
Introduction

Nerve injury can seriously affect quality of life. With
nerve damage there can be a wide array of symptoms.
Which ones may manifest depends on the location and
type of nerves that are affected. Aim of this study is to
evaluate the efficacy of neuro-anastomosis performed with

venous sheath to reduce painful neuromas formation, im-
prove the electrical conductivity of the repaired nerve,
and reduce the discrepancies of the sectioned nerve
stumps.

Patients and methods

Population in study
From January 2008 to December 2012 we treated 320 patients

with acute nerve injury. We retrospectively review the data from these
patients to compare two different techniques of nerve anastomosis.
Exclusion criteria were: periferal nerve injury with a gap >2cm to the
arm, metabolic diseases (eg diabetes), age >75, previous injury to the
same arm.   Inclusion criteria were: periferal nerve injury to the arm,
acute injury (whitin 24 hours from the trauma), single injury to each
nerve. 

Twenty-six patients were selected and the data collected and an-
alyzed. Among them, 16 patients belonging to group “A” (12 male
and 4 female, range of age 7-73, mean age 51), were treated with di-
rect end-to-end suture covered by autologous venous wrapping and
10 patients belonging to the group “B” (9 male and 1 female, range
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Objective. The post–traumatic neuro-anastomosis must be protec-
ted from the surrounding environment. This barrier must be biologi-
cally inert, biodegradable, not compressing but protecting the nerve.
Formation of painful neuroma is one of the major issues with neuro-
anastomosis; currently there is no consensus on post-repair neuroma
prevention. Aim of this study is to evaluate the efficacy of neuroanasto-
mosis performed with venous sheath to reduce painful neuromas for-
mation, improve the electrical conductivity of the repaired nerve, and
reduce the discrepancies of the sectioned nerve stumps.

Patients and methods. From a trauma population of 320 patients
treated in a single centre between January 2008 and December 2011,
twenty-six patients were identified as having an injury to at least one of

the peripheral nerves of the arm and enrolled in the study. Patients we-
re divided into two groups. In the group A (16 patients) the  end-to-end
nerve suture was wrapped in a vein sheath and compared with the group
B (10 patients) in which a simple end-to-end neurorrhaphy was perfor-
med. The venous segment used to cover the nerve micro-suture was har-
vested from the superficial veins of the forearm. The parameters analy-
zed were: functional recovery of motor nerves,  sensitivity and pain.

Results. Average follow-up was 14 months (range: 12-24 months).
The group A showed a more rapid motor and sensory recovery and a re-
duction of the painful symptoms compared to the control group (B).

Conclusions. The Authors demonstrated that, in their experience,
the venous sheath provides a valid solution to avoid the dispersion of the
nerve fibres, to prevent adherent scars and painful neuromas forma-
tion. Moreover it can compensate the different size of two nerve stum-
ps, allowing, thereby, a more rapid functional and sensitive recovery
without expensive devices.
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of age 11-74, mean age 49) were treated with simple end-to-end neu-
rorrhaphy (Table 1).

The parameters analysed for the processing of the results after
a minimum follow-up of 12 months were: functional recovery of mo-
tor nerves,  sensitivity and pain.

Surgical Technique
The surgical technique consists in the standard identification,

isolation and neurolysis of the proximal and distal extremity of pe-
ripheral nerve injured, to obtain a good mobilization, and in regu-
larization of the nerve stumps. 

In the group B we performed an end-to-end neurorrhaphy in the
standard fashion.  In the group A we harvested the venous segment
(2 cm of vein) usually from the superficial venous network of the fore-
arm; the proximal or distal nerve stump is then passed through the
venous segment and than a standard end-to-end neurorrhaphy is per-
formed with 9/0 or 8/0 nylon suture. At the end of the procedure
the vein segment is transposed to cover the nerve anastomosis (Fig-
ure 1). 

