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Story 1: Bad Boys

Lead Arsenate Exposure

• Bag of Lead Arsenate

Date: Late 1970s

Two young boys playing  with bag of 
rat poison in abandoned barn in Fraser 
Valley. Were covered in powder from 
the bag. Powder also covering part of 
the field behind the barn

I was called at 2 AM and asked how we 
can assess exposure and what to do 
with the powder.

What did I do next?









Epilogue

• Reinsch test was negative

• Kids were fine

• Hazmat time shovelled up contaminated dirt 
in large barrels and disposed of appropriately



Story 2: Digoxin Baby Murders



How We Got Involved

• At the time of the Sick Kid’s incident in 
Toronto we discovered a problem with our 
digoxin assay at VGH

• False positive immunoassay results in 
neonates with a large number in the 
therapeutic range or above, none of whom 
had received digoxin. Published our VGH 
findings in NEJM. 

• We made the news big time



What is DLIS?



Investigations Concerning DLIS 

• We obtained grants to investigate the identity and 
biological significance.

• We used a bioassay and immunoassay to identify 
components in various residual body fluids and 
residual tissues from babies following autopsy to 
attempt to find the source of this or these molecules. 
Published several papers.

• We found a lot of steroid type molecules that had 
either cross-reactivity with the immunoassay some of 
which also could inhibit NaK ATPase. i.e progesterone 
and bile acids (remember digoxin has a steroid 
structure) 



Our Conclusion

• DLIS is steroid metabolic junk that doesn’t 
have any significant biological significance 
other than it interferes with many 
immunoassays, especially in the neonatal 
period and in patients with hepatorenal
syndrome

• No one has ever been charged with the baby 
murders. Susan Nelles remains a respected 
nurse educator many years later.



• Books have been 
written and movies 
have been made about 
this sad event



Toxicology Story 3: Mercury Man



Case History

• 41 year old man, a dentist (not qualified in 
Canada) with history of bipolar disorder on 
lithium

• Calls ambulance to his apartment because of 
mercury vapour exposure in his Cambie street 
apartment

• Obsessed with mercury. Vaporized on burner 
in his place. Played with liquid mercury in his 
plastic lined pants pocket



Key lab results

• pO2 on admission 40 mm Hg

• Rising creatinine

• Neurological dysfunction

• Mercury level in urine: 73,000 nmol/d (<100)

• Died 7 days later

Consequences for other residents: Apt bldg
contaminated, uninhabitable. All residents also 
checked for mercury poisoning



Consequences of Mercury vapour 
Exposure

• Mercury vapour absorbed rapidly through alveoli. 
Progressive pulmonary failure (ARDS)

• Absorbed mercury oxidized to divalent mercuric 
ions and attaches to sulfhydryl groups in proteins.

• Eventually cause multi organ failure, renal 
problems and central nervous system dysfunction

• Treatment penicillamine, however not useful for 
acute lung injury



Story 4: The Aluminum guy

• 42 year old man presents with 3 month 
history of dysarthria, tremor, emotional 
lability, memory problems, microcytic anemia 
and adynamic bone disease.. Symptoms 
recognized as aluminum encephalopathy

• Aluminum in blood: 6650 nmol/L (<400)

• Source? Denied aluminum antacids, not on 
dialysis



Source of Aluminum

• History of IV drug abuse attending methadone 
clinic. Instead of drinking grape flavoured 
methadone he evaporated liquid in aluminum pot 
to concentrate the methadone followed by IV 
injection of the concentrate. Acid in the juice 
solubilized aluminum ions in the pot. He did this 
for 4 years. Bypassed the gut barrier

• TX: Experimental desferroxamine for 7 months

• Levels dropped 64%. Recovered speech and some 
mobility then he left the system.



Toxicology Story 5: Mind the 
Gap; Gap Analysis in Chemistry



Determination of Osmolar Gap

• Major contributors: Na+, Cl-, HC03-, Urea, Glucose

• Osmolar Gap = *measured – calculated 

• *measured by freezing point depression

• Calculated osmolality: 2 (Na+) + Glucose + Urea

*simplest and best formula to calculate osmolality



Case History: Osmolar Gap

• 40 year old female presents to the ER with a knife wound to 
the chest penetrating her left lung.  History also indicates that 
she may have ingested 1 litre of “rubbing alcohol” prior to 
being attacked.

