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Whether constrictive pericarditis causes myocardial atrophy or not has been a 

subject of hot disputes for many years, but at present the occurrence of myocardial 

atrophy in this disease is generally accepted; furthermore it is also noted that cal-

cification and connective tissue invasion thereb.¥・ occur in the mrncardium. The ex-

istence in this disease of such myocardial changes as atrophy and fibrosis has been 

given as one of the explanations for the fact that su出cientlyextensive pericardial 

resection does not always bring about a rapid postoperative improvement even in 

cases with no complications. But it is still a vcr.¥・ difficult problem to predetermine 

precisely the degree of myocardial involvement preoperatively. This consideration 

has prompted our present electrocardiographic and pathohistologic investigations into 

this disease. The problems we are going to face are as follows : 

( 1 ) What changes are there in the myocardium, when heart failure develops 

after experimental production of constrictive pericarditis? 

( 2) To what degree are these myocardial changes 1じ日ectedin the electrocar-

diograms? 
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( 3) Converscl~· ， what significance have these electrocardiographic abnormalities 

for deciding operability, and prognostication of clinical cases of constrictive pericarditis? 

METHODS 

A日 alreadyア describedin detail by KuMA(1957) and MENJo (1959) of our labora-

tory, constrictive pericarditis was experimental!~· produced by inserting polyvinyl・

formal sponges into p2ricardial cavities of dogs. 

Electrocardiograms were taken by following manners. Common injection need-

les were used as electrodes, and placed under the skin, and the limb leads were taken 

in the traditional manner. For chest leads Y (¥V1LsoN) and CR leads were employed. 

The position of the chest leads was determined bγtaking the anatomical antero・

posterior elongation of the dog thorax into consideration；γ5n, Va （ニanterior)and 
Vs 1γere placed at the level of the apex cordis respectivclγin the right anterior 

axillary, midsternal, and left anterior axillarγlines. l'nanesthetized dogs were used, 

and in order to avoid the effects of change in position the dog wa日kepton the belly 

during the whole p2riod of recording. Experimental animals were seriallyァstudiedat 

certain appropriate intervals after insertion of the sponges. 

λ日topathohistologic investigations, the pol~·vinylformal sponge was cautiously 

removed from the heart after the clog was sacrificed, then heart weight was calcu-

lated. Thickness of the ventricular wall was measured halfo’av bebvccn basis and 

apex cordis. The heart、γasfixed in a neutral 10 % formalin solution, and blocks 
were then taken from various regions of the heart most! y after the method of GRoss 

(1930), and embedded in paraffin. To stain them, hematoxylin-eosin, VAN GrnsoN’s 
and ¥V EIGERT’s elastic tissue stains were used. 

RESULTS 

1. Constiriction of the Whole Heart 

In constriction of the whole heart, as KuMA, one of our associates, pointed out, 

the symptoms of right heart failure predominated, while those of left heart failure 
were almost latent (Fig. 1). 

It is very difficult to infer the state of the rn~·ocardium from ECG alone in the 

early stage of the disease, for the configuration of the ST and T waves ascribable 

to the influences of the epicardium ancl subepicardial muscle la刊 rsare verγliable to 

variation内 irrespectiveof the pre3ence or otherwise of myocardial lesions, being yen・ 

sensitive to slight inflammation and irritation in the pericardial ca•アit~· ; the ECG 
first acquires its significance when the labile variation in the T wave has gradually 

been stabilized into what HoLzMANN (1935) called the inversion of T wave. This 

fact ！日ingtaken into consideration, clear di古erenceselectrocardiographic as well as 
pathohistologic were noted between normal dogs and those with symptoms of conges-

tive heart failure (Table I). （プnrnparisons＼＼℃1・efurther instituted between them in 

the ratio of heart to Jゆ〔lilywciどht,and in thickness of the vむ11triculm・wall.but on 
thじ，；el幻oin

in the amount of extracellular f一luidりrinter令stitialtissue (Table II). Also no parallel 
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Table I PATHOHISTOLOGIC AND ELECTROCARDIOGRAPHIC COMPARISONS 
INSTITUTED AFTER EXPERIMENTAL CONSTRICTION OF THE 
WHOLE HEART BETWEEN" DOGS WITH AND WITHOUT SYMPTOMS 
OF CONGESTIVE HEART FAILURE 

1. －~＇.WITH「~~SW~~TOMS [PTOl 

ATROPHY I + I -

I MYOCARDIAL 
P ATHOHISTOLOGIC I CHANGES 

DEGENERATION I + I 

CHANGES i CONNECTIVE 
TISSUE ! 

PROLIFERATION i 

INTERSTITIAL CHANGES* 

ELECTROCARDIO司
GRAPHIC 
ABNORMALITIES 

I LOW VOLTAGE 

I INVERTED T羽TAVE

＋ 

＋＋ 

＋ 

一（÷〕

一（÷）

* Interstitial inflammation consisting of interstitial edema, cell infiltration and congestion. 

Table II COMPARISONS IN" RATIO OF HEART TO BODILY WEIGHT A='!D IN 
THICKNESS OF VENTRICULAR WALL BETWEEN THREE GROUPS 
OF DOGS本

*(One group was composed of dogs with constriction of th巴 wholeheart subdivided 
into those with and those without symptoms of congestive heart failure ; another 
group of those with adherent non-constrictive pericarditis; and the third of normal 
dogs.) 

