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Very little has been written on the surgical treatment of injuries to the
great veins. In his monograph »The Surgical Treatment of Blood Vessel Lesions«
[36] 1951), Petrovsky writes: »Even during the last world war no summarizing
report was published on the subject of modern treatment of veins lesions.«
Petrovsky was one of the first to direct attention to the subject and emphasize
the importance of its treatment.

In Byalik's statistic in 1946 [2] vein lesions amounted to 39,6 per cent
of all blood vessel injuries. According to Huntington, ou.t of 106 cases of vein
injury, 86, i. e. 81.1 per cent, died.

Injuries to the great veins are usually treated by the following methods:

a) ligature ;

b) application of a lateral or circular suture ;

c) application of an indwelling clamp ;

d) wrapping the injured vein in a cuff of gelatine or fibrine foam.

In case of linear injury without loss of tissue, suturing narrows the calibre
of the vein. If, however, in the vein wall a defect of the extent of only a few
square millimeters has been caused, the suture will result in narrowing and
subsequent occlusion.

When treating their injuries, certain differences must be observed between
the systems of the inferior vena cava and that of the portal vein. In the infrarenal
part, the inferior vena cava may be ligated or even divided without endangering
life. On the other hand, a ligature applied above the renal vein is invariably
fatal, leading to death within 2 to 3 days.

Injury to the portal vein is an unfrequent occurrence. This may account
for the scarcity of reports on the subject. Treatment presents a difficult surgical
problem.

The injury may he brought about under various circumstances. Ferreire
and Caricchio [15] observed a girl 12 years of age who had developed symptoms
of internal haemorrhage after a fall. On opening the abdomen a linear injury
of 8 mm length was found on the anteromedial surface of the portal vein. The
same authors collected 19 further cases from the literature. In -4 cases the
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haemorrhage from the portal vein had been due to a blow with a blunt object,
while in 3 cases to penetrating injury. In 12 cases the injury had been caused
during operation. In Jansen's case [21], fatal haemorrhage resulted from gall-
stone arrosion. During operation the portal vein is easily vulnerable, owing
to its identical anatomical relation to the hepatic duct and the choledochus.
W hen investigating into the possible causes ofinjury during operation, it must
be taken into consideration that not only pathological processes such as inflam -
mation, adhesion, tumourous infiltration, etc. may render preparation in the
operative area difficult,but also the frequent variations in the anatomy of the
portal vein and the extrahepatic bile ducts (Douglas, [14], Griffilian [18],
Bendle [1]). These facts account for the statement of Ferreire and Caricchio [15]
that out of 19 cases of portal vein injury 12, i. e. 63 percent, had arisen in the
course of operation. Nevertheless, there are very few reports on operative
lesions in the literature. Experiments have been performed in order to clear
the problems ofportal vein injury and for studying the possibilities of an operative
solution.

Ligation of the portal vein in man for a period longer than 20 minutes
is fatal, except in case of hepatic cirrhosis. Death ensues with symptoms of
blood pressure fall and collapse ; venous stasis and haemorrhagic infarcts are
found in the stomach, intestines and spleen (Théle [45]). In the dog, ligature
of the portal vein leads to death within 2 hours in every case. It is impossible
to save the animal either by blood transfusion or by a temporary porto-caval
anastomosis (Mallet-Guy, Device, Gangolphe [32]). Sudden occlusion of
the portal vein results in an abrupt fall with 50 per cent in the blood pressure.
If the ligature is taken off within 25 minutes, the blood pressure returns to
normal (Kumata [29]*. Compression of the common mesenteric vein leads to
sequelae reversible within 25 minutes. If after ligating the portal vein physiolog-
ical saline is continuously injected towards the liver, the blood pressure remains
at a constant level and the animal may be kept alive for a time (Borszéky and
Baron [6]”. In case of liver cirrhosis the portal vein may be compressed for
a longer period ; it is even possible to divide the vessel and to ligate the proximal
stump. This is the method employed by Blakemore [4] for termino-lateral
porto-caval-anastomosis, which may be performed if collaterals have developed
beforehand. Torcigliani [46] carries outtwo successive operations on dogs. First
the vein is narrowed to one of its original lumen, and a month later, when
collaterals have already been developed, is the portal vein completely ligated.
Part of the collateral veins, the so-called hepatopetal collaterals, conveys the
blood from the portal vein to the liver. The mostimportant of these vessels is
the pyloric vein, which may dilatate to the size ofthe portal vein (Sappey [40]J.
The other collaterals, the hepatofugal ones, carry the blood of the portal vein
into the area of the inferior and superior venae cavae, to the oesophageal,
periumbilical, epigastric, haemorrhoidal veins and the retroperitoneal anasto-
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moses (Josselyn de Jong [28]). The portal vein usually divides into two
branches just before entering the liver. Ligature of one of these is of no fatal
consequence considering that in this case blood is still conveyed to the liver
by the other branch, as it has been described by Hedri [19] in connection
with extirpation of the left lobe of the liver in man. Hyperplasia of connective
tissue and atrophy of the parenchyma develops on the occluded side while on
the undamaged side compensatory hypertrophy develops (Oehlecker [35])
Blood from the stomach and the spleen is carried mostly in the left, blood
from the intestines into the right lobe of the liver, they being mixed with another
only to a slight degree in the portal vein (G. Moore [33\). Therefore the first
task in case of a lesion to the portal vein consists obviously in restoring the
circulation. It is vitally important that this be accomplished within 20 minutes.
The measures to be taken depend on the extent of the injury. Linear lesions
are sutured (Ferreire and Caricchio [15]J. Suturing of injuries with tissue defect
results in stenosis. A rapidly evolving stenosis of this kind is fatal, although the
lethal effect takes a longer time to develop than following an abrupt total
occlusion (Mallet-Guy [32\). In case of lesions with tissue loss, the defect must
be immediately covered in order to restore the vitally important circulation of
the portal vein within 20 minutes, without causing stenosis. In the literature
available we could find no method recommended for covering defects of the
portal vein.

