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Recent Conclusions Regarding the Reconstructive
Microsurgery of Peripheral Nerves

D. DUMITRESCU-IONESCU

The introduction of reconstructive microsurgery has
meant not only the addition of microsurgical micro-
scopes and instruments, but a change, an advance, to-
wards a new idea, the concept of the microsurgical re-
construction of tissues. The microscope and the instru-
ments themselves are only a means of utilizing to good
effect this new concept since the mere use of the micro-
scope and of the instruments according to the old con-
cept of the reconstruction of tissues cannot be consid-
ered to be reconstructive microsurgery.

From December 1979 through December 2005, more
than 3,000 patients with peripheral nerve lesions were
operated on by the same microsurgeon, the author, Do-
ina Ionescu-Dumitrescu.

The conclusions are based on the following:

e A huge amount of work involved in carrying out mi-
crosurgical reconstructions of over 7,500 peripheral
nerves in over 3,000 patients, 1,800 of which were
nerve transplants for defects of peripheral nerves of
the extremities, for post-traumatic brachial plexus
paralyses (89), for replantations and/or revasculari-
zations following partial or complete amputations of
the extremities (24, of which 23 were successful) or
for free transfers of functional composite tissues
(53). For a more accurate picture of such an effort
one should consider the operation time that these
types of reconstruction involve: between 3 and 12 h
for each patient under general anesthesia and for
both the anesthetist and the microsurgeon

e Experimental microsurgery on rabbit ears

e The results of the histopathological examination of
500 postoperative neuromas of peripheral nerves
repaired traditionally

e The Moberg test

® Pre-, intra- and postoperative monthly observa-
tions of the patients until their full recovery ac-
cording to the criteria set by the International Re-
constructive Microsurgery Society (postoperative
intervals of 6 - 12-24 months)

e Taking pictures and recording pre-, intra- and
postoperative stages

e The patients’ professional, social and familial rein-
tegration

e The patients’ state of mind; level of cooperation

e Comparing results with those of classic and pallia-
tive repairs

e Comparing the data resulting from this experience
with the information provided by the specialist lit-
erature of the world

e Completing the internationally defined reconstruc-
tive procedures with the personal ones, to produce
a new concept

The conclusions drawn from my own experience can be
summed up as follows:

1. The fact that for hundreds of years post-traumatic
paralyses of the spinal and partly cranial peripheral
nerves have been considered insurmountable obsta-
cles is largely justified by a very limited concept of
the restoration of neural “connections.” This im-
plies:

a) Little knowledge of the functional mechanism of
the peripheral nerves and even less knowledge of
the behavior of the traumatized peripheral
nerves

b) Little or no consideration of the importance of
the extensive cerebral area assigned to the hand

¢) No conceptionalization of peripheral nerve re-

construction methods
Too frequent recourse to mechanical devices and
operation procedures employing the muscles for
some existing movement in a paralyzed territory
so that the achieved movements have always been
mistaken for recovery; no comprehension of the
fact that the purpose should not be to simulate or
train purely mechanical movements

e) Although the research carried out throughout
the world has been highly sophisticated over the
past 2 decades, it has optimistically been interest-
ed in “a single cell,” organelle or growth factor
and most often such efforts are focused on other
methods than the “natural” ones of peripheral
nerve reconstruction

f) Faith in the evasive doctrines of degeneration-re-
generation of the injured and reconstructed pe-
ripheral nerve has been tolerated for too long;
conformity and passiveness have rendered the
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doubts cast on them unable to gain the strength
and momentum required to change the recon-
structive concept

g) The general principles of the reconstruction of
extremity soft parts have been widely developed
and extended over the past 30 years

h) Late division of surgery into distinct surgical
specialties

i) Slow development of magnifying devices and,
consequently, tissue manipulation equipment

j) Even 40 years after magnifying devices were first
used there is still confusion over what should be
reconstructed, procedures are eagerly and care-
lessly applied and “planning” is limited to the mi-
crosurgical technique

. Reconstructive microsurgery (RM) is a new concept.
Although the vision of reconstruction by neural
transplant belongs to Philipeaux and Vulpian (1870),
while Langhley and Hashimoto (1917) were the first
to consider fascicular reconstruction, the new surgi-
cal procedures were actually introduced as late as
1968, when Bora and Millesi made that giant leap for-
ward by creating worldwide receptivity to the idea of
soft part structure microsurgical reconstruction.

