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Overview

Discuss toxicology of acute adult
ingestions

Discussing cases without confounding co-
ingestants

Will review toxidromes that are unlikely to
cause harm and several that have the
potential for significant morbidity and
mortality

Poison control (24hrs): 1-800-222-1222




Father of Toxicology -
Paracelsus

All things are poison, and nothing is
without poison; the dosage alone
makes it so a thing is not a poison.

Things That Will
Probably Not Kill You!

Author: 1ur1 (CC BY 2.0)




Caustic Ingestions

+ Alkali ingestions (drain cleaners) with pH of 12+
+ damage the esophagus through liquefactive
necrosis

* Acid ingestions (toilet bowl or swimming pool cleaners,
antirust compounds, battery fluid)

+ damage the stomach (intrinsic pH 4-5; drops to 1.5-
2.5 for protein digestion)

* Ingestion usually limited due to oropharyngeal pain.

+ Bad taste: choking, gagging.

+ Pylorospasm - stagnation - coagulation necrosis
to form a protective eschar

1 2 3 4 5 6 7 8 9 10 " 12 13 14

gastric lemon oJ tomato black urine  distilled seawater baking milk of NH3 soap bleach
acid juice juice, acid rain  coffee  saliva water soda mag

Caustic Ingestions

* Household bleach: 5% sodium hypochlorite, pH 11
* Hypochlorite used to clean root canals

* Periapical extrusion: pain, swelling,
hemorrhage

Author: Stikeseff (CC BY-SA 4.0)
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Diphenhydramine

» First generation H1 antihistamine with antimuscarinic
properties
+ Can bind and interact with cardiac fast sodium channels,
and at higher concentrations, repolarizing potassium
channels
+ wide complex tachycardia, intraventricular conduction
delay, QTc prolongation, Brugada pattern

+ The estimated fatal oral dose of diphenhydramine for
adults is 20—40 mg/kg = 56 tabs in a 70kg adult.

Author: ParentingPatch (CC BY-SA 3.0)
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NSAIDs (excluding aspirin)

Over 20 different types

Reversibly inhibits cyclooxygenase
(prostaglandin synthase) to cause a
downstream decrease in prostaglandins

Nonselective and COX-2 selective (eg
celecoxib/Celebrex)

* COX-2 selective have less Gl side
effects such as peptic ulceration but
promote thrombosis (Ml)
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Clinical presentation: largely Gl symptoms

Treatment: supportive care

Author: Wolfgang Claussen
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SSRIs

Most widely prescribed antidepressant class
First SSRI on the US market was fluoxetine
(Prozac®); FDA approved in 1987

Limits reabsorption of serotonin in presynaptic
cells, increasing serotonin levels in the
synaptic cleft

Author:Maksim (CC BY-SA 3.0)
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SSRIs generally have a wide therapeutic index:
ingestion 10x therapeutic dose rarely causes toxicity

Clinical presentation
» Central nervous system depression
» Seizures can occur occasionally after overdose
with SSRIs, particularly citalopram
citalopram also causes QT-interval prolongation

Patients with SSRI overdose have a 10 to 14 percent
incidence of serotonin syndrome, but many of these
are mild presentations

Author: Fimpelman (CC BY 3.0)

Now for.....

Author: Debivort (CC BY-SA 3.0)




Recurrent Questions

Would they benefit from activated charcoal?
Would they benefit from Go-Lytely®?

Would they benefit from hemodialysis?

Is there a specific antibody therapy (Praxbind®,
DigFab®)?

Antidote?

Ccb/bb overdose — Grim
Reaper/kitchen sink

Dihydropyridines versus non-
dihydropyridines

Beta blockers with high lipid
solubility (eg, propranolol) rapidly
cross the blood brain barrier
Sotalol also has class Il
antidysrhythmic properties > blocks
delayed potassium channels 2> QTc
prolongation, torsades

CCB toxicity: hyperglycemia from
inhibition of calcium-mediated
insulin release; rarely clinically
significant except for diagnostic
purposes