A new procedure has therefore been developed for restituting the wall
of the greatabdominal veins in the dog. The method consists in covering the
area injured with the serous coat of the small intestine, by suturing this to the
gap. Experiments were performed in the infrarenal and'suprarenal sections of
the inferior vena cava as well as on the portal vein.

Experiments and observations
a) Experiments on the infrarenal part ofthe inferior vena cava

The operative area was the section of the inferior vena cava between the
meeting point of the iliac veins and the junction of the renal veins. The
operations were performed in intratracheal anaesthesia, this being the best
method of ensuring an even and easily registrable narcosis Csillag— Novak
[HD-

After performing a median laparatomy, in order to prevent shock, the
perivascular area was infiltrated with a 0.25 per cent solution of novocaine,
with  Vishnievsky's technique. Then the section of the vena cava infe-
rior between the junction ofthe iliac veins and the renal veins was laid free.
The veins from the lumbar region were ligated and the right urether passing
through the area of operation, was retracted. After the inferior vena cava had
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Fig. 1, Fig. 2
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been laid free, a clamp was applied proximally from the junction of the iliac
veins and another clamp below the orifice of the renal vein. After application
of the clamps the respiration became gradually accelerated. On the section
between the two clamps, an oval opening 20 mm long and 10 mm broad, was
made on the anterior wall of the inferior vena cava, thus producing a defect
embracing about half the circumference of the vein. The gap was covered with
small intestine, fixing the first loop of the jejunum by means of a continuous
everting suture to the inferior vena cava, thus supplementing the defect in
the wall of the vein (Fig. 1). In the beginning, atraumatic needles were
employed for the operation, but after some time it was discovered that fine
serous membrane needles were equally suitable for suturing, which was made
with paraffined silk dyed black with India ink. Extreme care must be taken
that the defect of the vein should be covered by a piece of serous membrane
of sufficient size : one single inaccurately applied stitch may constrict the vessel
to such an extent as to produce thrombosis. After having accomplished the suture
of the serous membrane, the clamps were carefully removed, taking off first
the proximal, then the distal one. The lumina of the intestine and the vein
are separated from one another by the intestinal wall (Fig. No. 2). haemor-
rhage occurred in the sutured area. Anticoagulants have not been used.

Observations

The method described has been tested in two successive series of experi-
ments, first in 11, subsequently in 8 dogs. The 11 dogs operated on in the first
series survived the intervention without exception. Post-operative haemorrhage
did not occur in any of the cases.

First series

Six of the operated dogs died several days after the operation from inter-
current disease or due to technical faults. Five dogs were sacrificed.

Data of death of the six dogs

The first dog died on the 3rd post-operative day from diffuse peritonitis.

The second dog died on the 10th day, due to canine distemper.

The third dog, which a week before had undergone a cranial operation,
died on the second day from an unidentified cause.

The fourth dog died on the second day ; the urether had been injured
during operation.

The fifth dog died on the second day from intestinal obstruction, because
at the end of the operation the intestines had been put back into the abdomen
with the mesenterium twisted. The chylous cystern had been also injured.

The sixth dog died on the sixth post-operative day from intestinal in-
vagination.
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In these six dogs the inferior vena cava had not been narrowed in con-
sequence of the intervention and no obstruction of any kind was found at
autopsy.

Data of the five sacrificed dogs

The seventh dog was autopsied 17 days after the operation. Total occlusion
and obliteration of the inferior vena cava had occurred in consequence of con-
striction due to an unsatisfactory suturing technique.

In the eighth dog, examined on the 5th post-operative day, there was
no trace of constriction of the vena cava but a small thrombus was discovered
in the opening.

The ninth dog exhibited on the 5th post-operative day a nut-sized abscess
in the operated area. The novocaine had been contaminated.

