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Weights of the body and cardiac ventricles 
in pulmonary emphysema 
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Summary. We analysed statistically the association of emphysema, deter- 
mined on inflation fixed specimens, with the weights of the body and 
heart, and of the cardiac ventricles, weighed separately, in 170 male 
and 86 female adult autopsies. The cases were grouped according to 
the cause of death into cardiovascular, cancer and other deaths. In men 
the body weight was inversely proportional to the severity of emphyse- 
ma, but no association existed between the body weight and the cause 
of death. In male cardiovascular deaths the total heart weight, total 
ventricular weight and the weight of  the left ventricle with the septum 
were also inversely proportional to the severity of emphysema while 
this was not true in the other deaths. In male cardiovascular deaths 
a decrease, and in the other deaths an increase, of  the weight of  the 
free wall of  the right ventricle was associated with an increasing severity 
of emphysema. In all male deaths, however, the left to right ratio de- 
creased with an increasing severity of  emphysema. Thus, pulmonary 
emphysema is associated both with a general atrophy, including the 
myocardium, and a mainly relative right ventricular hypertrophy. An 
absolute right ventricular hypertrophy, however, seems to accompany 
emphysema only in the absence of other major cardiovascular diseases. 
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Introduction 

Chronic obstructive lung disease is frequently accompanied by weight loss 
(Mitchell and Filley 1964; Burrows et al. 1965), which seems to have serious 
effects on the prognosis of  the patients (Vandenberg et al. 1967; Hunter 
et al. 1981; Openbrier et al. 1983). To our knowledge, however, there are 
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no pos tmor t em studies correlat ing body  weight with the severity o f  anatomi-  
cal emphysema determined with adequate  methods.  Clinically, chronic  ob- 
structive lung disease is the most  c o m m o n  cause of  right ventr icular  enlarge- 
ment  due to hypoxic  pu lmonary  hyper tens ion (Fe t t e r  1975), and pathologi-  
cally, right ventr icular  hyper t rophy  has often been observed in patients 
with emphysema (Kounz  et al. 1936; Has le ton  1973). At  au topsy  right ven- 
tricular hyper t rophy  may  be reliably demons t ra ted  by weighing the free 
wall of  the right ventricle (RV) and the left ventricle with the septum (LV + 
S) separately (Ful ton  et al. 1952). Several studies, however,  which have been 
per formed using adequate  anatomical  methods ,  have ended up with cont ro-  
versial results, for  example with regard to the association between the mus- 
cular mass o f  the right ventricle and the degree of  tissue destruct ion caused 
by emphysema (Hasle ton 1973; Hicken et al. 1966a, b, Bignon et al. 1970), 
and the presence o f  hyper t rophy  or a t rohy  o f  the left ventricle (Hasle ton 
1973; Edwards  1974; Fo rake r  et al. 1970). 

The purpose  of  this s tudy was to elucidate the relat ionship between 
emphysema and the weights o f  the body  and cardiac ventricles in pos tmor-  
tem material.  

Patients and methods 

The material consisted of 170 male and 86 female adult hospital autopsies with an age range 
of men from 22 to 91 (mean 66.5) and of women from 33 to 84 (mean 70.5) years. Some 
patients were included because they had had clinical chronic airflow obstruction, but mostly 
the patients were unselected. At autopsy the weight of the body and the total weight of 
the heart were first obtained. Then the left ventricle with the septum (LV + S) and the free 
wall of the right ventricle (RV) were weighed separately and the ratio of LV + S to RV, 
the so-called left to right ratio, was calculated (Fulton et al. 1952). For the assessment of 
emphysema one lung of each patient was fixed intrabronchially with a solution containing 
formalin, polyethylene glycol and alcohol, dried with air insufflation, and sliced sagitally (Mar- 
karian 1975; Sutinen et al. 1979). The severity of emphysema was evaluated using a set of 
photographs of standard grades (Thurlbeck et al. 1970). Grades 5 to 40 were called mild to 
moderate, and grade 50 or more severe emphysema. Finally, the underlying cause of death 
was recorded from the patients death certificate. Statistical dependence was determined by 
the Student's t-test, the chi square test or by a two-way analysis of variance and linear regression 
using a Univac 1100/20 computer and BMDP computer programs (Dixon and Brown 1977). 

