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1.0 Objective

It is well known that various conditions which cause hemodynamic changes in the heart and great
vessels, also affect their shape accoring to the location and degree of the change. Similarly, variations in the:
left heart load which accompany many of the diseases of adulthood, are associated with changes in the
cardiac shadow on plain chest X-rays). To objectively evaluate this change, the size of the shadow of the
ventricle, atria and thoracic aorta from plain chest X-rays was measured; other values were also measured by
physical examination. The relationship between these values and the type and degree of the disease and load
was examined by Principal Component Analysis. This quantitative approach may have great value in the
diagnosis of, as well as the assessment of severity and prognosis of, diseases associated with cardiac
enlargement.

2.0 Study Group

All the subjects of the study were adults. The breakdown according to subgroup, sex and age is shown in
Table 1.

The control group consisted of 163 healthy subjects with no past medical histories nor any pathological
findings from chest X-rays, ECG or blood pressure.

The patient group consisted of 132 subjects with cardiac enlargement, including 59 patients with
essential hypertension (HT), 34 patients with prior myocardial infarction (MI), 28 patients with chronic renal
failure (CRF), and 11 patients with hypertrophic cardiomyopathy (HCM).

The HT group included only patients who had not received any prior anti-hypertensive therapy or had
not been taking any anti-hypertensive medication for at least one week. Furthermore, their arterial blood
pressure equaled or exceeded that of borderline hypertension as defined by the WHO Classification of Ar-
terial Hypertension: systolic pressure equal to or exceeding 141 mmHg and diastolic pressure equal to or
exceeding 91 mmHg?.

- The MI group included only patients for whom at least one month had passed since the infarction, and in
which the site of the infarction had been ascertained by a 21T1 myocardial scintigram.

The CRF group included only patients whose condition was relatively stable and who were on long-term
hemodialysis therapy.

The HCM group included only patients who met the criteria defined by the Idiopathic Cardiomyopathy
Research Committee of the Japanese Ministry of Health and Welfare?.

3.0 Methods

3.1 Plain Chest X-ray and Physical Examination Values Measured

The outline of the myocardial shadow was traced from upright posterior-anterior and left lateral plain
chest X-rays, (Fig. 1) and six measurements taken:

1) Ml Mid-left distance.

Table 1 Number of Cases and Age Distribution

Now of Male Famale

Cases Mool Cases Age Yo of Cases  Age
Control 168 126 4456+ 89 87 429+ 72
Essential Hypertension 59 30 443+1386 28  B21x 121
Prior Myocardial Infarction 34 28 51.T+104 6 561+ 106
Chronic Renal Failure 28 16 484 +1838 12 443+ 164
Hypertrophic Cardiomyopathy 11 6 847182 5 808+ 117

Total 295 208 464+ 116 B9 464 1RT
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Table 2 Scoring Method of Pulmonary Congestion
Presence of any one of the conditions from 1.-6. is
equivalent to 1 point,

. Distended upper lobe veins
Septal edema (A, B and C lines )
. Perivascular edema Chilar and peripheral haze )
Subpleural edema (thickened interlobar fissures)
- Alveolar edema
Miscellaneous findings
a) Fleural effusion
b) Pulmonary hemosiderosis

I

Abbreviation

vl c) Pulmonary ossification
d) Pulmonary fibrosis
e) Aneurysmal dilatation of pulmonary veins

M¢  (cm)

Mr (cm)

d (cm)

Fa (cdf)

TD (cm)

a+b (en)

CTR

U-G Formula

HV (ml)
HV./BSA (mnl)
L B

Mid-left distance f) Secondary pulmonary arterial hypertension
Mid-right distance
Depth diameter

Frontal area

Transverse diameter=M¢+Mr
Width of the aortic arch
Cardiothoracie ratio=TD//ID
Ungerleider -Gdmez Formula
TOV2v/Weight (kg ), Height (m)
Heart volume=10.63x Faxd

Heart volume,” Body surface area
Long diameter,”Broad diameter

Fig. 1 Measured and Calculated Items of Heart
and Great Vessels Derived from Plain Chest X-ray

Films

2) Mr
3) d
4) Fa
5) TD
6) a+b

Mid-right distance.

depth diameter.

