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Abstract. Coumarin-derived rodenticides are currently the most popular pesticides to control rodents. The accidental
ingestion (AI) of these compounds in pediatric patients is frequently a reason for consultations. This is a descriptive
retrospective study based on data gathered from the medical records (MRs) of patients seen on-site at the “Superiora Sor
Maria Ludovica” Interzonal Acute Hospital Specialized in Pediatrics in the course of 6 years and 9 months. For this study,
139 MRs of patients between 0 and 14 years of age seen in the Emergency Service and in outpatient care were considered.
None of the patients showed at the time of admission signs or symptoms compatible with hemorrhage or irregularities in
their coagulation tests, except for two patients. In line with the bibliography consulted, most Al in pediatrics do not have
any relevant clinical effect. There is no formal prescription for complementary biochemical studies for patients under 6 years
of age with Al of coumarin rodenticides. By means of a thorough anamnesis, the physician will be able to detect those
patients that require special care, coagulograms and clinical monitoring with alarm instructions aimed at the appearance of

bleedings.

ost consultations in Toxicology are related to the

accidental ingestion (AI) of drugs or household

products, and have low or no toxicity, either due
to the low dosage ingested or to the lack of toxicity of the
substance. Among the products available in the household,
coumarin rodenticides (both warfarin and superwarfarin-
type) are the most common compounds used in rodent
control and are rarely related to medically relevant
poisoning.!

In our field there is no up-to-date epidemiologic data.
Therefore, provided below is the detail of the main charac-
teristics of patients seen on-site at the “Superiora Sor
Maria Ludovica” Interzonal Acute Hospital Specialized in
Pediatrics (SSMLSP), in the city of La Plata (Buenos Aires,
Argentina), regarding Al of coumarin rodenticide in the
course of 6 years and 9 months.
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I MATERIALS AND METHODS

Descriptive retrospective study based on data gathered
from the medical records (MRs) of patients seen on-site at
the SSMLSP between January 1, 2017 and September 30,
2023. The information was collected from the MRs taken by
clinical toxicologists at the Toxicology Service of the afore-
mentioned hospital. 139 MRs of patients presenting Al of
coumarin rodenticides between the ages of 0 and 14 who
made on-site consultations, whether through the Emergency
Service (ES) or outpatient care (OC). A search of available
bibliography was performed in virtual databases such as
PubMed, TripDataBase, Cochrane, Google Scholar y SciELO,
scientific dissemination books, and consensus documents.
The keywords used (both in English and Spanish) were:

«

“rodenticides”, “anticoagulants”, “antithrombotics”, “su-

” e » o«

perwarfarin”, “warfarin”, “poisonings”, “accidental inges-
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tion”, and “pediatrics”. The results in both languages were
arranged in order of importance and 20 scientific articles
were selected including case reports, systematic reviews,
consensus and clinical practice guidelines.

N resuLts

The qualitative variables are presented in absolute numbers
and in percentages. Out of the 139 patients, 85 (61.1%) were
male, 52 (37.4%) were female and 2 patients (1.4%) no data.
The age average was 26.7 months, the youngest being 8
months old and the oldest 8 years of age. 124 patients (89%)
were seen in the ES and 15 (10.7%) patients in OC. Out of
those who visited the ES, 71 patients (58.2%) did it within 2
hours of the ingestion, 8 (6.4%) between 2 and 6 hours, and
6 (4.8%) after 12 hours of the ingestion. There is no data for
this variable for 38 patients (30.6%).

Regarding medical treatment, a decontamination
procedure with activated charcoal (AC) was performed on
76 patients (61.2%). Tests were performed on 81 patients
(58.2%) upon their admission, including a hemogram and
coagulogram with prothrombin time (PT) and activated
partial thromboplastin clotting time (KPTT). The normality
of the PT was tested using the Kolmogorov-Smirnov test.
The median was 98 and the interquartile range was between
86-100. The PT median was 91.87 with a standard deviation
(SD) of 11.57. Out of this percentage, 50 patients (35.9%)
were monitored with a coagulogram after 48 hours of the
ingestion, with an average PT of 86.5 and SD of 10.9. 29
patients (20.8%) continued with the examinations after one
week, with an average PT of 87 and SD of 7.6. Of these
patients, 15 were examined after one month with an average
PT of 88.2 and SD of 10.6. Only two patients (1.5%) showed
irregularities in their PT upon their admission, successfully
treated with the prescription of a dose of vitamin K (VK).

