
Feeling Blue – Depressed, Poisoned or Hypoxic? 

Craig Smollin MD, FACMT
Professor of Clinical Emergency Medicine, UCSF
Medical Director, California Poison Control System – SF Division

Presenter Notes
Presentation Notes
Good morning and thank you for the introduction. As was mentioned, I am the medical director of the San Francisco Division of the California Poison Control System, and I practice both emergency medicine and medical toxicology at San Francisco General Hospital.  Over the course of the next two days, I will be giving you two talks the first of which relates to one of the most interesting disease processes in all of medicine. and its also a topic that we don’t think about all that often and so we forget many of the principles of diagnosis and management.   

30 sec.



Nothing to Disclose

Presenter Notes
Presentation Notes
I do want to mention that I have no conflict of interest or disclosures for this talk.

5 sec



I Feel Blue….

Presenter Notes
Presentation Notes
Without further ado, let’s talk about the blue appearing patient. Everyone knows who these guys are right? I was amazed to find out that the Blue Man group have been performing for 35 years. I had the opportunity to see them off Broadway in NYC at the Astor place theater some 20 year ago and apparently their run there ended in Feb last year. But apparently you can still catch them in Las Vegas and I understand that Jeff Tabas brought a suitcase of blue makeup and plans to perform during the meet the faculty reception tonight, so you all are definitely going to want to see that.     

5  sec



Dr. Jeff Tabas Dr. Craig Smollin

Presenter Notes
Presentation Notes
And actually, just to give a visual preview, I asked chat gpt to create an image of Jeff as a member of the Bue Man Group and did a pretty good job. It turns out that everyone looks pretty similar when you turn them blue.  



I feel blue…

• 16-year-old female ingested 60 grams of powdered sodium nitrite 
(99.6% by weight) dissolved in water.  

Presenter Notes
Presentation Notes
This is a a 16-year-old female who ingested 60 grams of powdered nearly pure sodium nitrite dissolved in water in a suicide attempt.  

20 sec



What is Sodium Nitrite? 

Presenter Notes
Presentation Notes
So its useful to know a little bit about sodium nitrite? Has anyone here ever come across this specific chemical either with respect to medicine or managing patients or related to personal use? 

Sodium nitrite is an odorless white crystalline powder that looks a lot like table salt.  

It is widely used as a preservative and color fixative for cured meats (bacon, hot dogs)

It also has some industrial applications and at least one medical application.    

45 sec – 1 min



Presenter Notes
Presentation Notes
One of the first in depth descriptions of sodium nitrite poisoning comes from a short story some of you might be familiar with entitled “eleven blue men” by Berton Roueche. 

This is really a fascinating story takes place in the early 1940’s and chronicles an outbreak of disease affecting eleven patients who all developed cyanosis that was traced back to a homeless shelter in New York City. 

The culprit was ultimately found to be sodium nitrite that had been confused for table salt and accidentally placed in the saltshakers and subsequently ingested in oatmeal.    

40 s – 1 min. 




Presenter Notes
Presentation Notes
Nowadays, sodium nitrite can easily be purchased on Amazon in almost 100% purity and in pretty large amounts and for relatively little money.  

Here is one such product where they will sell 150 grams of nearly pure sodium nitrite for under $60.

For some context, an ingestion of as little as 15 grams is enough to potentially result in death.    

30 sec



I feel blue…

• 16-year-old female ingested 60 grams of powdered sodium nitrite 
(99.6% by weight) dissolved in water.  

• BP 101/59, HR 128, O2 Sat 84% on NRB.  
• Somnolent, cyanosis, with clear lungs sounds bilaterally.   
• ABG – pH 7.44, pCO2 31, pO2 307, O2 Sat 98%.   

Presenter Notes
Presentation Notes
Now let me give you a little bit more about how this patient’s clinical presentation. Their vital signs are significant for tachycardia and an oxygen saturation of 84% on a NRB mask, and on the physical exam they appear somnolent, cyanotic, but with clear lungs sounds bilaterally.  

I know we don’t get ABGs often, but in this case, someone performs an ABG and you can see the results here.  

1 min




Physical Exam Findings

Presenter Notes
Presentation Notes
This slide probably gives away the diagnosis (if you haven’t already made it)

The photo on the left compares the patient’s skin to an unaffected person's skin – We can see a pale bluish hue to the fingers and in particular to the nailbeds (indicating cyanosis).  

The nurse draws informs you that the patients blood appears darkly colored. And if you take a spot of the patients blood a put a drop or two on a white sheet next to a drop of one or your medical students normal appearing blood for comparison, you can see that it has a dark brown color.  

