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ABSTRACT

Background: Trauma to peripheral nerves is relatively
common which can be caused by blunt trauma or penetrating
injuries. An important quality of the peripheral nervous system,
as compared with the central nervous system, is its remarkable
ability to recover after an injury. To improve the outcome in
post-traumatic peripheral nerve injury beside precise suturing
and orientation of the nerve stumps is to protect the anastomosis
from the surrounding environment; this barrier should be
biologically inert, biodegradable and non-compressive. Vein
wrapping to the site of anastomosis was described to protect
the neuro-anastomosis and to improve nerve conduction and
prevent neuroma formation.

Methods: This randomized controlled study was conducted
on 60 patients presenting with either median or ulnar nerve
injuries in the forearm, they were divided into 3 groups were
group (A) The neuro-anastomosis was covered with a vein
segment passed through one segment and after the neuror-
rhaphy the vein is stretched to cover the suture line, In Group
(B) The neuro-anastomosis was covered with a vein segment
who was circumferentially wrapped, In Group (C) the neuro
anastomosis was not covered with a vein wrap.

Results: After 12 months follow-up were: Functional
recovery of motor nerves, sensitivity and the presence of
neuroma at the site of nerve both group A and B showed a
more rapid motor and sensory recovery and a reduction of
the painful symptoms compared to the control group (C).

Conclusion: Both Vein wrapping techniques provides a
valid solution to avoid the dispersion of the nerve fibers,
adherent scars and painful neuromas formation.

Key Words: Peripheral nerve injury – Neuro-anastomosis –
Vein Wrapping – Neuroma.

INTRODUCTION

Injuries to peripheral nerves are very common
in traumas of the upper extremities and can cause
massive disabilities and dysfunction that eventually
interfere with their professional and normal daily
activities of the patients. It is therefore adequate
treatment of peripheral nerve injuries is so crucial
to prevent dramatic impact of the specific person's
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capacity to function adequately [1]. The peripheral
nervous system has a great advantage which its
remarkable ability to recover after an injury as
compared with the central nervous system [2].

There is no single classification that can de-
scribe the variable types of peripheral nerve inju-
ries; most classification systems try to correlate
the degree of injury with clinical symptoms, pa-
thology and prognosis. Seddon classified nerve
injuries to three types which are neuropraxia,
axonotmesis and neurotmesis according to the
disruption of the internal structure and consequently
a worsening prognosis [3]. Sunderland expanded
the classification to five degrees of peripheral
nerve injury, the first three degrees are as Seddon
described, the fourth-degree injury, only the epineu-
rium remains intact and the fifth-degree lesion is
a complete transection of the nerve [4,5].

All patients with a potential nerve injury should
be judged individually and the general condition
of the patient is extremely important in the decision-
making of if and when a procedure on the peripheral
nerve should be done, the history of the patient
and evaluation of the mechanism of the injury must
be evaluated by the surgeon. Sensory and motor
functions should be carefully examined, where the
motor evaluation includes pinch and grip strength
as well as evaluation of the function and the strength
of individual muscles that are innervated by the
specific involved nerves. Sensory function can be
evaluated by examination of light touch, but in
patients with an acute injury it may be easier to
assess the patient's ability to feel pain Two-point
discrimination and the patient's ability to separate
sharp and blunt objects can be used, but the former
may be less specific in the acutely injured patient.
Sudomotor function can be checked even in chil-
dren with a suspected nerve injury. A positive



Tinel's sign may also be present over the proximal
nerve end of the injured nerve [6].

Primary immediate repair should always be the
choice of management for peripheral nerve injuries
and it is technically easier to perform than a delayed
nerve repair [7]. The best treatment of peripheral
nerve repair is primary early end-to-end precise
suturing of the nerve stumps [8]. To improve the
outcome in post-traumatic peripheral nerve injury
beside precise suturing & orientation of the nerve
stumps is to protect the anastomosis from the
surrounding environment; this barrier should be
biologically inert, biodegradable and non–compres-
sive. Vein wrapping to the site of anastomosis was
described to protect the neuro-anastomosis and to
improve nerve conduction and prevent neuroma
formation [9].

PATIENTS AND METHODS

This randomized controlled study was conduct-
ed on 60 patients presenting with either median or
ulnar nerve injuries in the forearm, they were
divided into 3 groups were group (A) the neuro-
anastomosis was covered with a vein segment
passed through one segment and after the neuror-
rhaphy the vein was stretched to cover the suture
line, In Group (B) the neuro-anastomosis was
covered with a vein segment which was circumfer-
entially wrapped, In Group (C) the neuro anasto-
mosis was not covered with a vein wrap.

This study was conducted on single nerve inju-
ries where 34 patients suffered from ulnar nerve
injury and 26 patients suffered from Median nerve
injury.