Results 

The distr ibution o f  the underlying causes o f  death  according to the Interna-  
tional Classification o f  Diseases (World Hea l th  Organizat ion 1975), re- 
corded on the patients '  death  certificates, in the series is shown in Table  1. 
The distr ibution emphysema,  verified anatomically,  is shown in Table  2. 
In women  the number  o f  patients exhibiting emphysema was insufficient 
for  fur ther  statistical analysis. Table  3 shows the mean weights of  the body,  
hear t  and cardiac ventricles, and the left to right ratios in men  and women.  
All mean  weights in men were highly significantly greater than  the same 
weights in women.  

Table  4 shows the association between emphysema and the underlying 
cause of  dea th  in men. In the group o f  cardiovascular  deaths there was 
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Table l .  Underlying causes of death according to the International Classification of Diseases 
(World Health Organization 1977) in men and women 

Causes of death ICD code No of patients 

Men Women Total 

Cardiovascular diseases 390-458 
Ischaemic heart  diseases 410-414 64 24 88 
Cerebrovascular disease 430--438 22 12 34 
Others 19 10 29 

Total 105 45 151 

Malignant  neoplasms 140-208 
Respiratory organs 160-165 9 3 12 
Others 23 18 41 

Total 32 21 53 

Respiratory diseases 460-519 
Emphysema 492 8 0 8 
Asthma 493 2 3 5 
Others 6 4 10 

Total 16 7 23 

Other causes of death 17 12 29 

Total 170 86 256 

Table 2. Distribution of emphysema 
in men and women Severity Number  of patients 

of emphysema 
Men Women Total 

None 79 70 149 
Mild to Moderate  50 11 61 
Severe 41 5 46 

Total 170 86 256 

Explanations: Grade of emphysema 
according to Thurlbeck et al. (1970): 
mild to moderate : 5-40, severe 50 or more 

significantly less emphysema than in the other deaths. The mean weights 
of the body, heart and the mean left to right ratios in groups of men 
with different underlying causes of death are shown in Table 5. The group 
of cardiovascular deaths differed significantly from the others regarding 
the total heart weight, total ventricular weight, weight of the left ventricle 
with septum and the left to right ratio. 

The weights of the body and cardiac ventricles as well as the left to 
right ratio were compared by means of two-way analyses of variance both 
with the severity of emphysema (SE) and the underlying cause of death 
(CD). According to them the body weight was associated with SE (F= 5.91, 
p=0.003) but not with CD. The total heart weight and total ventricular 
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Table 3. Mean weights of the body, heart and cardiac ventricles and left to right ratios according 
to Fulton et al. (1970) in men and women 

Item Men (n = 170) Women (n = 86) 

Mean SD Mean SD 

Weight of 
Body (kg) 66.1 14.8 59.1 14.3 
Heart  (g) 476.4 127.3 429.0 119.3 
Both ventricles (g) 283.5 89.3 232.1 70.9 
LV + S (g) 219.6 72.8 182.7 59.7 
RV (g) 63.9 23.3 49.9 19.8 

Left to right ratio 3.59 1.01 3.87 1.20 

Explanations: LV + S = left ventricle with septum, RV = free wall of right ventricle, Left to 
right ratio = (LV + S) : RV 

Table 4. Association between 
emhysema and underlying cause 
of death in men 

Chi square = 23.26, p < 0.0005 ; 
Explanations: see Table 2 

Underlying Severity of emphysema 
cause of 
death Mild to Total 

None Moderate Severe 
n n /~ n 

Cardiovascular 57 33 15 105 
Cancer 10 13 9 32 
Other 12 4 17 33 

Total 79 50 41 170 

weight were associated with CD (F=9.82, p=0.0001 and F=9.94, p =  
0.0001, respectively) but not with SE. The weight of the left ventricle with 
septum was associated more significantly with CD (F= 12.51, p=0.0000) 
than with SE (F= 3.9, p = 0.02). The weight of the free wall of the right 
ventricle was not associated with CD or SE. The left to right ratio was 
associated both with SE (F= 4.55, p = 0.012) and CD (F= 4.42, p = 0.014). 

