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Abstract

Recreational (“party”) drug use is prevalent in social environments and is increasingly
relevant in ophthalmic care. While the neurological and cardiovascular consequences
of these subokstances are well documented, their ocular and visual effects may not
be fully recognized or consistently reported in clinical practice. This invited narra-
tive review summarizes clinical observations and translational mechanisms underly-
ing ophthalmic manifestations associated with commonly used recreational substances,
including sympathomimetic stimulants (cocaine, amphetamines), empathogens (3,4-
methylenedioxymethamphetamine (MDMA), inhalants (alkyl nitrites, “poppers”), and
cannabinoids (cannabis/A9-tetrahydrocannabinol (THC)). Particular focus is placed on
vascular dysregulation, altered ocular perfusion pressure, venous outflow impairment,
oxidative stress, and neuro-ophthalmic dysfunction. Characteristic presentations, diag-
nostic pitfalls, and management considerations are discussed. Improved awareness of
drug-related ocular effects may facilitate earlier recognition of such conditions and help
reduce the risk of visual complications. Other recreational substances, including hallu-
cinogens and emerging psychoactive compounds, may also have ocular effects, although
current evidence remains limited.

Keywords: recreational drugs; poppers; cocaine; MDMA; cannabis; retinal circulation;
intraocular pressure; retinal venous pressure; ocular perfusion pressure

1. Introduction

Recreational drug use has become a persistent feature of modern recreational social
environments [1]. A significant proportion of consumption occurs in contexts characterized

by alcohol co-ingestion, poly-substance use, prolonged physical exertion, dehydration,
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pharmacologic targets differ—monoaminergic transporters, serotonergic receptors, nitric

oxide pathways, or cannabinoid receptors—their systemic hemodynamic consequences
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The retina and optic nerve are particularly vulnerable to acute disturbances of perfu-
sion pressure and venous outflow. Ocular perfusion pressure (OPP), commonly approx-
imated as 2/3 mean arterial pressure minus intraocular pressure (IOP), may be further
influenced by retinal venous pressure (RVP) [7]. Elevation of RVP reduces effective capil-
lary perfusion gradient and may predispose to venous congestion, hypoxia, and ischemic
injury [8]. In young individuals without traditional cardiovascular risk factors, these
mechanisms may precipitate retinal vascular events or optic nerve compromise [9].

Recreational drug consumption patterns continue to evolve, with increasing use of
diverse substances and frequent poly-drug combinations [10]. Survey data from leisure
settings and electronic dance music (EDM) settings demonstrate that stimulant use often co-
occurs with cannabis, nitrites, alcohol, and occasionally synthetic cathinones [11]. Repeated
dosing within a single event is common, potentially amplifying cumulative vascular stress.
Importantly, many individuals engaging in recreational drug use are young and otherwise
systemically healthy [12], which may delay suspicion of substance-related pathology when
ophthalmic complications arise. Greater awareness among ophthalmologists is therefore
essential for early recognition and appropriate counseling.

In recent years, increasing attention has been directed toward the systemic health
consequences of recreational drug use, particularly cardiovascular and neurological compli-
cations [13]. However, the eye represents a uniquely sensitive organ in which disturbances
of microvascular regulation may become clinically apparent. The retinal circulation is
characterized by high metabolic demand and limited tolerance for fluctuations in oxygen
delivery [6]. Even transient disturbances in perfusion pressure or venous outflow may
therefore produce measurable structural or functional changes.

Moreover, the retina provides a rare opportunity for direct visualization of microvas-
cular physiology in vivo. Advances in retinal imaging now allow detailed assessment
of structural and vascular alterations that may occur following systemic physiological
stress [14]. These technologies have facilitated improved understanding of how systemic
factors—including recreational drug exposure—may influence ocular circulation and neural
tissue integrity.

Despite these advances, the ophthalmic manifestations of recreational drug use re-
main insufficiently characterized. Many reported cases appear in isolated case reports
or small case series, and systematic clinical frameworks are still emerging [15]. A better
understanding of the pathophysiological mechanisms involved may improve recognition
of drug-related ocular events and support earlier intervention.