None of the patients showed upon their admission or
afterwards any sign or symptoms compatible with
hemorrhage. Out of all the patients, 90 (65%) attended the
postliminary examinations. These examinations were
performed 48 hours, one week and one month after the first
consultation. The remaining 49 patients (35%) did not attend
the appointments or contact was lost.

I DISCUSSION
General aspects

Rodenticides are pesticides made for killing rodents.

Three species are considered worldwide plagues: 1) the

”

“brown rat”, “sewer rat” or Rattus norvegicus, 2) the “black rat”
or Rattus rattus, and 3) the “house mouse” or Mus musculu.
They have adapted very well to the urban environment, being
related to numerous sanitary issues.>? A wide variety of
rodenticides is used to control them, which pose a potential
health risk. Humans can also suffer their effects, being that
they are chemicals specifically designed to kill mammals,
and both rodents and humans live in the same environment.
Rodents have developed a resistance against classic
rodenticides, which is why new substances have been created
which boast more power, effectiveness and toxicity.?

Rodenticides are classified into three groups: gaseous,
mineral, and organic. Examples of gaseous rodenticides are
hydrogen cyanide and methyl bromide. Mineral rodenticides
include arsenic, phosphorus, thallium, barium and fluorine.
Finally, organic rodenticides include strychnine and coumarin-
based compounds, both warfarin and superwarfarin-type.
The latter are VK antagonists, widely used for rodent con-
trol worldwide.* In Argentina there are 48 formulas available
for professional use and 6 sold over-the-counter of warfarin
and superwarfarin rodenticides. They are registered in the
National Administration of Drugs, Food and Medical
Devices (ANMAT, by the Spanish acronym). In professional-
grade formulas, 46.2% contain 0.005% brodifacoum, while
40.7% contain bromadiolone at an equal concentration. The
rest contain flocoumafen, difetialone, difenacuom or war-
farin. Most of those available over-the-counter (66.6%)
contain 0.005% Bromadiolone. These rodenticides are sold
as paraffin-coated baits, pellets and small seeds.> A liquid
formula sold in the informal market has been identified,
which had hydroxycoumarin as an active ingredient. It was
banned by ANMAT in 2018.°

The origin of rodenticides can be traced back to 1939
with the identification of bis-hydroxywarfarin or di-
coumarol, after hemorrhagic disorders (with a decrease in
plasma prothrombin levels) were observed in bovines that
had ingested Melilotus albus or “sweet clover”. This in turn
gave way to the later synthesis of warfarin, commercially
available from 1955.7% Superwarfarins, a group comprised
of 4-hydroxycoumarins and indandiones, were produced as
a result of the resistance to the warfarin developed by ro-
dents. The 4-hydroxycoumarins used today are difena-
coum, brodifacoum, bromadiolone, and coumatetralyl.
Indandiones comprise chlorophacinone, diphenadione, and
pindone. All of them have a two-ring structure similar to
warfarin.
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Toxicokinetics

The oral bioavailability of warfarin is close to 100%, it
permeates the blood—brain barrier and it is distributed in the
liver, spleen, lungs, and kidneys, with a half-life of 20 to 60
hours. Its duration of action is 2 to 5 days and 99% circulates
bound to proteins, with a low volume of distribution. It is
metabolized in the liver and excreted in the urine.!®

Although superwarfarin is mainly absorbed orally,
absorption through the skin and via inhalation has also
been observed. It is highly fat-soluble (it accumulates in the
liver and adipose tissue) and it undergoes enterohepatic
circulation. It is excreted in the urine and fecal matter.
Superwarfarin is 100 times more potent than warfarin, with
a more prolonged action (even after just one dose). The toxic
dose of brodifacoum is 0.1 to 0.27 mg/kg, with a half-life of
114 days; for bromadiolone it is 0.17 mg/kg, with a half-life
of 28 to 318 days.” It has been observed that 1 mg of the
active ingredient of brodifacoum could potentially be fatal
in adults.!® As it is not able to act upon already active factors
causes the full anticoagulation effects to occur after several
hours and even days.! Therefore, after being exposed to
superwarfarin the onset of coagulopathy (measurable with
PT) depends on the half-life of VK-dependent coagulation
factors, which range from 6 hours for factor VII to 60 hours
for prothrombin.” Table 1 shows the half-life (t1/2) of VK1
and VK-dependent coagulation factors.®

