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Objectives

• Describe two potential adverse drug reactions associated 
with newer antidiabetic medications.

• Describe the key features and potential treatments for 
cannabinoid hyperemesis syndrome (CHS)

• Propose a safer and more consistent method of antidotal 
treatment for acetaminophen toxicity.

• Discuss recent literature regarding antidotal treatment of 
digoxin toxicity

• Discuss recent literature on thresholds for dialysis for 
treatment of lithium toxicity. 



Antidiabetic drugs:  new drugs, 
new problems
• Canagliflozin

• Empagliflozin

• Dapagliflozin

• Remogliflozin

• Sotagliflozin

• Sitagliptin

• Saxagliptin

• Linagliptin

• Vildagliptin



Sodium Glucose Transporter-2 Inhibitors

• Canagliflozin (Invokana®)

• Dapagliflozin (Farxiga®)

• Empagliflozin (Jardiance®)

• Plus several more “-agliflozins” in development



Scheen AJ.  Evaluating SGLT2 inhibitors for type 2 diabetes: pharmacokinetic and toxicological 
considerations.  Expert Opin Drug Metab Toxicol. (2014;10(5):647-663



Time after presentation (hours)

Patient 1 0 3 6.5 10 12

Na+ (mmol/L) 142 146 148 144 142

K+  (mmol/L) 4.3 4.2 4.5 4 4.6

Cl- (mmol/L) 102 115 119 117 117

HCO3- (mmol/L) 8* 10* 12* 17 17

Anion gap 32* 21* 17* 10 8

BUN (mg/dL) 43 39 34 31 27

Creatinine (mg/dL) 1.92* 1.31* 1.16* 0.98 0.88

Glucose (mg/dL) 366* 287* – – –

B-OHB (mmol/L) 12.43* – – –

AST (IU/L) 18 12 – – –

ALT (IU/L) 27 18 – – –

Lipase (U/L) 164* – – – –

VBG pH 7.09* – – – –

VBG pCO2 (mmHg) 29* – – – –

VBG pO2 (mmHg) 44 – – – –

VBG HCO3 (mmol/L) 8.8* – – – –

55 y/o F with T2DM on 
canagliflozin 300 mg 
daily.

Nausea, vomiting, 
polyuria over 24 h, 
tachycardia, 
hypotension, dry 
mucosa & epigastric 
abdominal pain.

Chai PR, Bonney C, Blohm E, Boyer EW, Babu KM. Canagliflozin-
associated diabetic ketoacidosis: a case report. Toxicol 
Commun 2017; 1(1):2-5.



54 y/o M T1DM on 
Humalog 25/35 units SQ 
BID, Albiglutide 50 mg 
daily, & Canagliflozin
300 mg daily.

Abdominal pain, nausea, 
vomiting, tachycardia, 
tachypnea. His dry 
mucosa & epigastric 
tenderness.

Time after presentation (hours)

Patient 2 0 2.5 5 8 14

Na+ (mmol/L) 137 138 134 134 132

K+  (mmol/L) 4.7 4.5 4.1 3.9 4.2

Cl- (mmol/L) 102 112 – 111 110

HCO3- (mmol/L) 8* 11* 9* 16 20

Anion gap 27* 15* – 7 2

BUN (mg/dL) 19 15 12 9 6

Creatinine (mg/dL) 0.76 0.65 0.71 0.62 0.48

Glucose (mg/dL) 327* 249* 334* 235* 103

B-OHB (mmol/L) 15.35* – – – –

AST (IU/L) – 8 – –

ALT (IU/L) – – 8 – –

Lipase (U/L) – – 14 – –

VBG pH 7.15* – 7.15* – –

VBG pCO2 (mmHg) 29* – 30* – –

VBG pO2 (mmHg) 81 – 65 – –

VBG HCO3 (mmol/L) 10* – 10.2* – –

Chai PR, Bonney C, Blohm E, Boyer EW, Babu KM. Canagliflozin-associated diabetic 
ketoacidosis: a case report. Toxicol Commun 2017; 1(1):2-5.



