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Abstract

Cardiac ventricular dimensions measured at postmortem examination are used to assess whether there is hypertrophy
of the heart chambers. However, there is no clear consensus on where these measurements should be taken. Some have
proposed this should be measured at the mid-ventricular level, but others advocate it should be measured at a set distance
(e.g. 20 mm) from the base of the heart. Twenty consecutive adult hearts were examined and showed the ventricular
dimensions were significantly higher (mean: 5-15 mm, p <0.01) when measured at a level 20 mm from the base of the
heart compared to the mid-ventricular level. Of clinical significance is that in slightly less than half the cases, normal
ventricular dimensions at mid ventricle level fell within the criteria considered pathological (>40 mm) when measured
at 20 mm from the base of the heart. In terms of actual ventricular dimensions, only the left ventricle diameter measured
at 20 mm from the base of the heart correlated significantly (albeit moderately) with heart weight, suggesting it can be
a predictor for cardiac hypertrophy.

Keywords Postmortem - Autopsy - Heart - Dimensions - Ventricle - Hypertrophy

Introduction

Measuring heart dimensions is routine at postmortem
examination [1, 2]. These include measuring overall heart
dimensions, valve circumferences, ventricle wall thickness,
and ventricular dimensions [3]. Ventricular dimensions
are useful measurements in assessing cardiac hypertrophy
and a dimension of >40 mm is considered pathological
[4]. However, there is no consensus on which level this
measurement should be taken at [4]. Some suggest measur-
ing at the mid-ventricular level, whereas some advocating
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measuring from a standard distance (i.e. 20 mm or 10 mm)
away from the base of the heart. This study aims to inves-
tigate whether the left and right ventricular dimensions
are significantly different at the mid-ventricular level and
20 mm from the base of the heart, and which dimension
correlated with heart weight (a marker for cardiac hyper-
trophy). This would help in standardizing the examination
of the heart at postmortem examination.

Materials and methods

The null hypothesis (H’) in the study is that there is no dif-
ference in ventricular dimensions when measured at the mid-
ventricular level and 20 mm from the base of the heart. The
normal ventricular dimensions of both left and right ventri-
cles are between 30 and 40 mm in postmortem examination,
and a difference of between 5 and 10% would be consid-
ered clinically significant. In relation to the left ventricle,
to detect a difference of 3 mm with a standard deviation of
5 mm, a sample size of 18 is needed (@ =0.05 and f=0.8).
To have a moderate to strong correlation (0.5-0.6), a sample
size of 29-19 is needed (a¢=0.05 and $#=0.8). This study
subsequently used 20 consecutive cases.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12024-023-00579-5&domain=pdf
http://orcid.org/0000-0002-1388-9537

Forensic Science, Medicine and Pathology

Case selection

A total of 20 consecutive cases were selected at the Foren-
sic Pathology Department, Gold Coast University Hospital,
Queensland. Cases included in the study were adult Caucasian
populations where an internal examination was performed as
directed by the coroner and had a clear cause of death. Age,
sex, body mass index, and causes of death were recorded.

Exclusion criteria

Paediatric population (less than 18 years old).

e Cases with incomplete data set.
Suspicious and/or homicidal deaths due to potential legal
implications.

¢ Non-Caucasian ethnicity (as documented in the reporting
police file), as ethnicity is known to be a confounding
factor for heart weight [5-9]. Also, most of the published
data and cases admitted are of Caucasian/European
descent [10-14].

e Compromised anatomy of the heart (previous surgery,
decomposition, and significant trauma), as these would
impede the assessment of the heart dimensions and weight.

Heart examination
The heart was examined in the fresh unfixed state using the

short axis method as recommended by the European guide-
line [3]. The atria and coronary arteries were first examined,

and the ventricles were serially sectioned from apex to base
in 10 mm intervals up to 20 mm from the base of the heart.