• Lab results on serum or whole blood:
- Na 144 pH 7.19 Gluc 5.4

- K 4.2 pCO2 39

- Cl 18 PO2 138

- tCO2 15 HC03 14

- Urea 6.1 AGAP 20

- Cr 110 Osm 395



Additional Information

• Urinalysis: Ketones, Hemoglobin, RBCs in urine

• Osmolar gap: 395 – 2X144 – 6 – 4 = 97

• Ethanol: 78 mmol/L

• Residual osmolar gap = 19

• ER asked for toxic alcohol analysis

• Is it required?

• We did a study with ER to look at contribution of 
ethanol to the osmolar gap because of many 
requests for toxic alcohol analysis by GC which were 
negative



Relationship between OGap and 
Ethanol

Correction factor for Ethanol is 1.25 (not 1.0). Revised OGap formula:
2 X Na + Urea + Glucose+ 1.25 X Ethanol. Ethanol in this patient now 
accounts for all of the OGAP of 97. Toxic alcohol analysis is not 
required



Another Case History: 
Unknown Fluid Ingestion

• 40 year old male presents to emergency after drinking 250mL of unknown 
fluid.  Solvent odor on his breath, drowsy, slurred speech, nystagmus.  
Other vitals normal.  Previous history of methanol ingestion and inhalation 
of lacquer thinner.

• Lab results: Na 139; Urea 6.2; Glucose 4.7; Serum osmolality 304; blood 
gases normal

• Osmolar gap 15 mmol/kg

• Ethanol, ethylene glycol, methanol, acetone negative

• 9 hours later the osmolar gap has increased to 31 mmol/kg and still no 
toxic alcohols were found

• Patient eventually recovered and was referred to psychiatry

• Next week he returned to emergency department with the same 
condition



Analysis of GC Results

• We did not find significant methanol, ethanol or 
acetone peaks in this patient’s serum, however 
found several less volatile peaks, which were 
subsequently identified as toluene, methyl ethyl 
ketone and xylene.

• These contributed to the osmolar gap

• The increase in osmolar gap with time was likely 
due to delayed absorption from the gut.



Calibration Mix / Patient



Pediatric case

• 16 year old male from C and W with intractable seizures.

• Placed in coma with IV pentobarbital for 30 days

• Osmolality and osmolar gap increased

• On GC for ethylene glycol found a late peak corresponding to 
propylene glycol = 30 mmol/L

• Where did this come from?

• Propylene glycol is carrier in IV formula for pentobarbital (40% 
V/V)



Adult Suicide Attempt Case

• 46 year old female in coma in ICU

• Metabolic acidosis, increased acetaminophen, 
increased osmolar gap of 20 after accounting for 
ethanol 

• Propylene glycol of 6 mmol/L found on GC, no other 
toxic alcohols

• Lactic and ketoacidosis

• Source: Nyquil (patient drank whole bottle)



Clinical Situations Associated with 
Increased Osmolar Gaps

• Ethylene glycol and methanol intoxication
• Diabetic Ketoacidosis
• Alcoholic Ketoacidosis
• Chronic Renal Failure
• Multiple Organ Failure
• Critical Illness
• Lactic Acidosis
• Other osmotic substances (isopropanol, acetone, 

propylene glycol)



Anion Gap

• Primary use is for the investigation of 
metabolic acidosis (Increased or normal AGAP 
metabolic acidosis)

• Formula: (Na + K) – (HCO3 + Cl)

• Normal: 12 + 4 mmol/L



Anion gap Acidosis
“MUDPILES”

• M ethanol

• U remia

• D iabetic Ketoacidosis

• P araldehyde 

• I ron, Isoniazid (INH)

• L actic Acidosis

• E thanol, Ethylene glycol

• S alicylates



Laboratory Workup

• Chemistries

– Urea, Cr, glucose, electrolytes, Bgas

• Lactate level

• Ketones

• Ethanol level

• Salicylate level

• Osmolal gap

• Urinalysis (ketones, crystals)



Causes of an elevated serum anion gap

Metabolic acidosis associated with 
overproduction or decreased excretion of acid

Laboratory error

Severe volume depletion (hyperalbuminemia)

Severe hyperphosphatemia

Increased anionic paraproteins



Case History: Unexplained Increased Anion Gap 
Metabolic Acidosis

• 43 year old female transport by ambulance to our ER 
after found screaming incoherently in her apartment 
building. She had been treated at an addiction centre 
recently.