Hattersley AT, Thorens B. Type 2 Diabetes, SGLT2 inhibitors, and glucose secretion.  
N Engl J Med 2015;373:974-976.



Cascade of clinical events and metabolic changes leading to euDKA.

Rosenstock J, Ferrannini E. Euglycemic diabetic ketoacidosis: a predictable, detectable, 
and preventable safety concern with SGLT2 Inhibitors.  Diabetes Care 2015;38:1638-1642



• DKA and related events (ketoacidosis, metabolic acidosis, and 
acidosis) from 17,596 patients from randomized studies of 
canagliflozin through 11 May 2015.

• Most patients with DKA had a blood  glucose >300 mg/dL.

Erondu N, Desai M, Ways K, Meininger G. Diabetic ketoacidosis and related events in the Canagliflozin
Type 2 Diabetes Clinical Program.  Diabetes Care 2015;38(9):1680-1686.

Canagliflozin
100 qD

Canagliflozin
300 qD

Comparator*

Incidence (%) 0.07 0.11 0.03

Events/103 Pt-yr 0.522 0.763 0.238
*Placebo, Sitagliptin, Metformin, Glimepiride

~ 1 / 1000



Garg SK et al. Effects of sotagliflozin added to insulin in patients with Type 1 diabetes. 
N Engl J Med 2017. DOI: 10.1056/NEJMoa1708337

Primary and Secondary End Points.



Summary of Adverse Events.

Garg SK et al. Effects of sotagliflozin added to insulin in patients with Type 1 diabetes. 
N Engl J Med 2017. DOI: 10.1056/NEJMoa1708337

𝑂𝑅 = (𝐴 ∗ 𝐷)/(𝐵 ∗ 𝐶)
𝑂𝑅 = (21 ∗ 699)/ (4 ∗ 678)
𝑂𝑅 = 5.4 for DKA on sotagliflozin





Dipeptidyl Peptidase-4 inhibitors

Sitagliptin (Januvia®)

Linagliptin (Trajenta®)

Saxagliptin (Onglyza®)

Vildagliptin (Galvus®)

Alogliptin (Nesina®)



DPP-4 catabolizes Bradykinin and Substance P.

Craig et al. Int Arch Allergy Immunol 2014;165:119-127



Treatment of a life-threatening laryngeal bradykinin angio-oedema precipitated by dipeptidylpeptidase-4 inhibitor and 

angiotensin-I converting enzyme inhibitor with prothrombin complex concentrates.  Br J Anaesth. 2012;109(5):827-829. 

doi:10.1093/bja/aes371



• DPP-4 inhibitor may 
increase risk of ACEI-
Angioedema

• 4½ to 5 fold increase in risk 
with Vildagliptin and ACE-I.

• Class effect?

Byrd JS et al J Allergy Clin Immunol 2007;120:403-408

Brown NJ et al Hypertension. 2009;54:516-523

Byrd JS et al, Ann All Asthma Immunol 2011;106:436-438



Joint Pains



Presentation

• 28 y/o M presents with abdominal pain, nausea, 
intermittent vomiting for 2 days.

• Had similar visit to another hospital twice in the 
past 2 months.  

• “They couldn’t find out what’s wrong, so I came 
here.  They gave something that started with ‘D’. It 
helped for a while.”



Initial work-up

• IV fluid bolus

• Ondansetron 4 mg IVP

• CBC, BMP, LFTs, Lipase, UA

• Heart rate slightly lower

• 2+ urine ketones

• Nausea not improved

• Still having “10/10” abdominal 
pain.

• Asks if he can have a shower.

• Prochlorperazine 10 mg IVP
• reports slightly more relief.





