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ABSTRACT

Background: Although firearm-related injuries are relatively uncommon in veterinary forensic pathology, they
constitute an important cause of animal traumatic death. Accurate forensic evaluation of such cases necessitates an
integrative, multidisciplinary approach to determine the cause and manner of death.

Case description: This report presents the forensic investigation of a 5-year-old male Cane Corso dog found dead with
no prior clinical signs. Necropsy revealed multiple pellet entry wounds on the skin and soft tissues. Radiographic and
gross pathological examination demonstrated widespread pellet distribution in the thoracic and abdominal cavities.
Histopathological analysis confirmed multi-organ damage, including hemorrhage, necrosis, and tissue disruption in
the heart, lungs, and liver. Although the firearm was not recovered, a close-range discharge was indicated by ballistic
analysis.

Conclusion: The manner of death was determined to be multi-organ trauma resulting from close-range shotgun pellet
penetration. This case highlights the forensic significance of penetrating firearm injuries in veterinary pathology and

emphasizes the need for a multidisciplinary approach in investigating such cases.
Keywords: Forensic veterinary pathology, Gunshot wound, Necropsy, Pellet injury, Wound ballistics.

Introduction

Recent studies and empirical observations have
reported a phenomenal rise in the use of guns not
only on wildlife but also on domesticated animals and
livestock. Guns are utilized daily in the offenses of
unjustifiable killing, theft, and animal cruelty (Barach
etal., 1986; Alcigir et al.,2014; Aksoy et al.,2013). The
accidental or intentional shooting of wild and domestic
mammals is a frequent issue in veterinary forensic
pathology, usually with lethal consequences (Cooper
and Cooper, 2008). In such instances, more than one
category of firearm, such as handguns, shotguns, and
pump action rifles, and penetrating injuries are inflicted
that result in severe tissue and internal organ damage.
In animal models, these types of injuries can manifest
with clinical signs of respiratory distress, lethargy,
lameness, pneumothorax, internal hemorrhage,
and fractures, and in their more severe forms, they
frequently result in death (Cooper and Cooper, 2008;
Kneubuehl ef al., 2011; Grela et al., 2021).

Although firearm-related injuries account for a
relatively small proportion of clinical and necropsy
cases in veterinary practice, their occurrence in domestic
animals, particularly dogs, has been confirmed in
several studies. In a retrospective survey of dogs with
radiographically confirmed projectiles, gunshot injuries

were found to represent zero. Seventy-six of all cases
(Capak et al., 2016). Similarly, in a large-scale forensic
investigation involving multiple species, firearms were
implicated in more than half of the examined cases,
with dogs comprising approximately six. 6.7% of the
victims (Khankhasykov et al., 2024). Recent reports
have also highlighted an increasing trend of firearm
injuries in companion animals, many of which are
associated with deliberate cruelty or unlawful killing
(Olsen et al., 2014; Crofts et al., 2023).

Beyond their clinical significance, such cases hold
considerable forensic value, as radiographic and
pathological findings can serve as crucial evidence for
differentiating antemortem from postmortem injuries,
reconstructing shooting distance and direction, and
establishing the cause of death.

The present case adds to the limited veterinary forensic
literature by documenting a fatal cardiac tamponade
secondary to multiple shotgun pellet impacts, in which
both penetrating and concussive blast-type mechanisms
were implicated as features rarely described in previous
reports, such as Bradley-Siemens and Brower (2016)
and Piegari et al. (2024).

The primary function of veterinary forensic
pathology is to assist legal institutions with thorough
investigation results backed by empirical evidence
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(Pavletic and Trout, 2006). These findings are essential
for elucidating what happened in the case, revealing
factual information, and facilitating a just legal process
(Fox et al., 2020). Pathological data derived through
necropsy plays a central role in verifying the accuracy
of forensic results. The purpose of such autopsies is not
only to establish the manner of death but also to identify
and record physical evidence, including but not limited
to bullets, pellets, or shell fragments. Recording entry
wounds and paths of injuries on the body (Fox ef al.,
2020).

