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Simple Summary: Pets may die unexpectedly, without warning, and with no externally visible
reason for death. As in people, postmortem examination can be performed to try to determine
the cause of death. There are many diseases which may result in sudden unexpected death in
domestic animals, although there is little research on companion animals and no studies performed
in Australia. The aims of this study were to identify causes of sudden unexpected death in cats and
dogs in Australia by examining postmortem reports and to identify risk factors for certain causes of
sudden death.

Abstract: Sudden and unexpected death (SUD) is a common reason for animals to undergo post-
mortem examination. There is limited literature examining the causes of SUD in cats and dogs, and
no research specific to Australia. The purpose of this study was to investigate the epidemiology and
pathology of SUD in cats and dogs in a multicentric study across Australia. Retrospective post-mortem
reports of SUD in cats and dogs were obtained from four veterinary schools in Australia distributed
across four states. The frequency of SUD between institutes ranged from 2.1% to 6.5%. Dogs composed
the majority of the study population (76%), and males outnumbered females, particularly in the
feline subpopulation. After necropsy, 37% of SUD remained cause unknown, the largest category in
both cats and dogs. When cause was identified, cardiovascular disease was most common in both
species, followed by gastrointestinal disease in dogs, and trauma in cats. In dogs, multinomial logistic
regression identified age as a risk factor significantly associated with the four largest categories of
SUD. This study identified causes of SUD in Australian cats and dogs, including novel causes not
previously reported. Further, this study revealed a higher rate of unsolved SUD in Australia than can
be found in the literature from other countries.

Keywords: pathology; post-mortem; necropsy; sudden death; companion animal; cat; dog

1. Introduction

Post-mortem examination is a useful diagnostic tool in veterinary medicine, particu-
larly recognized for its importance in production animal medicine and the maintenance
of herd health. Additionally, it plays an important role in companion animal medicine,
although it is often underutilized. It can fulfill many purposes including determining
cause of death or illness, documenting disease progression and pathogenesis, investigating
iatrogenic deaths and potential malpractice, and documenting animal cruelty cases. Small
animal necropsies may be performed by veterinarians in clinical practice, or by veterinary
pathologists in teaching institutions or commercial pathology laboratories.
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Sudden and unexpected death (SUD) is a common reason for companion animals to
present for post-mortem examination. Owners are often upset when a pet dies unexpectedly,
and seek to understand why their pet passed away. SUD is recognized in human medicine,
often as part of well-defined syndromes such as sudden infant death syndrome (SIDS) [1,2],
sudden cardiac death in athletes [3], and sudden death in epilepsy [4].

The definition of ‘sudden’ death in human and veterinary medicine varies widely
in the literature. In human medicine, one common definition of SUD is a natural fatal
event that occurs within one hour of collapse [5,6]. Another defines SUD as immediate
accidental death or death that occurs within 24 h from the onset of acute symptoms [7,8].
SUD is usually only applied to those patients with no prior history of illness. There is no
clear definition in veterinary medicine, partially due to a paucity of literature. Parry (2008)
describes SUD as death of an apparently healthy animal that occurs within minutes to
hours of acute clinical signs [9]. Piegari et al. (2020) used the World Health Organization
(WHO) definition of “non-violent and unexpected death that occurs less than 24 h after the
onset of symptoms” [10]. A common definition in veterinary toxicology is death in animals
previously perceived to be healthy with few or no proceeding observed clinical signs, or an
extremely rapid time course. Defining ‘sudden’ death in animals can be problematic because
animals may not be constantly observed. Therefore, death might appear to be sudden or
unexpected to the observer, but the animal may have had unobserved or unrecognized
clinical signs for a period prior to death.

SUD in people is investigated by autopsy, and can be classified according to cardiac
and non-cardiac causes [7]. Cardiac causes are most common and include acute coronary
syndrome, stress-induced myocardial ischemia, cardiomyopathy, congenital heart disease,
arrhythmia, and viral myocarditis [6,7]. Non-cardiac causes are varied and include ar-
rhythmogenic and cardiotoxic drugs, electrocution, acute respiratory disease (pulmonary
embolism, pneumonia), acute gastrointestinal hemorrhage, epilepsy, anaphylaxis, necrotiz-
ing pancreatitis, acute peritonitis, and brain herniation [7,8].

There is limited literature exploring the causes of SUD in companion animals. Olsen
and Allen (2000, 2001) described the causes of SUD in cats and dogs in Saskatchewan,
Canada [11,12]. The authors defined SUD as animals that were found dead unexpectedly
but were considered healthy when last observed by their owners [11,12]. In dogs, the most
common cause of SUD was heart disease, followed by toxicity, gastrointestinal disease, and
trauma [11]. In cats, trauma was the most common cause of SUD, followed by heart disease,
intestinal disease, and respiratory disease [12]. The cause of death was undetermined
in 12.6% of dogs and 12.7% of cats with SUD [11,12]. Another study focused on cardiac
pathology as a cause of SUD in cats [13]. The authors reported a frequency of SUD of 12.9%
over a 16-year study period in their study population, of which 55% were cardiac. The
majority of cardiac SUD in cats was caused by hypertrophic cardiomyopathy (79.1%). Other
causes included restrictive cardiomyopathy, endomyocarditis, and congenital abnormali-
ties [13]. Piegari et al. (2020) investigated infectious causes of SUD in young dogs under
12 months old [10]. They reported a frequency of 14.5%, and those with SUD exhibited
necropsy findings such as hemorrhagic gastroenteritis, pneumonia, and catarrhal enteritis.
Microbiology was positive in 86% of cases, with parvovirus the most common etiologic
agent isolated. Other etiologies included Escherichia coli, Clostridium perfringens type A,
adenovirus, canine distemper virus, and Pasteurella spp. [10].