Toxicodynamics

The action mechanism of these pesticides is determined
by their disruption of the coagulation cascade. This chain of
events begins with the activation of proteases known as
coagulation factors and ends with the activation of thrombin,
which is key for platelet activity and to convert fibrinogen
into fibrin. Factors II -or prothrombin-, VII, IX, and X, and
proteins C, S, and Z all depend on y-carboxylase, a VK-
dependent liver enzyme.3?

VK is a fat-soluble vitamin which can be synthesized or
found in nature. There are currently 3 subtypes of VK, all
of them have a two-ring structure with differing carbon
side chains.”® Vitamin K1 (VK1), phytomenadione or
phytonadione is synthesized by plants and algae; vitamin K2
(VK2), natural or menaquinone is produced by bacteria; and
vitamin K3 (VK3) or menadione is synthetic and is converted
into active K2 in vivo. VK is necessary for y-carboxylation of
glutamate residue in order to activate factors II, VII, IX,
and X, and proteins C, S, and Z, all of which have pro-

TABLE 1. Half-life (t1/2) of VK1 and VK-dependent coagulation
factors (adapted from Haddad LM et al., 1998).

Half-life time (t1/2)

VK1 1.7 hrs.
Factor Il 50-80 hrs.
Factor VII 6 hrs.
Factor IX 24 hrs.
Factor X 25-60 hrs.

coagulant effect. Through y-carboxylase, it is responsible for
the conversion of glutamate into y-carboxyglutamate, which
is present in active coagulation factors. This compound
chelates Ca**, which allows for the bonding of these factors
to phospholipid membranes during the activation of the
coagulation cascade. A decrease or absence of VK (which
has a half-life of 1.7 hours) renders factors II, VII, IX, and X,
and proteins C, S y Z inactive, which affects this process and
creates an anticoagulable state.®

Coumarin rodenticides act by inhibiting the enzyme VK
2,3-epoxide reductase and prevents the organism from
recycling VK. Additionally, there is evidence that suggests
that these pesticides could also inhibit the enzyme VK
quinone reductase.’ Fig. 1 exhibits the VK cycle and the
enzyme inhibition that is produced by superwarfarin
rodenticides. The exact mechanism by which these
substances inhibit the aforementioned enzymes is still
unclear.” After the drop in plasma levels of VK, clinically
relevant changes can only be witnessed after 24 hours.”®

Medical approach

Anamnesis. 1t is essential to specify the latency of the
ingestion, the amount and the format of the product.
Normally, the pesticide is sold in solid rodenticides similar to
grains of rice or paraffin-coated baits of various shapes and
sizes. The liquid format is less frequent but it can be found,
albeit it is more strictly regulated. Fig. 2 pictures different
rodenticides we have confiscated in our institution over time.

Decontamination. In cases where the ingested dose is
unknown and within one hour of said ingestion, the
preferred gastrointestinal decontamination technique is the
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Figure 1. The VK cycle and enzyme inhibition produced by superwarfarin rodenticides (adapted from Nelson L et al., 2019).

administration of AC.! Prior nasogastric intubation in order
to perform a gastric lavage depends on the rodenticide dose
being potentially lethal, which could be possible if the
ingestion was deliberate or if the patient suffers from any
cognitive disability.
Clinical presentation. In line with our findings and the
bibliography that was consulted, most Al in pediatrics do
not have clinical effects. None of the patients showed
hemorrhage upon admission or in subsequent examinations.
Only 2 patients presented irregularities in their PT, which
were succesfully treated with a single dose of VK (this could
have been caused by a preexisting deficit and not by
coumarin rodenticide poisoning). The low risk of poisoning
described in the bibliography is linked to the small amounts
that are ingested (because of, for example, bittering
substances that are added to the rodenticides) and the fact
that the dose of active ingredients is usually low in household
preparations. In cases where larger amounts are ingested,
mainly in adults or children over 6 years of age, these
agents begin to have clinical effects 24 to 48 hours after
ingestion, due to the half-life of coagulation factors. Signs
and symptoms of hemorrhage are the most distinctive
clinical characteristics of this poisoning.