• Recent weight loss of 50 lbs in past 6 months

• Past history cocaine abuser, alcoholic, 
nephrolithiasis, chronic back pain

• Drugs: quetiapine, trazadone, methadone, docusate, 
gabapentin, furosemide, citalopram



Physical and lab tests

• BMI 18, HR 95, BP normal, GCS 14, tachypnea
• Labs: Na 141, K 3.1, tCO2 5, Cl 102, Glucose 6.8, urea 

10.6, Cr 218, pH 7.1, pC02 14, bicarb 4: all consistent 
with increased AGAP met acidosis

• Transaminases and lipase slightly increased
• Acetaminophen 399 (increased), consistent with her 

taking overdose
• Why the met acidosis? 



Workup for metabolic acidosis

• Remember “mudpiles”

• Lactate, ketones, ASA, ethylene glycol, 
methanol, ethanol, all negative

• No history of iron, paraldehyde, isoniazid 

• Normal osmolar gap (5 mosm/kg)



Treatment

• Bicarbonate

• Fomepazole

• Thiamine

• Folate

• Hemodialysis

• N-acetylcysteine

Next morning everything OK, discharged within 4 days. 
Mystery remained as to cause of acidosis



Follow up

• Urine sent to C and W for organic acid analysis

• 5 oxoproline (Pyroglutamic acid) elevated at 17292 
umol/L (200 X normal)

• Pyroglutamic aciduria first described in an adult as an 
acquired condition in 1989

• An increasing number of cases have been reported in 
the literature now that it has been recognized



Mechanism and risk factors

• Critical illness, malnutrition certain 
medications including normal to increased 
dosages of acetaminophen.

• Likely due to depletion of glutathione which is 
required for metabolism of certain drugs





Conclusion 

• The mudpiles mnemonic must be modified to include 
this often unrecognized condition and must include 
pyroglutamic acidemia (P in mudpiles) as part of the 
differential of increased anion gap metabolic acidosis

• We have seen several cases at VGH

• Problem: It takes a long time to get confirmatory 
results back from C and W



Anion gap Acidosis
“GOLDMARK”

• G lycols (ethylene and propylene)

• O xoproline (Pyroglutamic acid)

• L lactate

• D lactate

• M ethanol

• A spirin

• R enal failure

• K etoacidosis



Lactate Gap

• Difference between lactate measured on the 
blood gas instrument (lactate oxidase) and 
main chemistry analyser (lactate 
dehydrogenase)

• Lactate oxidase gives falsely high results with 
ethylene glycol metabolite (glyoxylic acid)



Another Gap Story: Creatinine 
Gap



Initial clinical findings

I was called after regular lab hours to approve toxic 
alcohol testing on a patient from our ER
• Patient 43 male brought to VGH ER by ambulance after 

being found unresponsive in his room by his mother 
after ingesting an unknown liquid.

• The day prior he was bashing his head  against the wall. 
Initially they attempted to treat with narcan. In the ER 
he became somewhat responsive, stating he felt fine 
and did not want to be disturbed. Vitals were normal at 
this time. He did not want to admit to what he had 
ingested. Drug screen was positive for THC and opiates, 
negative for fentanyl



Initial lab results

• Na/K/Cl/TCO2: 139, 2.7, 102, 24

• pH/ AGAP/Osm: 7.4, 15.7, 345

• Urea /Cr: 3.0, 181

• Osm gap/ Ethanol: 56, <2



4 hours later

• Na/K/Cl/TCO2: 143,3.2,106,27

• Agap/ Osm: 13/362

• Urea/Cr: 2.8,207

• Osm Gap: 64

*Note: No increased Agap or metabolic acidosis, 
also note the normal urea and marked increase 
in creatinine

Rapid panel Cr (enzymatic was 46)



The creatinine gap

• It is well known that ketones can interfere 
with the Jaffe method for creatinine

• Cr (Jaffe) – Cr (enzymatic) = Cr gap

• In this case it was 207-46 = 161

• We have noted this large difference primarily 
in patients after ingestion of isopropanol due 
to the high concentrations of acetone