Author: 1ur1 (CC BY 2.0)
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Drugs for Treatn

nent of Beta Blocker Overdose

Drug

Dosage

Comment

Glucagon Bolus: 3-5 mg intravenously (0.03 — 0.15 mg/kg in Can escalate the drip to 15 mg/hr if
pediatric patients). Repeat dose in 10 minutes if needed.
needed.
Infusion: 2-5 mg/hr (or at bolus dose where it was
effective per hr)
In pediatric patients 0.07 mg/kg/hr
Insulin Bolus: 1 unit/kg intravenous bolus Dextrose as a 25g bolus followed by
(Regular) Infusion: 1 unit/kg/hr and titrate to blood pressure continuous infusion of 0.5 g/kg/hr with
goals. frequent blood glucose monitoring
may be needed.
Calcium Bolus: Calcium chloride—1 g (20 mg/kgup to 1 g in Calcium chloride has more calcium
pediatric patients) per gram than the gluconate form
OR necessitating a higher dose.
Calcium gluconate—3 g (50-100 mg/kg up to 2 g in
pediatric patients)
Epinephrine Infusion: Start at 1 mcg/minute with and titrate quickly [Higher doses than normal may be
to MAP goal of 60 required.
Milrinone Bolus: 50 mcg/kg IV Should be used as an adjunctive to
Infusion: 0.375-0.75 mcg/kg/min primary catecholamine infusion.
Sodium Bolus: 1-2 mEq/kg IV bolus every 3-5 minutes until QTc|Useful in propranolol and sotalol
Bicarbonate has decreased to less than 120 ms overdoses.
Atropine Bolus: 0.5-1 mg IV (0.02 mg/kg in pediatric patients). |[May not be effective.
Repeat as needed
Lipid Emulsion Bolus: 1.5 mL/kg of 20% lipid emulsion IV push  [May be effective in lipid soluble beta

Infusion: 0.5 mL/kg/min for 30 — 60 min up to a
maximum of 10-12 mL/kg for the first 30 — 60
mins.

blockers. (propranolol, labetalol)
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Salicylate toxicity

* Not just aspirin!

* One teaspoon (5 mL) of Oil of
Wintergreen contains approximately
7 g of salicylate, the equivalent of
almost 22 adult aspirin tablets

+ Bismuth subsalicylate (eg, Pepto-
Bismol®) contains 8.7 mg of salicylic
acid per mL

Author: 1ur1 (CC BY 2.0)
Author: ParentingPatch (CC BY-SA 3.0)

Salicylate Toxicity

Images provided by Colin Kaide, MD
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Salicylate toxicity

Therapeutic serum salicylate concentrations: :
10 to 30 mg/dL (0.7 to 2.2 mmol/L); __ x
Done nomogram fails to predict toxicity based

upon the serum concentration alone | 8

Aggressive volume resuscitation is warranted L= ;
in such patients, unless cerebral edema or J—
pulmonary edema is present. Author: OneUpOnUs  Author: davidjmclare89

Activated charcoal (CC BY-SA4.0) (ccBY 2.0)
may decrease cerebral glucose .
concentrations despite a normal serum
glucose.
Alkalinization with sodium bicarbonate
* Supplement with potassium
* The usual initial dose of sodium
bicarbonate is 1 to 2 mEq (or mmol)/kg
bolus
* sodium bicarbonate infusion of 100 to
150 mEq (or mmol) in one liter of D5SW
Titrate infusion rate to a urine pH of 7.5 to 8
Consider HD

Author: Stilfehler (CC BY-SA 4.0)
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Salicylates

Intubation: worsens acidosis

Somnolent > worsens acidosis = more
somnolent

Normal serum glucose
IV fluid deficits

Bezoars breaking up, increasing surface
area (sudden spike in measured levels)

Must consider dialysis

Toxic alcohols

History of alcohol proof: 1500s England, spirits were
taxed based on alcohol content. An early way to test
proof?

Gunpowder

75% potassium nitrate (a source of oxygen for the
reaction)

15% charcoal (fuel for the combustion reaction),
10% sulfur (which lowers the reaction’s ignition
temperature and acts as a fuel).

potassium nitrate is soluble in water.

if exposed to enough water, the potassium nitrate in
gunpowder will dissolve, making the gunpowder
harder or impossible to ignite.

If the spirit had a higher alcohol content, the
gunpowder should ignite
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Toxic Alcohols

Author: Egan Snow (CC BY-SA 2.0)

Less toxic
* Ethanol
* Isopropyl alcohol

Toxic and LETHAL
* Methanol
 Ethylene glycol

Ethanol
Alcohol
Dehydrogenase
Acetaldehyde
Aldehyde
Dehydrogenase
Acetate

L

CO2, H20
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Ethanol Methanol
Alcohol Alcohol
l Dehydrogenase ‘ Dehydrogenase
Acetaldehyde Formaldehyde
Aldehyde Aldehyde
l Dehydrogenase l Dehydrogenase
Acetate Formic acid
C0O2, H20 CO2, H20
Ethanol Methanol Ethylene Glycol
Alcohol Alcohol Alcohol
l Dehydrogenase l Dehydrogenase l Dehydrogenase
Acetaldehyde Formaldehyde Glycoaldehyde
Aldehyde Aldehyde Aldehyde
l Dehydrogenase l Dehydrogenase l Dehydrogenase
Acetate Formic acid Glycolic Acid
CO2, H20 CO2, H20 Glyoxylic acid
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Ethanol Methanol Ethylene Glycol Isopropyl alcohol

