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ABSTRACT

Background: Scar tissue is an unavoidable result of
peripheral nerve surgery. Extraneural and intraneural fibrosis
might have an incapacitating effect on the regenerating nerve
fibers. So, protecting accurately aligned nerve ends from
surrounding fibrosis through nerve isolation or wrapping is
more prone to achieve the ultimate goal for nerve repair.

Methodology: In this work, experimental study and his-
tological evaluation of the effect of vein wrap around 2
different models of femoral nerverepair in rats with induction
of an adhesion model around them (experiment groups n=20).
In comparison to same models rats without induction of an
adhesion model around them (control groups n=20).

Results: The results showed effective shielding of the
repaired peripheral nerve from invasion by the surrounding
scar tissue by the vein wrap. The results of this study with
short term follow-up support further experimental study with
long term evaluation of the vein wrap on the regenerating
nerve fibers and their functional recovery.
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INTRODUCTION

Current microsurgical techniques for peripheral
nerve repair give functional results that are not
always optimal [1]. The need to improve these
results has led to the quest for alternative methods
of nerve repair that would cause minimal interfer-
ence with the internal environment of the injured
nerve. The use of adhesives such as cyanoacrylate
glue and fibrin glue had no remarkable improve-
ment of the results [2,3].

Tissue welding with carbon dioxide lasers caus-
es some amount of thermal damage to the nerve,
experimental evidence that CO,, laser-assisted nerve
repair with welding of the protein with the absorb-
able suture may allowing for healing with minimal
foreign body reaction. Further experiments still
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needed to refine laser-welding techniques to be
ready for clinical applications [4,5,6].

Millesi, 1985, in his experimental work, reached
a conclusion that the ultimate result of the nerve
repair, regardless its type, is directly related to the
amount of connective tissue proliferation at the
site of repair. Extraneural and intraneural fibrosis
might have an incapacitating effect on the regen-
erating nerve fibers [7].

Nerve tubulization offers an alternative method
of repair of severed nerves with maximal coaptation
and minimal injury. It is considered a more biolog-
ical approach to nerve repair whereby the neural
tissue is allowed to heal by its intrinsic capacity
in a closed space with minimal surgical trauma.
Tubulization has several advantages, asit protects
regenerating fibers through reducing invasion and
scarring of the nerve, and discourages the formation
of neuromas. Lacing the transected nerve ends
with a small gap separating the stumps allows for
the collection of local neurotropic factors that
enhance the nerve regeneration along a concentra-
tion gradient rather than allowing for diffusion
from the target neural tissue [8]. Never the less,
the factors that induce sensory/motor specificity
regardless of the inter stump gap are ineffective
when it comes to topographic specificity; axons
are unable to find their own way to the correct
topographic location [9-12]. Accurate alignment of
axons in proximal and distal stumps thus remains
a primary goal of the peripheral nerve surgeon
[13,14].

So, protecting accurately aligned nerve ends
from surrounding fibrosis through nerve isolation
or wrapping is more prone to achieve the ultimate
goal for nerve repair. Wrapping a peripheral nerve
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had been experimentally studied and clinically
tried in the last 3 decades in attempt to minimize
the compressive manifestations that can result from
nerve entrapment surgical treatment. Therefore,
the same methods were used for nerve grafting
and repair due to the encouraging results [15,16,17].

In thiswork, experimental study and histological
evaluation of the effect of vein wrap around 2
different models of nerve repair with induction of
an adhesion model around them (experimental
groups). In comparison to same models rats with
nerve wrap without injection of adhesive material
(contral groups).

MATERIAL AND METHODS

Experiments were performed in the animal lab
of Faculty of Medicine, Cairo University from
January 2015 to June 2016 on 40 rats (body weight
approximately 1509). The animals were anaesthe-
tized using a dose of 10mg/kg body weight of an
intra peritoneal injection of ketamine. Two different
models of nerve repair were used. In each model
the right femoral nerve was used as the experiment
side and the left femoral nerve as the control side.
Exposure of the femoral nerve throughout itswhole
length in the thigh with its dissection and isolation
from the femoral vessels (Fig. 1).