SUD has been more thoroughly investigated in horses, including the epidemiology
and risk factors for race-associated death [14–16]. In studies of racing thoroughbred deaths
on track or up to one hour after racing, causes included cardiac failure, respiratory failure,
pulmonary haemorrhage, blood vessel rupture, vertebral fracture, spinal cord injury, and
rupture of paralumbar musculature [17,18]. A definitive cause of death was identified in
53% of cases, a presumptive cause of death in 25%, and death remained unexplained in
22% of cases [17]. In a mixed population of horses and ponies, causes of SUD included
cardiovascular disease, gastrointestinal disease, acute infections, trauma, and respiratory
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failure, and up to one third of SUD had no definitive diagnosis [19,20]. In cattle and sheep,
literature on SUD is limited to editorials and instructive articles [21,22].

The current literature provides an indication of what disease processes can result in
SUD in companion animals; however, the literature is sparse, is restricted to a few specific
geographic locations, or is focused on a particular body system or process. While some
causes of SUD are likely global, others may be region-specific. Australia contains many
venomous and poisonous animals, and it is widely accepted by Australian veterinarians
that fauna such as elapid snakes, paralysis ticks (Ixodes holocyclus), and cane toads (Rhinella
marina) can result in SUD of companion animals. However, there are no publications which
substantiate the impact of envenomations at a population level in companion animals with
respect to postmortem investigation.

The aim of this study was to investigate the causes of SUD in companion animals
in Australia, collating retrospective data from multiple university pathology services.
This study examines SUD in the Australian context, providing useful data for Australian
veterinarians and veterinary pathologists, and expanding the body of knowledge regarding
SUD in cats and dogs.

2. Materials and Methods
2.1. Case Definitions

Based on the previous literature, sudden and unexpected death (SUD) was defined
as death that occurred immediately or within 12 h of onset of acute clinical signs. This
includes cases in which animals were found dead after being unobserved for up to 12 h
and appeared normal before being unobserved.

Records were excluded if there was incorrect or missing information, history of illness
in the lead-up to death, or no clinical history provided to indicate SUD had occurred.
Animals under six months old were excluded to eliminate the neonatal death subpopulation
and focus on adult SUD.

The cause of death was obtained by reviewing the postmortem report. Causes of
death were grouped into the following major categories: cardiovascular, neoplasia, trauma,
gastrointestinal, infection, iatrogenic, respiratory failure, toxic, endocrine, urinary, en-
venomation, and unknown. A combination of organ system and aetiology was used for
categorization to allow for more clinically applicable results and meaningful data analysis.
Cause of death was designated ‘unknown’ if a definitive cause of death could not be
established following gross and histologic examination. If a cause of death fit more than
one category, it was classified based on the most severe underlying disease process that led
to death.

2.2. Data Collection

Canine and feline cases of SUD were obtained from four veterinary schools (referred
to as ‘institutes’) in Australia, located at the University of Queensland (Queensland; QLD,
Australia), the University of Melbourne (Victoria; VIC, Australia), Charles Sturt University
(New South Wales; NSW, Australia), and the University of Adelaide (South Australia;
SA, Australia). The study period was defined by the availability of digital reports for
each institute. The University of Queensland Veterinary Laboratory Services database
contained records from January 1994, and the University of Melbourne Veterinary Anatomic
Pathology held digital records from January 1996. The University of Adelaide Veterinary
Diagnostic Laboratory and Charles Sturt University Veterinary Diagnostic Laboratory held
digital records from August and December 2012, respectively, due to the relatively recent
establishment of these schools and their pathology services. The study period extended to
June 2021 for all institutions.

Relevant post-mortem reports were extracted from databases and digital case files
using the keywords and search phrases ‘sudden death’, ‘found dead’, ‘found deceased’,
‘dead on arrival’, ‘DOA’, and ‘died suddenly’. Results were restricted to dogs and cats.
Records were obtained in this method from each school by the author on site, and all
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of the reports were manually reviewed by one author (M.K.B.) to determine suitability
for inclusion. For the University of Queensland reports, data were exported directly
into a Microsoft® Excel® spreadsheet, which was manually cleaned. For the other three
laboratories, reports were received in PDF format, and reports which met the inclusion
criteria were entered manually into the spreadsheet. Information displayed included a
reference code, submission date, post code, species, breed, sex, neuter status, age, and cause
of death ascertained from the post-mortem report.

2.3. Data Analysis

Cats and dogs were categorized into breed groups as per the Australian National
Kennel Council (ANKC) and The Governing Council of the Cat Fancy. Animals were
also categorized into age groups of four years old and under, five to nine years old, and
over nine years old, as well as an unknown category for those without an age recorded.
Submission dates were classified into Australian calendar seasons for temporal analysis:
summer (December, January, and February), autumn (March, April, and May), winter (June,
July, and August), and spring (September, October, and November).

Data analysis was conducted using the software Stata/SE 16.0 (StataCorp, College
Station, TX, USA) and Microsoft Excel®. The frequency of SUD cases for each demographic
variable (sex, neuter status, age group, season, and institute/location of the data source)
was compared between species (dogs, cats) using the Fisher’s exact test.

Frequency of SUD was determined as the proportion of SUD in the total necropsy
accessions of dogs and cats over the study period for each institute. The proportion of
causes of SUD data were presented in bar charts.

The three most frequent SUD categories were charted against month of death, sex,
neuter status, and age group. For month of death and institute, analysis was performed on
the combined canine and feline study population. For the latter three variables, analysis
was performed separately on each species. The Fisher’s exact test was used to determine if
differences between the variables and the most frequent causes of SUD were significant.

