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A series of experiments was performed by us in the course of the last
few years to examine whether fixed vascular grafts are suitable for bridging a
defect in the aorta and, if so, how the new vessel wall is being formed and
what part the graft was playing in its formation. Dogs differing in breed, age,
and sex were used. The experiments furnished convincing proof that vessel
segments kept for longer or shorter periods in different preservative media
act for some time merely as connecting tubes iti the wall of the recipient vessel,
whereafter they gradually become transformed, taking on a histologic architec-
ture ensuring a perfectly undisturbed blood circidation. Generally, the impres-
sion was gained that, in case of successful operations, the transplant turned
into a vessel wall fully efficient for undisturbed blood flow. This transformation
having been histologically confirmed in accordance with foreign publications
the question arose whether under the given histological conditions the ner-
vous system was growing into the newly developed vessel wall and, if so, how
the nerve fibers were adopting themselves to meet the demands of the new
environment, in what manner they were attaching themselves to the tissue
layers and, thereby, to the adjacent portions of the recipient vessel.

To study the problem fixed segments of dog aorta were transplanted into
the abdominal aorta of dogs. These were allowed to survive for varying periods
before being sacrificed. At autopsy, the grafts with the adjacent portions of
the recipient aorta were excised and the nerve connections examined. The
results obtained on a series of 5 dogs were as follows :

Dog No. 1. A portion of 2 cm length was excised from the abdominal
aorta and was substituted by an aortic graft, which had been kept for 2 months
in a 0,1 per cent mercury oxycyanide solution. At autopsy, 1 month and 6
days after the transplantation, an aneurysm-like dilatation was found around
the transplant. On gross inspection it seemed that the graft was destroyed and
blood circulation was maintained by atemporary segment formed by the surround-
ing tissues. A piece was then cut out of the aneurysmal area so as to include the
two adjacent portions of the recipient artery. The specimen was fixed, according
to Lavrentiev, first in a mixture of alcohol, formalin and arsenic acid, and
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subsequently in 20 per cent neutral formalin. Thereupon, tangential sections
20 to 30 micra thick were prepared and impregnated according to Bielschowsky-
Schultze-Gross. It was revealed that the nerve fibres grew into the area of the
aneurysm ; moreover, in some of the sections a vast sympathetic-type ganglion
was found in the temporary vascular wall together with the afferent sympathetic
trunk. In addition, it could be seen in the preparations that regeneration had
started over the whole aneurysmal area, and that large masses of nerve fibres
had grown into the transplant which was degenerating, yet at the same time
undergoing transformation (Fig. 1*). From this it was inferred that had the
animal been kept alive for some additional time, the dilated arterial wall would

Fig. 1. Dog. Innervation of fixed aortic graft, a) connective tissue, b) nerve, c) nerve fibre.
Bielschowsky’s method. X200. Photographically reduced 3 to 1

have been strengthened by the trophic influence of the nervous system to an
extent that it could have secured a permanent, unhampered path for blood
circulation. In this case, the graft acted as a temporary connecting tube which
gave rise by its effect in the surrounding tissues to the development of a boun-
dary layer capable of substituting the excised vessel wall as a whole, in spite
of its incapacity of pulsatile motion, due to the lack of the non-regenerating
layer of smooth muscle.

On examining the specimens the question arose where the sympathetic
trunk may have come from, seeing that in the aortic wall proper there occurs
no parietal ganglion, at least not in the section involved. It cannot of course be
assumed that the ganglion is the outcome of simple regeneration. The only
reasonable explanation would therefore be that the correspondingly situated
ganglion of the sympathetic trunk grew into the aneurysm, or vice versa, and
that their fusion was also the cause of the regeneration that started from the

* AIl figures were drawn by assistant Miss Z. Mdller, to whom thanks are due for her
careful work.
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trunk towards the aneurysmal area, and of the proliferation of fine nerve fibres
initiated by the new environment.