I I IL羽T. ・ THICKNESS OF羽TALLBODILY I HEART ! , 

WEIGHT ¥WEIGHT I 1 ! 1 mmJ 
I I I B.W. ! LE町 VE:¥IT. RIGHT 
（勾） I (gr) I Iり111・ VE:¥IT. SEPT. VENT. 

I l¥o. 203 I 1』1 I 112.0 I 7.94 I 9.5 9.0 5.7 

I DOGS羽TITH 215 I 16.6 I 112.0 I 6.75 I 12.0 9.3 4.0 
I SYMPTOMS i I I I I I I 58.5 I 7.41 I 7.0 6.5 3.5 I OF CONGESTIVE I I I I 
I HEART FAILURE 144 I 11.2 I 89.5 I 7.99 I 9.9 7.3 5.8 

CONSTRICTION I I I I I 
OF i MEAN ! 12.45 I 93.0 I 7.52 I 9.60 8.03 4.75 
WHOLE HEART I一一一一一一一一一石 ； ； 

川0・214I 10.1 I 79.0 I 7.38 I 8.0 7.8 5.0 DOGS WITHOUT I I I I 
SYMPTOMS 180 I I I I 9.5 8.3 3.8 
OF CONGESTIVE I I I I 204 I 10.8 I 111.0 I 10.28 I 10.3 9.5 5.7 HEART FAILURE I 1 I I 

MEAN I 10.75 95.0 I 8.83 I 9.27 8.53 4.83 

No. 8.4 75.5 8.99 11.0 10.4 4.5 

ADHERENT 10.8 85.3 8.28 10.1 10.8 4.6 

NON-CONSTRICTVE 3 9.1 100.。10.99 10.5 9.6 4.8 
PERICARDITIS 4 9.3 100.0 10.75 10.5 10.0 5.2 

MEAN 9.30 90.3 9.75 10.53 10.20 4.78 

NORMAL DOGS 10.30 92.6 9.28 10.28 9.28 5.18 (MEAN OF 4 DOGS) 

持HEARTWEIGHT/BODILY WEIGHT 
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relationship was established between the symptoms of the right heart failure and 

the degree of myocardial demage of the right ventricle to be mentioned later (Table 

III). This observation is in agreement with foucm's statement (1955) that though 
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COMPARISONS OF THE SYMPTOMS OF THE RIGHT HEART FAILURE 

羽TITHTHEIR CORRESPONDING P ATHOHISTOLOGIC CHANGES 

r Dop;s included here are those which developed the symptoms of the right heart 
failure after experimental constriction of the whole heart.) 
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韓Confirmedat postmortem examination. 
* Interstitial inflammation consistin邑・ of interstitial edema and cell infiltration; and 
int巴rstitialfat proliferation. 

＋ 

十

十

microscopic study reveals various myocardial, valvular or vascular abnormalities in 

subjects with congestive heart failure, none of them is specific for this disease, nor 
can theγexplain its development. 

Next, myocardial changes were pathohistologically classified into 
three stages (Table IV) : 

First Phase : Edema, distended capillaries, an<l cell infiltration composed chiefly 

of neutrophiles and small round cells in the epicardium ; slight cell infiltration and 

capillary congestion and hemorrhage, but no other marked changes in the muscle 

layers ; striking foreign-bod.＼ア reaction,namely, infiltration of neutrophiles, round cells 

(monocytes and histiOC:Jアtes) and foreign-bod~）ア giant cells in the pericardium and 
around a sponge. This phase lasted about a month. 

Second Phase: Appearance of acute interstitial myocarditis; interstitial edema, 
cell infiltration and congestion, but no other marked changes in the muscle layers 

(Fig. 2, A). Foreign-body reaction and connective tissue proliferation composed of 

the following 
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PATHOHISTOLOGIC CHANGES IN THE MYOCARDIUM CLASSIFIED INTO 
THREE STAGES AND THE CORRESPONDING ELECTROCARDIOGRAPHIC 
ABNORMALITIES 

(Dogs included here are those which developed the symptoms of the right hear七failure
after experimental constriction of uhe whole heart.) 

EXPERIMENT AL STUDIES ON CONSTRICTIVE PERICARDITIS 

Table IV 
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* Interstitial inflammation consisting chiefly of interstitial edema and cell infiltration ; and 
interstitial fat proliferation. 
持Pericardiectomizedcases (to be mentioned later). 
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仲
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SECOND 
PHASE 

THIRD 
PHASE 

fibroblasts and fibrocytes in the pericardium and around a sponge. 
about 100 days. 

Third Phase: Commencement of myocardial atrophy and degeneration (chiefly 
vacuolar), besides findings of acute interstitial myocarditis in the middle layers of 
cardiac musculature. Occasional occurrence of connective tissue invasion and marked 
myocardial atrophy in the subepicardial muscle layers ; proliferation of interstitial fat 
in the subendocardial region (Fig. 3, A, B, C). Decrease in number of functional 
cells, and replacement of them by proliferating connective tissue in the pericardium 
and around a sponge. 