Case Details

A 5-year-old male Cane Corso was found dead in the
garden of a single-family house. Based on the presented
history, the dog did not present any clinical signs of
disease before death. Although the owner could not
establish the definitive cause of death, there was a strong
suspicion that the dog could have been deliberately
harmed. Accordingly, a judicial investigation was
launched, and the case was sent to the Department of
Pathology within the Faculty of Veterinary Medicine
in Erciyes University for identification of the cause of
death in accordance with the instructions of the Public
Prosecutor’s Office.

A whole-body radiographic examination was performed
in the latero-lateral position before necropsy using a
digital radiography system, Ajex Meditech, model
BLD 150AJ, in accordance with standard forensic
imaging protocols. Exposures were taken at a tube
voltage of 80 kV and current time settings of 25 mAs.
The radiographs revealed multiple radiopaque foreign-
body densities in the cervical, thoracic, and abdominal
regions consistent with shotgun pellets.

On gross examination, mild soot deposition, gunpowder
residue, and parchment-like epidermal changes were
observed around the pellet entry wounds, limited to
the cervical region. The restriction of these findings to
this localized area suggests that the first discharge may
have been fired from a closer range toward the neck.
However, the absence of such close-range indicators
in other anatomical regions, together with the wide

distribution of pellets throughout the body, supports the
interpretation that the shots were generally fired from
a long distance and in rapid succession. The uniform
distribution pattern of the wounds and their smooth,
rounded margins further reinforce this assessment,
indicating that the lesions most likely resulted from
multiple long-range discharges fired in short intervals
(Table 1).

Subsequently, a comprehensive systemic necropsy
was conducted following the guidelines for veterinary
forensic necropsy. Tissue samples were collected from
the brain, lungs, heart, liver, kidneys, intestines, and
spleen and fixed in 10% neutral buffered formalin.
After routine tissue processing, the samples were
paraffin-embedded, sectioned at 4-5 pm thickness,
and stained with hematoxylin and eosin (H&E). A light
microscope (Olympus CX31, Tokyo, Japan) was used
for histopathological evaluation.

Thirty-six pellets (weight range: 0.172-0.197 g;
diameter range: 2-3 mm) were obtained during
necropsy and reserved for submission to the judiciary
(Fig. 1). Multi-organ damage secondary to penetrating
pellet trauma resulting in hypovolemic and cardiogenic

Fig. 1. Shotgun pellets were retrieved postmortem from
various anatomical regions and collected in a sterile Petri
dish. The metallic appearance and uniform spherical
morphology are consistent with those of typical lead-based
birdshot ammunition.

Table 1. Anatomical localization and shotgun pellet density pattern.

Anatomical region Approximate number of pellets Distribution pattern/localization

Head and neck (A) ~45-50 Scattered throughout cranial bones, mandible, cervical soft
tissues, and vertebrae

Thoracic region (B) ~70-80 Widely dispersed within the thoracic wall, ribs, lungs, and
cardiac silhouette

Abdominal region (C) ~60-65 Distributed over the abdominal wall, liver region, and
intestinal loops

Pelvic region and ~30-35 Sparse distribution over pelvic bones, proximal femur, and

hindquarters (C) surrounding soft tissues

Head and neck (A) ~45-50 Scattered throughout cranial bones, mandible, cervical soft

tissues, and vertebrae
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Fig. 2. Laterolateral radiographic views of the dog showing metal dense opacities in the head (A),
thoracic (B), and abdominal (C) regions corresponding to shotgun pellets. The distribution of pellets
appears to be more widespread in the thoracic and abdominal areas.

Fig. 3. The general appearance of the dog before necropsy.

shock due to cardiac tamponade was determined as the
manner of death.