. Thirty years of the dissemination and improvement
of the concept of microsurgical reconstruction and
reconstructive microsurgical practice have led to
feedback that changed a series of precepts but also
raised many questions. Such developments are inev-
itable within and after real experience. The periph-
eral nerve microsurgical reconstruction concept is
closely connected to the mechanism of the recovery
of severed and microsurgically reconstructed pe-
ripheral nerves.

. Reconstructive microsurgery is a new concept, the

concept of microsurgical reconstruction of tissues

using specific means:

a) The operating microscope

b) Microsurgical instruments; bipolar coagulator

¢) Special microsurgical suture material

d) Microsurgical techniques specific to the types of
tissue to be reconstructed

e) Specialized surgeons equipped for reconstructive
microsurgery specific to that specialty

f) Special general anesthesia conditions

g) Special operating room conditions

h) Special intra- and postoperative care conditions
and a team trained and put together for this pur-
pose

. Significant changes to peripheral nerve surgery
were made primarily by the emergence of a new con-
cept of nervous system repair. Introducing the mi-
crosurgical concept, surgeons have tried to improve
the operating conditions, visualization and manipu-

lation of the delicate neural elements, to overcome
the great obstacle in the way of successful peripheral
nerve repair by introducing a new operating tech-
nique - the microsurgical reconstructive one.

. Classic epineural sutures are gradually being aban-

doned in favor of fascicular sutures.

. Of all the microsurgical peripheral nerve suture

techniques, the fascicular group suture is currently
the most appropriate for maximal recovery. Natural-
ly, in adequate technical conditions and when “there
is no alternative” the epiperineurial suture and espe-
cially the circumferential fascicular suture can prove
useful.

. In 1982, associated anastomosis of the main artery

of the nerve (0.2-1 mm in diameter) proved that in
70% of cases recovery was faster and better. The
most difficult thing about this anastomosis is not the
technical skill but finding the artery to which anas-
tomosis can be performed.

Considering the major defect created by strokes as
well as the data provided by the specialist literature
describing a vascular system that is in excellent con-
dition from an epiendoneural point of view, and the
importance of this artery in embryonic life, in 1982
I decided to associate fascicular group reconstruc-
tion of the peripheral nerve with the anastomosis of
the main artery of the peripheral nerve, i.e., the me-
dian nerve. There were two striking conclusions: (1)
the recovery period was reduced to half and its qual-
ity doubled; (2) there was concern for the safety of
the anastomosis carried out on a vessel 0.2—-1 mm in
diameter and the surrounding compressive fibrosis.

. How old the lesion is, the patient’s age and the mi-

crosurgical concept are the key factors on which the
level of recovery depends after a peripheral nerve le-
sion. Obviously, the shorter the post-traumatic peri-
od, the better the results. However, in young and
very young patients, the age of the lesion does not
represent a contraindication for grafting provided it
is done for the purpose of gaining at least the tactile
sensitivity.

There are several key reasons why I will not recom-

mend laborious reconstruction during the emer-

gency operation:

a) The injury is more or less contaminated, so, at
this point, it is more exposed to infection than at
the moment of the secondary operation.

b) The emergency procedures are basically meant
to provide first aid treatment. In general, one has
to be extremely lucky to come across a highly
skilled reconstructive plastic surgeon who hap-
pens to be on regular duty. Iatrogenic damage
(something that apparently can never be checked
retrospectively), added to the initial injury, will
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complicate and diminish the actual chance of re-
covery.

c) For the time being, the emergency exploration
cannot detect the extent of damage to the neural
tissue of the peripheral nerve; while at the next
stage, 3 weeks later, the length of the neuroma is
clearly “outlined” and the microsurgeon alone
has to perform appropriate, highly specialized
surgery.