The tenth dog was autopsied on the 8th day. The vena cava had retained
its original lumen, no trace of constriction was found.

The eleventh dog was examined on the 22nd day. The inferior vena cava
proved unobstructed ; there was no narrowing. The opening had been replaced
by a smooth, shiny membrane.

Second series

In the second series the method was tested upon 8 dogs. All the dogs sur-
vived, and no haemorrhage occurred. Three of the eight dogs were killed on the
43rd day after operation. In these dogs no constriction of the vena cava was
found, the vein was smooth and shiny at the site of the fenestration. The remain-
ing five operated dogs were all alive at the time this report has been compiled
71 days after the operation.

h) Experiments on the suprarenal section of the vena cava

In two dogs of the second group the operation had been performed on
the suprarenal section of the vena cava. In these animals the renal arteries
and veins were temporarily ligated for the period needed for covering the injury,
15 to 30 minutes.

¢) Experiments upon the portal vein

The following technique was applied for correcting defects of the portal
vein. A median laparatomy was performed in intratracheal narcosis. The peri-
vascular space in the area around the portal vein, the vagus nerve and the
superior and inferior mesenteric arteries were infiltered with a 0.25 per cent
solution of novocaine (Vishnievsky, [48]). In order to decrease venous stasis,
the inferior and superior mesenteric arteries were occluded with clamps (Mallet-
G uy|[32]). The portal vein was laid free and between two clamps an oval
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defect 20 mm long, embracing half ofthe circumference, was made in its anterior
wall. Subsequently the defect was covered with the duodenum, fixing its serous
coat to the intima of the vein by means of a continuous seromuscular suture
(Csillag— Novak [9]). Afterremoval ofthe clamps no haemorrhage was found,
cyanosis of the intestines disappeared and mesenteric pulsation was resumed.

The cases were controlled by means of portography (Dr Zsebok), which
revealed no changes. Tests of liver function performed (by Dr Mihaly Foldi)
two months after the operation gave normal results.

Observations

The operations were performed in two series. In the first series six dogs
were operated upon. During operation only the portal vein was compressed,
the superior and inferior mesenteric arteries were left free. All the animals died
within a few hours. At autopsy, haemorrhages were revealed in the intestinal wall.

In the second series the operation was performed on ten dogs. Both the
portal vein and the inferior and superior mesenteric arteries were occluded
for the time of the operation, taking a minimum of 15, and a maximum of 22,
minutes. All ten dogs survived. In two cases post-operative haemorrhage occurred
because the continuous suture did not hold. On applying a serous suture the
haemorrhage ceased. Eight dogs were killed between the 1st and 42nd day.
Two were kept alive. Occlusion of the portal vein was not observed in any of
the cases.

In some cases the method described may prove life-saving. Stored veins
are not always available ; preparation of one of the patient’s own veins for
restoring the gap takes time and the precise suture of the portal vein has to
be accomplished rapidly. For all these procedures the short period of 20 minutes
at disposal is hardly sufficient.

In our procedure the tissue used for restoring the defect is immediately
at hand and the suture is performable within 15 to 20 minutes.

Morbid Anatomy

a) Gross examination

After penetrating into the abdomen next to the scar, the site of the suture
was located, eventual adhesions liberated and the sutured section of the intestine
severed proximally and distally from the suti“re. Subsequently, the vein in
question (cava, porta) was laid free above the section operated upon, eventual
lateral branches of the vein were divided and the vein with the intestine attached
to it was removed. When the experiment had been performed on the suprarenal



156 ISTVAN CSILLAG, HAKRY JELLINEK and ISTVAN NOVAK

section, the vein was removed in connection with the kidneys, while in portal
vein experiments together with the liver.

After having removed the intestine-vein-complex, the intestine was
opened and examined on the side opposite the suture.

Two different methods were used for examining the vein. In animals
killed a short time, 10 to 12 days, after the operation, the vein was cut open
on the side opposite to the injury and the area operated on was inspected.
In these cases a thrombus more or less recent, according to the time elapsed,
was discovered, filling the slight protuberation formed between the everted
border of the defect and the intestine. The lumen of the vein presented no
narrowing whatever.

In cases autopsied after some time had elapsed since the operation the vein
was opened only in special cases. In these the thrombus had already disappeared
from the protrusion, the defect has also disappeared and its site was recognizable
only from a more whitish shade of the endothelium. In another group of older
cases the vein was not opened ; passability was tested by injecting water into
the vessel.

The preparations obtained were fixed in formaldehyde. In the vein a
transversal plane cut, in the intestine a cut in the longitudinal plane was used
as a histological embedding surface.

b) Microscopical observations

The fate of the defect and the development of the new vein-wall will he
demonstrated in a series of microphotographs showing histological preparations
made at different intervals after the operation.

