
this survey, past year use of LSD among 8th, 10th,
and 12th graders peaked in 1996 at 6.3%, declin-
ing to a nadir of 1.6% in 2013 and rising slightly to
2.2% by 2019. Past year use of the broad category
“Hallucinogens other than LSD,” including other
classic psychedelics but also phenylcyclidine and
concentrated THC, peaked in 2001 at 4.0% and
subsequently declined to 1.9% in 2019 (Miech
et al., 2020).

The National Survey on Drug Use and Health
(NSDUH) is an annual, nationally representative
survey of drug use in the USA. According to the
NDUH, among the entire population age 12 and
older, past year LSD use had hovered between 0.2
and 0.4% throughout the early 2000s, though it
began to increase annually in 2015 to 0.9% in
2019. Among adults aged 18-25, past year LSD
use was below 2% from 2002 to 2012, but then
increased steadily to 3.6% in 2019. Among the
entire sample, lifetime LSD use ranged from 9.6%
in 2002 to 10.1% in 2018, and lifetime psilocybin
use ranged from 7.9% in 2002 to 9.3% in 2018.

Toxicity

Psychedelic drugs can cause sympathetic arousal
including tachycardia ~and hypertension
(Griffiths et al., 2006, 2011). While this is gener-
ally not of clinical significance, people with sig-
nificant cardiovascular conditions are usually
excluded from ongoing clinical trials for this
reason. There are at least a couple of reported
cases of myocardial infarction from psilocybin.
One was in an 18-year-old man with Wolff-
Parkinson-White syndrome (Borowiak et al.,
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1998). Another was in a 24-year-old woman who
had received a heart transplant a decade before
psilocybin use due to end-stage rheumatic heart
disease (Lim et al., 2012).

Dose-dependent headaches and nausea with
occasional vomiting are not uncommon following
psilocybin (Griffiths et al., 2011; Johnson et al.,
2012), though ayahuasca in particular may cause a
greater degree of nausea and vomiting (de Lima
Osorio et al., 2015; Palhano-Fontes et al., 2019).
Dizziness, dyscoordination, and tremors may also
occur (Nichols, 2004).

Except in extreme cases such as those at severe
cardiovascular risk as previously described, clas-
sic psychedelics are not known to be somatically
toxic acutely or chronically, and have little poten-
tial for organ damage, even in overdose (Johnson
et al., 2008; Nichols, 2004; Passie et al., 2008).
Earlier research suggesting that LSD damages
chromosomes appears to have been unwarranted
(Bender et al., 1968,). Extrapolation from lethal
doses in rodents and elephants suggests a lethal
dose of LSD around 14,000 micrograms (com-
pared to a typical dose of 100-300 micrograms),
though there are no recorded human cases of death
from LSD overdose. Remarkably, eight individ-
uals who took a massive overdose of LSD intra-
nasally (mistaking it for cocaine) and had serum
LSD Ilevels of 1000-7000 micrograms/mL sur-
vived with no long-term sequelae (Klock et al.,
1975). However, all eight did require hospitaliza-
tion — three required mechanical ventilation, three
aspirated vomitus, and all had coagulopathy
though none required blood transfusion. All left
the hospital within 48 h of admission. A lethal
dose of psilocybin is estimated to be 1000 times
its effective dose (Gable, 2004). Thus, psyche-
delics are exceedingly safe. The major risk acutely
is psychological distress, with potential for psy-
chiatric decompensation subacutely.

There is also a theoretical risk of cardiac val-
vular disease with chronic dosing of psychedelics.
Fenfluramine is a substituted amphetamine that, in
combination with phentermine, was marketed as
an appetite suppressant in the USA in the 1990s.
The drug was pulled out from widespread circu-
lation upon the discovery that it can cause valvular
heart disease — principally aortic and mitral

regurgitation and resulting in pulmonary hyper-
tension (Palmieri et al., 2002). This effect appears
to be due to SHT,5 agonism (Rothman et al.,
2000) and is similar to pathology found in carci-
noid syndrome (Pellikka et al., 1993). Psyche-
delics, such as psilocybin and LSD, also agonize
the SHT,p receptor and therefore may pose a
similar cardiac valvular risk. While this risk is
unknown, it is likely miniscule with a use pattern
of moderate to large doses taken infrequently.
However, one use pattern of psychedelics is
microdosing, which involves low doses, some-
times taken chronically. Given SHT,p this may
pose a cardiac risk.

Disordered Use

The DSM-5 criteria for hallucinogen use disorder
are similar to those of other drugs and include
such criteria as hallucinogens used in greater
amounts than intended, unsuccessful attempts at
reducing use, excessive time spent using,
obtaining, or recovering from hallucinongens,
craving, tolerance, and functional impairment.
ICD-11 Hallucinogen Dependence criteria simi-
larly include repeated hallucinogen use with loss
of control of use, use taking precedence over other
important features of life, and physiological
tolerance.

Both sets of criteria are inadequate in reference
to the classic psychedelics. Although use can
result in harm, classic psychedelics have remark-
ably little evidence of compulsive use potential
that is presumed by many of the criteria, and
psychedelic use is typically devoid of the usual
hallmarks of disordered drug use, including
dependence, withdrawal, craving, and escalating
use in the face of mounting drug-related conse-
quences (Johnson et al., 2018; Nichols, 2004).
Rhesus macaques do not reliably self-administer
psilocybin, mescaline, or DMT (Fantegrossi et al.,
2004). Cohen (1960) received questionnaire data
from 44 researchers (70% of those contacted
replied) who had administered LSD or mescaline
to patients or healthy volunteers, encompassing
nearly 5000 individuals dosed over 25,000
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sessions. No instances of addiction to LSD were
reported.

Tolerance to 5HT,, agonists, however,
develops rapidly, with cross-tolerance across
drugs including psilocybin, LSD, and mescaline
(Abramson et al., 1956, 1960; Wolbach et al.,
1962). Tolerance can occur after a single dose
such that an identical dose the following day
barely produces threshold effects (Abramson
et al., 1956). Tolerance is also rapidly lost, over
the course of days. The mechanism of this is
presumably due to receptor downregulation,
which has been demonstrated in rodents
(Buckholtz et al., 1985).

DMT may be the exception to this. DMT,
perhaps uniquely among known psychedelics,
does not appear to produce tolerance when admin-
istered IV in humans (Strassman et al., 1996).
Animal data also suggest a lack of both tolerance
formation (Gillin et al., 1973; Kovacic & Domino,
1976) and cross-tolerance with other tryptamine
psychedelics (Kovacic & Domino, 1976). In
humans, intramuscular DMT 1is active in
LSD-tolerant individuals (Rosenberg et al,
1964). In contrast, LSD is cross-tolerant with psi-
locybin and mescaline in humans (Isbell, 1959;
Wolbach et al., 1962). The mechanism for DMT’s
unique tolerance profile is unclear. It is notewor-
thy that chronic serotonergic antidepressants
(including MAOIs) may block the effects of psy-
chedelics — it is unknown whether this is mediated
through the same signaling mechanisms as toler-
ance (Bonson et al., 1996; Grof & Dytrych, 1965;
Gukasyan, 2023).

Despite such rapid and profound tolerance for
most psychedelics, these drugs do not cause phys-
ical dependence. There has been no reported with-
drawal phenomenon, and large doses of
psychedelics are in fact often followed by an
“afterglow” — a pleasant, non-impairing state
characterized by positive mood that can last
weeks to a month (Maji¢ et al., 2015).

Preliminary evidence suggests psychedelics
may have potential to treat other addictions,
including tobacco smoking (Johnson et al.,
2014), alcohol abuse (Bogenschutz et al., 2015),
and opioid addiction (Savage & McCabe, 1973),
though there has been no definitive study to date.

Naturalistic psychedelic use may also lead to
reductions in misuse of alcohol and other drugs
although the causal nature of the association is not
certain (Garcia-Romeu et al., 2019, 2020).

Psychosis Related to Psychedelics

Diagnostic Criteria
The criteria for hallucinogen-induced psychosis in
the DSM-5 are identical to those for any
substance/medication-induced psychotic disor-
der, and include the presence of clinically signif-
icant delusions or hallucinations that occur after
hallucinogen use and are not better explained by
another cause. /CD-11 criteria are nearly identical.
This designation is unfortunately tautological
and can elide the presence of an underlying affec-
tive or primary psychotic disorder. Modern clini-
cal psychedelic studies generally exclude
prospective participants with a history of psycho-
sis or bipolar disorder, and sometimes even people
with a first-degree family history of these. This
reflects an awareness that psychedelics may exac-
erbate or unmask these disorders. While psyche-
delics may certainly cause psychosis in
individuals without an active underlying disorder,
there is a risk in reflexively viewing psychosis
precipitated by a psychedelic as “hallucinogen-
induced psychosis” without considering the pos-
sibility of “hallucinogen-induced exacerbation of
an underlying psychotic disorder.”