It is especially noteworthy that such regressive changes as atrophy and degene-
ration predominated in pathohistologic aspect of these myocardial lesions, and that 
the right ventricle was more severely affected than the left. But neither calcification 
nor fibrosis were noted in the myocardium, and the endocardium and papillary muscles, 

This phase lasted 

II 
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too, showed no marked changes. -:¥o correlationship was seen bebYcen the degree of 
myocardial damage and thickness of the epi-and pericardium. 
In order stereoscopically to investigate vascular changes at this stage of atrophy 

and degeneration bismuth-gelatin were injected into the right and left coronary 
arteries, and roentgenograms were・ taken. In dogs with symptoms of congestive heart 
failure the coronary arteries gaye the impression of being rigid and stiff, and looked 
ver~· constricted, when compar℃d ＼＼’ith those of normal dogs (Fig. 4, A, B,). But 
pathohistologically no changes answering to these roentgenographic findings were 

discovered in the vessels. 
Next, these pathohistologic changes in the myocardium classified into three phases 

were contrasted with the E（て； ofthe corresponding stages. A low-voltage appeared 
in the second phase, and in the third phase, in addition to it, the inversion of T 
waves tended to occur (Fig. 2, B) (Fig. 3, D). It is vC!·~· interesting to note that 
electrocardiographic abnormalities did not appear until pathohistologic changes in the 
myocardium reached a certain advanced stage, and that pathohistologic changes 
became more prominent corresponding to the progress of the electrocardiographic 
changes. 
2. Constriction, of the Left and Right Side of the Heart 
To clarify the mechanism of development of heart failure, right and left peri-
cardial cavities were each inserted into with sponges (Table Y). 

Table V P ATHOHISTOLOGIC CHANGES AND ELECTROCARDIOGRAPHIC 
ABNORMALITIES IN CONSTRICTI¥・E PERICARDITIS OF THE 
RIGHT A:¥1D LEFT SIDE OF THE HEART 

CONSTRICTIVE 
PERICARDITIS 
OF LEFT SIDE 
OF THE HEART 

（’0:¥'STRICTIVE 
l'EHICARDITIS 
OF RIGHT SIDE 
OF THE HEART 

PATHO-
HISTOLOGIC 
CHANGES 

望~~l盃J］喧J｝亙

ll'Zi~PsIAL I ~幅一（二三 ：ーに
CONNECTIVE 
TISSUE 
PROLI-
FERATION 

I INTERSTITIAL 
i CHA);GES本 + l 

ELECTROCADIO- I LOW VOLTAGE + I 
GRAPHIC ~ i 
ABNORMALITIES ! INVERTED T WA  VE + I ＋ 

ホInterstitialinflammation consisting chiefly of interstitial edema, cell infiltration, and 
congest10n ; and interstitial fat proliferation. 

In long-surviving dogs with constrictive pericarditis of the left side, pathohisto・
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logic changes ancl electrocarcliographic abnormalities resembled those of the above-

mentioned third phase rather than of the second, but clogs whose right si.cle was 

consticted showed signs and symptoms very similar to those of the second (Fig. 5, 

A, B,). However, when one side of the pericardium was thus constricted, the chest 

leads over the same side did not reveal ・any叩ecificvariations. 

The present pathohistologic investigation has made it clear that such myocardial 

damage as atrophy and degeneration is more apt to develop in the right ventricle 

than in the left not only in constriction of the whole heart, but of the left side as 

well. But no speci白cvariations were noted in the chest leads over the right side. 

3. Constriction of the Inferior, and of the Superior and Inferior Venae Cavae 

¥Vhen the inferior vena cava was constriced to one-half or one-third its outside 

diameter in three 'dogs, a marked low-voltage appeared, sometimes accompanied by 

the inversion of T waves. Similar白ndingswere obtained when in four dogs the 

superior and inferior venae cavae were constriced to one『halfor one-third their res-

pective diameters, but with no ligation of the azygos vein (Fig. 6, A, B,). BoucEK 

et al. (1952), too', noted the reduction of ampliture of the QRS-complex of the electro-

cardiogram during the progressive circulatory failure in dogs with constriction of the 

superior and inferior venae cavae and ligation of the azygos vein. This fact teaches 

that it is a great mistake to ascribe a low-voltage solelγto myocardial damage. 

The same experience was obtained from a case of constriction of the whole heart. 

When this case developed congestive heart failure after experimental induction of 

pericarditis, all the limb and chest leads showed the progressive reduction of amplitude, 

besides tachycardia and ventricular cxtrasystole (Fig. 7, 1¥). And at p~stmortem 

examination hydroperi臼rdiumof unknown etiology (about 300-400 cc) and thickening 

(about 1.5 mm) of the peri-and cpicardium were noted, but this case w邸 pathohisto-

logically shown as pancarditis, and no definite findings of myocardial atrophy were 

obtained (Fig. T B.). Such being the case, low voltage in this case is undisputably 

regarded as due to the hydropericardium. As it is now generally agreed, it is quite 

dangerous to rely on electrocardiographic findings for ascertainment of myocardial 
damage. 

4. Pericardial Resection 

Partial pericardiectomy was conducted on three cases of constriction of the whole 

heart with congestive heart failure (Table VI). In one case (No. 221) which preo-

peratively showed no electrocardiographic abnormalities but the inversion of T waves 

congestive heart failure was remarkably improved by partial pericardial resection of 

the right side. Its i5ostoperative ECG was free from marked deviation~， and also 

pathohistologically no serious myocardial damage m’as demonstrated (Fig. 8). A 
second case (No. 163) preoperatively showed the progressive reduction of amplitude 

in the chest leads of the right side, besides the inversion of T waves, and,its symp-

toms of right heart failure were rather aggravated by partial resection of the left 
ventricular pericardium. As had been expected, histologic stud~＇ revealed advanced 
myocardial damage (Fig. 9，λ’B, C,). The last case (No. 140) in which the pro 
gressive diminution of voltage of QRS was preoperati、：＇elynoted, showed no tendency 
of improving the symptoms of right heart failure after partial pericardial resection 
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Table VI COMPARISONS OF PRE-AND PυSTOPERATIVE SYMPTOMS OF THE 
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of the right ventricle, and on pathohistologic examination rather intense myocardial 

involvement wa品 demonstrated(Fig. 10, "¥, B, C, D, E). 