The left ventricular diameter was measured at mid-
ventricular level (Lv,;,) and 20 mm (Lv,,) from the base
of the heart. Similarly, the right ventricle dimensions (a
triangular shape) were measured. The anterior—posterior
(RvAP) and medial-lateral (RvML) dimensions were
measured at the mid-ventricular level (RVAP,;; and RvML, .,
and 20 mm (RvAP,, and RvML,) from the base of the heart.
The trabeculae muscles were discounted when measuring the
dimensions. The free walls, interventricular septum, base of
the heart, and heart values were examined. After manually
removing the blood clots in the heart chambers, the heart
was washed/rinsed and pat dried for excess water; the heart
was then weighed using a calibrated scale in keeping with
recent recommendations [15-17]. The difference between
ventricular dimensions (Lv/Rv(AP/ML);) was calculated
(Lv/Rv(AP/ML),,—LVv/RV(AP/ML) ,;)-

An illustration of where and how these measurements
were made is shown in Fig. 1.

Statistical analysis

Statistical analysis was performed using R 3.6.3 Open
source, and a p-value of <0.05 was considered significant.
Continuous variables were presented as mean, median,
minimum, maximum, and standard deviation. Discrete vari-
ables were represented as counts. Student t-test was used to
investigate LV/RV g (H’: LV/RV 4i;,=0 mm). If there was

Fig. 1 Ventricular dimensions taken at the mid-ventricular level and 20 mm from the base of the heart. The right pane shows how these two lev-
els were established from the posterior aspect of the heart; the left panel shows how the ventricular dimensions were measured
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a difference, further Pearson’s correlation was determined
between heart weight ventricular dimensions and Lv/Rv ;.

Ethics approval

This study was approved by the Forensic and Scientific Ser-
vices Human Ethics Committee (FSS-HEC, HEC 22-20).

Results
Case characteristics

In the 20 cases, the mean age was 51.7 years (median: 56,
s.d: 15.2, min: 18, max: 73) with a slight male predominance
(M:F=11:9). There were 14 deaths from natural causes, 4
traumatic deaths, and two cases of drug and alcohol toxicity.

The mean heart weight was 391.2 g (median: 354, s.d:
104.3, min: 244, max: 630).

Table 1 shows the cause of death, heart weight, and
corresponding ventricular dimensions when measured at

the mid-ventricular level and at 20 mm from the base of
the heart.

Left ventricle

The mean Lv g was 6 mm (median: 5, s.d: 4.7, min: 0,
max: 15; t-test, p <0.01). Pearson’s correlation coefficient
between heart weight with Lv 4, Lv,g, and Lv g were 0.21
(p=0.38), 0.51 (p<0.05), and 0.45 (p <0.05), respectively.
In eight cases, a normal left ventricle diameter fell into
the criteria considered to be pathological (>40 mm) when
measured at 20 mm from the base of the heart.

Right ventricle
Anterior-posterior dimensions

The mean RVAP ; was 11.4 mm (median: 9.5, s.d: 8.5,
min: 0, max: 29; t-test, p <0.01). Pearson’s correlation
coefficients between heart weight with RvAP ., RVAP,,
and RvAP 4 were 0.13 (p=0.57), 0.10 (p=0.68), and 0.03
(p=0.88). In eight cases, a normal right ventricle dimension

Table 1 Cause of death, heart weight (g), and ventricular dimensions (mm) measured at the mid-ventricular level and 20 mm from the base of

the heart
Cause of death Heart Lvmid Lv20mm Lvg; RvAPmid RvAP20 RvAPdiff RvMLmid RvML20 RvMLdiff

