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Abstract

Background: Nitrates are currently one of the most commonly used drug classes in medical
practice. The usefulness of nitroglycerin in the treatment of coronary artery disease is
invaluable. Nitrates have also been used in other cardiac, gynecological, and gastrointestinal
diseases.

Aim: To draw attention to the problem of inappropriate recreational use of nitrates and
nitrites by analyzing extreme cases and adverse reactions resulting from the use of these
preparations.

Materials and Methods: This article is a review of the publicly available literature from
recent years (including case reports) regarding nitrates, their mechanisms of action, and
adverse reactions, particularly maculopathy and methemoglobinemia.

Results: Alkyl nitrites are a specific group of inhalant drugs that are readily available and
legal in Poland. They have a similar mechanism of action to nitrates used in the treatment of
the previously mentioned diseases, involving the supply of nitric oxide. In addition to mild
reactions, adverse reactions such as dizziness and headache, may lead to maculopathy or
methemoglobinemia in severe cases. Although the exact mechanism of action is unknown, it
is thought to result from oxidative stress and vascular epithelium damage.

Conclusions: The widespread availability of nitrite preparations on the market and the
underestimated prevalence of recreational nitrite use should prompt primary care physicians
to rapidly diagnose and initiate treatment when characteristic symptoms of nitrate toxicity

occur.
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1. Introduction

Nitrates are a group of prodrugs whose common mechanism is the supply of nitric oxide (NO),
which dilates blood vessels [1,2]. They are currently used to treat angina pectoris, a condition
associated with myocardial ischemia, manifested by chest pain [1]. Their vasodilatory action
primarily affects venous vessels and increases blood flow to the heart, alleviating ischemic
symptoms [2,3]. Nitrates include nitroglycerin, isosorbide mononitrate, isosorbide dinitrate,
and alkyl nitrates [2,3,4,5]. Volatile alkyl nitrites include amyl and butyl nitrites, among
others, commonly known as "poppers," which are often inhaled recreationally due to their
relaxing and psychoactive effects [6,7]. Nitrates and nitrites exert their effect through the
release of NO [1,2,3,8]. These transformations result in the formation of free NO and an
inactive metabolite [1]. In the body, NO exerts its effects by activating the soluble guanylate
cyclase (sGC) pathway, leading to the formation of guanosine-5'-monophosphate (cGMP),
which activates subsequent dependent pathways [3]. The observed effects of nitrate use
include smooth muscle relaxation and venous and arterial vasodilation. This increases
vascular capacity, increases preload, and reduces end-diastolic pressure, all of which
contribute to the reduction of symptoms associated with coronary artery disease [2]. Nitrates
can be administered via inhalation, oral, transdermal, and intravenous routes [3]. Recreational
nitrates are most commonly inhaled, although cases were reported in which patients

swallowed the substance or administered it intravenously [4,7].

2. Materials and methods
This article reviews the publicly available literature from recent years on nitrates, nitrites,

poppers, their mechanisms of action, adverse effects, methemoglobinemia and maculopathy.

3. Results

Surveys and trials from recent years in the UK indicate that the lifetime prevalence of popper
use among people aged 16-59 is 8.3%, rendering it a relatively common drug use problem.
The rate of popper use has increased compared with previous years, with the estimated
number of lifetime users reaching into millions. It is difficult to assess how many people
today take poppers regularly. Data show that individuals aged 25-34 are the most likely to use
poppers in their lifetime (14.8%). Approximately 2.7% of people aged 15-24 reported taking
poppers within the last year. Rates tend to be higher among males than females. These

products are often labeled as other types of merchandise such as leather cleaners, deodorizers



or polish removers — in order to evade anti-drug regulations. It should be noted that those
substances are not safe to be inhaled, ingested or administered in any form [8,9].