The first group, (n=20), underwent complete
nerve transaction at its mid-thigh portion, then
realignment using 10/0 Ethilon epineural stitches.
The ipsilateral femoral vein was isolated, ligated
at its both ends leaving about 3cm segment. The
vein segment was transected fat one end and left
attached to the other facilitating manipulation. The
isolated vein segment was laid open along itswhole
length then transected from the other end. Guided
by the technique of Masear et al. [18], the vein
segment, which is now converted into a sheet of
venous wall with the intima on one side and the
adventitia on the other side, was wrapped around
the site of nerve repair in a spiral way with the
intima facing inward (Fig. 2). The wrap was ex-
tended far enough proximally and distally to isolate
the anastomotic site completely. A proximal and a
distal 10/0 Ethilon stitch was used to secure the
wrap in place. Meticulous care should be taken to
ensure complete encircling of the nerve avoiding
gaps in between the spirals, an approximating 10/0
Ethilon stitch was undertaken, to secure gapping
if present.

In the second group (the adhesion model, n=20),
the same was done as for group | with creation of

adhesion around the wrapped nerve using one cc
ethanolamine ol eate.

For each group, exactly the same technique
was done on the contralateral femoral nerve but
with no vein wrap.

Photos were taken, the wounds were closed
and the animal's allowed recovering from anesthe-
sia

After 4 weeks, the rats were re-anaesthetized,
the wound was re-opened, and the repair was
explored on both sides. Both experimental and
control nerves repaired were harvested with a cuff
of surrounding tissue, and fixed with 10% formalin
for 48 hr. The specimens were sectioned and stained
with hematoxylin and eosin. Cross sections of 2um
were made of the nerves within the area of repair.
Examination under light microscopy at x200 and
x400 magnification was the performed. Both sides
of each group were compared followed by a com-
parison of both the vein wrapped repair in both
groups and the unshielded repair in both groups.

RESULTS

Comparing both groups on the vein wrapped side:

By naked eye examination more dense adhe-
sions in the experimental (group Il) were reviled,
where ethanolamine oleate was injected, than in
the experimental (group 1). The vein wrap could
be identified under the operating microscope as a
completely separable layer from the repaired nerve
in both groups.

By histological examination, there were no
signs of absorption or degradation of the vein graft
in both groups.

In addition, there was no difference noted be-
tween the effects of vein shielding in both experi-
mental groups, which reflect the effectiveness of
the vein wrap in preventing fibrous adhesions from
encroaching upon the site of nerve repair regardless
the degree of fibrosis. Also there was no significant
difference regarding the number of axonal regen-
erating in the two groups.

Furthermore, comparison of both sides of the
experimental and control groups where no shielding
wrap was used reveal ed a more dense thickness of
adhesion in addition to an increase in the concen-
tration of inflammatory cells around the area of
nerve repair in both control groups, being morein
the experiment group I1, with no evidence of axonal
regeneration being demonstrated.
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Fig. (1): Dissection of the neurovascular bundle showing the Fig. (2): Showing wrapping of the femoral nerve repair with
femoral nerve artery and vein. the vein.
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Fig. (3): (A): Showing naked eye appearance of the unwrapped femoral nerve repair with sclerosant injection. (B): In the same
rat the contralateral side with nerve wrapping and sclerosant injection. (C): Showing an unshielded femoral nerve
repair. (D): On the contralateral side where avein wrap was used.
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DISCUSSION

Surgical repair of the peripheral nervesis still
full of challenges. Despite technical improvement
in microsurgery, the present micro techniques seem
to have reached its plateau with regard to capacity
of available materials, technology and methodol ogy.
However, there is place for further development
[14].

Several factors are now known to influence
axon regeneration and the quality of recovery after
nerve repair. A fair number of these factors cannot
be controlled by surgery. However, a few of the
factors that are influenced by surgery include
tension, misdirectional axonal growth, perineural
adhesions, foreign body scaring and granulomas
[19,20].

In surgeries involving the peripheral nerves
adhesion formations remain the utmost problem.
The scar tissue that will form around the nerve
postoperatively as a result of original trauma or
the surgical intervention will sometimes interfere
with nerve regeneration. Therefore, if the local
muscle bed is not adequate, the use of a local
muscle flap as a bed for an injured nerve or to
change the environment of the nerve will allow
that nerve to recover with minimal scar tissue
[21,22].

