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Abstract

Background Knowledge of normal heart weight ranges is
important information for pathologists. Comparing the
measured heart weight to reference values is one of
the key elements used to determine if the heart is path-
ological, as heart weight increases in many cardiac
pathologies. The current reference tables are old and in
need of an update.

Aims The purposes of this study are to establish new reference
tables for normal heart weights in the local population and to
determine the best predictive factor for normal heart weight.
We also aim to provide technical support to calculate the
predictive normal heart weight.

Methods The reference values are based on retrospective
analysis of adult Caucasian autopsy cases without any obvious
pathology that were collected at the University Centre of
Legal Medicine in Lausanne from 2007 to 2011. We selected
288 cases. The mean age was 39.2 years. There were
118 men and 170 women. Regression analyses were
performed to assess the relationship of heart weight to
body weight, body height, body mass index (BMI) and
body surface area (BSA).

Results The heart weight increased along with an increase
in all the parameters studied. The mean heart weight was
greater in men than in women at a similar body weight.
BSA was determined to be the best predictor for normal
heart weight. New reference tables for predicted heart
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weights are presented as a web application that enable
the comparison of heart weights observed at autopsy with
the reference values.

Conclusions The reference tables for heart weight and other
organs should be systematically updated and adapted for the
local population. Web access and smartphone applications for
the predicted heart weight represent important investigational
tools.

Keywords Heart weight - Autopsy - Reference table -
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Introduction

The heart weight at autopsy and its comparison to reference
values are one of the key pieces of information used to help
determine if cardiac pathology exists. An increased heart
weight can be suggestive of certain cardiomyopathies, such
as hypertrophic cardiomyopathy, certain valvular disease, ad-
vanced stage of ischemic heart disease, pulmonary hyperten-
sion and other chronic diseases, all of which should be care-
fully considered during autopsy and histological examination.
Reference heart weight values enable the comparison of the
measured weight at autopsy with the accepted normal range.
Numerous quantitative autopsy studies have been previously
published [1-16]. Most of them are outdated or were per-
formed on different populations compared to that observed
locally. The most frequently cited heart weight references are
from Kitzman, whose values are based on data taken about
half a century ago in North America, as well as from Zeek [10,
15]. In 2000, de la Grandmaison et al. published reference
weight values for different organs based on autopsies per-
formed on a French Caucasoid population between 1987 and
1991. They stressed the importance of establishing current
reference tables based on the local population of concern
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[4]. There is also a need to offer user-friendly technical sup-
port to help predict heart weight, as recently suggested by
Gaitskell et al. and Lucas [17, 18].

The purposes of this study are to establish new reference
tables that correspond to the local population and to determine
the best predictive factor for heart weight. Taking into consid-
eration the rapidly evolving medical reference support system,
we have developed a smartphone application to calculate
predicted values.

Material and methods
Cases

Data were retrospectively collected from forensic autopsies of
adult Caucasian cases performed from 2007 to 2011 in the
University Centre of Legal Medicine in Lausanne. The post-
mortem period did not exceed 72 h. Putrefied cases were
excluded. Exclusion criteria included the following: a clinical
history of arterial hypertension, myocardial infarction, coro-
nary thrombosis and/or >75 % atherosclerotic stenosis of
coronary arteries; other presumed natural deaths of cardiovas-
cular origin; chronic pulmonary, hepatic or renal diseases; as
well as cardiac injuries or general traumatic lesions to the body
which modified the body weight (i.e. polytrauma with loss of
body parts, burning of the body.). Of the 1,075 autopsy cases,
288 met the inclusion criteria. There were 170 men and 118
women. The most frequent cause of death was a traumatic
event (101 cases; traffic accident, fall, etc.), followed by
intoxication (76 cases; mostly from methadone), non-cardiac
natural deaths (58 cases), asphyxia (49 cases; hanging, drown-
ing, positional or compression of the thorax, CO intoxication,
etc.) along with two cases of hypothermia and two cases of
electrocution.