Group (A) included 20 patients where 12 pa-
tients presented with ulnar nerve injury and 8
patients presented with median nerve injury, Group
(B) included 20 patients where 11 patients presented
with ulnar nerve injury and 9 patients presented
with median nerve injury, Group (C) included 20
patients where 12 patients presented with ulnar
nerve injury and 8 patients presented with median
nerve injury.
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The nerve repair was standardized by all the
surgeons in the study to perform an epinurial repair
to the injured nerves using 7/0 prolene sutures.

The veins used in both Group A and B were
harvested from the same surgical bed to avoid any
donor site morbidities. Group C was used as a
control group.

In Group A (n=20); the neuro-anastomosis was
covered with a vein segment passed through one
segment and after the neurorrhaphy the vein is
stretched to cover the suture line. To accommodate
the nerve diameter, the vein can be stretched and
dilated by injecting saline from one end under
pressure.

In Group B (n=20); the neuro-anastomosis was
covered with a vein segment that is circumferen-
tially wrapped round the neuro-anastomosis. The
Vein was incised longitudinally and then wrapped
around the nerve where the intimal surface towards
the verve.

All patients were followed for 1 year after the
repair, the follow-up included sensory and motor
improvement using clinical evaluation, the presence
of neuroma using the Tinel's test along the course
of the nerve repaired, EMG testing after 3 months
and 12 month post-operative.
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Fig. (1): Type and number of nerve injuries in each group of
the study.

Fig. (2): Showing a vein segment passed through one segment (A) and after the neurorrhaphy the vein is stretched to
cover the suture line (B).

(A) (B)



Egypt, J. Plast. Reconstr. Surg., January 2019 57

Results

According to the presence of Neuromas (De-
tected clinically be Tinel's Test after 3-6 months),
In Group (A): Neuromas were detected in 1 patient
(5%) who was previously presented with ulnar
nerve injury, In Group (B): Neuromas were detected
in 1 patient (5%) who was also previously presented
with ulnar nerve injury, In Group (C): Neuromas
were detected in 4 patients (20%) 3 patients were
presented with ulnar nerve injuries and 1 patients
presented with median nerve injuries.

According to the functional recovery which
was detected clinically by both sensory and motor
recovery and confirmed with the degree of regen-
eration by EMG, In Group (A) moderate to com-
plete recovery was found in 14 patients (70%) and
mild to moderate recovery was found in 6 patients
(30%), In Group (B) moderate to complete recovery
in 15 patients (75%) and mild to moderate recovery
in 5 patients (25%), In Group (C) moderate to
complete recovery was found in 9 patients (45%)
and mild to moderate recovery was found in 11
patients (55%).

Fig. (3): Showing a patient presenting with ulnar nerve injury where vein segment was passed in the proximal end of the nerve
showed by the arrow (A), the after the neurorraphy the vein segment was stretched to cover the nero-anastomosis (B).

Fig. (4): A diagram showing the steps of vein wrapping around the neuro-anastomosis [25] (A) the vein is incised longitudinally
where the intimal surface is the one facing the nuero-anastomosis, (B) the process of spiral wrapping.

Fig. (5): Showing a patient presenting with median nerve injury (A) after the neurorraphy and preparation of the vein segment
which was incised longitudinally (showed by the arrow) and (B) after the circumferential spiral wrapping of the neuro-
anastomosis with vein segment.
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DISCUSSION

Injuries of the peripheral nerves are a very
common association to all upper limb trauma caus-
ing significant disabilities and dysfunction to the
patients as they interfere with their normal daily
activities and occupational capabilities causing
massive impact not only the patients but also to
the community [10]. And thus improving the skills
and techniques for adequate and precise repair for
those injuries is of extreme importance.

The gold standard of peripheral nerve repair is
immediate primary end-to-end coaptation of the
nerves [11]. The aim of adequate nerve repair is
the precise apposition of the two stumps of injured
nerve using a minimum number of sutures with
minimal tension [12].

The prognosis of this repair depends on the
timing the repair, the patient's age, type of nerve
affected, level of injury, trauma mechanism and
also the development of scar fibrosis [13]. In fact
fibrosis obstructs the growth of axons from the
proximal to the distal stump, and can also cause
irritation pain syndromes and functional limitations.
This phenomenon triggers the inflammatory cas-
cade mediated by macrophages, lymphocytes, mast
cells, in addition Schwann cells release neuronal
adhesion factors and cytokines leading to the for-
mation of neuroma [14], therefore minimizing fi-
brosis will definitely improve the outcome and
prognosis of peripheral nerve repair [15].

The incidence of post-traumatic peripheral
nerve neuroma formation after repair is not clear
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but the incidence of asymptomatic end-neuromas
after peripheral nerve injury is 3-7% and the inci-
dence of symptomatic end-neuromas after ampu-
tation is 13-32% while 63-79% of patients with
neuroma pain complained of working and function-
al disabilities [16].

