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Abstract

Heart explosions are medically not possible. But if they were, how much internal pressure would it take to achieve
this and is this amount of pressure anywhere close to any previous recorded blood pressures? This paper
calculates a required blood pressure of 12877 mmHg to achieve a total heart explosion using Barlow’s formula.
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Can a Heart Explode?

Some conditions can make the heart beat faster,
causing pain and making someone feel like their heart
might explode [1]. In reality, heart explosions cannot
occur. However, what if they could? This paper
calculates how much internal pressure it would take
to explode a heart.

Pressure Formula

Barlow's formula (Equation 1) calculates the burst
pressure of cylindrical vessels [2]. Usually, this
equation is used for rigid materials such as metal or
plastic piping in engineering settings. Although not
directly applicable to flexible biological tissues, we
can adapt it for a rough estimation. We use this
equation as the shape of the heart, including the
chambers, can be more comparable to a cylindrical
vessel than a spherical one. Barlow’s formula:

p— (2T x S) n 4
=—0p ("D
where P is the burst pressure (MPa), T is the wall
thickness (mm), S is the tensile strength of the
material (MPa) and D is the diameter of the vessel
(mm).

Burst Pressure of The Average Heart

To approximate P (MPa) for a human heart (Figure 1),
we need the tensile strength of cardiac tissue, the
thickness of the heart wall and the diameter of the
heart chambers. The model will be based on the
average human male and all values quoted to

3 significant figures. The thickness of the heart wall
and the shape of the chosen heart area will be
assumed uniform with no particular areas of
weakness. It is also assumed the heart is healthy with
no medical conditions or environmental impact that
may affect the strength (for example smoking).
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Figure 1 — Diagram of the human heart displaying
all chambers and values [3].

Each heart chamber is made up of the same cardiac
tissue with a tensile strength ranging from 0.4 MPa to
2.6 MPa [4]. The median value of 1.1 MPa will be
used. The thinnest and weakest part of the heart is
the right atrium, which is 2 to 6 mm thick [5]. The
median value of 4 mm will be used. Its diameter is
3.4 to 53cm [6]. The median value of 4.35cm
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(43.5 mm) will be used. Putting these median values
into Barlow’s Formula, we can produce Equation 2:

P (2(4.00mm) x (1.10MPa))
- (43.5mm)

(eq™ 2)
P = 0.202MPa
To convert MPa to mmHg we use the MPa value
multiplied by 7501 [7]. This value is equivalent to a
blood pressure of 1,515 mmHg. One of the largest
documented blood pressures is 370/360 mmHg [8].
This extreme case was observed during a study of
blood pressure in weight-lifting males. Based on this,
it is fair to say that blood pressures of 1,515 mmHg
are not going to have been recorded before in living
human individuals and there is no known way of this
value being achieved. The calculated pressure is also
equivalent to 1.99 atm. A study on the aortic rupture
of intracranial arteries noted average pressures of
2.21 atm required [9].

Why is there a difference?

Arteries and the heart, although working for the same
system, are different in structure. Under normal
circumstances, these structures do not explode. It is
factors such as the thickness and flexibility of the
walls that prevent bursts. Artery walls consist of three
layers. Intracranial arteries specifically have smaller
innermost and middle layers [10]. These are the
tunica intima, containing mostly elastic fibres and the
tunica media, made of smooth muscle, responsible
for constriction and dilation. The heart walls are also
three layers made of endothelial cells, cardiac muscle
tissue, blood vessels, nerves, and adipose tissue going
from the inner to outer layer [11]. The atria
specifically have thinner walls too as they require less
force to contract than the ventricles. The pressure in
the right atrium is 1 to 7 mmHg, whereas intracranial
pressure is 5 to 15 mmHg [12, 13]. These facts help
explain the difference in pressure required to burst
each structure. Additionally, under regular
conditions, these structures would not explode due
to blood pressure regulation in the body. This
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involves the autonomic nervous system and
baroreceptor [14]. Valves also aid in the maintenance
of blood pressure by preventing backflow and
realistically, the pressure withstood by these would
also affect the pressure needed to burst a heart and
arteries [3].

Total Heart Explosions

What if you wanted a full heart explosion, similar to
something in a cartoon? To burst all regions of the
heart, we must consider the strongest region of the
heart with the best measurements from the average
ranges. These will guarantee a total explosion of
even the strongest hearts. Taking the maximum
tensile strength of cardiac tissue (2.4M Pa) [4], the
maximum thickness (15 mm) [15] and the smallest
diameter of the left ventricle (42 mm) [16], we can
produce Equation 3:

_ (2(15mm) x (2.4MPa))

P (42mm)

(eq™ 3)

P = 1.71MPa

This would require a blood pressure of 12,826 mmHg.
Even giraffes who have the highest known average
blood pressure of an animal, only have pressures of
around 300/180 mmHg [17]. Giraffes, unlike humans,
have multiple internal structures to support cardiac
tissue under such pressure. This includes specialised
valves that prevent blood from pooling in the head
and flowing back into the skull, thicker heart muscle
walls and support structures in the arteries.

Conclusion

Heart explosions, while not medically possible, are an
interesting point of study in terms of the battle
between pressure and tensile strength. A blood
pressure of 12,826 mmHg must be achieved for a
total heart explosion of the strongest hearts. This is
not naturally possible due to the tight regulation of
blood pressure in the body and has never been
recorded higher than 360 mmHg.
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