Frontal area measured by a planimeter.
Transverse diameter =M1 + Mr.

Width of aortic arch used as an index of aortic size.

Five items were also computed from the tracings:

1) CTR

2) UG
3) HV

Cardiothoracic ratio=TD/ID

=(transverse diameter)/(intrathoracic distance)

Ungerleider-Gémez formula=TD/2\/ Weight (kg)/Height (m)

Heart volume=0.63 x Fa x d as defined by the Rohrer-Kahlstorf method#®s.

4) HV/BSA=(heart volume)/(body surface area)

5) LB

=(long diameter)/(broad diameter)

In addition, five other items were evaluated:

1) Age
2) BSA
3) mBP
4) Score

5) %DS

Age.

Body surface area.
Mean blood pressure.
Score of pulmonary congestion obtained from plain chest X-rays counting one point for each
item of Meszaros’ classification (Table 2)» to obtain an index of the degree of pulmonary
congestion and edema present.
%Defect Segment defined as the percentage of myocardium which has become ischemic due
to infarction as calculated from a 20T scintigrams).

A total of sixteen iterns were included in the analysis. The plain chest X-rays were non-triggered exposures
taken in slight inspiration. Variation in the heart volume due to the respiratory and cardiac phases was found
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Fig. 2 Distribution of the Structure Vector in Control Group (Male)
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Z,-Zg are the first through the sixth principal components. Z, corresponds to HV, TD and CTR,
the items indicative of heart size. Z, Corresponds to L/B. Z, corresponds to age. Zs corresponds
to mBP. These are the main Principal Components. The items HV, CTR, and TD (inside the
dotted line) which are indicative of heart size show a strong correlation.
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to be insignificant; the heart volume calculated by computerized tomography was within ten percent that
calculated by the Rohrer-Kahlstorf method®).
3.2 Statistical Analysis

The values of the sixteen items were obtained for all subjects and the data stored on a microcomputer.
The mean value and standard deviation were then computed by subgroup and sex.

The Principal Component Analysis method was used to examine the degree of correlation among the
various items. The four to five most important principal components were derived by applying the iterative
approximation method to a martrix composed of the correlation coefficients for all sixteen items. The
structure and weighting vectors were also computed. The weighting vectors were multiplied by a normalized
value for each item and the elements summed to compute a numerical grade for each subject-component
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Fig. 4 Distribution of the Structure Vector in Essential Hypertension Group (Male)

The items Ml and a + b indicate heart size. mPB is closely related to a + b but is not directly re-
lated to cardiac enlargement.
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M1 and d are closely related to the items indicative of cardiac enlargement. mBP is positively
correlated with a + b and BSA.
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combination. The characteristics of the heart shadow for each subject were then evaluated from the
distributions of the structure vectors (Figs. 2—11) and numerical grades (Figs. 12—14).

4.0 Results

4.1 Sex-Related Differences and Degree of Cardiac Enlargement

The mean value and standard deviation for each of the sixteen items by group and sex is shown in Table
3. Many of the control group values for males exceeded 10% of the values for females, excluding Age and
mBP; in particular, the HV and HV/BSA male values exceeded the female values by 35.8% and 18.9%
respectively.

