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Rezumat
Allogrefele de nervi periferici - cand si cum?

Autorii prezintd, pe scurt, metodele de reconstructie a
defectelor de nervi periferici. Dintre acestea, autorii detaliazi
reconstructia cu alogrefe de nervi periferici si modalititile de a
obtine toleranta imuna a organismului gazda. Autorii subliniaza
ideea ca, este mai bine sa se obtind allogrefe non-antigenice
decat si se suprime imunitatea organismului receptor. in
continuare, autorii prezintd metodele de denaturare a alo-
grefelor de nervi periferici cu scopul de a le face non-antigenice
si insista asupra necesitatii de a dezvolta metode aplicabile in
clinica umani. Autorii concluzioneazid cd reconstructia
defectelor de nervi periferici cu alogrefe de nervi denaturate
oferd rezultate excelente si aceastd metoda trebuie extinsa si
la pacientii umani.
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Abstract

The authors briefly present the methods of reconstruction of
peripheral nerve gaps. Of these methods, the reconstruction
with nerve allografts is reviewed mainly in what concerns the
ways to achieve host tolerance for the allograft. The authors
underline the fact that, for the recipient it is better to suppress
the graft antigenicity than to suppress the host immune
response. Further, the authors present the most important
methods to denaturate a nerve allograft in order to make it non-
antigenic and insist upon developing methods that can be used
in human beings. The authors conclude that reconstruction
of nerve defects with peripheral nerve allografts is a very
rewarding method that should be extended in clinical
practice.
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Introduction

Bridging peripheral nerve gaps is a common procedure in
clinical practice. Hand surgeons, plastic surgeons, orthopedic
surgeons, microsurgeons do it on a daily basis (1). The gold
standard concerning the functional result is to reconstruct the
nerve defect with peripheral nerve autografts (1). This method
has several drawbacks:

- limited donor sites (1,2);

- sacrificing sensibility in the territory of the donor



nerve, with hipoesthesia and paresthesia (1,2,3);
- scars (1,2);
- in large defects, the peripheral nerve autografts might
not be enough (1,2,3,4);
- prolonging the duration of the surgical procedure (5).
In order to avoid the inconveniences mentioned above,
doctors and scientists have imagined alternative methods of
reconstruction of peripheral nerve defects (3,5,6).

Reconstruction with autologous tissues, other than
peripheral nerve

Many tissues were proposed for the reconstruction of
peripheral nerve defects: denaturated skeletal muscle (7,8),
veins (9), arteries (9), autologous Schwann cells (10,11,12),
adipose or bone marrow tissue-derived stem cells (13,14),
tendon (15,16), combinations of autologous tissues (17).

Reconstruction of peripheral nerve gaps with autologous
denaturated muscle graft

The denaturated muscle provides a longitudinally oriented
scaffold, consisting of the basal lamina of the striate muscle
cells. This structure acts like a guide for the regenerating axons
).

During the first experiments, autologous non-denaturated
muscle was used. The axonal regeneration had to be preceded
by the natural degeneration of the muscular fibres. The results
were poor.

The denaturation of the skeletal muscle has been done in
many different ways, the commonest methods being:
injecting the muscle with a local anesthetic (18), freeze-
thawing of the muscle (19) or a combination of these two
methods (20). The purpose of muscle denaturation is to obtain
an acellular muscle graft (Fig. 1). The axonal growth through a
denaturated muscle graft is good only for short defects (7,8).
The results are good for sensitive nerves. For motor or mixed
peripheral nerves, the functional results with autologous
denaturated muscle grafts are poor when compared with a
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peripheral nerve autograft (8). There is another drawback for
the method, consisting in the need of 24 hours before the
peripheral nerve reconstruction, in order to prepare the skeletal
muscle graft (18,19). In conclusion, the method has limited
clinical usage and only applies for small peripheral nerve gaps

®).
Reconstruction of peripheral nerve gaps with veins

Nowadays, the method is currently used to repair sensitive
nerve gaps in hand surgery. The autologous vein graft might be
used for reconstruction of a sensitive nerve as an emergency
procedure (21), as a primary repair procedure (22) or as a
secondary repair procedure (23). The authors of the present
article have been using this method to primary reconstruct
common digital nerves and digital nerves at the level of the
hand and fingers. The longest defect reconstructed by the
authors was 4 cm. The results of the authors and in the
literature are good, comparable with those of reconstruction
with a peripheral nerve autograft. The advantages are: avoiding
the sacrifice of other sensitive nerves, less scars, simple and
short surgical procedure (to harvest the autologous veins from
the subcutaneous rete at the wrist level or on the dorsum of the
hand) (22).