Figure 1 illustrates the results of linear regression analyses correlating 
the weights of the body, heart and cardiac ventricles and the left to right 
ratio with the grade of emphysema performed separately on the group of 
male cardiovascular deaths and on that of the other male deaths. In both 
groups (Fig. 1 A) the body weight showed a highly significant negative corre- 
lation with the grade of emphysema ( r = - 0 . 3 8 ,  p<0.0005 and r = - 0 . 3 3 ,  
p < 0.005, respectively). In the group of cardiovascular deaths the total heart 
weight, total ventricular weight and the weight of the left ventricle with 
the septum (Fig. 1 B-D) had also a highly significant negative correlation 
with the grade of emphysema ( r = - 0 . 2 5 ,  p<0.005, r = - 0 . 2 8 ,  p<0.0005 
and r=  -0.30,  p<0.0025, respectively), while this was not observed in the 
group of other deaths. The weight of the free wall of the right ventricle 
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Table 5. Mean weights of the body, 
heart and cardiac ventricles and 
mean left to fight ratios according to 
Fulton et al. (1952) in men with 
different causes of death 

Explanations: see Table 3 

Item Underlying cause of death 

Cardio- Cancer Other 
vascular 
(n=105) (n=32) (n=33) 

Weight of 
Body (kg) 68.3 60.6 64.2 
Heart (g) 513.9 390.0 440.9 
Both ventricles (g)309.6 220.1 261.9 
LV+S (g) 243.6 165.6 195.6 
RV (g) 66.1 54.6 66.3 

Left to right ratio 3.84 3.20 3.21 

(Fig. 1 E) showed a weak but significant negative correlation with the grade 
of emphysema in the group of cardiovascular deaths ( r = - 0 . 1 7 ,  p >  0.05) 
while a more significant positive correlation between the same variables 
was observed in the group of other deaths (r=0.28, p<0.0125). The left 
to right ratio (Fig. 1 F) had a negative correlation with the grade of emphyse- 
ma in both groups being weak but significant in the group of cardiovascular 
deaths and fairly strong and highly significnt in the group of other deaths 
(r = - 0.17, p < 0.05 and r = - 0.35, p < 0.0025, respectively). 

Discussion 

The occurrence of a marked weight loss during the terminal stages of chronic 
obstructive lung disease and emphysema has been documented in many 
clinical studies (Mitchell and Filley 1964; Burrows et al. 1965; Vandenberg 
etal .  1967; Hunter et al. 1981; Openbrier et al. 1983; Nemery etal .  1983). 
The patients with severe obstructive lung disease are known to suffer from 
protein calorie type of malnutrition, which is not due to reduced intake 
of food, and they often have various immunological deficiencies (Hunter 
et al. 1981). In the men of the present series an association was found 
between the body weight and the grade of anatomic emphysema but not 
between the body weight and the underlying cause of death. Thus, alveolar 
tissue destruction with deleterious effects on respiratory function might be 
one of the most important factors leading to generalized atrophy and even 
to cachexia in these patients. 

Significant differences in the weights of the heart and its ventricles be- 
tween the sexes have been observed previously (Berblinger 1947; Reiner 
et al. 1959; Lehti 1971; Lamb 1973). In the present series, too, all mean 
weights in men were significantly higher than in women. In fact, the differ- 
ences between the sexes completely obscured the differences associated with 
emphysema when the statistical analyses were performed on the total materi- 
al. However, in some published studies on the limits of  the normal weights 
of the cardiac ventricles (Fulton et al. 1952; Bove et al. 1966) as well as 
on the correlation of ventricuar weights with pulmonary emphysema (Hasle- 
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ton 1973; Hicken et al. 1966a; Edwards 1974) men and women have not 
been dealt with separately. The bias caused by the sex factor might well 
explain some of the controversial results. 

