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Abstract

Painless bleeding in a patient presenting from the community with el-
evated coagulation studies rarely makes the physicians suspect super-
warfarin or rodenticide poisoning. Although a significant number of su-
perwarfarin exposure cases are diagnosed every year, we believe there
appears to be delay in diagnosis and confusion in determining what is
the ideal way to treat and monitor these patients during the manage-
ment. This is the first thorough literature review of all the reported cases
of superwarfarin poisoning which also studied the clinical presentation,
management and follow-up patterns. We present a 70-year-old man
who presented to the emergency room with epistaxis, melena, cola-
colored urine with elevated prothrombin time (PT), activated partial
thromboplastin time (aPTT) and international normalized ratio (INR).
Mixing studies showed complete correction of coagulopathy indicative
of factor deficiency. Additional history revealed that the patient had
arguments with family member at home and made us suspect super-
warfarin exposure. Qualitative brodifacoum testing was positive and
was managed with fresh frozen plasma and high doses of vitamin K1
(phytomenadione) with serial monitoring of INR and clinical symp-
toms. Superwarfarin poisoning should be considered in the differential
diagnosis of a patient who presents with above clinical and laboratory
profile especially in the absence of any history of coagulopathy or anti-
coagulant use. We want to raise public and especially physician aware-
ness that history taking, early diagnosis and managing in right clinical
setting play a significant role in survival of these patients.

Keywords: Superwarfarin; Phytomenadione; Painless bleeding

Introduction

This case report describes an uncommon cause of painless
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bleeding in an outpatient with markedly elevated international
normalized ratio (INR) and normal liver function tests (LFTs).
Superwarfarin poisoning should be considered in the differen-
tial diagnosis of a patient who presents with this clinical and
laboratory profile in the absence of any history of coagulopa-
thy or anticoagulant use.

Case Report

The patient was a 70-year-old man who presented to the emer-
gency room with epistaxis, melena and cola-colored urine.
He had first noticed the bleeding 5 days earlier, when he was
blowing his nose and saw bright red blood on the tissue. It
was not until he noticed black stool and cola-colored urine that
he decided to come to the emergency room to be evaluated.
His medical history included hypertension and type II diabetes
mellitus. His medication history included daily baby aspirin
and metformin, and a short course of azithromycin that was
prescribed by his primary care provider for a suspected up-
per respiratory tract infection. The patient denied any family
history of bleeding or thrombotic disorders and reported no
personal history of smoking, alcohol, or illicit drug use. On
physical examination, his vital signs were within normal lim-
its: blood pressure (BP) 133/73 mm Hg, pulse rate (PR) 91,
respiratory rate (RR) 24, temperature (T) 37.6 °C and peripher-
al capillary oxygen saturation (SpO,) 98% on room air. Physi-
cal examination showed gross bleeding from the right nostril.
The lungs were clear to auscultation. The abdomen was soft
without signs of trauma or bruising. Abnormal results of initial
laboratory tests were as follows: hemoglobin, 10.5 (reference
interval 13.4 - 15.4 g/dL); hematocrit (Hct), 32.4 (reference in-
terval 40-47%); prothrombin time (PT) > 120 (reference inter-
val 9.2 - 12.8 s); activated partial thromboplastin time (aPTT)
> 240 (reference interval 23.5 - 33.5 s); INR > 10 (reference
interval 0.7 - 1.2); and lactate dehydrogenase (LDH), 662 (ref-
erence interval 313 - 618 IU/L). Urinalysis (UA) was remark-
able for 4+ blood and > 50 red blood cell/high power field
(RBC/HPF). Computed tomography (CT) scans of the head
and sinuses were unremarkable except for mucosal thicken-
ing in the right maxillary sinus. CT of the chest, abdomen and
pelvis showed multilobar airspace infiltrates involving both
lungs, most prominently in the left lower lobe, and a 2-cm right
adrenal mass.

Because of the epistaxis and melena, the patient was ad-
mitted to the medical intensive care unit for close monitoring
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Table 1. Initial Screening and Follow-up Studies

Analyte

Result (reference interval)

Initial screening tests

Prolonged PT evaluation

PT immediate mix

Prolonged aPTT evaluation

aPTT immediate mix

Follow-up studies

Procoagulant factors
Factor II activity®
Factor V activity
Factor VII activity®
Factor VIII activity
Factor IX activity®
Factor IX antigen®
Factor X activity?®
Factor XI activity
Factor XII activity
Von Willebrand factor antigen
Ristocetin cofactor activity
VWF multimeric study

Prothrombotic risk factors
ATIII antigen
ATIII activity
Protein C antigen®
Protein C activity?
Total protein S antigen®

Free protein S antigen®

APL studies (including lupus anticoagulant, cardiolipin and beta2-glycoprotein I antibodies)

Serum immunofixation studies

Brodifacoum (qualitative test)

2425(9-11.5)
11759 - 11.5)
40's (22 - 34)
285 (22 - 34)