This review integrates clinical observations with translational mechanisms to provide
ophthalmologists with a practical framework for recognizing, diagnosing, and managing
drug-related ocular complications. Most of the currently available evidence on drug-related
ocular effects is derived from case reports and small case series and therefore remains
limited and should be interpreted with caution.

2. Methods: Literature Search Strategy

This narrative review was conducted using a structured literature search in PubMed
and Scopus databases. Relevant articles were identified using combinations of keywords

i

related to recreational drug use and ocular manifestations, including “cocaine,” “am-

i v 7

phetamines,” “MDMA,” “poppers,” “cannabis,” “hallucinogens,” “ocular blood flow,”

i 7

“retinal vascular occlusion,” “retinal venous pressure,” and “ocular perfusion pressure.”
Priority was given to clinical studies, case reports, and translational research addressing
ophthalmic manifestations and underlying pathophysiological mechanisms. Additional

relevant articles were identified through cross-referencing of selected publications.
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3. Mlustrative Clinical Vignette

This vignette represents an illustrative clinical scenario. Retinal venous pressure was
measured using ophthalmodynamometry. The case is intended to highlight potential
mechanisms rather than establish causality.

A previously healthy 36-year-old patient presented with acute and profound visual
deterioration one day after repeated inhalation of alkyl nitrites (“poppers”) during a
club event [16]. The patient reported central visual blur and photophobia without prior
ophthalmic history.

On examination best-corrected visual acuity (BCVA) was 20/30 in the affected eye.
Intraocular pressure was elevated (OD 28 mmHg and OS 24 mmHg), and retinal ve-
nous pressure, as measured by ophthalmodynamometry, was increased up to OD 38
mmHg and OS 28 mm Hg. Systemic blood pressure was moderately elevated (approxi-
mately 145/90 mmHg). Fundus examination showed venous congestion without complete
occlusion. There were no clinical signs of intraocular inflammation, including uveitis,
and no evidence of primary glaucomatous pathology or structural vascular obstruction
on examination.

The diagnostic work-up included careful evaluation of ocular perfusion parameters
and exclusion of alternative causes of secondary intraocular pressure elevation. Gonioscopy
demonstrated an open anterior chamber angle without evidence of angle closure or pigment
dispersion. Optical coherence tomography did not initially reveal pronounced structural
damage but suggested subtle macular alterations.

Immediate management included topical intraocular pressure-lowering therapy with
a fixed combination of dorzolamide/timolol (Cosopt®) administered twice daily, as well as
systemic carbonic anhydrase inhibition with acetazolamide (Diamox®) 250 mg twice daily,
accompanied by oral potassium supplementation. Therapy was subsequently tapered
under close clinical monitoring.

This case illustrates how recreational drug exposure can acutely disrupt ocular hemo-
dynamics through combined effects on systemic blood pressure, venous return, and vascu-
lar autoregulation. It also underscores the importance of actively considering substance
exposure in unexplained ocular emergencies, particularly in younger patients. Young pa-
tients presenting with acute visual complaints are often initially evaluated for inflammatory,
neurological, or idiopathic vascular conditions. However, recent exposure to recreational
substances may represent a critical but underreported trigger. Direct yet non-judgmental
questioning regarding recent leisure activity or substance use may therefore be essential for
identifying the underlying cause.

The proposed pathophysiological framework (Figure 1) should be interpreted as a
conceptual model based on established principles of ocular hemodynamics rather than
as a definitively proven mechanism. While alterations in ocular perfusion pressure and
retinal venous pressure are well-recognized contributors to vascular dysregulation in other
contexts, their specific role in drug-induced ocular injury remains incompletely understood.
The present framework is therefore intended to provide a hypothesis-generating perspective
that may help guide clinical interpretation and future research.

Translational Framework: Mechanisms of Drug-Induced Ocular Injury

This framework represents a conceptual model. Additional contributing factors
such as dehydration, hyperthermia, and poly-substance use may significantly influence
ocular outcomes.