Nitrates have a wide range of side effects. These symptoms vary from mild, resulting from
their vasodilatory effects, to reduced afterload and blood pressure. A possible mechanism
underlying these effects may also be explained by reflex activation of the sympathetic
nervous system in response to vasodilation. Such symptoms include headache (in more than
10% of patients, described as persistent and throbbing), reflex tachycardia, hypotension,
nausea, vomiting, cutaneous flushing, lightheadedness, dizziness, and syncope (all occurring
in fewer than 10% of patients) [3,10,11,12]. The most dangerous of these described adverse
effects is syncope, as it can lead to falls and subsequent secondary injuries. The risk of
syncope and other hypotensive reactions is significantly increased when nitrates are co-
administered with phosphodiesterase-5 (PDE-5) inhibitor such as sildenafil and it is
absolutely contraindicated. Nitrates are also contraindicated in patients with a right coronary
artery occlusion as they reduce preload, which may lead to a severe hypotension, even
resulting in a cardiogenic shock. Other contraindications include right-sided myocardial
infarction, increased intercranial pressure, severe anemia and allergic reaction, which are
extremely rare, although such cases exist [11]. Nitrates require particularly cautious use in
groups of patients, such as older adults with autonomic dysfunction, due to the increased risk
of orthostatic hypotension. Caution is also advised in individuals taking diuretics, as their
blood volume is decreased, potentially leading to much more severe hypotension [3,10].
Topical use of nitroglycerin in nursing mothers caused side effects - which included headache,
dizziness and lightheadedness - in 78% of the patients, yet it had no apparent adverse effect
on their infants. Nitrates should not be applied on the nipples during breastfeeding. Sublingual
and intravenous administration of nitroglycerin has not been studied in this group of patients,
however infants should be observed for adverse effects such as flushing or discomfort after
breastfeeding[13]. Nitroglycerin is classified as pregnancy category C and must be used with
caution in breastfeeding mothers - it is not known whether it is excreted into breast milk [11].
Nitrates also decrease lower esophageal sphincter pressure (LESP) and impair esophageal
clearance, potentially leading to gastroesophageal reflux disease (GERD). A double-blind
placebo-controlled trial proved that isosorbide dinitrate reduced LESP more than placebo [14].
Serious complications associated with nitrate use also include cardiac hypertrophy,
methemoglobinemia, maculopathy, vision loss, or serious hypotensive complications caused

by interactions with other drugs (e.g., sildenafil) [9,12,15,16]. The toxic effects of nitrates on



the liver remain unclear [2,8]. In this article we would like to highlight rare adverse effects of

nitrate and nitrite use, such as maculopathy, methemoglobinemia and bronchiolitis.

Twenty-one cases of patients presenting with maculopathy or methemoglobinemia and
concomitant nitrate or nitrite use were analyzed. Five of these cases involved maculopathy,
and sixteen involved methemoglobinemia. The group of nineteen patients were men aged 18
to 68, while two cases concerned women aged 23 and 25. In twenty cases, the individuals
took alkyl or propyl nitrate "poppers" and in one case nitroglycerin (GTN) in 0.2% ointment

[16].

4. Adverse effects of nitrate and nitrite use

4.1 Maculopathy

Poppers-induced maculopathy is characterized by impaired retinal photoreceptor function,
particularly in the outer segments, accompanied with bilateral central visual impairment [15].
The exact mechanism of retinal damage remains unknown, but it has been attributed to

oxidative stress and ocular perfusion pressure [17].

In the group of five patients presenting with maculopathy, the main complaints on admission
were blurred vision, inability to focus on objects, and scotomas. The vision loss was described

as central with minor peripheral changes. Patients did not report pain or discomfort.

Four of the patients presented to the hospital due to overuse of inhaled poppers, while one
patient was treated with 0.2% GTN ointment three times daily for the preceding two months.
Reported comorbidities included type 2 diabetes, hypertension, depression, human
immunodeficiency virus (HIV), and hearing loss. Medications taken concomitantly by these
patients included antiviral agents, antidiabetic drugs, antidepressants, and commonly used
nonsteroidal analgesics. None of the patients had a previous ophthalmological or family
history of maculopathy.

All patients were examined and diagnosed. Normal intraocular pressure was observed, with
reduced visual acuity despite best correction. Extraocular movements, confrontational visual

fields, and color vision were within normal limits.

Four patients underwent fundus examination. Two of them demonstrated abnormalities in the

form of venous dilatation, scattered hemorrhagic spots, macular hyperreflectivity, retinal



epithelial changes consistent with a central foveal xanthelasma, and subtle parafoveal whitish

peripheral changes. Fundus examination revealed no other pathology.

