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ABSTRACT ARTICLE HISTORY
Heart weight is a routine measurement during a post-mortem Received 21 April 2023
examination. An increased heart weight is associated with preexist- ~ Accepted 11 August 2023

ing heart disease and sudden cardiac death. In cases where the KEYWORDS

heart is partially fragmented, it may be hard to obtain an accurate Post mortem: autopsy; heart
heart weight by weighing it. If a compromised/fragmented heart weight; cardiomegaly;
size can be approximated, assessing the heart dimensions may hypertrophy
provide a heart weight estimation. This study examined 46 fresh

Caucasian adult hearts and found a high and significant correlation

between heart dimensions and heart weight. Using linear regres-

sion modelling, heart weight can be estimated using only the

transverse dimension (or width) of the heart with a relatively high

accuracy. The established equation in estimating heart weight was

heart weight (g) = —298 + 5.92 * heart width (mm), R* = 0.71.

Introduction

Cardiac hypertrophy is defined as an increase in heart weight'. Cardiac hypertrophy leads
to electrical instability and is associated with several preexisting cardiac diseases and
sudden cardiac death®>. The hypothesized mechanism of death in cases with cardiac
hypertrophy is from fatal cardiac arrhythmia®>. Obtaining an accurate heart weight
measurement is therefore crucial in post-mortem examination*®, However, in the
authors’ experiences, in cases where the heart is compromised or partially fragmented
with missing parenchyma (such as from penetrating or blunt trauma), the obtained heart
weight might not reflect the heart weight at the time of death. If the compromised or
fragmented heart can be reapproximated or where certain parts of the heart remain
intact, assessing the heart dimensions may give an estimate of the actual heart weight.
This study investigated the association between heart dimensions and heart weight and
whether heart dimensions can accurately estimate heart weight.
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Materials and methods

To be clinically useful, a moderate to strong correlation is needed between heart dimen-
sions and heart weight. Assuming parametric and monotonic correlation, Pearson’s
correlation was used (rp) in this study. With a null hypothesis of having no correlation,
to detect a correlation coefficient of 0.4 (moderate) with a = 0.05 and 3 = 0.8, a sample size
of 46 is needed (a stronger correlation would need fewer samples). This study, therefore,
prospectively sampled 46 consecutive Caucasian adult cases. Age, sex, height (m) and
weight (kg) were recorded. Body mass index (BMI, kg/m?) and body surface area (BSA, Du
Bois & Du Bois formula: [weight (kg)®*** x height (cm)®’%°] x 0.007184, m?) were also
calculated.

A previous study has shown that including age, sex, and BSA increased the accuracy of
estimating heart weight (Wt) when using heart dimensions obtained from post-mortem
computed tomography (PMCT)’. As such, these parameters were used to estimate Wt.
Cases excluded in this study were:

1) Paediatric population (<18 years old), due to ethical constraints.

2) Cases with incomplete data set.

3) Suspicious and/or homicidal deaths due to potential legal implications.

4) Non-Caucasian ethnicity (as documented in the reporting police file), due to ethics
constraints.

(5) Compromised bodies (e.g. bodies found in fire, decomposed bodies, and bodies
with significant trauma), as these would impede the anthropometric data.

(6) Cases where previous open-heart surgery was performed due to altered anatomy

(
(
(
(

Heart dimensions

The heart dimensions were taken before the heart was dissected and were measured in
millimetres (mm), with two standard measurements taken'. The transverse dimension
(width, W) of the heart was measured obtuse to the acute margin at the posterior atrio-
ventricular sulcus. The longitudinal dimension (length, L) was measured as the distance
between the crux cordis (the point at which the atrio-ventricular sulcus meets the poster-
ior interventricular sulcus) and the apex of the heart on the posterior aspect (Figure 1).

Assuming the ventricles are in a cone shape, the dimensions of the heart (W and L)
were transformed into a three-dimension parameter (V = W? x L). The normal equation for
a cone shape is 1/3 * [diameter/2]* * [height], the constants of the equation would be
factored into the correlation and regression analysis. The weight of the ventricles of the
heart is consistently 70% of the entire heart weight, and the atrial dimensions were not
included when measuring the heart dimensions?®.