Across substances, ocular injury and visual symptoms can frequently be interpreted
through interrelated mechanisms:

1.  Autonomic imbalance and sympathetic surges leading to pupil dilation [17], accom-
modation changes, and transient visual disturbance

https://doi.org/10.3390/jcto4020013


https://doi.org/10.3390/jcto4020013

J. Clin. Transl. Ophthalmol. 2026, 4, 13

4of 14

Vascular dysregulation with instability of ocular perfusion pressure [3]

Venous congestion and impaired outflow producing retinal venous hypertension [18]
Endothelial dysfunction, inflammation, platelet activation, and thrombogenicity [19]
Oxidative stress and metabolic vulnerability, particularly at the fovea [20]

AN

Neuro-ophthalmic toxicity affecting ocular motor control and visual processing path-
ways [21]

Acute sympathetic activation may transiently elevate systemic blood pressure while
simultaneously inducing vasospasm. Alternatively, nitric oxide-mediated vasodilation may
destabilize perfusion gradients. Dehydration and hemoconcentration may increase blood
viscosity, further impairing microcirculation. The foveal photoreceptors, characterized by
high mitochondrial density and oxygen demand, are especially susceptible to oxidative
injury [22].

Recreational drug exposure
(cocaine, amphetamines, MDMA, alkyl nitrates, cannabis)

1

Systemic physiological effects
(sympathetic activation, oxidative stress, dehydration)

1

Altered ocular perfusion and vascular autoregulation
(vasospasm, endothelial dysfunction, perfusion instability)

1

Ocular pathophysiology and clinical manifestations
(retinal ischemia, venous congestion, maculopathy)

Figure 1. Pathophysiological mechanisms linking recreational drug exposure to ocular vascular
dysregulation and retinal injury.

Thus, despite pharmacologic heterogeneity, many drug-related ocular events can be
conceptualized within a unified framework of perfusion instability, venous congestion,
endothelial stress, and oxidative damage [19].

Another important mechanism contributing to drug-related ocular injury is oxida-
tive stress. Many recreational substances increase metabolic demand and catecholamine
turnover, resulting in enhanced generation of reactive oxygen species. At the retinal level,
oxidative stress may disrupt endothelial integrity, impair mitochondrial function, and
promote inflammatory signaling [23].

The retina is particularly susceptible to oxidative damage due to its high oxygen
consumption and dense mitochondrial population [3]. Photoreceptors, especially within the
fovea, exhibit substantial metabolic activity and limited tolerance for oxidative imbalance.
Disruption of mitochondrial respiration may therefore lead to structural changes detectable
on optical coherence tomography, such as alterations in the ellipsoid zone. This mechanism
is particularly relevant in the context of alkyl nitrite (“poppers”) exposure, where oxidative
stress has been linked to selective photoreceptor damage at the fovea, a condition referred
to as poppers maculopathy.

Furthermore, oxidative stress may interact with vascular dysregulation mechanisms
by impairing nitric oxide signaling and endothelial responsiveness [24]. This interaction
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may contribute to microvascular instability and increased susceptibility to ischemic injury
during episodes of systemic stress, dehydration, or sympathetic activation.

The proposed translational framework should be interpreted as a simplified conceptual
model and may not fully reflect the complexity of real-world drug exposure. In clinical
settings, drug use frequently occurs under conditions such as dehydration, hyperthermia,
prolonged physical exertion, and sleep deprivation, particularly in environments such as
electronic dance music (EDM) events. In addition, poly-substance use is common and may
lead to synergistic or unpredictable physiological effects that are not captured in a single-
agent model. These contextual factors may significantly influence ocular perfusion and
vascular responses and should be considered when interpreting the proposed mechanisms.

It should also be noted that not all drug classes discussed in this review are primarily
associated with retinal vascular occlusive events. For several substances, including hallu-
cinogens, nitrous oxide, and certain empathogens, neuro-ophthalmic or toxic mechanisms
may predominate over hemodynamic alterations. The proposed framework therefore
does not apply uniformly to all substances but is intended to highlight common pathways
relevant to vascular dysregulation where applicable.