To improve the outcome in post-traumatic pe-
ripheral nerve injury beside precise suturing &
orientation of the nerve stumps is to protect the
anastomosis from the surrounding environment;
this barrier should be biologically inert, biodegrad-
able and non-compressive [17]. Multiple bio-
materials had been previously used for this purpose
as Vozzi et al. [18] who used tubes of poly-
caprolactone, Carlucci and Delaviz [19,20] assessed
the effect on nerve regeneration of polyurethane
so that the tube acts as a veritable chamber for
nerve regeneration. Vein grafts are among the first
non-neural biological conduits used for peripheral
nerve repairs, they can be used as a conduit if there
is a defect of 1-3cm between the two stumps of
the nerve or can be used as a barrier between the
neurorraphy and the surrounding environment
[21,22].

The question about the survival of these vein
grafts and if there is any absorption or degradation
for these grafts causing more scarring on the re-
paired nerves has been answered in the experimen-
tal histological study by Maboub et al., in 2017
showing excellent results of the survival and effi-
ciency of the vein wrapping in shielding of the
repaired peripheral nerve from invasion by the
surrounding scar tissue [23].

Fig. (6): The number of neuromas appeared in each group
during follow-up.
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Fig. (7): The functional recovery in all study groups.
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The techniques for wrapping the vein around
the nerves varied from either vein segment passed
through one stump of the transected nerve and
after the neurorrhaphy the vein is stretched to cover
the suture line [9] or the spiral circumferential
wrapping of the vein segment which was more
commonly used after neurolysis of chronically
compressed nerves [24,25,26].

In this study both Group (A) were the  neuro-
anastomosis was covered with a vein sheath and
in Group (B) were the neuro-anastomosis was
covered with a circumferential vein wrap”, the
vein wrap decreased the incidence of neuroma
formation and helped to improve the functional
recovery of the repaired nerves in comparison to
Group (C) were the  neuro-anastomosis was not
covered with any vein wrap, this is may be due to
not only the vein wrap acted as a mechanical
isolation chamber to prevent spouting of nerve
fibers and thus preventing neuromas, but also the
vein wrap act as a conduit that facilitated nerve
regeneration. The use of vein wrapping has more
advantages over other synthetic materials used for
the same purpose (as silicone and collagen) as they
are less antigenic and with No cost. Harvesting
the veins from the same operative bed gives the
advantage of avoiding any donor site morbidities.
Sometimes veins are too small and narrow espe-
cially is females to be used as a vein sheath and
this gives more advantage to circumferential wrap-
ping that can be done with any size of veins.

There was No significant deference in the results
either in the presence of neuroma or in the func-
tional recovery between both techniques of vein
wrapping (either vein sheath or circumferential
wrapping).

Conclusion:

Vein wrapping techniques is an easy, available
and useful tool that helps in the improvement of
peripheral nerve repair results, Both techniques of
vein wrapping have the same results although
circumferential wrapping technically speaking has
the advantage of being used in any size of veins
available in the same surgical field.

REFERENCES

1- Griffin M.F., Malahias M., Hindocha S. and Wasim S.:
Peripheral Nerve Injury: Principles for Repair and Regen-
eration; The Open Orthopaedics Journal, 8, (Suppl 1:
M10) 199-203, 2014.

2- Tessa G.: Nerve regeneration in the peripheral and central
nervous systems: J. Physiol. Jul., 1; 594 (13): 3517-3520,
2016.

3- Seddon H.J.: Three types of nerve injury. Brain, 66: 237,
1943.

4- Sunderland S.: Nerves and nerve injuries. 2nd ed. Edin-
burgh, NY: Churchill and Livingstone, pp. 69-141, 1978.

5- Lars B. Dahlin and Mikael Wiberg: Nerve injuries of the
upper extremity and hand; Effort Open Reviews, Volume
2,  May 2017.

6- Farnebo S., Thorfinn J. and Dahlin L.B.: Peripheral nerve
injuries of the upper extremity. In: Neligan P.C., Chang
J., van Beek A.L., eds. Hand Surgery (A volume in the
Plastic Surgery 6-Volume Set: Expert Consult Premium).
Third ed. China: Elsevier Saunders, 2012.

7- David J. Gerth, Jun Tashiro and Seth R. Thaller: Clinical
outcomes for Conduits and Scaffolds in peripheral nerve
repair; World J. Clin. Cases February, 16; 3 (2): 141-147,
2015.

8- Hudson T.W., Evans G.R. and Schmidt C.E.: Engineering
strategies for peripheral nerve repair. Orthop. Clin. North
Am., 31: 485-49, 2000.