Lateral position radiographs revealed numerous
radiopaque metallic densities of shotgun pellets in
different organs and tissues. Pellet concentrations were
particularly pronounced in the head (Fig. 2A), thoracic
(Fig. 2B), and abdominal regions (Fig. 2C), whereas
a relatively sparse pattern was observed in the right
hind limb. Increased opacity and lack of sharpness of
the costal margin were observed in the thoracic region,
which may suggest the presence of hemothorax.
During necropsy, postmortem rigidity was lost. Gross
examination revealed multiple circular shotgun
entrance wounds (0.5—1 c¢cm in diameter) with smooth
borders around the patient’s body. No abnormalities or
traumatic lesions were observed during the external
examination and in situ inspection of the dog (Fig. 3).
However, a detailed examination of the entire body
and limbs revealed multiple entrance wounds to the
shotgun pellet. The entrance wounds were located on
the skin of the head and neck regions (regio oralis,
buccalis, temporalis, and colli dorsalis) (Fig. 4), trunk
(regio scapularis, costalis, and xiphoidea) (Fig. 5), and
right hind limb (regio femoralis, tibialis, and phalanges
proximalis). Following skin removal and disarticulation
of the limbs, embedded pellets were discovered in the
parotid area, within the latissimus dorsi muscle of the
scapular area, along the path of the femoral artery of
the femoral area, and surrounding the common carotid
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Fig. 4. Pellet entry wounds observed in the head and neck
regions of the dog. (A) Rounded entry wound with regular
margins located in the left labial region (regio labialis
sinistra); (B) small, single entry wound with mild surrounding
hemorrhage in the right temporal region (regio temporalis
dextra); (C) pellet entry sites in the occipital region (regio
occipitalis); (D) two adjacent, small entry wounds with
smooth edges and mild ecchymosis on the dorsolateral neck
region (regio colli dorsolateralis).

artery and jugular vein of the submandibular and
ventral cervical areas.

The absence of hemorrhage or coagulum in the
immediate surroundings of the implanted pellets was
of specific interest, other than in the jugular vein and
the xiphoid area. However, the jugular vein did have
signs of compromise, and the surrounding soft tissue

733


http://www.openveterinaryjournal.com

734

http://www.openveterinaryjournal.com
K. Yagh et al.

Open Veterinary Journal, (2026), Vol. 16(1): 731-738

was completely coated with coagulated blood, a very
significant finding. Likewise, extensive subcutaneous
hemorrhage was observed in the xiphoid area.

Fig. 5. Pellet entry wounds observed in the dog’s trunk and
limb regions. (A) Mildly ecchymotic pellet entry hole located
cranial to the scapula in the right cranial thoracic region; (B)
small, well defined entry wound situated along the anterior
margin of the right scapular area, near the proximal forelimb;
(C) smooth-edged pellet entry sites with minimal hemorrhagic
halo on the right dorsal thoracic area, adjacent to the thoracic
vertebrae; (D) small, rounded, well entry wound located on
the distal femoral region of the right hind limb.

Macroscopic examination of the heart revealed an
extensive collection of clotted blood within the
pericardial cavity (Fig. 6A). The ventral aspect of
the left ventricular wall, near the midline, had a well-
demarcated and well-marginated penetration defect
measuring approximately 0.5 cm (Fig. 6B). The right
ventricular wall also exhibited a small exit wound near
the apex cordis (Fig. 6C).

The lungs were collapsed, and two shotgun pellets
were identified in the right lung cranial and caudal
lobes (Fig. 7A). Blood clots were present within the
trachea, bronchi, and bronchioles.

In the abdominal cavity, blood clots were found on
the omentum majus, and one pellet penetrated the
diaphragm. Three pellet wounds were found in the
liver (Fig. 7B and C). In the medial aspect of the right

Fig. 7. (A) A metallic, shiny shotgun pellet localized within
the pulmonary parenchyma of the right lung lobe (blue
arrow); (B-E) Pellet entry holes (white asterisks) observed
in the liver lobes, spleen, and stomach; (F) A metallic shiny
pellet dissected from the subserosa of the rectum (blue arrow).

