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Abstract

BACKGROUND

The common cause of sodium nitrite poisoning has shifted from previous
accidental intoxication by exposure or ingestion of contaminated water and food
to recent alarming intentional intoxication as an employed method of sui-
cide/exit. The subsequent formation of methemoglobin (MetHDb) restricts oxygen
transport and utilization in the body, resulting in functional hypoxia at the tissue
level. In clinical practice, a mismatch of cyanotic appearance and oxygen partial
pressure usually contributes to the identification of methemoglobinemia. Prompt
recognition of characteristic mismatch and accurate diagnosis of sodium nitrite
poisoning are prerequisites for the implementation of standardized systemic
interventions.

CASE SUMMARY

A pregnant woman was admitted to the Department of Critical Care Medicine at
the First Affiliated Hospital of Harbin Medical University due to consciousness
disorders and drowsiness 2 h before admission. Subsequently, she developed
vomiting and cyanotic skin. The woman underwent orotracheal intubation,
invasive mechanical ventilation (IMV), and correction of internal environment
disturbance in the ICU. Her premature infant was born with a higher-than-normal
MetHb level of 3.3%, and received detoxification with methylene blue and
vitamin C, supplemental vitamin K1, an infusion of fresh frozen plasma, as well
as respiratory support via orotracheal intubation and IMV. On day 3 after
admission, the puerpera regained consciousness, evacuated the IMV, and
resumed enteral nutrition. She was then transferred to the maternity ward 24 h
later. On day 7 after admission, the woman recovered and was discharged
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without any sequelae.

CONCLUSION
MetHDb can cross through the placental barrier. Level of MetHb both reflects severity of the sodium nitrite
poisoning and serves as feedback on therapeutic effectiveness.

Key Words: Sodium nitrite poisoning; Methemoglobinemia; Methemoglobin; Third trimester puerpera; Premature infant;
Placental barrier; Methylene blue; Case report
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Core Tip: This study is the first to present rare cases of acquired methemoglobinemia in pregnant women in the third
trimester of pregnancy and in premature infants with high suspicion of sodium nitrite poisoning, revealing that methemo-
globin (MetHb) can quickly cross the placental barrier. MetHb levels not only reflect the severity of sodium nitrite
poisoning, but also serve as feedback on the effectiveness of treatment. However, fatal outcomes in patients with sodium
nitrite poisoning are related to potential comorbidities of poor health at advanced age and worsening organ function, not just
the poisoning itself, which requires greater attention from medical personnel.
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INTRODUCTION

The common cause of sodium nitrite poisoning has shifted from previous accidental intoxication by exposure or ingestion
of contaminated water and food to recent alarming intentional intoxication as an employed method of suicide/exit[1-4].
Online forums and social media have reported many cases of intentional poisoning by nitrites[5,6].

As a powerful oxidizing agent, sodium nitrite in excess of safe dose can restrict oxygen transport and utilization in the
body through the formation of methemoglobin (MetHb) by oxidizing the ferrous iron (Fe?") in normal hemoglobin to the
ferric iron (Fe*). This results in a mismatch of cyanotic appearance and oxygen partial pressure (PO,), and damage to
oxygen-intensive vital organs[7,8]. Prompt recognition of characteristic mismatch and accurate diagnosis of sodium
nitrite poisoning are prerequisites for the implementation of standardized systemic interventions. Furthermore, due to
allosteric changes to hemoglobin molecules during oxidation, there is an increase in affinity between partially oxidized
hemoglobin molecules and oxygen, triggering a left shift to the oxygen-hemoglobin dissociation curve, and resulting in a
further impairment of oxygen delivery to the systemic tissue[9]. Additionally, oxidation of sodium nitrite can inde-
pendently induce hemolysis, destroy oxygen carriers, and further deteriorate oxygen transport[10,11]. Nitric oxide (NO),
as a metabolite of sodium nitrite, can also exert vasodilation in the peripheral blood vessels, leading to hypotension,
which elicits further difficulties to oxygen transport[12,13].

The fatal consequences of patients with sodium nitrite poisoning can also be attributed to advanced age, poor health
condition, underlying comorbidities, and deteriorating organ function[14]. However, there have been no clinical cases of
MetHD crossing through the placental barrier to date. Herein, we present a rare case of acquired methemoglobinemia in a
third trimester puerpera and her premature infant with sodium nitrite poisoning.