Heart weight

The Wt was measured in grams using a calibrated scale. The time point when the heart
was weighed was after the heart dimensions were taken, dissected using the short axis
method, rinsed and washed, blood and blood clots in the heart chambers removed, and
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Figure 1. An illustration on how the transverse and longitudinal size/dimensions were taken (illustra-
tion taken from Basso et al').

gently pat dried to remove excess water. This was in concordance with the standard
European guidelines and recent recommendations for weighing the heart at post-mortem
examination®'".

Statistical analysis

Statistical analysis was performed using R (open source, R studio 2022.07.01, Build 554).
Continuous variables were presented as mean, median, minimum, maximum and standard
deviation (s.d.). Discrete variables were represented as counts. Initial scatter plot and sub-
sequent Pearson’s correlation coefficient (rp) was determined between Wt and continuous
variables (W, L, V, age, BMI and BSA). Student's t-test was used to compare Wt between sexes.

Best subset multivariate linear regression analysis with sex, age, height, weight, BMI,
BSA, W, L and V were used to estimate Wt to choose the best model by optimizing the
residual sum of squares.

Ethics

This study was approved by the Forensic Scientific Services Human Ethics Committee
(FSS-HEC) (EC00305) reference number HEC 22-18.

Results

In the 46 cases, there were 26 males and 20 females. The mean age was 55.8 years (s.d.:
17.7, median: 56, min: 18, max: 93). The mean height, weight, BMI, and BSA were 170.4 cm
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Figure 2. Residual plot in estimating heart weight (g) using the transverse dimension (width, mm) of
the hear.

(s.d.: 11.8, median: 170.5, min: 142, max: 201), 87.6 kg (s.d.: 23.1, median: 88.5, min: 48,
max: 138), 29.8 kg/m2 (s.d.: 6.1, median: 30.34, min: 18.0, max: 44.1), and 2.0 m? (s.d.: 0.3,
median: 2.0, min: 1.4, max: 2.7), respectively.

The mean Wt, W, L and V were 420 g (s.d.: 110.7, median: 417.5, min: 244, max: 645),
121.4 mm (s.d.: 15.8, median: 115, min: 97, max: 170), 102.8 mm (s.d.: 16.2, median: 100,
min: 80, max: 175), and 1,588,316 mm? (s.d.: 686570.6, median: 1,363,492, min: 790,356,
max: 4,204,375), respectively.

The mean Wt was significantly higher in males than females (476.6 g vs 347.6 g, t-test
p < 0.05). Pearson’s correlation coefficients (r,) between Wt and age, height, weight, BMI,
BSA, W, L, and V were 0.07 (p = 0.64), 0.57 (p < 0.05), 0.66 (p < 0.05), 0.48 (p < 0.05), 0.68
(p < 0.05), 0.84 (p < 0.05), 0.64 (p < 0.05), and 0.78 (p < 0.05), respectively.

The best subset multivariate linear regression showed heart width (W) was the best
predictor. Linear regression analysis using W had a coefficient of 592 (p < 0.05) and in
intercept of —298 (p < 0.05). This translated to the equation in predicting heart weight
being Wt = —298 + 5.92 *W. The residual plot showed random distribution (Figure 2) and
had an R? of 0.71.

Discussion

This study showed that heart dimensions had a high and statistically significant correla-
tion with heart weight. The heart weight for Caucasian adults can be estimated with good
accuracy with only the transverse dimension (width) of the heart.
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Heart weight is the first and important piece of information to indicate any underlying
cardiac pathology during post-mortem examination'®. It is obtained after the heart is
removed from the body cavity, with the aorta and pulmonary artery transected 10 mm
above their origin, and post-mortem clots removed from the heart chambers. The heart is
commonly weighed unfixed in routine forensic workload, despite much of the literature
being based on measurements of formalin-fixed specimens'®'2, An increased heart
weight (cardiac hypertrophy) can lead to electrical instability, precipitating fatal cardiac
arrhythmia and sudden cardiac death. Thus, having an accurate heart weight can be
crucial in establishing the cause of death at post-mortem examination, especially in cases
without definite morphological causes of death. The weight of the heart can be compared
to reference tables, charts, and online calculators to determine whether it is increased or
not (taken formalin fixation into account)'#'°, In cases of a traumatic death where the
event was unwitnessed, and the heart is fragmented with potential loss of parenchyma, it
can be challenging to provide an opinion regarding the possibility of a cardiac event
contributing to the death as a precipitant to the trauma. If the fragmented heart dimen-
sions can be re-approximated or where enough parts of the heart remain intact to obtain
the dimensions of the heart and estimate the heat weight accurately, it would help to
provide a more definitive opinion regarding the heart’s contribution to the death. This
had been implied in a recent study, however the study did not exhaustively investigate
other epidemiological and anthropometric variables®.

