ANATOMICAL CHANGES IN THE LIVERS OF DOGS
FOLLOWING MECHANICAL CONSTRICTION
OF THE HEPATIC VEINS *

J. P. SMonps, M.D., anp J. W. Carraway, M.D.

(From the Depariment of Pathology of Northkwestern University Medical Sckool,
Ckicago, I11.)

This paper is a report of the changes observed in the livers of
seventeen dogs whose hepatic veins were mechanically constricted
for periods of 7 to 30 minutes for the purpose of studying the chem-
istry in the blood during the succeeding 24 to 72 hours. Practically
all of the recorded anatomical studies of the liver following altera-
tions in the hepatic circulation have been based upon permanent
changes in the blood flow and, therefore, are concerned with more
or less chronic modifications of that organ. Thus, the results of
ligation of the hepatic artery have been investigated by Holst,!
Behrend, Radasch and Kershner,? Ritter? Hori,* Loeffler,® and
others. Bainbridge and Leathes,® de Josselin de Jong,” Rous and
Larimore,® Papilian,® Chiari,!® and others, have studied the effect
upon the liver of either ligation or thrombosis of the portal vein.
Zimmerman and Hillsman ! placed metal rings about the vena cava
between the entrance of the hepatic veins and the heart. Hess,?
in 1905, and more recently Satke® and Saborowsky  have re-
viewed the literature and discussed the results of obliterating en-
dophlebitis of the hepatic veins. There are also occasional reports
in the literature of alleged retrograde embolism of the hepatic veins
(Heller,'* Risel,'® Meixner,” and Reiniger!®). But in all of the
above experiments and observations the alteration in the hepatic
circulation was continuous. We have been unable to find any
studies of the changes in the liver resulting from a sudden and com-
plete, but temporary, closure of the hepatic veins.

Mechanical constriction of the hepatic veins by the method de-
scribed by Simonds and Brandes !® causes an immediate increase in
the size of the liver, which becomes enormously distended with blood
and dark brownish purple in color. This condition continues until
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the obstruction is released, when the liver promptly becomes smaller
and somewhat paler. This procedure deprives the liver cells of
oxygen, subjects them to a considerable increase in pressure, inter-
feres with their nutrition and permits the accumulation of meta-
bolic products in the surrounding medium during the period of con-
striction.

Of the seventeen dogs used in these experiments, one died
4 hours after the operation in typical hypoglycemic convulsions,
two were sacrificed after 24 hours, eleven after 48 hours, two after
72 hours, and one after 7 days.

The liver weight-body weight ratio in these animals was dis-
tinctly increased, the mean being 0.0376 + 0.0035, the individual
ratios ranging from 0.025 to 0.047, only two being normal or below.
Junkersdorf  found the liver weight-body weight ratio in normal
dogs to be 0.030; Simonds and Brandes # obtained a mean ratio
of 0.0303 in thirty-one normal dogs. The mean ratio in these
animals was, therefore, approximately 25 per cent higher than the
normal.

The increase in the weight of the liver was due in part to edema.
Simonds and Brandes?® observed an average increase of 2.5 times
the normal outflow from the thoracic duct during mechanical con-
striction of the hepatic veins. On the basis of the microscopic exam-
ination of livers immediately, and 24 hours after constriction, it is
assumed that much of this excess flow of lymph comes from the liver.
The most marked change is in the lymphatics which surround the
sublobular veins, many of which are encircled by widely dilated
lymphatics filled with hyaline coagulated material (Fig. 1). These
are apparently the radicles of the lymph vessels which follow the
hepatic veins to the inferior vena cava, and thence along this vessel
through the diaphragm into the posterior mediastinum. The con-
nective tissue about these veins was rendered loose-meshed by ac-
cumulation of fluid between the cells. This can probably be ac-
counted for as a result of damage to, and subsequent thrombosis of,
the larger lymph vessels about the main branches of the hepatic
veins. As shown by Opie ® trauma is often an etiological factor in
lymphatic thrombosis. The periportal connective tissue was also
edematous.

Another element, of less importance, in the increase in weight of
the livers of these dogs is the irregularly distributed increase of
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blood. During constriction the amount of blood within the liver
is enormous, but upon releasing the constriction most of the ac-
cumulated blood promptly escapes and when examined after 24 to
72 hours the liver as a whole is relatively poor in blood, with only
a few scattered areas in which the central veins and adjacent sin-
usoids are distended with red cells.