£ oFa,.Hu/BSA
| fae W |
0,54 1 24
%0s |

I

‘. * T/ 24/ he/m
NI
\ /

Male Myocardial Infarction
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Fig. 6 Distribution of the Structure Vector in Prior Myocardial Infarction Group (Male)
M1, d and %DS are directly proportional to the items indicative of cardiac enlargement. a + b is

unrelated.
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The female group showed the same tendencies as The items indicative of cardiac enlargement are

the male group. related to Mr, and closely related to Fa and Score.
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If we regard HV/BSA as an index of cardiac enlargement, then among the male groups, the CRF group
value was the largest (52% greater than the control group), followed by the MI group (40.1%), HCM group
(35.6%), and HT group (28.9%); among the female groups, the MI group value was the largest (71.7% greater
than the control group), followed by the CRF group (71.2%), HCM group (48.8%) and HT group (36.8%).
These results indicate a greater degree of cardiac enlargement in the patient groups than in the control

group.
4.2 Characteristics of and Differences Among the Groups Observed Through Principal
Component Analysis .

4.2.1 Distribution of the Structure Vector

A total of ten (five male and five female groups) Principal Component Analyses were performed. The
structure vector distributions for the principal components are shown in Figs. 2—11. The structure vector
can be regarded as a correlation coefficient corresponding to the principal component; the closer the value is
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Fig. 9 Distribution of the Structure Vector in Chronic Renal Failure Group (Female)
The cardiac enlargement index is closely related to Score.
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to Mr. tional to Mr, and inversely proportional to L/B.
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Table 3 Mean and Standard Deviation Values of 16 Items for Five Study Subgroups

Cantrol Essential Hypertennion Prior Myocardinl Lnfarction Chronic Renal Pailure Hypertrophie Cardiomyapathy
Male (126} Female (87) | Male (30) Fomale (29) Male (28) Female (6) Male (16) Fomale (12) M—n.‘llo‘_ (6) Female (5)
mean 8P | mean -S-D - mmln TI_S}I __mrnn_l— S:_I} mean 5D mean | 5D mean 5D __J_Ill:lll sD mean ;;J- Imnn 5D
Age 445 89 429 T2 44.8 126 52.1 121 5T.7 10.4 B6.1 106 484|133 448 164 4.7 132 0.5 L7

B.S. A, (af) 1654 0.118 | 1A4BL| 0097 | LG40 0.122] 1572 0.098| L636| 0.114 L449) 0.133) L1644 0.107 L3T8| 0.086) L726) O0.140| 1482 0116

Me (ca)| 808 | 097 754 | 0.86 a.19 114 8.99 123 9.43 L1z 9.30 Lo4 9.83 | 0.91 8,85 0.69 9.31 122 825 0.18
Tl (m)| 371 | O.T4 308 | 0.64 3486 0.82 3.55 0.71 4.31 0.71 4.04 0.75 4.13 | 0.70 481 0.79 4.21 0.25 293 0.54
ul_‘ o (m)| 774 | 0.85 6894 | 0.97 904 0.85 a.27 Loz 9.79 0.97 89z 132 9.88 Lol 9.13 052 9.36 0.92 8.03 056

Fa (cd) | 9609 |10.63 | 7850 | 7.66 |103.85 | 14.09 | 88.52 | 11.93 [108.06 | 1266 |103.28 | 1298 |114.22 |14.88 | 9746 | 14.88 |113.18 | 1528 | 99.44 T.57

TD (ca) | 1076 | 1.21 1066 | 108 | 137 L2T | 1254 115 | 1874 L33 | 1335 L24 | 1895 | L15 12,66 L1l 1351 145 | 1218 065

athb ()| 562 | 0.68 507 | 0.55 B.AIS 121 6.79 0.79 693 091 6.83 L.20 6.63 | 0.67 592 L1 567 0.50 4.87 043

HV (ml) |468.96 | T4.87 [845.36 |45.22 |50048 |103.54 [520.62 |113.37 66059 [124.51 |589.21 |154.78 |708.38 |99.37 (563.80 [108.10 |668.67 |119.42 |503.37 | 58.49

HV-DSA(al)|288.65 |40.03 |238.55 | 3045 |365.63 | 58.13 (32644 | 64.63 |397.87 | 66.96 40949 [118.86 (43105 (5511 |408.39 | 7112 |384.40 | 3912 [354.85 | 55.65