weight

(€3]
Ischaemic heart disease 244 25 34 9 31 58 27 51 71 20
Acute Abdomen 285 25 25 0 42 44 2 22 40 18
Asthma 285 35 37 2 43 52 9 25 45 20
Ischaemic heart disease 305 37 40 3 47 50 3 25 37 12
Diabetic ketoacidosis 310 30 35 5 40 45 5 40 45 5
Acute Abdomen 320 40 43 3 42 44 2 30 40 10
Multiple injuries 321 37 45 8 33 37 4 23 27 4
Multiple injuries 347 28 40 12 27 42 15 35 50 15
Pulmonary thromboembolism 350 33 41 8 26 55 29 19 32 13
Multiple injuries 350 35 40 5 40 50 10 50 60 10
ITatrogenic, airway related 358 37 40 3 34 44 10 15 26 11
Acute abdomen 380 46 53 7 43 49 6 57 60 3
Ischaemic heart disease 400 35 35 0 40 55 15 40 50 10
Ischaemic heart disease 425 40 45 5 50 65 15 35 55 20
Drug toxicity 430 30 30 0 50 56 6 20 50 30
Multiple injuries 443 35 47 12 23 42 19 26 45 19
Complications from malignancy 515 50 50 0 55 70 15 20 45 25
Ischaemic heart disease 530 36 44 8 27 54 27 35 55 20
Complications from malignancy 605 30 45 15 30 30 0 25 40 15
Acute Abdomen 630 32 47 15 31 40 9 20 39 19

Bolded texts are cases where the ventricular dimensions were normal at the mid-ventricular level and became pathological when measured at
20 mm from the base of the heart; refer to the main text for the abbreviation
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fell into the criteria considered to be pathological (>40 mm)
when measured at 20 mm form the base of the heart.

Medial-lateral dimensions

The mean RvML ;¢ was 15.0 mm (median: 15, s.d: 6.8, min:
3, max: 30; t-test, p <0.01). Pearson’s correlation coeffi-
cients between heart weight with RvML,;;, RvML,,, and
RvAP g were 0.26 (p=0.26), 0.06 (p=0.80), and 0.35
(p=0.13). In nine cases, a normal right ventricle dimension
fell into the criteria considered to be pathological (>40 mm)
when measured at 20 mm form the base of the heart.

Discussion

The study showed that the left and right ventricular dimen-
sions were clinically and statistically significantly higher
when measured 20 mm from the base of the heart when
compared to measuring at the mid-ventricular level. This can
be explained by the tapering profile of the ventricular cham-
bers from the base towards the apex. In terms of the actual
ventricular dimensions, only Lv,, correlated moderately and
significantly with heart weight. The other ventricular dimen-
sions correlated weakly with no statistical significance with
heart weight.

For the left ventricle, the mean difference was 6 mm and
up to 15 mm. In four cases, the differences were > 10 mm,
and in slightly half (8 out of 20) of the cases, a normal left
ventricle diameter became pathological (> 40 mm) when
measured at 20 mm form the base of the heart. The dif-
ferences correlated to the heart weight positively and sig-
nificantly. This is explained by the increased heart length
(distance from base to apex) in heavier hearts rendering an
increase in distance from the base to the mid-ventricular
level. A similar pattern is seen in the right ventricle with a
much higher difference but did not correlate as strongly and
significantly with heart weight compared to the left ventri-
cle. The mean difference was> 10 mm and up to 30 mm.
Slightly less than half (8-9 out of 20) cases showed a nor-
mal right ventricular dimension at mid-ventricular level and
became pathological (>40 mm) when measured at 20 mm
from the base of the heart.

In terms of actual ventricular dimensions, only Lv,,
correlated moderately and significantly with heart weight.
This suggests that Lv,, has the best predictability for car-
diac hypertrophy. This may be because Lv,,, is closer to the
ridged fibrous base of the heart, thus providing a robust
width of the heart and being less susceptible to postmortem
artifacts such as rigour mortis.