Our study showed that W, L and V correlated strongly and significantly with heart
weight. This is expected as the larger the dimension of the heart, the heavier it would
be. In terms of predicting heart weight, our study showed that W, the transverse
dimension (width) of the heart, alone was able to estimate heart weight with high
accuracy (i.e. able to predict >70% of the heart weight, R> = 0.71). Although male,
a higher BMI, BSA, L, and V were associated with a higher heart weight, these factors
were not included in our best subset multivariate analysis in predicting heart weight.
This is explained by the high accuracy in using W alone in predicting heart weight.
Further adding less accurate variables to the regression model made no improvement
in heart weight prediction by statistical evaluation. Unexpectedly, V was not more
accurate in estimating heart weight than W. This may be explained by the lower
accuracy of L in estimating heart weight and also that the ventricles are not a perfect
solid cone. W is a measurement of the fibrous annulus, which is less affected by post-
mortem changes such as rigour mortis, whereas L contains the length of the muscular
septum which may be affected by rigour mortis.

When compared to using more sophisticated radiological techniques, a simple macro-
scopic dimension (with W alone) had a comparable accuracy in estimating heart
weight’?'?2, Data transformation and adding more parameters have been shown to
increase the accuracy in estimating heart weights using radiological dimensions (R?
between 60% and 80%). However, using radiological dimensions can add technical
challenges in estimating heart weight. Most of the radiological studies in the estimation
of heart weight require radiological experience and infrastructure, require deceased’s
characteristics (age, sex, height, and weight), can be labour intensive, and may require
high computational power. Furthermore, radiological techniques have not been shown to
be able to estimate the weight of a fragmented heart. These may limit the utility of
radiological techniques in estimating heart weight.
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The result of this study is useful in predicting heart weight via a practical method. Using
only one macroscopic measurement (i.e. transverse dimension/width of the heart) to
estimate heart weight is particularly useful in situations when the heart is partially
fragmented with missing parenchyma. Furthermore, if a photograph of the heart can
be taken, advancement in artificial intelligence/machine learning/deep learning may even
allow the possibility of automatically measuring the heart dimensions to estimate heart
weight?.

Limitations

This study assessed the relationship between heart dimensions and heart weight. The
limitations of the study are as follows:

(1) Reference range for heart dimension and weight: This study focused on the
correlation between heart dimensions and heart weight. It was not designed to
establish a reference range or threshold for cardiomegaly or cardiac hypertrophy.

(2) Population group: This study examined unfixed post-mortem Caucasian adult
hearts and the results cannot be extrapolated beyond this population group.

(3) Margin of error: The results of the regression analysis showed that the >70% of the
heart weight can be explained by the heart width. A margin of error should be
expected when using the equation provided and can be determined from the
residual plot provided. Adding other non-standard heart dimensions, such as the
height of the heart, may increase the accuracy; however, this would require further
investigation.

(4) Application of our results: This study explored whether heart dimensions can
predict heart weight. The results were intended to be applied to estimate frag-
mented heart weight. The method of fragmented heart approximation and
whether the weight of a fragmented heart can be truly estimated with heart
dimensions were not directly investigated in this study due to the limitations in
using human subjects. This could be explored using animal models in the future.