TDA2y hyrm 0989 0.074 0.943| 0.080 | LI11) 0095 1023 0.068] 1123 0.099| 1156 -0.115| 1.176| 0.080 LIGT| M090| 1105 0065 1.092) 0089

CTR 0.442) 0.043 | 0461 0.061| 0481 0046 0498 0.043| 0492 0.054| 0549 0.066) 0.520) 0.048 0527 0.041) 0479 0.042| 0498 0.055

LR 1.261| 0.079 1.288) 0.076| 1322 0.109) 1.322| 0.097| 1328 .083) 1.368| 0.160) 1.826| 0.090 1L326| 0.060| 1272 0.038| 1.226| 0.045

mBP (mHg) | 855 7.8 8a.2 1 (1223

20 |1214 1.2 BET 1.6 a3.8 167 1148|158 109.7 14.9 B5.6 88 84.1 14.3

% DS 308 14.2 29.4 24.3

Score 183 090 171 0.70 225 | 0.97 226 Lot L4 L1z LE3 L4

to one, the more strongly correlated the principal component is.

The first principal component (Z1) for all groups contained the items related to and heart size and shape.
The remaining principal components (Z2-Z6) contained the BSA, a + b, mBP and Age items. The in-
terrelationship of these six factors (Z1-Z6) revealed differences arong the groups.

Control Group: With the X-ray heart shadow exhibiting no cardiac enlargement for the male group, the
normal heart volume (HV) was strongly correlated with TD, CTR, HV/BSA and U-G Formula (Fig. 2). These
five items were deemed an index of heart size. In the female group, (Fig. 3) HV was found to be strongly
related to Age as well.

HT Group: The relationship of the heart size index items were similar to the control group (F igs. 4-5).
However, heart size was also directly proportional to M1 and d, and related to a + b. In the male group, Age
was related to heart size, and mBP was strongly related to a + b but not directly related to heart size. In the
female group, mBP was strongly related to BSA.

MI Group: As in the HT group, Ml and d were closely related to the items indicative of left heart
enlargement (Figs. 6-7). In contrast to the HT group, a + b was not proportional to heart size. %DS was
directly proportional to the heart size items.

CRF Group: The distribution of the heart size items were closely related to Fa (Figs. 8-9). In addition, Mr
was more closely related to heart size than in the MI group. Score (pulmonary congestion) was also found to
be closely related to the heart size items. Although the value of mBP was high, it was not correlated with a +
b.

HCM Group: The heart size items were distributed over a relatively narrow range (figs. 10-11). The Mr
item, which is indicative of right heart enlargement, was strongly correlated, in the same manner as left heart
enlargement, with the items indicative of cardiac enlargement. In the female group, L/B was inversely
proportional to the heart size items and the heart shape was characteristically round.

4.2.2. Distribution of Individual Grades
Principal Component Analysis was performed by group and sex for all subjects. A distribution of the
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individual grades (FFigs. 12-13) was graphed using the first component (Z1), indicative of HV and heart size,
and the component in which BSA is the main factor (Z4 for males, Z2 for females). Since all subjects were
adults, it can be considered that BSA is strongly related to obesity. The distribution graphs of the grades
clarified the relationship between cardiac enlargement and body build (BSA), not otherwise apparent from
the structure vector distributions. Among the males, the HT group exhibited cardiac enlargement and a slim
body build, and the MI group cardiac exhibited enlargement and obesity; in contrast, among the females, the
HT group exhibited cardiac enlargement and obesity, and the MI group exhibited cardiac enlargement and a
slim body build. The CRF group exhibited cardiac enlargement and a slim body build for both males and
females. These factors appeared to be unrelated for the male and female HCM groups.