On microscopic examination with low power one of the most
striking features is the relative paleness of the central portion of
the lobules (Fig. 2). The hepatic cells are swollen, more or less
granular, many contain round clear spaces or vacuoles and some
are without nuclei (Fig. 3). The vacuoles do not stain with osmic
acid. The visible nuclei in this portion of the lobule vary greatly;
some are swollen, extremely pale and washed out; others are com-
pact and pyknotic, and relatively few are normal. The markedly
swollen condition of these cells narrows, and, in places, practically
obliterates the sinusoids so that the central part of the lobules is
almost bloodless. At the periphery of the lobules is a zone of vary-
ing width in which the liver cells are more nearly normal. From
this it appears that the hepatic cells in the central one-half or two-
thirds of the lobule are less resistant to injury than those in the
peripheral portion. A similar differential distribution of cell damage
has been observed in other conditions, e.g., chloroform poisoning,
chronic passive hyperemia, and so on. In these conditions either a
toxic agent or a disturbance of the circulation in the liver acts over
a more or less long period of time. It has been suggested that the
greater damage to the centrally located cells in the liver lobule is a
result of their greater distance from the fresher part of the blood
supply, the peripheral cells having the first opportunity to secure
oxygen and nutriment from the blood as it percolates through the
lobule, while the central cells receive only blood which has been
depleted of substances essential to their life. But in our experiments
the entire circulation through the liver was stopped temporarily.
Hence both central and peripheral hepatic cells were subjected to
identical conditions. The differential distribution of evidences of
cell damage described above in the livers of our animals indicates a
greater actual susceptibility to injury on the part of the cells in the
central part of the lobules as compared with those of the periphery.
Mallory * has suggested that the greater vulnerability of the central
cells of the liver lobules is due to their greater functional activity
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and higher degree of specialization. The results of our experiments
tend to confirm this view.

A variable number of central and sublobular veins are filled with
clear structureless masses, some of which stain blue, others dark red
(Fig. 4). As a rule, lobules whose central veins are thus occluded
contain more blood than the adjacent lobules.

A characteristic finding in all of these animals is the presence of
masses of cells within the sinusoids (Figs. 5 and 6). These cells are
of three types: an occasional lymphocyte, a few polymorphonuclear
leucocytes and a greater number of mononuclear cells with large
round, oval or indented nuclei and moderately abundant cyto-
plasm. These latter cells appear to have originated from prolifera-
tion of sinusoidal endothelium. These cell masses are either small
and compact and lie in an oval dilatation of the sinusoid, resem-
bling those described by Simonds? and by Manwaring, French and
Brill ® in anaphylactic and peptone shock, or they are larger and
more diffusely and loosely arranged in several adjacent sinusoids,
but consist of the same cell types as the above. Within this second
form of cell masses the cords of liver cells are disrupted and many
of the included hepatic cells are swollen, stain with eosin and are
without nuclei. These areas therefore have much in common with
the focal necrosis described by Mallory ¥ in typhoid fever.

Cell groups of the first type are most numerous in the dog that
was allowed to live for 7 days and whose hepatic veins were con-
stricted for 20 minutes. In many of these masses, especially in the
24 hour dogs, a red hyaline matrix is easily visible. These compact
intrasinusoidal masses are probably of the same nature as those
designated by Pearce 2 as conglutination thrombi. Their manner
of formation is probably as follows. During the stagnation of the
blood in the sinusoids, while the hepatic veins are constricted, a
group of red cells becomes packed into a firm mass which cannot
be broken up when the circulation is restored. These later fuse
into a hyaline matrix in which is entangled an occasional lymphocyte
and into which may wander a few polymorphonuclear leucocytes.
The presence of this “foreign body” within the sinusoid stimulates
the proliferation of the adjacent lining endothelium from which is
derived the chief part of the cell content of the mass.

In the second type of cell mass there is no evidence of fusion of
red cells. The presence of a group of necrotic hepatic cells may
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serve to stimulate the proliferation of the sinusoidal endothelium.
If this interpretation is correct, the process is the reverse of that
described by Mallory # as the probable pathogenesis of focal necrosis
in typhoid fever.

In all these animals the Kupffer cells contained an abundance of
brown, granular pigment resembling hemosiderin.

SuMMARY

The livers of dogs examined 24, 48 and 72 hours and 7 days after
mechanical obstruction of the hepatic veins for periods of 7 to 30
minutes showed the following changes.

I. A mean increase of 25 per cent in the liver weight-body weight
ratio, due to edema and to swelling of the hepatic cells.

2. Swelling, granulation, vacuolization and extensive necrosis of
the hepatic cells in the central half or two-thirds of the liver lobules.

3. Marked dilatation of the perivascular lymphatics surrounding
the sublobular veins.

4. The presence of hyaline thrombi in many central and sub-
lobular veins.

5. Intrasinusoidal cell masses of two types: (1) small, compact,
occluding masses probably originating in ‘‘ conglutination thrombi
of red cells, and (2) larger, more diffuse and branching cell masses.

6. Hemosiderosis of Kupffer cells.



164

IO.
II1.
I2.

13.

15.

16.

17.

18.

19.

SIMONDS AND CALLAWAY

REFERENCES

. Holst, S. F. Ligation of hepatic artery. Norsk. Mag. f. Legevidensk., 1920,

81, 1182.