Fig. (4): (A): Specimen a showing effective shield-
ing of the femoral nerve without sclerosant injection.
(B): Also effective shielding of the nerve in adifferent
specimen where sclerosant material was injected there
still remains effective shielding with fibrosis not
affecting the nerve. (C): Femoral nerve repair in
another specimen where no vein wrapping was used
and sclerosant was injected.

Operative findings on exploration for delayed
primary or secondary nerve repair always show
the presence of a variable degree of perineural
scarring. Also the recent attempts of following-up
cases of nerve repair with persistent impairment
of nerve function through high-resolution sonog-
raphy showed some degree of nerve scarring that
might be responsible, solely, or in conjunction with
other factors for this dysfunction [23,24].

In attempt to reduce epineural scarring, several
experimental research activities and clinical trials
had been tried. These include the use of fibrin glue,
alone or in conjunction with neurotropic factors,
and laser welding instead of conventional micro
sutures, the application of hyaluronic acid gel as
a barrier around the nerve, the use of epineurial
sleeve neurorrhaphy technique, the postoperative
use of external beam irradiation (in low-dose) or
laser therapy (low power biostimulation). The
statistical analysis of the results of these modalities,
though promising, yet could not achieve optimiza-
tion of the functional outcome of nerve repair
[3,5,21,25-28].

Recently alternatives to nerve suturing in the
primary setting (i.e. when freshly transected) have
been introduced, such as tubing (whether amnion
tubes or vein tubes, or synthetic bio-absorbable
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conduits, grotex tubes or silicon tubes). The intro-
duction of these tubes aims to create an optimal
environment that allows for biological regeneration
of the transected nerve ends over a short space
creeping through the tubal space protecting them
from fibrosis. In such a procedure the surgical skill
is minimized emphasizing the importance of the
intrinsic healing capacity of the neural tissue and
its capacity to regenerate. Nevertheless, controversy
remains regarding the tube’s existence as aforeign
object that may lead to side effects such as nerve
compression or inflammation. And despite encour-
aging primary results from contemporary studies,
there are still concerns regarding the uncertainty
surrounding these tubes functional results. The
Functional impact of axonal misdirection remains
the most critical issue that needs re-evaluation [9-
12,29-33].

The application of vein wrap around peripheral
nerve to isolate the interior microenvironment of
the nerve creating a shield-like barrier between
the nerve and its surrounding scarring in cases of
nerve entrapment proved its efficacy in experimen-
tal trials that challenged peripheral nerve surgeons
to adopt this modality extensively in clinical prac-
tice. Vein wrapping typically results in substantial
improvements in the symptoms related to scar
entrapment of peripheral nerve [14,16,34].

Clinical reproducibility of the vein wrap around
peripheral nerves mandate a preliminary experi-
mental study to evaluate the histological differences
between wrapped and unwrapped repaired periph-
eral nerve, as well as the effectiveness of these
wraps to shield the site of repair from the surround-
ing scar tissue during the phase of nerve regener-
ation.

In this study, creation of an adhesion model
around repaired peripheral nerves using a sclerosing
agent provided areliable method to a comprehen-
sive evaluation of the vein wrap around the site of
repair. Also the comparison with the control side
revealed a remarkable difference between the
wrapped and un-wrapped side in regards of the
invasion of the repair site with scar tissue and its
effect on axonal regeneration.

The results of this study showed effective pre-
vention of scar tissue invasion in the vein-wrapped
groups, when compared to the control non-vein
wrapped groups regardless the use sclerosant ma-
terial.

The technique of vein wrapping around the site
of repair of an injured peripheral nerve appears to
be safe, feasible, and reliable. The short-term
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results, as evaluated histologically, showed effective
shielding of the repaired peripheral nerve from
invasion by the surrounding scar tissue created by
the adhesion model. The results support further
experimental study with long-term evaluation of
the vein wrap on the regenerating nerve fibers and
their functional recovery.