• Increase in legal use of cannabis

• Increase in potency of available cannabis products

• Last decade of recognition of cyclic vomiting and abdominal 
pain in association with daily cannabis use









Proposed Clinical Criteria for Cannabinoid Hyperemesis

Essential for 
diagnosis

Long-term cannabis use

Major features Severe cyclic nausea and vomiting
Resolution with cannabis cessation
Relief of symptoms with hot showers or baths
Abdominal pain, epigastric or periumbilical
Weekly use of marijuana

Supportive features Age less than 50 y
Weight loss of >5 kg
Morning predominance of symptoms
Normal bowel habits
Negative laboratory, radiographic, endoscopic 
test results

Simonetto, DA, Oxentenko AS, Herman ML, Szostek JH. Cannabinoid hyperemesis: a case series of 98 
patients. Mayo Clin Proc. 2012; 87: 114–119.
Sorensen CJ, DeSanto K, Borgelt L, Phillips KT, Monte AA. Cannabinoid Hyperemesis Syndrome: Diagnosis, 
Pathophysiology, and Treatment—a Systematic Review.  J Med Toxicol 2017;13(1):71–87



Simonetto, D.A., Oxentenko, A.S., Herman, M.L., and Szostek, J.H. Cannabinoid hyperemesis: 
a case series of 98 patients. Mayo Clin Proc. 2012; 87: 114–119



Kim HS, Anderson JD, Saghafi O, et al. Cyclic vomiting presentations following 
marijuana liberalization in Colorado. Acad Emerg Med 2015;22:694–699.



Trends in cannabis 
dependency and 
persistent vomiting 
in hospital 
admissions
(HCUP data).

Al-Shammari M, Herrera K, Liu et al.  Effects 
of the 2009 medical cannabinoid legalization 
policy on hospital use for cannabinoid 
dependency and persistent vomiting.  Clin
Gastroenterol Hepatol 2017 (online ahead of 
print)



Treatment of CHS

• Ondansetron – seldom effective

• Phenothiazines – somewhat more effective

• Opioids – somewhat helpful for pain, but not for 
nausea.

• IV fluids – often necessary to correct dehydration.

Witsil JC, Mycyk MB.  Haloperidol, a Novel Treatment for Cannabinoid Hyperemesis Syndrome.  
Am J Ther 2017;24(1), e64–e67





Capsaicin

• TRPV-1 receptor agonist

• Often relieves symptoms when other treatments have 
failed.

• Mimics the effect of hot showers.

• Some patients dislike the burning sensation.

Dezieck L, Hafez Z, Conicella A, Blohm E, O’Connor MJ, Schwarz EJ, Mullins ME.  Resolution of 
cannabis hyperemesis syndrome with topical capsaicin in the emergency department: a case 
series.  Clin Toxicol 2017;55:908-913. 



CHS Conclusions
• Cannabis Hyperemesis Syndrome is 

increasingly common.

• Unexplained abdominal pain, 
nausea, vomiting.

• Typically have negative workups.

• History of daily or nearly daily 
cannabis use.

• Ask if hot showers give some relief.



CHS Conclusions

• 5HT-3 antagonists are usually ineffective.

• High potency dopamine antagonists are somewhat 
more effective.

• Topical capsaicin is often effective.

• Symptoms will subside with abstinence.



Improving Treatment of Acetaminophen 
Poisoning with Acetylcysteine



2.168 M human exposure calls in 2015

106 K regarding APAP (5%)

20,298 received IV acetylcysteine (22%)



“Intravenous acetylcysteine was given in an initial dose of       
150 mg/kg in 200 ml 5% dextrose over 15 minutes followed by 
50 mg/kg in 500 ml 5% dextrose over four hours and              
100 mg/kg in one litre 5% dextrose over the next 16 hours
(total dose 300 mg/kg in 20 hours). Roughly half of the patients 
were given Airbron, which is a 20% sterile aqueous solution of 
acetylcysteine for intrabronchial use. The remainder were given 
a similar solution specially prepared by the manufacturer for 
intravenous use.”



Acetadote® PI follows the Prescott infusion recipe

Specifies a bag 
size that does 
NOT exist.

Uses NON-
UNIT time 
intervals for 2nd

& 3rd infusions.

Uses VOLUME instead of 
MASS units in preparation.

Two different concentrations which are unique to each patient.