• Less dramatic transient discrepancies seen in 
DKA



Case continued

I negotiated successfully to not perform toxic 
alcohols by GC until the next morning primarily 
for two reasons. 1) no metabolic acidosis and 2) 
creatinine gap consistent with acetone the main 
metabolite of isopropanol

Lab results: 

On admission isoprop/acetone: 34/32

4 hours later: 11/40



The experiment: Which ketones 
interfere with the Jaffe method

• Used pooled serum with normal creatinine

• Made up concentrated solutions of acetone, beta 
hydroxybutyrate, and acetoacetate in water

• Spiked 1:10 dilution into pooled serum to create serum 
with varying concentrations of these ketones

• We then confirmed concentrations of acetone by GC, 
acetoacetate by lithium measurement, and BOB by our 
enzymatic method

• We also measured creatinine by Vista (Jaffe) and by 
ABL radiometer (enzymatic) to measure the creatinine 
gap  (Vista Cr – ABL Cr).
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y = -0.4553x - 5.5815, R² = 0.9962
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Ketones effect on Cr by Jaffe reaction method

• Cr by Jaffe reaction method:

– Beta-hydroxybutyrate does not interfere with creatinine measurement

– Acetoacetate causes concentration-dependent falsely low creatinine levels

– Acetone causes concentration-dependent falsely high creatinine levels

• Cr by enzymatic method on Radiometer blood gas analyzer:

– Ketones do not interfere

• Isopropanol

– Acetone is the metabolite of isopropanol, Cr gap between Vista and BG can be 

used as a surrogate marker for isopropanol ingestion



Conclusion: Mind the Gap?



Story 6: A Case of Mushroom 
Identification Error



Case History

35 year old male presents to VGH ER on October 7, 
2014 with severe vomiting, diarrhea and abdominal 
cramps, approx 1 day after eating what he thought 
were magic mushrooms that he had picked in a 
public grassy area.

Previous History: Mental health issues and 
polysubstance abuse. He had ordered hallucinogemic 
mushroom spores online and spread them in this 
public lawn sometime before and came back to reap 
his harvest. He became very sick for his efforts. 



What are magic mushrooms?

There 

are 200 

different 

species

//upload.wikimedia.org/wikipedia/en/3/34/Gymnopilus_luteoviridis.jpg
//upload.wikimedia.org/wikipedia/commons/5/57/Panaeolus.subbalteatus.3.jpg
//upload.wikimedia.org/wikipedia/commons/8/8f/Pluteus_salcinus.jpg
//upload.wikimedia.org/wikipedia/commons/2/2d/Psilocybe.subaeruginascens.1.jpg


What is the magic ingredient?

Psilocybin Psilicin

//upload.wikimedia.org/wikipedia/commons/a/a5/Psilocybn.svg
http://en.wikipedia.org/wiki/File:Psilocin.svg


What does it do?

• Psilicin is the active drug which has hallucinogenic 
effects. Works via serotonin receptors in brain and 
also increases CNS dopamine levels.

• First described in 1799 in European literature after a 
family accidently ate mushrooms containing this 
substance causing uncontrolable laughter in their 
child. However these have been used in many 
cultures long before this date

• Effect can last several hours
• Drug not addictive due to tolerance and less effect 

after repeated use.



Problem!

• Can be misidentified as in this case, with other 
similar looking mushrooms. You have to know 
what you are doing.

• This patient suspected he picked a poisonous 
mushroom not one containing  psilocybins

• The toxin in these mushrooms are called 
amatoxins



Selected lab results

Initial:

Creatinine 232

HgB 206

INR 1.3

Albumin 55

AST 372

ALT 545

TnI 0.55

Bili, GGT, ALKP, LA Normal



Selected lab results

48 hours later:

Creatinine 68

HgB 146

INR 2.3

Albumin 28

AST 3900

ALT 6600



Amatoxin

• 10 known amatoxins all 
consisting of 8 aa cyclic 
structure with different side 
chains attached

• Toxic effect related to RNA 
polymerase inhibition 
(mRNA, microRNA, snRNA)

• Cell metabolism stops and 
cells lyse

• Lethal adult dose 7 mg

http://en.wikipedia.org/wiki/File:Amatoxins_generic_strucuture.png


Aminita phalloides

• Similar to edible 
mushrooms

• May be responsible for 
deaths of Emperor Claudius 
and Pope Clement VII

• Toxin: alpha aminitin

• 35 species of mushroom 
contain amatoxins

• 6000 cases/yr in the US, 2 
deaths in US/yr, 20 in 
Europe

//upload.wikimedia.org/wikipedia/commons/9/99/Amanita_phalloides_1.JPG


Clinical Effects

• the liver is the principal organ affected as it is the organ which 
is first encountered after absorption in the gastrointestinal 
tract. 