Literature Review of Psychosis Cases
Below is reviewed what is known about the risk of
psychosis with psychedelics. Most of these stud-
ies are older, so there is the relevant caveat that
American  psychiatric  nosology in  the
1950s—1970s was heavily biased toward schizo-
phrenia to the relative exclusion of manic depres-
sion (Cooper et al, 1969). Thus, it is
unfortunately difficult to distinguish the two
from a historic diagnosis.

Of Cohen (1960)’s questionnaire of
researchers encompassing 5000 patients and sub-
jects dosed with LSD or mescaline, there were
eight episodes of psychosis lasting longer than
48 h. The only one that occurred in a
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non-therapeutic research setting involved the
identical twin brother of an individual with
schizophrenia. He received 180 mcg IV LSD
and 2 days later developed anxiety and deperson-
alization requiring a 5-day hospitalization. He was
treated with barbiturates and discharged in good
condition after 5 days.

Seven other cases in this sample involved pro-
longed psychosis in therapeutic settings. Two
made a complete recovery within weeks, whereas
the remaining five had either chronic or unclear
courses. These include a 23-year-old depressed
man with prior “hallucinatory experiences” who
“barricaded himself into a room and made an
abortive suicidal attempt. The psychotic manifes-
tations persisted for a fortnight and was termi-
nated with 48 hours of deep sleep therapy.”
Another experienced a “chronic LSD state for
weeks, culminating in an undifferentiated schizo-
phrenic reaction,” requiring hospitalization and
treatment with phenothiazines. He is noted to
have made a slow, but complete recovery over
6 months. Another patient was a man who devel-
oped hyper-religiosity and anxiety in his late
20s—early 30s. He was treated with successive
doses of LSD and developed psychosis requiring
hospitalization. He had slow recovery over a year
and a half. From this sample, an incidence of
0.08% of prolonged psychosis is noted in
non-therapeutic ~ experimental subjects and
0.18% in therapy subjects (Cohen, 1960).

Baker (1964) reported on 150 inpatients with
“functional psychiatric disorders” treated with
LSD 100-2000 micrograms per session for 1-10
sessions. Of these, 4/150 (2.7%) developed psy-
choses that required termination with ECT. While
not strong evidence, their resolution with ECT
raises suspicion for affective psychoses. Two of
the four had previous psychotic episodes with
recovery. Notably, other patients in this sample
with prior psychoses did not develop psychosis,
but no number is mentioned.

Ungerleider et al. (1966) reviewed psychiatric
emergency room records involving LSD over a
7-month period encompassing 70 patients. Of
these 27% had previous outpatient psychiatric
care, though diagnoses are not clear. Twenty-five

(36%) were hospitalized, and 12 (17%) required
hospitalization longer than a month.

Fink et al. (1966) administered LSD 60 micro-
grams—250 micrograms to 65 inpatients. They are
all described as having a history of psychosis,
though it is not clear from description why they
were hospitalized at the time of study. Out of
158 administrations, three (2%) led to prolonged
reactions. It is striking that in a sample of patients
with psychotic disorders, all three cases appear
consistent with manic depressive illness.

The first case involved a 20-year-old man with
one prior episode of “bizarre behavior. . . destruc-
tiveness, manic excitement,” paranoia, and hallu-
cinations who received three successive doses of
LSD leading to euphoria, lability, and delusions of
guilt that resolved over 3.5 months of treatment
with trifluperidol.

The second case was a 25-year-old man with
4 years of negative symptoms with a cyclic course
that responded to drug treatment. After LSD
40 micrograms, he developed paranoia and deper-
sonalization. He threw himself out of the car on a
home visit the following day and became increas-
ingly depressed, expressing a desire to die. Over
the course of a week, he developed euphoria,
“uncontrollable giggling,” and decreased sleep.
He was discharged in improved, but not resolved,
condition after 8 months of inpatient antipsy-
chotic treatment.

The final case was a 48-year-old man with
cyclic episodes of depression alternating with
euphoria, aggression, inappropriate laughter, as
well as persecutory delusions and hallucinations.
His first dose of LSD 70 micrograms led to no
change in symptoms while on trifluperidol ther-
apy. A second dose — LSD 60 micrograms admin-
istered after tapering trifluperidol — led to
aggression, elation, flight of ideas, and auditory
hallucinations. He received chlorpromazine
200 mg IM but continued to have manic and
psychotic symptoms. Over the course of
2.5 months of antipsychotic treatment, he
improved to the point of discharge.

Other sources from which to ascertain risk
include groups that sacramentally use psyche-
delics. Bergman (1971) estimated a rate of one
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psychotic reaction per 70,000 peyote ingestions
among a population of 30,000 Native American
Church members assumed to have an average
session every 2 months. This was an intentional
overestimate that, with the obligatory caveat
about demographic confounds, is reassuring
from a risk perspective. The Unido do Vegetal, a
Brazilian ayahuasca religion, maintains an epide-
miologic surveillance system for psychiatric dis-
orders among its users. From 1994 to 2007, there
were 29 psychotic occurrences, including 4 manic
episodes with psychosis, and 4 major depressive
episodes with psychosis, though these were not
well characterized (Lima et al., 2011). In 19/29
cases, ayahuasca was determined to be the main
contributing factor. Four cases had no prior psy-
chiatric history. Lima et al. (2011) estimate
130,000 person-years of UDV membership from
1994 to 2007 and determine (based on risk in the
general Brazilian population) 20.5 (95% CI[18.6,
22.9]) expected cases of psychosis per 130,000
person-years. In the UDV sample, the 29 psycho-
sis cases per 130,000 person-years suggest that
ayahuasca may contribute to greater psychosis
risk in susceptible people, though there are several
potential confounds. Other population studies do
not show an association of psychedelic use with
greater mental health problems when controlling
for other relevant variables (Hendricks et al.,
2015), including primary psychosis and mania
(Krebs & Johansen, 2013).

There are several case reports that are generally
difficult to interpret given many confounds (such
as concurrent use of other drugs), but two are
worth mentioning. Szmulewicz et al. (2015)
reported on a 30-year-old man with prior hypo-
mania and a father with bipolar I disorder, who
developed mania 2 days after ayahuasca
consumption.

dos Santos and Strassman (2011) report the
case of a 21-year-old man with no known family
or personal psychiatric history save 6 years of
near-daily cannabis use. He had been using aya-
huasca roughly twice a month for 2 years (with
near-daily cannabis) when during an ayahuasca
ceremony he acutely developed paranoid
delusions which persisted for 2-3 weeks and
resolved with risperidone. A year later, he

resumed ayahuasca without risperidone or canna-
bis. After his third session, he developed a similar
psychotic episode. He ceased ayahuasca use
though used LSD, psilocybin, and MDMA with-
out issue in the interim. He developed a similar
psychotic episode after an ingestion of MDMA,
and again after 2C-I (2,5-dimethoxy-4-
iodophenethylamine) (dos Santos et al., 2017). If
it is assumed these psychoses were indeed trig-
gered by these drug experiences (which is not
clear), it can be concluded that the risk of psycho-
sis in a susceptible individual is not uniform —
most drug sessions did not induce psychosis in
this patient.

Notably, in the hundreds of administrations of
psilocybin administrations at Johns Hopkins, there
have been no provocations of psychosis or mania,
suggesting that potential risks of psychosis and
mania can be mitigated in appropriately screened
people. To our knowledge, at other research sites in
the USA, the UK, Switzerland, Spain, and Brazil,
there have been no instances of psychosis or mania
occasioned by experimental psychedelic adminis-
tration to carefully screened participants.

Summary

Key questions are whether psychedelics pose dif-
ferential risks for people with primary psychotic
and bipolar diatheses, whether and how this risk
can be mitigated, and whether different drugs pose
different risks. There is unfortunately not enough
information to answer these questions. Erring on
the side of caution, some reasonable conclusions
can nevertheless be drawn:

1. Psychedelics pose a relatively low risk of trig-
gering psychosis in appropriately screened
people.

2. They likely can exacerbate primary psychotic
disorders and bipolar disorders in predisposed
people (with a personal or family history), and
such people are especially advised to
avoid them.

3. The risk of psychedelics in bipolar II disorder
is not clear.

4. Tt is unknown whether different psychedelics
pose different risks.
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5. It is unknown whether psychosis and mania
risk can be mitigated with medications or
other interventions.