Imaging methods, including optical coherence tomography (OCT), optical coherence
tomography-angiography (OCT-A), and fluorescein angiography (FA), revealed focal retinal
defects, disruption of the inner and outer segment layers limited to the fovea, loss of pigment
epithelium, hypoautofluorescence in the fovea, focal hyperreflectivity and irregularity of the
ellipsoidal zone in the fovea, and diffuse hyperreflective changes at the level of the inner
plexiform layer, inner nuclear layer, and outer plexiform layer. No other clinically significant
changes were observed. In four cases, the changes were bilateral, and in one case, unilateral.
Patients were advised to immediately discontinue the substance which caused the symptoms.
In three cases, the patients returned for a follow-up visit; their symptoms resolved, and post-

correction visual acuity improved minimally [15,16,17,18,19].

4.2 Methemoglobinemia

Methemoglobinemia is a pathological condition in which the iron in hemoglobin is oxidized
to +3 oxidation state, preventing proper oxygen binding and oxygen distribution throughout
the body. The reference range for methemoglobin in blood is <1%. Symptoms include
hypoxia, cyanosis, dyspnea, tachycardia, headache, blurred vision, and syncope. The severity
of these symptoms correlates with the concentration of oxygenated hemoglobin in the blood.

Nitrates and nitrites are one of the causes of acquired methemoglobinemia [3,4,9,10,11,16,17].

A total of 16 cases were analyzed in the group of patients with methemoglobinemia. All
patients had a recent history of nitrate or poppers use. In three cases, nitrites were
administered by inhalation, in ten cases orally (variable amounts of liquid), and in one case
intravenously. In two cases, the route of administration remained unknown, although the use
of poppers was confirmed. Patients presented with central or peripheral cyanosis, hypoxia,
respiratory failure, altered consciousness, tachycardia, vomiting, headache, and syncope.
Comorbidities reported by these patients included HIV infection, type 2 diabetes,
hypertension, hyperlipidemia, non-insulin-dependent diabetes, and atrial flutter. Patients also
reported concurrent substance use, including tobacco, ethanol, bupropion, valproate, cocaine,
and amphetamines. Oxygen saturation levels measured in the study patients ranged from 70 to
90%. Patients received oxygen therapy, primarily using a mask without a respirator or a mask

with a bag valve, with oxygen flow rates of 10-15 L/min. Eight patients presented with



tachycardia exceeding 100 beats per minute. Two patients with high blood pressure on
admission (150/78 mmHg and 155/93 mmHg). Two other patients lost consciousness after
swallowing poppers (Glasgow coma scale (GCS) = 4 and GCS = 5). In two cases, blood
pressure was low - 88/50 mmHg and 96/54 mmHg. The most important laboratory finding in
all the mentioned cases was a significantly elevated methemoglobin level (MetHb %), ranging
from 12% to 75.4%. In one case, due to confirmed use of poppers and a characteristic clinical
presentation, methemoglobinemia was hypothesized and the patient was treated empirically.

The percentage methemoglobin levels (earliest measured on admission) are presented in the

table (Table 1).

Table 1. Summary of patients admitted with methemoglobinemia

No. Age  MetHb(%) Comorbidities Sex  SpO2 Administration Substance

1[4] 62 >20% non-insulin-dependent ~ diabetes, M 87% Ingestion Popper “Jungle Juice”

hyperlipidemia and atrial flutter

2[5] 46 - hypertension M 74% Unknown popper "Rush"

3[6] 23 >30% - F 70% Ingestion uknown popper
4[7] 34 40% - M 82% Intravenous popper "boooster"
5[20] 42 19.8% hypertension M 88% Inhalation popper "Rush"
6[21] 51 >30% prediabetes, gastritis M 77.0%  Ingestion popper "Rush"
7[22] 25 75.4% - F 89% Ingestion uknown popper
8[23] 39 23.5% - M 85% Ingestion uknown popper
9[23] 40 46.0% - M 90% Ingestion popper "Buzz"
10[24] | 40 30.3% - M 90% Ingestion uknown popper
11[25] | 37 30.3% - M 70% Ingestion popper "Tiger"
12[26] | 38 35.2% cocaine and tobacco addiction M 72% Unknown uknown popper
13[27] | 43 12% uncontrolled type 2 diabetes and M 85% Inhalation popper "Rush"
hypertension
14[28] | 23 25.6% asthma and depression M - Inhalation uknknown poppers
(multiple)
15[29] | 18 36% - M 90% Ingestion uknknown popper
16[30] | 50 36.7% type 2 diabetes, hypertension, M 87% Ingestion uknknown popper

hyperlipidemia, and  human

immunodeficiency virus (HIV)

Source: Prepared by the author.