Dog No. 2. An aortic segment kept for 102 days in 4 per cent neutral
formalin was transplanted in the aorta, again in the lumbar region. Autopsy
showed the transplantation to have been a complete success, without any signs

Fig. 2. Dog. innervation of fixed aortic graft. Bielschowsky’s method. X 400.
Photographically reduced 2 to 1

of aneurysm or obliteration. The dog survived the operation by 3 months and
6 days. In this case, too, at necropsy the graft was excised together with a portion
of the recipient vessel at each end. The material was fixed and impregnated
in the manner described above. The impregnation, also, was a success. The
abundance of nerves in the preparation exceeded many times the usual nerve
supply to the area. In addition, quite conspicuous were the embryonic charac-
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teristics, such as the vagueness, disorientation, exquisite delicacy and undulation
of the fibres. These marks differed considerably from the characteristics peculiar
to definite vegetative fibres (Fig. 2).

Particularly towards the centre of the transplant there appeared in large
masses neurofibrillar end formations, loops, clubs, terminal ramifications

Fig. 3. Dog. Innervation of fixed aortic graft. Bielschowsky’s method. X 400.
Photographically reduced 2 to 1

neurofibrillar plates, and other similar structures of varying size which in their
entirety appeared to impart a quite particular sensory character to the terminal
branches of the fibrous system. The groping for a path to follow, on the one
hand, and the course-determining and formative influence of the regenerate, on
the other, reflected themselves conspicuously in the structural character and the
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assumed configuration of the entire nerve-fibre system (Fig. 3). Even more
interesting and characteristic were perhaps those structures which presented
themselves quite near to the termination of the regenerating fibre system.
Special terminal clubs, neurofibrillar plates inserted into the fibres, peculiar
loops, and loose whirl-like formations were visible in this area. In general, the

Fig. 4. Dog. Innervation of fixed aortic graft. Bielschowsky’s method. X 400.
Photographically reduced 2 to 1

entire nervous network was distinguished by extraordinary fineness, abundance
in many places by a marked clearness of the neurofibrils, and in some by a
peculiar and unusual texture. All this is very accurately and distinctly visible
in Fig. 4 which is the direct continuation of Fig. 3.

Among the various interesting and peculiar end-structures, which might
be characteristic of nerve regeneration in other areas as well, there occurred
not infrequently some formations in the shape of a corkscrew. Their structure,
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indeed, reflected the character, shape, course, and trend of regeneration. They
should be visualized as exceedingly fine fibres, almost of the tenuity of neuro-
fibrils, which at the end of a longish stretch form into ascending spirals giving

Fig. 5. Dog. Innervation of fixed aortic graft. Nerve regenerate. Bielschowsky’s method. X 900.
Photographically reduced 3 to 2

exactly the impression of closely winding coils around a rather long, solid,
cylindric shaft. Along with them there are large, flat, fibrillate varices, special
branches, end-plates and clubs, interstitial lamellae, loose, whirl-like terminal
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ramifications, and similar structures occurring in great numbers and variety at
the end-system of the advancing fibres. Among these diverse neurofibrillary
formations, which in this case really deserve to be called pioneers, or trail blazers,
there is one which is quite peculiar, spindle-shaped, of conspicuous size, blunt
at the end, differing from all other terminal structures. This was seen in but a
single preparation, and because of its uniqueness it was studied by stronger
magnification. It was found to be really the end plate of a single fibre the
neurofibrils of which were multiplying, opening out and uniting again. Further
magnified, it was seen to consist of a close plexus of delicate neurofibrils, which
in some places, arranging themselves in bundles, formed long-shaped bunches,
while in others they intersected each other forming windowlike openings.
Another characteristic of this peculiar regenerate in question is that the terminal
body proper is surrounded by a system of neurofibrillar plates which, blunted at
their ends, conclude with a glomus (Fig. 5).

Dog No. 3. Aortic segments that had been kept in Jores solution in a ref-
rigerator for 58 days were transplanted in the same region of the aorta as above.
The animal was allowed to survive the operation by 5 months and 18 days.
The transplantation once more succeeded very well. No deficiencies, no ano-
malies were observed. Impregnation was also unobjectionable. The nerve
fibres were well discernible in the graft. Regeneration occurred, and although
no aneurysm had developed, there was again a powerful sympathetic ganglion
present in the tissue undergoing transformation. Naturally, interpretation was
this time less easy than in the case ofdog No. 1, for in the absence of an aneurysm
it was difficult to imagine that with one of its ganglions the sympathetic trunk
had grown onto the new vessel wall, or vice versa. One should rather suppose
that the sympathetic trunk and, with it, the ganglion, found their way to this
site from the periadventitial plexus accompanying the aorta. To be decided,
the problem awaits further experimental studies and careful anatomical observa-
tions, which will then also determine at what stage regeneration of the nerves
really begins in the graft, and how much time is required for the innervation
to take its final form in these vascular segments. At the same time, these studies
will have to throw light upon the questions what the definitive nervous network
is like, and whether in view of the new environment it differs from the normal
conditions of innervation.