Alcohol Alcohol Alcohol Alcohol
Dehydrogenase Dehydrogenase Dehydrogenase Dehydrogenase

Acetaldehyde Formaldehyde Glycoaldehyde Acetone
Aldehyde Aldehyde Aldehyde
l Dehydrogenase l Dehydrogenase l Dehydrogenase
Acetate Formic acid Glycolic Acid
CO2, H20 CO2, H20 Glyoxylic acid

Toxic alcohols - methanol

* Methanol > formaldehyde - formic acid

* An afferent pupillary defect, fixed mydriasis,
retinal sheen, blindness (classic “snow field
vision”)

* Can cause basal ganglia infarction and
hemorrhage

* Methanol toxicity is known to cause necrosis
of the putamen (?heparin during HD or
hemodynamic changes during HD)

* Osmolar gap (parent compound), than anion gap
(metabolites)

Author: gargantuan
(CC BY-SA 2.0)
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Toxic alcohols - methanol

Osmolar gap: higher osmolality reduces freezing point,
elevates boiling point

= Measured osm — calculated osm
Measured osm = 2Na* + (BUN/2.8) + (glucose/18) + (ethanol/4.6)

Anion gap: Sodium — (chloride + bicarb)
[Na*] - ([CI']+[HCOT])
looks for unmeasured anions > MUDPILES

Toxic alcohols - methanol

Fomepizole (blocks alcohol dehydrogenase), HD, folate
* Fomepizole:

« alcohol dehydrogenase inhibitor. Easy to dose,
minimal side effects, but $$$.

+ Shifts elimination to pulmonary and renal

* loaded at 15 mg/kg IV, followed by 10 mg/kg every
12 hours

* Folic acid helps with formate elimination pathways

"

Author: Stilfehler (CC BY-SA 4.0)
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Ethylene glycol - palatable

Ethylene glycol &> _glycoaldehyde - glycolate >
oxalate > calcium oxalate

Flank pain, hematuria, and oliguria

nephrotoxicity: Hypocalcemia from chelation by
oxalate, renal failure because calcium oxalate is
deposited in renal tubules

1-2 weeks post ingestion: cranial neuropathies
(CN VII) from oxalate-induced hypocalcemia

Author: 1ur1 (CC BY 2.0)
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Ethylene glycol - palatable

*Osmolar gap (parent compound),
than anion gap (metabolites)

* The formation of oxalate crystals in
the urine is a late
and nonspecific finding following
ethylene glycol ingestion

*Urine fluorescence lacks sensitivity
and specificity. not all ethylene
glycol preparations contain
fluorescein, fluorescein (when
present) appears only transiently in
the urine, normal urine can appear to
fluoresce, and other substances can Author: 1ur (CC BY 2.0)
cause fluorescence

Bitrex®

 Denatonium benzoate
* The bitterest known substance known

« Completely harmless if consumed...It just tastes
really, really horrible.

 Interestingly, also used in N95/N100 mask fit
testing!
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Toxic alcohols - Ethylene Glycol

Fomepizole (blocks alcohol
dehydrogenase), HD, folate

* Fomepizole:

+ alcohol dehydrogenase
inhibitor. Easy to dose,
minimal side effects, but

$$$.

* loaded at 15 mg/kg IV,
followed by 10 mg/kg every
12 hours

+ pyridoxine and thiamine are
involved in minor elimination |
pathways but significance is Author: Stilfehler (CC BY-SA 4.0)

H)
uncertain
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Images courtesy of Colin Kaide, MD
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Toxic alcohols — isopropyl alcohol.

*a disinfectant, hand sanitizer,
antifreeze, and solvent, and 70%
content of "rubbing alcohol.*

*Bad tasting, but very inebriating
and works quickly

*Isopropyl alcohol - acetone via
alcohol dehydrogenase

Toxic alcohols — isopropyl alcohol.

*a disinfectant, hand sanitizer,
antifreeze, and solvent, and 70%
content of "rubbing alcohol.*

*Bad tasting, but very inebriating
and works quickly

*Isopropyl alcohol - acetone via
alcohol dehydrogenase

-

Author: Vaoverland (CC BY-SA 3.0)
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Toxic alcohols — isopropyl alcohol.