Provided I had the authority to do so, I would

set up special regulations to be followed when

performing emergency operations.

e) There are exceptions: when, from the very begin-

ning, the patient is taken care of by a specialized
unit or if replantation is involved, an operation
that can be successfully carried out (i.e., with op-
timal motor and sensory results) only by a highly
skilled and experienced specialist; of course,
emergency reconstruction must have clearly de-
fined goals: bone alignment, blood vessel (arter-
ies and veins) repair, fixing the flexor and exten-
sor tendons when this is possible without com-
promising reconstructed vessels and nerve an-
choring, tegument suturing and immobilization
will certainly be part of the program.
This may seem a simple enumeration of recon-
struction stages and this may actually be the case
when the surgeons involved understand what
they are doing, the purpose of what they are doing
and that they did not learn their job from “hear-
say,” or “watching.” Reconstruction involves solid
knowledge and time-consuming study.
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As for the level of the lesion, I could not notice any
difference in the quality of the postoperative evolu-
tion of the peripheral nerves operated on within
6 months of the accident, regardless of the level of
injury (hand, forearm, arm, foot, calf, thigh).

The “surgical bed,” the associated lesions as well as
the number of surgical reinterventions (for exam-
ple, the cases in which two nerves have been affect-
ed or major arteries have been severed) are matters
that I find more important. In such cases the recov-
ery period increases and the quality of the recovery
is poorer. When the patient is young, no more than
6 months have passed since the accident and there
were no previous surgical interventions, the quality
of the repair can be as good as that in the case of on-
ly one severed nerve.

The most difficult moment is the adequate coapta-
tion according to the corresponding sensory and
motor groups. The only conclusion at this point is
that a rapid and safe intraoperative identification
method would be really helpful; until then relying
on the “common sense” of sight and orientation

13.

under the operating microscope remains the only
available option.

As for the length of the nerve defect, the longest
nerve defects covered by grafts measured 28 cm. I
am not in the least convinced of the point held by
many specialized studies that the longer a defect
the poorer the postoperative results. To my sur-
prise, the sensitivity level tests carried out on dif-
ferent lengths of defects within the first 30 days af-
ter the operation proved the presence of hypoes-
thesia, then of tactile sensitivity in 80 % of the graf-
ted median and posterior tibial nerves within a pe-
riod of 7-30 days after the operation, as well as
some degree of finger flexion in the high median
nerve lesions or finger extension in external popli-
teal sciatic nerve lesions.

I will not question the tendency of the peripheral
nerve to “grow” through its axonal buds especially
if the proximal stump meets optimal requirements:
clean section after delimiting the neuroma through
excision. But the problem of the distal stump, of
leading the nervous impulse from the proximal to
the distal and vice versa plays, in my opinion, a ma-
jor role in the quality of the restored fiber continui-
ty. Under the present circumstances a good fascicu-
lar reconstruction is the most we can hope to
achieve. When the peripheral nerve fiber becomes
as important as the fascicle is now for reconstruc-
tion, I contend that the recovery will be almost “in-
stantaneous,” taking no longer than a current neu-
ropraxis. The fact that proximal regeneration is
better than the distal one is due to the multiplica-
tion of the nerve fascicles and, moreover, of nerve
fibers, a multiplication that is greater distally, re-
sulting in the higher stakes of coaptation and a
greater difficulty in properly and technically carry-
ing it out according to the standards of the year
2005. The problem of coaptation in fewer and
“coarser” structures such as the ones at brachial
plexus or arm level has been largely solved, but in
the matter of “perfect” distal coaptation we are still
some way behind. The special means (operating
microscope, instruments, suture materials) per-
mitting recovery will be, figuratively speaking, “in-
stantaneous,” as it happens in neuropraxis.

This is how I explain why in a higher lesion, where
there are one to two or very few fascicles, the result
is, “say,” equivalent to 8 mm a day. In reality things
are much more “serious”; there may be many more
millimeters a day, something I have observed all
too often.

It has been a long time since I first made the
same remark concerning the length of grafted
nerve defects as well as the level of such defects:
at the plexus, brachial, or antebrachial plexus the



11 Recent Conclusions Regarding the Reconstructive Microsurgery of Peripheral Nerves

85

14.

15.

16.