30 sec





I feel blue…

• 16-year-old female ingested 60 grams of powdered sodium nitrite 
(99.6% by weight) dissolved in water.  

• BP 101/59, HR 128, O2 Sat 84% on NRB.  
• Somnolent, cyanosis, with clear lungs sounds bilaterally.   
• ABG – pH 7.44, pCO2 31, pO2 307, O2 Sat 98%.   

What is your diagnosis? 

Methgb Level = 44%

Presenter Notes
Presentation Notes
Putting it all together, we have a 16 year old who ingested sodium nitrite in a suicide attempt with a low O2 sat of 84%, cyanosis, but with clear lungs and an ABG oddly reading an O2 sat of 98% with darkly colored blood (some might even say ”chocolate” colored blood.  What is your diagnosis.  

Right this methemogllbinemia.  





Hemoglobin

Reduced 
Form

Presenter Notes
Presentation Notes
Let’s pause for a moment and refresh our memories about what exactly methgb is. 
Recall that hemoglobin is made up of 4 chains (2 alpha and 2 beta).  The center of each of these chains there is the heme group with an Fe in its reduced form (Fe2+). This reduce Fe plays a critical role in the ability of the hgb to bind to and transport oxygen.  

30 sec

Methemoglobinemia is a category of poisons affect the ability of hemoglobin to carry efficiently carry oxygen in the blood to the tissues. 
Need to explain what happens when the oxygen is oxidized.  
Ferrous 2+
Ferric 3+

When the iron is oxidized to Fe 3+ Functional Anemia
Shifts oxygen hemoglobin dissociation curve




Methemoglobin

Oxidized 
FormFe3+

Presenter Notes
Presentation Notes
When the Fe in hgb is oxidized from Fe 2+ to Fe3+, hgb is transformed into methgb.  This transformation has significant consequences for the ability of this now abnormal hgb to both bind and deliver oxygen to the tissues. Fe in the Fe3+ state cannot bind oxygen which results in a functional anemia.  In addition, it also shift the oxygen hemoglobin dissociated curve to the left making methemoglobin unable to release oxygen at the tissues

30 sec



Fe2+

Reduced

Presenter Notes
Presentation Notes
This slide is depicting the oxidation of the Fe in hgb.  In this process the Fe is losing an electron.



Fe2+ Fe3+

e-

Reduced Oxidized

Presenter Notes
Presentation Notes
This slide is a depiction of the oxidation of the Fe in hgb.  And in this process the Fe is losing an electron.  But the electron does not just fly off into the universe.  Whenever something is oxidized, something else has to accept that electron and thus becomes reduced.  And in this case that thing that is accepting the electron in the toxin or agent that is causing the methgb.  

10 sec



Fe2+ Fe3+

e-

Reduced Oxidized

Oxidized 
Agent/Toxin

Reduced
Agent/Toxin

Presenter Notes
Presentation Notes
This slide is a depiction of the oxidation of the Fe in hgb.  And in this process the Fe is losing an electron.  But the electron does not just fly off into the universe.  Whenever something is oxidized, something else has to accept that electron and thus becomes reduced.  And in this case that thing that is accepting the electron in the toxin or agent that is causing the methgb.  

Therefore, the toxins that are able to induce methgb are ones that can accept the electrons and thus themselves become reduced.  

30 sec 



Methgb Clues to the diagnosis

Cyanosis

“Chocolate” Colored Blood

“Saturation Gap”

Presenter Notes
Presentation Notes
When should you think of this diagnosis -  Consider methgb whenever you have a cyanotic patient (especially if they appear better than their cyanosis would suggest), They have dark colored blood, and there is a saturation gap when comparing the O2 saturation by pulse oximetry to the O2 saturation on ABG.  



Cyanosis

Bluish discoloration of the skin usually resulting from inadequate 
oxygenation of the blood.

For skin to appear cyanotic: 

• 3.5 g/dL deoxygenated hgb 

• 1.5 g/dL methemoglobin

Cyanosis is out of proportion to the degree of illness

Presenter Notes
Presentation Notes
Cyanosis = bluish discoloration of the skin resulting from inadequate oxygenation of the blood.  

We are used to seeing patient with cyanosis d/t hypoxemia. It takes about 3.5 g/dL of deoxygenated hgb for a patient to appear cyanotic which corresponds to an oxygen saturation of about 77%.  So as clinicians we correlate cyanosis with significant illness.  Patient don’t typically appear cyanotic until they are critically ill.  

However, it only take about 1.5 g/dL of methemoglobin for someone to appear cyanotic.  Therefore, the cyanosis is out of proportion to the degree of illness.  A methgb percentage of roughly 10% will give you cyanosis.  