Acknowledgments

This study was dedicated to the late Associate Professor and Eminent Pathologist, Alex
Olumbe who left in peace during the preparation of this manuscript. His presence, friendship,
proud Kenyan heritage, dedication to forensic pathology, generosity, kindness, unique and
colourful dress sense, and contagious smile, laughter and sense of humour are enormously
missed. The authors would also like to thank administrative staff Cassey May Dawson and
Amanda Thorley, forensic pathology technicians Kristian Knight, Nicky Rogers and Tanya
Rancic, Forensic Scientific Services Human Ethics Committee Kate Angus and Helene Jacmon
for their assistance

Disclosure statement

No potential conflict of interest was reported by the author(s).



606 J. GARLAND ET AL.

ORCID

Rexson Tse ([2) http://orcid.org/0000-0002-1388-9537

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Basso C, Michaud K, D’Amati G, Banner J, Lucena J, Cunningham K, Leone O, Vink A, Van Der
Wal AC, Sheppard MN. Cardiac hypertrophy at autopsy. Virchows Archiv. 2021;479(1): 79-94.

. Hitosugi M, Kurosu A, Nagai T, Tokudome S. Sudden death and heart weight. Med Sci Law.

2003;43(1):89. doi:10.1258/rsmmsl.43.1.89.

. Garland J, Kesha K, Glenn C, Stables S, Ondruschka B, Lohner L, Tse R. Heart weight is an

independent factor associated with, but is a poor predictor for, sudden cardiac death. Am
J Forensic Med Pathol. 2022;43(1): 18-22.

. DiMaio V, DiMaio D. Forensic pathology. 2nd. Boca Raton (FL): CRC Press; 2001.
. Saukko P, Knight B. Knight's forensic pathology. 4th ed. Boca Raton: CRC Press, Taylor &

Francis Group; 2016.

. Dolinak D, Matshes E, Lew E. Forensic pathology. Murlington (MA): Elsevier; 2005.
. Aitken-Buck HM, Moore M, Whalley GA, Lohner L, Ondruschka B, Coffey S, Tse RD,

Lamberts RR. Estimating heart mass from heart volume as measured from post-mortem
computed tomography. Forensic Sci Med Pathol. 2022;18(3):333-342. d0i:10.1007/512024-
022-00478-1.

. Loper N, Garland J, Ondruschka B, Lamberts RR, Stables S, Tse R. Ventricular weight increases

proportionally with total heart weight in postmortem population. Am J Forensic Med Pathol.
2020;41(4):259-262. doi:10.1097/PAF.0000000000000568.

. Basso C, Aguilera B, Banner J, Cohle S, d’Amati G, de Gouveia RH, Di Gioia C, Fabre A,

Gallagher PJ, Leone O, et al. Guidelines for autopsy investigation of sudden cardiac death:
2017 update from the association for European cardiovascular pathology. Virchows Arch.
2017;471(6):691-705. doi:10.1007/s00428-017-2221-0.

Loper N, Garland J, Ondruschka B, Glenn C, Kesha K, Stables S, Tse R. Significant differences in
postmortem heart weight before and after dissection using the short-axis dissecting method.
J Forensic Sci. 2020;65(5):1563-1567. doi:10.1111/1556-4029.14451.

Garland J, Kesha K, Glenn C, Morrow P, Stables S, Ondruschka B, Lohner L, Tse R. The effects of
drying the rinsed dissected heart on postmortem heart weight. J Forensic Sci. 2022;67(1):
251-256.

Kitzman DW, Scholz DG, Hagen PT, llstrup DM, Edwards WD. Age-related changes in normal
human hearts during the first 10 decades of life. Part ii (maturity): a quantitative anatomic
study of 765 specimens from subjects 20 to 99 years old. Mayo Clin Proc. 1988;63(2):137-146.
doi:10.1016/50025-6196(12)64946-5.

de la Grandmaison GL, Clairand I, Durigon M. Organ weight in 684 adult autopsies: new tables
for a caucasoid population. Forensic Sci Int. 2001;119(2):149-154. doi:10.1016/S0379-
0738(00)00401-1.

Gaitskell K, Perera R, Soilleux EJ. Derivation of new reference tables for human heart weights
in light of increasing body mass index. J Clin Pathol. 2011;64(4):358-362. doi:10.1136/jcp.
2010.084574.