Hallucinogen Persisting Perception
Disorder (HPPD)

Introduction
Sandison and Whitelaw (1957) make perhaps the
first reference to LSD recurrence phenomena:
LSD “is liable to produce a repetition of the
acute phase of the experience days or even
weeks after the initial doses. It is probable that
repeated and larger doses of LSD produce the
most severe and prolonged after-effects, but this
phenomenon is seen well marked in patients who
have had no more than 50 mcg weekly.”
Colloquially called psychedelic “flashbacks,”
the condition of post-psychedelic hallucinatory
phenomena remains vaguely defined in preva-
lence and subjective characteristics. Because the
categorizations of this condition in DSM-5, ICD-
10, and the case report literature differ signifi-
cantly, and because it is the subject of immense
controversy and confusion in the public sphere, an
overview of the concept, its history, its phenome-
nology, and different categorization schemes is
provided.

Diagnosis

Comparison of ICD/DSM Diagnostic Criteria

ICD-11 does not have specific criteria for HPPD.
However, ICD-10 (Organization, 2004) includes
the following two codes related to HPPD:
F16.283 hallucinogen dependence with halluci-
nogen persisting perception disorder (HPPD)
(flashbacks) and F16. 983 Hallucinogen use,
unspecified with hallucinogen persisting per-
ception disorder (flashbacks). It is specified
that “Flashbacks may be distinguished from psy-
chotic state partly by their episodic nature, fre-
quently of very short duration, and by their
duplication of previous alcohol- or other psycho-
active substance-related experiences.” Notably,
these two definitions do not entirely converge. In
contrast, DSM-5 Hallucinogen Persisting

Perception Disorder (HPPD) criteria include the
reexperiencing of perceptual symptoms similar to
those experienced while intoxicated that are clin-
ically impairing and not better explained by
another cause.

Lerner et al. (2014) delineate two types of post-
psychedelic flashback syndromes, one of which
does not neatly fit within the DSM-5 criteria. Here
their categorization is borrowed as it is useful for
organizing the literature. The two types share
phenomenology but are distinguished in chronic-
ity and severity. Type I is milder, intermittent, and
more transient than type II and may fit better with
the /CD- 10 classification. Type Il HPPD is similar
to type I but more severe, enduring, functionally
impairing, and distressing, and coheres better with
DSM-5 criteria. The two conditions can likely be
understood as lying on a spectrum of severity.

Diagnosis of HPPD is fairly straightforward
following DSM-5 criteria though largely encom-
passes what is described as HPPD II above. The
major diagnostic considerations involve ruling
out other causes. These include ophthalmologic
causes and organic CNS pathology (including
tumors, neurodegenerative disorders, head
trauma, drug toxicities, stroke, seizure disorder,
etc.). Distinction from psychotic disorders is also
necessary but straightforward.

An important caveat to bear in mind is that the
majority of information about HPPD comes from
case reports and are subject to all their attendant
biases. While it is difficult to infer causality from
case reports, it is prudent to err on the side of
caution and do so anyway when dealing with a
potentially serious adverse effect.

Type | HPPD
Type I HPPD could likely be simply termed psy-
chedelic “flashbacks” — intermittent recurrences
of psychedelic-like phenomenon that are largely
benign. These can be defined as “transient spon-
taneous recurrences, usually multiple, of certain
aspects of the psychedelic drug effect occurring
after a period of relative normalcy following the
original intoxication” (Shick & Smith, 1970).

A typical description is offered by Horowitz
(1969): “Sometimes the sidewalk seems to bend
as if it’s going downwards — even when I’m not on
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anything — or it just kinda vibrates back and
forth.” Flashbacks appear to be primarily visual
(illusions, pseudohallucinations, and hallucina-
tions) but can include a range perceptual and
affective changes. These may occur without any
clear prompting, days, months, or even years after
last hallucinogen use. They may range from
amusing to distressing (McGlothlin & Arnold,
1971). Vague somatic symptoms as well as dere-
alization, depersonalization, or a dream-like qual-
ity to reality may be present. Insight is retained
with all these experiences. Because HPPD 1 is
generally not functionally impairing and is self-
limited, it may often not lead to clinical presenta-
tion. A survey of 235 LSD users found that 28%
reported experiencing flashbacks; 36% found
these experiences disruptive and 16% sought clin-
ical help (Naditch & Fenwick, 1977). Flashbacks
are felt to be provoked by stress, other substances
(especially cannabis (Halpern et al.,, 2018)),
hypnagogia, dark environments, or volition, but
also to occur spontaneously.

Abraham (1983)’s report of 123 subjects with
LSD exposure recruited from a psychiatric emer-
gency service details a variety of visual phenom-
ena that can occur with HPPD. They described
symptoms included color confusion, difficulty
reading, phosphenes, geometric  pseudo-
hallucinations, illusions of movement, halos
around objects, palinopsia (visual trails that fol-
low moving objects), and intensified colors. Other
types of symptoms include aeropsia (visual
snow), fragmentation of objects, pointillist visu-
alizations, distorted distance perception, and
pareidolias (Lerner et al., 2014).

Notably, those symptoms are distinct from psy-
chosis. In a study of schizophrenia patients with
HPPD, 8/12 (67%) patients reported that HPPD
symptoms were distinguishable from psychotic
hallucinations (Lev-Ran et al., 2014).

Type Il HPPD

Type II HPPD is more severe, chronic, and
distressing and entails “constant or near-constant
visual effects” (Halpern et al., 2018). Per Lerner
et al. (2014), “The principal difference between
these two conditions rests on the patient’s percep-
tion of impairment and disability. HPPD 1 is

perceived as a benign pleasant state whereas
HPPD 1I is perceived as a severe, unpleasant
state.” Rosenthal first described this type of pro-
longed post-psychedelic reaction “lasting as long
as 6 months or more after the last drug experience.
The hallucinations are marked by their similarity
to those experienced while under the influence of
the drug itself. Both pleasant and frightening
effects are seen. The frightening hallucinations
are involuntary. Cats, crabs, insects, corpses and
the skulls of familiar people are among the things
that have been reported. The pleasant sensations
are semi voluntary in the sense that the subject can
make them more or less intense to the extent that
he concentrates on them. They consist character-
istically of the breakup of light into droplets of
color, shimmering panels of color before the
patient’s eyes and brightly colored shape distor-
tions. Hallucinosis may also be accompanied by
fear and panic” (Rosenthal, 1964).

Distinguishing HPPD | and HPPD Il

HPPD I HPPD II

Intermittent, transient Chronic, persistent
episodes

Mild More severe
Generally Functionally impairing

non-impairing
Less likely to present
clinically

More likely to present
clinically

Epidemiology

Studies of HPPD vary greatly in estimates of
prevalence, which partly reflects differing defini-
tions. Earlier reports were notable for a relative
absence of reports on HPPD. Smart and Bateman
(1967)’s review of the literature found only
11 cases of recurrent LSD-like experiences. In
contrast, Horowitz (1969) estimated 1 in
20 users would have at least a mild form of flash-
back. Similarly, in a Los Angeles County Survey
of Health Professionals, Ungerleider et al. (1968)
reported that 26% of survey respondents indicated
that over half of their LSD patients experienced
flashbacks.
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In a follow-up survey of 247 people who had
received LSD in experimental or psychotherapeu-
tic settings, McGlothlin and Arnold (1971)
reported 14.6% indicated they had experienced
some kind of spontaneous recurrence of
LSD-like symptoms. By and large, these were
mild and transient and would fit with HPPD
I. Only 1 case of 36 patients experiencing flash-
backs was significantly distressing.

A survey of 2256 enlisted army members
found 88 who experienced flashbacks (as defined
by the respondent) that they attributed to one or
two drugs. A majority of flashbacks (54.5%) were
attributed (by the subjects) to LSD (Stanton &
Bardoni, 1972). Only 5% of flashbacks were
attributed to amphetamines and 1% to cannabis.

Abraham (1983) reported 53.5% of subjects
with a history of LSD use recruited through an
emergency psychiatry service endorsed flash-
backs. These were fairly enduring, and 12.9% of
these subjects had sought clinical help.

Krebs and Johansen (2013) argue that visual
disturbances are common among the general pop-
ulation and that the long duration between psy-
chedelic intake and symptom onset argues against
causality. It remains unclear to what extent
healthy subjects who have not taken psychedelics
have HPPD-like symptoms and to what extent
psychedelic flashbacks may lie on a spectrum of
non-pathological, transient, unusual sensory
experiences. Abraham (1983) found a mean of
4.8 &+ 3.0 HPPD-type visual symptoms in a sam-
ple with HPPD compared to 1.8 & 3.0 in healthy
controls.

Schankin et al. (2013) reported on 57 patients
who endorsed “persistent, dynamic, black &
white tiny dots in the entire visual field,” termed
visual snow, or aeropsia. A majority of subjects
also reported excessive visual floaters (also
termed mouches volantes; 84%), persistent after-
images (83%), palinopsia (56%), and phosphenes
(51%). These subjects denied any use of illicit
drugs prior to symptom onset. However, if they
had taken a hallucinogen prior to symptom onset,
it is likely they would have met criteria for HPPD.
Interestingly, 54% of these subjects had a history
of migraine.