3.5 g/dL of deoxygenated hemoglobin to appear cyanotic (O2 Sat of 77%)
1.5 g/dL of methemoglobin to appear cyanotic
Total blood hemoglobin in blood = 15 g/dL 

Cyanosis appears out of proportion to the clinical exam




“Chocolate” Brown Blood

Presenter Notes
Presentation Notes
Is ”chocolate” brown blood a real thing? It is… In fact, these authors objectively validated a low-cost method for determining methemoglobin levels in resource poor areas using a color chart. The setting was Sri Lanka where overdose of a specific pesticide propanil commonly caused methgb and there are no easy ways to obtain real time methgb levels.  

Kappa = 0.71
Interobserver agreement of 88%  

It is this chocolate brown color of the blood that often tips off treating team to the diagnosis of methgb.  The nurse will draw the blood and say, hey doc you know this blood looks awfully dark.  



“Saturation gap”

• 16-year-old female ingested 60 grams of powdered sodium nitrite 
(99.6% by weight) dissolved in water.  

• BP 101/59, HR 128, O2 sat 84% on NRB.  
• Somnolent, cyanosis, with clear lungs sounds bilaterally. 
• ABG – pH 7.44, pCO2 31, pO2 307, O2 Sat 98%.   

Presenter Notes
Presentation Notes
You have probably all seen cyanosis, but how many of you have seen cyanosis in a patient with clear lungs or who Is not in acute respiratory extremis. 

Normal pO2 80-100 mmHg 



MEDICATIONS OTHER XENOBIOTICS
Amyl nitrite Aniline dye derivatives

Benzocaine Chlorobenzene

Dapsone Fires

Lidocaine Organic nitrites

Nitric oxide Naphthalene

Nitroglycerin Nitrates (e.g.. well water)

Nitroprusside Nitrites (e.g. foods)

Phenazopyridine (Pyridium) Nitrophenol

Prilocaine Nitrogen oxide gases

Quinones Silver nitrate

Sulfonamides Trinitrotoluene (TNT)

Causes of Acquired Methemoglobinemia

Presenter Notes
Presentation Notes
2 min. 

Here is an incomplete list of agents (both medications and other xenobiotics) that are able to accept electrons, oxidize hemoglobin and produce methemoglobinemia.  I’ll just point out a few that are of interest on this list. 

Go through the following scenarios: 
Benzocaine “hurricaine spray” 
Dapsone – in patients with HIV for PCP prophylaxis.  
Pyridium – used to treat pain in patients with UTI (usually not given for greater than 3 days)

You can send me a personal thank you note the next time you diagnose methgb d/t someone working with TNT.  
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Presenter Notes
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2 min. 
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”Poppers” Amyl Nitrite 

Case #2 45-year-old male was found down unconscious in a parking lot. He appeared 
cyanotic. He received naloxone without improvement.  Vital signs were significant for 
hypotension and tachycardia and an O2 sat of 83%.  Methgb = 36% 

Presenter Notes
Presentation Notes

Here is a  photo of a recent case that we had at San Francisco General.  You can see that the bottle is pretty tiny and have suggestive names – in this case “Amsterdam”. This particular product is marketed as a non acetone containing nail polish remover, and if you look on the back of the bottle has a warning listing the contents as isobutyl nitrite.   

So what is special about these poppers that produces such an unusual clinical presentation. 

30 sec
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30 sec



”Poppers” 
Amyl Nitrite 

Presenter Notes
Presentation Notes
Further history from the patient revealed that he was using ”poppers”.  
“Poppers” is a slang term for a range of chemicals called alkyl nitrites – in particular inhalation of amyl nitrite – but there are others such as isobutyl nitrite that I will show you on the next slide.
Typically sold in small bottles that are marketed as room deodorizers or aromas  (though they are definitely not used for that purpose).  
They have a strong solvent smell, and they are supposed to be inhaled not swallowed (that is often how patients develop toxicity).
When inhaled, popper cause a rapid “high” that includes symptoms such as tachycardia, dizziness, and feelings of euphoria.  They are also sometimes used for their increased sexual arousal and relaxation.  
Similar to other nitrites that we use in the medicine, they also have vasodilatory properties which can result in precipitous drops in blood pressure and syncope.  

1 min



Case #3 a 56-year-old male was given benzocaine spray 20% to facilitate nasogastric 
tube placement. Benzocaine was left at the bedside and was repeatedly self 
administered over the course of a day. He was found to be cyanotic with oxygen sat of 
86%.  Methgb = 27%

Presenter Notes
Presentation Notes
Benzocaine 14%
Phenzopyridine 99.5 mg

Can also talk about a similar case of the patient with dental pain who was given benzocaine to apply his gums after a tooth extraction. He develop syncope and cyanosis and was found to have a methgb level in the 30s.  