Figure 1 depicts a translational mechanism map linking recreational drug exposure to
ocular injury.

Recreational drug exposure induces systemic physiological stress, including sympa-
thetic activation and dehydration. These systemic effects impair ocular perfusion and
vascular autoregulation, resulting in vascular instability and increased susceptibility to
retinal ischemia, venous congestion, maculopathy, and optic neuropathy.

Importantly, ocular perfusion pressure (OPP) is influenced not only by intraocular
pressure (IOP) but also by retinal venous pressure (RVP), which may be elevated under
certain pathological or drug-induced conditions. An increase in RVP can effectively reduce
the pressure gradient across the retinal circulation, thereby compromising ocular blood
flow even in the presence of normal or reduced IOP.

4. Ocular Perfusion Pressure and Retinal Venous Pressure in
Drug-Induced Injury

Ocular perfusion pressure (OPP) is a dynamic parameter reflecting the balance be-
tween systemic arterial pressure and intraocular pressure. In simplified form, OPP may
be approximated as two-thirds of mean arterial pressure minus IOP [7]. Ocular perfusion
pressure reflects the balance between systemic blood pressure and intraocular pressure and
determines the adequacy of blood supply to the eye.

However, this estimation does not fully account for retinal venous pressure (RVP),
which may independently influence effective capillary perfusion gradient. When RVP rises
above IOP [9], venous outflow becomes compromised, reducing perfusion efficiency even
in the absence of complete thrombotic occlusion [9]. Retinal venous pressure (RVP), which
may clinically manifest as venous congestion on fundoscopic examination, represents
an important parameter of ocular hemodynamics. Elevated RVP may promote venous
congestion, increased transmural pressure, and capillary hypoxia. In the context of recre-
ational drug exposure, multiple mechanisms may contribute to transient or sustained RVP
elevation, including sympathetic activation, endothelial dysfunction, dehydration-related
hemoconcentration, and nitric oxide-mediated vascular instability [25].

The optic nerve head and peripapillary circulation are particularly sensitive to per-
fusion imbalance. Acute mismatch between metabolic demand and oxygen delivery may
result in reversible functional impairment or, in more severe cases, irreversible ischemic
injury [26].
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Thus, disturbances in OPP and RVP represent central unifying mechanisms in drug-
associated ocular pathology.

5. Sympathomimetic Stimulants
5.1. Cocaine

Cocaine inhibits the reuptake of norepinephrine, dopamine, and serotonin, resulting
in pronounced sympathetic activation. Acute ocular effects include mydriasis, impaired
accommodation, blurred vision, and photophobia [27]. Clinically significant complications
are largely vascular, driven by vasoconstriction, vasospasm, and endothelial dysfunc-
tion [27].

Reported ocular vascular events include central and branch retinal artery occlusion,
retinal vein occlusion, retinal hemorrhage, and ischemic optic neuropathy [19].

These complications may be present in young individuals without typical vascular
risk factors, and clinicians should maintain suspicion when ocular ischemic events occur in
this population.

Beyond vasospasm, cocaine has been associated with endothelial activation and in-
creased expression of adhesion molecules, promoting leukocyte adhesion and microvascu-
lar inflammation [28]. Cocaine-induced platelet aggregation and prothrombotic tendencies
may further increase the risk of arterial and venous occlusive events. Oxidative stress
generated through catecholamine metabolism may exacerbate retinal endothelial injury
and compromise mitochondrial function within retinal ganglion cells [29].

These pathophysiological mechanisms explain why severe retinal vascular events
may occur even in the absence of atherosclerotic disease. Recurrent exposure may increase
cumulative vascular vulnerability.

5.2. Amphetamines and Methamphetamines

Amphetamines increase synaptic monoamines and sympathetic tone. Mydriasis, pho-
tophobia, and blurred vision are common [30]. Sustained hypertension, vasoconstriction,
and impaired autoregulation may predispose to retinal hemorrhage, ischemia, or optic
nerve compromise, particularly in poly-substance use contexts [31].