The association of animal factors (sex, neuter status, age group, and breed group),
season, and institute with the occurrence of SUD across the four most frequent SUD
categories was explored using multinomial logistic regression. This analysis was performed
separately for dogs and cats. Multinomial logistic regression analysis was performed
using the Stata -mlogit- command and coefficients were presented as relative risk ratios
(RRR), with the ‘cardiovascular’ category used as the base outcome. A Wald test was
used to determine significance for the categorical variables. A forward and backward
stepwise selection process was utilised to build the model, and variables that contributed
significantly to the multivariate model (p-value < 0.05) were retained. Goodness-of-fit
tests were performed using the Stata command -mlogitgof - [23], and predicted probabilities
with 95% confidence intervals for each outcome were calculated using the -margins- and
-marginsplot- commands.

3. Results
3.1. Study Population

A total of 575 records were extracted over the study period of January 1994 to June
2021, consisting of 339 records from the University of Queensland (QLD), 202 records
from the University of Melbourne (VIC), 21 records from Charles Sturt University (NSW),
and 13 records from the University of Adelaide (SA). The frequency of SUD in canine
and feline necropsy accessions for each institute can be found in Table 1. For statistical
analysis, records with incomplete information regarding sex and breed were excluded,
leaving 558 records.
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Table 1. Frequency of sudden unexpected death for each institute included in the study (calculated
prior to incomplete record exclusion).

Institute Study Period Total Necropsy Accessions
(Combined Dogs and Cats) SUD Count

Frequency of SUD by
Necropsy Submissions

(Combined Dogs and Cats)

Queensland Jan 1994–Jun 2021 6184 339 5.48%
Melbourne Jan 1996–Jun 2021 4454 202 4.54%
Adelaide Aug 2012–Jun 2021 607 13 2.14%

Charles Sturt Dec 2012–Jun 2021 325 21 6.46%

3.2. Signalment and Temporospatial Data

The records of SUD were composed of 424 (76%) dogs and 134 (24%) cats. Within the
cat population, 33.6% (n = 45) were females and 66.4% (n = 89) were males, and the dog
population contained 44.1% (n = 187) females and 55.9% (n = 237) males. Overall, 59.3%
(n = 331) of the study population was neutered, including 84.3% (n = 113) of the cats and
51.4% (n = 218) of the dogs. There was a significant difference in sex (p = 0.035) and neuter
status (p < 0.001) between dogs and cats that died from SUD.

In dogs, age ranged from 6 months to 16 years, with an average age of 5.17 years. Cats
ranged in age from 6 months to 17 years, with an average age of 5.5 years. Overall, 46.2%
(n = 258) of the study population was four years old or younger, 29.4% (n = 164) was between
five and nine years old, and 16.3% (n = 91) was older than nine years. All of the breed groups
of both cats and dogs were represented, and the count data for each group is outlined in
Table 2. Working (n = 90, 21.2%), terrier (n = 87, 20.5%), and utility (n = 85, 20.0%) breeds were
the most common dogs, and domestics (n = 87, 64.9%) were the most common cats.

Table 2. Demographics (number of cases, percentage of cases) of sudden unexpected death cases
occurring in cats and dogs between 1994 and 2021 across four veterinary schools in Australia. P values
indicate the comparison of demographics between cases in cats versus dogs.

Variable Overall Cats (n = 134) Dogs (n = 424) p-Value

Sex
Female 232 (41.6) 45 (33.6) 187 (44.1) 0.035
Male 326 (58.4) 89 (66.4) 237 (55.9)

Neuter status
Entire 227 (40.7) 21 (15.7) 206 (48.6) <0.001

Neutered 331 (59.3) 113 (84.3) 218 (51.4)

Age group
<=4 years 258 (46.2) 64 (47.8) 194 (45.7) 0.635
5–9 years 164 (29.4) 34 (25.4) 130 (30.7)
>9 years 91 (16.3) 25 (18.6) 66 (15.6)

Unknown 45 (8.1) 11 (8.2) 34 (8.0)

Breed group
Gundog - - 39 (9.2) N/A
Hound - - 54 (12.7)

Non-sporting - - 37 (8.7)
Terrier - - 87 (20.5)

Toy - - 32 (7.5)
Utility - - 85 (20.0)

Working dog - - 90 (21.2)
British - 8 (6.0) -

Burmese - 6 (4.5) -
Domestic - 87 (64.9) -
Foreign - 10 (7.5) -
Persian - 10 (7.5) -

Semi-longhair - 12 (9.0) -
Siamese/oriental - 1 (0.7) -
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Table 2. Cont.

Variable Overall Cats (n = 134) Dogs (n = 424) p-Value

Season
Summer 144 (25.8) 21 (15.7) 123 (29.0) 0.005
Autumn 132 (23.7) 30 (22.4) 102 (24.1)
Winter 150 (26.8) 47 (35.0) 103 (24.3)
Spring 132 (23.7) 36 (26.9) 96 (22.6)

Institute (Location)
UQ (QLD) 329 (59.0) 80 (59.7) 249 (58.7) 0.996
UM (VIC) 195 (35.0) 46 (34.3) 149 (35.1)

CSU (NSW) 21 (3.7) 5 (3.7) 16 (3.8)
UA (SA) 13 (2.3) 3 (2.3) 10 (2.4)

Cases of SUD were submitted in every season of the year, with a range of 23% to 26%
per season in the total study population (Table 2). There was a significant difference in
the number of submissions per season between cats and dogs (p = 0.005). Cats had an
increased frequency of SUD in winter (35%, n = 47) compared to dogs (24.3%, n = 103), and
a decreased frequency in summer (15.7%, n = 21) compared to dogs (29.0%, n = 123).