• amatoxins can be absorbed through the skin and also inhaled, 
thus affecting other organs such as the kidneys and heart, are 
susceptible.

• amotoxins may cause irritation of the respiratory tract, 
headache, dizziness, nausea, shortness of breath, coughing, 
insomnia, diarrhea, gastrointestinal disturbances, back pain, 
urinary frequency, liver and kidney damage, or death if 
ingested or inhaled.

• most severe effects are toxic hepatitis with centrolobular 
necrosis and hepatic steatosis, as well as acute 
tubulointerstitial nephropathy, which altogether induce a 
severe hepatorenal syndrome. 

http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Gastrointestinal_tract
http://en.wikipedia.org/wiki/Kidney
http://en.wikipedia.org/wiki/Heart
http://en.wikipedia.org/wiki/Hepatitis
http://en.wikipedia.org/wiki/Necrosis
http://en.wikipedia.org/wiki/Hepatic_steatosis
http://en.wikipedia.org/wiki/Nephropathy
http://en.wikipedia.org/wiki/Hepatorenal_syndrome


Treatment

• Poison control centre and experts from 
California consulted

• Cholecystostomy drain inserted to cut off 
enterohepatic recirculation of the drug

• Milk thistle extract (experimental antidote) 
was not available

• Lab results were monitored

• Bile and serum/plasma samples saved for 
future studies



One week later

• Creatinine, HgB, bilirubin, INR, lactate all normal

• AST 30 (<38)

• ALT 498 (<80)

• Albumin 30 (34-50)

• Alkp 152 (30-135)

Patient discharged after total of 9 days in hospital and 
followed up as out-patient.

Bile drainage tube still in place, will be removed shortly. 
All lab parameters on month after ingestion are 
normal except for increased WBC



Lesson of the day

• Beware of the mushrooms that you ingest

• There may be pleasant or very unpleasant 
outcomes.



Story 7: No Laughing Matter



Case: EV

ID 39 years old ♀

CC Bilateral leg pain and weakness

HPI • Recurrent falls over months
• Paresthesias fingers & feet for weeks  

→ Severe leg cramp → Difficulty walking
• Ø Bowel/Bladder dysfunction

PMH • Anxiety, Depression, Substance abuse

MTPA • Fluoxetine, Bupropion, Zopiclone, Adderall, Lorazepam, Alprazolam
• Gabapentin, Acetaminophen, Ibuprofen
• Cetirizine, Dimenhydrinate, Sennosides

FH • Ø Neurological disorder

SH • Married, Graphic Designer
• Ø tobacco, alcohol, IVDU
• Recent cocaine, amphetamine, opioid use (confirmed on UDS)



Neurological Exam

Motor • Hyper-reflexia in all 4 limbs 

• Bilateral weakness in upper extremity (4+ to 5- out of 5)