Molina DK, DiMaio VJ. Normal organ weights in men: part i-the heart. Am J Forensic Med
Pathol. 2012;33(4):362-367. doi:10.1097/PAF.0b013e31823d298b.

Molina DK, DiMaio VJ. Normal organ weights in women: part i-the heart. Am J Forensic Med
Pathol. 2015;36(3):176-181. doi:10.1097/PAF.0000000000000174.

Vanhaebost J, Faouzi M, Mangin P, Michaud K. New reference tables and user-friendly
internet application for predicted heart weights. Int J Legal Med. 2014;128(4):615-620.
doi:10.1007/s00414-013-0958-9.


https://doi.org/10.1258/rsmmsl.43.1.89
https://doi.org/10.1007/s12024-022-00478-1
https://doi.org/10.1007/s12024-022-00478-1
https://doi.org/10.1097/PAF.0000000000000568
https://doi.org/10.1007/s00428-017-2221-0
https://doi.org/10.1111/1556-4029.14451
https://doi.org/10.1016/S0025-6196(12)64946-5
https://doi.org/10.1016/S0379-0738(00)00401-1
https://doi.org/10.1016/S0379-0738(00)00401-1
https://doi.org/10.1136/jcp.2010.084574
https://doi.org/10.1136/jcp.2010.084574
https://doi.org/10.1097/PAF.0b013e31823d298b
https://doi.org/10.1097/PAF.0000000000000174
https://doi.org/10.1007/s00414-013-0958-9

18.

19.

20.

21.

22,

23.

AUSTRALIAN JOURNAL OF FORENSIC SCIENCES . 607

Wingren CJ, Ottosson A. 2015. Postmortem heart weight modelled using piecewise linear
regression in 27,645 medicolegal autopsy cases. Forensic Sci Int. 252:157-162. doi:10.1016/j.
forsciint.2015.04.036.

Schoppen ZJ, Balmert LC, White S, Olson R, Arunkumar P, Dellefave-Castillo LM,
Puckelwartz MJ, George AL, Mcnally EM, Webster G. Prevalence of abnormal heart weight
after sudden death in people younger than 40 years of age. J Am Heart Assoc. 2020;9(18).
doi:10.1161/JAHA.120.015699.

Garland J, Thompson M, Ondruschka B, Da Broi U, Thompson |, Olumbe A, Tse R. Gross heart
dimensions from postmortem computed tomography and postmortem examination mea-
surements: heart weight and cardiac hypertrophy. Am J Forensic Med Pathol. 2023;44(3):176-
182. doi:10.1097/PAF.0000000000000846.

Hatch GM, Ampanozi G, Thali MJ, Ruder TD. Validation of left ventricular circumferential area
as a surrogate for heart weight on postmortem computed tomography. J Forensic Radiol
Imaging. 2013;1(3):98-101. doi:10.1016/j.jofri.2013.05.002.

Ogawa R, Takahashi N, Higuchi T, Shibuya H, Yamazaki M, Yoshimura N, Takatsuka H,
Aoyama H. 2019. Assessment of a simple method of heart weight estimation by postmortem
computed tomography. Forensic Sci Int. 296:22-27. doi:10.1016/j.forsciint.2018.12.019.
Garland J, Ondruschka B, Tse R. Potential use of deep learning techniques for postmortem
imaging-moving beyond postmortem radiology. Forensic Sci Med Pathol. 2021;17(3): 540-
541.


https://doi.org/10.1016/j.forsciint.2015.04.036
https://doi.org/10.1016/j.forsciint.2015.04.036
https://doi.org/10.1161/JAHA.120.015699
https://doi.org/10.1097/PAF.0000000000000846
https://doi.org/10.1016/j.jofri.2013.05.002
https://doi.org/10.1016/j.forsciint.2018.12.019

	Abstract
	Introduction
	Materials and methods
	Heart dimensions
	Heart weight
	Statistical analysis
	Ethics

	Results
	Discussion
	Limitations

	Acknowledgments
	Disclosure statement
	ORCID
	References

