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Abstract: Death from falls accounts for a significant number of injuries and fatalities globally, often
linked to suicides, workplace accidents, or substance abuse, and rarely to homicidal causes. Injuries
from falls vary based on height, impact point, and surface struck, with severe trauma often seen,
including visceral ruptures, organ lacerations, and complex fractures. Even minimal external injuries
can mask severe internal damage, such as multiple organ ruptures, organ tears, and large vessel
lacerations. Blunt cardiac injuries, which occur in 5% to 50% of falls, are significant, especially in falls
over 6 m. In 70% of the cases, cardiac rupture is observed at the level of the posterior wall of the heart
and occurs due to a contusive action on the heart during the diastolic filling phase. We report a case of
a 29-year-old man (weight 95 kg) who died from an 11-meter fall. He had a history of cardiac surgery
for the transposition of the great vessels, and an autopsy revealed extensive cardiac rupture, likely
worsened by fibrotic adhesions anchoring the heart to the pericardium. Toxicological investigations
on peripheral blood showed BAC > 2.58 g/L. Heart scars, macro- and microscopically as a deposit of
fibrous tissue, due to previous surgery, may have contributed to the extent of the lesion, suggesting
the need for further study on post-operative tissue changes and their effects on trauma from falls.

Keywords: forensic pathology; cardiopathology; cardiac post-surgery; legal medicine; cause of death;
autopsy; post-mortem
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Abstract: Death from falls accounts for a significant number of injuries and fatalities globally, often 
linked to suicides, workplace accidents, or substance abuse, and rarely to homicidal causes. Injuries 
from falls vary based on height, impact point, and surface struck, with severe trauma often seen, 
including visceral ruptures, organ lacerations, and complex fractures. Even minimal external inju-
ries can mask severe internal damage, such as multiple organ ruptures, organ tears, and large vessel 
lacerations. Blunt cardiac injuries, which occur in 5% to 50% of falls, are significant, especially in 
falls over 6 meters. In 70% of the cases, cardiac rupture is observed at the level of the posterior wall 
of the heart and occurs due to a contusive action on the heart during the diastolic filling phase. We 
report a case of a 29-year-old man (weight 95 kg) who died from an 11-meter fall. He had a history 
of cardiac surgery for the transposition of the great vessels, and an autopsy revealed extensive car-
diac rupture, likely worsened by fibrotic adhesions anchoring the heart to the pericardium. Toxico-
logical investigations on peripheral blood showed BAC > 2.58 g/L. Heart scars, macro- and micro-
scopically as a deposit of fibrous tissue, due to previous surgery, may have contributed to the extent 
of the lesion, suggesting the need for further study on post-operative tissue changes and their effects 
on trauma from falls. 
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Figure 1. Forensic autopsy revealed contusions of the parasternal muscles as well as left-sided rib 
fractures, heart rupture with extensive retrosternal fibrosis (green circle), and a left hemothorax of 
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Figure 1. Forensic autopsy revealed contusions of the parasternal muscles as well as left-sided rib
fractures, heart rupture with extensive retrosternal fibrosis (green circle), and a left hemothorax of
2000 mL. Examination of the heart showed extensive injury to the right cardiac wall with infiltration of
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blood along the edges and the accumulation of blood clots within the cardiac chambers. Additional findings
included bronchopulmonary contusions, liver lacerations, and lacerations of the left renal capsule [1].
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Figure 2. The broken anterior wall of the heart with the anterior surface of the atrium and ventricle 
was fixed to the retrosternal tissues (green arrow) due to a post-surgical scar (green circle). Heart 
rupture from a fall occurs due to rapid vertical deceleration and the impact forces acting on the 
organ. A study conducted on 307 cases of fatal falls revealed that 53% had heart rupture, and these 
injuries were more common among the victims aged 60 years or older and those falling from greater 
heights [2]. From a physio-pathological perspective, the mechanism of non-penetrating heart rup-
ture depends on the pendulum-like shape of the organ. Upon impact with the ground, particularly 
on the anterior chest, the heart can be compressed between the sternum and the vertebral column, 
resulting in injuries predominantly involving the full thickness of the heart [3–5]. During frontal 
impact from a fall, the right atrium and right ventricle are the parts of the heart most likely to rupture 
compared to the left ventricle and left atrium, which are more commonly injured in vehicular 
trauma [5]. In the cases of the contusive rupture of the cardiac chambers, death occurs in 80% of the 
cases despite hospital arrival [6,7]. 