3.3. Causes of Sudden Unexpected Death

There were 97 different diagnoses associated with SUD in the study population
(Supplementary Materials Table S1). The most common category included records for
which a cause of death was not definitively identified (‘unknown’), accounting for 37%
(n = 204) of SUD cases (Figure 1). Where a cause was identified, cardiovascular disease
was the most common cause of SUD in both cats and dogs (n = 120, 22%), which included
entities such as hypertrophic and dilated cardiomyopathies, endocardiosis, and myocarditis
(Supplementary Materials Table S1). The category with the next highest proportion was
neoplasia (n = 58, 10%), followed by gastrointestinal disease (n = 55, 10%), and trauma
(n = 39, 7%). Types of neoplasia resulting in sudden death included hemangiosarcoma
(n = 35, 60%), lymphoma (n = 6, 10%), leukemia (n = 3, 5%), pheochromocytoma (n = 3, 5%),
and pulmonary adenocarcinoma (n = 2, 3%). Only dogs had gastrointestinal disease as a
cause of SUD, with 65% of the gastrointestinal deaths due to gastric dilatation and volvulus
(GDV; n = 36). Trauma as a cause of SUD had a higher frequency in the feline population
(n = 20, 15%) than the canine population (n = 19, 5%).

Unknown SUD represented the largest proportion of deaths in every month except
April and May, where cardiovascular disease had a higher frequency (see Figure 2). There
was no significant difference between the largest three categories of SUD and month of
death (p-value 0.315) or institute (p-value 0.823). Charles Sturt had a lower frequency of
unknown SUD (19%) than other locations (34–39%). Frequencies of the three largest SUD
categories also varied across sex and neuter status between cats and dogs (Figure 3). There
was a significant difference between the top three SUD categories and age group in both
cats and dogs (canine p-value <0.001; feline p-value 0.003), with frequency of unknown
decreasing and neoplasia increasing as age increased (see Figure 4).

Within the unknown category, 65.2% (n = 133) of cases had a suspected or speculated
cause of death based on the history and post-mortem findings (Table 3). Most commonly,
cardiovascular SUD was suspected (n = 66, 32.4%), followed by a coagulopathy of unknown
origin (n = 19, 9.3%), a toxin (n = 15, 7.4%), and envenomation (n = 13, 6.4%). In 34.8%
(n = 71) of unknown SUD cases, there was no speculated cause. Marked autolysis was
present in 15 of these cases, which hindered identification of pathologic lesions. A total of
3 cases had no lesions at all, and the remaining 53 cases had a range of non-specific lesions
of varying severity, including congestion of various organs (n = 22); petechial to ecchymotic
hemorrhage of various organs such as lung, pancreas and thymus (n = 24); and pulmonary
oedema (n = 15).



Vet. Sci. 2023, 10, 582 7 of 13
Vet. Sci. 2023, 10, x FOR PEER REVIEW  7  of  14 
 

 

 

Figure 1. Percentage (number) of cases for the 12 categories of sudden unexpected death occurring 

in cats and dogs between 1994 and 2021 in four veterinary schools in Australia (n = 558). 

Unknown SUD represented the largest proportion of deaths in every month except 

April and May, where cardiovascular disease had a higher frequency (see Figure 2). There 

was no significant difference between the largest three categories of SUD and month of 

death (p‐value 0.315) or institute (p‐value 0.823). Charles Sturt had a lower frequency of 

unknown SUD (19%) than other locations (34–39%). Frequencies of the three largest SUD 

categories also varied across sex and neuter status between cats and dogs (Figure 3). There 

was a significant difference between the top three SUD categories and age group in both 

cats and dogs (canine p‐value <0.001; feline p‐value 0.003), with frequency of unknown 

decreasing and neoplasia increasing as age increased (see Figure 4). 

37% (204)

22% (120)

10% (58) 10% (55)

7% (39)

4% (25)
3% (17) 2% (13) 2% (9) 1% (6) 1% (6) 1% (6)

0

50

100

150

200

250

0%

5%

10%

15%

20%

25%

30%

35%

40%

Category of sudden unexpected death

Dogs Cats
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Vet. Sci. 2023, 10, x FOR PEER REVIEW  8  of  14 
 

 

 

Figure 2. Percentage of occurrence of  the  three most  common  categories of  sudden unexpected 

death in cats and dogs per month between 1994 and 2021 across four veterinary schools in Australia 

(n = 381). 

 

Figure 3. Percentage of occurrence of  the  three most  common  categories of  sudden unexpected 

death by sex (canine p‐value 0.713; feline p‐value 0.215) and neuter status (canine p‐value <0.001; 

feline p‐value 1.000), stratified by species, between 1994 and 2021 across four veterinary schools in 

Australia (n = 381). 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

Month

Unknown Cardiovascular Neoplasia

0%

10%

20%

30%

40%

50%

60%

70%

Female Male Entire Neutered Female Male Entire Neutered

Canine Feline

Unknown Cardiovascular Neoplasia
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death in cats and dogs per month between 1994 and 2021 across four veterinary schools in Australia
(n = 381).
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Figure 3. Percentage of occurrence of the three most common categories of sudden unexpected death
by sex (canine p-value 0.713; feline p-value 0.215) and neuter status (canine p-value <0.001; feline
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Figure 4. Percentage of occurrence of the three most common categories of sudden unexpected death
by age group, stratified by species, between 1994 and 2021 across four veterinary schools in Australia
(canine p-value <0.001; feline p-value 0.003; n = 352). Cases with unknown age were excluded.
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Table 3. List of the suspected causes of unknown sudden unexpected death.