All patients received treatment. Fourteen patients received intravenous methylene blue
(typically at a dose of 1 mg/kg), one patient received toluidine blue at a dose of 3 mg/kg, and
in one case, treatment for methemoglobinemia was abandoned because the patient did not
require oxygen and was treated with intravenous fluids instead. This treatment proved
effective, reducing methemoglobin levels to normal and resolving associated symptoms

within 2-24 hours [4,5,6,7,20,21,22,23,24,25,26,27,28,29,30].

In none of the cases was the concurrent occurrence of maculopathy and methemoglobinemia
observed. Acquired methemoglobinemia can also be caused by other medications. The most
common agents include local aneathetics such as lidocaine, antibiotics such a dapsone or
sulfonamide and other drugs including rifampicin, clofazimine, phenytoin, chloroquine, silver
nitrate, phenacetin, nitrofuran [4]. That is why all clinicians should conduct differential

diagnosis of acquired methemoglobinemia.

4.3 Bronchiolitis

A case of bronchiolitis developing after inhaling 'The New Amsterdam' poppers (Isoamyl
nitrite) has been described. A 23-year-old female patient was admitted with an acute onset
respiratory symptoms consisting of chest discomfort, breathlessness, and dry cough. The
patient had no chronic illnesses, was not taking any medications or any other recreational
drugs. The measured oxygen saturation (SpO2) was 91% on room air. Laboratory tests
revealed a C-reactive protein (CRP) level of 35.3 mg-dL—1 (N<5 mg-dL—1) and oxygen
tension of 66 mmHg (N=85-95 mmHg). Other laboratory parameters were not significant.
High-resolution computed tomography (HRCT) without contrast enhancement was performed,
which revealed nonspecific, diffuse inflammatory changes, thickening of the bronchiole walls,
and the presence of secretions in the respiratory tract. Spirometry revealed reduced forced
expiratory volume in the first second (FEV 1), decreased total lung capacity (TLC), and forced
vital capacity, which led to a conclusion of bronchial obstruction. The patient was
administered 400 pg of salbutamol with spirometry performed afterwards, which resulted in
reversion of the obstruction. Bronchoscopy did not reveal any significant findings. The patient
was treated with methylprednisolone for 5 days, with significant improvement in his clinical

condit

ion [31].



5. Monitoring

Since the half-life of nitroglycerin is approximately 2-3 minutes and the drug is rapidly
metabolized in the liver, direct monitoring of its blood concentration is impossible. Therefore,
patient evaluation should be based on changes measured blood pressure and the resolution of
symptoms (angina, hypertension, heart failure). In cases of overdose and potential severe
adverse effects monitoring of blood pressure, heart rate, respiratory rate and oxygen saturation
is recommended [11]. Beta-blockers may be used to prevent reflex tachycardia, hydralazine
may be used in conjunction with nitrates to improve mortality in heart failure patients [3].
Symptomatic treatment including efforts to increase central fluid volume, such as intravenous
saline administration, prove effective since some side effects are lined to hypotension and
decreased blood pressure. Adrenaline is not recommended in nitrate hypotension [11].
Possible nitrate interactions may include heparin, tricyclic antidepressants, anticholinergic
drugs and alteplase. Patients should abstain from alcohol consumption. No medication is
known to directly counteract the vasodilatory effect of nitrates [11]. Methylene blue may be
useful in the treatment of methemoglobinemia, and methyloprednisone may be beneficial in
managing inflammation caused by poppers [3,4,5,6,7,11,20,21,22,23,24,25,26,27,28,29,30].
In case of adverse effects immediate cessation of drug intake is recommended, however
rebound angina may occur from nitrate withdrawal [3,15,16,17,18,19,31]. In contrast, patients
may also develop nitrate tolerance after as little as 12-24 hours of repeated use, with
substantial reduction in clinical effects. This creates the necessity of a drug-free interval of
approximately 12 hours a day. It should be noted that anginal episodes may occur during the
nitrate-free period [10]. There is no evidence of teratogenic or carcinogenic potential of

nitrates [3].