17.

nerve defects quite often reach over 20-25 cm in
length. Bearing this in mind, what kind of expla-
nation for regeneration can we produce for the
current use of the truncal ulnar nerve as a nerve
graft in older than 6 months - 1 year, in serious
brachial plexus lesions (i.e., involving all the com-
ponents), and in adults over 40-55, resulting in
regaining flexion 8-12-21 days after the opera-
tion?

With respect to the location of the lesion and the
length of the nerve defect, any time there is tension
“to the limit” upon the future suture line, one must
choose between under tension suture and nerve
grafting. The specialist literature maintains that in
3- to 4-cm-long defects the nerve graft should be
taken into consideration. In reality, in median
nerve lesions, the 2- to 3-cm-long defects can be
“compensated” by proximal and distal mobiliza-
tion of the nerve. Things are different in the case of
ulnar nerve defects in the proximal or median third
of the forearm, where 1-cm-long defects definitely
need grafting.

In small 1- to 2.5-cm-long ulnar nerve defects, I ob-
tained better results after using the dorsal sensory
branch of the ulnar nerve rather than a sural nerve
segment as a donor nerve.

Drawing from Millesi’s understanding of the epi-
nerve conjunctive tissue, since 1981 I have regard-
ed the excision of the graft epinerve (at the graft ex-
tremities) as a reasonable and useful decision. It in-
creased the chance of comfortable and high quality
fascicular alignment during the operation and the
postoperative reinnervation.

Nerve graft harvesting requires special attention
and therefore all the grafts were harvested “by
sight,” through an incision covering the whole
length to be excised, without any traction-stretch-
ing (knowing that a 15% stretching compromises
the nerve), so that the only conjunctive tissue sur-
rounding the nerve would be the inner layer of the
epinerve.

The 41 patients who underwent vascularized sural
nerve graft and microvascular anastomosis are not
enough to enable us to draw certain conclusions.
That is why the fact that 38 patients with vasculari-
zed grafts recovered exceptionally well may be
purely coincidental. Nevertheless, the results
achieved in such a short period of time are excep-
tional when compared with those obtained by com-
mon microsurgical grafting.

In 1985 I resorted to international experience in us-
ing vascularized nerve grafts, being persuaded by
the importance of adding vascularization to pe-
ripheral nerve reconstruction.
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I do not believe in the usefulness of the anterior ul-
nar nerve transposition in the cases indicated by the
specialist literature. Higher lesions have less chance
of perfect recovery of the intrinsic musculature, but
the big deep flexors can still recover. If transposi-
tion is carried out, the motor fascicles for the deep
flexors are most often severed or stretched; in other
words they are pointlessly sacrificed. A nerve graft
is therefore indicated and preferred.

In case of “continuity lesions” or peripheral nerve
lesion of the 6th degree, the diagnosis during the
operation is necessary although it is very difficult
to accurately identify the site of the lesion, the
number of affected fascicles and the margins of the
lesion. These data can be obtained as a result of a
painstaking, irreproachable internal neurolysis,
and thus reconstructive surgical intervention can
proceed. The annoying, “endless” continuity le-
sions can however be carefully delimited. The ab-
sence of vascularization on a portion of the nerve
affected by this kind of lesion, and the conjunctive
tissue of the epinerve with its interfascicular exten-
sions, become a valuable guide for identifying the
“limits” of this type of lesion. By feeling the nerve
segment and permanently comparing it with the
rest of the peripheral nerve, the surgeon may find
signs of empty tube, more fibrous, more sclerotic
content. Most frequently, if not always, the “conti-
nuity lesions” need healthy tissue excision and
grafting of the initial nerve defect. The neurolysis
alone is not able to sustain recovery of the injured
peripheral nerve territory.

In cases of median and/or ulnar nerve paralyses,
severe sequelas such as a neglected Volkmann, or
severe, prolonged nerve ischemia, spectacular re-
sults can be achieved following fasciotomy and the
restoring of nervous continuity even by using nerve
grafts, but only if the deep flexor muscular mass
still has “survival” chances.

In lesions due to nerve stretching, we believe that
neurolysis “alone” is useless, the only real opportu-
nity to recover being provided by healthy tissue ex-
cision and covering the defect by nerve graft.