Fig. 3. exhibits a dog killed immediately after operation on the portal
vein. The picture illustrates the anatomical conditions produced by the inter-
vention : a) intestinal mucous membrane ; b) submucous layer ; ¢) muscular
layer of the intestine ; d) the U-shaped vein-wall lying next to the intestinal
muscle layer; e) the exerted parts of the U-shaped section are the borders
of the defect, close upon the serous coat of the intestine. The intima is everted.
The space between vein and intestine is an artefact which resulted from shrink-
ing. The defect in the muscle layer on the left side of the picture is the place
of a suture knot.

This figure demonstrates, how the gap in the wall ofthe veinis temporarily
substituted by the serous coat of the intestine, closing and encircling the entire
lumen of the vein.

As to the subsequent changes occurring in the defect, high power micro-
photographs of the everted borders of the gap and the serous and muscle
layers (traced parts of microphotograph) are demonstrated.
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Fig. 4 caval vein defect after five days: a) intestinal mucous membrane;
b) submucous layer ; ¢c) muscular layer of the intestine. Traces of suture are
clearly discernible (d). Part of the intestinal muscle layer demonstrated in
Fig. 3, e, with everted portion of vein (e). The injured part is easily discernible
within the everted section of the vessel In the small protrusion situated
between the everted segment of the vein-wall and the intestinal wall a newly

fig. 3. Animal tilled alter operation. Heematoxylinreoem stain. Fig. 4. 5 days
old case. Haematoxylin-eosin stain. Fig. 5. 10 days old case. Haematoxylin-eosin stain.
Fig. 6. Detail ft. of Fig. 5. under high power

formed thrombus is visible fgj. In this picture the lumen of the vein points
downwards.

Fig. 5 represents a caval vein defect after 10 days: a) mucous membrane
of the intestine; b) submucous layer; c¢) muscle layer; <i) suture knots with
foreign body granulation formed around them, e) Between the sites of foreign
body granulation the everted intima of the vein joins the muscle layer of the
intestine. Between the two foreign bodies (f—fi) the defect is seen, containing
a slightly protruding thrombus (lower part of the picture) g). This thrombus
is somewhat older than the one shown in Fig. 4.

3 Acta Morpbologica I11/2.
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Fig. 6., the same as Fig. 5. under high power, e) fenestrated section
of vein, g) surface of thrombus touching the border of the gap. The picture
demonstrates that on the 10th day after operation, the thrombus and its surface

Fig. 7. 14. days old case. Resorcin-fuchsin — van Gieson’s stain
Fig. 8. Magnified detail of enclosed part of Fig. 7. Resorcin-fuchsin — van Gieson’s stain
Fig. 9. 21 days old case. Resorcin-fuchsin — van Gieson’s stain
Fig. 10. 43 days old case. X- aorta. Resorcin-fuchsin — van Gieson’s stain

have been covered with fresh granulation tissue from the intima and exhibit
symptoms of organization. The original thrombus is discernible only in the
area corresponding to (A). The organization of the thrombus is rapidly progress-

ing at this period.
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Fig. 7 representsa portal defect 14 days old: a) mucous membrane
of the intestine, b) submucous layer, ¢) muscle layer, e) the vein, f) injured
section where the gap had been, g) foreign bodies surrounded with granulation

Fig. 11. 43 days old case, a- mucous membrane; b- submucous layer; c- muscular layer.

d- foreign body; urether. Haematoxylin-eosin stain.

Fig. 12. Magnified detail of part «dj» of Fig. 11
Fig. 13. 22 days old case. Haematoxylin-eosin stain, a- mucous membrane ; 6- submu-
cous layer ; ¢c- muscular layer ; d- foreign body granulation ; e- vein-wall ; (f- 1x). defect. Recana-

lization of the organized thrombus discernible in the opening (h)
Fig. 14. 43 days old case. Resorcin-fuchsin—van Gieson’s stain, a- mucous membrane
b- submucous layer ; c- muscle layer ; d- foreign body granulation in the muscle ; e- original
wall of the vein ; f- section of the newly formed vein-wall. Transition off- into e- is clearly
visible at X- ; the darkly stained elastic fibres are distinctly seen in the part of original wall
but not visible in new wall

tissue. The picture demonstrates that atf) a new vein-wall distinctly separated
from the intestine has been developed.

Fig. 8 represents a magnified detail of the encircled part of Fig. 7 e)
showing sections of original wall of the vein, with its intima everted, a)
mucous membrane ofthe intestine, b) submucous layer, ¢c) muscle layer containing
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atd) a foreign body with granulation around it ;f) the new wall of the vein consist-
ing at this period already of vascularized fibrous tissue. The surface covered
with endothelium, g) the adventitial layer of the intestine. The picture shows
clearly that by this time the new wall has become entirely separated from the
intestine.