Clinically, amphetamine use has been associated with retinal vascular events [31],
including vasospasm and, in rare cases, retinal artery occlusion [32]. Imaging findings may
include areas of retinal ischemia on fundus examination [33] and corresponding structural
alterations on optical coherence tomography [34]. These observations support the potential
role of amphetamines in inducing both vascular and neuroretinal damage.

6. Empathogens
MDMA (Ecstasy)

3,4-methylenedioxymethamphetamine (MDMA) has both serotonergic and sympath-
omimetic properties. Visual disturbances include photophobia, blurred vision, diplopia, os-
cillopsia, and nystagmus [35]. Neuro-ophthalmic manifestations such as cranial nerve palsy
have been reported. Systemic factors common in club-based environments—hyperthermia,
dehydration, hyponatremia, and blood pressure fluctuations—may exacerbate ocular per-
fusion imbalance and contribute to rare vascular or optic nerve events [35].

MDMA-associated hyponatremia [36], often related to excessive water intake com-
bined with antidiuretic hormone dysregulation, may lead to cerebral edema [37] and visual
disturbances. This is primarily due to osmotic fluid shifts into neural tissue, resulting in
cellular swelling that may affect both cerebral and visual pathways.

https://doi.org/10.3390/jcto4020013
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While rare, severe cases may present with optic disc swelling or transient visual
field defects [35]. Additionally, serotonergic neurotoxicity may affect ocular motor control
centers, explaining reports of oscillopsia and nystagmus [38].

These visual symptoms have been reported in association with serotonergic and
vasoconstrictive effects of MDMA [39], which may affect ocular blood flow and retinal
function. In some cases, imaging findings such as subtle macular changes on optical
coherence tomography have been described, supporting a potential link between MDMA
exposure and neuroretinal dysfunction [35,40].

7. Inhalants
Alkyl Nitrites (“Poppers”)

Alkyl nitrites are inhaled vasodilators used for rapid smooth muscle relaxation and
euphoria [16]. Systemic vasodilation alters venous return and perfusion pressure. Transla-
tionally, these hemodynamic shifts can destabilize ocular blood flow and venous outflow.
Poppers have been increasingly associated with poppers maculopathy [41], character-
ized by foveal photoreceptor disruption on OCT, as well as hemodynamic complications
including retinal venous hypertension in select cases.

The foveal localization of poppers maculopathy suggests selective vulnerability of
cone photoreceptors [42]. Nitric oxide-mediated oxidative stress may disrupt mitochondrial
respiration within the ellipsoid zone, leading to structural abnormalities visible on OCT.
In many cases, cessation of exposure leads to partial recovery [43]; however, persistent
structural disruption and long-term visual impairment have been reported [44].

Itis important to distinguish between acute and chronic effects of alkyl nitrite exposure.
Acute exposure is typically associated with transient visual disturbances and reversible
functional changes, whereas repeated or chronic use has been linked to persistent structural
damage, particularly involving foveal photoreceptors as seen in poppers maculopathy.

8. Cannabinoids
8.1. Cannabis/THC

Cannabis has been shown to transiently lower intraocular pressure [45] through
cannabinoid receptor activation, but the effect is short-lived and insufficient for glaucoma
management. Visual effects may include impaired contrast sensitivity, altered depth
perception, and delayed visual processing [46]. Cannabis use can confound glaucoma
assessment if IOP is measured during acute effect windows.

Although cannabis may transiently lower IOP [40], systemic hypotension induced
by cannabinoids may reduce ocular perfusion pressure. In individuals with pre-existing
vascular dysregulation, this reduction may compromise ocular perfusion, particularly in
patients where optic nerve head perfusion may be compromised despite lower IOP [2]. This
paradox highlights the importance of considering perfusion pressure rather than IOP alone
in glaucoma management. These effects may be particularly relevant in patients with pre-
existing vascular dysregulation or ocular perfusion instability, where systemic hypotension
induced by cannabis could further compromise retinal and optic nerve perfusion [46].

Other recreational substances, including hallucinogens and emerging psychoactive
compounds, may also have ocular effects, although current evidence remains limited.

