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Objective: To evaluate the most common locations of hemorrhage in dogs diagnosed
with anticoagulant rodenticide intoxication.

Animals: Dogs presenting with hemorrhage secondary to anticoagulant rodenticide
intoxication between at two university veterinary teaching hospitals.

Procedures: Medical records were searched from the years 2010 through 2020 and
all records from dogs treated for hemorrhage secondary to anticoagulant rodenticide
intoxication were reviewed. Dogs were diagnosed with anticoagulant rodenticide
intoxication based on the combination of known exposure and prolonged coagulation
testing, including prothrombin and activated thromboplastin time, or based on gas
chromatography-mass spectrometry (GCMS). The diagnosis of hemorrhage was made
based on physical exam findings, point-of-care ultrasound findings or radiography.

Results: Sixty-two dogs met the inclusion criteria and were included in the
study. The most common sites of hemorrhage included: pleural space (hemothorax
37%), pulmonary parenchyma (24%), abdomen (24%), skin/subcutaneous (21%),
gastrointestinal tract (18%), pericardium (13%), oral cavity (13%), nasal cavity (11%),
ocular (8%), and urinary tract (7%). Overall, forty-five dogs (73%) had evidence of
cutaneous or mucosal hemorrhage while thirty-three (53%) of dogs had evidence
of cavitary hemorrhage. Forty-five percent of dogs had hemorrhage noted at only
one site, while 55% experienced hemorrhage at more than one site. The location of
hemorrhage and total number of hemorrhagic sites was not associated with survival or
transfusion requirement.

Conclusions and Clinical Relevance: In conclusion, this study highlights that dogs
with anticoagulant rodenticide intoxication present with diverse locations of hemorrhage
and the majority of dogs had non-cavitary hemorrhage noted.
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INTRODUCTION

Rodenticide ingestion has been among the top ten most common
toxicities of dogs for the last two decades according to annual
reports conducted by the American Society for Prevention
of Animal Cruelty (ASPCA) (1-3). Despite legislation passed
in the United States in 2011 banning the use of second-
generation anticoagulant rodenticides from consumer use,
anticoagulant rodenticide intoxication remains a common
toxicity reported in domestic animals (1-3). Warfarin, the
first anticoagulant rodenticide, was registered for use in 1950
and was widely used for rodent control (4). The development
of resistance to warfarin in the following decades led to the
development of second-generation anticoagulant rodenticides
such as brodifacoum, bromadiolone, and diphacinone. These
second-generation anticoagulants are potent intoxicants and
have a significantly longer half-life than first-generation
anticoagulants (1). These characteristics result in greater risk
of severe morbidity and mortality to dogs that are exposed to
these rodenticides.

Anticoagulant rodenticides prevent the recycling of vitamin
K, which is required to activate coagulation factors II, VII, IX,
and X via y-carboxylation (5, 6). For vitamin K dependent
coagulation factors to become functional, reduced vitamin K,
hydroquinone, is required for posttranslational y-carboxylation.
During the y-carboxylation process, hydroquinone is oxidized
into inactive vitamin K epoxide. The enzyme vitamin K epoxide
reductase is required to catalyze the conversion of inactive
vitamin K epoxide back into hydroquinone (6). Anticoagulant
rodenticides act to antagonize the action of vitamin K epoxide
reductase, and consequently hydroquinone is no longer available
to activate vitamin dependent coagulation factors (6). The
body’s supply of active coagulation factors II, VII, IX, and
X become depleted and result in significant hemorrhage after
3-5 days (6). Patients often present to veterinary hospitals
with non-specific complaints such as lethargy, anorexia, and
pallor (5-7). Hemorrhage secondary to anticoagulant rodenticide
may occur at any site and has been reported to cause body
cavity hemorrhage, gastric hemorrhage, uterine hemorrhage,
hemorrhage into the upper airways, pericardium, joints and
eyes (8-16). Despite the various reports regarding potential
sites of hemorrhage there is no published literature that
identifies the incidence of locations of hemorrhage in dogs
with anticoagulant rodenticide intoxication. As clinical signs
overlap with those caused by coagulopathies of varying etiologies,
the establishment of common locations of hemorrhage may
allow clinicians to more quickly and accurately diagnose
patients with anticoagulant rodenticide intoxication when
history of ingestion is unknown. The goal of this study was
to determine the most frequent sites of hemorrhage associated
with anticoagulant rodenticide intoxication in dogs. Secondary
objectives of this study were to identify the incidence of
single vs. multiple sites of hemorrhage and to determine
if there was any correlation between location and number
of sites of hemorrhage with transfusion requirement or
patient outcome.