Fig. 9 portal defect after 21 days, a) mucous membrane, b) submucous
layer, ¢) muscle layer of the intestine with the vein lying next to it. The gap
with its everted borders is seen at d) with foreign body granulation. In the
section between the two (f) the newly formed vein wall, which, when compared
to its condition shown in earlier pictures, is seen to be changing gradually
from fibrous tissue into collagenous tissue, g) the two cut surfaces of the vein
opened opposite the injury. It is clearly discernible that in the newly developed
section of the vein subintimai elastic network of the original wall is missing.

Fig. 10 represents a 43 days old caval defect, a) mucous membrane
of the intestine, b) submucous layer, ¢) muscle layer of the intestine, d) two
foreign bodies in the muscular coat with granulation tissue around them. Close
to the intestine the uninterrupted circular lumen of the vein. Ate), between
the two foreign bodies surrounded by granulation tissue, where the defect had
been, is the newly-formed part of the vein. The darkly staining elastic fibres
of the original wall are missing in the newly-formed part, which consists chiefly
of collagenous tissue. The space between the vein and the intestine is an artefact
due to shrinking during embedding.

Fig. 11 demonstrates another caval defect after 43 days. The vein is
a perfect circular unity, as in Fig. 10. The defect has been replaced by a new
vein-wall.

Fig. 12 shows the detail ax of the former picture, under high power.
Border between the original and the new sections of the vein. The shape of the
lumen resulted from fixation, a) represenst the original wall of the vein, b) The
undulating elastic fibrous structure discontinues and its transition into the new
section, composed of collagenous tissue containing few cells and no elastic fibres,
is seen. Both the new and the original sections of the vein are covered with
eiu - ihelium.

Evaluation of results

The survey of our material and the above described photographs of the
histological sections obtained, clearly illustrate the formative process of the
new vein-wall. An artificial defect has been produced in the vein. After joining
the injured vein to the serous surface of the intestine, in the lumen of the vein
a small protuberation is produced and in this a thrombus is being formed because
of the lack of endothelium at the site of the injury and owing to the vortex
caused by the protuberation. The reason why the thrombus rises scarcely above
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the level of the convexity in which it had developed and does not occlude the
entire lumen of the vein is explained by the fact that since the lumen of the vein
has not at all or only to a slight degree been narrowed, circulation remains
unchanged in the operated area and, consequently, no vortex arises and no
thrombus is formed except at the immediate site of the injury.

Borst and Enderlen ([5], 1909) had discovered the same phenomenon
in the course of vein transplantation experiments, when they observed that
corresponding to the suture, within the lumen of the vein, a small circular
sulcus is formed, in which fibrin is precipitated. This results in a thrombus
which later becomes covered with endothelial cells.

Spontaneous healing of small arterial lesions starts equally with thrombus-
formation. (Pirogov [37], Kiittner [30], Prokunin [36], Dobrovolskaya
[12], Petrovsky [36], Lexner, [31], etc.) In these cases blood escapes through
the gap into the area surrounding the defect, and a so-called >>button«-shaped
thrombus is formed. The process of organization begins in the intimai and
adventitial coats, the media takes a lesser part in the process. The scar, which had
been named »vessel-callus« by Stitch. [41], develops in the above-described
manner.

In our cases organization of the thrombus started mostly from granulation
of the intima, hut was promoted by the proliferative process of the serous coat.

Essentially, healing of the vein injury, as well as the conditions of the
process, depend on the formation of a thrombus.

After the process of organization, the thrombus undergoes further changes.
The vessels and sinuses of the fibrous granulation tissue are merged and this
process may even involve the lumen of the vein (Fig. 13,h). In consequence,
the volume of the original granulation tissue, viz. of the original thrombus is
decreased and at the same time the vein is increased in size and thus the process
of recanalization furthered. In Fig. 5, the thrombus rising slightly above the
surface of the gap may have caused a narrowingo f the lumen. The flattening
of the thrombus somewhat protruding into the lumen of the vein is due to the
fibrous transformation of the granulation tissue, which, as commonly known,
results in shrinking. Wall thrombi of different origin are being transformed
into flat hardly perceptible scar-tissue pads by the same mechanism.

At this stage the newly developed section of the vein has already been
covered with endothelium. This observation is in agreement with the literary
data. Borst had observed the presence of endothelium on the 20th, Stitck
around the 15th day, in their above- mentioned cases. In experiments, in which
plastic materials had been employed for restoring the defect, Jenkins [27]
observed endothelium on the surface of the inlay on the 27th day.

As the granulation tissue becomes older, collagenous fibres begin to pre-
dominate. At this stage, the lumen of the vein is already circular am. in the
fenestrated area a new vein-wall distinctly separated from the wall of the ii. testine
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has been, developed, as demonstrated in our 43 days old case. The original
defect has been completely filled by the new vein-wall developed from the
wall thrombus formed after the operation.

