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Mechanical  t rauma is often followed by fat embol ism.  I. V. Davydovskii [4], for instance, states that an 

"ae l in i ca l "  form of fat embol ism is an almost constant background of any injury, whether a surgical operat ion 

or a war wound. 

In fat embol ism considerable  lesions of the hear t  are often present. These may  be revealed,  in part icular ,  
by the e lec t rocardiographic  changes observed in fat embolism,  the origin of which is associated by some authorities 
[13] with reflex spasm of the coronary arteries. The br i l l iant  research of S. A. Vinogradov [3] has confirmed the 
fact  that there is oxygen lack  in the myocardium in fat embol ism.  These changes in the myocardium may  be 
associated with disturbance of the coronary blood flow. Nevertheless, in the accessible  l i tera ture  we found no 
information regarding the role of the Thebesian vessels in t rauma or the possibli ty of fat  embol ism of these 
vessels. 

In the present invest igat ion our a im was to reproduce exper imenta l ly  the entry of fat and ink from the right 
ventr ic le  of the heart  into the myoeardium along the Thebesian vessels. 

Experiments were carried out on ten dogs, weighing from 9.5 to 24 kg. In order to reproduce embol ism 
we used fat and Chinese ink. The animals  were anethet ized with morphine and urethane, and an ar t i f ic ia l  
respiration machine  was used in the experiments.  A eannula with a rubber tube leading to a flask was inserted 

into the left  pulmonary artery. The right pulmonary artery was l igated.  This was necessary in order to exclude 
the lesser c i rculat ion and to prevent any possibi l i ty  of the passage of embol i  through the or i f ice  of the coronary 
arteries and the left  ventr icular  vessels of Thebesius. Variants of this method were widely used in the well-known 
investigations of Pratt [ i2 ] ,  Wiggers [15], and other authors. We injected ei ther  sunflower o i l ,  heated to 38 ~ or 
Chinese ink, diluted with Lokce 's  solution, into the external  jugular  vein. The duration of contract ion of the 
hear t  from the beginning to the in jec t ion  of sunflower oil  and Chinese ink was from 20 seconds to 7 minutes 
(the experiments  were conducted in the Depar tment  of Normal Physiology). The dogs'  hearts were removed from 
the thorax and fixed in a 10-15% solution of formalin.  The weight of the heart ,  when full of oil  or ink, varied 

from 180 to 300 g. The thickness of the wall of the right ventr ic le  was 3-7 mm, and that of the l e f t -  14-17 ram. 
Numerous orifices of the  Thebesian vessels were found in the endoeardium on the left  and right ventricles.  From 
the hearts ,33 pieces were excised for h is to logical  examinat ion ,  in the endocardium of which Thebesian vessels 
were found. In this way we invest igated areas of the efferent and afferent tracts, the region of the apex and the 
interventr icular  septum of the right ventr icle .  Several  pieces of hear t  tissue were taken from the left  ventr ic le .  
In this way serial  sections were prepared for h is to logical  invest igat ion.  The sections were stained with hematoxyl in ,  
eosin, picrofuchsin, elastin and Sudan III. 

* Given at a meet ing of the Riga Society  of Pathologoanatomists ,  September  20, 1957. 
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Fig. 1. Ink in the region of the orif ice of a right ventricular Thebesian 
vessel. Ocular 7x, ob jec t ive  20X. Stained with hematoxyl in  and eosin. 

R E S U L T S  

The exper imenta l  results are given in the Table ,  from which it can be seen that some relationship exists 
between the depth of penetrat ion of the embol i  along the right ventricular Thebesian vessles and the duration 
and strength of the contract ion of the heart .  In experiment No. 6, for instance, with weak cardiac  contractions 
lasting 20 seconds, no embol i  were found in the right ventricular Thebesian vessels. In experiments Nos. 1 and 
2, with cardiac contractions lasting 30 seconds, embol i  were found only in the region of the orifices and in the 
subendocardial  sinusoids. In experiment  No. 5, with energetic contractions of the heart  lasting 4 minutes after 
the beginning of the experiment ,  emboH were found in the Thebesian vessels in the whole thickness of the right 

ventricular myocardium and in the right ventricular capi l lar ies ,  arteries, arterioles and veins. 

On microscopic invest igat ion hemorrhagic loci  and areas of fragmentat ion in the form of numerous trans- 
verse ruptures of the myocardium, affecting from two to eight muscle fibers, were found. The edges of the tears 
were uneven and displaced. In some sections Thebesian vessels were found opening out on to the endocardium 
of the centricules.  According to work done in the Department and to our personal observations, the Thebesian 
vessels of the right ventr ic le  are constructed in the manner of sinusoids. The lat ter  were lined with endothelium, 
situated on a fine, barely percept ib le  underlying layer of elastic and col lagen fibers. In the lumen of the right 
ventricular sinusoids were found erythrocytes, fat droplets and ink. We found both fat and ink in the region of the 
orifices of the sinusoids, in the subendocardial  and more deeply  situated sinusoids, and also in the arteries and 

veins of the myocardium (Fig. 1). 

The his tological  sections thus g rave  evidence of the presence of emboli  not only in the orifices of the 
Thebesian vessels, but also in their deep branches and also in the arteries and veins of the myocardium. 

It must be pointed out that there is a vast l i terature on the subject of embolism of the vessles of the heart.  
In part icular,  the vascular disturbances of the myocardium in cases of coronary embolism have been widely dis- 
cussed in the classical  textbooks and in ar t icles  in the current journals [10]. Nevertheless, in the accessible 
l i terature we found no description of embolism of the Thebesian vessels. 