MATERIALS AND METHODS

Case Selection Criteria and Medical

Records Review

Medical records from the XXX and XXX from the years
2010 through 2020 were searched for all dogs treated for
hemorrhage secondary to anticoagulant rodenticide ingestion.
Dogs were included in the study when anticoagulant ingestion
was confirmed based on history, including known access or
witnessed ingestion in combination with prolonged prothrombin
time or with gas chromatography mass spectroscopy (GCMS).
Dogs without definitive diagnosis of anticoagulant intoxication
based on historical questions or laboratory data were excluded
and if dogs were suspected and treated for rodenticide toxicity
but no known exposure was noted they were excluded from
data collection. Diagnosis of hemorrhagic sites were made based
on either direct visualization of hemorrhage from nasal cavity,
skin, eyes or oral cavity, or findings on diagnostic imaging
including radiographs or POCUS in combination with diagnostic
paracentesis (peritoneum/retroperitoneum, pleural space, and
pericardium). Gastrointestinal hemorrhage was diagnosed based
on the presence of hematemesis, melena or hematochezia,
urinary tract hemorrhage was based on presence of hematuria
and suspected pulmonary hemorrhage diagnosis was based on
evidence of radiographic changes consistent with pulmonary
infiltrates or hemoptysis.

All dogs were clinically managed according to clinician
discretion and all dogs received treatment with Vitamin K.
Decision for transfusions were made on clinician discretion
and client consent. Due to the retrospective nature of this
study informed client consent was not obtained at the time of
data collection.

Data Analysis

Statistical analyses were performed using commercially
available software (R version 4.0.3, R Foundation for Statistical
Computing, Vienna, Austria). The relationship between survival
rate and the number of bleeding locations was evaluated by
logistic regression. To assess the effect of each bleeding site on
the survival rate, univariate logistic regressions were performed.
Similar analyses were performed for the relationship between
transfusion and the number of bleeding sites. These effects were
considered statistically significant for P-values < 0.05.

RESULTS

Seventy-three records were reviewed and sixty-two dogs met
the inclusion criteria based on prolongation of prothrombin
time (PT) in combination with known exposure or witnessed
ingestion or based on GCMS testing. Five dogs were diagnosed
based on GCMS while the remaining fifty-seven dogs were
diagnosed based on the combination of known access/exposure
or witnessed ingestion and prolongation of clotting times.
Each patient’s presenting complaint and location of hemorrhage
were recorded including number of sites of hemorrhage. Other
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FIGURE 1 | Locations of hemorrhage.
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variables collected included: blood products administered and
survival to discharge.

Sites of reported hemorrhage included: pleural space,
pulmonary parenchyma, abdomen, skin, gastrointestinal
tract, pericardial space, oral, nasal, ocular and urinary tract.
The most common sites of hemorrhage included: pleural
space (hemothorax 37%), pulmonary parenchyma (24%),
abdomen (24%) [hemoabdomen (23%) and retroperitoneal
space  (2%)], skin/subcutaneous (21%), gastrointestinal
tract (18%), pericardium (13%), oral cavity (13%), nasal
cavity (11%), ocular (8%), and urinary tract (7%) (Figure 1).
Hemoarthrosis was not reported in any dog. When assessing
the overall results, forty-five dogs (73%) had evidence of
cutaneous or mucosal hemorrhage while thirty-three (53%)
dogs had evidence of cavitary hemorrhage. Total sites of
hemorrhage in this study were 109 sites. Cavitary hemorrhage
including: hemothorax, hemoabdomen or pericardial effusion
accounted for 44 of the sites of hemorrhage (40%). Non-cavitary
hemorrhage accounted for 65 sites (60%) and was present
in 73% of dogs presenting for anti-coagulant rodenticide
intoxication. Twenty-eight dogs (45%) had hemorrhage
noted at 1 site and 25 dogs (40%) had hemorrhage reported
at two sites. Dogs with multiple locations of hemorrhage
included five dogs (8%) with three sites, three dogs (5%) with
four sites, and one dog (2%) with five sites of hemorrhage
(Figure 2).