The new vein-wall consists essentially of scar-tissue. Consequently, the new
wall is less resistant than the original one had been, owing to the peculiarities
of its structure, especially to its deficiency in elastic fibres. (Figs. 12 to 14).
The border between the original and the new parts of the vein remains clearly
discernible, the patterns of the collagenous fibres in the newly formed section
being different. (Fig. 12). Compared with the undulating, thick fibres of the
original vein, the fibres in the recently formed part are straight and fragile.
The phenomenon is probably due to the fact that in consequence of the fixation
ofthe vein-wall dynamic influences have no effect on it and this factor influencing
the development of fibre differentiation is absent. (Rumyantzev and Suntzova,
[38], Suntzova, [42], Doljatisky and Roulet, [13], Szinai and Jellinek, [44],
Vanyo, [47]). Moreover, 43 days is a term relatively short, though in then-
transplantation experiments Borst and Enderlen observed perfect histological
adaptation in the new area after the same period. Their observations were,
however, made on arteries and it must he taken into consideration that in these
structures the formative effect of dynamic factors is greater, resulting in a more
rapid structural adaptation of the newly-formed tissue.

A further series of experiments has been designed for observing the histo-
logical changes occurring in veins separated from the intestine and in case
of aorta-intestinal sutures. As a preliminary result, Fig. 15, exhibiting a vena
cava separated from the intestine 70 days after the operation, may he demon-
strated. The animal was Kkilled 40 days after the vein had been separated from
the intestinal wall. In this case it is almost impossible to differentiate the
new section of the vein from the original one. Only the foreign-body granulation
and a slight thickening of the intima indicate the area that had been injured.
Further experiments are, however, required in order to arrive at definite con-
clusions.

It must, however, be emphasized that the method described above, i. e.
suturing the intestine upon the fenestrated area of the vein is not equivalent
to substituting the vessel-wall. The intestine takes part in filling the gap only
so far, as the organization of the thrombus starts also from the serous coat.
It is a newly formed vein-wall by which the defect in the vein is replaced and
only the development of the new tissue is ensured by the wall of the intestine.

Different methods of restituting defects in both arteries and veins have
been described in the literature. The procedures recommended range from
homo-hetero-transplantation, substitution with muscle, fascia, peritoneum etc.,
to the employment of plastic materials. (Bier, [3] ; Borst and Enderlen, [5],
Braytzev, [7], Bogoraz, [56], Carrel, [8], Fischer and Schmieden, [36],
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Jassinovsky [22], Morozova [34], Petrovsky [36], Frantze [16,17]. Jen-
kins [23—27], Stcensen and Gross [43], Vanyo [47]).

Fig. 15. Dissected vena cava. Resorcin-fuchsin — van Gieson’s stain. A- aorta; V- inferior
vena cava; f- The defect was situated between parts 1 and 2; d- foreign body granulation,
at 1. formation of small intima pad

Fig. 16. Picture showing the area below the meeting point of the inferior vena cava and the

renal vein. (Resorcin-fuchsin — van Gieson’s stain.) a- mucous membrane; b- submucous layer;

c- muscle layer. Foreign body granulations are observable at d. Opening ofthevein had extend-
ed from 1 to 2. M- Suprarenal gland

Borst and Enderlen have supplied the most detailed experiments on vein
and artery transplantation. Their percentage of successful cases was not favour-
able. Histological examination of the transplanted tissue showed regressive
changes, new tissue growth occurring only in the original vein, where it started
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in the adventitial and intimai layers gradually to grow overthe transplanted
tissue.

Experiments for restituting vein injuries with muscle, fascia, and peri-
toneum came also short of expectation. The transplanted tissue became necrotic,
resulting in further necrosis of the vein.

In trials using plastic materials for restoring vessel defects it has been
discovered that the plastic materials applied were replaced by scar-tissue,
and the gap in the wall of the vein was gradually filled by the latter. From
within, the .scar became covered with endothelium.

In contrast with other procedures, our procedure presents the great
advantage that the material used for restoring the defect, i. e. the serous sur-
face of the intestine, is more physiological, as far as it retains its original function,
as well as its blood and nerve-supply to a much higher degree, than any other
kind of transplanted tissue, pediculated flaps not excepted. The danger of
other methods, the possibility of necrosis, does not occur in this case. To our
best knowledge, this has been the first instance when an organ transplanted
in order to fulfill some new function could in addition retain its original function.

Another danger in the treatment of vessel injuries consists in the devel-
opment of an obliterating thrombus. The material observed by us is sufficiently
large for allowing the conclusion that with the method employed, there is no
probability of that occurrence. According to the histological observations, the
process of healing follows the same course as during spontaneous recovery,
i. e.the defect becomes covered by a thrombus and the organization of the latter
presents the essential basis for healing. In cases with extensive loss of tissue,
as it has been demonstrated in our experiments, there is no possibility for that
mechanism, in that instance, however, the function of the serous coat of the
intestine consists in ensuring the formation of a wall thrombus, allowing the
restitution of the continuity of the vein-wall. The functional continuity of the
vein has also been reestablished in a satisfactory manner, the lumen of the
vein exhibiting no constriction or substantial narrowing whatever at gross
examination.