Fig. 6. (A) Accumulation of clotted blood in the pericardial sac; (B, C) entry wound
of a shotgun pellet in the left ventricle (yellow arrow) and exit wound in the right
ventricle (white arrow).
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Fig. 8. (A, B) Extensive hemorrhagic areas (yellow asterisks) and disruption/loss of myocardial
fibers (blue asterisks); (C, D) Yellowish amorphous aggregates associated with shotgun pellets
(blue arrows) accompanied by myocardial hemorrhage; (E-G) Widespread interalveolar
hemorrhage in the lung (yellow asterisks), and erythrocyte clusters in the bronchial and
bronchiolar lumens (white asterisks); (H) Yellowish amorphous aggregates in the bronchiolar
lumen associated with shotgun pellet injury (blue arrow); (I-K) Diffuse hemorrhagic areas in
the renal pelvis and erythrocyte clusters in the intertubular areas of the kidney (yellow asterisks);
(L) Yellowish granular material deposits in the renal tubular epithelium due to pellet-related
trauma (blue asterisk); (M, N) Hemorrhagic areas in the submucosa of the intestine (yellow
asterisks); (O, P) Yellowish amorphous aggregates within the intestinal lumen and submucosa
related to shotgun pellet injury. Scale bars: 200 um for A-C, F, [-K, M, N; 100 pm for D, E, G,

H, L, O, P. Stain: Hematoxylin and eosin.

kidney, close to the hilus renalis at the facies sinister,
one pellet defect measuring 0.5-1 cm was observed. A
blood clot measuring 3 x 5 X 8 cm was present anterior
to the hilus renalis, through which the renal artery and
vein entered. Some circular perforations (2—4 mm in
diameter) were observed in the spleen on its parietal
surface Figure 7D. Pellet entry wounds were observed
on the serosal surface of the stomach, particularly along
the curvatura major, and focal mucosal hemorrhage
was observed in the pyloric region (Fig. 7E). One pellet
was identified in the subserosal layer of the rectum with
some bleeding around it (Fig. 7F).

Microscopic findings included multifocal hemorrhage
and loss of myocardial fiber integrity around the
left ventricle (Fig. 8A and D). The lungs were
emphysematous with hemorrhage in the bronchi,
bronchioles, and alveolar lumens (Fig. 8E and H).
The kidneys exhibited diffuse interstitial hemorrhage
throughout the cortex, medulla, and perirenal pelvis
(Fig. 8 and L).

The same hemorrhages were also observed in the small
intestine submucosal layers. Notably, a yellowish
granular substance was deposited in the subserosal
tissue of the heart, lungs, kidneys, and intestines

(Fig. 8M-P). Histopathological examination was
performed on all major organs; however, only those
showing direct pellet impact and characteristic lesions
such as severe hemorrhage, structural disruption, and
yellowish granular deposits were presented in the
microscopic figures.

The kinetic energy E 2 m v? of the shotgun pellets was
calculated assuming an average pellet velocity of 375
ms, which falls within the typical muzzle velocity range
reported for standard 12-gauge shotgun ammunition
(350400 m/s) (Ordog et al., 1984; Kneubuehl et al.,
2011; Bradley-Siemens and Brower, 2016). This
estimated value was used to approximate the energy
transferred to the tissues. The calculation is theoretical
and may not account for the physical and biological
factors influencing energy dissipation.

The findings cite the theoretical energy transported
by one pellet. The energy is sufficient to produce
penetrating injuries in superficial tissues. However,
several external and biological factors, such as air
resistance, tissue density, and pellet deformation,
can significantly reduce the effective kinetic energy
reaching deeper organs. Therefore, the calculated
energy values represent an approximation of the initial
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Table 2. Definition and significance of the “Joule” unit in veterinary forensic pathology.

Unit Definition

Formula

Joule (J)

Physical meaning
force of 1 Newton.