Dogs presenting with anticoagulant rodenticide often present
with hemorrhage at more than one location (5). Twenty-
eight (82%) of dogs with hemorrhage at multiple sites had
a combination of cavitary and non-cavitary hemorrhage.
Three dogs (9%) had only cutaneous or mucosal hemorrhage
and three dogs (9%) had only cavitary hemorrhage. The
most common combination of hemorrhagic sites included
pleural effusion (hemothorax) and pulmonary hemorrhage in
12% of dogs. Fifty-four dogs (87%) survived to discharge.

u1 SITE
2 SITES
3 SITES
4 SITES

u5 SITES

FIGURE 2 | Sites of hemorrhage.

Four dogs died and four were euthanized. Of the four
dogs that died three had necropsy exams perform that
revealed severe, diffuse hemorrhage include intra-cranial
hemorrhage and retroperitoneal hemorrhage in one dog
and the other two dogs had severe hemopericardium,
hemothorax and hemoabdomens noted. There was no
correlation found between survival and the location of
hemorrhage or with the number of sites of hemorrhage
(p = 0.69).

Forty-eight dogs (78%) received transfusion with blood
products. The need for transfusion was based on clinician
discretion. Fourteen dogs did not receive a transfusion. Of the
fourteen dogs that did not receive a transfusion, six did not
survive to discharge. The remaining eight cases that survived to
discharge but did not receive a transfusion, five did not receive a
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transfusion due to the mild nature of hemorrhage and three did
not receive a transfusion due to owner finances. All dogs received
Vitamin K therapy. Of the dogs that did receive a transfusion, 46
(96%) were transfused with canine fresh frozen plasma. Two dogs
(4%) received canine frozen plasma. Twenty-four dogs (50%)
received a transfusion with canine packed red blood cells and
one dog (2%) received canine whole blood. Four dogs (8%)
received an autotransfusion. The location of hemorrhage was not
associated with the need for any blood product (p = 0.95). Dogs
were hospitalized for an average of 39 h (range 1-144 h).

DISCUSSION

Anticoagulant rodenticide is a common toxicity reported in
dogs and is associated with clinical hemorrhage due to vitamin
K antagonism. Vitamin K antagonism results in depletion of
vitamin K dependent coagulation factors, II, VII, IX and X (5).
The clinical signs of anticoagulant rodenticide intoxication vary
depending on the site of hemorrhage and can include non-
specific signs such as dyspnea, coughing/hemoptysis, lethargy,
inappetence, vomiting, respiratory distress and cough (5,
9, 14). Dogs also present with a variety of clinical exam
findings including shock, tachycardia, weak pulses, pallor,
increased respiratory rate and effort, subcutaneous hematomas
or ecchymosis and it is essential to differentiate anticoagulant
rodenticide intoxication from other coagulopathies (5, 7).
Diagnosis of anticoagulant rodenticide is often made based
on the combination of exposure, clinical signs and prolonged
coagulation times (5). Additional diagnostics utilized in the
diagnosis of anticoagulant rodenticide intoxication includes
high-performance liquid chromatography or GCMS (7). While
it is documented that toxicities associated with anticoagulant
rodenticide intoxication may cause hemorrhage at any site within
the body, it is classically associated with cavitary hemorrhage
(14, 17, 18). Previous reports describe high percentages of
thoracic and abdominal radiographic abnormalities, 82 and 71%,
respectively, however, specific locations of hemorrhage have
not been previously evaluated (5). In addition to the more
commonly noted cavitary hemorrhage, multiple case reports
have described unusual locations of hemorrhage including: upper
airways, gastric lumen and uterus (12-14). Due to the varying,
non-specific presenting signs associated with anticoagulant
rodenticide intoxication, the goal of this retrospective analysis
was to evaluate the most common locations of hemorrhage in
dogs diagnosed with anticoagulant rodenticide intoxication.

In this study, hemorrhage occurred at multiple sites including:
thorax, abdomen, skin/subcutaneous tissue, gastrointestinal
tract, oral cavity, nasal cavity, eyes and urinary tract.
Hemorrhagic pleural effusion, with a diagnosis of hemothorax,
was the most prevalent single site of hemorrhage (37%), however,
when assessing the overall results, 73% of dogs had evidence
of cutaneous or mucosal hemorrhage in contrast to 53% of
dogs with evidence of cavitary hemorrhage. While cutaneous
and mucosal hemorrhage is often considered to be associated
with a defect in primary hemostasis (thrombocytopenia or
thrombocytopathia), cutaneous and mucosal hemorrhage may

be secondary to defects in secondary hemostasis, including
anticoagulant rodenticide intoxication (19). In this study,
non-cavitary hemorrhage was the most predominant category
of hemorrhage in regards to overall sites of hemorrhage, 60%
and also present in 73% of cases presenting for anticoagulant
rodenticide intoxication.

