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Disclosures

None



Presenter Notes
Presentation Notes
An elderly patient, Mr Willow, t is brought by ambulance to your ER



HR 121
BP 131/90
T 37.9
RR 28
SpO2 93%

Drowsy
Confused
Vomiting
Rales

Presenter Notes
Presentation Notes
An elderly patient is brought by ambulance to your ER
He is restless, altered, cannot provide a good history �you see that he is tachycardic and tachypneic
Your point of care venous blood gas results: 



Presenter Notes
Presentation Notes
That gas is odd... He’s got a normal pH, but he’s very hypocarbic, and his bicarb is low. 
BMP results and, yep, anion gap acidosis




Diagnosis?

• Sepsis? 

• Euglycemic DKA?

• Pneumonia?

• Encephalitis?

Presenter Notes
Presentation Notes
Sepsis is by far the most common presentation, but I’m a toxicologist, so you know we’ll be discussing a toxin
In this case, one must consider salicylates



Presenter Notes
Presentation Notes
The first pitfall with salicylate toxicity is that you must suspect the diagnosis
For the toxicologists in the room, you might notice that this level (61) is not that high for this patient’s level of illness
That’s because this was an acute-on-chronic OD: patients chronically taking salicylates have saturated body stores, and an overingestion can cause severe symptoms with only a modestly elevated level



Presenter Notes
Presentation Notes
Let’s revew aspirin pathophysiology
The salicylic acid 



Presenter Notes
Presentation Notes
Fundamental pH relationship
pH down -> more uncharged salicylic acid -> more organ penetration



Presenter Notes
Presentation Notes
Primary resp stimulatioin
Resp alkalosis
And the major metabolic driver of toxicity, skeletal muscle
Inefficient ATP production
Hyperlactemia
Hyperthermia
Volume loss
Altho this figure highlights skeletal muscle the same is true in cardiac muscle and the CNS





Presenter Notes
Presentation Notes
Biochemically, complicated acid/base because of multiple simultaneous derangements: gap + nongap acidemia
hypokalemia



Make the diagnosis!

Presenter Notes
Presentation Notes
Acute salicylate overdose is an easy diagnosis to make when they have the pill bottle and tell you what happened
Chronic ASA OD is harder because patients are often encephalopathic
One classic tox paper found 27% of  chronic ASA OD’s (ie, taking drug therapeutically and inadvertently or deliberately overingest)
Why? This is uncommon. If I describe a febrile, confused old person, sepsis is 1, 2, 3 on your list of d/dx



27% of chronic salicylate overdoses are 
missed in ER

3.5% of patients who develop treatable 
ASA levels (>30 mg/dL) have initially 
undetectable levels



Make the diagnosis!

Presenter Notes
Presentation Notes
Mixed acid/base disturbance? Send a level
Unexplained acidosis?
Unexplained anion gaP?
Send a level. If you’re REALLY suspicious, send a second!




Make the diagnosis!

• Toxic threshold 30 mg/dL
• Occasionally reported as 300 mg/L

•  or internationally 2.2 mmol/L

Presenter Notes
Presentation Notes
Mg/dL by far most common reporting
But I’ve seen mg/L (including treatment errors made because level reported as “150” and it’s actually 15





Presenter Notes
Presentation Notes
So how do we manage this?
Remember, the key is to INCREASE the pH
Lower pH -> more unionized acid form -> more organ penetration



Presenter Notes
Presentation Notes
This leads to the ”ion trapping” you all remember from your boards
When the pH is high in the plasma and the serum, the unionized salicylic acid becomes stuck in the urine 
This also established a concentration gradient where salicylic acid in the tissues is pulled into the plasma and then to urine




Presenter Notes
Presentation Notes
How? Bicarbonate !