Daily monitoring of the operated patient up to the
12th day for direct coaptation and the 21st day for
indirect coaptation (nerve transplants) proved the
presence of hypoesthesia and tactile sensitivity on
the 3rd, 7th and 14th days after the operation, on
previously inert areas. They are clearly outlined on
the 21st day following the operation. Timid flexion
or extension movements and even incomplete and
inaccurate flexions and extensions were evidenced
during the same interval. Peripheral and less than
peripheral movements were also evidenced in the
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Fig. 11.1. Peripheral nerve microsurgical fascicular suture in
fascicular groups. Note the removal of the nerve sheath, the
epineurium, as well as the aligned, already sutured (coapted)
fascicular groups

15- to 30-day interval following microsurgical re-
construction by long nerve transplants in complete
brachial plexus paralyses and therefore reconstruc-
tions of “four out of five nerves.” These observa-
tions do not confirm the current physiopathologi-
cal explanations provided by the international spe-
cialist literature on nerve recovery. I am certain
that new theories on the recovery or so-called “ re-
generation” of the operated post-traumatic periph-
eral nerve will soon become available.

In 1980-1981, I observed the presence of the Tinel
sign in the distal finger extremity after fascicular
group reconstruction of the peripheral nerve 3 -5-
7 days after the operation. In 1982-1983, anxious
that I could not find the Tinel sign in the same loca-
tion within the same time lapse, at the patients’ in-
sistence that they “could feel” the previously insen-
sitive part, I started to closely monitor them for I
could not believe them, since the peripheral nerve
degeneration-regeneration theory said otherwise.
After 1 year, I was positive that in 3 -4-7 days, sev-
eral disparaged hypoesthesia areas did appear on
the initially denervated area and that by the
21st day they had extended over the entire previ-
ously denervated surface. In the absence of an ob-
jective factor I began to require the patient to very
carefully attempt some basic movements that had
been abolished before the operation. I thus realized
that the movements frequently appeared 6-8-
21 days following the operation. As I gained micro-
surgical experience, such movements began to ap-

Fig. 11.2. Anastomosis of the main artery of the nerve, magni-
fied 25 times

23.

pear as a matter of course in patients who met the
essential conditions for good recovery: time lapse
since the accident, younger than 45, fascicular
group reconstruction.

I think somehow the post-traumatic peripheral
nerve degeneration-regeneration theory has blocked
our minds and we ignore one simple fact: any major
trauma produces disorder of which the conjunctive
tissue takes advantage, at the expense of noble tis-
sues. When the skin is cut and no reconstruction
succeeds, when our organs are badly traumatized
and injured and there is no reconstruction after-
wards or if the natural tissue order is not restored, is
there anything to prevent cell destruction and to
help the body part resume its function? The same
happens when a neuroma is formed proximally and
distally by means of an edema, disorientation, stu-
por, loss of direction and continuity, to which the
conjunctive tissue is added to drive the last nail into
the coffin, increasing the reaction to trauma of the
peripheral nerve fascicles-fibers.

The neuroma is not the result of degeneration, de-
generation being the result of trauma and conjunc-
tive tissue invasion. This mechanism reduces the fas-
cicle and endoneurial tube diameters, resulting in
the lack of normal supply of nutrients, by deficit to
the proximal stump, and by absence to the distal one.
Why is it that following secondary coaptation in due
time, i.e., after continuity was resumed, degenera-
tion and regeneration phenomena fail to follow the
same pattern? Were they not severed and then su-
tured?! Deeper understanding of the phenomena and
more adequate surgical means to suit the new level of
understanding will create the opportunity for more
rapid and higher quality recovery. Undoubtedly, in
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Fig. 11.3. Image exemplifies epineurial delimitation at the level
of nerve graft segment extremities, and its excision

24.
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the future, when the peripheral nerve fiber suture
becomes possible or genetic engineering takes
over, the results will no longer have to be improved.
Why cling on to the 8 mm/day regeneration? Twen-
ty years ago, when I completely believed in the
1-3 mm/day of peripheral nerve regeneration, I re-
alized that this rate was not at all real.