Suspected Causes of Unknown SUD Count (n,%)

No suspected cause 71 (34.8)
Cardiovascular 66 (32.4)
Coagulopathy 19 (9.3)

Toxic 15 (7.4)
Envenomation 13 (6.4)

Iatrogenic 7 (3.4)
Respiratory failure 7 (3.4)

Endocrine 3 (1.5)
Gastrointestinal 2 (1.0)

Infection 1 (0.5)
Total 204

3.4. Canine Multinomial Logistic Model

Age group was the only significant risk factor associated with the causes of death
in dogs (Wald test p-value <0.001; Supplementary Materials Table S2 and Supplementary
Materials Figure S1). When compared to the base outcome (cardiovascular disease), the
RRR for neoplasia as the cause of SUD increased substantially as age increased. Conversely,
the RRR for an unknown SUD compared to cardiovascular decreased with age. Those
in the middle age group (5 to 9 years) had an increased RRR of gastrointestinal disease
compared to cardiovascular disease. A goodness-of-fit statistic was unable to be generated
due to the small sample size.

4. Discussion

This is the first multicentric study of sudden and unexpected death (SUD) in cats and
dogs in Australia, spanning four states across varied climates and environments.

The frequency of SUD was similar between universities, with Adelaide (SA) recording
the lowest frequency (2.14%) and Charles Sturt (NSW) recording the highest (6.46%). These
two institutes had the smallest number of records contributing to the current study due
to the recent establishment of their veterinary schools. Charles Sturt is the only institute
included in this study which is not situated in a major city near the coast; it is located inland
in NSW. It is possible that the rural location is a factor contributing to the slightly higher
frequency of SUD. The bulk of the records originated from Queensland and Melbourne
universities, which had very similar frequencies of SUD (5.48% and 4.54%, respectively).
This consistency across four different states in Australia is notable and lends evidence that
geographic location within the country has minimal impact on the causes of SUD in cats
and dogs.

Multiple statistically significant differences were identified in the study population
between cats and dogs. Overall, males accounted for a slightly larger proportion of SUD
than females, and approximately two-thirds of cats were males (66.4%), which is higher
than reported in the previous literature [12]. Potentially, male cats may be more predisposed
to the common causes of SUD than females. In the current study, male cats had a much
larger frequency of cardiovascular disease than females (Figure 3), which is consistent with
a previous SUD study [13]. There is a known predisposition of males for hypertrophic
cardiomyopathy [24], which was the most frequent cardiovascular disease causing SUD in
this current study as well as in previous studies [12,13]. A significantly larger proportion of
cats with SUD were neutered compared to dogs, which differed from the Canadian SUD
studies in which the entire animal population composed of both cats and dogs outnumbered
neutered [11,12]. This may reflect a change in frequency of desexing procedures over
the decades. The higher proportion of neutered cats in the current study mirrors the
general population of Australian cats under veterinary care [25,26]. Dogs had a more
even distribution between neutered and entire in the current work, and the proportion of
neutered dogs was lower than the reported desexing rate of dogs in Australia (81%) [27].
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The average age and distribution across age groups were congruent in cats and
dogs with SUD. Young animals were more frequently affected by SUD, with 46.2% of the
study population aged four years old or younger, which is consistent with the Canadian
literature [11,12]. This may be a true increased frequency, or could be influenced by
submission bias because death at a younger age is more unexpected, and therefore is more
likely to be investigated with a post-mortem examination. SUD occurred in every month
of the year, and when grouped by season, there was a significant difference between cats
and dogs, which differs from previous studies [11,12]. Any reasons why significantly more
cats died in winter and more dogs died in summer in this current study are uncertain, as
the etiologies that could be seasonal, most notably snake envenomations in the Australian
context, would affect both cats and dogs. This discrepancy may be multifactorial, and
could involve differences in movement restrictions or coping mechanisms for extreme
ambient temperatures.

Numerous previously reported and novel etiologies of SUD were identified in this
study. The frequencies of some conditions differed from the previous literature. Olsen
and Allen (2001) reported the most frequent cause of SUD in cats was trauma, followed by
cardiac disease [12]. These positions were reversed in the current work, with cardiovascular
disease more frequent than trauma. The range of cardiac pathology observed in the
current study is similar to that reported in the UK [13]. In Canadian dogs, Olsen and
Allen (2000) reported heart disease and toxicity as the two most common causes of SUD,
followed by gastrointestinal disease and trauma [11]. The current Australian data also
found cardiovascular disease to be the most common cause; however, toxicities accounted
for only a very small number of SUD cases in this current work. Neoplasia also had a higher
frequency in the current study than was previously reported, although the same type of
neoplasia (hemangiosarcoma) was still most frequent in both. In addition, the current study
expanded the range of neoplasia that can be associated with SUD to include lymphoma,
leukemia, and pheochromocytoma. In both cats and dogs, snake envenomation and tick
paralysis were causes of SUD in the current work that had not been previously reported.