It has to be mentioned as a point of some interest that, when the injury
had been inflicted on the suprarenal section of the vein above the collateral
branches, the missing part of the septum that had divided the vessel, has also
been newly developed. The defect extending to both branches of the vein has
been completely regenerated (Fig. 16).

No histological changes were found to occur in either the kidney or the
liver.
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Summary

Defects in the great abdominal veins in dogs were covered with small intestine. Experi-
ments were made on () the inferior vena cava and on (I1) the portal vein.

An artificial defect was produced on the inferior vena cava making an oval gap 20 mm
long and 10 mm broad on the anterior wall of the vein. The defect was then covered with
the first loop of the small intestine, suturing the serous surface of the intestine to the vein.
Two series of operation were performed. In the first series the experiment was performed on
11 dogs, all of which survived the intervention. Haemorrhage did not occur in any of the cases.
6 dogs died from intercurrent disease orvin conseqeuence of an incorrect technique. 5 dogs
were sacrificed after the operation. In 9 cases out of 11 the inferior vena cava proved un-
obstructed. In the second series, the method had been tested on 8 dogs, all of which survived
the operation. No haemorrhage occurred. 3 dogs were killed on the 43rd day after operation.
The inferior vena cava proved unobstructed in all animals. 5 of the operated dogs were still
alive 71 days after the operation.

Ligature of the portal vein causes death after 20 minutes. The defect inflicted on the
portal vein of dogs was covered with small intestine. An artificial tissue defect was made by
excising a section 20 mm long and 10 mm in diameter from the anterior wall of the portal vein.
The gap was covered with the first loop of the small intestine, suturing the serous coat of the
intestine to the vein. 2 series of operations were performed. 6 dogs were operated upon the
first series, in which only the portal vein was compressed for the time of the operation, without
compressing the superior and inferior mesenterial arteries. All 6 dogs died. In the second series
the method was tested in 10 dogs with the modification that both the superior and inferior
mesenterial arteries Were clamped for the time of the operation. All 10 dogs survived the inter-
vention. No thrombus was developed, the portal vein remained unobstructed. In the literature
available no data pertaining to the subject were found and wup to now it was not possible to
restore the defect of the portal vein.

It could be established by histological analysis of the experiments that temporary cover-
ing of the abdominal vein defect with small intestine which retains its function will promote
the development of a new vein-wall. In place of the defect, in the protuberation between the
serous coat of the intestine and the borders of the gap, a thrombus is formed by the organization
of which the defect becomes gradually filled and a new vein-wall is developed. The new section
of the vein is essentially a scar being entirely composed of collagenous fibres and completely
lacking elastic fibres.

No case of obliterating thrombosis occurred in the experiments and it could be established
that the method recommended is well suited for restoring injuries situated in a branching section
of the vein. In one case it could be demonstrated that after the new vein-wall had developed,
it became functionally independent of the serous coat of the intestine used for covering the
defect.

In the course of the experiments it became possible to induce the organism, by establish-
ing a new environment, to replace a defective tissue from its reserve cells.
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HOBbIN METO4 MPUKPbITUA TMPOBENOB BOJIbLWLNX BPHOLWHbBIX BEH
. Yunnar, I'. EnnHek, WN. HoBak

Pesome

Mbl NpUKpbIBaM Npo6enbl GoMbLUKNX GPIOLHBLIX BEH Y C06aK TOHKOW KULIKOW. OnbiThbl
npoamnucb 1) Ha HWXKHel nonoli BeHe, 2) Ha BOPOTHOW BeHe.

1

Ha HuXHeli M0N0l BeHe Mbl NOAFOTOBUAN MCKYCCTBEHHbIW NPO6en NyTeM BbIPe3KU yyacTKa
COCYAUCTOWN CTEHKMW ANUHOW 20 MM M LWIMPUHOA 10 MM U3 nepefHeli CTEHKU BeHbl. JTOT npoben
WA OKHO Mbl MPUKPbIBaNW MNepBOi MNeTneii TOHKOW KWULLIKW, KoTopasi (huKcMpoBanacb COCy-
[UCTO — Cepo3HbIMM LBaMuK. 3Ta onepauusa 6blna UCMONHEHa B ABYX Cepusx.

B nepBoit cepun onbITbl nNpousBogunncb Hajg 11 cobakamwn. KpoBoTeuyeHue He npowi-
30LWU/10 HU B OfHOM cny4ae, 6 cobak Yepe3 U3BECTHbIN CPOK MOrM6AN U3-38 UHTEPKYPPEHTHbIX
3a60n1eBaHNn N TEXHUYECKUX MpomaxoB. 5 cobak 6bi10 Hamy y6uTo. B 9 cnyuyasax m3  1l-m
HWXHAA nonas BeHa SABWIacb COBEPLUEHHO MPOXOAVNMONA.