9- S. Leuzzi, A. Armenio, L. Leone, V. De Santis and A. di
Turi: Repair of peripherial nerve with vein wrapping; G.
Chir. March-April, Vol. 35, n. 314: 101-106, 2014.

10- Eser F., Aktekin L.A., Bodur H. and Atan C.: Etiological
factors of traumatic peripheral nerve injuries. Neurol.
India, 57: 434-7, 2009.

11- Karol A.G.: Peripheral nerves and Tendon Transfers.
Selected Reading in Plastic Surgery, 9:23, 2003.

12- Mafi P., Hindocha S., Dhital M.  and Saleh M.: Advances
of Peripheral Nerve Repair Techniques to Improve Hand
Function: A Systematic Review of Literature. The Open
Orthopaedics Journal, 6 (Suppl 1: M7): 60-68, 2012.

13- Adanali G., Verdi M., Tuncel A., et al.: Effects of hyaluronic
acid-carboxymethylcellulose membrane on extraneural
adhesion formation and peripheral nerve regeneration. J.
Reconstr. Microsurg., 19: 29-35, 2003.

14- Görgülü A., Imer M., Simsek O., et al.: The effect of
aprotinin on extraneural scarring in peripheral nerve
surgery: An experimental study. Acta. Neurochir. [Wien]
1998; 140: 1303-7. 316 L. Mathieu et al., Chirurgie de la
main, 31: 311-317, 2012.

15- Petersen J., Russel L., Andrus K., et al.: Reduction of
extraneural scarring by ADCON-T/N after surgical inter-
vention. Neurosurgery, 38: 976-84, 1996.

16- Van der Avoort D.J., S.E.R. Hovius, R.W. Selles, J.W.
van Neck and J.H. Coert: The incidence of symptomatic
neuroma inamputation and neurorrhaphy patients. Journal
of Plastic, Reconstructive & Aesthetic Surgery, 66, 1330-
1334, 2013.

17- Mathieu L., Adam C., Legagneux J., Bruneval P. and
Masmejean E.: Reduction of neural scarring after periph-
eral nerve suture: An experimental study about collagen
membrane and autologous vein wrapping. Chirurgie de
la main, 31: 311-317, 2012.

18- Vozzi G., Carlucci F., Salvadori C., Dini F., Vozzi F.,
Dominici C., Arispicim, Ciardelli G. and Giusti P.: L'uso
di microguide bioerodibili nella. Nerve Regeneration Atti
SICV, 12: 213-215, 2005.

19- Carlucci F., Dini F., Vozzi G., Vozzi F., Chiono V., Salvadori
C., et al.: “The Tunnel Effect” using Bioerodable Tubes



in Nerve Regeneration. Annali. Fac. Med. Vet., 2005,
Lviii.

20- Delaviz H., Faghihi A., Delshad A. Azizzadeh, Bahadori
Mohamad hadi, Mohamadi Jamshid and Roozbehi Am-
rollah: Repair of Peripheral Nerve Defects Using a Poly-
vinylidene Fluoride Channel Containing Nerve Growth
Factor and Collagen Gel in Adult Rats. Cell Journal
(Yakhteh), 13 (3): 137-142, 2011.

21- Chiu D.T. and Strauch B.: A prospective clinical evaluation
of autogenous vein grafts used as a nerve conduit for
distal sensory nerve defects of 3cm or less. Plast. Reconstr.
Surg., 86: 928-934, 1990.

22- Walton R.L., Brown R.E., Matory W.E., Borah G.L. and
Dolph J.L.: Autogenous vein graft repair of digital nerve
defects in the finger: A retrospective clinical study. Plast.
Reconstr. Surg., 84: 944-949; discussion 944-949, 1989.

60 Vol. 43, No. 1 / Improving Outcome of Nerve Repair

23- Mahboub T., Abdelkader R., Nawar A. and Attia M.:
Evaluation of Vein Wrap around Peripheral Nerve Repair:
An Experimental Study. Egypt, J. Plast. Reconstr. Surg.,
January 2017.

24- Islam A.A. and Mostafa E.S.: Autogenous Vein Wrapping
for Treatment of Recurrent Carpal Tunnel Syndrome.
Egypt, J. Plast. Reconstr. Surg., Vol. 34, No. 2, July, 173-
180, 2010.

25- Jianming Xu, Sokratis E. Varitimidis, Kenneth J. Fisher
P., Matthew M.T., Dean G.S. and Pittsburgh P.A.: The
Effect of Wrapping Scarred Nerves With Autogenous Vein
Graft to Treat Recurrent Chronic Nerve Compression.
The Journal of Hand Surgery, Vol. 25A No. 1 January
2000.

26- Zinon T.K., Sameer J. and Dean G. S.: Vein wrapping at
cubital tunnel for ulnar nerve problems. J. Shoulder Elbow
Surg., 19: 91-97, 2010.