Unknown cause of SUD was the most frequent of all categories in both cats and
dogs, accounting for more than one third of deaths in the whole study population. This is
higher than described in the Canadian, UK, and Italian papers, where 12.6% to 14.5% were
reported [10–13]; and more similar to the SUD frequency reported in horses [17,19]. This
difference between the current work and previous publications reinforces the necessity for
this Australian-based study. A high rate of unknown SUD in Australia compared to other
countries is likely multifactorial. Firstly, there is an abundance of venomous or poisonous
flora and fauna native to Australia. Exposure to a variety of snakes and spiders, cane toads,
paralysis ticks, toxic vegetation, fungi, and cyanobacteria can result in death with minimal
lesions [28]. Additionally, there is a lack of toxin-specific assays available to diagnose these
agents. In the Canadian paper, toxicities were limited to two agents: strychnine and carbon
monoxide [11]. In Australia, there are numerous toxic causes and limited testing availability,
thus, intoxication often cannot be confirmed. The high ambient temperature in Australia
is also likely to be a factor impacting diagnostic success. High ambient temperatures
speed autolysis, which impedes post-mortem examination by obscuring pathologic lesions.
Autolysis was a cited factor preventing a definitive diagnosis in 15 of the unknown SUD
reports in this study. Delayed refrigeration and transport to the necropsy facility provides
time for autolysis to occur, which is expedited by warm climate. Cadavers may be frozen
by clinicians to prevent autolysis if there is a lack of a refrigeration option, which causes
further artefacts. Financial factors also play a role in the pro bono necropsies performed for
veterinary student teaching purposes. In these cases, financial constraints preclude the use
of further testing modalities such as microbiology or toxicology, and therefore, these cases
may be more likely to remain unresolved.

Identification of non-specific or agonal lesions was common in the unknown SUD
cases, which reported lesions such as pulmonary oedema, congestion, and thymic or
pancreatic hemorrhages. These lesions may be considered agonal if there is no cause
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identified [28]. Additionally, pink fluid may accumulate in alveoli post-mortem, which can
be spuriously interpreted as pulmonary oedema [29]. Etiologies that act at a molecular level
to result in death do not have lesions observable by light microscopy, either due to the time
required for morphologic change to manifest in diseased tissue or because the mechanism
of action does not cause cell injury (e.g., botulism). Changes observed by histopathology
take time to develop following initial injury. In myocardial infarcts, microscopic lesions
take 6 to 12 h to develop [30], and in a mouse model of acetaminophen toxicity, hepatocytes
showed damage at 5 h post dosage at the earliest [31]. This suggests that when death occurs
within a few hours of insult, it is possible for no lesions to be visualized microscopically.
Additionally, the methodology of examination and sampling the heart at necropsy varies,
and standardization of the process may allow for increased recognition of cardiac lesions.

One role of post-mortem examination is to diagnose a cause of death. The high propor-
tion of animals where post-mortem examination failed to achieve a definitive diagnosis in
this study was unexpected. This may reflect the Australian context, including preservation
artefacts, the higher proportion and impact of toxicologic etiologies, and the lack of specific
cost-effective assays for many toxicants. It is considered unlikely that the skill of the veteri-
nary pathologists in Australia is a factor in the high unknown rate, as pathologists with
different levels of experience performing necropsies are global.

Multinomial logistic regression was used to model potential risk factors for the four
most frequent categories of sudden death, with the intent to conceive a diagnostic algorithm
to assist veterinary pathologists with investigation of SUD cases. The feline subset of the
population was too small to obtain meaningful results with modelling. In dogs, age group
was the only variable associated with the outcomes and thus, was the only variable included
in the model. The model determined that the relative risk of dying suddenly from neoplasia
rather than cardiovascular disease (the base outcome) increased substantially with increased
age. Further, the relative risk of dying due to unknown SUD instead of cardiovascular
disease decreased with age. This is mirrored by the relative proportions of these SUD
categories in each age group (Figure 4). Neoplasia was significantly more common as
age increased, and unknown SUD was significantly less common as age increased. The
proportion of cardiovascular disease did not vary greatly between age groups.

A few of the causes of SUD identified at necropsy (see Supplementary Materials
Table S1) are not typically associated with rapid death and usually have premonitory signs,
such as portosystemic shunt and hyperthyroid. In humans, SUD may occasionally be
caused by a seemingly chronic disease such as hepatic cirrhosis [8]. In the current study, it
is possible that some of these chronic disease diagnoses were incidental and did not result
in death, or they may have presented as SUD because clinical signs went unrecognized.
This is one of the drawbacks of retrospective data collection, and reflects the complicated
nature of defining ‘cause of death’ and ‘sudden death’.

This study was limited by the small population size, particularly in cats. However,
this was compensated for by the broad geographic distribution of the datasets and the
multicentre design. The retrospective nature of this study allowed for a temporal range
of dataset accrural, but had inherent constraints, such as variable consistency in reports,
missing information, variation in what tissues were examined by histopathology, and what
ancillary tests were performed. The potential to expand this study exists, either by recruiting
other veterinary schools in Australia and overseas to supplement this retrospective study,
or by collaboration to conduct a prospective study of SUD. A prospective study could
implement a standardized approach to necropsy and ancillary testing which may increase
the rate of definitive diagnosis.

5. Conclusions

To the authors knowledge, this is the first multicentric study detailing the epidemiol-
ogy and pathology of SUD in cats and dogs in Australia. There was a statistically significant
difference in the sex, neuter status, and season of death between cats and dogs presenting
for necropsy for SUD. The most frequent category of SUD was the unknown group, fol-
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lowed by cardiovascular disease, neoplasia, and gastrointestinal disease. On multinomial
logistic regression modelling for dogs, there was an increased relative risk for neoplasia
compared to cardiovascular disease with increased age, and a decreased relative risk of
unknown SUD. This study provides insight into SUD in cats and dogs in Australia.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/vetsci10090582/s1, Table S1: Complete list of the diagnoses associated with
sudden unexpected death in cats and dogs in this study; Table S2: Final multinomial logistic regression
model of the risk factor significantly associated with the outcomes (the highest frequency causes of
sudden unexpected death) in dogs; Figure S1: Predicted probabilities (with 95% confidence intervals)
of the risk factor age group associated with the outcomes (a) cardiovascular, (b) gastrointestinal,
(c) neoplasia, and (d) unknown as the cause of sudden unexpected death.