6. Conclusions

Nitrates are well-known and long-used medications prescribed by primary care physicians.
They are used to treat many conditions, especially cardiovascular diseases, and to alleviate
their symptoms. Alkyl nitrites, widely available and used as narcotics, exert their effects in
organisms as nitric oxide (NO) donors, similar to conventional nitrates. As described, the
effects of prolonged, excessive or inappropriate use of these agents can lead to serious
complications. Despite the widespread use of nitrates and nitrites, diagnosis of complications
can be difficult due to nonspecific symptoms. Patients presenting with seemingly trivial

symptoms, such as slight skin bruising, decreased vision, or cough, may be dismissed by

10



healthcare providers. Symptoms of nitrate toxicity can occur at any age, so it is crucial to
identify risk factors as early as possible, confirm a history of nitrate use, whether medicinal or
recreational, and implement specific treatment. Oxygen saturation measurements, blood
methemoglobin levels, and eye fundus examination are relatively simple and inexpensive tests
that can be used to diagnose nitrate abuse. Prompt implementation of targeted therapy is
equally important, as severe cases involving loss of consciousness and the need for intubation
have been reported. It should also be emphasized that in cases involving recreational use,
immediate cessation of substance use is paramount. We encourage all clinicians and
healthcare workers to evaluate the risk of nitrate adverse effects based on patient interviews,

medical history, and laboratory findings.

Authors’ contribution

Conceptualization: Michal Gut, Marta Sowinska, Aleksandra Adamczyk, Agnieszka Gancarz,
Maria Wazny

Methodology: Michat Gut, Marta Sowinska, Mateusz Banasik

Software: Michat Gut, Damian Bezara, Mitosz Tworek,

Formal analysis: Marta Sowinska, Agnieszka Gancarz, Damian Bezara, Maria Wazny
Investigation: Michal Gut, Mitosz Tworek, Agata Zak, Mateusz Banasik,

Resources: Marta Sowinska, Aleksandra Adamczyk, Mitosz Tworek, Joanna Toporowska-
KaZmierak

Data curation: Mateusz Banasik, Damian Bezara, Agnieszka Gancarz

Writing - original draft: Michat Gut, Marta Sowinska, Aleksandra Adamczyk, Maria Wazny,
Agnieszka Gancarz

Writing - review and editing: Marta Sowinska, Mitosz Tworek, Agata Zak, Mateusz Banasik,
Damian Bezara

Visualization: Michal Gut, Maria Wazny, Agnieszka Gancarz, Joanna Toporowska-
Kazmierak

Project administration: Joanna Toporowska-Kazmierak, Damian Bezara, Mitosz Tworek,

Mateusz Banasik,

All authors have read and agreed with the published version of the manuscript.

Funding statement

This research received no external funding.

11



Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

Not applicable.

Acknowledgement

Not applicable.

Conflict of Interest

The authors declare no conflict of interest.

Declaration of the use of generative Al and Al-assisted technologies in the writing

process.

While preparing this manuscript, the authors used the Gemini tool to enhance language

quality and readability. After using this tool, the authors thoroughly reviewed and

edited the text as necessary and accept full responsibility for the scientific content of the

publication.

References

1.

Franga-Silva MS, Balarini CM, Cruz JC, Khan BA, Rampelotto PH, Braga VA.
Organic Nitrates: Past, Present and Future. Molecules. 2014; 19(9):15314-15323.
https://doi.org/10.3390/molecules 190915314

LiverTox: Clinical and Research Information on Drug-Induced Liver Injury. Bethesda
(MD): National Institute of Diabetes and Digestive and Kidney Diseases; 2012.
Available from: https://www.ncbi.nlm.nih.gov/books/NBK 547928/

Lee PM, Gerriets V. Nitrates. In: StatPearls. Treasure Island (FL): StatPearls
Publishing; July 10, 2023. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 545149/

Tello DM, Doodnauth AV, Patel KH, Gutierrez D, Dubey GR. Poppers-Induced
Methemoglobinemia: A Curious Case of the Blues. Cureus. 2021;13(5):e15276.
Published 2021 May 27. doi:10.7759/cureus.15276

Shearer E, Nagy J, Aluisio AR. "Popper"-Induced Methemoglobinemia: A Visual
Diagnosis. R I Med J (2013). 2025:108(4):11-12. Published 2025 Apr 1.