The technique is useful also in case of nerve injury close to a bi-
furcation as shown in Figure 2. In this case we need to harvest a vein
segment with a bifurcation or collateral vein. 

Results

Patients were followed up for a minimum period of
12 months. The group A patients reported pain at the
site of neurorrhaphy (positive Tinel sign) in 25% of cas-
es (4 patients) compared to 70% in group B (7 out of
10 patients); functional recovery at 12 months was
achieved by the 81,25% of the patients in group A (13
patients), and only in 40% of cases in group B (4 pa-
tients), the sensitivity was almost completely recovered

TABLE 1 - POPULATION IN STUDY.

GROUP A GROUP B

16 patients 10 patients

End-to-end nerve suture Simple end-to-end 
covered with vein segment nerve suture

Fig. 1 a, b, c, d - a) Dissection of the proximal and distal stump of peripheral nerve injured; b) the proximal nerve stumps is passed through the venous seg-
ment; c) end-to-end nerve suture performed; d) nerve suture covered by the venous sheath.
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in 87,5% of patients in group A (14 patients) and only
in 60% of patients in group B (6 patients) (Figures 3
and 4).

Discussion and conclusions

Some studies have reported that more than 60% of
peripheral nerve injuries occur in the upper limbs (1, 2).
This significant problem requires efficient management
in order to avoid disability. The function of the hand is
especially dependent on its sensory and motor nerves (1-
3). Lorei and Hershman (10) classify neural traumas into
chronic injuries or entrapment neuropathies, caused by
repetitive trauma or compression, and acute injuries,
which is caused by direct trauma leading to immediate
onset of symptoms. 

Acute injuries are more common in the dominant
hand and occur most commonly in young men (1, 4).
The most frequently affected nerves are the ulna, radi-

al and digital nerves (1, 2, 5) and the commonest aeti-
ological factors reported are motor vehicle accidents and
sharp objects (6). 

There is no single classification system that can de-
scribe all the many variations of nerve injury. Most sys-
tems attempt to correlate the degree of injury with symp-
toms, pathology and prognosis.

According to Seddon (7) nerve injuries can be referred
to as neuropraxia, axonotmesis and neurotmesis according
to the disruption of the internal structure and conse-
quently a worsening prognosis. Neuropraxia describes a
reversible condition when the electrical signal fails to trav-
el through a nerve segment, when there is no anatom-
ical disruption in the affected neuron. There is minor
damage to the axon and the prognosis is better. Ax-
onotmesis consists in a complete interruption of the axon
in the affected neuron. Neurotmesis occurs when there
is a complete destruction of axons and supporting con-
nective tissue and has the worst prognosis (8).

Sunderland (9) classified acute nerve injuries into five
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Fig. 2 a, b, c, d - a) Distal forearm laceration with radial nerve injury close to the nerve bifurcation; b) the two nerve stumps pass through the venous sheath,
harvested at the level of a vein bifurcation; c) double end-to-end nerve suture; d) wrapping nerve suture “trousers-like”.
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degrees  based on severity of the injury.  Distal degener-
ation of neurons following traumatic injury has been
termed Wallerian degeneration since Waller (11) described,
in 1850, post-traumatic changes in peripheral nerves. It
is important to note that endoneurium, the Schwann
sheath and blood vessels remain intact despite the oc-
currence of wallerian degeneration. Proximal changes in
the neuron have been termed axonal degeneration.

Severe lesions of the peripheral nerves can result in
incomplete axonal regeneration and permanent disability
in patients (12). Axonal sprouts form at the proximal
stump and grow until they enter the distal stump. The
growth of the sprouts is governed by  chemotacticfactors

secreted from Schwann cells (neurolemmocytes). Injury
to the peripheral nervous system immediately elicits the
migration of phagocytes, Schwann cells, and macrophages
to the lesion site in order to clear away debris such as dam-
aged tissue.