• Power in lower extremity inconclusive

Sensory • Severe pain in lower extremity upon
light touch

Triceps↓

Fingers↓

Deltoid↓

Triceps↓

Wrist↓

Fingers↓

Deltoid↓

Wrist↓

Hyper-reflexic Hyper-reflexic

Hyper-reflexic Hyper-reflexic

Triceps↓



Labs
Test Result

Chemistry

Electrolytes (Na, K, Cl, Ca, Mg, PO4) WNL

Acid/Base (HCO3)- WNL,  No anion gap

Renal function (BUN, Creatinine) WNL

Glucose WNL

TSH WNL

Liver enzymes (AST, ALT, GGT, ALP) WNL
ALP ↑ < 3x ULN

Liver function test (Bilirubin, Albumin) WNL

Creatine Kinase WNL

Hematology

RBC (Hb, MCV) WNL

WBC and Differential WNL

PLT WNL

Toxins Screen

Ethanol, Acetaminophen, Salicylate below detectable limit



Further work-up

• History of Nitrous Oxide (N2O) abuse daily for 2 years

• Diagnosis Vit B12 deficiency induced myeloneuropathy 
2º to N2O abuse

Test Result Reference range

Vitamin B12 ↓ 143 154 – 530 pmol/L

Homocysteine ↑ 57.3 <12.8 μmol/L



Vitamin B12 Deficiency 

L-methylmalonyl-CoA
Mutase

Methionine
Synthase

Cytosol Mitochondrial



Clinical Manifestation

Hematological Neuropsychiatric

Briani et al. 2013



Nitrous oxide and Vit B12

• Nitrous oxide “oxidizes” 
cobalt atom of Vitamin 
B12, causing    functional 
Vitamin B12 deficiency 

• Serum vitamin B12 level 
can be WNL

Co (I) Co (III)

Nitrous 
Oxide

Sethi et al. 2006



History of Nitrous Oxide

“Analgesic and Anesthetic" 

• Discovered in 1772 by Joseph Priestley

• Applied as general anesthetics to relieve pain during dental procedures by 
Horace Wells, the discoverer of anesthesia in 1884

• Widely used as an anesthetic until 1960s

“Laughing gas”

• Euphoria potential already recognized in late 1700s 

– Sensation of “Pleasure and Thrilling”

• Laughing gas parties was popular among British upper class in 1800s



Source of Nitrous Oxide



Story 8: A mysterious case



The case

• 34M previously healthy, no PMHx, no meds, no 
allergies

• Presents several times to RH with microcytic 
anemia, abdominal pain, headaches, 
constipation, anorexia, diffuse pain and sudden 
weight loss

• Plans made for IM follow up…
• Suddenly presents to RH post seizure and 

admitted to the HAU
• What’s wrong?



The backstory

• Pt was vacationing in Cancun with a friend 
when he suddenly started having back pain

• Given some pills by friend

• The back pain got better? But then the other 
symptoms started…

• His friend is asymptomatic (and also won’t 
answer the phone)



The case continued…

• Multiple investigations are done and multiple services 
are consulted

• No one can figure out what’s wrong!

• Infectious workup negative

• Rheumatologic workup negative (CRP and ESR low)

• Hgb electrophoresis normal

• Paraneoplastic panel

• Porphyria – urine negative

• Bone marrow biopsy negative

• LP negative…And more



But wait, there’s more!

• The HAU receives a call, FEP 10.9 (N 0.3-
2.0)

• Peripheral smear shows basophilic stippling
• Lead level 4.56 (N<0.48)
• SOURCE?

– Friend’s pills?
– Moonshine?
– His gas station?
– Something else?



Sources of LEAD

• Workplace – manufacture of batteries, paint, solder, 
ammunition, car radiators

• Gasoline – previously used in gas as an “antiknock” 
agent until 1990. Leaded gasoline still used in aviation 
and race cars in the US

• Paint – In 1991, lead levels limited to 600 ppm in 
interior paint, now 90 ppm. Found in industrial paint –
can leach into environment

• Ammunition – from game hunted with lead bullets

• Herbal remedies and supplements – especially 
Ayurvedic supplements



Canadian regulations

• Cases of lead poisoning in children started appearing in the 
1930s, 23 cases reported in 1935! 

• Paints could be up to 50% lead in dry weight
• Other than case reports, research into lead exposure was 

scarce
• Leaded gasoline banned from use in personal vehicles, but 

still available for commercial use
• 2005 – report of lead poisoning from “lead free paint” in 

Montreal
• Lead restricted to 600 ppm in paint in 2005, then to 90 ppm 

in 2010
• Maximum tolerable levels of lead now established in foods, 

water (<10ug/L), fuels



Presentation

• ACUTE (> 3.86 umol/L)

• CHRONIC (1.45-3.38 
umol/L) • Abdominal pain (lead colic)

• Anorexia
• Headaches, difficulties 

concentrating, short term 
memory deficits

• Fatigue
• Confusion, seizures, 

encephalopathy
• Lead line
• Anemia, basophilic 

stippling…



Mechanism of lead toxicity



Other mechanisms of toxicity

• Affinity for sulfur containing molecules – ferrochelatase and 
pyrimidine 5' nucleotidase in RBCs

• Competes with calcium for binding to enzymes, interferes 
with calcium dependent processes

• Alters blood-brain barrier

• Decreases telomere stability  -> cancer?