λpp！~· in江 thesecases to the avobementioned classification of myocardial changes 
into three phases, the白rstcase ma;; be considered to have been in the second phase 

at time of operation, and the latter two in the third. All these three cases died 

about two weeks after partial pericardiectomy before marked abnormalities appeared 
in the postoperative日CG.

As electrocardiographic changes are produced through ¥'Cr>・ complex mechanism, 

it is almost impossible to determine the degree of myocardial involvement bv the 

configuration alon~， but in the above three cas回 theelectrocardiog町 hicfi叫ng~ may 
be said to have given rather reliable results. 
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CLINICAL OBSERVATION 

Four patients who underwent pericardiectomy for constrictive pericarditis in our 

hospital will be briefly observed here from the standpoint of the present study (Table 
VII). 

Tab1e VII FOUR CLINICAL CASES OF CONSTRICTIVE PERICARDITIS 

Here presented are pre-and postoperative symptoms of the right heart failure, history, 

extent of pericardia! resection and pathohistological findings of excised pericardium. 

SYMPTOMS OF THE RIGHT HEART FAILURE 

I' PREOPERATIVE I POSTOPERATIVE 

CASES I 一一一一一一！一 一ー一一「一一一－ -HEPλTIC -i -.一一一一寸一一一 ーーー
VENOUS [ I ENLARGE-!VENOUS i 

！日EP瓦Tlc・

PRESSURE i EDEMA I ASCITES • MENT !PRESSURE I EDEMA 
I ENLARGE-

ASCITES MENT 
mm  HzO : I •. (from cos.t-¥ I mm  H20 I 

一一一一一一一一」一一一 _J_一一一一ι al旦 rgin}I I 

I. K. H. j 220 I + ! - I 6路川＊ 230 I叫
I (!!0~二位）

！水上 ｜第 5fi時 er・
' ' I bred th 

2. H. T. I 323-400 I + I + I 472' I 200 

3. I. F. 

4. Y. U. 

250-320 

240-300 

一三L~理与
17 

24 

＋ 

272'-3 

3-4 

100 

160 

not 
palpable 

172' 

I I I EXCISED PERJ-I I HISTORY IEXTENT OF I 
SEX I - !PERICARDIAL I CARDIUM (PA-
｜ 同町MATδ訂 T百 ERCULOUSjRESECTION I THOHISTOLOGIC 

IDI§J<::~SE ! DISEb:SE I i FINDINGS) 

M j _ i I left j ~mspeci白
- ; ¥・cntri<:le I inflammation非

M 
At 6 tuberculous I both I unspecific 
hilitis I ventricles I inflammation非

At 21 tuberculousi ! 
peri carditis i : 

3. I. F. I 49 ! M I + ? ｜ おi芯言説 Ju時 ！ と~~ricles j ~~r51~~~~~tion 井
4. Y. u. I 24 ! M I - I ー Iboth ! u叫 ecific

I I I ¥'C山 、ides j inflammation井

本 Thispatient was still in such a bad condition 11 months after operation that he had to be 

operated on once again. 

話Alltraces of specific inflammation seem to have disappeared during a protracted period of 

cicatrization. 

Case I, K.H. Preoperative electrocardiographic findings : low voltage ; flattening 

or inversion of T waw:-; in all limb and chest leads; and notching of P ＂・a¥・csin 
leads II and CIし（Fig.11, A). Resection of left ventricular pericardium temporarily 

brought about increase in voltage, and the patient made uneventful postoperative 

recovery for about two months, but after then, amplitude of the QRS-complex seemed 

to decrease progressively, and the T wave remained unchangeably negathで. Eleven 

months later the patient had a relapse of edema and dyspnea, and was operated on 

second time, but this time died on the operating table due to the development of 

ventricular fibrillation. Postmortem白ndingsrevealed extreme thinning of the right 
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ventricular wall, thickness in some places being reduced to 1 mm. The heart as a 

whole presented a gross appearance of brown atrophy. Pathohistologic findings: 

severe myocardial atrophy, nuclear swelling, and occasional mァknosis; focal necrosis 
in myocardium; vacuolar and fatty 'degeneration in subendocardial muscle layers; 

hyaline and fibrinoid degeneration of papillary muscles; interstitial edema, fat proli・

feration, hemorrhage, separation of muscle groups, and thickening of blood vessels. 

These changes were more conspicuous in the right ventricle (Fig. 11, B, C, D, E, F). 

Case 2, H.T. P1℃operative electrocardiographic findings : Low voltage ; flattening 

or inversion of T waves in all leads; prolonged peak intcnal of P wave in I and 

II; Notching of P waves in ¥' .,,,;,, and sinus rhythm (Fig. 12, A). Postoperative 

recovery from congesti＼℃ heart failure took ncarlr a year. In postoperative ECG 

were sinus rhythm, gradual increase of QRS waves and continued definite inversion 
of T wave日 noted(Fig. 12, B, C, D). 