The autopsies were performed according to international
recommendations [19]. Body heights were measured from the
vertex to the heel in supine position, and the corpses were
weighed naked with the same machine (METTLER, 0400 kg
range, 100-g intervals). A macroscopic and microscopic car-
diac examination was performed for all cases. The emerging
points of the great cardiac vessels were interrupted and the
heart (with epicardial fat) was excised. Each heart was
emptied of post-mortem clots and weighed unfixed on a
precision electronic balance (DIBAL, 0-15 kg range, 1-g
intervals). We ignored the difference introduced by the epi-
cardial fat, as suggested in a study that showed that the relation
between total heart weight and total myocardial mass is very
close [20].

The height and weight were used to calculate the body
mass index (BMI) with the standard formula, and the body
surface area (BSA) was calculated using the formula of Boyd
[21].
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Fig.1 Heart weight as a function of body weight in women and in men. a
Heart weight as a function of body weight in women (circle), with (95 %)
reference (solid lines) and their confidence interval (dashed lines). The
predicted values correspond to the solid line in the center. b Heart weight
as a function of body weight in men (plus sign), with (95 %) reference
(solid lines) and their confidence interval (dashed lines). The predicted
values correspond to the solid linein the center. ¢ Linear regression line of
heart weight as a function of body weight in women (so/id line) and in
men (dashed line)
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Fig. 2 Distribution of heart weight (g) in women and men according to age (years)

Statistical correlations between organ weight and body
height, BMI, BSA and age were performed using linear re-
gression. R* values were determined for all parameters.

Statistical analysis

Data was summarized as mean+standard deviation for contin-
uous variables and as percentages for categorical variables. The
heart weight reference limits were established in the reference
population using regression analyses, as described by Virtanen
et al. [22]. The associations of body weight, body height, BMI
and BSA to heart weight were tested using univariate analyses.
All the associations were adjusted for gender. The strength of
the associations was assessed using the R and p values. Sep-
arate tables to predict heart weight as a function of body weight,

BMI and BSA were calculated. Statistical analyses were per-
formed using the STATA software [23].

Results
General data and heart weight

We selected 288 cases. There were 118 women and 170 men.
The mean age was 39.2+14.6 years (range 1-88; 18-79 for
men and 18-88 for women). Heart weight was fitted to a
Gaussian distribution curve (Fig. S1). Heart weight increased
with all of the parameters studied. The mean heart weight was
greater in men than in women at the same body weight
(Fig. 1a—c) and increased with the increase of BMI and BSA
(Fig. S2). The external parameters considered were age,

Table 1 Summary variables and

the results of univariate regression Mean (SD) Beta 95 % CI p value R (Adj)

analyses of heart weight versus

age, body height, body weight, Age [years] 39.2 (14.6) 0.59 0.07-1.12 0.026 0.01

BMI and BSA Height [cm] 169.2 (9.56) 3.42 2.72-4.12 <0.001 0.24
Weight [kg] 71.8 (15.67) 2.93 2.58-3.29 <0.001 0.48
BMI [m/kg?] 25.0 (4.89) 6.78 5.42-8.14 <0.001 0.25
BSA [m?] 1.85(0.24) 199.54 176.86-222.21 <0.001 0.51
Sex F: 118 (41 %) 67.26 53.71-80.80 <0.001 0.25

M: 170 (59 %)
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Table 2 Results of bivariate regression analysis of the heart weight on
the body weight, the BMI and the BSA when adjusting for gender

Beta 95 % CI p value R (Adj)
Weight [kg] 251 2.17-2.85 <0.0001 0.57
BMI [nvkg?] 6.97 5.87-8.06 <0.0001 0.51
BSA [m?] 171.1 147.80-194.41 <0.0001 0.56

height, body weight, BMI and BSA. The distribution of heart
weight in women and men according to age is shown in Fig. 2.
The mean, standard deviation, beta coefficients, p values and
R values of the univariate linear regressions are shown in
Tables 1 and 2.