Dog No. 4. Aortic portions preserved in 4 per cent neutral formalin for
19 days were transplanted into the aorta of the animal. The dog was sacrificed
7 months and 10 days after the operation. Autopsy shoAved the recipient vessel
to have become obliterated along a length of 2 cm. both cranially and caudally.
In spite of this, the graft underwent transformation in the usual way. Growing
in of the nerve fibres and regeneration, respectively, were clearly visible in the
impregnated sections in this case as well.

Dog No. 5. An aortic segment which had been kept in 4 per cent neutral
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formalin for 60 days was transplanted in a dog’s aorta. 15 months and 14 days
later the animal was examined. The recipient vessel had become obliterated.
The nerve fibres were found to have grown into the graft, like in the preced-
ing case.

From what has been said above and from the figures it can safely be
concluded that whichever the medium used for preserving the graft, nerve
fibres will grow into the transformed aortic wall, they trill supply it richly every-
where, and will establish close contact with the layers. These phenomena raise
the question what the real role of the nervous system may be in view of the
fact, confirmed by h’stological examinations both in this country and abroad
that the smooth muscle elements of the media disappear in the transplant and
even later do not become replaced, so that proper contraction, dilatation, and
changes in luminal diameter cannot really take place in this vascular segment.
This question is justified, and there is an answer to it. While the most important
function of the nervous system in the vessel is undoubtedly concerned with the
movement of the wall, there are other circumstances as well which justify and
make it by all means necessary that the nervous system should grow into the
new aortic wall. These are as follows.

In the wall of every artery and vein, and in the connective tissue immedia-
tely surrounding it, there are four plexuses to be distinguished, viz. the pe-
riadventitial, the adventitial, the interlamellary, and the intramuscular plexuses.
W ith respect to the vessel wall’s function, the greatest significance attaches of
course to the last one, the nerve plexus of the media. Accordingly, if there is a
defect — and there actually is —, then this plexus will be the first the fibres of
which will be groping in vain for masses of executive cells in the graft that
underwent transformation. For, as revealed by histology, the smooth muscle cells
disappear between the longest persisting elastic fibres and even later do not
become replaced. On thi other hand, the periadventitial plexus is a nerve-
supplying network providing the vessel wall segmentally with the necessary
fibres, and so represents the structure of which the fibres of the vascular wall
will have to be replaced. The adventitial plexus, originating from the former,
has partly the same role to fulfill but in addition it is the site for the
sensory nerve endings in the vascular wall and, at some places, there are in
it fibres of central origin as well as sensory end-apparatuses. The elements
of this plexus divide into branches, and serve the purpose of innervating
the collagen fibres and their intermediate substance. Although they are no
pressorreceptors, they feel the dilatation of the wvessel wall and the intra-
luminal pressure exerted upon the corresponding layer, and thus secure the
vascular reflexes. Moreover, amongst them are the end-organs of the
wall mediating sensations of pain. Although there is nothing to support it
morphologically, it might be possible that at least part of these fibres is
derived from the sympathetic nervous system. The interlamellary plexus, too,
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serves the innervation of the adventitia and, like to some extent the former
|)lexuses, supplies sensory and motor fibres to the walls of the vasa vasorum.