Case 3，♂ I. F. Preoperative eledrocardi6graphic findings: auricular fibrillation; 

inversion of T waves in leads II and III, but no other abnormalities (Fig. 13, A). 

Improvement of congestive heart failure occurred comparatively earl；＇＞’ after operation. 

In pcistoperative EじGauricular fibrillation and amplitude of QRS waves remained 

unchanged; in all leads inversion of T ・waves became more marked; and in leads V5 
and V』 slightelevation of ST segment was noted (Fig. 13, B, C, D). 

Case I, Y.U. Preoperative electrocardiographic findings; sinus rhvthm and low 

voltage; prolonged peak intcrrnl of P ＼γave in lead II; inversion of T waves in II, 

III and all chest leads. Postoperative findings：日inusrhythm, gradual increase in 

amplitude of complexes, and intensi白eelinversion of T waves in all leads. Impro-

vement of congestive heart failure and of electrocardiographic abnormalities occurred 
nine months after operation (Fig. 14, A, B, Cプ）．

It ma~· be known from the above clinical obs℃1・vationsthat low voltage and the 
inversion of T waves in preoperative ECG mean a poor, discouraging postoperasive 

prognosis. In case 1 it was日ccnthat serious m~·ocardial damage in the right ventricle 
underlay marked clcctrocardiographic deviations. It is indeed a verv risky venture 

to pe巾 rman operation on such a 伺 seas this. C‘a叩 3with preoperative ~ir町
electrocardiographic abnormalities, on the contrar~· ， took a speedy favorable turn after 
operation. Pericardiecto町 istherefore best indicated only in the earl~’ stage of the 
disease before marked abnormalities appear in ECG. 

DISCUSSION 

1. What mechanism is responsible for myocardial damage in constrictive 
pericarditis ? 

It has been traditi01.1all~マ C伽1siclcrccl that i凶 ctivit>・ atroph>・ of the 町 ocardium
is caused b>・ hard cicatnzat10n of the pericardium. It has also been held that it is 

ascribable to nutritional disturbance caused b~· the compression brought on the blood 
vessels .by the ci帥 tシecclp icardiu 

these news arc obtainable fr n small vessel walls, data of roentgenography with 

bismuth同gelatindo not conflict with them. Recent ！~＇ it has been asserted that dys-
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proteinemia leads to myocardial damage, but the author could not find a definite 

relationship between柏 lueof serum protein measured by MENJO of our laboratory and 

amplitude of the complexes measured on the same ti111e (Table VIII). 

EXPERIMENTAL STUDIES ON CONSTRICTIVE PERICARDITIS 

4弘

' 

LO羽1VOLTAGE CONTRASTED WITH VALUE OF SERU:¥I PROTEIN 
AFTER EXPERIMENT AL CONSTRICTION OF THE WHOLE HEART 
IN DOGS WITH AND 羽IITHOUTSYMPTOMS OF RIGHT HEART 
FAILURE 

Table VIII 

! VALUE OF SERUM PROTEIN 
I Cg/di) ※ 

し一一一~
7.5 

7.5 

5.6 

4.8 

5.4 

4.7 

6.4 

5.0 

"5.7 

4.8 

5.4 

l ::: I 

LOW VOLTAGE DOGS 
No. 

NORMAL DOGS 

DOGS羽IITHOUT
SYMPTOMS 

＋
H
廿

H
廿

H
廿

H
廿

H
廿

DOGS WITH 
SYMPTOMS OF 
THE RIGHT 
HEART FAILURE 

※ Measured by M副 .roof our laboratory. 

Polyvinylformal sponges used. in the present study possess onl~・ a mild irritating 
action, and the foreign-bod~’ reaction caused by these sponges was limited to the inside 

and just around themselves. Accordingly their action on the myocardium may日e
presumed to have been of purely mechanical nature. But in case of continued' ex-

acerbation of right heart failure there is a possibility of a secondary developm臼1tof 

myocardial darha'ge as a result of what羽TuHRMANN (1950) called a vicious circle 

between right :heart failure and hepatic dysfunction. It is, moreover, quite thinkable 

that residual ii1ftarnmation, relapse and other complex and unknown factors 

contribute to production of myocardial damage. 

DINES et al. (1958) stated the following e百ectafter a pathologic study of necro-

psied clinical凶sesthat prolonged pericardial compression was presumabl:yア thecause 

of uniform appearance of atrophy throughout the myocardium of both ventricles. 

But 句 theauthor it seems too hast:yァ tolay on this compression alone the whole 

responsibility for myocardial atrophy. The author feels nccc:-;sai下 toemphasize here 
the complex mechanism of myocardial atrophy. 

Again DINES et al., noting that there was no necessary correlation between the 

duration of this disease and the amount of myocardial atrophy, stated that this 

atrophy would make its appearance earl~· in the course of the disease, and show little 

further progress. But it was noted in the present study that relative！~’ simple 

mechanical compression alone was capable of progressively increasing myocardial 

damage. In the light of the fact, and the abovementioned complex factors, it does 

may 
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not seem advisable to employ solely conservative treatment for this disease, which 

mav in the meantime reach the incurable stage. On this卯intthe present author 

agrees with HoLMAN et al. (1949), VAN NrEUWENHUIZEN (1951), SAWYER et al. (1952) 

and BURWELL (1957). 

The 阿部onfor the weaker resistance of the myocardium of the right ventricle 

is not yet adequately explained, but it ma;-・ be guessed that this is in part due句

commonly larger thickness of the right-side pericardium, and the thinner wall of the 

right ventricle. 