Heart weight and its correlation to body weight, BMI
and BSA

Heart weight was statistically correlated with all of the param-
eters studied (age, sex, weight, length, BMI and BSA). The
highest R value (0.51) was observed for BSA, followed by
body weight (0.48), indicating that BSA was the best predictor
of'heart weight. Predicted normal heart weight as a function of
body weight, BSA and BMI is shown in Tables 3 and 4 and
Table S1.

In Table S2, the results obtained by Kitzman and by de la
Grandmaison and those obtained in our study are presented on
an indicative basis and not with the aim to validate them or to
compare statistically.

Support

A small calculator has been designed to estimate the heart
weight based on the findings presented in this paper. The
calculator is available at http://calc.chuv.ch/Heartweight. It
was developed in PHP/HTMLYS in order to work on the latest
web browsers and most smartphones and tablets.

Discussion

Heart weight reference values are considered to be valid for a
limited period of time, and they should be updated regularly
[4]. Unfortunately, clinical autopsy rates are decreasing in
most countries, especially for the non-hospital population.
Autopsies performed on the hospital population show a wide
variety of pathological changes, predominantly cardiac in
nature, which excludes them from being used for reference
values. Forensic autopsies can provide reference information
as long as they are performed according to international
guidelines. The autopsy protocol should include macroscopic
and histological examination of all organs. This study pro-
vides enough information to update the reference values for
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Table 3 Predicted normal heart weight as a function of body weight

Women Men

Weight Predicted Lower Upper Predicted Lower Upper
[ke] value limit limit value limit limit

32 204.68 119.42  289.94 246.53 161.27 331.79
34 209.71 12445 29497 251.56 166.30 336.82
36 214.74 129.48 300.00 256.59 17133  341.85
38 219.77 13451 305.03 261.62 176.36  346.88
40 224.80 139.54 310.06 266.65 181.39 35191
42 229.83 14457 315.09 271.68 186.42 356.94
44 234.86 149.60 320.12 276.71 19145 361.97
46 239.89 154.63 325.15 281.74 196.48 367.00
48 244.92 159.66 330.18 286.77 201.51 372.03
50 249.95 164.69 33521 291.80 206.54 377.06
52 254.98 169.72  340.24 296.83 211.57  382.09
54 260.01 174.75 34527 301.86 216.60 387.12
56 265.04 179.78  350.30 306.89 221.63 392.15
58 270.07 184.81 35533 31192 226.66 397.18
60 275.10 189.84 36036 316.95 231.69 40221
62 280.13 19487 36539 32198 236.72 407.24
64 285.16 199.90 37042 327.01 241.75 41227
66 290.19 20493 37545 332.04 246.78 417.30
68 295.22 209.96 38048 337.07 251.81 42233
70 300.25 21499 38551 342.10 256.84 427.36
72 305.28 220.02 390.54 347.13 261.87 43239
74 310.31 225.05 39557 352.16 266.90 43742
76 315.34 230.08 400.60 357.19 27193 44245
78 320.37 235.11 405.63 362.22 276.96 44748
80 325.40 240.14 410.66 367.25 281.99 45251
82 330.43 24517 41569 37228 287.02 457.54
84 335.46 25020 420.72 37731 292.05 462.57
86 340.49 25523 425775 38234 297.08  467.60
88 345.52 260.26  430.78 387.37 302.11 472.63
90 350.55 26529 435.81 39240 307.14  477.66
92 355.58 270.32 440.84 39743 312.17 482.69
94 360.61 27535 44587 402.46 31720 487.72
96 365.64 280.38 450.90 407.49 32223 49275
98 370.67 28541 45593 412.52 32726 497.78
100 375.70 29044 46096 417.55 33229 502.81
102 380.73 29547 46599 422.58 33732 507.84
104 385.76 300.50 471.02 427.61 34235 512.87
106 390.79 305.53 476.05 432.64 34738 517.90
108 395.82 31056 481.08 437.67 35241 52293
110 400.85 31559 486.11 442.70 357.44 52796
112 405.88 320.62  491.14 447.73 36247 532.99
114 41091 325.65 496.17 45276 367.50 538.02
116 415.94 330.68 50120 457.79 372.53 543.05
118 420.97 335.71 50623 462.82 377.56  548.08
120 426.00 340.74 511.26 467.85 382.59 553.11
122 431.03 34577 51629 472.88 387.62 558.14
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Table 3 (continued)