CASE PRESENTATION

Chief complaints
A puerpera, approximately 40-years-old, was admitted to the Department of Critical Care Medicine at the First Affiliated
Hospital of Harbin Medical University due to consciousness disorder and drowsiness 2 h before admission.

History of present illness
Two hours before admission, the puerpera developed consciousness disorder and drowsiness, followed by vomiting and
cyanotic skin.

History of past illness
The woman was 34 wk of gestation on admission, and began to feel fetal movement from week 20 of suppressio mensiun,
which was active until then. There was no history of exposure to toxins, radiation, or pets in the first trimester, and no
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lightheadedness in the third trimester. There was also no history of comorbidities.

Personal and family history
The woman had no personal or family history and no exposure to any known toxins or drugs. Further investigation
revealed that a small amount of sodium nitrite remained in a warehouse after pickling vegetables in the autumn, but the
exact amount was unknown.

Physical examination

Physical examination of the puerpera on admission showed the following: temperature, 36.2 °C; heart rate, 104 bpm;
respiratory rate, 28 bpm; blood pressure, 120/72 mmHg; blood oxygen saturation, 90%; needlepoint pupils; cyanosis on
the lips; acral skin; respiratory distress; rough breath sound in both lungs; and Glasgow coma score, 9 points. An obstetric
examination revealed the following: Abdominal shape in the third trimester with uterine height of 30 cm and abdominal
circumference of 98 cm; fetal heart rate, 128 bpm; and no uterine contraction, vaginal bleeding, nor discharge. Blood
drawn from the veins and arteries was noted to have a dark red appearance.

Physical examination of the premature infant after birth showed the following: Weight, 2550 g; height, 48 cm; heart
rate, 130 bpm; blood pressure, 69/37 mmHg; no spontaneous breathing; cyanotic skin; weak breath sounds in both lungs
after orotracheal intubation and invasive mechanical ventilation (IMV); three depressions sign; diminution of cardiac
sounds; grade 2/6 systolic murmurs in the precardiac region; low muscle tone in the extremities; and a vanishing Moro
reflex. Apgar scores at 1 min and 5 min after birth were 2 and 5 points, respectively.

Laboratory examinations

The laboratory parameters of the puerpera on admission and during hospitalization are displayed in Table 1. Arterial
blood gas (ABG) analysis showed that carbon dioxide partial pressure (PCO,), PO,, potassium ion (K*), chloridion (CI),
free calcium ion (Ca?), lactic acid, and MetHb were 26.7 mmHg, 115 mmHg, 2.6 mmol/L, 111 mmol/L, 1.08 mmol/L, 4.2
mmol/L, and 28.8%, respectively. Sequential organ failure assessment score on admission was 4 points. No bro-
madiolone, fluoroacetic acid, or estazolam were detected in the blood of the puerpera.

The laboratory parameters of the premature infant after birth and during hospitalization are exhibited in Table 2. ABG
analysis after orotracheal intubation and IMV showed that PCO,, PO,, K*, sodium ion (Na*), bicarbonate ion (HCOj), base
excess, and MetHb were 13.8 mmHg, 136 mmHg, 3.0 mmol/L, 183 mmol/L, 7.6 mmol/L, -18.0 mmol/L, and 3.3%,
respectively.

Imaging examinations

Brain computed tomography (CT), magnetic resonance imaging, and diffusion-weighted imaging of the puerpera were
unremarkable, whereas a lung CT indicated small shadows with blurred borders in the lower lobes of both lungs and a
small amount of pleural effusion on both sides, as shown in Figure 1. A chest X-ray of the premature infant showed no
abnormalities. Abdominal, cranial, and cardiac ultrasound revealed bloating and flatulence in the intestines, a small
amount of peritoneal effusion, minimal hemorrhage at the choroid plexus of the left lateral ventricle, patent ductus
arteriosus, decreased left cardiac systolic function, and a small amount of tricuspid regurgitation and pericardial effusion.

FINAL DIAGNOSIS

Combined with on-site evidence, acute episodes, clinical manifestations and signs, laboratory parameters, and imaging
findings, the puerpera and her premature infant were highly suspected of acquired methemoglobinemia induced by
sodium nitrite poisoning. However, the possibility of mixed poisoning with other toxins or drugs could not be ruled out,
as the well-defined process and specific cause of exposure or ingestion remain unknown.