2. To what degree is myocardial damage reflected in electrocardiograms ? 

It may be said from results of the present study that minor myocardial changes 

are not alwaγs reflected in ECG, but any considerable change necessarily produces its 

corresponding electrocardiographic abnormalitγ． 

Low voltage, inversion of T waves, auricular fibrillation, notching of P waves, 

and slurring or notching of QRS complexes are genarally regarded as characteristic 

signs of constrictive pericarclitis, but in the author’s opinion the most im1〕ortantof 

these are the first two. 人目 amatter of fact, lm＼’voltage and the inversion of T 

waves are observed also in anasarca, mvxeclema, di百usem>・ocarclial fibrosis, h>・dro-

pericardium and constriction of the inferior, and of the inf・eriorand superior venae 

cavae, but if noted in cases of constrictive pericarclitis, the>・ rna＞’be taken as sure 

signs of serious myocardial damage. These signs are of course expressive of myo・

cardial damage of the whole heart, but as stated above, the my’ocardium of the right 

ventricle is more easil；－’ a古田tedthan that of the left, ancl so it is possible from 

these signs to know the existence of serious myocardial damage in the right ventricle. 

Chest leads over the right side, however, could not give corroborating findings. This 

may be explained by’unstable fixation of the mediastinal septum of the dog, and 

inappropriate position of the exploring・electrodes.

3. Of what clinical use are the above considerations in deciding operability, 

and prognostication of cases of constrive pericarditis ? 

If the abovementioned diseases are excluded, marked low voltage and the inversion 

of T waves in the El 'G of constrictive pericarditis may safely be interpreted as signs 

of serious m>・ocardial damage. .And so it is vci下 desirableto establish the diagnosis 

of this disease 同・ otherordinary diagnostic mean日inits earl>・ stage when significant 

electrocardiographic findings are still unavailable ; this 丸『rillmake early surgical ap-

proach possible, and greatly enhance the chance of success in operation. 

When the above signs become more and more pronounced in serially studied ECG, 

the utmost caution must be exercised in indicating pericardiectomy, for operative 

procedure on the severely damaged myocardium will easily result in lacerations of 

the thinned wall, and in acute overdilatation of the attenuated and atrophied right 

ventricle. Under such circumstances zonular excision of the pericardium is to be 

preferred, but after all, even when an operative procedure is possible, satisfying 

results are not to be expected. Pericardiectomy should therefore be contraindicated 

under such circumstances. 

As already pointαl out, similar signs are observed also in h~'Clropericardium , 
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constriction of the inferior, and of the superior and inferior venae, and other diseases. 

And so it must specially be remembered that ＼＼℃ cannot pass an~’ reasonable judge-

ment upon the state of the myocardium from electrocardiographic白！）dingsalone ; 

enough attention must be paid to examination of clinical symptoms and other medical 

tests. 

SUMMARY AND CONCLUSION 

1) Myocardial lesions in cases of constrictive pericarditis which presented the 

symptoms of congestive heart failure wfre histologically classified into three phases. 

It was thereby noted that such regressive changes as atrophy and degeneration were 

the predominant features of these lesions, and that the right ventricle was more 

severely affected than the left. Some consideration was given at the sa~e time to 

the causative mechanism of these changes. It was also ascertained that electrocardiog-

raphic abnorma:lities corresponding to these pathohistologic changes consisted chiefly 

of low voltage and the inversion of T waves. It was further recognized that serious 

myocardial damage underla~· marked electrocardiographic abnormalities. 

2) （‘ases with congestive heart failure due to constrictive pericarditis of the 

left and right sides were compared respectivel~＂ and it was found that in cases of 

left司sidepericarditis both myocardial changes and dectrocardiographic abnormalities 

were more conspicuous than right side, and the right ventricle was involved at the 

same time. No matter which ventricle might have been constricted, however, the 

chest leads over the diseased side did not give specific changes. 

3) Nearly similar electrocardiographic abnormalities, above described, ¥Vere 

observed in hydropericardium, and constriction of the inferior, and of the inferior 

and superior venae cavae. It is therefore simply absurd to try to make a correct 

estimate of myocardial damage from electrocardiographic findings alone. 

4) Pre-and postoperative serial clinical as well as experimental studies of ECG 

were conducted together along with pathohistologic investigation of the myocardium, 

and as a result it was found that the appearance of low voltage and the negative 

T wave, other diseases being excluded, was a factor not to be ignored in deciding 

operability or otherwise of cases of this disease. 

Positive use of electrocardiography was urged, for constrictive pericarditis must 

be operated on in its early stage before the characteristic changes appear in ECG. 

5) The correlationship between the progressive abnormalities in serially studied 

ECG and aggravating myocardial lesions was established. Therefore, if such electro-

cardiographic findings are obtained, pericardiectomy should be contraindicated. 