REFERENCES

1- TerzisJ.: Repair and grafting of the peripheral nerve. Mc
Carthy J. (Ed) Plastic Surgery. Philadelphia, WB Saunders
Co., 1: 630-697, 1990.

2- Wieken K., Angioi-Duprez K., LimA., Marchal L. and
Merle M.: Nerve anastomosis with glue: Comparative
histologic study of fibrin and cyanoacrylate glue. J.
Reconstr. Microsurg., 19 (1): 17-20, 2003.

3- Menovsky T. and Beek J.F.: Laser, fibrin glue, or suture
repair of peripheral nerves: A comparative functional,
histological, and morphometric study in the rat sciatic
nerve. J. Neurosurg., 95 (4): 694-9, 2001.

4- Happak W., Neumayer C., Holak G., Kuzbari R., Burg-
gasser G. and Gruber H.: Morphometric and functional
results after CO» laser welding nerve coaptation. Journal
of Laser Surg. Med., 27 (1): 66-72, 2000.

5- Menovsky T. and Beek J.F.: Carbon dioxide | aser-assisted
nerve repair: Effect of solder and suture material in rat
sciatic nerve. Journal of Microsurgery, 23 (2): 109-16,
2003.

6- Faroni A., Mobasseri S.A., Kingham PJ. and Reid A.J.:
Peripheral nerve regeneration: Experimental strategies
and future perspectives. Advanced Drug Delivery Reviews,
82-83: 160-167, 2015.

7- Millesi H.: Peripheral nerve repair: Terminology, questions
and facts. J. Reconstr. Microsurg., 2: 21-31, 1985.

8- Hoke A. and Brushart T.: Introduction to special issue:
Challenges and opportunities for regeneration in the
peripheral nervous system. Experimental Neurology, 223:
1-4, 2010.

9- Hazari A., Wiberg M., Johansson-Ruden G., Green C. and
Terenghi G.: A resorbable nerve conduit as an alternative
to nerve autograft in nerve gap repair. Br. J. Plast. Surg.,
52 (8): 653-7, 1999.

Dahlin L.B. and Lundborg G.: Use of tubes in peripheral
nerve repair. Neurosurg. Clin. N. Am., 12 (2): 341-52,
2001.

11- Kelleher M.O., Al-Abri RK., EleuterioM.L., MylesL.M.,
Lenihan D.V. and Glasby M.A.: The use of conventional
and invaginated autologous vein grafts for nerve repair
by means of entubulation. Br. J. Plast. Surg., 54 (1): 53-
7, 2001.

Inada Y., Morimoto S., Takakura Y. and Nakamura T.:
Regeneration of peripheral nerve gaps with a polyglycolic
acid-collagen tube. Neurosurgery, 55 (3): 640-6, 2004.

13- Beer G.M., Burg D., Zehnder A., Seifert B., Steurer M.,
Grimaldi H. and Meyer V.E.: Functional, electrophysio-
logic, and morphometric evaluation of nerve regeneration
from coaptation on regenerated nerve fibers. Experimental
study in rabbits. J. Reconstr. Microsurg., 20 (2): 159-66,
2004.

10

12



20 Vol. 41, No. 1/ Evaluation of Vein Wrap Around Peripheral Nerve Repair

14- Siemionow M. and Sari A.: A contemporary overview of
peripheral nerve research from the Cleveland Clinic
microsurgery laboratory. Neurol. Res., 26 (2): 218-25,
2004,

15- Sotereanos D.G., Giannakopoulos P.N., Mitsionis G.I.,
Xu J. and Herndon J.H.: Vein-graft wrapping for the
treatment of recurrent compression of the median nerve.
Microsurgery, 16 (11): 752-6, 1995.

16- Ruch D.S., Spinner R.M., Koman L.A., Challa V.R.,
O'Farrell D. and Levin L.S.: The histological effect of
barrier vein wrapping of peripheral nerves. J. Reconstr.
Microsurg., 12 (5): 291-5, 1996.

17- Varitimidis S.E., Vardakas D.G., Goebel F. and Sotereanos
D.G.: Treatment of recurrent compressive neuropathy of
peripheral nervesin the upper extremity with an autologous
vein insulator. J. Hand. Surg. Am., 26 (2): 296-302, 2001.