TREATMENT

The puerpera underwent orotracheal intubation, IMV, gastric lavage with warm saline, catharsis with magnesium sulfate,
detoxification with methylene blue (methylthioninium chloride), and high-dose vitamin C (10 g/d), appropriate
hydration, and correction of internal environment disorder in the intensive care unit, followed by lower uterine cesarean
section to terminate the pregnancy and hemoperfusion (HP). The premature infant was born with a higher-than-normal
MetHb level of 3.3%, and also received detoxification with methylene blue and vitamin C, supplement of vitamin K1,
infusion of fresh frozen plasma, as well as respiratory support via orotracheal intubation and IMV. On day 3 after
admission, the puerpera regained consciousness, was withdrawn from IMV, and resumed enteral nutrition. She was
transferred to the maternity ward 24 h later. However, the condition of her premature infant continued to deteriorate,
with gastrointestinal and airway bleeding and refractory bloating.
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Table 1 Timeline of the disease course of the puerpera (December 14 to 20, 2021)

Parameter Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Disease course Hospitalization/ICU Maternity ward Hospital
discharge

WBCas x10°/L  13.64 15.78 12.24 11.39 10.12 6.82 4.77
NEUT as % 74.00 87.5 80.6 83.6 81.4 75.6 60.7
NEUT as x 10°/L  10.09 13.82 9.87 9.52 8.24 5.15 29
LYMPH as % 18.80 6.2 11.1 8.8 1215 15.2 25.6
HGBing/L 119.00 99.00 85.00 74.00 63.00 76.00 79.00
D-dimer in 2.49 NP 5.88 5.41 4.02 NP 24115
pg/mL
TPing/L 73.84 56.70 54.50 50.40 50.60 NP 55.10
ALBin g/L 38.63 33.10 31.57 28.81 30.60 NP 31.90
BUN in mmol/L  1.88 2.33 2.95 5.3 5.36 NP 4.15
Cr in pmol/L 30.16 32.60 43 55.6 34.50 NP 33.90
GLU in mmol/L  30.16 7.7 6.1 5.8 4.0 NP 4.44
Mg? in mmol/L  0.82 0.71 NP NP NP NP 073
CRP in mg/L 8.86 459 62.5 34.1 171
PCT in ng/mL 0.17 0.18 0.18 0.12 0.06 0.04
Oxygen therapy ~ Nasal catheter oxygen IMV HENC Nasal catheter

therapy oxygen therapy
FiO, 5L/min 80% 55% 40% 4 L/min 3 L/min 1L/min
PEEP in cmH,0O 10 5 NP NP NP NP
PO, in mmHg 115 200 146 196 185 157 101
OIin mmHg 280.49 250 265.45 490 500 475.76 404
PCO,inmmHg  26.7 24.4 B5) 33 37.6 39.6 39.3
LACin mmol/L 4.2 12 14 0.6 0.6 0.7
MetHb 28.8% 18.2% 17.7% 22% 0.9% 1%

ALB: Albumin; BUN: Blood urea nitrogen; Cr: Creatinine; CRP: C-reactive protein; GLU: Glucose; HFNC: High-flow nasal cannula oxygen therapy; HGB:
Hemoglobin; ICU: Intensive care unit; IMV: Invasive mechanical ventilation; LAC: Lactic acid; LYMPH: Lymphocyte; MetHb: Methemoglobin; NEUT:
Neutrophil; NP: Not performed; OI: Oxygenation index; PCO,: Carbon dioxide partial pressure; PCT: Procalcitonin; PEEP: Positive end-expiratory
pressure; PO,: Oxygen partial pressure; TP: Total protein; WBC: White blood cell.

OUTCOME AND FOLLOW-UP

On day 6 after admission, treatment of the premature infant was stopped and clinical death occurred subsequently. On
the 7* d after admission, the puerpera recovered and was discharged without any sequelae.

DISCUSSION

At present, sodium nitrite is widely used as a food preservative, coloring, and antimicrobial agent because of its anti-
corrosive properties; however, due to the enzymatic action of MetHb reductase in the body, dietary exposure to trace
amounts is considered harmless[15]. It is extremely difficult to control sodium nitrite at the source due to its widespread
application and easy access without restrictions, not to mention black markets and unregulated online sales[16,17].
Hemoglobin is an oxygen-carrying metalloprotein in the blood, while MetHb is the oxidized form of hemoglobin with
a normal level less than 1% in a physiologic state. As a chemical asphyxiant, sodium nitrite in toxic doses can cause a
significant reduction in oxygen-carrying capacity of the blood and induce functional hypoxia at the tissue level by
forming high levels of MetHb, and its clinical symptoms, signs, oxygen-carrying capacity of the blood, disease severity, as
well as clinical prognosis are all dose-dependent[10,14]. In clinical practice, a mismatch of cyanotic appearance and PO,
may be a hallmark of methemoglobinemia and, therefore, a useful bedside clue for diagnosis, with characteristic cyanosis
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Table 2 Timeline of the disease course of the premature infant (December 14 to 19, 2021)

Parameter Day 1 Day 2 Day 3 Day 5 Day 6
Disease course Neonatal ICU Clinical death
WBC as x 10°/L 7.58 23.17 11.51 12.67

NEUT% 53.80 64.90 64.50 80.00

NEUT as x 10°/L 4.08 15.06 7.42 10.14

LYMPH% 36.80 19.70 15.60 12.1

HGBing/L 182.00 165.00 96.00 93.00

PLT as x 10°/L 223.00 294.00 168.00 108.00

PTins 71.90 NP 22.90 NP

PTas % 10.00 NP 39.90 NP

INR 6.16 NP 1.79 NP

FIBin g/L 1.42 NP 0.69 NP

APTTins 41.30 NP 41.00 NP

TTins 14.80 NP 19.20 NP

D-dimer in pg/mL 1.69 NP 5.13 NP

TPing/L 44.55 NP 42.20 NP

ALBing/L 26.83 NP 31.10 NP

ASTinU/L 49.18 NP 165.30 NP

ALTinU/L 20.64 NP 55.10 NP

BUN in mmol/L 2.84 NP 12.20 NP

Cr in pmol/L 46.05 NP 64.5 NP

CKinU/L 150.12 NP 1313.75 NP

GLU in mmol/L 2.87 4.64 7.76 6.35 4.48
Ca?" in mmol/L 2.14 NP 1.75 NP

Oxygen therapy MV MV MV MV

FiO, 80% 60% 60% 45% 40%
PEEP in cmH,0O 6 5 5 4 4
PO, in mmHg 136 83.8 267 81 119
OI in mmHg 170 140 445 180 297.5
PCO, in mmHg 13.8 30.8 295 42 38
MetHb 3.3% 2% NP 2%

rH 7.351 7.312 7.212 7.26 7.3
Lactates NP 1.5 8.5 NP

Bicarbonate 7.5 15.5 11.8 23.8 21.6

ALB: Albumin; ALT: Alanine transaminase; APTT: Activated partial thromboplastin time; AST: Aspartate transaminase; BUN: Blood urea nitrogen; CK:
Creatine kinase; Cr: Creatinine; CRP: C-reactive protein; FIB: Fibrinogen; GLU: Glucose; HGB: Hemoglobin; ICU: Intensive care unit; IMV: Invasive
mechanical ventilation; INR: International normalized ratio; LYMPH: Lymphocyte; MetHb: Methemoglobin; NEUT: Neutrophil; NP: Not performed; OI:
Oxygenation index; PCO,: Carbon dioxide partial pressure; PCT: Procalcitonin; PEEP: Positive end-expiratory pressure; PLT: Platelet; PO,: Oxygen partial
pressure; PT: Prothrombin time; TP: Total protein; TT: Thrombin time; WBC: White blood cell.

becoming more pronounced with the increase in MetHb levels. The lack of knowledge of this characteristic cyanotic-type
picture may make sodium nitrite poisoning unidentifiable or delay diagnosis in clinical settings. Therefore, clinical identi-
fication of methemoglobinemia should be strengthened from a technical and conscious perspective.

In Heilongjiang province, the most northeast province in China, where our patient lives, the weather is cold for close to
half the year. Therefore, it has been her custom for a long time to pickle vegetables with sodium nitrite in the autumn,
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Figure 1 Cranial computed tomography, magnetic resonance, and diffusion-weighted imaging. A: Brain computed tomography of the puerpera on
December 14, 2021; B and C: Lung computed tomography on December 14, 2021; D: Diffusion-weighted imaging on December 15, 2021; E and F: Magnetic
resonance imaging on December 15, 2021.

putting her in contact with it intentionally or unintentionally. The textbook sign of a mismatch of cyanotic appearance
and PO, on admission strongly suggested the presence of methemoglobinemia. More importantly, no other toxins or
drugs known to cause methemoglobinemia were found in the warehouse. Qualitative or quantitative toxicological
analysis of a wide range of samples from the puerpera, as convincing evidence, will make the diagnosis of sodium nitrite
poisoning more rigorous[18]. However, unfortunately these toxicological analyses are unavailable in our institution.
Combined with on-site evidence, acute episodes, clinical manifestations and signs, laboratory parameters, and imaging
findings, the puerpera and her premature infant were highly suspected of acquired methemoglobinemia induced by
sodium nitrite poisoning. However, the possibility of mixed poisoning with other toxins or drugs could not be ruled out,
as the well-defined process and specific cause of exposure or ingestion remain unknown.

The premature infant was born with a higher-than-normal MetHD level of 3.3%, suggesting that MetHb can quickly
cross through the placental barrier. As MetHb levels continued to improve, the clinical prognosis of the puerpera and her
premature infant were quite different, reaffirming that the prognosis was related to poor health condition and deteri-
orating organ function, not just poisoning itself. Gastrointestinal and airway bleeding and refractory bloating may be the
main culprits for disease deterioration of the premature infant, while sodium nitrite poisoning may be the final death
blow. Therefore, in the rescue and treatment process of patients with sodium nitrite poisoning, in addition to monitoring
MetHb levels that reflect the severity of poisoning and therapeutic effectiveness, attention should be paid to other clinical
indicators closely related to fatal consequences. Furthermore, infants and children are particular susceptible to sodium
nitrite poisoning and tend to worsen for a variety of reasons[19]. Due to the large individual variability of patients with
sodium nitrite poisoning, it is sometimes unreliable to use estimated lethal dose and MetHb levels as the sole prognostic
criterion in clinical practice[9,20,21].

Management of sodium nitrite poisoning focuses on aggressive decontamination, organ function support, and detoxi-
fication[22]. Among these factors, organ function support refers to maintaining airway patency, receiving different forms
of oxygen therapy as soon as possible to improve functional hypoxia, and appropriate hydration and/or infusion of
vasopressors to antagonize potent peripheral vascular dilation of NO. During detoxification, methylene blue, as a specific
antidote, facilitates the conversion of Fe** in MetHb back to Fe** in normal hemoglobin via nicotinamide adenine din-
ucleotide phosphate-dependent MetHb reductase, thereby restoring the oxygen-carrying capacity of the blood and
increasing tissue oxygenation[23]. Moreover, methylene blue can be utilized as an adjunctive therapy to reverse
widespread vasodilation and reduce vasopressor requirements without compromising blood pressure via inhibiting NO
synthase[24,25]. Once sodium nitrite poisoning is considered, methylene blue should be administered promptly, with
high initial doses for massive exposure or ingestion, and repeated if necessary unless clearly contraindicated[26,27]. High-
dose vitamin C, as a potent antioxidant and reducing agent, can be an effective alternative in the management of severe
methemoglobinemia without side effects, especially in the absence of methylene blue or with clear contraindications for
its application[28]. HP has been well established as the first-line therapy for the removal of a variety of toxins and drugs,
especially for those with high albumin binding rates, through a mainly adsorption-based mechanism[29]. Three
consecutive sessions of HP played a significant role in the removal of toxins or drugs, improvement of methemo-
globinemia and functional hypoxia, and recovery of consciousness in this puerpera.
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CONCLUSION

This study is the first to present a rare case of acquired methemoglobinemia in a third trimester puerpera and her
premature infant with sodium nitrite poisoning, revealing that MetHb can quickly cross through the placental barrier. In
clinical practice, a mismatch of cyanotic appearance and PO, may be a hallmark of methemoglobinemia and thus a useful
bedside clue for diagnosis. MetHDb levels should be routinely monitored in patients with clinically suspected sodium
nitrite poisoning, which can not only reflect the severity of poisoning, but also feedback treatment effects. However, the
fatal consequences of patients with sodium nitrite poisoning are related to advanced age, poor health condition,
underlying comorbidities, and deteriorating organ function, rather than just poisoning itself. Once sodium nitrite
poisoning is considered, methylene blue should be administered promptly, with high initial doses for massive exposure
or ingestion, and repeated if necessary unless clearly contraindicated. This should be administered by intramuscular or
intraspinal injection, as subcutaneous injection may produce a local necrotic abscess. Intraspinal injection may cause
permanent organic damage to the central nervous system.
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