• Interferes with cell membrane stability and processes

• Contributes to formation of free radicals



If lead poisoning is suspected

• CBC with peripheral smear (microcytic anemia 
with basophilic stippling)

• Creatinine (renal function)

• Free erythrocyte protoporphyrin or zinc 
protoporphyrin

• Blood lead level (Graphite Furnace Atomic 
Absorption Spectrometry or ICP MS)



So what happened to our patient?

• Chelation therapy requested from Ottawa 
(succimer)

• 10 mg/kg PO TID for 5 days, then BID for two 
weeks

• Side effects:  abdominal distress, nausea, 
transient rash, allergic reactions, elevated liver 
transaminase enzymes, and neutropenia.



So where did the lead come from?

• Patient admits to being a regular opium user

• Purchases it from one of his gas station 
customers

• Uses $2000 a month!

• Seen by addictions – started on suboxone, 
discharged home with follow up



Is there lead in his opium?



Tylenol

Caffeine

Codeine
Morphine

Papaverine

Noscapine

Thebaine

GC MS analysis 
of his opium



Lead extraction

• 200 mg of opium stick was obtained

• Lead extracted into HCl-H2SO4 solution and 
analyzed on ICPMS at Children’s

• 0.23 mg lead/g opium = 230 ppm?

• Adulterant in production or soil contaminant?



Apparently this is a big problem in 
Iran….

• Case report of patient ingesting 20 g per day, some can 
ingest 100 g/day

• Mean blood lead level in opium ingestion = 4.68 umol/L, 
inhalation = 3.17 umol/L

• Lead levels in Iranian opium – 0.73 ppm to 3.52 ppm, mean 
= 1.88 ppm

• Limits in Natural Health Products 0.29 ug/kg/day. 
• Average lead intake in Canadians 0.1 ug/kg/day
• Lead may come from soil, processing or from intentional 

adulteration (?) to increase price
• In 70 kg person, 20 g opium  4600 ug lead  226 x 

Canadian limit!



Could this become a problem in 
Canada?

• Another case discovered at Peace Arch 
Hospital with even higher levels of blood lead

• 45M presenting with fluctuating LOC

• Also an opium user

• Adult woman and her elderly father also 
discovered at Richmond Hospital with 
undiagnosed problems. Originally thought to 
be porphyria. Final diagnosis lead poisoning. 
These individuals not cooperating



A final story

The case against alternative 
medications



A curious case of liver failure…

• 53F from Vancouver Island – PMHx – DM2, 
hypothyroid, sickle cell trait

• “Feeling unwell”, admitted to hospital in 
Victoria, then transferred to CTU at VGH

• Initial liver enzymes: ALT 1053, AST 996, ALP 
174, GGT 97, t bili 347 (liver enzymes 
decreased over course of hospitalization)

• Clinical condition deteriorated on the ward 
and was transferred to HAU 



Case (cont….)

• Eventually went into shock, required 
intubation, pressors and CRRT

• Urgent liver transplant, pt liver shrunken and 
pale

• Post-op deteriorated further multiorgan
failure. Started on VV ECMO, deteriorated 
further and made comfort care



Cause of liver failure

• Pt was taking “Hari” tablets and “R pyine” 
tablets

• Analyzed by GCMS



Nimesulide

Chlordiazepoxide

Tylenol

Nimesulide





Hari and R pyine

• “Hari”
– Nimesulide
– Acetaminophen
– chlordiazepoxide

• “R pyine”
– Nimesulide
– Ibuprofen 

Nimesulide
• COX-2 specific inhibitor
• Extensively metabolized by 

the liver
• Implicated in over 100 cases 

of acute liver failure –
mortality rate of 10-20% 
(although most cases 
resolve after discontinuing 
the drug)

• Liver injury may be 
secondary to idiosyncratic 
reaction to a metabolite of 
nimesulide

http://www.ti.ubc.ca/2008/02/04/nimesulide-must-be-withdrawn-worldwide-due-serious-liver-damage/



Fentanyl

A story for another day