The method cannot be used for motor or mixed peripheral
nerves (23).

Reconstruction with synthetic conduits

Historically and experimentally, the synthetic conduits used
were non-absorbable (silicone) (Fig. 2) or biodegradable
(24,25). Of the absorbable conduits, only three have the
Food and Drug Administration approval for clinical use in
humans (25,26): collagen tubes, polyglycolic acid tubes and
caprolactone tubes. The main utility is for sensory nerve
defects smaller than 3 cm. The caprolactone tubes “are
equivalent in results to autografts” (26). Collagen conduits
and polyglycolic acid tubes seem to offer inferior results, when
compared to peripheral nerve autograft (26). An experimental

Figure 1. Reconstruction of a rat sciatic nerve gap with autologous
denaturated muscle graft

eS|
Figure 2. Reconstruction of a rat sciatic nerve gap with silicone
tube




586

study regarding commercially available biodegradable tubes
showed best results with caprolactone tubes, fair results with
collagen conduits and poor results with polyglycolic acid tubes
(27). This study was conducted on rats and evaluated the
functional motor recovery. The advantages of biodegradable
conduits is their availability just like the teflon prostheses for
vascular surgery. Using a synthetic tube spares a sensory nerve
from being used as autograft. The disadvantages are their
limited use for segmental nerve defects smaller than 3 cm and
the unacceptable functional results in reconstruction of motor
nerves and mixed nerves (26,27). We may conclude that
synthetic tubes are a good alternative to peripheral nerve auto-
grafts in human clinic only for small defects of sensitive nerves
(most often digital nerves).

Reconstruction with peripheral nerve allografts

This method has clinical applicability in humans (3,28).
Nerve allograft acts as a scaffold for the axonal regeneration of
the recipient patient (1,2,3,4,5,6,29,30,31,32,33,34). It seems
that the first reported nerve allograft in humans was performed
in 1885 by Albert (4) who used a cadaver nerve allograft to
reconstruct a postexcisional median nerve defect. In 1973
Pollard et al. performed the first experimental study, using a
nerve allograft to recons-truct a 4 cm sciatic nerve defect in
immunosuppressed rats. The immunosuppression was
therapeutically achieved with azathioprine (Imuran); the
regeneration through the graft was assessed clinically, electro-
physiologically, and histologically (4).

As stated in the introduction of the present article, the
gold standard in reconstructing peripheral nerve defects is the
peripheral nerve autograft, because one replaces the “missing”
tissue with the very same type of autologous tissue. The
routine is to use sensitive peripheral nerves such as: the sural
nerve, the lateral antebrachial cutaneous nerve, the medial
antebrachial cutaneous nerve etc. There are situations when
the destruction involves several peripheral nerves (e.g. brachial
plexus lesions, mangled extremities etc.); in such cases there
are not enough autologous peripheral nerves to be harvested.
Such extensive nerve injuries are the main stimulus for
scientific research in order to identify the most suitable and
cheap alternative method of reconstruction of peripheral
nerve gaps (6). The other reason (to find an alternative
method) is the morbidity associated with the harvest of an
autologous peripheral nerve (that is to be used as an autologous
graft): scars, hypoesthesia, disesthesia, neuroma etc (3). From
this perspective, it seems that “the cadaveric nerve allograft
provides an unlimited graft source without the morbidities
associated with autograft reconstruction” (6). The peripheral
nerve allograft is to be rejected if used like an autograft. There
are two possibilities to avoid the rejection of the allograft: to
suppress the recipient immune response or to denaturate the
allograft in order to make it non-antigenic.

The suppression of the host immune response

Immunosuppression must provide tolerance of the recipient
for the allograft, without any impediment on the axonal growth

through the allograft (3,28). In peripheral nerve “allografting”
the immunosuppression is only temporary, unlike the situation
in solid organ transplantation and in composite tissue
transplantation (3,28). Six months after the passage of the
regenerating axons through the allograft, the immuno-
suppression is stopped (3,28). In theory, the axonal regeneration
speed in optimal conditions, after direct nerve coaptation is 1
mm/day. In most cases, a good regeneration speed is an inch per
month (35). We can speculate that, through the nerve allograft
the regeneration is even slower. Taking this into consideration,
for a 5 cm defect, the regenerating axons need at least 2 months
in order to cross the allograft. Following that, the period of
immunosuppression is minimum 8 months (in most cases it is
about 1 year). It is a short period when compared with the
indefinite time of immunosuppression for solid organ
transplantation or for hand transplantation; but it is long
enough for the patient to be exposed to some of the risks of
immunosuppressive therapy, such as: opportunistic infections
(herpes viruses, cytomegalovirus, Epstein-Barr virus, Candida,
Aspergillum, Pneumocystis) (36,37), post-transplant diabetes
mellitus (37,38), pharmacologic toxicity (renal, neurological,
gastrointestinal) (37) and other adverse reactions that occur if
the immunosuppressive period is longer, such as malignancies
(skin cancers and non-Hodgkin lymphomas refractory to
chemotherapy) (37,39). The most popular pharmacologic agent
used for immunosuppression in hand transplantation and in
nerve allografting is Tacrolimus (FK 506) (40). Although it
seems to have stimulating effect on the axonal regeneration
and neuroprotective properties, it has potentially severe adverse

effects (40,41).

The denaturation of the peripheral nerve allograft

It is common knowledge that immunosuppression may
cause many adverse reactions. That is why, a good alternative
is to denaturate the peripheral nerve allograft, in order to make
it non-antigenic. The denaturated allograft must permit the
nerve’s regeneration (6).

Historically, several protocols for peripheral nerve allograft
denaturation were used such as: irradiation, alcohol
denaturation, lyophilisation, freeze-thawing, cold-preservation,
detergent processing, combined methods. Most of them have
only experimental utility.

Denaturation of peripheral nerve allograft by irradiation.

This method has been reported in the early ‘70s. It seems
that high dose irradiation is much more effective than low dose
irradiation, in what concerns the process of decreasing the anti-
genicity of the peripheral nerve allograft. But when compared
with the peripheral nerve autograft, the regeneration through
irradiated allograft is “less successful” (42). Regeneration
through irradiated allograft is poorer than through the allograft
combined with host immunosuppression (42,43).

Alcohol denaturation of the peripheral nerve allograft.

Alcohol produces the denaturation of proteins and
alteration of the structures that have proteins. Peripheral nerve
allografts denaturated with alcohol have been used in experi-



mental studies and have only historical interest. The axonal
regeneration through this type of grafts is inefficient when
compared with the regeneration through peripheral nerve auto-
grafts and through peripheral nerve allografts in an immuno-
suppressed host (44).

Lyophilisation of peripheral nerve allografts

Lyophilisation of the nerve allografts has been reported by
Weiss, in 1943. This method consists in freeze-drying of the
nerve allograft. As single method of denaturation of a
peripheral nerve allograft has been used only experimentally.
During the last three decades it has been used in combination
with irradiation or with chemical decellularization of the
peripheral nerve allograft. It seems to be a good method to
preserve a pre-denaturated nerve allograft (45).

Freeze-thawing peripheral nerve allografts

There are different protocols for freeze-thawing peripheral
nerve allografts: freezing at - 40 degrees centigrade (46) and
thawing at +20 degrees centigrade, freezing at -196 degrees
centigrade in liquid nitrogen (with or without adding a cryopro-
tectant) (47) and thawing at +20 degrees centigrade, etc. This
method of nerve pre-denaturation has been used mostly
experimentally (29,46,47). Some conclusions could be drawn:

- the longer the freezing, the lesser the immune response

elicited against the graft (46);

- the longer the freezing, the fewer graft rejection
events (46);

- regeneration through a freeze-thawed nerve allograft is
delayed when compared with a nerve autograft
(46,47);

- grafts pretreated by controlled freezing and then
thawing support axonal regeneration only for short
distances (46,47);

- revascularization of the freeze-thawed graft is delayed
and less effective than revascularization of an auto-
graft (27,46,47).