* (urine) ketosis without acidosis!
* There will still be an osmolar gap, but no high
anion gap
*Ketosis is from acetone. Ketones cannot be
oxidized to carboxylic acids
® Positive urine ketones = tests for acetone.
(nitroprusside reaction)
* Beta-hydroxybutyrate will NOT be
elevated

* Treatment: supportive

*DO NOT TX WITH FOMEPIZOLE: Fomepizole
therapy will prolong the patient’s severe
intoxication by preventing the appropriate
metabolism of the isopropanol.

Toxic alcohols — isopropyl alcohol.

* (urine) ketosis without acidosis!
* There will still be an osmolar gap, but no high
anion gap
*Ketosis is from acetone. Ketones cannot be
oxidized to carboxylic acids
® Positive urine ketones = tests for acetone.
(nitroprusside reaction)
* Beta-hydroxybutyrate will NOT be
elevated

o '

* Treatment: supportive

* DO NOT TX WITH FOMEPIZOLE: Fomepizole W

therapy will prolong the patient’s severe Author: Vaoverland (CC BY-SA 3.0)
intoxication by preventing the appropriate
metabolism of the isopropanol.




Acetaminophen toxicity

 The most common cause of acute liver
failure in the US

* 90% of acetaminophen is metabolized in
the liver & metabolites are excreted in
urine

* 5% of acetaminophen is excreted
unchanged into urine

+ 5% is metabolized via oxidation by
hepatic cytochrome P450 to the toxic,
highly-reactive NAPQI. Normally, NAPQI
is rapidly conjugated to glutathione to
form metabolites excreted in the urine

* This pathway is increasingly used in Author: 1ur1 (CC BY 2.0)
overdose. Once glutathione stores
are depleted, NAPQI accumulates

Acetaminophen toxicity

Author: XEPANOWKA CCCC . =
(CC BY-SA 4.0) \

Author: https://www.myupchar.com/en
(CC BY-SA 4.0)

Author: Wolfgang Claussen
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Single Acute Acetaminophen Overdose Nomogram
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Image courtesy of Colin Kaide, MD ) )
Author: Merlin Cyrstal (CC BY-SA 3.0)

Acetaminophen toxicity

Activated charcoal
N-Acetylcysteine: restores hepatic glutathione stores
(some controversy regarding mechanism persists).
Ideally start within 8 hrs of ingestion/before onset of liver
injury
* IV versus PO
* IV: Non-IgE mediated anaphylaxis (anaphylactoid
reactions).
* PO: causes vomiting and tastes terrible

Author: The U.S. Food
Author: OneUpOnUs (CC BY-SA 4.0) and Drug Administration
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Iron toxicity

¢ Absorbed in the duodenum, where it is
stored as ferritin in the intestinal cells.
It is then disposed of or released to
transferrin (serum Fe-binding protein)
* Toxicity occurs when transferrin is
overwhelmed - increased free iron
* Toxicity is determined by the amount of
elemental iron ingested
» ferrous gluconate has the least
(12%) and ferrous fumarate has
the most (33%)
+ Calculate the amount of elemental
Fe ingested/kg
* Iron takes hours to reach from the GI
tract to the intracellular space, giving a
window of opportunity to prevent
further absorption via decontamination Author: 1ur1 (CC BY 2.0)
and chelation

Iron toxicity

— k*‘\\
o I “\§ LG LS
Author:
Author: Wolfgang Claussen  Author: XEPANIAUKA CCCC https:/lwww.myupchar.com/en ] )
(CC BY-SA 4.0) (CC BY-SA 4.0) Author: James Heilman, MD

(CC BY-SA 3.0)

The lack of vomiting 6 hrs after an ingestion has
important clinical significance; likely did not ingest a
toxic dose and can be medically cleared.
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Iron toxicity

Lab workup

* For most preparations, a peak Fe level occurs 2—6
hours post-ingestion, then falls due to intracellular
shift. The peak level predicts severity of iron toxicity

+ Start to see risk of serious toxicity increase at 500
mcg/dL or 60 mg/kg (= consider deferoxamine!)

* The radiopacity of Fe varies with the preparation, time
since ingestion, and amount of ingestion.
« a normal KUB does not exclude ingestion.

* Anion gap metabolic acidosis, elevated lactate indicate
systemic toxicity

Images courtesy of Colin Kaide, MD

Iron toxicity

Isotonic fluids:
» Toxicity causes Gl fluid losses
» May prophylactically prevent hypotension from
defuroxime
Whole bowel irrigation: consider when Fe tablets are
visualized on the KUB film.
Deferoxamine
* General indications include ANY of the following:
* Fe level > 500 mcg/di
* Presence of metabolic acidosis
» Lethargy/coma
* Shock

* Toxic appearance a ! l : ai

28



References

Bebarta VS, Blair HW, Morgan DL, Maddry J, Borys DJ. Validation of the American Association of Poison Control Centers out of
hospital guideline for pediatric diphenhydramine ingestions. Clin Toxicol (Phila). 2010;48(6):559-562.
doi:10.3109/15563650.2010.497149

Ferner RE, Dear JW, B 1 DN. M of par | poisoning. BMJ. 2011;342:d2218.