Studerus et al. (2011) pooled data from eight
psilocybin dosing studies totaling 110 subjects,
90 of whom completed long-term follow-up ques-
tionnaires. Of these 90, 10% endorsed experienc-
ing spontaneous altered states of consciousness
prior to receiving psilocybin, 9% endorsed such
states after, and 3.3% endorsed such states both
before and after. These experiences could not be
distinguished from each other and were generally
found to not be impairing. Only 3.3% of subjects
endorsed visual alterations, which were mild.
These were infrequent, transient, and largely
appeared in relation to darkness, hypnagogia,
meditation, and so on. Similarly, a sample of
80 members of the Native American Church
who had taken peyote at least 100 times found
no cases of HPPD (Halpern et al., 2005). It may be
that properly selected patients in supportive set-
tings are less likely to develop HPPD.

A subset of an online psychedelic survey,
which comprised 174 people who had taken
LSD, psilocybin, MDMA, cocaine, ketamine,
and alcohol, showed that 22% responded “defi-
nitely yes” to reexperiencing psychedelic drug
effects (Carhart-Harris & Nutt, 2010). A majority
(55%) felt LSD to be most responsible.

Clinical Issues

Course

Much of what is known about HPPD comes from
case studies, which are blunt-objects that have
limitations in understanding the natural history
of a disorder. HPPD I may arise quickly or grad-
ually. There is no certainty about the dose required
to elicit HPPD. Cohen and Ditman (1963) report
onset of HPPD after a single dose of LSD. Abra-
ham (1983) showed a dose-response relationship
that peaks at 15 and 40 lifetime doses of LSD and
thereafter plateaus, and McGlothlin and Arnold
(1971) found that flashbacks were more common
in individuals who had 10 or more exposures.
Other research is conflicting, both showing a
dose-response relationship (Naditch & Fenwick,
1977) and not (Stanton & Bardoni, 1972). It
appears there is great variability, though it is
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sensible to believe that more exposure leads to
greater risk.

Strassman (1984) notes that psychedelic flash-
backs “are usually self-limited and diminish in
duration, intensity, and frequency with time,”
and this is echoed by other authors (Horowitz,
1969; Lerner et al., 2014; Shick & Smith, 1970).
In contrast, the patients described in Abraham
(1983) (mentioned above) had symptoms that
were durable over time, did not dissipate, and
were functionally impairing — all more in keeping
with HPPD II and the DSM-5 criteria. In general,
it appears that symptoms are generally paroxys-
mal and mild, but can also be severe, chronic, and
enduring. The distinction between HPPD I and I
usefully partitions these two courses, though it is
unlikely these are fundamentally different
processes.

Comorbidity

Diagnosing comorbid affective and anxiety disor-
ders, which may be more common in this popula-
tion, is key. While not captured by existing
diagnostic schema, it is likely helpful to catego-
rize people into HPPD 1 (transient, self-limited)
versus HPPD II (chronic, persistent).

Etiology and Pathophysiology
Various explanations have been offered to explain
HPPD symptoms, including psychodynamic for-
mulations (Horowitz, 1969; Naditch & Fenwick,
1977), disinhibition of visual pathways (Abra-
ham, 1983), and exacerbation of preexisting
hypersensitivity to low-level visual information
(Halpern et al., 2018).

Abraham (1983) suggests HPPD may be due to
a failure to inhibit low-level visual noise. This
could occur through damage to or otherwise
altered function of 5-HT2A expressing cortical
inhibitory interneurons (Litjens et al., 2014). Sim-
ilarly, Carhart-Harris and Friston (2019) propose
that, acutely, psychedelics relax visual priors that
normally constrain perception such as “walls
don’t breathe.” Under relaxed visual priors,
low-level visual noise is unconstrained and can
make conscious appearance as breathing walls or
bending sidewalks. If a similar mechanism were
to persist, HPPD could conceivably result. To

date, there is no data to confirm or refute chronic
relaxation of perceptual priors following psyche-
delic experiences.

This conjecture is made more plausible
by the existence of non-drug-induced conditions
wherein a circumscribed sensory experience dura-
bly alters subsequent sensory experience. Mal de
débarquement is a rare vestibular disorder that
idiosyncratically develops after passage on a
ship or airplane (or even sleeping on a waterbed
(Murphy, 1993)), constituting a persistent
rocking, swaying, or bobbing sensation after
returning to land. It can be debilitating and has
few treatment options. It may be understood as
perceptual learning that generates inappropriate,
enduring perceptual priors.

Halpern et al. (2018) performed a survey that
recruited individuals with persistent perceptual
disturbances after any triggering event, not just
drug use. One individual with no prior history of
drug wuse endorsed symptoms that were
indistinguishable from HPPD II. They suggest
the possibility that HPPD is due to preexisting
over-activation of visual pathways that becomes
a self-reinforcing focal point of anxiety after a
psychedelic experience. This may explain why
cases of HPPD seem more often attributed to
distressing psychedelic experiences (Halpern
et al.,, 2018; Lev-Ran et al., 2014; Naditch &
Fenwick, 1977). They suggest that “HPPD may
be an anxiety disorder not unlike PTSD, where the
triggering drug experience is the traumatic event.”
The same study suggests that people with a family
history of anxiety, complaints of tinnitus, visual
floaters, and poor concentration may be more
prone to developing HPPD II.

Descriptions of HPPD and flashbacks appear
similar to visual experiences that may occur dur-
ing migraine aura, including seeing “polygonal
latticeworks” or “gridding” or “mosaic-vision”
with fragmentation reminiscent of a pointillist
painting (Sacks, 1992, p. 278). It is unclear
whether migraine is a risk factor for HPPD,
though Litjens et al. (2014) did not find a relation-
ship. It is noteworthy that HPPD-like visual
symptoms (palinopsia) can be an acute adverse
effect of other serotonergic drugs, including traz-
odone (Hughes & Lessell, 1990), risperidone



16

S. M. Nayak and M. W. Johnson

(Lauterbach et al., 2000), and mirtazapine (Thde-
Scholl & Jefferson, 2001). This bolsters the prob-
ability that classic psychedelics, as serotonergic
agents, do in fact cause HPPD. However, it is also
worth mentioning that other drugs are associated
with flashbacks, including ketamine (Abraham &
Salzman, 2017), cannabinoids (Halpern et al.,
2018; Lerner et al., 2011), and MDMA (see
below) (Litjens et al., 2014). It is possible that
psychedelics are more commonly associated
with flashbacks than other drugs because of a
true greater risk of causing flashbacks. However,
it is also possible, because of this common asso-
ciation, flashbacks are attributed to psychedelics
rather than other drugs or preexisting conditions.
Other classic psychedelics apart from LSD,
including mescaline and psilocybin, have also
been associated with HPPD, though there are
fewer reports of these (Halpern et al., 2018). Tran-
sient recurrence of drug-like effects following 5-
MeO-DMT may be particularly common, though
these are mostly positively valenced (Ortiz Bernal
et al., 2022). Nonetheless, it is impossible to say
whether different psychedelics carry different
risks for inducing HPPD.

Ultimately, these speculations are not mutually
exclusive and may in fact be complementary.
Whether through bottom-up overactivity or
top-down disinhibition, it seems plausible that
HPPD results in part from excitatory and inhibi-
tory imbalance in the visual system.

Treatment

There is no definitive treatment for HPPD, but a
variety of case reports have been published. Ris-
peridone and phenothiazine antipsychotics appear
to exacerbate HPPD symptoms (Abraham, 1983;
Morehead, 1997), though there are conflicting
reports. A single case study showed benefit with
0.5 mg risperidone (Subramanian & Doran,
2014). Similarly, a case study of trifluoperazine
in an individual with constant palinopsia and other
intermittent visual phenomena revealed a few
days of worsened palinopsia followed by
improvement (Anderson & O’Malley, 1972).
Intermittent flashback symptoms, however, did
not improve. This pattern of transient worsening
followed by improvement may hold true for other

neuroleptics. One case showed worsening with
5 mg olanzapine but subsequent improvement on
risperidone 2 mg and sertraline 150 mg (Espiard
et al., 2005). Similarly, a different case demon-
strated initial worsening with risperidone but
improvement with olanzapine and fluoxetine
(Aldurra & Crayton, 2001). Both these cases
included SSRIs, which have discordantly shown
improvement (Young, 1997) and worsening of
visual symptoms (Markel et al., 1994). A small
study of haloperidol in eight patients found
increased flashbacks for the first week with a
subsequent decrease that was not statistically sig-
nificant (Moskowitz, 1971).