In concluding this paper, I wish to express my warmest thanks to Dr. 0. MmoR[KAWA, Assistant 
Professor of Pathology, Kyoto Uniγersity M巴dicalSchool, and Dr. S. MoRn, Assistant Professor of 
Pathology, Kansai Medical College for their sugg司自tionand advice. My acknowledgement is also 
due to my colleagues, Drs. T. OGATA, T. Kui1A, T. MEN.JO, N. CHuar and S. KAWABATA for their encou-
ragement and assistance. This im・estigation was suppored in part by research grant from the 
Ministry of Education. The gist of this pa戸rwas delivered in October, 1956 at the 6th Conference 
of the Co-ordinatin邑・ Research Group for Ministry of Education Research Fund (Chairman : Prof. Y. 
OzAWA of Osaka University), and in October, 1957 at the 10th General Meeting of the Japanese 
Society for Thoracic Surgery. 
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和文抄録

実験的収縮性心膜炎に於ける心筋の病理

組織学的所見と心電図の変化について

京都大学医学部外科学教室第2講座（指導； 青柳安誠教授）

斎 藤 隆 司

収縮性心膜炎の手術的予後を左右する因子として従 た．しかしこれら両者はいずれの場合にも，同側の胸

来心筋傷害が重視されているがp その程度を術前に心 部誘導に於て特にその指標と目すべき心電図所見は得

電図を以て的確に知ることが可能でないだろうかと考 られなかった．

ふこの点を解明すべく，試獣として犬を用いて実験 3) 単なる下大静脈及び上下大静脈の収縮並びに心

的に各種の収縮性心膜炎を作製し，心電図学的並びに 膜水腫によってもP 略々同様の心電図変化が得られ

病理組織学的に検索して次の結論を得た． 7二．従って3 ただ心電図所見のみから心筋の状態を論

I) 全心の収縮性心膜炎例で心不全症状が出現した ずることは出来ない．

場合の心筋変化は組織学的に3期に分類しえたが，萎 4) 収縮性心膜炎について，実験的p 臨床的r：，心

縮p 変性等の退行性変化が主として認められ，左室よ 腹切除術前後の心電図継続的観察と心筋の病理組織学

りも右室の方にそれら変化の強い事が観察された．而 的検索を併わせ行った結果p その際臨床例で上述の下

もこのような心筋変化LJ:，血管圧迫による心筋の栄養 大静脈及び上下大静脈の狭窄，心膜水腫の外に全身浮

傷害，右心不全症状と肝傷害の閲に形成される悪循環 麗p 粘液水腫，ぴまん性心筋線維症等が除外されうる

によって起る2次的な心筋傷害p 或いはその他病巣の ならばp これを収縮性心膜炎によるぽ電位差と陰性T

存続乃至再発等種々の複雑不明な因子が関係して発生 波の出現と考えp このような症例にはむしろ積樹句に

するものと推察されたが3 他方，これに対応する心電 心電図判断を下してこれら変化が典型的とならない時

図変化としては低沼1立差に陰性T波を合併する傾向が 期に早期手術を施行すべきである．

みられ，この際著しい心電図変化の出現したものでは 5) 心電図の継続的観察に於てp 上述の変化が高度

心筋変化が高度であることが認められた． に進行性である場合にはp 特に右室心筋の変化が極め

2) 左心並ヴに右心の収縮性心膜炎例で，心不全症 て副主になっている事が予想されるので，むしろ手術

状が発現した場合には，後者よりも前者の方が心電図 禁忌であると推断すべきである．

並びに心筋変化が強くp 且つ右心、室にも変化がみられ



EXPERIMENTAL STUDIES ON CONSTRICTIVE PERICARDITIS 2543 

ャ~＂＇I叩＂111' 1ワlt11m"'TrT・：rT' i"r?.,,...γ：p .. ,-;・::t；＂；＂＂.恥 01 I sヤ

Before 
operation 

一口
一十
Vs田町吋内J岬
品舗打JJ ιi 

甲

山

’

ザ

↓
」
！
｝

P.O. Day 
21 

四叫町一吋町田

圃九ムd、J』
咽仇J」田..，，.,.11-軸

吻機鍾

輔副め園田副〆」嗣

幽岬司...へ．酬剛圃・＂＂＇・ー－
凪

国仇目I,...._回

し～ん．圃
－． 園町ゆ，園田d』悼

51 

”・闘闘9・・・・－削陣

山
門

-.J-斗向咽 B
附何十~判~
-.J,，園内ゐ向圃

J向山！」
WM怖い

Fig. 1 Constriction of the Whole Heart. 

Cross section. (No. 154) 

Fig. 2 Constriction of the Whole Heart. 

Myocardial changes and electro-

cardiographic abnormlaities in the 

second phase. (No. 161) 

ノ｛、

6 : Interstitial edema, congestion 
and hemorrhage in the right 
ventricle. Hematoxylin and 
eosm; x 200. 

B ' Note diminution of voltage. 



2544 日本外科宝函第28巻第7号

Fig・. 3 Constriction of the Whole Heart. 
Myocardial changes and electrocardiographic abnormalities in 

the third phase. 1 ＇.＼り. 194) 
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Fig. 4 Roentgenograms of coronary arteries filled with Bismuth-gelatin. 

A: Control. B: Constriction of the Whole Heart. (No. 215) 
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Direction of roentgen irradiation : 

( 1) Basis→Apex. (The heart was intersected halfway between basis and apex 

cordis in all cases.) 

( 2) Left→Right. 

( 3) Front-+-Back. 
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Fig. 5 

主： Constrictionof the Left Side of the Heart. (No. 114) 
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Fig. 6 

14 
P.O. Day 
7 

Before 
operation 

田町四回目・四
・副呼咽蜘同制回目陶吋・・皿・．

Vena r
 
o
 

－
－
 r
 

O
L
 

r
i
 n
 

v－A
 e
 

’h
 

＆
E
U
 

2
i
 o

、j1
 

0
6
 

n

I

 

内
V
J

A

o

 

d
x
 

．n
（
 

A

U

2

 

帆

U

司、
o

a

 

c
c
 

（

A
）
 

・・・川瑚・・胴・・・睡眠
・柏崎嗣陶”陶・嗣h 句”陶回

， ．  
・・町・由園田・－－，嶋田

II~岡山戸山町

田町帥回向附
A 
、ーノ

The inferior Yena caya with outside 

diameter of 14 mm  was constricted 

to 5 mm  across. 