3 amps bicarbonate (50 mEq 
each) 

+ 40 mEq KCL

In 1L D5

Presenter Notes
Presentation Notes
Why is the potassium important?�1) salicylates cause you to waste potassium
2) Bicarb Alkalemia itself will shift potassium into cells 
3) Hypokalemia prevents successful urinary alkalinization and therefore prevents ion trapping



200 mL/hour

•  higher if young, healthy kidneys

•  lower if older, CKD, HF

Goal pH 7.50-7.55



HR 128
BP 99/52
T 37.8
RR 31
SpO2 89%

Drowsy
Confused
Vomiting
Rales

Presenter Notes
Presentation Notes
Let’s go back to our patient
It’s all well and good to say, let’s do bicarb and see
But our friend here is not doing well




Presenter Notes
Presentation Notes
His repeat gas?
More academic
Lower pH
More salicylic acid
More organ effects




  
  

Presenter Notes
Presentation Notes
Rn says “this guy doesn’t look very good, should we intubate?”



  
  

Presenter Notes
Presentation Notes
What happens when you intubate a patient?
Paralyze
Apnea
PCO2 rises
pH falls
More organ penetration
More ÇNS effects
More cardiac effects



RR: 35
Vt: 15 ml/kg
MV: 36 L/min

RR: 40+
Vt: 30+ ml/kg
MV: 84+ L/min

Presenter Notes
Presentation Notes
Let’s say we can successfully place our patient on the ventilator w/o arrest
Even if we ventilate maximally – RR 35 (which is not easy to get to!)�a tidal volume of 15 ml/kg (way above our usual 6 ml/kg!)�MV is only 36
If your pre-intubation MV is 80+ liters you have no chance to keep up
So you add critical resp acidosis to your metabolic acidosis -> death


https://www.lhsc.on.ca/critical-care-trauma-centre/mechanical-ventilator


  
  

Presenter Notes
Presentation Notes
Do we have data to support this?
In a case series of 7 critically ill salicylate cases that were intubated w granular blood gasses available
All became academic, most  w/ pCO2 >50
3 coded within 3 hour after intubation, 2 died





  
  

Presenter Notes
Presentation Notes
In this series, patients who had ASA >80 and were intubated but did get HD all died
These data obviously suffer from immortal time bias (you had to survive to get HD) but the message is clear – if you intubate and you don’t have a plan to get rid of all that nasty ASA, you’re in trouble



Do I have to intubate?
• Bolus bicarbonate before and after intubation

• No apnea

• Maximal minute ventilation

• HD ASAP

• Expect trouble

Presenter Notes
Presentation Notes
How might I manage Mr. Willow’s airway? 
If no HARD indication -> avoid
Coma + vomiting
Development of resp acidosis because of tiring (not because “he might tire out”)
Refractory seizures



Presenter Notes
Presentation Notes
If looking bad in any way -> call nephrology



Don’t get too hung up 
on the level!

Presenter Notes
Presentation Notes
Acute salicylate overdose is an easy diagnosis to make when they have the pill bottle and tell you what happened
Chronic ASA OD is harder because patients are often encephalopathic
One classic tox paper found 27% of  chronic ASA OD’s (ie, taking drug therapeutically and inadvertently or deliberately overingest)
Why? This is uncommon. If I describe a febrile, confused old person, sepsis is 1, 2, 3 on your list of d/dx



HD > CRRT

Presenter Notes
Presentation Notes
this tells us that their organs – brain, lungs, etc – are already saturated and affected
If nephrology gives you pushback because their level isn’t 90 or 100, these guidelines and your toxicologists will back you up!
Clearance is up 10 fold faster (or more) w HD




Salicylates:
Pearls & Pitfalls

• Bicarbonate therapy increases 
clearance

• Hemodialysis clears salicylates more 
effectively than CRRT

• Don’t miss the diagnosis
• Don’t intubate until you are certain it is 

required
• Don’t get too hung up on the level 



Presenter Notes
Presentation Notes
This is miss wells. She is based on a case I took care of just last week



HR 77
BP 86/40
RR 19
SpO2 94%

Drowsy
Tremulous
Seizes

VBG pH 7.28
Lactate 3.5
ECG?





