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(Abstract )

Severe methemoglobinemia following intentional sodium nitrite ingestion is an escalating public health
concern owing to its increasing incidence and substantial mortality risks. We report a case of a 32-year-
old woman who presented with profound hypoxia, cyanosis, and persistently low oxygen saturation
unresponsive to supplemental oxygen after ingesting sodium nitrite misidentified as “Hawaiian sea
salt” Diagnostic challenges included discordant pulse oximetry and arterial blood gas findings, and
initial methemoglobin quantification that was unsuccessful due to extremely elevated levels and analytic
limitations. Empirically administered intravenous methylene blue resulted in rapid clinical and biochemical
improvements without complications. This case underscores the importance of recognizing characteristic
signs, such as the occurrence of chocolate-brown blood, and utilizing co-oximetry for accurate diagnosis.
Early treatment with methylene blue is critical for reversing life-threatening methemoglobinemia. Given
the widespread availability of sodium nitrite and its promotion in online suicide forums, heightened clinical

\ vigilance is essential for timely diagnosis and intervention to improve patient outcomes. )

Introduction

Methemoglobinemia is a disorder characterized by the oxidation of iron within hemoglobin from
the Ferrous (Fe?*) to the Ferric (Fe3*) state, impairing its ability to bind and transport oxygen and resulting
in functional hypoxia despite adequate circulating oxygen levels [1,2]. Clinically, patients often present
with cyanosis that is refractory to supplemental oxygen, with dark or chocolate-brown arterial blood, and
pulse oximetry values that may plateau near 85%, which can delay recognition and treatment [3]. Although
methemoglobinemia has traditionally been associated with exposure to topical anesthetics, nitrates, or
certain antimicrobial agents, there has been a notable increase in intentional sodium nitrite ingestion,

particularly as a method of self-harm [3,4]. Sodium nitrate is inexpensive, widely accessible online, and
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is increasingly promoted through online suicide forums, making it an emerging public health threat [5].
Without prompt intervention, severe cases may rapidly progress to profound tissue hypoxia, metabolic
acidosis, seizures, cardiovascular collapse, and death. Methylene blue remains the first-line antidote,
acting as an electron acceptor to reduce methemoglobinemia to the functional ferrous state; however,
timely recognition and administration are critical for survival. Although the number of reported cases of
intentional sodium nitrite ingestion has increased, published reports frequently describe poor outcomes.
Here, we present a case of severe methemoglobinemia following intentional sodium nitrite ingestion that
was successfully reversed with early methylene blue administration, highlighting the key diagnostic and
therapeutic considerations that are important for emergency and critical care clinicians as the incidence of

this poisoning continues to rise.
Case Presentation

A 32-year-old woman with a medical history of alcohol and polysubstance use, schizoaffective
disorder, attention deficit disorder, anorexia nervosa, seizure disorder, and post-traumatic stress disorder
presented to the Emergency Department (ED) via Emergency Medical Services (EMS) after calling 911 and
reporting an intentional suicide attempt followed by regret. According to the EMS report, the patient stated
that she had ingested approximately 5 pounds of what she described as “Hawaiian sea salt,” approximately
30 min before their arrival. At the scene, she was found lying on the ground, lethargic, with urinary
incontinence and actively vomiting. EMS staff noted a nearly empty bag of white granular material near the

patient, which was initially presumed to be sea salt.

On arrival at the ED, the patient was lethargic, diaphoretic, and markedly pale with gray skin
discoloration. Her initial Oxygen Saturation (SpO.) was 80% on room air, and she was immediately
placed on 15 L of oxygen via a non-rebreather facemask without improvement. The patient reported
associated nausea and vomiting and admitted to concurrent alcohol use, but denied other ingestions. Her
vital signs were notable, with a systolic blood pressure of 90 mmHg. Based on her physical presentation,
acute anemia was suspected. Subsequent laboratory evaluation revealed a serum sodium level of 155
mmol/L and a point-of-care hemoglobin level of 13.9 g/dL, which was later confirmed by laboratory-
reported hemoglobin concentrations. This finding was inconsistent with the initial suspicion of severe
anemia. Arterial blood gas analysis revealed a pH of 7.17, partial Pressure of Oxygen (Pa0;) >400 mmHg,
and calculated oxygen saturation of 100%. Despite high-flow oxygen therapy via a non-rebreather mask,
the patient’s SpO, remained between 79% and 85%. Manual ventilation via a bag-valve device failed to
improve oxygenation, and the patient was subsequently intubated for progressive hypoxic respiratory
failure. Postintubation chest radiography revealed no evidence of pulmonary edema, pneumonitis, or

pneumothorax. Electrocardiography revealed normal QRS duration and QTc values.