Hayes BD, Klein-Schwartz W, Clark RF, Muller AA, Miloradovich JE. Comparison of toxicity of acute overdoses with citalopram
and escitalopram. J Emerg Med. 2010;39(1):44-48. doi:10.1016/j.jemermed.2008.06.030

Heard KJ. Acetylcysteine for inophen poisoning. N Engl J Med. 2008;359:285-292.

Hendrickson RG. Acetaminophen. In: Nelson LS, Lewin NA, Howland M, eds. Goldfrank’s Toxicologic Ei ies. 9th ed. New
York, NY: McGraw-Hill; 2011:483-99.

Hunter LJ, Wood DM, Dargan PI. The patterns of toxicity and of a oidal anti-ir y drug (NSAID)

overdose. Open Access Emerg Med. 2011;3:39-48. Published 2011 Jul 6. doi: 10 2147/0AEM 522795

Isbister GK, Bowe SJ, Dawson A, Whyte IM. Relative toxicity of selective serotonin reuptake inhibitors (SSRIs) in overdose. J

Toxicol Clin Toxicol. 2004;42(3):277-285. doi:10.1081/clt-120037428

Jang DH. Calcium Channel Blockers. In: Nelson LS, Howland M, Lewin NA, Smith SW, Goldfrank LR Hoffman

RS eds Goldfrank's Toxicologic Emergencies, 11e. McGraw-Hill; Accessed June 17, 2020. http gency icine:
I .proxy.lib.ohio-state.edu/cor .aspx?bookid=2569&sectionid=210273859

Kerns W 2nd. Management of beta-adrenergic blocker and calcium channel antagonist toxicity. Emerg Med Clin North Am.

2007;25(2):309-viii. doi:10.1016/j.emc.2007.02.001

Lugassy DM. Salicylates. In: Nelson LS, Howland M, Lewin NA, Smith SW Goldfrank LR, Hoffman RS eds. Goldfranks

Toxicologic Emergencies, 11e. McGraw-Hill; Accessed June 17, 2020 htt) gency
com.proxy.lib.ohio-state.edul/ 1t.aspx?bookid=2569& ionid: 210270941
Ng PCY, Long BJ, Davis WT, i DJ, Koyfi 1 A. Toxic alcohol diagnosis and management: an emergency medicine review

E)ﬁlgb{l;gh;(é correction appears in Intern Emerg Med. 2018 Mar 22;:]. Intern Emerg Med. 2018;13(3):375-383. doi:10.1007/s11739-
Perrone J. Iron In: Nelson LS, Howland M, Lewin NA, Smith SW, Goldfrank LR, } RS. eds. 's Toxicologi

Emer 11e. Hill; A d June 17, 2020. https:// gency dici b dical-com.proxy. lib.ohio-
state.edu/content.aspx?bookid=2569&sectioni 210271950

Radovanovic D, Meier PJ, Guirguis M, Lorent JP, Kupferschmidt H. Dose-dependent toxicity of diphenhydramine overdose. Hum
Exp Toxicol. 2000;19(9):489-495. doi:10.1191/096032700671040438

Slaughter RJ, Watts M, Vale J Allister, Grieve JR, Schep LJ. The Clinical Toxicology of Sodium Hypochlorite. Clin Toxicol (Phila),
2019 May;57(5):303-311.

Stoner SC, Marken PA, Watson WA, et al. Antidepressant overdoses and resultant emergency department services: the impact of
SSRis. Psychopharmacol Bull. 1997;33(4):667-670.

Thakur AC, Aslam AK, Aslam AF, Vasavada BC, Sacchi TJ, Khan IA. QT interval prol ion in dipt y ine toxicity. Int J
Cardiol. 2005;98(2):341-343. doi:10.1016/j.ijjcard.2003.10.051

Volans G, Monaghan J, Colbridge M. Ibuprofen overdose. Int J Clin Pract Suppl. 2003;(135):54-60.

Wang C, Samaha D, Hiremath S, et al. Outcomes after toxic alcohol poisoning: a systematic review protocol. Syst Rev.
2018;7(1):250. Published 2018 Dec 28. doi:10.1186/s13643-018-0926-z

29