Author Contributions: Conceptualization, R.A., M.H., J.H. and M.K.-B.; methodology, R.A., J.H. and
M.K.-B.; formal analysis, J.H. and M.K.-B.; resources, R.A., R.P., L.W., A.N. and S.D.; data curation,
M.K.-B.; writing—original draft preparation, M.K.-B.; writing—review and editing, R.A., M.H. and
J.H., supervision, R.A., M.H. and J.H.; project administration, R.A.; funding acquisition, R.A., J.H.
and M.K.-B. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded through The University of Queensland, School of Veterinary
Science Research Donation Fund (No: 2019002993).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Carlin, R.F.; Moon, R.Y. Risk Factors, Protective Factors, and Current Recommendations to Reduce Sudden Infant Death Syndrome:

A Review. JAMA Pediatr. 2016, 171, 175–180. [CrossRef] [PubMed]
2. Krous, H.F.; Beckwith, J.B.; Byard, R.W.; Rognum, T.O.; Bajanowski, T.; Corey, T.; Cutz, E.; Hanzlick, R.; Keens, T.G.; Mitchell, E.A.

Sudden Infant Death Syndrome and Unclassified Sudden Infant Deaths: A Definitional and Diagnostic Approach. Pediatrics 2004,
114, 234–238. [CrossRef] [PubMed]

3. Finocchiaro, G.; Papadakis, M.; Robertus, J.-L.; Dhutia, H.; Steriotis, A.K.; Tome, M.; Mellor, G.; Merghani, A.; Malhotra, A.; Behr,
E.; et al. Etiology of Sudden Death in Sports Insights from a United Kingdom Regional Registry. J. Am. Coll. Cardiol. 2016, 67,
2108–2115. [CrossRef]

4. DeGiorgio, C.M. Sudden Death in Epilepsy: Basic and Translational Research; Frontiers Media SA: Lausanne, Switzerland, 2018.
5. Fan, L.; Yin, P.; Xu, Z. The genetic basis of sudden death in young people—Cardiac and non-cardiac. Gene 2022, 810, 146067.

[CrossRef] [PubMed]
6. Eckart, R.E.; Shry, E.A.; Burke, A.P.; McNear, J.A.; Appel, D.A.; Castillo-Rojas, L.M.; Avedissian, L.; Pearse, L.A.; Potter, R.N.;

Tremaine, L.; et al. Sudden death in young adults: An autopsy-based series of a population undergoing active surveillance. J Am.
Coll. Cardiol. 2011, 58, 1254–1261. [CrossRef] [PubMed]

7. Zhu, H.; Han, G. Introduction of Sudden Death. In Sudden Death: Advances in Diagnosis and Treatment; Zhu, H., Ed.; Springer:
Singapore, 2021.

8. Di Maio, V.J.M.; Molina, D.K. DiMaio’s Forensic Pathology, 3rd ed.; CRC Press, Taylor & Francis Group: Boca Raton, FL, USA, 2021.
9. Parry, N. Medicine: Sudden and unexpected death in small animal patients: Part 1. Companion Anim. 2008, 13, 23–30. [CrossRef]
10. Piegari, G.; Cardillo, L.; Alfano, F.; Vangone, L.; Iovane, V.; Fusco, G. Pathological, bacteriological and virological findings in

sudden and unexpected deaths in young dogs. Animals 2020, 10, 1134. [CrossRef]
11. Olsen, T.F.; Allen, A.L. Causes of sudden and unexpected death in dogs: A 10-year retrospective study. Can. Vet. J. 2000, 41,

873–875.
12. Olsen, T.F.; Allen, A.L. Causes of sudden and unexpected death in cats: A 10-year retrospective study. Can. Vet. J. 2001, 42, 61–62.
13. Wilkie, L.J.; Smith, K.; Luis Fuentes, V. Cardiac pathology findings in 252 cats presented for necropsy: A comparison of cats with

unexpected death versus other deaths. J. Vet. Cardiol. 2015, 17, S329–S340. [CrossRef]
14. Navas de Solis, C. Exercising arrhythmias and sudden cardiac death in horses: Review of the literature and comparative aspects.

Equine Vet. J. 2016, 48, 406–413. [CrossRef] [PubMed]
15. Solis, C.N.; Althaus, F.; Basieux, N.; Burger, D. Sudden death in sport and riding horses during and immediately after exercise: A

case series. Equine Vet. J. 2018, 50, 644–648. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/vetsci10090582/s1
https://www.mdpi.com/article/10.3390/vetsci10090582/s1
https://doi.org/10.1001/jamapediatrics.2016.3345
https://www.ncbi.nlm.nih.gov/pubmed/27918760
https://doi.org/10.1542/peds.114.1.234
https://www.ncbi.nlm.nih.gov/pubmed/15231934
https://doi.org/10.1016/j.jacc.2016.02.062
https://doi.org/10.1016/j.gene.2021.146067
https://www.ncbi.nlm.nih.gov/pubmed/34843881
https://doi.org/10.1016/j.jacc.2011.01.049
https://www.ncbi.nlm.nih.gov/pubmed/21903060
https://doi.org/10.1111/j.2044-3862.2008.tb00523.x
https://doi.org/10.3390/ani10071134
https://doi.org/10.1016/j.jvc.2015.09.006
https://doi.org/10.1111/evj.12580
https://www.ncbi.nlm.nih.gov/pubmed/27156002
https://doi.org/10.1111/evj.12803
https://www.ncbi.nlm.nih.gov/pubmed/29330860