Given the marked cyanotic discoloration, profound refractory hypoxia despite 100% FiO,, and the
discordance between pulse oximetry and arterial oxygen tension, methemoglobinemia was suspected.
Initial laboratory attempts to quantify the methemoglobin concentration resulted in instrument errors

in three different samples, which the laboratory attributed to extremely elevated methemoglobin levels
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that exceeded the analytical range of the device. Following consultation with a clinical pharmacist,
empirical treatment with methylene blue was initiated intravenously at a dose of 1 mg/kg. Ascorbic acid
was considered an adjunctive therapy but was unavailable. Following the initial methylene blue dose, the
patient’s Sp0O, increased to approximately 85% but remained below the expected levels, and a second dose
of 1 mg/kg was administered after transfer to the intensive Care Unit (ICU). Subsequent measurement
approximately 3 h after the second dose revealed a methemoglobin level of 0.7%. The patient did not
require vasopressor support. Her initially elevated lactate level (9.2 mmol/L) and metabolic acidosis were
corrected within approximately 8 h of treatment initiation. The patient was successfully extubated on
the following day. The hypernatremia was gradually reversed with intravenous administration of D5W.
Rebound methemoglobinemia, hemolysis, or acute kidney injury were not observed. Following medical
stabilization, the patient was transferred to an inpatient psychiatric unit and discharged. The total hospital
length of stay was 8 days.

Shortly after ICU admission, a review of outpatient psychiatric records by our colleagues revealed
prior documentation that the patient had stated she had researched suicide methods involving the ingestion
of cured salts. This, along with the near-empty baglocated at the scene, suggested that the ingested substance
was sodium nitrite and that the reference to “Hawaiian sea salt” was an initial miscommunication during
the pre-hospital handoff.

Discussion
Epidemiology and public health context

The first case of intentional sodium nitrite/nitrate ingestion for suicide was reported in 2010;
however, itsincidence hasincreased sharply in recentyears. Hickey et al. reported a case series from Ontario,
Canada, showing that most cases occurred in the last 2 years of their 1980-2020 review, highlighting a new
and growing trend [4].Khan et al. analyzed U.S. data from 2018 to 2020 and found 260 sodium nitrite/
nitrate suicide deaths, with a marked increase in 2020, and a typical victim profile of young white males
with depression [5]. McCann et al. reported rising cases and high mortality rates in the U.S. poison center
data since 2017, with most exposures occurring at home and a mortality rate of 30% [6]. Bloom et al.

confirmed this trend, noting that clusters of cases were often linked to information obtained online [7].

Multiple scholarly articles have directly implicated online forums and Internet resources for the
marked increase in the intentional ingestion of sodium nitrite for self-harm. A special report from the
Centers for Disease Control and Prevention found that online content and forums influenced changes
in suicide methods, including sodium nitrite ingestion, and the popularity of Google searches for these
methods has increased since 2019 [8]. Some authors have specifically noted that online forums are used
to share the procurement methods and preparation details for sodium nitrite poisoning [5]. Some sites
described “suicide kits” assembled with instructions from pro-suicide forums, often with recommendations
to co-ingest antiemetics and antidiarrheal agents to improve their absorption [7]. A 2023 case report of
an adolescent suicide using sodium nitrite ordered online emphasized the ease of access and the role of

web-based instructions [9]. Morch et al. provided a broader context, showing that pro-suicide forums on
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both the surface and dark web offer detailed information on suicide methods (including poisoning) and
are associated with increased public health risks [10]. Statistical associations have been demonstrated
between increased Google searches for pro-suicide websites and subsequent increases in suicide rates due

to poisoning, particularly among youths and young adults [11].
Pharmacology and pathophysiology

Sodium nitrite is a yellowish-white, crystalline, odorless, inorganic substance that often appears
similar to table salt [12]. It has various clinical and industrial applications. Its primary clinical use is for
the treatment of cyanide poisoning [13]. In the food industry, sodium nitrite is used as a preservative to
inhibit bacterial growth and exploit its interaction with myoglobin to enhance the appearance, color, and
taste of certain meat-containing products (giving the compound its common name “curing salts”) [14].
Sodium nitrite is highly water-soluble, allowing large amounts of the compound to easily dissolve in a
liquid medium, facilitating rapid ingestion. After ingestion, sodium nitrite has a bioavailability of 98%
and minimal first-pass metabolism in the liver [15]. These pharmacokinetic aspects of sodium nitrite are
reflected in the rapid onset of symptoms and clinical deterioration often observed in patients who ingest
large amounts of sodium nitrite. The reported lethal dose of sodium nitrite after intentional ingestion is
highly variable, with a broad range of doses reported between 0.7 and 6 g of nitrite [16]. With ease of access
to sodium nitrite-containing compounds and a lack of regulation, patients interested in self-harm can easily

ingest toxic or lethal doses.