37% (70-150%)
110% (65-150%)
< 1% (60-175%)
152% (60-180%)
15% (50-160%)
1.11 (0.64 - 1.29)
27% (70-150%)
94% (65-150%)
92% (50-150%)
146% (50-217%)
82% (42-200%)

Normal

130% (70-150%)
125% (80-120%)
74% (70-140%)
58% (70-180%)
91% (70-140%)
57% (57-171%)
Negative (negative)
Negative (negative)

Positive (negative)

aVitamin K dependent factors. PT: prothrombin time; aPTT: activated partial thromboplastin time; VWF: von Willebrand factor; APL: acute promyelo-

cytic leukemia.

of supratherapeutic INR. Although a gastrointestinal consulta-
tion was requested, given the patient’s stable hemoglobin and
Hct, urgent endoscopy was not indicated. Initial PT and aPTT
mixing studies showed complete correction of coagulopathy
indicative of factor deficiency (Table 1). The patient received
four units of fresh frozen plasma (FFP) in the first 5 days of
his hospital admission, which controlled his melena and hema-
turia and led to correction of his INR (Fig. 1). Concurrently,
he was started on 10 mg vitamin K1 (phytomenadione) dur-
ing the first 5 days of hospitalization (Fig. 2). Human immu-
nodeficiency virus (HIV) and hepatitis panels were negative.
Additional history revealed that the patient was the father of
a 4-month-old baby with a new girlfriend, which led to argu-
ments with his wife at home. He admitted that his current wife
was cooking all his meals but did not suspect she would go
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to the extent of poisoning him. Despite not being on antico-
agulants, some form of rodenticide or superwarfarin exposure
was highly suspected, especially considering his extramarital
affair and home situation. Although the possibility of any un-
derlying malignancy (especially with CT of lung findings) was
considered, given the lack of history of weight loss or smoking
history and with the patient being up to date with health care
screenings, this differential diagnosis was not pursued.

The local poison control center was notified and, based on
their advice, blood specimens were sent for qualitative detec-
tion of brodifacoum. While awaiting the brodifacoum testing
results, we also submitted specimens as noted in Table 1 for
additional factor activity testing, antigen level measurement
and autoimmune evaluation for acquired causes of coagulopa-
thy. Based on the initial coagulation testing results and clini-
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Figure 1. Inpatient course: INR in relation to treatment (plasma infusion: three units on the first day of hospitalization and one

more unit on day 3). INR: international normalized ratio.

cal history, the patient’s dose of vitamin K1 was increased to
100 mg daily on day 6, and he was eventually discharged on
a dosage of 50 mg daily (Fig. 2). Brodifacoum testing even-
tually was reported to be positive using a high-performance
liquid chromatography/tandem mass spectrometry (LC-MS/
MS) assay (sensitive to 10 ng/mL). Factor antigens and ac-
tivities were all normal except for factor VII and IX activity,
which were markedly decreased. The results of all other auto-
immune tests, including serum protein electrophoresis (SPEP)

and urine protein electrophoresis (UPEP), were negative. Be-
cause of a significant insurance copay issue in getting vitamin
K1 as an outpatient, he was asked to follow up in our infusion
unit daily initially, then every other day for high-dose oral vi-
tamin K1 daily, followed by once a week, with treatment ta-
pered over the next 5 months (Fig. 2). After an additional 3
months of monitoring, given his persistently normal INR and
resolution of all symptoms, the decision was made to stop his
vitamin K1 treatment.

Outpatient Treatment

6.3 375
5. 300 ~
)
El
&
3.8 225 S
[ o
E (=]
et
2.5 150 =
o
8
=
o
s 13 75 =

0. 0
13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57
Outpatient Day
==INR. ==N1t k
Figure 2. Outpatient course: INR in relation to treatment. INR: international normalized ratio.
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Figure 3. Mechanism of action of warfarin and superwarfarins. Brodifacoum and other superwarfarin similar to warfarin exert
their effect by inhibiting VKOCRA1. Inhibition of VKOCR1 leads to reduced bioavailability of the metabolically active reduced form
of vitamin K resulting in decreased glutamyl carboxylation of vitamin K-dependent proteins including coagulation factors Il, VII, IX
and X, and protein S and C. S-warfarin and R-warfarin refer to S and R enantiomers of warfarin. VKORC1: vitamin K 2,3-epoxide

reductase complex subunit 1.

Discussion

Warfarin was one of the first-generation vitamin K antagonists
to be successfully used as anticoagulant rodenticide. Once rats
developed resistance to it, second-generation anticoagulant
rodenticides, called superwarfarins, were developed. These
included brodifacoum, bromadiolone and difenacoum. These
rodenticides are about 100 times more potent, and have 10 to
50 times longer half-life, with rapid onset of action and high
lipid solubility compared to warfarin. Brodifacoum is princi-
pal ingredient in more than 90% of rodenticides in the USA
[1]. As shown in Figure 3, these rodenticides strongly inhibit
the vitamin K 2,3-epoxide reductase (VKOR), an enzyme that
is essential for keeping vitamin K in the reduced, active hy-
droquinone form. Reduced vitamin K acts as a cofactor for
the y-carboxylation of vitamin K-dependent proteins by the
enzyme gamma-glutamyl carboxylase. By inhibiting VKOR,
gamma carboxylation of vitamin K-dependent clotting factors
(factor II, VII, IX, X, protein C and S) is impaired.