Importance of veterinary
forensic pathology
tissue trauma caused.

The SI unit used to express energy, work, or heat.

IJ=INxIm

The amount of energy required to move a body 1 m against a

Refers to the kinetic energy carried by projectiles such as pellets
or bullets. The amount of energy determines the severity of

impact rather than the true energy transferred within the
tissues. However, in the current scenario, despite the
presence of perforating scalp wounds, the pellets failed
to penetrate the cranial bones, implying that a high
proportion of the energy was substantially dissipated in
the skin and subcutaneous tissues (Table 2).

Discussions

The heart is an important organ that can be significantly
impacted by firearm injuries, both penetrating and
indirect. These types of injuries are usually fatal
(Barach et al., 1986; Cooper and Ryan, 1990; Pavletic
and Trout, 2006; Cooper and Cooper, 2008; Munro
and Munro, 2008). The entry of the bullet or pellet into
the myocardial layer or pericardial space can result in
hemopericardium and cardiac tamponade, conditions
that hamper ventricular filling and can eventually lead
to cardiogenic shock (Elliott and Mayhew, 2011). The
rising pressure generated by the fluid buildup in the
pericardial sac impedes diastolic filling and results in
a profound drop in cardiac output (Pavletic and Trout,
2006; Munro and Munro, 2008). Acute tamponade is
associated with an early mortality.

In dogs, acute cardiac tamponade has been reported
to develop within minutes following penetrating
thoracic trauma and is associated with acute cardiac
compression (Spodick, 1967). Because the pericardium
is a relatively inelastic serofibrous sac, sudden
increases in intrapericardial fluid volume cannot be
rapidly accommodated. Consequently, diastolic filling
is restricted, leading to a reduction in venous return
and stroke volume, ultimately resulting in circulatory
collapse and cardiogenic shock (Tilley et al., 2024).
Cardiac tamponade begins when the normally negative
pericardial pressure equilibrates with the right atrium
and ventricle diastolic pressures. When intrapericardial
pressure rises to positive values typically exceeding 12
cm H,O, the right atrial and/or right ventricular free
wall collapses, with a consequent decline in cardiac
output. This process may lead to cardiogenic shock
and sudden death in acute cases, whereas chronic
fluid accumulation may result in right-sided heart
failure (Shaw and Rush, 2007; Boon, 2011). In this
case, approximately 100—150 ml of clotted blood was
detected within the pericardial cavity. Previous studies
have indicated that even relatively small but rapidly
accumulating volumes of blood (200—400 ml) can cause

fatal pericardial compression and circulatory failure in
acute hemopericardium (Shaw and Rush, 2007; Boon,
2011). Although direct penetrating cardiac injury was
present, the synchronous impact of multiple shotgun
pellets to the thorax, causing sudden intrathoracic
pressure transmission and energy transfer, may have
been one of the primary causes of death in this case.

In this case, approximately 100-150 ml of clotted
blood was detected within the pericardial cavity.
Although the exact volume could not be quantified,
this amount was sufficient to suggest acute cardiac
tamponade, consistent with previous studies reporting
that even 200—400 ml of rapidly accumulating blood
can cause fatal circulatory collapse in dogs (Shaw and
Rush, 2007; Boon, 2011). The jugular vein exhibited
perivascular hemorrhage and partial mural disruption
rather than complete rupture, indicating limited
external bleeding that may have contributed to systemic
blood loss. Together with evidence of myocardial
penetration and pericardial coagulum, these findings
support a multifactorial mechanism of death primarily
involving cardiac tamponade and myocardial injury,
with possible additive effects of vascular hemorrhage
from the cervical region (Kneubuehl et al., 2011; Le
Garff et al., 2015; Piegari et al., 2024). Concurrent
pulmonary hemorrhage and emphysematous changes
observed histologically are consistent with secondary
barotrauma and internal pressure fluctuations following
multiple high-energy impacts, in agreement with
previous descriptions of ballistic lung trauma in dogs
(Alcigir et al., 2014).