On the ground of what has been said above, the regenerated vessel is
indeed justified to require nervous elements. This is particularly so in respect
of the vast number of ingrowing capillaries vascularizing the graft, loading the
foreign tissue of the sutures with lymphocytes and, just like in perochondrial
osteogenesis, practically dissolving the preserved transplant. These capillary
vessels must be followed by the corresponding sympathetic fibres, for the
capillaries too pulsate ; a phenomenon which cannot even be imagined without
a nervous stimulus. And indeed this does reflect itself in the transplants, where
the capillary vessels are followed by an immense number of nerve fibres proceed-
ing singly or in trunks. However, there is another bearing, which we usually
call the trophic aspect and which in its essence agrees with ivhat has been
expounded in the foregoing. According to this, a nervous stimulus is absolutely
necessary to elicit tissue metabolism ; a point which we have never failed to
stress, and lately would emphasize particularly. If the stimulus is lacking
the tissue will slowly degenerate and necrotize or, with the lapse of time, cease
functioning. Trophic action is in our opinion a vascular action, in the first line
one of the capillary vessels. This will alwavs show when the nerve to the tissue
is cut or paralysed permanently, for thereby not only the cerebrospinal connection
of the receptors and effectors of the tissue will be interrupted, but the receptors
and effectors of the vascular system will be disconnected too. Although in the
small vessels, and especially in the capillaries, we have no means of morpholo-
gically differentiating these multiform and multistructural end-structures by
virtue of the uniform morphological and physiological outlook, we deem it
justified and in the present case even necessary to assume their presence.

Apparently, these theoretical considerations have fully been confirmed
by the experiments which revealed that nerves had been replaced abundantly,
astonishingly rapidly and, under the given circumstances, completely. From
this fact we are now entitled to conclude that preserved transplants turn gradually
into viable, perfectly functioning vessel Auvails.

Summary

1. Aortic segments which for varying lengths of time had been keptin 0,1 per cent mercury
oxycyanide, 4 per cent formalin, or a Jores solution, respectively, were transplanted in the abdo-
minal aorta of dogs of different breed and sex.

2. In their majority the operations were successful. The animals survived them by several
months. The grafts necrotized gradually, and were replaced by new vascular walls.

3. After a month nerve fibres were found to begin growing in and to supply abundantly
the single layers.

4. Since from the point of view of blood circulation the transplants appear to turn into
perfectly efficient vascular walls, there is reason to believe that after being examined on humans
it will he possible to perform successfully the operation in case of injury sustained at accidents or
war casualties.
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MWKPOCKOMMNYECKAA MHHEPBALMA ®UNKCUPOBAHHBLIX TPAHCMNIAHTATAX
KPOBEHOCHbIX COCYAOB

A. ABPAXAM wun 1. WWH

1. ABTOpbl NepecakMBann KyCOUKM aopTbl, COflepXKaHHble 60/ee UM MeHee Mpoaos-
XUTeNbHOe Bpems B 1%6-0M pacTBOpPe OKCULIMAHWUCTON PTYTU, B 4%-0M HeiATpasibHOM pacTBope
(hopmanuMHa WM e B pacTBOPOB Jores, B GPIOLLHYI0 A0PTY COGaK pas/iMuHO MOpoAbl U pas-

NNYHOro nona.
2. B 60/bLINHCTBE cfly4yaeB onepauna okKasasiaCb YycnewHowu, >XMBOTHblE OCTa/INCb B

XXNBbIX B TEYEHME MeECALEB, NepecCakeHHble KYCOYKW MOCTENeHHO paspyLnince n 6bln 3ame-

leHbl HOBbIMM CTEHKaMu COCY[0B.

3. Mo 1CTeYeHMM 0HOTO Mecsilla HepBHbIE BOMIOKHA HAUMHAIOT BpacTaTb B TpaHcnaaHTaT
M 06WUNbHO CHABXalOT WX OTAeNbHbIE C/IOW.

4. BBuay TOro, YTo C TOUKM 3PeHMs1 KPOBOOGpalLleHUs NepecaXkeHHble KYCOUKM aopThbl
CTAHOBATCS MOMHOLEHHLIMM CTEHKaMy COCyfioB, TO MOC/e COOTBETCTBYIOLMX WUCMbITAHUIA W
co6ntofas Heo6XoAMMYI0 OCTOPOXKHOCTb, TaKyl Ofepauuio MOXHO YCMeLHO MPOBeCTU U Y
yenoBeKa MNpW HEeCUYacTHbIX Cy4Yasix WM B cyyae 60eBbIX MOpaHeHWiA.

Ambrus Abraham, Szeged, Tancsics Mihaly utca 2. Hungary
Lajos Sin, Szeged, Sebészeti Klinika. Hungary



	1-2. szám����������������
	Ábrahám A.–Sin L.: Microscopic Innervation of Fixed Vascular Grafts

	Oldalszámok������������������
	103����������
	104����������
	105����������
	106����������
	107����������
	108����������
	109����������
	110����������
	111����������
	112����������


