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Abstract: Methemoglobinemia is a rare blood disorder characterized by the oxidation of heme
iron from ferrous (Fe?") to ferric (Fe3") state, which increases oxygen affinity and impairs oxygen
release to the tissue causing hypoxia. It can be congenital or acquired; however, most cases are
acquired and caused by exogenous substances such as medications, chemicals, and environmental
substances. Phenazopyridine is an over-the-counter urinary analgesic medication commonly used for
symptomatic relief of dysuria and has been reported to cause methemoglobinemia. However, only a
handful of cases of phenazopyridine-induced methemoglobinemia have been reported. We present
a case of an 89-year-old female who presented with severe hypoxia, shortness of breath, headache,
nausea, and dizziness caused by phenazopyridine-induced methemoglobinemia. She was found
to have a methemoglobin level of 21.5% and was treated with methylene blue, leading to a rapid
improvement of her symptoms. She was taking one over-the-counter phenazopyridine 200 mg tablet
three times daily for two weeks for her chronic dysuria. This case highlights the need to have a high
index of suspicion of phenazopyridine-induced methemoglobinemia in a patient presenting with
unexplained shortness of breath with a history of phenazopyridine use as it could lead to severe
methemoglobinemia with hypoxia that could potentially be fatal if not promptly diagnosed.
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1. Introduction

Methemoglobinemia is a rare blood disorder characterized by a higher-than-normal
amount of methemoglobin in the blood [1]. Methemoglobin is an oxidized form of hemoglobin
where heme iron is oxidized from ferrous (Fe?*) to ferric (Fe*) state, which increases oxygen
affinity and impairs oxygen release to the tissues, leading to hypoxia [1,2]. Methemoglobine-
mia is a rare cause of hypoxia and can be congenital or acquired [3]. However, most cases are
acquired, induced by exogenous substances such as medications, chemicals, and environmen-
tal substances [4]. Phenazopyridine is a urinary analgesic medication used for symptomatic
relief of dysuria and is available as an over-the-counter-medication. Phenazopyridine is known
to cause methemoglobinemia; however only a handful of cases have been reported [5]. We
report the case of an 89-year-old female who presented with severe hypoxia and shortness of
breath caused by phenazopyridine-induced methemoglobinemia.

2. Case Report

An 89-year-old white female with a past medical history of hypothyroidism, hyper-
lipidemia, hypertension, chronic kidney disease stage III, and a history of recurrent urinary
tract infection presented to the hospital with progressive shortness of breath for one-week
duration. She reported shortness of breath at rest, which worsened with activity, along with
headache, nausea, and dizziness. She denied chest pain, cough, fever, chills, palpitations,
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leg swellings, abdominal pain, and vomiting. She reported as having recovered from
a COVID-19 infection three months ago and had been without any residual symptoms
ever since. She had no previous history of similar presentation, and the review of drug
allergies was unremarkable except for an allergic rash with nitrofurantoin. Her primary
care physician evaluated her two days previously for shortness of breath. She was found to
have a normal chest X-ray and normal blood work, including a complete blood count and
comprehensive metabolic panel. However, her shortness of breath continued to worsen
at rest and during activity, with a recorded saturation of 85% on room air at home, which
made her present to the hospital.

In the emergency department, her initial vitals were a blood pressure of 127/73, a
temperature of 36.7 °C, a heart rate of 60 beats per min, respiratory rate of 26 per min with
a saturation of 82% on room air. She was placed on oxygen via a nasal cannula; however,
oxygen saturation remained at 82-85% on 6 L oxygen via a nasal cannula. Subsequently, she
was placed on bilevel positive airway pressure (BiPAP) with a fraction of inspired oxygen
(FiO2) of 70% and oxygen flow rate of 14 L/min with an improvement of oxygen saturation
to 90%. The physical examination revealed mild tachypnea and cyanosis of fingers and
lips. However, the lung examination was unremarkable, with bilaterally equal air entry
with no crackles or wheezing. The rest of the physical examination was unremarkable.

The arterial blood gas (ABG), which was done on BiPAP with FiO2 of 70% and flow rate
of 15 L/min, revealed an extremely high partial pressure of oxygen (PaO2) of 336 mmHg
with normal pH, a partial pressure of carbon dioxide (PaCO2), and the concentration of
bicarbonate (HCO3) which is highlighted in Table 1. The rest of the laboratory workups
were unremarkable except for mild anemia, which is summarized in (Table 1).

Table 1. The laboratory workup at the day of admission.

Variables References Observed Value
pH, arterial blood 7.35-7.45 units 7.39 units
pCO2, arterial 32-45 mmHg 43 mmHg
pO2, arterial 70-100 mmHg 336 mmHg
HCQO3, arterial 21-28 mM/L 26 mM/L
Hemoglobin 12.0-15.5 gm/dL 10.3 gm/dL
White blood cell count 4.0-10.0 x 103/uL 7.8 x 103 /uL
Platelets 150-450 x 103 /uL 232 x 103/uL
Sodium 135-146 mEq/L 138 mEq/L
Potassium 3.5-5.3 mEq/L 49 mEq/L
Chloride 98-110 mEq/L 107 mEq/L
Bicarbonate 21-30 mM/L 24 mM/L
Blood urea nitrogen 7.0-30 mg/dL 54 mg/dL
Creatinine 0.55-1.02 mg/dL 1.35 mg/dL
Glucose 65-99 mg/dL 99 mg/dL
Glomerular filtration rate (GFR) CKD if < 60 mL/min/1.73 sqm 35mL/min/1.73 sq
D-dimer <230 ng/mL <150 ng/mL
Chronic heart failure peptide (BNP) 0-100.0 pg/mL 30.0 pg/mL
Procalcitonin <0.10 ng/mL 0.14 ng/mL
Methemoglobin 0-1.5% 21.5%
Carboxyhemoglobin <1.5% non-smoker 0.0

<5.0% smoker

The respiratory viral panel and COVID-19 PCR were unremarkable. The chest X-ray was
unremarkable, and CT chest angiography revealed mild bibasilar atelectasis with no evidence of
pulmonary embolism. The echocardiography was unremarkable with no shunts. Despite using
BiPAP, her oxygen saturation (SpO2) was 89-90%, and ABG revealed very high PaO2, suggestive
of refractory hypoxia; additional workups of carboxyhemoglobin and methemoglobin were
conducted, which revealed normal carboxyhemoglobin but an elevated methemoglobin of
21.5. Hence, a diagnosis of severe hypoxia due to methemoglobinemia was made.
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On review of her home medications, phenazopyridine (Pyridium) was noted, which was
prescribed as one tablet (200 mg) by mouth three times daily as needed for urinary discomfort.
On further inquiry, she mentioned that she has been taking one tablet (200 mg) three times daily
regularly for two weeks for urinary discomfort. She reported refilling the medication from
over-the-counter without the physician’s prescription. She mentioned that phenazopyridine
helped to subside the urinary discomfort; however, the dysuria had not resolved entirely.
Her urine was analyzed, which revealed pus cells (WBC 10-20/HPF), and the culture
grew Pseudomonas aeruginosa and Enterococcus faecalis. The urinary tract infection was
treated with piperacillin-tazobactam antibiotics. For the methemoglobinemia-induced
hypoxia, she was treated with methylene blue 1 mg/kg dose; two doses were administered
on the first and second day of the hospitalization, respectively. She showed significant
improvement in the hypoxia symptoms (Figure 1) with decreasing methemoglobin levels
in the blood (Figure 2). She was discharged to the skilled nursing facility on the sixth day
of hospitalization on 0.5 L/min continuous oxygen via nasal cannula. Her hypoxia and
shortness of breath was found to be entirely resolved at the follow-up in her primary care
physician’s office after one week of discharge.
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Figure 1. The trend of methemoglobin levels during the hospitalization and follow-up.
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Figure 2. The trend of oxygen requirement during the hospitalization and follow-up.
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3. Discussion

Methemoglobinemia is characterized by the oxidation of heme iron from ferrous (Fe?*)
to ferric (Fe>*) state, which increases oxygen affinity and impairs oxygen release to the
tissue causing hypoxia [1,2]. Methemoglobin formation and conversion back to a normal
ferrous state occur at a low level during normal red blood cell metabolism. At a steady
state, the methemoglobin level is approximately 1% of total hemoglobin [1,2]. RBC enzyme
cytochrome b5 reductase (Cyb5R) plays a major role in the conversion of methemoglobin
to normal hemoglobin, and congenital deficiency of Cyb5R leads to congenital methe-
moglobinemia, which is primarily asymptomatic [6]. Acquired methemoglobinemia is
more common than congenital methemoglobinemia, and is caused by various oxidizing
substances such as medications (dapsone, chloroquine, primaquine, nitroglycerin, rasburic-
ase, topical anesthetics such as benzocaine and lidocaine, sulfonamides, phenazopyridine)
and chemical and environmental substances (anilines dyes, antifreeze, benzene derivatives,
nitrates, and nitrites, hydrogen peroxide, paraquat, chorates, naphthalenes) [4]. The sever-
ity of symptoms from methemoglobinemia correlates with the methemoglobin level, which
is summarized in (Table 2).

Table 2. Severity of symptoms of methemoglobinemia with methemoglobin level [7].

Methemoglobin Level Symptoms
<0-3% (mean: 1%) Normal range for adults
3-12% Minimal level, cyanosis may present at level above 5-10%

Usually asymptomatic unless preexisting condition such as
13-20% anemia, heart and lung disease are present that may
exacerbate toxicity

Mild to moderate symptoms such as lightheadedness,

20-50% fatigue, tachycardia, dyspnea, and lethargy
o Severe symptoms such as altered sensorium, respiratory
50-70% . :
depression, shock, seizures and coma
>70% Usually fatal

Phenazopyridine is an azo dye used as a urinary analgesic medication for symptomatic
relief of dysuria and is available as an over-the-counter medication. It is a well-tolerated
medication; however, it should not be used for more than two days due to potential
adverse effects such as cytopenia, hemolytic anemia, nephrotoxicity, transaminitis, and
methemoglobinemia [8]. Phenazopyridine is a known cause of acquired methemoglobinemia.
However, only a handful of cases have been reported in the literature in the last twenty
years, summarized in (Table 3) [5,8-15]. The various patient factors such as chronic
kidney disease, heart and lung disease, anemia, and inherent enzymes such as G6PD
deficiency, Cytochrome b5 reductase (Cyb5R) deficiency, or heterozygotes variant with a
lower than average baseline activity increase susceptibility for phenazopyridine-induced
methemoglobinemia [16]. Hence, methemoglobinemia could occur with variable amounts
and duration of intake of phenazopyridine, as demonstrated in (Table 3). The use of
Phenazopyridine in a patient with chronic kidney disease with creatinine clearance
(CrCl) < 50 mL/min has been associated with acute kidney injury, hemolytic anemia,
and methemoglobinemia; hence the use of Phenazopyridine should be avoided in such
patients [17].
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Table 3. The previous cases of phenazopyridine-induced methemoglobinemia reported in literature.

Dose of

Methemoglobin

Author Age/Sex Comorbidities Symptoms Phenzopyridine Levels Treatment
Chronic obstructive Phenazopvridine
Shahani L. et al. [5] 74/F pulmonary disease, Shortness of breath fora Iﬁ z)lnth 18.9% Methylene blue
hypertension
. Recurrent urinary Purple hands, 200 mg 3 times o
Singh N.K. etal. [§] 79/F tract infection hypoxia daily for 10 days 11.8% Methylene blue
. . Lethargy, L
Multiple sclerosis, RS 200 mg TIDS for o Pyridium
Agrawal A. etal. [9] 55/F neurogenic bladder suf;g%‘;‘gg)gim 5 months 9.3% discontinued
Purple lips and Phenazopyridine o
Yu C.H. etal. [10] 78/F CKD stage III hands, hypoxia for 5 days 37.4% Methylene blue
Breast cancer, seizures, Lethargy, light-headedness, 24 tablets in o
Murphy T. et al. [11] 57/F recent dysuria headache, hypoxia. 481 24.2% Methylene blue
Vitamin C used
. . . as methylene
Urinary retention with
Hamza A. et al. [12] 55/F chronic foley catheter, Dusky skin and hypoxia 400 mg TID for 22% blu.e was
- 2 months contraindicated
pulmonary embolism d
ue to use
of mirtazapine
Banimah F. et al. [13] 32/F No comorbidities Lowgr abdonpnal ! t_ablet 3 times 11.9% Methylene blue
pain, dysuria daily for 4 days
Shah PX. et al. [14] 17/M Obesity, cerebral palsy, Desaturation Wlth higher 200 mg three times 15.8% PhgnazoPyridme
muscular dystrophy oxygen requirement daily for 2 days discontinued
Methylene
. - s - - Acute on chronic 200 mg o blue,
Shatia W. et al. [15] 28/F Chronic interstitial cystitis suprapubic pain, hypoxia 34 tablets daily 22.2% riboflavin and

