EXPERIMENTAL STUDY OF THE MORPHOGENESIS
OF NUTMEG FIBROSIS OF THE LIVER
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Partial constriction of the inferior vena cava was carried out in dogs below the diaphragm
with consequent stasis of blood in the liver. A comparative study of liver biopsy material ob-
tained at various stages of the experiment showed that the development of fibrosis began from
the central and small collecting veins as a result of proliferation of fibroblasts in the adven-~
titia of the veins and "migration" of fuchsinophilic fibers into the adjacent parenchyma. The
formation of new connective tissue took place parallel with these changes in areas of hemor~
rhage and necrosis in connection with proliferation of the Kupffer cells. Nutmeg fibrosis was
shown to be cellular in its pathogenesis and linked with increased fropocollagen activity of
the fibroblasts.
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The morphogenesis of nutmeg fibrosis of the liver is the subject of contradictory statements in the
literature. Most investigatiors consider that the main role in the mechanism of its development is played
by circulatory failure, retrograde stasis of blood in the liver, and acellular sclerosis at the site of dying
liver cells [1, 6, 10, 12, 13, 23]. However, the view regarding acellular sclerosis is not in harmony with
modern ideas of collagen formation, according to which the protein tropocollagen, from which collagen fi-
bers are built, is formed purely by means of fibroblasts [7—9; 11, 18, 27]. Investigations using modern
methods have proved the active cellular formation of collagen fibers in the liver in various pathological
processes [3-5, 18, 20-22, 25, 26].

Since little work has been done on the morphogenesis of nutmeg fibrosis and since the existing con-
tradictions cannot be resolved purely on the basis of gnalysis of postmortem material, it was decided to
study the genesis of nutmeg fibrosis of the liver experimentally.

EXPERIMENTAL METHOD

Partial constriction of the inferior vena cava was performed above the diaphragm with consequent
stasis of blood in the liver, portal hypertension, and the development of portocaval extrahepatic anastomo-
ses and splenomegaly. Ascites appeared toward the end of the first week (the volume of fluid which collected
reached 7-10 liters in some of the animals) and it persisted in most of the animals for up to 2-3 months.
The liver was investigated 3 weeks and 1.5, 2.5, and 3.5 months after the beginning of the experiment. Liver
biopsy was performed on 11 dogs at the above times, necessitating one or two additional laparotomy opera-
tions. Altogether 33 observations were thus made on 13 dogs. The dynamics of fibrosis were studied in
two dogs for 1.5 months, in six dogs for 2.5 months, and in three dogs for 3.5 months. Material was fixed
in 10 % neutral formalin and embedded in paraffin wax. Sections were stained with hematoxylin —eosin, with
picrofuchsin by Van Gieson's method, with fuchselin for elastin, with azocarmine by Heidenhain's method,
and for fibrin by Shueninov's method; other sections were impregnated with silver by Pap's method, treated
by Brachet's method and the PAS reaction, and stained with toluidine blue. Lipids were stained in the frozen
sections by means of a mixture of Sudan II and Sudan IV, and ferritin was demonstrated in unstained sec~
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tions and after staining with hematoxylin —eosin by Klochkov's method [2].

EXPERIMENTAL RESULTS

After 3 weeks (10 observations) stasis was observed in the system of efferent veins of the liver.
Around the central collecting veins and along the lines connecting them magsive hemorrhages and necrosis
were observed. The hepatocytes of the periportal zones were hypertrophied; the arteries, veins, and lym-
phatic capillaries of the triads were dilated. A continuous basement membrane appeared in the sinusoids.
Hypertrophy of the muscular layer was observed in the efferent veins, the lumen of the large collecting
veins was dilated, and that of the small veins was constricted or they were completely closed, as also were
the sphincter-like veins.

The development of fibrosis began from the central and small collecting veins as a result of prolifera-
tion of fibroblasts in the adventitia of the veing (causing thickening of their wall) and "migration" of fuch-
sinophilic thin fibers from the wall of the veins to the adjacent parenchyma. New connective tissue was
formed in the areas of hemorrhage and necrosis in the pericentral and intermediate zones parallel with
these changes; the collagen fibers were arranged around the erythrocytes. Fibrosis was connected with
proliferation of the Kupffer cells of the adjacent parenchyma. They became large and numerous PAS-posi~
tive pyroninophilic and metachromatic granules appeared in their cytoplasm.

After 1.5 months (11 observations) stasis of blood remained in the liver, but recent hemorrhages and
necrosis were observed. The hepatocytes in the pericentral and intermediate zones were atrophied, whereas
in the periportal zones they were hypertrophied. Changes in the vessels were similar to those observed
after 3 weeks, but, in addition, some of the central veins were excluded from the hepatic circulation. The
lumen of those veins was closed by proliferating connective tissue, and the sinusoids around them had col-
lapsed. At the boundary with the hemorrhages and necrotic foci, in the subcapsular zones, and around the
large collecting veins the sinusoids were grossly dilated.

Fibrosis of the parenchyma around the central and collecting veins increased as a result of prolifera-
tion of the fibroblasts of the adventitia. Organization of the areas of hemorrhages and necrosis by means
of activated Kupffer cells took place more intensively, and the zone of fibrosis occupied a larger area.

After 2.5 months (nine investigations), despite an improvement in the clinical condition of all the ani-
mals and reduction of the ascites, venous stasis continued in the liver. The fibrosis was increased, es~
pecially along the lines connecting neighboring central and collecting veins, as the result of which "inverted"
lobules appeared and the disturbances of the lymphatic circulation increased in severity, especially around
the collecting veins. '

After 3.5 months (three observations) decompensation of the circulation was still present in only one
animal. Recent hemorrhages and necrotic foci were present chiefly in the subcapsular zones. Old hemor-
rhages and necrotic foci were replaced by zones of hyperplastic argyrophilic and collagen fibers. During
organization of the hemorrhages, "trabeculae" of red cells were formed, bounded on both sides by a con~
tinuous basement membrane, lined with endothelium. The sinusoids between these trabeculae were usually
wide and empty or they contained solitary red cells. Perierythrocytic sclerosis continued within the "red
cell trabeculae,” but no destructive changes were observed in the red cells. The "red cell trabeculae" are
considered to indicate blocking of the hepatic veins, and they are regarded as a manifestation of intratra-
becular collateral circulation [19].

After partial constriction of the inferior vena cava above the diaphragm, chronic venous stasis thus
developed in the liver, with repeated hemorrhages not only around the central and collecting veins but also
along the lines connecting them, following the resultant of the pressure from the neighboring veins. In
these areas "straightening" of the hepatic trabeculae and atrophy and necrosis of the hepatocytes took place.
As a result, "inversion" of the hepatic lobule was seen [14]. The subsequent fibrosis in these areas led to
connection of neighboring central and collecting veins by fibrous septa, producing a picture of "an inverted
lobular pattern" [24], characteristic of nutmeg fibrosis of the liver {13, 15, 17]. Nutmeg fibrosis of the
liver is cellular in its genesis. The formation of collagen fibers close to the central and collecting veins
is connected with proliferation of fibroblasts in the adventitia of the veins.
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