Ventricular dimensions are used to assess whether the
ventricle shows any evidence of hypertrophy (concentric
hypertrophy or dilatation). Literature and textbooks suggest
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dimensions of > 40 mm being pathological [4]. However,
there is no consensus on where these measurements should
be taken [4]. Whilst most textbooks and literature suggest
measuring at the mid-ventricular level, others advocate
measuring the dimensions at a set distance from the base
of the heart [18]. No studies have investigated whether the
ventricular dimensions measured are the same between these
different approaches. This study showed that when measured
at different levels, the ventricular dimensions were statisti-
cally different. It is also of clinical significance, as depend-
ing on which standard level the measurements were taken,
a ventricle dimension can be normal at one level and patho-
logical at another level. Furthermore, this study showed that
Lv,, was the only measurement that correlates significantly,
albeit with moderate strength, with heart weight. This sug-
gests that Lv,, would be the best predictor for cardiac hyper-
trophy and should be used over Lv,;4 and Rv.

This study was devised to assess the differences in ven-
tricular dimensions when using different standard methods
and which measurement correlated with heart weight. It was
not designed to develop a conversion method between the
two levels or to establish a threshold for cardiac hypertrophy
using ventricular dimensions. This study did not investigate
whether there is a difference in ventricular walls and inter-
ventricular septum thickness at different levels. Thus, further
studies would be required to address this.

From the results of this study, it is recommended that
when the ventricular dimensions are measured, the exact
level should be recorded. Lv,, appears to be the most useful
predictor for cardiac hypertrophy and is the recommended
approach in assessing the heart.

Key points

1. Cardiac ventricular dimensions can be used to assess
cardiac dilation.

2. There is no clear consensus on where these measure-
ments should be taken.

3. This study showed that using different standard methods
can yield statistically and clinically different measure-
ments.

Acknowledgements The authors would like to thank administrative
staffs Cassey May Dawson and Amanda Thorley, forensic pathology
technicians Kristian Knight, Nicky Rogers and Tanya Rancic, and the
Forensic Science Services research staff Kate Angus and Helen Jacmon
for the assistance and support.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions.

Data availability Data for this study can be requested by contacting
the corresponding author.



Forensic Science, Medicine and Pathology

Declarations

Ethics approval This study was approved by the Forensic and Scientific
Services Human Ethics Committee (FSS-HEC, HEC 22-20).

Consent to participate Not applicable.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Dolinak D, Matshes E, Lew E. Forensic Pathology. Murlington
MA: Elsevier. 2005.

2. Saukko P, Knight B. Knight’s Forensic Pathology. 4th ed. Boca
Raton: CRC Press, Taylor & Francis Group. 2016.

3. Basso C, Aguilera B, Banner J, Cohle S, d’Amati G, de Gouveia
RH, et al. Guidelines for autopsy investigation of sudden cardiac
death: 2017 update from the Association for European Cardiovas-
cular Pathology. Virchows Arch Int J Pathol. 2017. https://doi.org/
10.1007/s00428-017-2221-0.

4. Basso C, Michaud K, D’Amati G, Banner J, Lucena J, Cunningham
K, et al. Cardiac hypertrophy at autopsy. Virchows Arch. 2021.
https://doi.org/10.1007/s00428-021-03038-0.

5. Dadgar SK, Tyagi SP, Singh RP, Hameed S. Factors influenc-
ing the normal heart weight—a study of 140 hearts. Jpn Circ J.
1979;43(2):77-82.

6. Tanaka GI, Kawamura H, Nakahara Y. Reference Japanese man-
I. Mass of organs and other characteristics of normal Japanese.
Health Phys. 1979;36(3):333-46.

7. Sheikhazadi A, Sadr SS, Ghadyani MH, Taheri SK, Manouchehri
AA, Nazparvar B, et al. Study of the normal internal organ weights

in Tehran’s population. J Forensic Leg Med. 2010;17(2):78-83.
https://doi.org/10.1016/.jlm.2009.07.012.

8. Hitosugi M, Takatsu A, Kinugasa Y, Takao H. Estimation of nor-
mal heart weight in Japanese subjects: development of a simplified
normal heart weight scale. Leg Med (Tokyo). 1999;1(2):80-5.