5.0 Discussion

CTR has long been well known among the means for evaluating the heart shadow from plain chest X-
rays?9); other methods of evaluation include the Ungerleider-Gémez formula 3UJ-G)'"20% in which the
transverese diameter (TD) is normalized for height and weight, as well as other methods of computing the
heart volume#%14913), The mid-left diameter (MI) is also used as an index of left heart enlargement!6),

Plain chest X-rays, as the simplest repeatable non-invasive procedure available, is even today, in-
dispensable to the diagnosis of heart disease. We can surmise the hemodynamic condition of the heart ac-
cording to changes in the shape and size of the heart shadow which, surrounded by the lung field, can be
observed readily. In this reserach, the heart shadows of a control group and patient group were measured; by
quantifying the shadow size and shape, their mean values were used to make an objective evaluation of the
disease state; by making a cross-comparison of the patient groups, various characteristics of cardiac
enlargement were ravealed.

The sixteen items analyzed were subdivided into six factors: heart size, heart shape, body build, aortic
size, blood pressure and age. The characteristics degree of severity of disease can be determined by
evaluating the distributions of the structure vector and individual grades related to these six factors.

The factors which describe the control group heart size (and their respective upper limits for the male
and female groups) are HV (619 ml, 436 ml), HV/BSA (364 ml/m2, 299ml/m?), TD (14.2¢m, 11.7cm), CTR
(0.528, 0.583) and the U-G Formula (1.14, 1.11). Values greater than these were judged to indicate cardiac
enlargement.

Cardiac enlargement was least prominent in the HT group because essential hypertension is largely due
to pressure overload!”. This makes it difficult to detect this condition based on heart volume (HV) alone.
However, essential hypertension can be detected from the characteristic left side and posterior enlargement.
Moreover, hypertensive patients exhibit aortic elongation and dilatation which increases with the blood
pressure value. We can therefore consider that aortic enlargement due to high blood pressure characterizes
the heart shadow of essential hypertensive patients. Essential hypertension can thus be strongly suspected in
subjects greater than forty years old who exhibit large values for these items.

In the female HT group, the close relationship between blood pressure and body buuld especially the
tendency toward obesity, suggests that the condition is one of increased cardiac output similar to
hyperkinetic hypertension, rather than increased capillary resistance.

The MI group exhibited the same left side and posterior enlargement as the HT group, but an important
difference observed was that aortic enlargement was minimal. It is well known that for MI patients who
exhibit cardiac enlargement, the left ventricular function is diminished!®) and the survival rate is low19)2021)22),
Further, a high mortality rate among obese patients is also recognized?’). The degree of damage to the
myocardium can be evaluated concretely by the %DS item®; the extremely close relationship of %DS to the
heart size items indicates the tendency toward cardiac enlargement is strongly related to the severity of the
disease. The correction of obsity, particularly prevalent among males, improves the prognosis of heart
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disease.

The CRF group is characterized mainly by cardiac enlargement on the left side, but exhibits right side
enlargement as well. In contrast with the HT and MI groups, posterior enlargement was minimal. Aortic
enlargement was also small in view of the high blood pressure value. The disease is due primarily to volume
overload which we presume induces hypertrophy and dilatation of all four chambers, especially the left
ventricle; pericardial effusion may also affect the heart shadow. This may explain why the degree of ar-
teriosclerotic lesions of the aorta is less than in the HT group. A noteworthy finding was the close
relationship between the pulmonary congestion Score and cardiac enlargement. We can consider that the
pulmonary congestion Score reflects the increased circulating blood volume in the body, and is thus an index
which parallels the appearence of cardiac enlargement. The Score is an important factor in determining the
degree of pulmonary congestion.

In general, it is thought that about half of hypertrophic cardiomyopathy patients have cardiac
enlargement; evaluation of the CTR yielded similar results for the HCM group. However, most of the HCM
group also exhibited an HV value surpassing that of the control group, confirming the presence of cardiac
enlargement. The heart shadow showed equal enlargement of the right and left side resulting in a charac-
teristic round shape when vierwd from the front.

By using the Principal Component Analysis method to quantitatively evaluate the shape of the enlarged
hearts of all the subjects in the study, diagnosis and assessment of the degree of severity of heart disease was
facilitated.
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