8.2. Neuro-Ophthalmic and Anterior Segment Manifestations

Across drug classes, additional ocular findings include conjunctival hyperemia, eyelid
retraction, dry eye symptoms, and photophobia [47]. Pupillary abnormalities, diplopia,
nystagmus, and transient visual field defects may complicate diagnosis. Recognition of
these patterns can assist in differentiating drug-related ocular dysfunction from primary
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ophthalmic or neurological disease. Figure 2 depicts a suggested clinical workflow for
suspected recreational drug-related ocular presentations.

Presenting complaint
acute visual loss/ blurred vision/ photophobia

!
Key history

Nightlife exposure, substances, dehydration, poly-use
v

Clinical examination
Pupils, IOP, fundus , retinal venous pressure

4

Imaging
CT, OCTA, fundus photography, visual field, fluorescein angiography

.
Red flags

Young patient with vascular event or unexplained IOP elevation or increased retinal venous
| pressure

.

Management
Treat ischemia or occlusion, control IOP and retinal venous pressure,counsel and harm reduction

Figure 2. Clinical workflow for suspected recreational drug-related ocular presentations.

Evaluation includes targeted history of substance exposure, clinical examination, and
multimodal imaging to detect vascular or structural abnormalities. Identification of red
flags enables prompt management to stabilize ocular perfusion, treat ischemic injury, and
provide patient counseling. In addition to ophthalmic assessment, basic systemic parame-
ters such as blood pressure and serum sodium levels should be considered, particularly
in the context of drug-induced systemic effects that may influence ocular perfusion and
visual function.

8.3. Other Recreational and Emerging Psychoactive Substances

In addition to the substances discussed above, a broader range of recreational and
emerging psychoactive drugs—including hallucinogens (e.g., lysergic acid diethylamide
[LSD], psilocybin), dissociative agents (e.g., ketamine), nitrous oxide, and synthetic
cathinones—may also be associated with ocular and neuro-ophthalmic effects. Hallu-
cinogens in particular have been linked to persistent visual perceptual disturbances, altered
color perception, and visual snow-like phenomena, whereas nitrous oxide may induce
optic neuropathy through vitamin B12 deficiency. Dissociative agents and synthetic stimu-
lants have additionally been associated with nystagmus, diplopia, and neuro-ophthalmic
dysfunction. However, current evidence remains limited and is largely based on isolated
case reports or small series [41,48]. Further studies are required to better characterize the
ophthalmic impact of these substances.

9. Clinical and Translational Implications

Recreational drug exposure should be considered in patients presenting with acute
visual symptoms, unexplained IOP elevation, retinal venous congestion, or vascular events,
particularly in younger individuals. A non-judgmental approach is essential to encourage
disclosure. From a translational perspective, mechanisms including vascular dysregulation,
oxidative stress, and autonomic imbalance represent shared pathways linking systemic
toxicity and ocular complications [49-51] (Table 1).
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Table 1. Ocular manifestations and mechanisms associated with recreational drugs.

Dominant

Common Ocular

Serious

Substance/Class Mechanism Symptoms Complications Key Imaging Clinical Notes
Sympathomimetic; Young patients
Cocaine Y V}Zisos asm: " Mydriasis, blurred RAO/RVO, optic Fundus, with ischemic
pastmy vision neuropathy OCT/OCTA events—ask
thrombosis risk -
explicitly
. Sympathetic o S
Amphetamines/ S Mydriasis, Retinal is- Often
methamphetamine activation; photophobia chemia/hemorrhage Fundus, OCT poly-substance use
hypertensive peaks
. . . Consider dehydra-
MDMA (Ecstasy) Serotonerglc + Photophobia, Ht?morrhage, optic OCT, VF tion/hyperthermia
sympathomimetic nystagmus disc edema (rare)
context
Vasodilation; Poppers Important in
Alkyl nitrites venous return Blurred vision, maculopathy, OCT (foveal p
i sexual/club-based
(poppers) changes; oxidative central scotoma venous photoreceptors) sottings
stress hypertension &
CB receptors; Altered contrast Confounding of Noftol;eci);?lg;?: .
Cannabis/THC transient IOP ’ glaucoma IOP, VF & )
lowering slower process assessment management;

counsel patients

Overview of key pathophysiological mechanisms, clinical features, complications, and
recommended imaging.

