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22/09/2021, Index patient:

• Macroscopic hematuria and hemoptysis, fatigue.

• Unremarkable complete blood count; 
normal kidney and liver function tests.

• History of drug of abuse (NG) & ethanol use.

• Non-coagulating blood sample.

• ED team recalled similar patient few days ago.



Previous patient (3 days ago)

• Weakness, hemoptysis, hematuria, bloody stools.
ED deterioration and diagnosis of brain hemorrhage.

• Non-coagulating blood sample



23/09/2021

• First Ministry of Health alert

• Many more to come in the following days

• Drug and blood samples were sent for identification



Forensic identification

• Brodifacoum was identified in some drug samples by the
Police Forensic Laboratory

• Blood and urine samples analysis is still pending



Arepally GM, Ortel TL. Bad weed: synthetic cannabinoid-associated coagulopathy. Blood. 2019 Feb 28;133(9):902-905.



Synthetic cannabinoids

• Synthetic cannabinoids are a large group of compounds 
with very high affinity binding the cannabinoid receptors 
(CB1 and CB2)

• They were originally developed by scientists to study the 
endocannabinoid system. E.g., HU-210 was first 
synthesized in 1988 by Raphael Mechoulam at the 
Hebrew University.

• Since 2004 (Israel-2010), sold as illicit drugs. 

• Cardiovascular and neuropsychiatric complications.
No inherent hematologic toxicity 



Long-acting anticoagulant rodenticide (LAAR) 

• 1939, Karl Link, in the University of Wisconsin Isolated 
the “hemorrhagic agent” in sweet clover: 
the coumarin derivative dicumarol. 

• 1944: Link developed “better mouse trap”
Out of 150 synthetic coumarin compounds 
developed he chose the potent compound #42, 
and named it Warfarin

• 1950’s-1960’s: more potent rodenticides:
1st generation LAAR          Resistance
2nd generation agents:
e.g., Difenacoum, bromadiolone and Brodifacoum Karl Link promoting warfarin 

as a rodenticide 
(courtesy of University of Visconsin).



Vitamin K cycle
A.Vitamin K cycle. 
Dietary vitamin K is a crucial participant in the γ-
carboxylation of vitamin K–dependent coagulation 
factors (procoagulants factors: FII, FVII, FIX, FX; 
anticoagulant proteins: PC, PS, PZ). The γ-carboxylated
factors and proteins are bolded and denoted in red. 
During γ-carboxylation, vitamin K hydroquinone (VKH2) 
is oxidized to vitamin K 2,3-epoxide (VKO). The epoxide 
form is reduced by VKOR to vitamin K1 (quinone) which 
is further reduced by vitamin K quinone reductase to 
vitamin K hydroquinone. 
B,: Impact of vitamin K antagonism. 
VKAs, which include warfarin and LAARs, inhibit VKOR 
(and to a lesser extent vitamin K reductase). The vitamin 
K cycle becomes inhibited at this step with progressive 
depletion of VKH2 and accumulation of vitamin K 2,3-
epoxide and of the nonfunctional PIVKAs. Reduction of 
circulating γ-carboxylated forms (denoted in italicized 
red) leads to prolongation of coagulation assays and 
bleeding complications.



Pharmacokinetics & pharmacodynamics

Agent Half-life

Warfarin 17-37 h

Difenacoum 11.5 d

Chlorphacinone 3.3-23 d

Brodifacoum 16-34 d

PD

• Very potent VKOR inhibitors:
Significant coagulopathy in adults 
(human) after deliberate ingestion 
of 1-2mg of brodifacoum

PK

• Well absorbed via the GI tract.

• Excreted predominantly as 
unchanged compound. 

• Enterohepatic recirculation

• Elimination half life: 

King N, Tran MH. Transfus Med Rev. 2015 Oct;29(4):250-8



Why Mixing??

• The rationale for mixing brodifacoum with synthetic 
cannabinoids remains currently unknown.

Accidental contamination.

To manipulate the cytochrome P450 system through 
competitive inhibition to potentially prolong the duration 
of the active form of the drug 
(Unknown exact mechanism).

Malicious contamination, either by a drug manufacturing 
competitor or as an act of bioterrorism



Clinical & epidemiologic manifestations
•  57 patients and still rising, Most of them in the northern 

part of Israel

• Rambam patients:

• All reported drug of abuse use, 
89% “Nice Guy”.

• 23/27 (85%) 
admission INR was 
non-coagulating 
(4/26: INR 5-20.5).

90% males,
Median age: 
40.5 years 
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Illinois outbreak 2018 
• March and April 2018, 174 patients.

• Bleeding diathesis marked by persistent coagulopathy

• Preliminary tests of patient serum samples revealed vitamin K antagonists, including 
brodifacoum, bromadiolone, and difenacoum

• Of 34 patients admitted to Saint Francis Medical Center in Peoria, Illinois

• median age: 37 years (27-46 years) 

• 71% males

• 76% had multiple bleeding symptoms

• The most common bleeding symptom 
at presentation was gross hematuria (56%)

• One died.

• 5/174 died in the outbreak.

Arepally GM, Ortel TL. Blood. 2019 Feb 28;133(9):902-905.
Kelkar AH. et al. N Engl J Med. 2018 Sep 27;379(13):1216-1223.



Treatment 
• Major bleeding symptoms: 

Prothrombin complex concentrate and/or fresh frozen plasma.

• Vitamin K1 (I.V            P.O)

• There is no consensus on the optimal initial dosing of vitamin K1, 
widely ranging doses (10-600 mg per day) reported in the literature.

• Rambam experience: 20mg X 3/day dosage was adequate in most 
cases.

• Generally, the lowest dose of vitamin K1 required to normalize PT 
and INR to normal or near-normal levels is advised.

• Vitamin K1 supplementation needs to be maintained for an 
extended period.



Duration of therapy
• Reported duration (case reports & case series): 1-8 months

• When can we stop vitamin K ??

1. Trial end error.

2. Vitamin k epoxide/vitamin K quinol ratio 
assessment: stop when the ratio < 0.1. 

3. TDM: 

• Serial blood measurements, 
1 - 2 weeks apart.

• Extrapolating the time to reach 
a blood brodifacoum concentration 
of less than 10 ng/ml using zero order or first order kinetics.

Yip L, Stanton NV, Middleberg RA. N Engl J Med. 2020 Apr 30;382(18):1764-1765. 
Feinstein DL. Et al. Clin Toxicol (Phila). 2020 Jul;58(7):716-724.

Brodifacoum Concentration over Time.

N Engl J Med 2020; 382:1764-1765



Other suggested therapies

• Cholestyramine has been suggested in order to interrupt 
enterohepatic recirculation (animal studies).

• Phenobarbital, CYP450 isozymes inducer (CYP3A4 and others), 
has been used in the treatment of LAAR poisoning to increase 
hepatic elimination via increased microsomal activity.



Primary conclusions & ongoing challenges
• Communication, communication and 

communication!

• Challenges:

• Coordination between hospitals, 
community clinics, MOH, police, 
laboratories.

• Lack of standard diagnostic criteria.

• No standardization of treatment, with various 
agencies recommending different initial and 
maintenance doses of vitamin K.

• barriers to long-term treatment.                                                    

ED’s
Coagulation units & 

hematology units

Labs

Regulatory
authorities 

(MOH), Police

IPIC



Thank you!