After the oral ingestion of sodium nitrite, the acidic environment of the stomach facilitates the
chemical transformation of a portion of the salt into Nitric Oxide (NO) and other nitrogen compounds,
while the rest enters the systemic circulation unchanged [17]. Once in systemic circulation, nitrite
interacts with hemoglobin molecules found within red blood cells, causing the bound Ferrous Iron (Fe?*)
of oxyhemoglobin to oxidize into the bound Ferric Iron (Fe**) of methemoglobin [3,4,18]. The oxidized
form of Fe cannot bind to oxygen molecules. Additionally, the presence of one or more Fe** ions within the
hemoglobin tetramer causes the remaining Fe?* groups to have a higher affinity for their bound oxygen
molecules, thus preventing their subsequent release at the target sites. Taken together, these changes result
in effective anemia due to the decreased transport of oxygen by methemoglobin, causing a shift in the oxygen
dissociation curve to the left [2-4]. Blood containing methemoglobin is classically described as “chocolate
brown” due to the iron molecules in their Fe?* state, which alters the optical properties of blood. The degree
of discoloration correlates with the methemoglobin concentration, with higher levels producing a more
pronounced brown color, which is often observed during both venous and arterial blood collections [19-
21]. In addition to methemoglobinemia, sodium nitrite has been reported to cause hypotension (via nitric

oxide) and hemolysis [22].
Clinical presentation and diagnostic challenges

Patients who ingest sodium nitrite most often present with central cyanosis, which is most evident
in the oral mucosa and lips, along with shortness of breath, fatigue, and sometimes altered mental

status. Cyanosis due to methemoglobin typically occurs when blood levels exceed 10-15% of the total
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hemoglobin level and is a key diagnostic clue [3,19,20]. The diagnosis of methemoglobinemia requires
careful interpretation of clinical and laboratory findings because the condition often presents as cyanosis
that is not corrected with supplemental oxygen. Oxygen-refractory cyanosis occurs due to the inability of
methemoglobin to perform normal oxygen transport and exchange, thereby reducing functional hemoglobin
levels despite adequate dissolved oxygen in the plasma [23,34].

Pulse oximetry can be misleading in patients with methemoglobinemia. In standard pulse oximetry,
light absorption is measured at wavelengths of 660 and 940 nm, which provides the oxyhemoglobin-to-
deoxyhemoglobin ratio. This is then translated into an estimated percentage of blood-oxygen saturation,
where a ratio of 1 corresponds to an approximate blood-oxygen saturation of 85%. This relationship
is based on the Beer-Lambert Law, which accounts for the different molar extinction coefficients of
oxy- and deoxyhemoglobin at these wavelengths, as well as the optical path through the tissues [25-
27]. Methemoglobin absorbs both wavelengths of light nearly equally, which confounds pulse oximeter
calculations that rely only on oxyhemoglobin and deoxyhemoglobin [28-30].

In contrast, the Arterial Blood Gas (ABG) PaO, is generally normal or elevated because PaO, reflects
dissolved oxygen rather than hemoglobin function [31-33]. Consequently, the presence of low Oxygen
Saturation (Sp0,) along with normal or elevated PaO, should prompt the evaluation of potential hemoglobin
alterations such as methemoglobinemia. However, neither ABG nor standard pulse oximetry can be used
to quantify methemoglobinemia. In such instances, co-oximetry serves as the gold standard for diagnosis,
because its multi-wavelength detection apparatus can directly quantify the levels of oxyhemoglobin,
deoxyhemoglobin, carboxyhemoglobin, and methemoglobin [30,33,34]. To ensure a definitive diagnosis, co-
oximetryshouldbeperformed promptlywhenmethemoglobinemiaissuspected.Co-oximetrymeasurements
of methemoglobin are inherently constrained by the linearity limitations of the instrument’s detection
range, which can significantly affect the accuracy of the readings at extreme methemoglobin concentrations.
Typically, co-oximeters are calibrated to measure physiologically and moderately elevated methemoglobin
levelsin clinical settings. However, when confronted with exceptionally high methemoglobin concentrations,
such as those resulting from severe sodium nitrite poisoning, the reliability of these measurements reduces
[35]. This is primarily because the absorbance signals generated at high methemoglobin levels potentially
exceed the linear dynamic range of device sensors, leading to signal saturation or nonlinear responses.
Consequently, the instrument may underestimate the true methemoglobin concentration, produce plateau
readings that do not reflect further increases in methemoglobinemia, or fail to yield a value [36]. These
limitations pose a critical challenge in cases of acute poisoning, where precise quantification is essential for
accurate diagnosis and timely intervention. Furthermore, the inability to accurately analyze samples with
extremely elevated methemoglobin levels can hinder the effective monitoring of treatment efficacy and

patient recovery, underscoring the need for cautious interpretation of co-oximetry results in such cases.