－・崎町・岡崎『由

叩 F～戸回四国輔副回開園..：~副田剛

山1剛一一”’岬ー
V51ミ町一軸由a同帽

Va同，h田..,..._ 
V5剛山町内 Note reduction in arμplitude of QRS 

n’aγes, and appearance of inverted T 

M’aves in leads II and III. 

・' w咽，~，”・

制町田〆』明－，..A一
・回伊向・副回刷陣

国岬回開閉園伊向．． 
胸由j日帽回一回目白目

”耐陶山田園圃帽－圃

CH5R圃》〆』同町1〆』

CRa白戸町剛山

... ，..同開・戸岨
四－，.／＂甲田－〆｝（＇！｛，》崎戸、園町戸、

蘭同h剛戸畑

B : Constriction of the Inferior and 
、ーノ
Superior Venae Cavae. (No. 223) 

14 

！？ 
”嶋”’”・，．

I " 

w.i'..,wi i-,.. 
剛岬嶋岡

Before P.O. Day 
operation 7 

I柵酬帆綱
刊
日
い
山
小

E叫向供《

B 
、ーノ

Diameter of the superior vena cava 
was constricted from 15 mm  to IO 

mm, and that of the inferior from 

IO mm to 6 mm, but the azygos vein 

was left free. 

』

問

削

剛

蝋

i

内
勺
岬

州

制

幽

m
f

一仲江
i

E副似ん

V5R 

Note reduction in amplitude of 
QRS waves, and inversion of T waves 
in limb leads, V5 and CR5・

Va 

Vs 

ぃ
同
叩
1
h
叩

い
…
ぃ
竹
山
川

CR0R 

CR a 

CR5 



2548 日本外科宝函第28巻第7号

Fig. 7 Hydropericardium. (!¥r〕 152)

Entire pericardial cavity was insert巴dwith polyvinylformal sponges; at necropsy 

hydropericardium of unknown etiology (about 300-400cc) was noted. 
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The First Case. of Constriction of the Whole Heart which 
underwent Peric:ardiectomy. r Nu. 221) 
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The Second ('ase of Constriction of the Whole Heart which underwent 

Pericardiectomy. r ~o. 163) 

第28~会日本外科宝函
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Fig. 10 The Third Case of Constriction of the Whole Heart which underwent 

Pericardiectomy. (No. 140) 
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Fig・. 10 The Third Case of Constriction of the Whole Heart which underwent 

Percardiectomy. (No. 140) 
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E Interstitial edema and fat proliferation in the right ventricle. 

Hematoxylin and eosin；×200. 
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A : Note low voltage and flattening or inversion of T waves in all limb and 
、－＇

chest leads before first pericardiectomy. 

Note that amplitude of QRS waves showed little or rather a tendency to 

decrease from Oct. 19th, 1953 onward. 
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Fig. 11 Clinical Case I. (K.H.) 
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B : Myocardial atrophy and fibrinoid degeneration in the left ventricle. 

Van Gieson’S stain；×100. 
C : Vacuolar degeneration in subendocar<lial muscle layers in the right ventricle. 
Hematoxylin and cosin ；×200. 

D : Interstitial fat proliferation in the right、entricle. Hematoxylin and eosin; x 100. 
＼】ノ

E : Hyaline and fibrinoid degeneration of left papillary muscle. 

Hematoxylin and eosin ；×200. 

F : Myocardial atrophy, and interstitial edema and cell infiltration in the left ventricle. 
、J
Hematoxylin and eosin; x 200. 
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Clinical Case 2, (H.T.) Fig. 12 
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A : Note preoperative low voltage, and flattening or inversion of T waves, and also 
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postoperative gradual increase of voltage. 
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Fig・. 12 Clinical Case 2. I H. T.) 
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B : Parts of excised pericardium. 
、ーJ

C : Hyalinization of connective tissue am! cell infiltration in the mid中ortionof excised 

pericardium. Hematoxylin and eosin ；×100. 

D : About 13 months after pericardiectomy: disappearance of ascites and abdominal 
、ー〆 a

swelling; liver not felt; no subjective symptoms; and bow-shaped operation scar 

on the breast. 
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Clinical Case 3, (1.F.J Fig・. 13 
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主：Notethat no abnormal si.gns except for auricular fibr¥llation, and inversion of T 
'-' waves in leads II and III, were preoperatiwly observed. 
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Fig・. 13 C'liniq 1 Case 3. (I. F. 1 
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B Parts Of excised pericardium ; 
outsidB view (pleural side). 

C : Parts of excised pericardium ; 
） 

inside view (pericardia! cavity 

sidel. 

E, : Hyalinization and sl出ltperivas-
cular cell infiltration in excおed

pericardium. Hematox~in and 

eosin ；×100. 
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A: Note preoperative low volta伊 andinversion of T waves in leads II, III, and all 
、ーノ

chest leads. 
r、
B, : Parts of excised pericardium. 、J

宕： Hyalinizationand slight cell infiltration in excised pericardium. 
、、J

Hematoxylin and e凶in；×100.