 
Figure 3. The right anterior wall was completely avulsed and adhered to the overlying retrosternal 
tissues. The laceration, with dark red margins, originated from the lateral edge of the right atrium, 

Figure 2. The broken anterior wall of the heart with the anterior surface of the atrium and ventricle was
fixed to the retrosternal tissues (green arrow) due to a post-surgical scar (green circle). Heart rupture from a
fall occurs due to rapid vertical deceleration and the impact forces acting on the organ. A study conducted
on 307 cases of fatal falls revealed that 53% had heart rupture, and these injuries were more common among
the victims aged 60 years or older and those falling from greater heights [2]. From a physio-pathological
perspective, the mechanism of non-penetrating heart rupture depends on the pendulum-like shape of
the organ. Upon impact with the ground, particularly on the anterior chest, the heart can be compressed
between the sternum and the vertebral column, resulting in injuries predominantly involving the full
thickness of the heart [3–5]. During frontal impact from a fall, the right atrium and right ventricle are the
parts of the heart most likely to rupture compared to the left ventricle and left atrium, which are more
commonly injured in vehicular trauma [5]. In the cases of the contusive rupture of the cardiac chambers,
death occurs in 80% of the cases despite hospital arrival [6,7].
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Figure 3. The right anterior wall was completely avulsed and adhered to the overlying retrosternal
tissues. The laceration, with dark red margins, originated from the lateral edge of the right atrium,
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extended towards the adjacent ventricle and the cardiac apex, and then ascended along the interven-
tricular septum towards the aortic ostium. Its extension was 11 × 7 cm. The case presented can be
classified according to the American Association for the Surgery of Trauma as a Grade VI cardiac
injury, which involves a “penetrating wound producing more than 50% tissue loss of a chamber” [8].

Diagnostics 2024, 14, x FOR PEER REVIEW 3 of 5 
 

 

extended towards the adjacent ventricle and the cardiac apex, and then ascended along the inter-
ventricular septum towards the aortic ostium. Its extension was 11 × 7 centimeters. The case pre-
sented can be classified according to the American Association for the Surgery of Trauma as a Grade 
VI cardiac injury, which involves a “penetrating wound producing more than 50% tissue loss of a cham-
ber” [8]. 
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these were found to be localized injuries and of smaller size compared to those observed in the 
patient with retrosternal scars. A study conducted on 190 cases of BTC rupture highlighted that the 
majority of transmural atrial and ventricular injuries were located on the posterior wall of the organ 
near the vena cavae [11] and not on the anterior surface of the organ. Although Casali et al. [2] 
highlight an increase in heart rupture from falls from significant heights such as 12 meters, this 
study does not report the extent and location of the cardiac injuries. These aspects have been ob-
served by Turk et al. [12], who reported cardiac injuries approximately 1 centimeter in size from 
heights less than 15 meters. This suggests that injuries of several centimeters or the total avulsion of 
the right atrium and ventricle from heights less than 15 meters could be facilitated by anatomical 
and structural factors (e.g., retrosternal fibrosis). Therefore, the atypical pattern of injury, character-
ized by the avulsion of the atrial and ventricular walls of the heart, may suggest a stretching mech-
anism. Such a mechanism would be caused by the retrosternal adhesions that exerted traction on 
the organ during the expansion phase of the chest cage following the BTC rupture of the heart due 
to impact with the ground. 

Figure 4. On the ascending aorta and the pulmonary artery, there were well-healed surgical scars
with green sutures indicative of previous corrective surgery for the transposition of great arteries
(green circle). Blunt Traumatic cardiac (BTC) ruptures (rupture of the mitral valve, endocardium, and
papillary muscles) have also been described at heights less than 15 m [9,10], However, these were
found to be localized injuries and of smaller size compared to those observed in the patient with
retrosternal scars. A study conducted on 190 cases of BTC rupture highlighted that the majority of
transmural atrial and ventricular injuries were located on the posterior wall of the organ near the
vena cavae [11] and not on the anterior surface of the organ. Although Casali et al. [2] highlight an
increase in heart rupture from falls from significant heights such as 12 m, this study does not report
the extent and location of the cardiac injuries. These aspects have been observed by Turk et al. [12],
who reported cardiac injuries approximately 1 cm in size from heights less than 15 m. This suggests
that injuries of several centimeters or the total avulsion of the right atrium and ventricle from heights
less than 15 m could be facilitated by anatomical and structural factors (e.g., retrosternal fibrosis).
Therefore, the atypical pattern of injury, characterized by the avulsion of the atrial and ventricular
walls of the heart, may suggest a stretching mechanism. Such a mechanism would be caused by the
retrosternal adhesions that exerted traction on the organ during the expansion phase of the chest cage
following the BTC rupture of the heart due to impact with the ground.
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Figure 5. Microscopic examination of scar tissue—obtained using a Leica TCS SPE microscope, 
Cambridge, UK—using traditional hematoxylin and eosin (H&E) staining revealed a marked thick-
ening of the hemorrhagic pericardium with strong adhesions to the underlying epicardium, the 
overlying parasternal intercostal striated muscle, and retrosternal fat and interstitial hemorrhages 
[13]. 

 
Figure 6. Myocardial samples showed extensive interstitial and perivascular hemorrhages. 

Figure 5. Microscopic examination of scar tissue—obtained using a Leica TCS SPE microscope, Cam-
bridge, UK—using traditional hematoxylin and eosin (H&E) staining revealed a marked thickening
of the hemorrhagic pericardium with strong adhesions to the underlying epicardium, the overlying
parasternal intercostal striated muscle, and retrosternal fat and interstitial hemorrhages [13].
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