18- Masear V.R., Tulloss J.R., St Mary E. and Meyer R.D.:
Venous wrapping of nerves to prevent scarring. J. Hand
Surg., 15A: 817-818, 1990.

19- Kline D.G.: Nerve surgery asit isnow and as it may be.
Neurosurgery, 46 (6): 1285-93, 2000.

20- Dvali L. and Mackinnon S.: Nerve repair, grafting, and
nerve transfers. Clin. Plast. Surg., 30 (2): 203-21, 2003.

21- Lindsey J.T., Bryan W.W., Robinson J.B. and Orenstein
H.H.: The effect of a muscle wrap on nerve healing in a
rat model. J. Reconstr. Microsurg., 12 (7): 475-8, 1996.

22- Smit X., Van Neck JW., Afoke A. and Hovius S.E.:
Reduction of neural adhesions by biodegradable au-
tocrosslinked hyaluronic acid gel after injury of peripheral
nerves: An experimental study. J. Neurosurg., 101 (4):
648-52, 2004.

23- Lee S.K. and Wolfe S.W.: Peripheral nerve injury and
repair. J. Am. Acad. Orthop. Surg., 8 (4): 243-52, 2000.

24- Peer S., Harpf C., Willeit J., Piza-Katzer H. and Bodner
G.: Sonographic evaluation of primary peripheral nerve
repair. J. Ultrasound Med., 22 (12): 1317-22, 2003.

25- Tetik C., Ozer K., Ayhan S., Siemionow K., Browne E.
and Siemionow M.: Conventional versus epineura sleeve

neurorrhaphy technique: Functional and histomorphomet-
ric analysis. Ann. Plast. Surg., 49 (4): 397-403, 2002.

26- GorguluA., Uzal C., Doganay L., Imer M., Eliuz K. and
Cobanoglu S.: The effect of low-dose external beam
radiation on extraneural scarring after peripheral nerve
surgery in rats. Neurosurgery, 53 (6): 1389-95, 2003.

27- Jubran M. and Widenfalk J.: Repair of peripheral nerve
transections with fibrin sealant containing neurotrophic
factors. Exp. Neurol., 181 (2): 204-12, 2003.

28- Gigo-Benato D., Geuna S., de Castro RodriguesA., Tos
P., Fornaro M., Boux E., Battiston B. and Giacobini-
Robecchi M.G.: Low-power laser biostimulation enhances
nerve repair after end-to-side neurorrhaphy: A double-
blind randomized study in the rat median nerve model.
Lasers Med. Sci., 19 (1): 57-65, 2004.

29- Mohammad J., Shenaq J., Rabinovsky E. and Shenag S.:
Modulation of peripheral nerve regeneration: A tissue-
engineering approach. The role of amnion tube nerve
conduit across a 1-centimeter nerve gap. Plast. Reconstr.
Surg., 105 (2): 660-6, 2000.

Dahlin L.B., Anagnostaki L. and Lundborg G.: Tissue
response to silicone tubes used to repair human median
and ulnar nerves. Scand. J. Plast. Reconstr. Surg. Hand
Surg., 35 (1): 29-34, 2001.

31- Pitta M.C., Wolford L.M., Mehra P. and Hopkin J.: Use
of Gore-Tex tubing as a conduit for inferior alveolar and
lingual nerve repair: Experience with 6 cases. J. Oral
Maxillofac. Surg., 59 (5): 493-6, 2001.

32- Ikeda K., Yamauchi D. and TomitaK.: Preliminary study
for prevention of neural adhesion using an absorbable
oxidised regenerated cellulose sheet. Hand Surg., 7 (1):
11-4, 2002.

33- Valero-Cabre A. and Navarro X.: Functional impact of
axonal misdirection after peripheral nerveinjuriesfollowed
by graft or tube repair. J. Neurotrauma, 19 (11): 1475-
85, 2002.

34- Barrier Vein Wrapping/Ruch, Spinner, Koman, et a.: The
histologic effect of barrier vein wrapping of peripheral
nerves. Journal of Reconstructive Microsurgery, 12 (5):
291-295, 1996.

30



	Sur.1