200 mL 
D5W

150 mg/kg 
over 1 h

500 mL D5W

50 mg/kg 
over 4 h

1000 mL D5W

100 mg/kg
over 16 h





UK NPIS follow-up questionnaires sent to physicians 
who treated APAP ODs with IV Acetylcysteine from 
1979 to 1983. 

22 NAC overdoses with five 10-fold overdoses

• 2 died. 

• 3 survived after hypotension (3), DIC (3), ARF (2).   



Measured NAC in 184 bags from 66 patients studied.

Only 37% delivered +/- 10% of the intended dose.

17 bags (9%) from 10 patients deviated by >50% of 
the intended dose.

All 3 bags deviated >50% in 3 patients.



Dose was accurate to within 10% only 50% of the time.







Acetaminophen Overdose Treatment Errors

Retrospective review of 221 acetaminophen overdose 
cases treated with IV acetylcysteine. 

• 84 medication errors occurred in 74 (33%) patients. 

• 1.4% incorrect dose

• 5% incorrect infusion rate, 

• 18.6%  >1 hour of interruption in therapy 

• 13.1% unnecessary administration 

Hayes BD, Klein-Schwarz W, Doyon S. Frequency of medication errors with intravenous 

acetylcysteine for acetaminophen overdose. Ann Pharmacother. 2008;42(6):766–770.



Grams instead of mL



mg/kg/h instead of mg/kg/16h



Remember the 
Rule of 6?

• 6 mg/kg dopamine added to 100 mL
• 1 mL/h = 1 mcg/kg/min

• 0.06 mg/kg epinephrine added to 100 mL
• 1 mL/h = 0.01 mcg/kg/min

McLeroy PA.  The rule of six: Calculating intravenous infusions in a pediatric 
crisis situation.  Hosp Pharm 1994;29(10):939-40, 943.





ISMP Quarterly Action Agenda April-June 1999.

Avoid Preparing Infusions Using the Rule of 6 or 
Broselow Tape.   ISMP Medication Safety Alert. 2005;10(4).

NPSG 2004

Goal 3.b. Drug concentrations should be limited 
to reduce the potential for error associated with 
stocking various concentrations of the same drug.



30 grams of 
Acetylcysteine in 1 L of 
D5W.

Standard concentration:  
30 mg/mL.

If Pt Wt </= 40 kg, then 
15 grams in 500 mL of 
D5W.  (30 mg/mL)

IV Acetylcysteine at BJH and SLCH



IV Acetylcysteine at BJH and SLCH

• Loading dose:  150 mg/kg/h for 
1 hour

• Maintenance infusion:  12.5 
mg/kg/h (equal to rate in middle 
bag of three bag method)

• Recheck APAP, AST, ALT at 20-24 h 
from ingestion (if known) to decide 
whether to stop or continue.



• Fewer errors with one-bag method.

• Compared to Maryland PCC data (using same 
definitions), total error rate was 20% at BJH compared to 
38% from Maryland PCC.  

• Administration errors dropped from 25% to 9%.



Bag 1
150 mg/kg of solution 
0.75mg/kg/mL= 60 mg/mL for 80 kg patient

Bag 2
50 mg/kg of solution with 
0.1 mg/kg/mL=8 mg/mL for 
80 kg patient

Bag 3 
100 mg/kg of solution with 
0.1 mg/kg/mL = 8 mg/mL for 80 kg patient.

Hours0 1 5 21

DD

Total dose = 300 mg/kg over 21 h



Loading infusion rate
150 mg/kg/h x 1 h

Maintenance infusion
12.5 mg/kg/h x 20 h

Hours0 1 5 21

Total dose = 400 mg/kg over 21 h



Standard concentration, easier to prepare, easier 
to administer, fewer errors, well tolerated

30 grams of Acetylcysteine          
in 1 L D5W.

Standard concentration:  
30 mg/mL

Loading dose:   
150 mg/kg/h for 1 h

Maintenance infusion:   
12.5 mg/kg/h  until patient 
meets  stopping criteria.