10. Multimodal Imaging in Suspected Drug-Related Ocular Injury

Multimodal imaging plays a central role in the evaluation of suspected drug-related
ocular pathology, particularly in young patients presenting with unexplained visual symp-
toms after recreational drug exposure. Early structural and functional assessment may help
distinguish transient perfusion instability from evolving ischemic injury [52].

Optical coherence tomography (OCT) is essential for detecting subtle macular or
optic nerve changes [53]. In cases of arterial ischemia, OCT may reveal inner retinal
hyperreflectivity followed by thinning [54]. In retinal venous congestion or early vein
occlusion, cystoid macular changes or diffuse retinal thickening may be observed. In
poppers-associated maculopathy, disruption of the ellipsoid zone at the fovea represents a
characteristic finding. Peripapillary retinal nerve fiber layer (RNFL) analysis may identify
early optic nerve compromise in cases of ischemic or toxic neuropathy.

Optical coherence tomography angiography (OCTA) provides non-invasive visualiza-
tion of retinal and peripapillary microvasculature [55]. Areas of capillary non-perfusion,
flow attenuation, or reduced vessel density [55] may be detected even when fundus exam-
ination appears relatively unremarkable. OCTA may therefore be particularly useful in
identifying microvascular compromise in the setting of sympathetic vasospasm or endothe-
lial dysfunction.

Importantly, structural imaging alone does not fully characterize ocular hemody-
namics. Measurement of retinal venous pressure (RVP) using ophthalmodynamometry
provides additional insight into perfusion status [56,57]. Elevated RVP reduces effective
ocular perfusion gradient and may precede clinically manifest retinal vein occlusion [9]. In
the context of recreational drug exposure, transient increases in RVP may reflect venous
congestion secondary to sympathetic activation, endothelial dysfunction, or altered sys-
temic hemodynamics [58]. Assessment of RVP therefore offers a non-invasive approach to
evaluating ocular vascular resistance and venous outflow dynamics. Integration of oph-
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thalmodynamometric measurements with OCT and OCTA findings may improve detection
of early perfusion instability before irreversible structural damage occurs.

However, it should be noted that measurement of retinal venous pressure, typically
performed using ophthalmodynamometry, is not routinely available in most clinical settings
and may be subject to operator-dependent variability.

Fundus photography remains valuable for documenting venous congestion, hemor-
rhages, arterial attenuation, or disc edema [59]. In selected cases, fluorescein angiography
may be considered to assess delayed filling, leakage, or non-perfusion patterns when
vascular occlusion is suspected [60].

Functional assessment is equally important. Standard automated perimetry can reveal
central scotomas, paracentral defects, or nerve fiber layer-related field loss correspond-
ing to structural abnormalities. Contrast sensitivity testing may detect subtle functional
impairment not reflected in Snellen acuity.

In patients presenting with acute visual disturbances after recreational drug exposure,
prompt multimodal imaging combined with hemodynamic assessment facilitates early di-
agnosis, guides management decisions, and establishes a baseline for monitoring potential
progression or recovery.

11. Clinical Assessment and Patient Counseling

When evaluating patients with suspected drug-related ocular symptoms, a structured
clinical approach is recommended. In addition to standard ophthalmic examination, clin-
icians should obtain a targeted history addressing recent leisure activities, dehydration,
prolonged wakefulness, and potential exposure to recreational substances. Establishing
the temporal relationship between substance exposure and symptom onset can provide
important diagnostic clues [61].

Because many patients may initially hesitate to disclose substance use, a non-
judgmental and confidential communication style is essential. Framing questions in a
neutral manner—for example, asking whether the patient attended a festival, or club event
in the preceding days—may facilitate disclosure and improve diagnostic accuracy [62].