In adults, the usual route of superwarfarin toxicity is oral by
intentional (suicidal vs. homicidal), or accidental (inhalation or
by direct skin contact) exposure [2]. Most studies support first-
order kinetic elimination for serum brodifacoum, with a half-life
ranging from 16 to 36 days, but in rare cases, the brodifacoum
half-life can be as long as 62 days. These differences in reported
half-life values could be explained by patient-specific metabo-
lism of brodifacoum. The metabolism of brodifacoum has not
been delineated; however, since it has a substituted 4-hydroxy-
coumarin ring structure, its metabolism may be similar to war-
farin. It is suspected to be hydroxylated to inactive compounds
by mixed function oxidase enzymes in hepatic microsomes [3].

Signs and symptoms of superwarfarin poisoning include
epistaxis and gingival bleeding, gastrointestinal and pulmo-
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nary hemorrhage, hemarthrosis and hematuria. The toxic dose
of brodifacoum is difficult to determine, and a dose-response
relationship has not been determined. Survivors usually have
brodifacoum levels below 860 pg/L, but in the majority of cas-
es both patients and clinicians do not know the brodifacoum
concentration in the ingested product, and are unable to calcu-
late ingested doses [4]. Although many forms of vitamin K ex-
ist, vitamin K1 (phytomenadione) is the strongest and longest
acting, and is the preferred treatment in humans. Some studies
recommend vitamin K every 6 h, as factor VII has a half-life of
3 - 5 h. However, daily dosing of vitamin K1 has been shown
to lower PT and INR. The low frequency of dosing of vitamin
K1 can be explained by the duration of action in steady-state
conditions being near or possibly exceeding 24 h. Thus, some
papers report an initial vitamin K1 dosage of 15 to 300 mg
daily [5]. Currently, no standard treatment protocol exists for
superwarfarin exposure. However, once superwarfarin expo-
sure is suspected, the first step is to control the bleeding with
packed red blood cells, FFP and vitamin K1 followed by daily
vitamin K1. Patients with superwarfarin poisoning, if carefully
monitored and treated, have a high survival rate.

Although much of the literature on this subject recom-
mends following brodifacoum levels for months, we were un-
able to do so because of poor adherence to follow-up visits [6,
7]. Treatment endpoint in most case reports included discon-
tinuation of vitamin K1 treatment while monitoring PT and
aPTT [8]. Another proposed monitoring method is the evalua-
tion of brodifacoum levels at regular intervals, with a goal of
below 17 ng/mL or undetectable levels [9]. Another report rec-
ommended monitoring until the brodifacoum level is less than
10 pg/L [4]. However, it should be noted that only qualitative
monitoring is available in the USA.

The relationship between bleeding and prolonged coagula-
tion tests with long-acting anticoagulant rodenticide exposure
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is very well established and addressed in the literature [9]. Our
case is especially important because it is the first time that ex-
tensive coagulation testing has been reported. Vitamin K-de-
pendent factors were found to be abnormally low, while antigen
levels were normal as note in Table 1. In the last 25 years, from
1992 to 2017, we found 16 published cases as detailed out in
Supplementary Material 1 (www.thejh.org). Many of these case
reports highlighted different clinical presentations and reported
or evaluated different management approaches; however, none
emphasized the importance of considering superwarfarin poi-
soning in the differential diagnosis in a patient presenting with
painless bleeding. Furthermore, in these case reports, the day of
presentation varied, likely depending on the amount ingested,
age and co-morbidities of the patient. Among the 16 case reports
reviewed, predominant clinical manifestations were epistaxis,
hematuria and skin bruising, similar to our case. Other notable
clinical manifestations included flank pain, bilateral loin pain,
abdominal pain, suprapubic pain, chest pain, neck pain and
headache. All cases were managed with vitamin K, which was
tapered off slowly, and five (31%) of the 16 cases used FFP. As
poor treatment adherence may lead to profuse re-bleeding [2]
and our patient was non-adherent at home, we directly observed
oral vitamin K1 ingestion in our outpatient clinic. We could not
monitor quantitative levels of brodifacoum, as we believed our
approach using basic coagulation screening and in-clinic verifi-
cation of oral vitamin K1 treatment adequately treated the pa-
tient’s brodifacoum exposure. Given that the rodenticide expo-
sure is still high with an incidence of over 8,000 cases in 2012,
we hope that our case report in this clinical scenario will help to
increase awareness of this public health issue [10, 11].

Supplementary Material

Supplementary Material 1. Meta Analysis of All the Report-
ed Cases of Superwarfarin Poisoning.
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