The result of neurorrhaphy depends on the time avail-
able before the repair, the patient’s age, type of nerve af-
fected, level of injury, trauma mechanism, but also de-
velopment of scar fibrosis (13). Fibrosis, in fact, obstruct
the growth of axons from the proximal to the distal stump,
and can also cause irritation pain syndromes and func-
tional limitations. This phenomenon acts as a trigger for
the inflammatory cascade mediated by macrophages, lym-

104

S. Leuzzi et al.

Fig. 3 a, b - a-b) Functional recovery at 12 months  in forearm glass injury with section of the motor branch of Radial nerve. Intraoperative figures are shown
in figure 1.

Fig. 4 - Results after 12 months.
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phocytes, mast cells, the same Schwann cells, which re-
lease neuronal adhesion factors and cytokines. This chain
reaction leading to the formation of neuroma (14, 15).
Accordingly the reduction of fibrosis should improve the
outcome of peripheral nerve suture, but also reduce com-
plications during secondary procedures by facilitating the
tissue dissection (16).

Therefore, reconstruction of nerves injuries remains
a surgical challenge (17).

The purpose of nerve repair is the precise apposition
of the two stumps of injured nerve using a minimum
number of sutures with minimal tension. The functional
and sensitive recovery is possible only if the motor and
sensory fibres of a nerve are  correctly connected (18, 19).

For these reasons direct nerve repair, such as epineur-
al or fascicular suturing, can be applied only when there
is no gap at the lesion site (primary repair) (20). 

Good results were obtained from Vozzi et al. (26) by
the use of tubes in poly-caprolactone, a very flexible poly-
mer, already used as a component of absorbable sutures;
also Carlucci and Coll. (27) have tried to assess the ef-
fects on nerve regeneration of polyurethane, which is used
as a polymer forming the guide, and the jelly and Polyly-
sine such as growth factors with which the guides were
filled before, so that the tube acts as a veritable cham-
ber of nerve regeneration.  Also synthetic tubes are that
they are porous which allows the exchange of nutrients
and they have biodegradable properties which lower the
inflammatory response (28).

In recent years, our surgical approach to traumatic
lesions of peripheral nerves has evolved and perfected.
Our main objectives are to protect nerve suture from the
surrounding environment through the use of biologically
inert barrier non-compression, prevent complications and
improve nerve conduction.

In our opinion, the only material able to fully meet
these goals is represented by a sheath of autologous vein
taken from healthy donor area (in most cases from the
volar region of the forearm) and used as a cover of the
nerve anastomosis.

We used the vein wrapping technique because of its
numerous advantages. The first involves facilitating nerve
regeneration. The anastomosis site becomes separated
from the surrounding tissues, supplying an optimal en-
vironment for nerve regeneration. The second advantage
relates to the mechanical protection of the anastomosed
nerve site. A mechanical chamber could prevent pro-
trusion of fascicles out from the suture line and sprout-
ing axons can be well-aligned within the chamber
(28). The third advantage concerns prevention of neu-
roma formation. To prevent neuroma formation, the vein
wrapping technique can be done with the goal of isolating
it from the inflammatory cascade and neurotrophic fac-
tor production triggered by nerve trauma in the sur-
rounding tissues.

Another important selling point is that veins po-
tentially available for nerve wrapping are easily accessi-
ble and available in the same operative field. Veins can
be easily dilated with fine surgical forceps to adapt the
lumen to the nerve size and can thus be used to treat large
nerves. Although successful wrapping with numerous syn-
thetic materials (such as silicon and collagen conduits)
has been reported, veins have the advantage of being ob-
tainable at no cost and are easily available. Furthermore,
this technique does not cause any risk of venous throm-
bosis (29). Finally, this technique can be applied in oth-
er areas as demonstrated by Young Moon Yoo et Coll.
in sections of recurrent laryngeal nerve of patients with
thyroid cancer undergoing thyroidectomy with a more
rapid recovery of the voice feature (30).
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