Digoxin

Portrait of Dr Gachet (1890) by 

Vincent van Gogh



Digoxin

• Rates of ED visit and hospital admission remain 
steady (NIESS and NAMCS data) at estimated 
>5,000 per year in US.

• 2015 NPDS data:  616 uses of Fab out of 1916 
digoxin or 1409 cardiac glycoside plant exposures.

See I, Shehab N, Kegler SR, et al.  Emergency Department Visits and Hospitalizations for 
Digoxin Toxicity, United States, 2005 to 2010.  Circ Heart Fail 2014;7:28-34.

Mowry JB, Spyker, DA Brooks DE, et al.  2015 Annual Report of the American Association of 
Poison Control Centers’ National Poison Data System (NPDS): 33rd Annual Report, Clini Toxicol 
2016 54:10, 924-1109.



Antidote:  When?  How much?  

• Elevated [K+] ?

• Elevated [digoxin] ?

• Digoxin dose?

• EKG changes?

• Other symptoms?



Fab antidote manufacturer’s recommendations







Revised recommendations

Acute Intoxication

• Give 80 mg (2 vials) digoxin immune Fab, repeated as 
required according to clinical parameters because the 
onset of clinical response is usually rapid (i.e. 60 
minutes). 

Chronic Intoxication

• Give 40 mg (1 vial) digoxin immune Fab at a time and 
repeat after 60 minutes if patient is still symptomatic, 
sooner if patient is clinically unstable. 

• In general, 40-120mg (1-3 vials) should be sufficient.





Decker et al.  Blood Purification for Lithium Poisoning.  Clin J Am Soc Nephrol 2015;10: 875–887



Graded Li+ intoxications as Grade I, II, or III.

No methods to describe classification.



207 Li+ cases in Ontario, Canada.
Referred to Hansen & Amdisen “criteria” but unable to 
reproduce the classification consistently.

Recommended HD based upon [Li+] > 4.0 mmol/L (acute) 
or > 2.5 mmol (chronic) or severe symptoms.



12 acute, 0 recommended for HD, 0 underwent HD (no discordant 
cases)

174 A/C, 9 recommended for HD, done in 6 (3 discordant cases)
1 death despite HD (peak Li+ 8.9 mmol/L) due to aspiration

19 chronic, 

8 recommended for HD, done in 2 (6 discordant cases)
1 death in patient with HD

11 not recommended for HD, 1 dialyzed (discordant case)

No apparent D in Pts with HD and Pts not dialyzed despite 
recommendation for HD.



ECTR recommended if any of the following conditions are present (1D):

(1) If kidney function is impaired and the [Li+] is >4.0 mEq/L.

(2) In the presence of a decreased level of consciousness,

seizures, or life-threatening dysrhythmias, irrespective of the [Li+].

ECTR suggested if any of the following conditions are present (2D):

(3) If [Li+] is >5.0 mEq/L.

(4) If significant confusion is present.

(5) If the expected time to reduce [Li+] to <1.0 mEq/L with

optimal management is >36 hours.

Decker et al.  Blood Purification for Lithium Poisoning.  Clin J Am Soc Nephrol 2015;10: 875–887





Vodovar D, et al.  Lithium poisoning in the intensive care unit:  predictive factors of severity and indications 
for extracorporeal toxin removal to improve outcome.  Clin Toxicol 2016;54:615-623.

Open circles = no ECTR.
Black circles = ECTR.

200 umol/L = 2.2 mg/dL



Toxic takeaways

• SGLT-1/2 inhibitors risk ketoacidosis despite near 
normal glucose concentrations.

• DPP-4 inhibitors may increase risk of angioedema 
during co-administration with ACE inhibitors.

• Cannabis Hyperemesis may occur with long-term, 
frequent cannabis abuse.  Relief with hot showers may 
be a clue.  Topical capsaicin or potent IV dopamine 
antagonists are helpful.

• Standard concentration N-Acetylcysteine of 30 mg/mL 
improves dose consistency and accuracy.

• Low doses of Digoxin Fab are best in digoxin poisoning.

• Higher threshold for dialysis in Lithium poisoning may 
be better.