ascorbic acid.

Methemoglobinemia should be suspected in patients with unexplained cyanosis
and hypoxia that does not resolve with supplemental oxygen. The partial pressure of
oxygen (Pa0O2) in ABG will be extremely high as a patient will be treated with a high
level of supplemental oxygen; despite high PaO2, the oxygen saturation in pulse oximetry
typically will be 80-90% which reflects the PaO2-saturation gap that would be indicative
of methemoglobinemia [18]. Standard pulse oximetry cannot detect methemoglobin; Co-
oximetry can detect methemoglobin at 630 nm, however it may be falsely positive in the
presence of sulfhemoglobin [19]. Direct blood assay (Evelyn-Malloy Method) can quantify
methemoglobin level in blood, which is useful when re-measurement of methemoglobin
level is needed after treatment [19]. The treatment of acquired methemoglobinemia is to
first identify the exposure, stop it, give supplemental oxygen, and provide supportive
care. In symptomatic cases, where methemoglobin levels are usually >30%, 1-2 mg/kg of
methylene blue, taken intravenously, can show rapid improvement; however, it should
be avoided in patients with glucose-6 phosphate dehydrogenase deficiency(G6PD) as it
may precipitate hemolysis, and should also be avoided in patients taking serotonergic
medication due to the risk of serotonin syndrome [19]. In our patient, G6PD was not
checked before administration of methylene blue as she was critically ill, and the test result
would have taken 2-3 days. However, the patient was closely monitored for hemolysis and
responded well to methylene blue with no evidence of hemolysis, which suggested she did
not have G6PD deficiency. Ascorbic acid (Vitamin C) taken intravenously can be used in a
patient where methylene blue is contraindicated [18]. Exchange transfusion and hyperbaric
oxygen have been used in severe refractory cases of methemoglobinemia [20,21].

Our patient was an elderly lady who was prescribed phenazopyridine 200 mg tablet
three times daily as needed for urinary discomfort; however, she was taking Phenazopy-
ridine 200 mg three times daily for two weeks over-the-counter without the physician’s
prescription. As a result, she developed shortness of breath and visited her primary care
physician (PCP). She was not hypoxic at the PCP office, and her workup was unremark-
able. However, her shortness of breath worsened with the development of severe hy-
poxia after two days of a PCP visit at the nursing home. This highlights that diagnosis of
methemoglobin-induced hypoxia can be challenging. Therefore, a high index of suspicion
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and detailed knowledge of medical history, together with a thorough evaluation of pre-
scription and over-the-counter medication use is needed. Our patient had chronic kidney
disease stage III with a CrCl of 44 mL/min, which put her at a higher risk of developing
methemoglobinemia from Phenazopyridine. Hence, physicians should take utmost care
when prescribing Phenazopyridine in patients with reduced renal function, and patients
should be strongly advised not to take the medication for more than two days. Our patient
had a methemoglobin level of 21.5% but had severe symptomatic hypoxia as she had
pre-existing chronic anemia. The Methylene blue was administered due to a high oxygen
requirement with severe symptoms of dyspnea, nausea, headache, and dizziness. Rapid
clinical improvement with resolution of symptoms occurred.

4. Conclusions

Phenazopyridine is a commonly used over-the-counter medication for urinary discom-
fort but could lead to severe methemoglobinemia with hypoxia that could potentially be
fatal if not promptly diagnosed. Therefore, this case highlights the need to strongly advise
patients not to take phenazopyridine for more than two days and to have a high index of
suspicion of phenazopyridine-induced methemoglobinemia in a patient presenting with
unexplained shortness of breath with a history of phenazopyridine use.