Benzodiazepines appear helpful (Lerner et al.,
2003; Abraham, 1983), as does clonidine (Lerner
et al., 2000).

Lerner et al. (1997) report two cases of naltrex-
one resolving HPPD symptoms with durable ben-
efit after discontinuation. Two cases showed great
improvement with lamotrigine 200 mg after
13 years (Hermle et al., 2012) and 18 years of
visual symptoms (Hermle et al., 2013) which were
severe enough to impair reading and attributed to
LSD. Notably, a retrospective chart review of
treatment for visual snow (which phenomenolog-
ically overlaps significantly with HPPD) showed
that 5/26 patients (19.2%) experienced partial
remission with lamotrigine — more so than any
other treatment (Dongen et al., 2019).

Of course, it is unclear to what extent the effect
of any of these treatments is attributable to spon-
taneous remission. While there is no well-
evidenced treatment for HPPD, lamotrigine may
be a good first option given its favorable safety
profile.

Special Factors Influencing Treatment
There are no general statements that can be made
regarding special factors influencing the treatment
of hallucinogen related disorders given the very
broad expanse of drugs included under the rubric
of hallucinogen.

Summary

Erring on the side of caution, it is reasonable to
conclude that recurrences of psychedelic-type
experiences are possible, may be not uncommon,
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but are generally benign and self-limited. Some
may go on to develop a more persistent and endur-
ing course of visual aberrations accompanied by
distress, though this appears to be rare, and it is
not clear what factors predispose to this.
Lamotrigine is a reasonable first choice for treat-
ment in those with persistent, disturbing
symptoms.

MDMA

MDMA is the shorthand for methylenedioxy-
methamphetamine, a substituted amphetamine
first synthesized in 1912 by Merck as a chemical
intermediate of a compound to stem abnormal
bleeding. While it is considered a “hallucinogen”
under DSM-5 categorization, its mechanism and
effects are substantially different than classic psy-
chedelics. Moreover, MDMA poses significantly
greater acute and chronic risks over classic
psychedelics.

In the 1920s, MDMA was briefly studied as a
vasoconstrictor, but research did not proceed fur-
ther. It escaped notice for decades until the US
military began testing it on animals in the 1950s as
part of a larger program to develop aides to inter-
rogation, but this research program also did not
progress (Pentney, 2001).

Alexander Shulgin resynthesized MDMA in
1965, and this became the dominant synthesis to
this day. Prior to this, the mescaline derivative
methylenedioxyamphetamine (MDA) — an ana-
logue of MDMA — was in use as a psychotherapy
adjunct. The psychoactive effects of MDA were
discovered by Alles in 1930 via self-experiment
(Jay, 2023) in the late 1950s, and the Chilean
psychiatrist Caudio Naranjo began studying it in
the early 1960s as a psychotherapy adjunct.
Although a mescaline derivative, MDA was
favored for psychotherapy due to its ability to
intensify emotions and insights, with less overt
psychedelic effects (Passie, 2018). MDA was
banned in 1970, which likely accelerated a turn
to MDMA as a psychotherapy adjunct. Alexander
Shulgin tested MDMA on himself in 1976 and
subsequently began distributing it to psychother-
apists (Passie, 2018). Its use in psychotherapy was

predicated on its ability to enhance feelings of
connection and reduce defensiveness (McDowell
& Kleber, 1994).

MDMA’s mainstream use started first in psy-
chotherapy and later spread to recreational use.
While recreational MDMA use may have
occurred as early as 1968, it did not really expand
until the late 1970s and especially the 1980s
(Siegel, 1986). A longitudinal analysis of street
drugs between 1972 and 1985 found no MDMA
prior to 1975, with MDMA positive samples grad-
ually increasing until surpassing MDA in the
1980s (Renfroe, 1986).

MDMA is often adulterated. In the late 1980s,
when MDMA made its recreational debut under
the moniker “Ecstasy,” the drug was generally
pure (Parrott, 2004). MDMA remained
unscheduled, largely out of media attention, and
was even able to be freely purchased at bars in
Texas. Its increasing use eventually provoked
public outrage, and it was added to schedule I in
1985. Nonetheless, demand increased, though by
the early 1990s the drug was increasingly
adulterated.

Perhaps in recognition of this, the moniker
“Molly” — short for “Molecular,” indicating
unadulterated, crystalline MDMA - emerged
(Palamar, 2017). This name has become meaning-
less, however. A US study found that only 63% of
samples contained MDMA or an analogue, with
the most common adulterant being DXM
(Baggott et al., 2000). A sample of 150 drug sei-
zures by police in Brazil found MDMA in only
44.7% of samples — methamphetamine and caf-
feine were the next most common drugs (Togni
etal., 2015). Of 529 samples from musical events
throughout the USA, only 60% of samples
contained MDMA or MDA at all; the presence
of MDMA was unrelated to naming such as
“Molly” or “ecstasy” (Saleemi et al., 2017). The
most common adulterants were cathinones (“bath
salts”’) and methamphetamine. Users may not be
aware that they are taking other drugs. While the
most common adulterants may change over time,
adulteration has been relatively common over
decades. Still, it is possible that purity has
increased since the nadir in the 1990s.
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Pharmacologic Mechanisms

MDMA binds presynaptic monoamine trans-
porters, particularly SERT, but also DAT, and
leads to massive efflux of serotonin and — similar
to amphetamines — dopamine and norepinephrine,
albeit to a lesser extent than serotonin (Gouzoulis-
Mayfrank & Daumann, 2006; Liechti et al.,
2001). It is a substituted amphetamine that bears
some structural similarity to mescaline and can be
thought of as an amphetamine with unique sero-
tonergic properties that produces some phenome-
nal effects akin to psychedelics as well as unique
empathogenic effects. Indeed, the SHT, 4 antago-
nist ketanserin attenuates some of the perceptual
effects of MDMA, but not its main effects of
positive mood, wellbeing, and extroversion
(Liechti et al.,, 2001; Liechti & Vollenweider,
2000). Therefore, from a risk consideration,
MDMA overlaps significantly with other amphet-
amines but poses its own risks. Strikingly, a blind
study comparing PO methamphetamine and
MDMA showed that participants experienced
with both drugs were unable to reliably distin-
guish them (Kirkpatrick et al., 2012). Haloperidol,
a selective D2 antagonist, reduces MDMA'’s
euphorigenic effect, but does not impact visual
alterations, cardiovascular changes, or adverse
effects broadly (Liechti et al., 2001). Notably,
citalopram, an SSRI which inhibits SERT, blocks
the majority of subjective MDMA effects when
given acutely (40 mg 1IV) (Liechti &
Vollenweider, 2000).

Oral MDMA reaches peak concentration 2—4 h
after administration. However, MDMA exhibits
nonlinear pharmacokinetics such that higher
doses lead to disproportionately higher concentra-
tions (De La Torre et al., 2000). This may be
because MDMA is metabolized by CYP2D6 but
also inhibits it. Thus, if a single dose of MDMA is
split and administered as two separate doses, the
split dose leads to higher concentrations (Peir6
et al.,, 2013). This suggests that caution should
be exercised when MDMA is taken with other
CYP2D6 inhibitors such as fluoxetine or
bupropion.

Reboxetine, a selective norepinephrine trans-
porter inhibitor, reduces the cardiovascular effects

of MDMA, including heart rate, blood pressure,
and serum norepinephrine (Hysek et al., 2011).
Bupropion similarly reduces MDMA-induced
elevations of heart rate and serum norepinephrine
despite increasing serum MDMA levels and pro-
longing its subjective effects (perhaps due to
CYP2D6 inhibition) (Schmid et al., 2015).

Acute Effects

In the DSM-5, MDMA intoxication is categorized
under the same criteria for Other Hallucinogen
Intoxication, as above. However, as a distinct
drug from a distinct drug class, it has different
clinically relevant effects to be aware of.

Positive Acute Effects

Positive acute effects of MDMA include feelings
of empathy, closeness, euphoria, increased alert-
ness, and increased visual luminescence (Passie,
2018; Peroutka et al., 1988; Verheyden et al.,
2003). MDMA'’s effectiveness in reducing fear,
enhancing empathy, and interpersonal closeness
led to its use in couple’s therapy. The American
psychiatrist Rick Ingrasci who treated many cou-
ples with MDMA described its effects as “It puts a
person in an unbelievable open frame of mind. . .
the expanded capacity for self-awareness, the
increased ability to share feelings. All that’s
attributable. .. to the lowered fear and anxiety
induced by this drug” (Ingrasci, quoted in Passie
(2018)).