This pre-denaturation method is useful when combined

with other denaturation methods of peripheral nerve allo-
grafts and needs further research (47).

Cold preservation of peripheral nerve allografts

Cold preservation of peripheral nerve allografts is achieved
by immersing the nerve grafts in Wisconsin solution at 5
degrees centigrade.
Increasing the time of preservation has some clear
consequences:
- decreasing the immune response of the host versus the
nerve allograft (46);
- decreasing the peripheral nerve allograft rejection (46);
- improving nerve regeneration (46) after 4 weeks of
cold preservation (29);
- after 26 weeks of criopreservation the peripheral
nerve allograft elicited no immune response from the
host and no graft rejection takes place (46).
But regeneration through nerve allografts preserved
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under cold is inferior to autografts (29,30,46).

The benefits of cold preservation of nerve allografts seem
to be: the possibility to transport nerve allografts between
medical centers (29), transforming an emergency peripheral
nerve reconstruction into elective surgery (29,46), the
combination of cold preservation of the nerve allograft with
host immunosuppression (29).

Detergent processing of peripheral nerve allografts

It is also called chemical decellularization of peripheral
nerve allografts. All denaturation methods aim to lower the
antigenicity of the nerve allograft, but with preservation of the
endoneurial tubes as a scaffold for the regenerating axons.
Many protocols for chemical denaturation are known, using
substances as: sodium deoxycholate, Triton X-100, deionized
water, sulfobetaine-10 (SB-10), Triton X-200, sulfobetaine-16
(SB-16) (5). The newer methods of chemical decellularization
use less aggressive substances that do not alter the endoneurial
tubes and the regeneration is improved. It seems that the
axonal regeneration is better through peripheral nerve allografts
chemically denaturated when compared to regeneration
through peripheral nerve allografts thermally denaturated (5).
For the reconstruction of sciatic nerve gaps in rats,
detergent-processed allografts are similar to isografts at 6 weeks
postoperatively (5).

Chemically decellularized nerve allografts may offer a
good alternative for reconstruction of peripheral nerve gaps
in experimental studies, but are not yet used in human
clinical practice.

Combined methods of denaturation of peripheral nerve allo-
grafts

There are many combined methods of denaturation of
peripheral nerve allografts and most of them have only
experimental usage. For the moment, there is only one
product (commercially available) consisting of a denaturated
nerve allograft (through combined methods) that is used in
human clinical practice. The product is called Avance® Nerve
Graft. Processing of the human peripheral nerve allografts
involves the use of proprietary physiological buffers, enzyme and
surfactants; the product is sterilized using gamma irradiation
(48). The first results in clinical practice were published in
December 2012 in Journal of Hand Surgery; the article includes
outcome data for 51 peripheral nerve repairs (48).

Reconstruction with peripheral nerve xenografts

This method has been used only experimentally, on rats and

rhesus monkeys (49,50,51).
Combined methods
The principle of the most accepted combined methods is to

use a conduit filled with autologous Schwann cells or a
conduit filled with autologous stromal(stem) cells (52,53).
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Conclusions

The gold standard for reconstruction of peripheral nerve
gaps is the peripheral nerve autograft.

In situations with extensive lesions of peripheral nerves
or multiple peripheral nerves damaged there is not enough
peripheral nerve autograft for the reconstruction. That is
why an ideal alternate method of reconstruction has been
sought.

Using peripheral nerve allografts is a very promising
method of reconstruction of peripheral nerve gaps because
the grafts are available (harvested from human cadavers) and
the results of reconstruction are comparable to the results of
the gold standard in reconstruction. Whether the allograft is
processed or the host is immunosuppressed, the functional
recovery is good and the autologous peripheral nerves are
spared (and further sensitive or motor deficits are avoided).

During the last 2 years, peripheral nerve allografts have
been included in clinical studies that showed good outcomes
of the reconstruction.

Based on the medical literature, it is the authors’ opinion
that reconstruction of nerve defects with peripheral nerve allo-
grafts is a very rewarding method that should be extended in
clinical practice.
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