Women Men
Weight Predicted Lower Upper Predicted Lower Upper
[ke] value limit limit value limit limit
124 436.06 350.80 52132 47791 392.65 563.17
126 441.09 35583 52635 48294 397.68 568.20
128 446.12 360.86 531.38 48797 402.71 573.23
130 451.15 365.89  536.41 493.00 407.74 578.26

the normal heart weight ranges, at least for the area of western
Switzerland.

Numerous studies on heart weight have been published
[1-8, 10-15, 17, 24-27]. The most important and/or recent
studies are summarized in Table S3. The various methodolo-
gies used render comparison of the studies very difficult. They
were performed on different populations and were often re-
stricted by age or sex. There are important differences in the
exclusion criteria used as well. For example, in some studies
intoxication cases were included [6, 12], while in other studies

positive toxicology was an exclusion criterion [4, 11]; the
results of toxicological analyses, if performed, were not re-
ported after clinical autopsies [3, 10, 15, 17].

The predictive parameter for heart weight has changed over
time. In the older studies, body weight and body height were
considered as the best predictive parameters [2, 10, 15, 16].
Later, BMI was shown to be also representative [3, 4, 27].
Lorin de la Grandmaison considered BMI to be the best
predictive factor for heart weight with an R* value of 0.77
for men and 0.61 for women, while in this study the R value
for BMI was only 0.25. In this study the most predictive factor
for heart weight was BSA, which is in accordance with the
results of Seo et al. and Gaitskell et al. [9, 17]. Calculation of
BSA in the autopsy room using Boyd’s formula is not a
routine practice and can be laborious. We have, there-
fore, developed an application to provide technical sup-
port in order to facilitate the calculation of BSA and the
predicted heart weight. The developed application is available
free of charge for web browsers and most smartphones and
tablets.

We believe that it is necessary to establish and update
reference values for local populations.

Table 4 Predicted normal heart

weight as a function of BSA BSA Women Men
Predicted value Lower limit Upper limit Predicted value Lower limit Upper limit
1.30 215.52 130.26 300.78 250.00 164.74 335.26
1.35 224.08 138.82 309.34 258.55 173.29 343.81
1.40 232.63 147.37 317.89 267.11 181.85 352.37
1.45 241.19 155.93 326.45 275.66 190.40 360.92
1.50 249.74 164.48 335.00 284.22 198.96 369.48
1.55 258.30 173.04 343.56 292.78 207.52 378.04
1.60 266.85 181.59 352.11 301.33 216.07 386.59
1.65 275.41 190.15 360.67 309.89 224.63 395.15
1.70 283.96 198.70 369.22 318.44 233.18 403.70
1.75 292.52 207.26 377.78 327.00 241.74 412.26
1.80 301.07 215.81 386.33 335.55 250.29 420.81
1.85 309.63 22437 394.89 344.11 258.85 429.37
1.90 318.18 232.92 403.44 352.66 267.40 437.92
1.95 326.74 24148 412.00 361.22 275.96 446.48
2.00 335.29 250.03 420.55 369.77 284.51 455.03
2.05 343.85 258.59 429.11 378.33 293.07 463.59
2.10 352.40 267.14 437.66 386.88 301.62 472.14
2.15 360.96 275.70 446.22 395.44 310.18 480.70
2.20 369.51 284.25 454.77 403.99 318.73 489.25
225 378.07 292.81 463.33 412.55 327.29 497.81
2.30 386.62 301.36 471.88 421.10 335.84 506.36
235 395.18 309.92 480.44 429.66 344.40 514.92
2.40 403.74 318.48 489.00 438.21 35295 523.47
245 412.29 327.03 497.55 446.77 361.51 532.03
2.50 420.85 335.59 506.11 45532 370.06 540.58
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