9. Philcox W, Garland J, Zaidi F, Morrow P, Kesha K, Stables S,
et al. Higher heart weight in New Zealand Maori and Pacific
Islanders. Am J Forensic Med Pathol. 2018;39(3):208-12. https://
doi.org/10.1097/PAF.0000000000000403.

10. Kitzman DW, Scholz DG, Hagen PT, Ilstrup DM, Edwards WD.
Age-related changes in normal human hearts during the first 10
decades of life. Part I (Maturity): a quantitative anatomic study of
765 specimens from subjects 20 to 99 years old. Mayo Clin Proc.
1988;63(2):137-46.

11. Molina DK, DiMaio VJ. Normal organ weights in men: part I-the
heart. Am J Forensic Med Pathol. 2012;33(4):362-7. https://doi.
0rg/10.1097/PAF.0b013e31823d298b.

12. Molina DK, DiMaio VJ. Normal organ weights in women: part
I-the heart. Am J Forensic Med Pathol. 2015;36(3):176-81.
https://doi.org/10.1097/paf.0000000000000174.

13. 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):615-20. https://doi.org/
10.1007/s00414-013-0958-9.

14. Wingren CJ, Ottosson A. Postmortem heart weight modelled
using piecewise linear regression in 27,645 medicolegal autopsy
cases. Forensic Sci Int. 2015;252:157-62. https://doi.org/10.
1016/j.forsciint.2015.04.036.

15. Lee V, Byard RW. Variation in methods of cardiac dissection—a
potential confounder in measuring cardiac weight at autopsy. J
Forensic Sci. 2013;58(3):811-2. https://doi.org/10.1111/1556-
4029.12117.

16. Loper N, Garland J, Ondruschka B, Glenn C, Kesha K, Stables S,
et al. Significant differences in postmortem heart weight before
and after dissection using the short-axis dissecting method. J
Forensic Sci. 2020;65(5):1563-7. https://doi.org/10.1111/1556-
4029.14451.

17. Garland J, Kesha K, Glenn C, Morrow P, Stables S, Ondruschka
B, et al. The effects of drying the rinsed dissected heart on post-
mortem heart weight. J Forensic Sci. 2021. https://doi.org/10.
1111/1556-4029.14858.

18. Sheppard MN. Practical cardiovascular pathology. 2nd Edition ed.
London: Hodder Arnold. 2011.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00428-017-2221-0
https://doi.org/10.1007/s00428-017-2221-0
https://doi.org/10.1007/s00428-021-03038-0
https://doi.org/10.1016/j.jflm.2009.07.012
https://doi.org/10.1097/PAF.0000000000000403
https://doi.org/10.1097/PAF.0000000000000403
https://doi.org/10.1097/PAF.0b013e31823d298b
https://doi.org/10.1097/PAF.0b013e31823d298b
https://doi.org/10.1097/paf.0000000000000174
https://doi.org/10.1007/s00414-013-0958-9
https://doi.org/10.1007/s00414-013-0958-9
https://doi.org/10.1016/j.forsciint.2015.04.036
https://doi.org/10.1016/j.forsciint.2015.04.036
https://doi.org/10.1111/1556-4029.12117
https://doi.org/10.1111/1556-4029.12117
https://doi.org/10.1111/1556-4029.14451
https://doi.org/10.1111/1556-4029.14451
https://doi.org/10.1111/1556-4029.14858
https://doi.org/10.1111/1556-4029.14858

	Significant difference in cardiac ventricular dimensions when measured using two different standard methods
	Abstract
	Introduction
	Materials and methods
	Case selection
	Exclusion criteria

	Heart examination
	Statistical analysis
	Ethics approval

	Results
	Case characteristics
	Left ventricle
	Right ventricle
	Anterior-posterior dimensions
	Medial-lateral dimensions


	Discussion
	Key points
	Acknowledgements 
	References