Author Contributions: O.KC: Conceptualization, Methodology, Data curation, visualization and
writing original draft preparation; A.S. and R.S.: Data curation, Resources, Writing review and editing;
PH.D. and M.K.: Writing review and editing. All authors have read and agreed to the published
version of the manuscript.

Funding: This article has received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the observational nature of the study. The patient provided written consent to the disclosure of
data in an anonymous form for research and publication purposes.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Cortazzo, J.A.; Lichtman, A.D. Methemoglobinemia: A review and recommendations for management. J. Cardiothorac. Vasc.
Anesth. 2014, 28, 1043-1047. [CrossRef] [PubMed]

2. Darling, R.C.; Roughton, EJ. The effect of methemoglobin on the equilibrium between oxygen and hemoglobin. Am. J. Physiol.
1942, 137, 56-68. [CrossRef]

3.  Rehman, H.U. Evidence-based case review: Methemoglobinemia. West ]. Med. 2001, 175, 193. [CrossRef] [PubMed]

4. Ash-Bernal, R.; Wise, R.; Wright, S.M. Acquired methemoglobinemia: A retrospective series of 138 cases at 2 teaching hospitals.
Medicine 2004, 83, 265-273. [CrossRef] [PubMed]

5. Shahani, L.; Sattovia, S. Acquired methaemoglobinaemia related to phenazopyridine ingestion. BMJ Case Rep. 2012, 2012, bcr2012006756.
[CrossRef] [PubMed]

6.  Gibson, Q. Introduction: Congenital methemoglobinemia revisited. Blood 2002, 100, 3445-3446. [CrossRef] [PubMed]

7. Prchal, ].T. Methemoglobinemia and other dyshemoglobinemias. In Williams Hematology, 10th ed.; McGraw Hill: New York,
NY, USA, 2021; Available online: https://accessmedicine.mhmedical.com/content.aspx?bookid=2962&sectionid=252529476
(accessed on 29 August 2022).

8.  Singh, N.K.; Mirza, N. Elderly woman with orange urine and purple hands. Mayo. Clin. Proc. 2008, 83, 744. [CrossRef] [PubMed]

9.  Agrawal, A.; Davis, N.; Hsieh, R.; Stallard, S. Methemoglobinaemia with chronic phenazopyridine ingestion. BM] Case Rep. 2019,
12, 744. [CrossRef] [PubMed]

10.  Yu, C.H.; Wang, C.H.; Chang, C.C. Chocolate-colored blood with normal artery oxygen: Methemoglobinemia related to
phenazopyridine. Am. J. Med. Sci. 2011, 341, 337. [CrossRef] [PubMed]

11.  Murphy, T.; Fernandez, M. Acquired methemoglobinemia from phenazopyridine use. Int. |. Emerg. Med. 2018, 11, 45. [CrossRef]

12.  Hamza, A.; Nasrullah, A ; Singh, R.; DiSilvio, B. Phenazopyridine-Induced Methaemoglobinaemia The Aftermath of Dysuria
Treatment. Eur. J. Case Rep. Intern. Med. 2022, 9, 003191. [CrossRef] [PubMed]

13.  Banimahd, F,; Loo, T.; Amin, M.; Ahadiat, O.R.; Chakravarthy, B.; Lotfipour, S. A Rare but Important Clinical Presentation of

Induced Methemoglobinemia. West |. Emerg. Med. 2016, 17, 627-629. [CrossRef] [PubMed]