Vet. Sci. 2023, 10, 582 13 of 13

16. Lyle, C.H.; Blissitt, K.J.; Kennedy, R.N.; Mc Gorum, B.C.; Newton, J.R.; Parkin, T.D.H.; Stirk, A.; Boden, L.A. Risk factors for
race-associated sudden death in Thoroughbred racehorses in the UK (2000–2007). Equine Vet. J. 2012, 44, 459–465. [CrossRef]

17. Lyle, C.H.; Uzal, F.A.; McGorum, B.C.; Aida, H.; Blissitt, K.J.; Case, J.T.; Charles, J.T.; Gardner, I.; Horadagoda, N.; Kusano, K.;
et al. Sudden death in racing Thoroughbred horses: An international multicentre study of post mortem findings. Equine Vet. J.
2011, 43, 324–331. [CrossRef]

18. Boden, L.A.; Charles, J.A.; Slocombe, R.F.; Sandy, J.R.; Finnin, P.J.; Morton, J.M.; Clarke, A.F. Sudden death in racing Thoroughbreds
in Victoria, Australia. Equine Vet. J. 2005, 37, 269–271. [CrossRef] [PubMed]

19. Brown, C.M.; Kaneene, J.B.; Taylor, R.F. Sudden and unexpected death in horses and ponies: An analysis of 200 cases. Equine Vet.
J. 1988, 20, 99–103. [CrossRef]

20. Platt, H. Sudden and unexpected deaths in horses: A review of 69 cases. Br. Vet. J. 1982, 138, 417–429. [CrossRef]
21. Glock, R.D.; DeGroot, B.D. Sudden death of feedlot cattle. J. Anim. Sci. 1998, 76, 315–319. [CrossRef]
22. Lovatt, F.; Stevenson, H.; Davies, I. Sudden death in sheep. Practice 2014, 36, 409–417. [CrossRef]
23. Fagerland, M.W.; Hosmer, D.W. A generalized Hosmer-Lemeshow goodness-of-fit test for multinomial logistic regression models.

Stata J. 2012, 12, 447–453. [CrossRef]
24. Abbott, J.A. Feline hypertrophic cardiomyopathy: An update. Vet. Clin. N. Am. Small Anim. Pract. 2010, 40, 685–700. [CrossRef]

[PubMed]
25. Mazeau, L.; Wylie, C.; Boland, L.; Beatty, J.A. A shift towards early-age desexing of cats under veterinary care in Australia. Sci.

Rep. 2021, 11, 811. [CrossRef] [PubMed]
26. Johnston, L.; Szczepanski, J.; McDonagh, P. Demographics, lifestyle and veterinary care of cats in Australia and New Zealand. J.

Feline Med. Surg. 2017, 19, 1199–1205. [CrossRef] [PubMed]
27. Animal Medicines Australia. Pets in Australia: A National Survey of Pets and People; Animal Medicines Australia Pty Ltd: Barton,

ACT, Australia, 2019.
28. King, J.M.; Roth-Johnson, L.; Dodd, D.C.; Newson, M.E. The Necropsy Book: A Guide for Veterinary Students, Residents, Clinicians,

Pathologists, and Biological Ressearchers, 7th ed.; College of Veterinary Medicine, Cornell University: Ithaca, NY, USA, 2013.
29. Caswell, J.L.; Williams, K.J. Chapter 5—Respiratory System. In Jubb, Kennedy & Palmer’s Pathology of Domestic Animals: Volume 2,

6th ed.; Maxie, M.G., Ed.; W.B. Saunders: St. Louis, MO, USA, 2016; pp. 465–591.e4.
30. Ghafoor, M.; Kamal, M.; Nadeem, U.; Husain, A.N. Educational Case: Myocardial Infarction: Histopathology and Timing of

Changes. Acad. Pathol. 2020, 7, 2374289520976639. [CrossRef]
31. Muhammad-Azam, F.; Nur-Fazila, S.H.; Ain-Fatin, R.; Noordin, M.M.; Yimer, N. Histopathological changes of acetaminophen-

induced liver injury and subsequent liver regeneration in BALB/C and ICR mice. Vet. World 2019, 12, 1682–1688. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.2042-3306.2011.00496.x
https://doi.org/10.1111/j.2042-3306.2010.00164.x
https://doi.org/10.2746/0425164054530597
https://www.ncbi.nlm.nih.gov/pubmed/15892239
https://doi.org/10.1111/j.2042-3306.1988.tb01468.x
https://doi.org/10.1016/S0007-1935(17)30987-9
https://doi.org/10.2527/1998.761315x
https://doi.org/10.1136/inp.g5351
https://doi.org/10.1177/1536867X1201200307
https://doi.org/10.1016/j.cvsm.2010.04.004
https://www.ncbi.nlm.nih.gov/pubmed/20610019
https://doi.org/10.1038/s41598-020-79513-6
https://www.ncbi.nlm.nih.gov/pubmed/33462250
https://doi.org/10.1177/1098612X16685677
https://www.ncbi.nlm.nih.gov/pubmed/28169564
https://doi.org/10.1177/2374289520976639
https://doi.org/10.14202/vetworld.2019.1682-1688

	Introduction 
	Materials and Methods 
	Case Definitions 
	Data Collection 
	Data Analysis 

	Results 
	Study Population 
	Signalment and Temporospatial Data 
	Causes of Sudden Unexpected Death 
	Canine Multinomial Logistic Model 

	Discussion 
	Conclusions 
	References