Bo BTOpoM psije ONbITOB Mbl MCNbITbIBAAM CBOW MeToA Haj cobakamu. Bce 8 cobak
nepexunun onepaunto. KposoTeyeHne He NMPOU3OLLIO HU B OAHOM ciydae. 3 cobaku Mbl younu
Ha 43 M [He nocne onepauuun. HKHAS nonas BeHa OKasanacb MOMHOCTbIO MPOXOLUMOIA
5 onepupoBaHHbIX cobak Ao cux nop >xueeT. Co fHA onepauun npowen 71 feHsb.

2.

Jluratypa BOpPOTHOW BeHbl nocne 20 MUHYT BedeT K CMepTW. Mbl MOKpbIBanuW Tpas-
MaTuyeckunii Npo6en BOPOTHOM BeHbl y cO6ake MOMOLLbIO TOHKOM KULWKN. Mbl NOA0TOBUAN UCKYC
CTBEHHbII Mpo6en NyTeM BbIPe3KM yyacTKa COCYAWUCTOW CTeHKM AAuHOM 20 MM, wwmpuHoi 10
MM M3 nepefHeli CTeHKM cocyda. STOT Npoben uaM OKHO Mbl MOKPbIBANW MNepPBON MeTnei Tour
KOW KWULIKKU, N (HMKCUPOBaNM COCYAUCTO-CEPO3HbIMM LiBamMu. Onepaums npoBojunack B ABYX
cepuax. B nepsoii cepuu Mbl MPOBOAWAM OMbITbl Haj 6 cobakamu. Bo Bpems onepauuut Mbl
3aKMMany TONbKO BOPOTHYIO BEHY, HO He 3aXWUMa/n BEPXHIOW N HUXHIOW 6pbIKeeyHyto
apTeputo. Bce 6 cobak norn6nn. Bo BTOPOI cepun OMbITOB Mbl UCMbITbIBA/IN CBOM METOA Haj
10 cobakamun. Bo Bpems onepauuu Mbl NpefBapUTENIbHO 3aXMUMaN U BEPXHIO U HUXHIOW
6pbhkeeyHyto apTeputo. Bece 10 cobak nepexunu onepauuto. Tpomb He obpasosasncsa. Bopot-
Hasi BeHa siBMMacb NOJIHOCTbIO MPOXOAMMON. B MMeloLleiica K Hallemy pacrnops>XeHWto nuTe-
paTtype HeT faHHbIX 0 MoA06HbIX onbiTax. Mpoben BOPOTHONM BeHbl A0 CUX MOP HUYEM He yaa-
JI0Cb NOKPbITb.
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3.

Ha ocHoBe MaTorucTosIorMYeckKoro MCCnesoBaHusl NOAOMbITHLIX XXMBOTHbLIX Mbl YCTaHO-
BU/W, UYTO BpEMeHHOe MNOKPbITMe MNpPo6enoB 60MblUMX GPIOLWHbLIX BeH C MOMOLLbIO KULLKM,
coXpaHsitolLeid CBOK (yHKUMIO, BefeT K AOMOMHeHMI0 npo6ena nyTeM opraHu3auuu Tpom6a,
o6pasoBaBLUErocss B BbINAYMBAHWM, BO3HUKAIOLLEM MeXJy CepO3HOW 060M0YKOM KULWKK 1
OKHOM B COCYAWCTOW CTeHKe. TakuM 06pa3oM BO3HMKAET HOBbI y4yacTOK COCYAUCTOW CTEHKMW.
Ecnu conocTaBNsiTb 3TOT Y4acTOK CO CTapoii CTEHKOR cocyfa, ero MOXHO cuuTaTb py6LoM
CTEHKW, MOCKO/IbKO B HEM He BCTPeYalTCs 3/1acTMUecKue, a TONbKO KOJjlareHHble BOJIOKHA.
OnbITbl 40Ka3bIBAOT U TO, YTO AaHHbLIA MeTo4 He BeleT K 06pa3oBaHUi0 TPOMGOB, 3anuparoLLmx
NpocBeT cocyZAa, Y ero MOXHO NMPUMEHSATb U B TeX C/y4yasx, Korga npo6en cocyAucToN CTeHKM
pacnonoXeH Haj pasBeTB/IEHUEM.

B of4HOM cny4yae Mbl B XOfe OMbiTa CHUMAIM KULWKW. JTOT OMbIT MokKasas, 4To BHOBb
o6pasoBaHHas CTeHKa cocyja 4epe3 HeKOTOpoe BpeMsi (PyHKLMOHANbHO OTAensieTcs OT Cepos-
HOW 060M0YKM KWLIKW, MNepBOHAYasibHO MOKpbIBawLWeidi npo6en. Takum 06pasoM B HaLUUX
onbITax Ham yfanocb MyTeM CO3AaHWs HOBOW O6GCTAHOBKW MPUHYXAATb OPraHuaM K 3aMeHy
TKaHeBOro npo6ena u3 pe3epBHbIX K/ETOK.
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