Our experiments to reproduce embolism of the Thebesian vessels of the right ventr icle  may widen our 
ideas of the circulat ion of the blood in the myocardium itself. 

The experiments have demonstrated the possibili ty of access of blood from the right ventr icle  into the 
thickness of the myocardium.  We account for embol ism of the arteries and veins by the presence of anastomoses 
between the Thebesian vessels and the arteries and veins of the myocardium, which have been described by 
several authors [5, 6, 8, 11, 14]. 
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Fig. 2. Fat emboti in the lumen of the right ventricular Thebesian vessels�9 

Ocular 15x, objective 8x. Stained with Sudan III. 

Fig. 3. In the region of the orifice and the subendocardial ramifica- 

tion of a right verticular Thebesian vessel there are fat droplests. 
Ocular 6• objective 7x. Stained with Sudan IIL 

We therefore consider that the hemorrhagic foci and the areas of fragmentation of the myocardium may 
be associated with ambolism of the branches of the coronary system, which the emoli reach along the Thebesian 

vessels of the right ventricle. 

A similar possibility of fat embolism may occur in cl inical  practice in cases of trauma. 

We have made detailed studies of two cases of death from acute trauma in which we found fat embolism of 
the Thebesian vessels of the right ventricle in human subjects (Figs. 2 and 3). 

In both the experiments and the cases of trauma in man, with fat embolism of the Thebesian vessels of the 
right ventricle we observed foci of dystrophy and necrosis of the myocardium. These changes are in agreement 
with the descriptions given by various authors working on the subject of fat embolism. In particular, I. V. Davy- 
dovskii [4] states that cardiac failure occupies an important place as a cause of death in fat embolism. 

Functional changes in the heart in fat embolism have been recorded by clinicians by means of electro- 
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cardiography. The morphological changes under these same circumstances consist of hemorrhages beneath the 
endocardium along the course of the conducting system of the heart, and of fatty dystrophy of the muscle fibers 
[7]. In cases of fat embolism, S. A. Vinogradov [3] describes interstitial and perivascular edema, disappearance 
of the cross-striation of the muscle fibers, breaking up of their protoplasm into clumps, and small and extensive 
foci of necrosis. Side by side with these changes, a cellular reaction and sclerosis of~the stroma were seen. 

The pathogenesis of the changes described in the heart in fat embolism has been interpreted in various ways. 
Scherf and Sch~nbrunner [13] and others, for instance, explain them by reflex spasm of the coronary arteries. 
S. A. Vinogradov [3] associates the changes in the myocardium with discoordination between the work of the heart 
and its oxygen supply. A. I. Abrikosov [I],  K. D. ~ristavi [9] and others believe it possible that a direct obstruc- 
tion of the branches of the coronary vessels with fat emboli lies at the basis of the changes in the myocardium. 

From our point of view, in the interpretation of the microscopic changes in the myocardium associated 
with general trauma, it is essential to take account of the possibility of fat embolism of the coronary vessels of 
the heart and of the system of the Thebesian vessels. 

S U M M A R Y  

Embolism of the right ventricular Thebesian vessels was induced with fat and China ink in experiments on 
10 dogs with the pulmonary circulation excluded. Thebesian vessels of the right ventricle were investigated in 
2 patients, dying of trauma. Microscopic investigation of cardiac tissues in experimental and clinical conditions 
has demonstrated the presence of emboli in Thebesian vessels throughout the whole myocardium of the right 
ventricle, its capillaries, arteries, arterioles, and veins. These data point to the possibility of the blood from 
the right ventricle to enter the myocardium. One may, therefore, associate the presence of hemorrhagic loci 
and areas of myocardial fragmentation with embolism of the branches of the coronary system, where the emboli 
pass through the Thebesian vessels of the right ventricIe. 

L I T E R A T U R E  C I T E D  

1. A. I .  Abrikosov, Special Pathological Anatomy [in Russian (Moscow-Leningrad, 1947) No. 2. 
2. T . I .  Akhmeteli, Author's Abstract of Candidate Dissertation [in Russian] (Tbilisi, 1957). 
3. S.A. Vinogradov, Arkh. Patol., 2, 47 (1950). 
4. I .V .  Davydovskii, Gunshot Wounds in Man [in Russian] (Moscow, 1954) Vol. 2. 
5. S.P. II'inskii, Arkh. Patol., 5, 3, (1958). 
6. S.P. II'inskii, Izvest. Akad, Nauk Latv. SSR, l l ,  103 (1958). 
7. Yu. M. Lazovskii and P. E. Snesarev, in: Transactions of No. I Group on the Study of Shock [in Russian] 

(Moscow, 1945) p. 261 (B). 
8. S.E. Silkans, The Pathological Anatomy of the Thebesian Vessels in Myocardial Infarction. Author's 

abstract of candidate dissertation [in Russian] (Riga, 1957). 
9. K.D. Eristavi, Transactions of the Tbilisi Clinical Hospital of the Transcaucasian Railroad [in Russian] 

(1946) p. 67. 

10. T . J .  Gill, R. A. McBride and G. J. Dammin, Am. Heart J. 56, 878 (1958). 
11. J. Kretz, Arch path. Anat., 266, 647 (1927). 
12. F .H.  Pratt, Am. J. Physiol. 1__.2 86 (1898). 
13. D. Scherf and E. Sch~nbrunner, Z. kiln. Med. 128, 750 (1935). 
14. J . T .  Wearn, J. Exper. Med. 47, 293 (1928). 
15. C.J .  Wiggers, J. Pharmacol. Exp. Therap, 39, 209 (1930). 

1137 