The first signs include gingival bleeding, epistaxis,
macroscopic hematuria, gastrointestinal bleeding (melena

or hematochezia), metrorrhagia, hemoptysis, ecchymosis,
and peri-articular hematomas, which in some cases could
be severe. Patients can also show signs of anemia or
hypovolemia such as tachycardia, arterial hypotension,
fatigue and dyspnea on exertion, headache, abdominal or
chest pain. In cases of severe poisoning the patient can
suffer a hypovolemic shock and subsequent death.>’ It has
also been observed that VK antagonists could have a
procoagulant effect, some cases being reported where
patients exposed to superwarfarin suffered from thrombosis
as well as bleeding, which is likely to be related with the
inhibition of proteins C and S.!?

Diagnosis. The gold standard is the determination of su-
perwarfarin in serum by a high-performance liquid chro-
matography (HPLC)’, which in our context is performed in
few laboratories and with limited access. The PT and the in-
ternational normalized ratio (INR) are widely available bio-
markers which can be used to identify the coagulopathy
caused by coumarin rodenticides.” Alterations in these
parameters are normally seen 24 to 48 hours post ingestion,
after VK-dependent coagulation factors decay. The PT
reference range varies from 10 to 14 seconds and activity
over 70%. Results may vary significantly depending on the
technique used, which is why INR was developed in an
attempt to standardize said result.!?1?
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Figure 2. Photographs of rodenticides brought by patients seen in our hospital. The different formats of this product should be noted:

paraffin-coated baits, ampoules (liquid content), and “grains of rice".

It is recommended to perform a coagulogram upon
admission and 48 to 72 hours after in the following cases:
1) ingestion of unknown or large doses; 2) children over 6
years of age in which the ingested dose, even a single Al,
may be toxic; 3) patients with symptoms; 4) intentional in-
gestion; 5) chronic or repeated ingestions; 6) ingestion in
patients using other anticoagulants; and 7) suspected
Munchausen syndrome, negligence, child abuse and neu-
rodevelpment disorders.!* In the first two, the initial coagu-
logram can be omitted, assuming that it should report normal

values. As stated in the bibliography, several authors”1020
have dismissed performing coagulograms in cases of Al of
non-toxic doses -under 1 mg of active ingredient- in patients
under 6 years of age.”!* Those patients can be subject to
outpatient care with attention to warning signs and clinical
follow-ups, given that there were no clinical symptoms in
patients in this age group who presented AI.1:16:20

Treatment. The specific treatment is VK1 supplementation.
It is recommended in patients with signs of hemorrhage
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or biochemical alterations and not prophylactically.!®!3
Presently, there is no established dose. According to some
studies, a dosage of 30 mg/day of VK1 in doses divided by
day is accepted, ideally PO. It will depend on the patient’s
PT and/or INR and ranges from 25 to 50 mg per day'.
Intramuscular (IM) route is not advised due to the risk of
creating hematomas. 1 mg/kg intravenous (IV) VK is mainly
used in hemodynamically unstable patients or who have
active bleeding.'®!° Serum brodifacoum and chlorophacinone
were found useful to observe exposure and to determine
when the VK treatment can be stopped.'® In cases where the
patient presents active bleeding, in addition to the specific
treatment an additional treatment is recommended, which
consists of prothrombin complex concentrates (with factors
II, VII, IX, and X) or activated recombinant factor VII or
fresh frozen plasma if the concentrates are not available!”.

Monitoring. Als in children under 6 years of age have a low
clinical toxicity index. No cases of hemorrhage or other
clinical symptoms were observed in this age group with

accidental exposure.!>? Therefore, only clinical monitoring
and blood tests should be performed on the groups described
in the Diagnosis section.

I CONCLUSIONS

Coumarin rodenticides are compounds that can be easily
accessed by children. Consistent with the findings in our
hospital and in line with the bibliography, we can conclude
that AI of rodenticides in pediatric patients under 6 years of
age does not warrant additional routine biochemical tests. A
detailed anamnesis will allow the physician to detect those
patients that require special care, coagulograms and clinical
monitoring with warning instructions aimed at the

appearance of bleedings.
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