Fe2+ Fe3+

e-

Reduced Oxidized

Oxidized 
Agent/Toxin

Reduced
Agent/Toxin

Methylene Blue

Methgb Treatment  



Methgb Treatment  

• Methylene blue 1%
• 1-2 mg/kg over 5 minutes
• Symptoms generally improve over 1 hour
• General rule treat when Methgb > 20%
• Methgb levels > 70% often fatal 

Presenter Notes
Presentation Notes
I personally think this is one of the coolest things in medicine/toxicology.  You have a blue patient, you give them a blue antidote, and they get better.  Now I’m going to tell you this now, but I know your going to forget and that’s okay.  But by a show of hands, who has had the actually experience of giving methylene blue to a patient with methgb? And does anyone want to share the experience of what happened next? 

The o2 sat will drop precipitously after the administration of methylene blue and that is totally normal and to be expected.  

There has been a case report of survival of a patient with a level as high as 92% with rapid administration of methylene blue.  



Yellow and Blue Make Green

Presenter Notes
Presentation Notes
This is the intersection of art and medicine. Green urine. 



Methgb Alternative Treatments  

• Transfusion or exchange transfusion 
• Vitamin C (slow)
• Hyperbaric Oxygen? 

Presenter Notes
Presentation Notes
I personally think this is one of the coolest things in medicine/toxicology.  You have a blue patient, you give them a blue antidote, and they get better.  Now I’m going to tell you this now, but I know your going to forget and that’s okay.  But by a show of hands, who has had the actually experience of giving methylene blue to a patient with methgb? And does anyone want to share the experience of what happened next? 

The o2 sat will drop precipitously after the administration of methylene blue and that is totally normal and to be expected.  



I feel blue…

• 16-year-old female ingested 60 grams of powdered sodium nitrite 
(99.6% by weight) dissolved in water.  

• BP 101/59, HR 128, O2 Sat 84% on NRB.  
• Somnolent, cyanosis, with clear lungs sounds bilaterally.   
• ABG – pH 7.44, pCO2 31, pO2 307, O2 Sat 98%.   

Methgb Level = 44%

Presenter Notes
Presentation Notes
Conclusion of the case.  





Presenter Notes
Presentation Notes
My group first noticed this disturbing trend in 2019. Between May and November 2019, the CPCS was consulted on 5 patients (all in California) who presented after intentional ingestions of sodium nitrite, resulting in two cases of severe toxicity and three fatalities.  In all cases the sodium nitrite product was acquired from online vendors, which was confirmed by the patients themselves in the survival cases and family members in the fatalities. 

1 min



Mudan and Lebin, J Clin Psychiatry 2025;86(1)

Presenter Notes
Presentation Notes
Anita Mudan, MD; Jacob A. Lebin, MD
J Clin Psychiatry 2025;86(1):24br15678

Two of our my former fellows Dr. Anital Mudan and Jacob Lebin reported on the trends in the rise of sodium nitrite poisonings beginning in 2020.  This is national data from all poison centers across the united states. 



From: Comparing Confirmed Sodium Nitrite Suicide Deaths With Poison Center Surveillance Estimates

JAMA Netw Open. 2024;7(9):e2434192. doi:10.1001/jamanetworkopen.2024.34192

Sodium Nitrite Deaths in New York City and Onondaga Medical Examiner Jurisdictions, 2000-2022

Presenter Notes
Presentation Notes
This was a study looking at trends in sodium nitrite deaths in NYC and Orondaga county from 2000 to 2022.  Interestingly the medical examiners in these counties reported no cases from 2000-2018, and then suddenly in 2019 through 2022 they started seeing a rise in deaths.  



Presenter Notes
Presentation Notes
Several states have banned the sale of highly percentage sodium nitrite including: California, 



What did we learn? 

• Methemoglobinemia involves oxidization of Fe2+  Fe3+ 

• There are a variety of causes (nitrites, dapsone, benzocaine etc.)
• Three important clues to the diagnosis: 

• Cyanosis, Chocolate colored blood, and a “saturation gap”
• Treatment is methylene blue (transfusion, vitamin C)
• Disturbing trend in sodium nitrite exposures in the United States

Presenter Notes
Presentation Notes
Methemoglobin occurs when the iron in hemogoblin becomes oxidized (Fe2+ to Fe 3+)
There are a variety of causes (you can always look them up) but a few to remember include  local anesthetics (properocaine), Dapsone (which can cause a prolonged and recurrent methgb) and pyridium.  
Three important clues to the diagnosis
Intentional ingestion of sodium nitrite has been a recent and disturbing trend in suicide



Questions? 
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