12


https://doi.org/10.3390/molecules190915314
https://www.ncbi.nlm.nih.gov/books/NBK547928/
https://www.ncbi.nlm.nih.gov/books/NBK545149/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8237922/
http://rimed.org/rimedicaljournal/2025/04/2025-04-11-images-shearer.pdf

10.

11.

12

13.

14.

15.

Valenzuela M, Phan T, Samones E, Dukes WS. Do Not Drink Poppers: A Case Report
of Near Fatal Methemoglobinemia After Ingestion of Alkyl Nitrite. Cureus.
2025;17(1):€77190. Published 2025 Jan 9. doi:10.7759/cureus.77190

Reisinger A, Vogt S, Essl A, et al. Lessons of the month 3: Intravenous poppers abuse:
case report, management and possible complications. Clin Med (Lond).
2020;20(2):221-223. doi:10.7861/clinmed.2019-0469

Corkery JM, Copeland CS, Ream S, Streete P, Schifano F. An Update on Deaths in

the United Kingdom from 'Poppers' (Alkyl Nitrites), with a Particular Focus on
'Swallowing' Fatalities. J Clin Med. 2025;14(2):427. Published 2025 Jan 10.
doi:10.3390/jcm 14020427

Tusiewicz K, Kuropka P, Workiewicz E, Wachetko O, Szpot P, Zawadzki M. Nitrites:

An Old Poison or a Current Hazard? Epidemiology of Intoxications Covering the Last
100 Years and Evaluation of Analytical Methods. Toxics. 2023;11(10):832. Published
2023 Oct 1. doi:10.3390/toxics 11100832

Balasubramanian S, Chowdhury YS. Isosorbide. In: StatPearls. Treasure Island (FL):
StatPearls Publishing; May 16, 2023. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 557839/
Kim KH, Adnan G, Schaller DJ. Nitroglycerin. In: StatPearls. Treasure Island (FL):
StatPearls Publishing; July 31, 2023. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK482382/

.Le A, Yockey A, Palamar JJ. Use of "Poppers" among Adults in the United States,

2015-2017. J Psychoactive Drugs. 2020;52(5):433-439.
doi:10.1080/02791072.2020.1791373

Drugs and Lactation Database (LactMed®) [Internet]. Bethesda (MD): National
Institute of Child Health and Human Development; 2006-. Nitroglycerin. [Updated
2024 Oct 15]. Available from: https://www.ncbi.nlm.nih.gov/books/NBK501516/

Mungan Z, Pinarbasi Simsek B. Which drugs are risk factors for the development of
gastroesophageal reflux disease?. Turk J Gastroenterol. 2017;28(Suppl 1):S38-S43.
doi:10.5152/tjg.2017.11

Rojas CN, Fawzi AA, Gill MK. AOSLO imaging in poppers maculopathy shows high
resolution loss of central macular cones. Am J Ophthalmol Case Rep. 2021;23:101166.
Published 2021 Jul 22. doi:10.1016/j.ajoc.2021.101166

13


https://pmc.ncbi.nlm.nih.gov/articles/PMC11806928/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7081803/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11765549/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10611400/
https://www.ncbi.nlm.nih.gov/books/NBK557839/
https://www.ncbi.nlm.nih.gov/books/NBK482382/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7704544/
https://www.ncbi.nlm.nih.gov/books/NBK501516/
https://www.turkjgastroenterol.org/public/pdfs/303/buyuk/S38-S43.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC8342772/

16.

17.

18.

19

20.

21.

22.

23.

24.

25.

26.