Due to the nature of anticoagulant rodenticide and its systemic
effects, treatment typically includes the provision of active
clotting factors via transfusion therapy and exogenous vitamin
K administration (11). Seventy-seven percent of dogs received a
transfusion. The location of hemorrhage did not correlate with
the type of or need for a transfusion. However, patients whose
treatment included a transfusion did significantly increase the
rate of survival to discharge. When assessing the survival rate of
dogs who received a transfusion vs. those who did not, 36% of
dogs that did not receive a transfusion died prior to discharge
or were euthanized during hospitalization. One dog who did
not receive a transfusion was discharged to be euthanized by
its primary veterinarian, making the total percentage of dogs
that did not survive or receive a transfusion 43%. This is in
contrast to 4% of dogs who did receive a transfusion not surviving
to discharge.

In this study, the prognosis for patients who presented for
anticoagulant rodenticide toxicity and clinical hemorrhage was
excellent with 87% patients surviving to discharge, which is
similar to previous reported survival of 83% (5). The location
of hemorrhage and number of sites hemorrhaging did not
correlate with survival to discharge. Of the patients that did
not survive four dogs were euthanized and four died. Of
the four that were euthanized, three were euthanized due to
financial concerns while one dog was euthanized due to guarded
prognosis secondary to the severity of pulmonary compromise
and pulmonary hemorrhage.

Limitations of our study include the retrospective nature of
the study design, which did not allow for standardization in
diagnosis or treatment of patients with suspected anticoagulant
rodenticide toxicities. Additionally, the inclusion of patients only
with known history of ingestion or patients whose owners chose
to have gas chromatography mass spectroscopy testing run is a
limiting factor as it may have excluded patients from the study
leaving a small number of patients included in this study. While
reasons for euthanasia were evaluated based on retrospective
review of records the nature of this study makes full elucidation
of outcome difficult.

CONCLUSIONS

In conclusion, this study highlights that dogs with anticoagulant
rodenticide intoxication are likely to present with diverse
locations of hemorrhage, including cutaneous and mucosal
hemorrhage. While the conventional cavitary hemorrhage
associated with anticoagulant rodenticide intoxication is noted,
it is pertinent that anticoagulant rodenticide toxicity remains
on the differential list in patients presenting with cutaneous or
mucosal hemorrhage including hemorrhage from the oral cavity,
nasal cavity, eyes, gastrointestinal tract or urinary tract.

Frontiers in Veterinary Science | www.frontiersin.org

May 2022 | Volume 9 | Article 879179


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Stroope et al.

Anticoagulant Rodenticide Intoxication Hemorrhage

DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the following
licenses/restrictions: Medical records were retrospectively
reviewed. Requests to access these datasets should be directed
to rwalton@iastate.edu.

ETHICS STATEMENT

Ethical review and approval was not required for the animal study
because this was a retrospective study. Written informed consent

REFERENCES

1. Means C, Wismer T. An overview of trends in animal poisoning cases in
the United States: 2011 to 2017. Vet Clin N Am Small Anim Pract. (2018)
48:899-907. doi: 10.1016/j.cvsm.2018.07.010

2. McLean M, Hansen SR. An Overview of Trends in Animal Poisoning Cases
in the United States: 2002-2010. Vet Clin N Am Small Anim Pract. (2012)
42:219-28. doi: 10.1016/j.cvsm.2011.12.009

3. Wismer T. Top ten: toxicosis in dogs & cats. Todays Vet Pract. (2013) 3:67-70.

4. Reregistration Eligibility Decision (RED) Rodenticide cluster; EPA 738-R-98-
007; U.S. Environmental Protection Agency, Office of Prevention, Pesticides,
and Toxic Substances, Office of Pesticide Progams. Washington, DC: U.S.
Government Printing Office (1998).

5. Sheafor SE, Couto CG. Anticoagulant rodenticide toxicity in 21 dogs. ] Am
Anim Hosp Assoc. (1999) 35:38-46. doi: 10.5326/15473317-35-1-38

6. DeClementi C, Sobczak BR. Common rodenticide
in small animals. Vet Clin N Am Small Anim Pract.
42:349-60. doi: 10.1016/j.cvsm.2011.12.008

7. Waddell LS, Poppenga RH, Drobatz KJ. Anticoagulant rodenticide screening
in dogs: 123 cases (1996-2003). ] Am Vet Med Assoc. (2013) 242:516-
21. doi: 10.2460/javma.242.4.516