Behrend, M., Radasch, H. E., and Kershner, A. G. Comparative results
of the ligation of the hepatic arteries in animals. Arck. Surg., 1922, 4,
661.

. Ritter, A. Ueber die Folgen der Ligatur der Arteria hepatica. Mi#. a. d.

Grensgeb. d. Med. u. Chir., 1922, 35, 76.

. Hori. Ligation of the hepatic artery. Arck. f. Japan. Chir., 1927, 4, 1.

Loeffler, L. Weitere Untersuchungen {iber die Folgen der Unterbindung
der Leberarterie. Arch. f. klin. Chkir., 1928, 149, 370.

Bainbridge, F. A., and Leathes, J. B. The effect of arterial or venous ob-
struction upon the nutrition of liver cells. Biockem. J., 1906, 2, 25.

de Josselin de Jong, R. Ueber die Folgen der Thrombose im Gebiete des
Pfortadersystems. 3Mi#. a. d. Grensgeb. d. Med. u. Chir., 1912, 24, 160.

Rous, P., and Larimore, L. D. Relation of the portal blood to liver main-
tenance. J. Exper. Med., 1920, 31, 609.

Papilian, V. Influence de la ligature de la veine porte et du pédicule
hépatique sur la glycémie. Compt. rend. Soc. de biol., 1927, 96, 733.

Chiari, H. Zur Kenntnis der Verlegungen der Pfortader. Wien. klin.
Wehnschr., 1929, 42, 422.

Zimmerman, H. M., and Hillsman, J. A. Chronic passive congestion of
the liver. Arck. Path., 1930, 9, 1154.

Hess, A. F. Fatal obliterating endophlebitis of the hepatic veins. Ams.
J. M. Sc., 1905, 130, 986.

Satke, O. Endophlebitis obliterans hepatica. Deutsches Arch. f. klin. Med.,
1929, 165, 330.

Saborowsky, A. Ein Fall von Endophlebitis hepatica obliterans. Klin.
med., 1930, 9, 1308.

Heller, A. Zur Lehre von den metastatischen Processen in der Leber.
Deutsches Arch. f. klin. Med., 1870, 7, 127.

Risel, W. Ueber die erste Entstehung von Leberabscessen durch retrograde
Embolie. Virchows Arch. f. path. Anat., 1905, 182, 258.

Meixner, K. Ein Fall von retrograder Embolie der Lebervenen. Zischr. f.
Heilk., 1907, 28, Abt. f. Path. Anat., 101.

Reiniger, Clara. Ueber die Entstehung von Leberabszessen auf riick-
laufigem Wege. Frankfurt. Ztsckr. f. Path., 1913, 13, 103.

Simonds, J. P.,and Brandes, W. W. The effect of obstruction of the hepatic
veins on the systemic circulation. Am. J. Physiol., 1925, 72, 320.

Junkersdorf, P. Untersuchungen iiber die Phlorrhizinglucosurie 1I. Lang-
dauernde Hunger-Phlorrhizinversuche mit vergleichender Blut-, Harn-,
und Organanalyse. Arch. f. d. ges. Physiol., 1923, 200, 443.



21.

22.

23.

24.

25.

27.

28.

ANATOMICAL CHANGES IN LIVERS OF DOGS 165

Simonds, J. P., and Brandes, W. W. Effect of experimental hyperthyroid-
ism and of inanition on the heart, liver and kidneys. Archk. Path., 1930,
9, 445.

Simonds, J. P., and Brandes, W. W. Effect of mechanical obstruction of
the hepatic veins upon the outflow of lymph from the thoracic duct.
J. Immunol., 1927, 13, 11.

Opie, E. L. Thrombosis and occlusion of lymphatics. J. Med. Res., 1913,
29, 131.

Mallory, F. B. Principles of Pathologic Histology. W. B. Saunders & Co.,
Philadelphia, 1914, 495.
Simonds, J. P. The formation of conglutination thrombi in the liver of
dogs after injections of Witte’s peptone. J. Infect. Dis., 1919, 24, 297.
Manwaring, W. H., French, W. O., and Brill, S. Hepatic reactions in
anaphylaxis. V. Mechanism of the increased hepatic resistance during
canine peptone shock. J. Immundl., 1923, 8, 211.

Mallory, F. B. A histological study of typhoid fever. J. Exper. Med.,
1898, 3, 611.

Pearce, R. M. The experimental production of liver necroses by the intra-
venous injection of hemagglutinins. J. Med. Res., 1904, 12, 329.



DESCRIPTION OF PLATE

PLATE 28

FiG. 1. Distention of the perivascular lymphatics about a sublobular vein.
X 100.

F1G. 2. Lower power field showing pale central portions of lobules. x 20.
Fi6. 3. Swelling and necrosis of liver cells. x 325.

F1G. 4. Hyaline thrombus in central vein. X 200.

F16. 5. Compact cell masses in sinusoids. x 160.

Fi6. 6. More diffuse cell masses in sinusoids. x 200.
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