Rotsos T, Giachos I, Tyrlis K, Symeonidis C, Mani E, Georgalas 1. Paramacular Acute
Middle Maculopathy Associated with Glyceryl Trinitrate. Case Rep Ophthalmol Med.
2021;2021:8215706. Published 2021 Sep 18. doi:10.1155/2021/8215706

Cappellani F, Gagliano C, Pulido JS. Chronic poppers maculopathy: Case report and
literature comparison of chronic and acute use. Medicine (Baltimore).
2025;104(38):e44079. doi:10.1097/MD.0000000000044079

Luis J, Virdi M, Nabili S. Poppers retinopathy. BMJ Case Rep.
2016;2016:bcr2016214442. Published 2016 Mar 7. doi:10.1136/ber-2016-214442

. Mentes J, Batioglu F. Multimodal imaging of a patient with poppers maculopathy.

GMS  Ophthalmol  Cases. 2020;10:Docl6.  Published 2020 Apr 2.
d0i:10.3205/0c000143

Elgendy F, Rio-Pertuz GD, Nguyen D, Payne D. "Popper" induced
methemoglobinemia. Proc (Bayl Univ Med Cent). 2022;35(3):385-386. Published
2022 Feb 2. doi:10.1080/08998280.2022.2030188

Idries 1Y, Khristoforov V, Duddala S, Duong YV, Zaman M. Out of the Blue:

Methemoglobinemia Associated With the Use of Amyl Nitrite in Rush Poppers for
Erectile Stimulation. Cureus. 2023;15(6):e41201. Published 2023 Jun 30.
doi:10.7759/cureus.41201

Lefevre T, Nuzzo A, Mégarbane B. Poppers-induced Life-Threatening
Methemoglobinemia. Am J Respir Crit Care Med. 2018;198(12):e137-e138.
doi:10.1164/rccm.201806-1044IM

Al-Lawati A, Murch N. Acquired methemoglobinaemia. Sultan Qaboos Univ Med J.
2012;12(2):237-241. doi:10.12816/0003120
Batista F, Alves C, Trindade M, Duarte JA, Marques R. Methaemoglobinemia

Induced by Poppers and Bupropion Intoxication in the Emergency Department. Eur J
Case Rep Intern Med. 2019;6(3):001072. Published 2019 Mar 13.
doi:10.12890/2019 001072

De Pauw LA, Guechi Y, Schwaller J. Accidental Alkyl Nitrite (Poppers) Ingestion in a
37-Year-Old Patient: A Case Report. Clin Case Rep. 2025;13(5):¢70416. Published
2025 Apr 28. doi:10.1002/ccr3.70416

Sonck E, Bourmanne E, Bruteyn J, Dolip W. Methemoglobinemia due to use of
poppers: a case report. ] Med Case Rep. 2022;16(1):244. Published 2022 Jun 21.
doi:10.1186/s13256-022-03475-8

14


https://pmc.ncbi.nlm.nih.gov/articles/PMC8476279/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12459571/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4785440/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7332722/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9037406/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10387288/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7212794/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3327574/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6438107/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12037986/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9210596/

27.

28.

29.

30.

31.

Alkhateeb W, Luthra G, Almatroud L, Saleh A, Landa E. From Poppers to Peril:
Recreational Nitrite-Induced Methemoglobinemia. Cureus. 2024;16(8):e67435.
Published 2024 Aug 21. doi:10.7759/cureus.67435

Barry K, McAteer KE. Syncope and Methemoglobinemia Preceded by Amyl Nitrite
'Popper' Inhalation. R I Med J (2013). 2023:106(3):49-51. Published 2023 Apr 3.
Kragsfeldt CT, Nissen CB, Brandt F. Ugeskr Laeger. 2016:178(34):V12150994.
[Article in Danish]

Luke ND, Muthuraman R, Goldstein B, Alaie M. Methemoglobinemia in the Setting

of Consumption of Poppers and Preservation Pellets. Cureus. 2025;17(4):e81768.
Published 2025 Apr 5. doi:10.7759/cureus.81768

Pinto Pereira J, Hantson P, Pieters T, Apraxine M, Froidure A. A breath of not so
fresh air.... Breathe (Sheff). 2022;18(3):220026. doi:10.1183/20734735.0026-2022

15


https://pmc.ncbi.nlm.nih.gov/articles/PMC11415308/
http://rimed.org/rimedicaljournal/2023/04/2023-04-49-case-barry.pdf
https://ugeskriftet.dk/videnskab/methaemoglobinaemi-efter-forgiftning-med-alkylnitrat-til-en-fest
https://pmc.ncbi.nlm.nih.gov/articles/PMC12052388/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9584560/