8. Blocker TL, Roberts BK. Acute tracheal obstruction associated with
anticoagulant rodenticide intoxication in a dog. J Small Anim Pract. (1999)
40:577-80. doi: 10.1111/j.1748-5827.1999.tb03025.x

9. Lawson C, O’Brien M, McMichael M. Upper airway obstruction secondary to
anticoagulant rodenticide toxicosis in five dogs. ] Am Anim Hosp Assoc. (2017)
53:236-41. doi: 10.5326/JAAHA-MS-6658

10. Griggs AN, Allbaugh RA, Tofflemire KL, Ben-Shlomo G, Whitley D,
Paulsen ME. Anticoagulant rodenticide toxicity in six dogs presenting
for ocular disease. Vet Ophthalmol. (2016) 19:73-80. doi: 10.1111/vop.
12267

11. Thomer AJ, Santoro Beer KA. Anticoagulant rodenticide toxicosis causing
tracheal collapse in 4 small breed dogs. ] Vet Emerg Crit Care. (2018) 28:573-
8. doi: 10.1111/vec.12774

12. Padgett SL, Stokes JE, Tucker RL, Wheaton LG. Hematometra secondary to
anticoagulant rodenticide toxicity. ] Am Anim Hosp Assoc. (1998) 34:437-
9. doi: 10.5326/15473317-34-5-437

toxicoses
(2012)

for participation was not obtained from the owners because this
was a retrospective study.

AUTHOR CONTRIBUTIONS

RW contributed to research idea, data collection, and manuscript
writing. SS and BE contributed to data collection and manuscript
writing. JM and LY contributed to statistical analysis and
manuscript writing. All authors contributed to the article and
approved the submitted version.

13. Londoifio LA, Specht AJ, Vander Hart DJ, et al. What is your diagnosis? Gastric
wall hemorrhage secondary to anticoagulant rodenticide intoxication. J Am
Vet Med Assoc. (2015) 247:243-5. doi: 10.2460/javma.247.3.243

14. DuVall MD, Murphy M], Ray AC, Reagor JC. Case studies on second-
generation anticoagulant rodenticide toxicities in nontarget species. J Vet
Diagn Invest. (1989) 1:66-8. doi: 10.1177/104063878900100118

15. Park C, Lim CY, Kim JH, Jang JI, Park HM. Successful therapy of coumatetralyl
rodenticide induced pericardial effusion with pericardiocentesis in a dog. Can
Vet J. (2011) 52:165-8.

16. Bellah JR, Weigel JP. Hemarthrosis secondary to suspected warfarin toxicosis
in a dog. ] Am Vet Med Assoc. (1983) 182:1126-7.

17. Murphy M]. Rodenticides. Vet Clin Small Anim.
84. doi: 10.1016/S0195-5616(01)00003-1

18. Murphy MJ. Anticoagulant rodenticides. In: Gupta RC, editor. Veterinary
Toxicology Basic and Clinical Principles. 1st ed. New York, NY: Elsevier (2007).
p. 525-47.

19. Triplett DA. Coagulation and bleeding disorders: review and update. Clin
Chem. (2000) 46:1260-9. doi: 10.1093/clinchem/46.8.1260

(2002) 32:469-

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Stroope, Walton, Mochel, Yuan and Enders. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Veterinary Science | www.frontiersin.org

May 2022 | Volume 9 | Article 879179


mailto:rwalton@iastate.edu
https://doi.org/10.1016/j.cvsm.2018.07.010
https://doi.org/10.1016/j.cvsm.2011.12.009
https://doi.org/10.5326/15473317-35-1-38
https://doi.org/10.1016/j.cvsm.2011.12.008
https://doi.org/10.2460/javma.242.4.516
https://doi.org/10.1111/j.1748-5827.1999.tb03025.x
https://doi.org/10.5326/JAAHA-MS-6658
https://doi.org/10.1111/vop.12267
https://doi.org/10.1111/vec.12774
https://doi.org/10.5326/15473317-34-5-437
https://doi.org/10.2460/javma.247.3.243
https://doi.org/10.1177/104063878900100118
https://doi.org/10.1016/S0195-5616(01)00003-1
https://doi.org/10.1093/clinchem/46.8.1260
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Retrospective Evaluation of Clinical Bleeding in Dogs With Anticoagulant Rodenticide Toxicity—A Multi-Center Evaluation of 62 Cases (2010–2020)
	Introduction
	Materials and Methods
	Case Selection Criteria and Medical Records Review
	Data Analysis

	Results
	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