Bupropion
• Synthetic cathinone stimulant

Agitation, tremor, sympathomimetic

Seizures

• Wide QRS, prolonged QT

Ventricular arrythmias and CV 
collapse

Propranolol
• Nonselective Beta Blocker

Hypotension, bradycardia

• Sodium channel blockade

Wide QRS

Seizures



Good ER critical care is 
good toxicologic critical 
care!

Presenter Notes
Presentation Notes
How do we manage our patient? You might be digging through your memory banks about which antidoes we need, is it glucagon? Or insulin? Both? How much? 
Don’t get ahead of yourself
High level supportive critical care is the first and most important tenent



Defend the MAP
• IVF -> Pressors

Norepi is a great choice

Vasopressin 2nd

Epi 3rd

Presenter Notes
Presentation Notes
Trial IVF but likely won’t make a persistent benefit
Continued hypotension?
Pressors
Which? NE is a great first choice.
Once I’m near my institution’s max or around 30, add AVP
3rd? Epi



Presenter Notes
Presentation Notes
But Paul, what about glucagon? That’s on the boards !!!




Weak physiological effect

Financially toxic

Unfamiliar

Presenter Notes
Presentation Notes
Why would I ask you to give an expensive medication you’ve never given before, that your nurse has never given, that your pharmacist has never given, when it’s never been shown to be better than simple pressors we use every day?



Presenter Notes
Presentation Notes
The MAP is bad, the house is on fire
You’ve cranked the pressors. That’s the firefighter there
Adding glucagon would be like pouring a single bottle of water onto the flames and expecting it to do anything
Also the water costs $15,000



Wide QRS 

Presenter Notes
Presentation Notes
So let’s go back to our patient. Still hypotensive on norepi, vaso, epi
If their QRS is wide, maybe they need a sodium load to overcome sodium channel blockade
Trial bicarb
Might work for the propranolol
Won’t work for bupropion
If give 2 amps and no effect (should see immediately), stop



Still hypotensive?

• Increase pressors beyond “max”

• Trial High Dose Insulin

Presenter Notes
Presentation Notes
If hypotensive on 3 pressors, can do 1 of two things:
Increase pressor beyond institutional “max” (eg, NE 100, epi 150)�or try HDI given that this is a BB poisoning



High Dose Insulin
• Improves cardiac 

contractility

• Vasodilatory

• 1 U/kg bolus + D50 amp -> 
1 U/kg/hr gtt + dextrose gtt
Watch for hypoglycemia and 
hypokalemia

Presenter Notes
Presentation Notes
This is best for the patient in cardiogenic shock: low CO from low contractility
If EF is bangin away on POCUS or it’s vasodilatory shock, it won’t help you



STILL hypotensive?
• Trial your vasoplegia adjuncts



Methylene Blue

• 1 mg/kg bolus IV

Watch for serotonin toxicity

Hydroxocobalamin

• 5g bolus IV

Watch for lab irregularities

Presenter Notes
Presentation Notes
These each act to reduce vasodilation by inhibiting nitric oxide activity



Don’t forget mechanical 
support for your 
cardiotoxic patients!



VA-ECMO

• Overdose patients often 
ideal ECMO candidates
Previously well

Single problem

• Too early is much better 
than too late!

Presenter Notes
Presentation Notes
cardiogenic shock or refractory arrythmias  ideal ecmo candidateas



78% overall survival!

88% survival if cannulated prior to cardiac 
arrest!

Presenter Notes
Presentation Notes
Can you think of another illness where your patients on 3 pressors have an 88% survival rate? 



Severe Cardiac Toxicity:
Peals & Pitfalls

• Good critical care is the most important step
• Remember your refractory cardiogenic shock 

(high dose insulin) and vasoplegic shock 
(methylene blue, hydroxocobalamin) adjuncts

• Don’t over-rely on “antidotes”
• Don’t forget mechanical circulatory support



Thank you!
P A U L . E H L E R S @ U C S F . E D U
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