http://doi.org/10.1053/j.jvca.2013.02.005
http://www.ncbi.nlm.nih.gov/pubmed/23953868
http://doi.org/10.1152/ajplegacy.1942.137.1.56
http://doi.org/10.1136/ewjm.175.3.193
http://www.ncbi.nlm.nih.gov/pubmed/11527852
http://doi.org/10.1097/01.md.0000141096.00377.3f
http://www.ncbi.nlm.nih.gov/pubmed/15342970
http://doi.org/10.1136/bcr-2012-006756
http://www.ncbi.nlm.nih.gov/pubmed/22987905
http://doi.org/10.1182/blood-2002-08-2601
http://www.ncbi.nlm.nih.gov/pubmed/12411314
https://accessmedicine.mhmedical.com/content.aspx?bookid=2962&sectionid=252529476
http://doi.org/10.4065/83.7.744
http://www.ncbi.nlm.nih.gov/pubmed/18613989
http://doi.org/10.1136/bcr-2018-227538
http://www.ncbi.nlm.nih.gov/pubmed/30772834
http://doi.org/10.1097/MAJ.0b013e3181df9369
http://www.ncbi.nlm.nih.gov/pubmed/20467292
http://doi.org/10.1186/s12245-018-0208-5
http://doi.org/10.12890/2022_003191
http://www.ncbi.nlm.nih.gov/pubmed/35265556
http://doi.org/10.5811/westjem.2016.6.30504
http://www.ncbi.nlm.nih.gov/pubmed/27625731

Clin. Pract. 2022, 12 851

14.

15.

16.

17.

18.

19.

20.

21.

Shah, PK.; Kraft, K.H. Perioperative hypoxia secondary to phenazopyridine-induced methemoglobinemia in an adolescent
patient without renal insufficiency or overdose: An unusual case. Urology 2019, 130, 142-143. [CrossRef] [PubMed]

Shatila, W.; Clark, A. Unexplained hypoxia in a woman presenting with acute on chronic abdominal pain. Am. J. Med. 2013,
126, el-e2. [CrossRef]

Iolascon, A.; Bianchi, P.; Andolfo, L; Russo, R.; Barcellini, W.; Fermo, E.; Toldi, G.; Ghirardello, S.; Rees, D.; Van Wijk, R.; et al.
Recommendations for diagnosis and treatment of methemoglobinemia. Am. J. Hemat. 2021, 96, 1666-1678. [CrossRef] [PubMed]
Singh, M.; Shailesh, F,; Tiwari, U.; Sharma, S.G.; Malik, B. Phenazopyridine associated acute interstitial nephritis and review of
literature. Ren. Fail. 2014, 36, 804-807. [CrossRef] [PubMed]

Barker, S.J.; Tremper, K K.; Hyatt, J. Effects of methemoglobinemia on pulse oximetry and mixed venous oximetry. Anesthesiology
1989, 70, 112-117. [CrossRef]

Tejesh, C.A.; Shivanna, S.; Manjunath, A.C.; Prathima, P.T. ICU management of methemoglobinemia due to unknown compound
poisoning. J. Anaesthesiol. Clin. Pharmacol. 2013, 29, 139. [CrossRef]

Singh, P.; Rakesh, K.; Agarwal, R.; Tripathi, PP,; Dhooria, S.; Sehgal, 1.S.; Prasad, K.T.; Hans, R.; Sharma, R.; Sharma, N.; et al.
Therapeutic whole blood exchange in the management of methaemoglobinemia: Case series and systematic review of literature.
Transfus. Med. 2020, 30, 231-239. [CrossRef] [PubMed]

Cho, Y.; Park, S.W.; Han, S.K.; bin Kim, H.; Yeom, S.R. A case of methemoglobinemia successfully treated with hyperbaric
oxygenation monotherapy. J. Emerg. Med. 2017, 53, 685-687. [CrossRef] [PubMed]


http://doi.org/10.1016/j.urology.2019.03.017
http://www.ncbi.nlm.nih.gov/pubmed/30917912
http://doi.org/10.1016/j.amjmed.2013.02.021
http://doi.org/10.1002/ajh.26340
http://www.ncbi.nlm.nih.gov/pubmed/34467556
http://doi.org/10.3109/0886022X.2014.890054
http://www.ncbi.nlm.nih.gov/pubmed/24575779
http://doi.org/10.1097/00000542-198901000-00021
http://doi.org/10.4103/0970-9185.105835
http://doi.org/10.1111/tme.12666
http://www.ncbi.nlm.nih.gov/pubmed/32017306
http://doi.org/10.1016/j.jemermed.2017.04.036
http://www.ncbi.nlm.nih.gov/pubmed/28838565

	Introduction 
	Case Report 
	Discussion 
	Conclusions 
	References