Patient counseling represents an important component of management. Individuals
should be informed that certain recreational substances may interfere with ocular perfusion
and vascular stability, potentially leading to transient or permanent visual disturbances [63].
In patients with suspected vascular dysregulation or elevated retinal venous pressure, these
exposures may pose an increased risk for ocular vascular complications.

Follow-up examination is often advisable, particularly when structural or functional
abnormalities have been detected. Repeat imaging may help determine whether observed
changes represent transient perfusion disturbances or evolving structural pathology.

12. Future Research Directions

Prospective studies are needed to determine the true incidence of ocular complications
associated with recreational drug use. Standardized assessment of retinal venous pressure,
ocular perfusion pressure, and OCT angiographic parameters in acute exposure settings
may provide valuable insight into hemodynamic mechanisms.

Further investigation into oxidative stress pathways and mitochondrial vulnerability
of retinal cells may clarify the molecular basis of drug-induced retinal injury. Identification
of susceptibility factors, including vascular dysregulation phenotypes, may help stratify
risk and guide preventive counseling.

https://doi.org/10.3390/jcto4020013


https://doi.org/10.3390/jcto4020013

J. Clin. Transl. Ophthalmol. 2026, 4, 13 11 0f 14

13. Conclusions

Recreational drugs are associated with a wide range of ophthalmic manifestations,
ranging from transient visual disturbances to severe, sight-threatening vascular and neuro-
ophthalmic complications [48]. The underlying mechanisms are multifactorial and often
involve interactions between systemic hemodynamic alterations, vascular dysregulation,
oxidative stress, and impaired autoregulatory capacity of the retinal circulation [50,64].

Young individuals presenting with retinal vascular events, unexplained intraocular
pressure elevation, central scotoma, or neuro-ophthalmic symptoms should therefore be
evaluated with careful consideration of recent substance exposure. As patients may not
always disclose such information, obtaining a structured and non-judgmental history is
essential for accurate diagnosis [65].

Advances in multimodal imaging and hemodynamic assessment—including OCT,
OCT angiography, and measurement of retinal venous pressure—offer valuable tools for
detecting early perfusion abnormalities and structural damage [66]. The integration of these
diagnostic approaches may support earlier recognition of drug-related ocular pathology at
an early stage.

Future research should aim to further define the incidence of ocular complications
associated with recreational drug use, identify susceptibility factors, and clarify the role of
vascular dysregulation and retinal venous pressure in these processes [18,58]. Improved un-
derstanding of these mechanisms may ultimately contribute to better prevention strategies
and patient counseling.

Ophthalmologists are uniquely positioned to recognize early manifestations of sys-
temic vascular instability within the eye (Table 2). Increased awareness of recreational
drug-related ocular complications may therefore play an important role in preventing
irreversible visual impairment.

Table 2. Clinical warning signs and differential diagnosis in recreational drug-related
ocular presentations.

Clinical Presentation/Warning Signs Key Considerations Differential Diagnosis
Sudden severe visual loss after Ask directly about substances (stimulants, = CRAO/BRAO, optic neuritis, migraine
recreational drug exposure nitrites, MDMA); timing important aura, toxic optic neuropathy

Lo . id thomimetics, inhalants,  Acut le cl , pi tdi ion,
Marked TOP elevation in young patient Consider sympathomimetics, inhalants cute angle closure, pigment dispersion,

steroids; check angle status uveitic glaucoma
Retinal i . I . -
etina venous congestlon/venogs Consider hemodynamic triggers; poppers Impending CRVO, hyperviscosity,
hypertension without clear occlusion; ) . . : .
exposure; systemic dehydration carotid-cavernous fistula
central scotoma
Nystagmus/oscillopsia after recreational Consider MDMA,; intoxication effects; Vestibular causes, brainstem pathology,
drugs neurotoxicity drug toxicity
Visual field defect with normal fundus Optic nerve d‘ysfunc"clon possible; Optic neurltls, NAION, compressive
consider ischemic events optic neuropathy

Key warning signs, clinical considerations, and differential diagnoses to assist evalua-
tion of suspected drug-related ocular pathology.
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