Adverse Acute Effects

Adverse effects include typical amphetamine
effects including tachycardia, insomnia, diapho-
resis, tremor, palpitations, anorexia, anxiety, as
well as trismus and bruxism. MDMA can also
induce STADH, which in combination with advice
to “drink plenty of water” while dancing all night
has led to fatal hyponatremia (Moritz et al., 2013).
This risk appears to be greater in females (Moritz
etal., 2013).

MDMA can also cause hyperthermia on the
order of 0.2—0.8 °C in controlled settings (Liechti,
2014) and more in individuals who are dancing in
clubs (Parrott & Young, 2014). This may occur
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through a noradrenergic mechanism involving
metabolic generation of heat coupled with cuta-
neous vasoconstriction (Liechti, 2014). This is
dose dependent, and there are reported fatalities
due to this (Liechti, 2014). The treatment is as any
other case of hyperthermia. Notably, the drug
para-methoxymethamphetamine, a common adul-
terant of MDMA, seems to be particularly likely
to cause hyperthermia, and this has caused fatali-
ties (Lurie et al., 2011).

MDMA'’s sympathomimetic effects via norad-
renergic mechanisms can lead to elevated blood
pressure (Mas et al., 1999), as well as
cardiotoxicity including arrythmias and myocar-
dial infarctions (Badon et al., 2002). Chronically,
as an indirect SHT2B agonist, MDMA may also
cause cardiac valvulopathy with heavy, regular
use (Droogmans et al., 2007).

As a serotonergic drug, MDMA can cause
serotonin syndrome, so caution must be taken
with drugs that agonize serotonin, especially
MAOIs, which can be fatal (Vuori et al., 2003).

Clinical Research

In recent years MDMA has been studied as a
treatment for PTSD and has thus far shown prom-
ise in several controlled trials for this indication
when administered as an adjunct to therapy
(Mithoefer et al., 2011, 2018). As of late 2020, it
is in phase III trials for PTSD, though there are
trials for other indications including anxiety asso-
ciated with cancer and social anxiety in autism
(Danforth et al., 2018).

Epidemiology of Use

In 2014, high school seniors endorsed 8.0% life-
time and 5.1% 12-month use of MDMA (Palamar
et al.,, 2016). According to the 2018 National
Survey on Drug Use and Health (NSDUH),
7.4% of all respondents endorsed ever taking
MDMA. Annual MDMA use in young adults
increased from 0.8% in 1991 to 2.9% by 1998.
Annual use then peaked in 2001 (7.5% among
young adults) and subsequently declined to 3.7%

in 2018. In 2019, 13.2% of 19-28-year-olds
endorsed lifetime MDMA use (Schulenberg
et al., 2020). MDMA is typically used infre-
quently and by individuals in their twenties
(Smirnov et al., 2013). Nonetheless, it remains
common in some subcultures, including the Elec-
tronic Dance Music scene (Palamar et al., 2017).

The typical MDMA user uses intermittently,
about one to two tablets of roughly 70—120 mg
each (Gouzoulis-Mayfrank & Daumann, 2006;
McDowell & Kleber, 1994; Pantoni &
Anagnostaras, 2019; Verheyden et al., 2003). A
smaller fraction of people takes more doses per
occasion more frequently. Perhaps because
MDMA depletes brain serotonin stores, repeated
doses of the drug in a session eventually lead to
diminishing returns (McDowell & Kleber, 1994).
This may partially explain its intermittent use
pattern. Of surveyed MDMA users, only
13-17% had used 100 times or greater (Parrott
et al., 2006; Scholey et al., 2004), only 9-17% of
users take 3—4 doses per session, and only 3—10%
take more than doses 4 per session (Pantoni &
Anagnostaras, 2019). This typical use pattern of
intermittent dosing is important to bear in mind in
reviewing human studies of long-term MDMA
effects below.

Laboratory animals do reliably self-administer
MDMA (Fantegrossi et al., 2004; Schenk, 2009),
but in humans, MDMA addiction (including
physiological dependence, tolerance, escalating
use in spite of consequences) appears to be rare.
There are some indications that the positive
effects of MDMA decrease overtime while nega-
tive ones increase (Peroutka et al., 1988). Moder-
ate use of MDMA is common and may be the
norm (Peroutka et al., 1988; Von Sydow et al.,
2002; Wu et al., 2008). A longitudinal study of
German 14-24 year olds showed that of subjects
meeting criteria for DSM-IV ecstasy dependence,
93% were no longer dependent at 3 year follow-
up, and 50% were no longer using the drug at all.
The majority of MDMA users in this sample did
not meet criteria for abuse or dependence at base-
line, and the majority of these were no longer
using at follow-up (Von Sydow et al., 2002). In
the 2005 NSDUH, 3.6% of MDMA users met
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criteria for DSM-IV dependence, and 4.9% met
criteria for DSM-IV abuse (Wu et al., 2008).

Cottler et al. (2009) recruited 593 participants
from three sites who had used ecstasy more than
five times in their lifetime and performed a com-
puterized assessment of drug use patterns. They
reported that 59% met criteria for DSM-IV depen-
dence and 15% met criteria for DSM-IV abuse.
Regarding dependence, a majority of users
endorsed withdrawal, continued use despite
knowledge of physical or psychological problems
from it, whereas a minority endorsed using more
than intended, persistent desire to cut down, or
giving up important activities due to MDMA use.
In a separate sample of non-treatment seeking
MDMA users, a relatively large portion (25.8%)
reported >3 DSM-IV dependence symptoms —
more so than users of cocaine, ketamine, and
mephedrone (Uosukainen et al., 2015). However,
MDMA users were less likely to endorse persis-
tent desire to take MDMA or a desire to cut down
use. This is in keeping with the typical sporadic
use pattern of MDMA. These high rates of depen-
dence with intermittent use are in conflict and are
likely an artifact of procrustean DSM criteria that
are not appropriate for this drug. Especially given
the typical, intermittent use pattern of MDMA, it
is likely these reports of withdrawal and use
despite knowledge of physical or psychological
problems reflect the “comedown” rather than true
dependence (McKetin et al., 2014).

Neurotoxicity

Animal Evidence

It is absolutely clear from a variety of nonhuman
animal studies that, at some dose and/or fre-
quency, MDMA causes long-term alterations in
serotonergic activity, as measured by levels of
5HT, its metabolite 5-hydroxyindoleacetic acid
(5-HIAA), and SERT. It is also likely (though
less clear) that similar long-term alterations in
serotonergic function may occur in humans with
heavy use. It remains unclear whether typical,
moderate use of MDMA in humans can lead to
such changes.

In a since retracted paper, Ricaurte et al. (2002)
mistakenly administered IV methamphetamine
rather than MDMA to five squirrel monkeys and
found dopaminergic damage. The paper was
retracted after Ricaurte discovered and reported
the error. This retraction garnered a great deal of
publicity and cast undue doubt on other, more
established facts of MDMA toxicity. There does
not appear to be clear evidence that MDMA
causes dopaminergic damage, but long-term sero-
tonergic alterations are well established.

Due to differences in metabolism and distribu-
tion, there is some controversy in how to compare
animal dosing of MDMA to humans. Typical
recreational human doses are 1-2 tablets of
75-125 mg each (roughly 1-3 mg/kg) (Pantoni
& Anagnostaras, 2019). Similarly, ongoing
MDMA therapeutic trials for PTSD use up to a
125 mg dose, with an optional supplemental dose
50% of the original (Mithoefer et al., 2011, 2018).
The majority of MDMA animal studies demon-
strating neurotoxic or adverse cognitive effects
use interspecies dose-scaling equations that lead
to markedly higher “equivalent” doses — on the
order of 10-20 mg/kg (Battaglia et al., 1987;
Pantoni & Anagnostaras, 2019; Schmidt, 1987).

The rationale behind interspecies dose scaling
is that smaller animals require higher doses due to
differences in drug elimination. However, going
by behavioral threshold effects, a 1-2 mg/kg PO
dose in humans is thought to produce equivalent
effects as a similar dose — delivered intraperitone-
ally or subcutaneously — in rats (Baumann et al.,
2007). Similarly, equivalent weight-based doses
in humans and rats lead to prolactin and glucocor-
ticoid secretion and reinforcement (Mas et al.,
1999,). If, as this evidence suggests, equivalent
weight-based doses are in fact equivalent between
humans and rats, then the majority of studies
demonstrating rat neurotoxicity use doses vastly
beyond equivalent typical human doses.

Animal studies that use human-equivalent
weight-based doses are less likely to show neuro-
toxicity. Baumann et al. (2007) administered a
dosing regimen of placebo vs 1.5 mg/kg MDMA
vs 7.5 mg/kg MDMA intraperitoneally three times
over 6 h to Sprague-Dawley rats. Two weeks later,
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rats who received high-dose MDMA had persis-
tent, selective reductions (~50%) of SHT in frontal
cortex and striatum, while the lower dose (more
typical of human recreational dosing) did not dif-
fer from placebo (Baumann et al., 2007). Simi-
larly, high- (10 or 15 mg/kg IP), but not low-dose
MDMA (4 mg/kg IP) caused long-term 5HT
depletion in rats (O’hearn et al., 1988).