Based on the radiographic, gross, and histopathological
findings, the injuries appear to have resulted from
multiple rapid discharges. The lesions in the cervical
region, particularly around the jugular vein and
directed toward the heart, indicate that the first shot
was the most likely lethal event (Cooper and Cooper,
2008; Kneubuehl et al., 2011; Le Garff ef al., 2015).
The absence of thermal damage, hemorrhagic halo, or
gunpowder residue in other anatomical areas indicates
that these lesions developed postmortem or secondary
to pellet displacement. Altogether, the observations
support the interpretation that the shots were fired from
a long range and sequentially, and that jugular vein
rupture, cardiac tamponade, and hemothorax represent
the primary lethal consequences of the initial discharge
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directed toward the cervical and thoracic regions
(Felsmann et al., 2012).

When animals suffer gunshot injuries, both the direct
effects of traumatic penetration and the tissue and
systemic changes caused by shock waves are considered
vital (Cooper and Cooper, 2008). In the present case,
the finding of hemorrhage in the bronchi, bronchioles,
and alveoli, with emphysematous changes, indicates
internal pressure changes and pulmonary hemorrhage.
These findings are consistent with the macroscopic
changes described by Alcigir ef al. (2014) in a dog with
ballistic lung trauma.

In veterinary forensic pathology, perilesional
hemorrhage, pellet tracks, coagulation necrosis,
and particulate residues at the point of wound entry
are very significant in evaluating firearm injuries.
Histopathological and macroscopic characteristics
have been observed during forensic necropsy in
animals that had died due to gunshot (Piegari et al.,
2024). Extensive soot particles on the surface of the
tissue, abrasion rings, and extensive hemorrhage and
necrosis in subcutaneous tissues are mentioned in
contact shots, whereas these characteristics tend to
diminish in distant-range shots, and tissue responses
are limited. Microscopically, extensive areas of
hemorrhage with yellowish granular material and
inflammatory responses have been noted along the
trajectory of the projectile. Piegari et al. (2024)
discovered this particulate material to be residual Pb
particles. In the current instance, yellowish granular
material and hemorrhagic foci were observed in the
lungs, heart, kidneys, and small intestine submucosa,
supporting the results reported by Piegari ef al. (2024).
The intensity of the kinetic energy is the primary
indicator of the severity of tissue damage caused by
a projectile. Kneubuehl ef al. (2011) and Ordog et al.
(1984) reported that 5-15 J kinetic energy may cause
skin penetration and subcutaneous tissue injury, 15-30
J may cause muscular injury, and energies >30 J may
cause bone fracture and fatal internal organ injury
(Table 3). In this case, the pellets were estimated to
contain approximately 13-J kinetic energy sufficient

Table 3. Potential tissue effects based on kinetic energy
levels (in Joules).

Energy (Joule) Potential tissue effect

1-57 Mild superficial contusion, epidermal
abrasion

5-157J Skin penetration, subcutaneous tissue
trauma

15-3017J Muscle tissue damage, hematoma
formation, and a limited risk of internal
hemorrhage

>301J Bone fracture, perforation of

parenchymal organs, potentially fatal
trauma

to cause penetrating trauma in superficial tissues,
such as the scalp. In fact, several perforating wounds
were observed on the scalp. Nevertheless, the absence
of skull penetration and damage or the presence of
residual material within the brain suggests that this
much energy was insufficient to penetrate the cranial
bone barrier.

Conclusion

In conclusion, limiting ballistic analysis, macroscopic,
and histopathological analysis provided significant
guidance to the determination of the nature of trauma
and cause of death—that is, injury of multiple organs
resulting in hypovolemic and cardiogenic shock—
even though the firearm used in this incident was not
confiscated. Thus, the case is a classic illustration of
the utility of necropsy analysis in veterinary forensic
pathology.
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