Characteristic bedside findings can further support the diagnosis of methemoglobinemia in these
patients. Blood with a “chocolate-brown” or slate-colored appearance that does not brighten when exposed
to air is a classic vital clue. In addition to methemoglobinemia, sodium nitrite can cause hypotension

(via nitric oxide) and hemolysis [22]. The rapid detection of elevated methemoglobin levels is crucial for
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timely and effective treatment. Symptoms and clinical presentations are associated with the percentage of
methemoglobin in the blood compared with that of normal oxyhemoglobin. In patients with methemoglobin
levels between 20% and 50%, the symptoms include dizziness, syncope, dyspnea, exercise intolerance,
fatigue, headache, and weakness. When the levels rise above 50%, cardiac dysrhythmia, central nervous
system depression, metabolic acidosis, tachypnea, seizures, and coma are often observed [37]. Blood levels

of >70% can rapidly become fatal without prompt intervention [38,39].
Management strategies

The primary treatment for clinically significant methemoglobinemia is methylene blue, which
acts as an artificial electron carrier for the nicotinamide adenine dinucleotide phosphate-dependent
methemoglobin reductase pathway, restoring Ferric (Fe3*) hemoglobin to its functional Ferrous (Fe?*) state
[37,40]. Early recognition and prompt administration of methylene blue are critical for preventing tissue
hypoxia and end-organ injury, particularly in high-dose exposures, which are often observed in intentional
sodium nitrite ingestion [20,23]. The initial dose of methylene blue is 1-2 mg/kg infused intravenously
over 3-5 min. Responses are typically observed rapidly, with a full clinical response expected within
30-60 min. If symptoms persist or methemoglobin levels remain elevated, an additional dose of 1 mg/kg
IV may be administered. The cumulative daily dose should not exceed 7 mg/kg because higher doses can
paradoxically induce methemoglobinemia and hemolysis [3,41]. Co-oximetry testing should be repeated to

confirm the therapeutic response and ensure the absence of rebound methemoglobinemia [32].

Alternative therapies for methemoglobinemia include exchange transfusion, hyperbaric oxygen
therapy, and ascorbic acid, each of which has specific limitations compared with methylene blue. Exchange
transfusion effectively removes methemoglobin-containing red blood cells, replacing them with normal
hemoglobin, and has been used successfully in cases where methylene blue is contraindicated or ineffective
[42,43]. Hyperbaric oxygen therapy, applied as a monotherapy or adjunctive treatment, can improve
outcomes but may have delayed effects on methemoglobin reduction and is limited by availability and
impracticality in emergency settings [42-44]. Ascorbic acid is a slower-acting alternative, particularly for
sodium nitrite poisoning, often requiring multiple doses, and is typically used alongside other treatments
when methylene blue cannot be administered (patients with Glucose-6-Phosphate Dehydrogenase (G6PD)
deficiency, etc) [45-47].

Other agents, such as riboflavin, have demonstrated partial efficacy in vitro but lack substantial
clinical evidence, whereas N-acetylcysteine has been shown to be ineffective for sodium nitrite-induced
methemoglobinemia [3,48]. In severe refractory cases involving hypoxemia and cardiovascular collapse,
venovenous extracorporeal membrane oxygenation may provide temporary tissue oxygenation support
until definitive therapy can be administered [49]. These alternatives are especially relevant when methylene

blue is contraindicated, such as in patients with G6PD deficiency or when it is unavailable.
Conclusions

The increasing incidence of intentional ingestion of sodium nitrite for self-harm is a significant
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and increasing public health concern. This case highlights the critical importance of early recognition of
methemoglobinemia, particularly in patients presenting with refractory hypoxia, cyanosis, discordant pulse
oximetry, and arterial blood gas results. The widespread availability of sodium nitrite and its promotion
in online forums have contributed to increased exposure and severe poisoning cases. Rapid diagnosis
supported by clinical suspicion and co-oximetry, combined with the prompt administration of methylene
blue, can effectively reverse severe methemoglobinemia and prevent fatal complications. Emergency
and critical care clinicians should maintain a high index of suspicion for sodium nitrite poisoning in an

appropriate clinical context to ensure timely intervention, improve patient survival, and reduce morbidity.
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