In squirrel monkeys, interspecies dose-scaling
equations were used to calculate doses equivalent
to typical human doses of 1.6, 2.8, and
4.0 mg/kg. This resulted in doses of 5.7, 10.0,
and 14.3 mg/kg, administered as single doses
(Mueller et al., 2013). This study showed that all
doses led to reductions in SHT, 5-HIAA, and/or
SERT in multiple brain regions measured a week
later.

As in the example of rats above, interspecies
dose-scaling procedures can be inaccurate. To
address this, M. Mueller et al. (2013) assessed
drug concentrations, which were compared to
previous pharmacokinetic data comparing
humans and squirrel monkeys. A dose in squirrel
monkeys of 5.7 mg/kg produces a similar AUC to
a human dose of 1.6 mg/kg (3866 + 891 ng/ml.h
vs 3071 £ 673 ng/ml.h in humans). However,
Cmax values are substantially different at these
doses (724 £ 255 ng/ml vs 254 4+ 60 ng/ml). In
contrast, a dose of 2.8 mg/kg in squirrel monkeys
produces a similar Cmax to a 1.6 mg/kg dose in
humans (254.7 + 60.4 vs 312.7 + 92.8) (Mueller
et al., 2009, 2013). Depending on the pharmaco-
kinetic parameter, these are difficult to compare.
Further complicating this evidence is interspecies
differences in brain vs plasma concentrations of
substituted amphetamines. For example, brain
concentrations of fenfluramine in rats are 30-50
times higher than plasma versus <10 in humans
(Baumann et al., 2007).

In rats, MDMA administration causes delayed
loss of SHT axon terminals (Molliver et al., 1990;
O’hearn et al., 1988). This can be mitigated by
administering an SSRI as late as —6 h after an
MDMA dose (Schmidt, 1987; Shankaran et al.,
1999). Notably, some users take an SSRI as the
effect of MDMA is wearing off to prevent the
“crash,” though it is unclear how this practice

originated and there is no empirical evidence for
its utility in humans (Koslow, 2020).

Human Evidence

There is also evidence for enduring alterations in
serotonergic function in humans. While this data
is largely associational in high-dose users — erring
on the side of caution and taking into account the
clear concordance with monkey and rat data — it is
reasonably convincing.

Kish et al. (2010) showed lower SERT binding
throughout the cortex in MDMA users (n = 49;
age = 26; median 126 lifetime tablets [SD 31])
relative to controls(—19% to —46%) with striatal
sparing. Another PET study showed similar
results in a population with median 50 lifetime
MDMA sessions and mean age 31 (Urban et al.,
2012). These subjects had a median 0.8 uses a
month. This study also demonstrated an associa-
tion of decreased SERT availability with
MDMA use.

McCann et al. (2005) demonstrated lower
SERT binding in MDMA users (n = 23;
97 mean lifetime doses; aged 22) versus (n =
19) controls. SERT binding was correlated with
duration of abstinence and inversely correlated
with typical monthly dose, suggesting dose-
response and recovery effects. Other cross-
sectional studies in humans suggest decreased
SERT binding may be reversible (Thomasius
et al., 2003).

Heavy MDMA users have lower CSF levels of
the serotonin metabolite 5S-HIAA (McCann et al.,
1994, 1999). Decreased SERT may lead to com-
pensatory upregulation of 5HT,, receptors
(Benningfield & Cowan, 2013; Urban et al.,
2012).

Overall, it appears reasonable to conclude that,
at some dose, MDMA can cause altered seroto-
nergic function. The dose required for this, and
whether that includes modest recreational or ther-
apeutic use, is still not entirely clear. A review of
19 imaging studies of individuals with moderate
MDMA use (defined as <50 lifetime episodes of
use or < 100 lifetime tablets consumed) found no
differences controls in structural MRI, fMRI,
FDG-PET, nor SERT density and S5SHT;a
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availability measured by PET and SPECT
(Mueller et al., 2016). The functional conse-
quences of MDMA -associated serotonergic alter-
ations are also not fully clear. Furthermore,
whether such alterations in serotonergic function
reflect cell damage is unclear. Nonetheless, there
are demonstrable neuropsychological deficits
associated with MDMA use.

Neuropsychological Consequences

Deficits of verbal memory are associated with
long-term MDMA use (Back-Madruga et al.,
2003; Reneman et al., 2000; Thomasius et al.,
2006; Verbaten, 2003). Brain SHT,, cortical den-
sity in abstinent MDMA users (mean lifetime
number of tablets 218 [range 50—500]) compared
to controls was correlated with deficits in verbal
memory (Reneman et al., 2000). Back-Madruga
et al. (2003) showed no difference between
MDMA users and controls on a variety of neuro-
psychological tests with the exception of poorer
verbal memory.

Verbal memory deficits are apparent in more
moderate users as well. In an innovative prospec-
tive study of 188 MDMA naive subjects who were
considering MDMA use in the near future, sub-
jects underwent neuropsychological testing and
completed questionnaires about their drug use
every 3 months for 18 months (Schilt et al.,
2007). Three years later, they again underwent
neuropsychological testing. Of the 158 subjects
who completed the study, 64 (41%) reported tak-
ing MDMA with a mean of 3.2 tablets. Verbal
learning and memory were impaired in the inci-
dent MDMA group. This same cohort demon-
strated  persistently altered neuroimaging
findings (de Win et al., 2008). These included
decreased metrics of cerebral blood flow in the
basal ganglia and altered fractional anisotropy in
the thalamus, frontoparietal white matter, and the
globus pallidus — indicating effects on microvas-
culature and potentially axonal integrity. How-
ever, there were no changes in SERT density.
Minimal prospective MDMA use in this group
was not associated with increased depression or
impulsivity. In contrast, a purely correlational

study of modest MDMA users (mean 44.1 total
tablets) showed greater impulsivity by self-report
and behavioral tasks (Morgan, 1998). This is, of
course, subject to obvious confounds.

A systematic review of observational studies
demonstrated deficits in attention, memory (par-
ticularly verbal and working memory), executive
functioning, and self-rated depression and anxiety
(Rogers et al., 2009). These effects were, in aggre-
gate, small with the exception of verbal memory.

Halpern et al. (2004) used a unique sample of
MDMA users (median total 60 doses [range
31-110]) with minimal use of other drugs. This
study assessed a variety of neurocognitive mea-
sures and found no statistically significant differ-
ences between the MDMA group and a
non-MDMA using controls. When the MDMA
group was divided into moderate users (22-50
lifetime uses; n = 12) and heavy users (60—450
uses; n = 11), heavy users showed poorer mental
processing speed and strategic self-regulation
compared to controls. This persisted after control-
ling for several demographic variables.

Wunderli et al. (2017) demonstrated deficits in
declarative memory with primary MDMA use,
with more significant and nonspecific deficits in
executive function and working memory
appearing to be related to use of other drugs.
MDMA use is associated with impairments in
attention (Gouzoulis-Mayfrank et al., 2000;
McCann et al.,, 1999) and executive function
(Bhattachary & Powell, 2001; Fisk & Montgom-
ery, 2009). Similarly, a sample of moderate
(though note this is considered heavy in other
studies) MDMA users (mean total 93.4 doses
[range 20-500]) displayed impairments in atten-
tion, memory, and learning relative to two con-
trols (Gouzoulis-Mayfrank et al., 2000).

Mood

MDMA acutely causes euphoria, but in the days
after dosing leads to transient low mood, a phe-
nomenon well-known to MDMA users and
termed “Suicide Tuesday,” among other names
(Verheyden et al., 2002; Verheyden et al., 2003,).
While it is reasonable to speculate that this results
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from circumstances of the drug’s use — such as
sleep deprivation, dancing for hours, etc. — this
effect does occur in laboratory studies as well
(Liechti et al., 2001; Vollenweider et al., 1998).

Whether MDMA causes chronic depression is
less clear. Associational studies suggest this, but
confounds including reverse causation and contri-
butions of poly-drug use mean this is unknown
[de Win et al., 2004;]. One study found no rela-
tionship after controlling for use of other drugs
(Roiser & Sahakian, 2004). Notably, another
found that higher depression scores in MDMA
users are unrelated to SERT availability (de Win
et al., 2004). A 2-year longitudinal sample of
MDMA users with mean 36.2 and median 11.2
lifetime uses found decreasing Beck Depression
Inventory scores (BDI) at each time point in both
continued MDMA users and abstainers. In sum,
the human data do not clearly suggest one way or
another ~whether MDMA contributes to
depression.