In an extensive postmortem study of normal weights of human organs 
based on cases of death from external causes the mean heart weight of  
Finnish men aged 15-69 years was 371 g (SD = 53 g) (Lehti 1971). As might 
have been expected, the mean total heart weight of  male cardiovascular 
deaths in our series differed by more than two standard deviations from 
the normal while that of  the others did not. It thus seems justified to analyse 
the correlation of emphysema with heart weights separately in the group 
of male cardiovascular deaths and in that of  the other deaths. 

An association between pulmonary emphysema and right ventricular 
hypertrophy has been observed by several authors (Bignon et al. 1970; For- 
aker et al. 1970; Hasleton 1973; Mitchell et al. 1976), although some authors 
have failed to show any association between the anatomical extent of  tissue 
destruction and the weight of  the right ventricle (Hicken et al. 1966a; 
1966b). From the two-way analysis of variance in our series no association 
between the severity of emphysema and the absolute weight of  the right 
ventricle could be elicited in either sex. When, however, the group of male 
cardiovascular deaths was separated from the other male deaths a striking 
result was obtained in linear regression analysis. In the former group a 
significant decrease of the weight of  the free wall of  the right ventricle 
was associated with an increasing severity of emhysema, while in the latter 
group an even more significant increase in the same weight was associated 
with an increasing severity of  emphysema. In both groups, however, the 
left to right ratio decreased significantly with increasing severity of emphyse- 
ma. This means that emphysema seems to be associated with right ventricu- 
lar hypertrophy which, however, in patients with other major cardiovascular 
diseases is generally relative. 

According to Fulton et al. (1952) right ventricular hypertrophy is present 
if the absolute weight of  the free wall of  the right ventricle is more than 
80 g and/or the left to right ratio is less than 2 (Lamb 1973). In our series, 
however, a relative and possibly even absolute right ventricular hypertrophy 
could not have been diagnosed on the basis of  Fulton's criteria. We agree 
with Thurlbeck according to whom a right ventricular mass of more than 
60 g would be most unusual in the absence of cardiac or pulmonary disease 
(Thurlbeck 1976). In addition, even lesser degrees of a right sided preponder- 
ance might be significant. It is evident that new studies, based on sufficient 
material in both sexes, are needed on the normal limits of  the weights 
of the cardiac ventricles. 

Fig. 1 A-F. Correlation between the severity of emphysema and body weight (A), total heart 
weight (B), total ventricular weight (C), weight of left ventricle with septum (D) weight of 
free wall of right ventricle (E), and left to right ratio (F) in male hospital autopsies. The 
left scattergram shows the relation in cardiovascular deaths and the right in the other deaths. 
Grade of emphysema according to Thurlebeck et al. (1970) and weights of cardiac ventricles 
and left to right ratio according to Fulton et al. (1952). The vertical scales in the pairs are 
not uniform because the scattergrams have been photographed directly from computer output 
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Left ventricular hypertrophy has also been associated with pulmonary 
emphysema (Edwards 1974) and certainly occurs in a large proportion of 
patients with the disease (Thurlbeck 1976). In the present series, too, many 
patients with pulmonary emphysema had hypertrophic left ventricles. But 
we could not find a statistical association with emphysema and left ventricu- 
lar hypertrophy. According to Murphy et al. (1974) left ventricular hypertro- 
phy in patients with chronic bronchitis and emphysema results mostly 
from associated disease states. 

On the other hand, Burrows et al. (1966) observed that the total weight 
of the heart is inversely related to the severity of emphysema, and Foraker 
et al. (1970) concluded that severe emphysema is accompanied by an atrohy 
of the left ventricle. In male cardiovascular deaths in our series a decrease 
in the weight of the left ventricle with the septum was associated with 
an increasing severity of emphysema. A similar association was also ob- 
served in the total ventricular and heart weights on one hand and emphyse- 
ma on the other. However, no association of the weight of the left ventricle 
with the septum, total ventricular weight nor total heart weight with the 
grade of emphysema was observed in men dying of other causes. Evidently, 
emphysema may cause a reduction in the muscular mass of a hypertrophic 
but not of a normal heart. 
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