Psychosis

Like other amphetamine analogues, MDMA can
provoke psychosis in predisposed people. There is
debate about whether amphetamine-induced
psychosis should be understood as a distinct psy-
chotic disorder, or as a stressor in a stress-diathesis
model in individuals already predisposed to psy-
chosis (Bramness et al., 2012). As an amphet-
amine analogue, it is relevant to turn to the
amphetamine psychosis literature to try to under-
stand the psychosis risk that MDMA might pose.

Bell (1973) administered IV methamphet-
amine in escalating doses to 16 subjects with a
goal of provoking psychosis. Four subjects could
not tolerate higher doses due to nausea and
vomiting. All remaining 12 became psychotic
upon reaching an adequate dose that varied widely
between subjects. One subject required 640 mg to
experience psychosis, though for the remainder, a
range of 55-260 mg was sufficient to induce psy-
chosis. This was characterized by paranoia and
hallucinations without thought disorder — mostly
lasting 1-2 days. Notably, all these subjects were
amphetamine dependent. A similar study using

escalating daily doses of PO amphetamine
induced psychosis in 4/4 people (Griffith et al.,
1968). These were all amphetamine experienced
individuals, who became psychotic after maxi-
mum daily doses 100 mg, 120 mg, 200 mg, and
220 mg, respectively. Dosing was terminated at
the onset of paranoia.

In general, amphetamine-induced psychosis is
indistinguishable from that of schizophrenia,
though there tends to be less thought disorder
and it tends to resolve quicker (Bramness et al.,
2012). However, these are not hard and fast rules.
A sample of 39 female Japanese prisoners with a
history of methamphetamine-induced psychosis
included 20 who experienced recurrence of psy-
chosis in the absence of stimulants. This was
verified by serological testing during those epi-
sodes. Eight of these had persistent psychosis,
lasting for more than 6 months. In the case of
these recurrences of psychosis without drugs, per-
haps it is more sensible to say that methamphet-
amine unmasked an underlying psychotic
diathesis. Patients with schizophrenia are in fact
more prone to developing psychosis after amphet-
amines (Lieberman et al., 1987). Moreover, meth-
amphetamine users who develop psychosis are
five times more likely to have relatives with
schizophrenia than methamphetamine users with-
out a psychosis history (Chen et al., 2005).

So both models appear to be true. Unlike with
classic psychedelics, an adequate dose of amphet-
amine appears to be able to make nearly anyone
psychotic — what can truly be called
amphetamine-induced psychosis. However (and
as with psychedelics) they can also provoke psy-
chosis in individuals with an underlying predis-
position to it.

While extrapolating psychosis risk from other
amphetamine analogues to MDMA appears rea-
sonable, it is unclear whether MDMA poses a
greater or lesser risk.

Creighton et al. (1991) reported a case of a man
who took MDMA 47 times a week over 4 months
and presented with paranoid delusions, thought
disorder, and bizarre behavior. He was discharged
without intervention, did use cannabis, and had
resumption of symptoms 2 months later. He was
treated to resolution with antipsychotics and upon
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ceasing, had another similar episode after taking
MDMA. No mention is made of personal or sub-
sequent psychiatric history nor family history.
They also relate two cases involving hyper-
religious/paranoid delusions during the effect of
the drug, followed by intermittent visual illusions
accompanied by anxiety. These latter symptoms
are not clearly psychotic and may be more in line
with HPPD, and HPPD symptoms have been
reported after MDMA use (Halpern et al., 2018;
Mcguire et al., 1994).

McGuire and Fahy (1991) report on a man with
prior amphetamine-induced psychoses and a
mother with schizophrenia who developed para-
noid delusions after taking MDMA (2-10 tablets
on weekends for 1.5 years). These symptoms
responded to haloperidol though later recurred
with no drug use.

Another case involved an 18-year-old man
who smoked cannabis regularly for 5 months
then developed prolonged psychosis after taking
4 half tablet doses of MDMA on separate occa-
sions over a 1 month period (Williams et al.,
1993). Other cases are similar (Mcguire et al.,
1994; Patel et al.,, 2011; Potash et al., 2009;
Vaiva et al., 2001).

Overall, there is less evidence regarding the
psychosis risk of MDMA compared to other
amphetamine analogues. Again erring on the
side of caution, the safest assumption is that
MDMA poses an at least equivalent psychosis
risk as other amphetamine analogues.

Clinical Vignette 1
An 18-year-old female college student with
a family history of bipolar 1 disorder in her
father, and a personal history of a single
episode of major depression is brought by
family to the ED with 1 week of behavior
change after taking LSD for the first time.
Her speech is tangential, difficult to
make sense of, but unpressured. She
donated her entire paycheck the day before
to a political campaign and has newly made
plans to become a nun. Her mother reports

she has had trouble sleeping. She reports her
mood as “excellent.”

She is admitted voluntarily and treated
with olanzapine monotherapy to her base-
line. No sleep disruption is noted through-
out the admission. She is diagnosed with
substance-induced  psychotic  disorder,
though schizophreniform disorder and
bipolar disorder remain on the differential.

She remains in outpatient care for
6 months and is then lost to follow-up.

Three years later, she returns to the ED
with a chief complaint of “anxiety” in the
setting of studying for finals.

She is initially calm, albeit bizarre, and
when offered olanzapine screams “I don’t
need a fucking antipsychotic!” and begins
screaming about a variety of other topics of
clear paranoid content. Collateral from her
family indicates that she has been posting
about conspiracy theories on social media at
all hours of the day and has apparently not
slept for several days. She quit her job
3 days ago, believing that she has millions
of dollars in savings.

She accepts PO lorazepam and is agree-
able to a voluntary admission. Further his-
tory confirms no intake of drugs since
before her prior hospitalization, but an inter-
vening period of depressed mood with sui-
cidal ideation. She is treated with lithium
and PRN lorazepam to baseline and
discharged on lithium monotherapy with a
provisional diagnosis of bipolar 1 disorder.

This vignette indicates that the bound-
aries between substance-induced psychotic
disorders, primary psychotic disorders, and
bipolar 1 disorder are often unclear, partic-
ularly at first presentation. While many of
the drugs discussed in this chapter can likely
provoke psychosis, this should raise suspi-
cion for an underlying primary psychotic or
affective disorder — particularly in individ-
uvals with a first-degree family history
of same.
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Clinical Vignette 2

A 25-year-old male is brought in by police
for bizarre behavior. He was found wander-
ing the city barefoot in winter weather,
talking about “dream people.”

On presentation, he is dressed inappro-
priately for the cold weather in a t-shirt,
pants, and is barefoot. He has several shal-
low lacerations and abrasions on his palms,
elbows, and soles.

His speech is of normal rate, volume, and
prosody and is unpressured and interrupt-
ible. However, he does not respond appro-
priately to questioning, stating “You are just
a dream person.” He talks to himself with
content focused on “dream people” and
“God” and “Enlightenment,” with thought
process intermittently exhibiting flight of
ideas and tangentiality. He frequently closes
his eyes and lies back on the bed, ignoring
questions.

Stated mood is “I think you are Zapdos,”
and affect is labile — intermittently euphoric,
crying and neutral.

He is not able to respond to basic orien-
tation questions other than his name. Insight
and judgment are poor.

He has his cellphone in his possession
with dozens of missed calls. Collateral from
his roommates indicates that they, as a
group, had each taken 5 g of dried Psilocybe
cubensis mushrooms and gone to a local art
museum. He occasionally drinks modest
quantities of alcohol but has no other his-
tory of substance use including psychedelic
drugs prior to today.

The patient and his roommates were
escorted out of the museum due to the
patient touching paintings. Upon leaving,
the patient animatedly began talking about
“dream people” and sprinted away, falling
several times. His roommates were not able
to calm him, and he escaped and thereafter
did not respond to their phone calls. They
report that the patient has no psychiatric
history other than a single depressive

episode that was successfully treated with
psychotherapy in the past year.

He is intermittently fearful and anxious
but responds to frequent orientation and
reassurance by nursing staff.

Over the course of 2 h, he becomes more
appropriate, responsive, and develops
insight that he is under the effects of a
drug. He states that he feels “weird” and
describes perceptual abnormalities (“walls
breathing. . . close-eyed visuals. ..”) but no
true hallucinations in any modality.

After three more hours, he has a normal
mental status exam and is discharged into
the care of his roommates.

This vignette demonstrates a typical clin-
ical presentation of acute psychedelic intox-
ication. The major acute risks are from
dangerous behaviors that may result from
the intoxicated state and can be mitigated by
a safe and supportive environment. The
patient in this vignette responded to reassur-
ance and time, though in the event of agita-
tion that cannot otherwise be de-escalated,
benzodiazepines (as described above) or
atypical antipsychotics may be used.
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