As long as a peripheral nerve can recover 90 % fol-
lowing microsurgical reconstruction with or with-
out nerve grafting, if the time lapse since the acci-
dent was optimal, if the patient is of the right age, if
the reconstructive indication is adequate and if the
microsurgeon does his/her best, why believe that a
much better reconstruction, at the fiber level for
example, or maybe with more accurate means,
must fall under the “theory” instead of changing
the theory by updating it to suit the needs of today
and, especially, those of the future?

None of the patients who underwent peripheral
nerve microsurgical transplant on peripheral
nerve defects needed palliative surgery.

None of the more than 3,000 patients with micro-
surgically operated on peripheral nerves displayed
any suppurating complication. During the opera-
tion or within the first 3 h after the operation, four
patients suffered ruptures along the suture line of
the peripheral nerve; the suture was redone 24 h
later.

Limb replantations have a special status; there is a
very strict “order” of carrying out the surgical in-
tervention, an order set forth by the most outstand-
ing microsurgeons in the world, which proves rea-
sonable and relatively “simple.” Yet, I would make

Fig. 11.4. The Volkmann syndrome: extensive fibroses of mus-
cles in two children. Surgery consisted of forearm fasciotomy,
lengthening of deep flexor tendons, excision of musculus pro-
nator teres, and microsurgical reconstructions in two stages, at
2 and/or 3 months, of the median, ulnar nerves with nerve graft

27.

one observation: I only performed a small number
of replantations (24, 23 of which were successful)
and I may not be entitled to such a remark, but my
experience with peripheral nerve surgery leads me
to believe that in the case of replantation operations
the emergency intervention should be restricted to
the simple nerve anchoring. Nerve continuity
should be restored in a secondary intervention,
quietly, under less pressure.
Although the solution does not follow the recom-
mendations of the specialist literature, which
maintains that peripheral nerve continuity be re-
stored during the emergency intervention, I rec-
ommend anchoring as the most effective solution
for the time being.

Here are the arguments in favor of this option:

a) It is impossible to determine the total length of

the peripheral nerve lesion, the essential condi-

tion for a maximal result.

Prolonged exposure of the fresh arterial and ve-

nous anastomoses can compromise replanta-

tion.

c) The already long duration of general anesthesia
- usually from 6 to 12 h - may lead to vital, un-
foreseen complications; such cases usually refer
to patients with an unknown medical history.
Replantation is out of the question in a room
without adequate personnel and equipment
(microsurgeon, operating microscope, micro-
surgical instruments, proper conditions for lon-
ger general anesthesia: 6-8-10-12 h).

b

~

Concerning brachial plexus reconstructions of
post-traumatic paralyses, I have reached the fol-
lowing additional conclusions:

The need to bypass the fibrosclerotic formation to
avoid accidental rupture of the vessels with ex-
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Figs. 11.5, 11.6. Result at 21 months in the first child

tremely fragile walls traumatized during the acci-
dent.

The length of defects along the root-trunk-fascicle-
nerve pathway is not relevant as long as there are
adequate nerve graft sources.

It is preferable to use the truncal nerve grafts at
least for connections with the nerves that have pri-
ority.

No matter how dim their prospects appear to be,
the remaining roots should never be left out.

In most cases of brachial plexus paralyses due to
avulsion-pulling outstretching vascular damage is
equally severe; therefore, I believe it is extremely
useful and advisable to perform routine antebra-
chial fasciotomy during plexus reconstruction.

Special conclusions on functional free flap transfer:

Free microsurgical muscular transfer for the pur-

pose of hand motor function recovery can only be

carried out if certain requirements concerning the

host area are met, such as:

a) Very good sensitivity on the territory of the pal-
mar and digital median nerve

b) Absence of any contractile muscles at the level
of the forearm

¢) Existence of free joints at the metacarpophalan-
geal and interphalangeal levels

d) The patient has the will

Figs. 11.7-11.9. Replantation case

Old facial paralysis treatment. To select the optimal
donor nerve that can be used in the host area is of-
ten difficult in very old facial paralyses. In the best
cases, such as facial paralyses after the excision of
tumors, the free transfer of muscle together with
nerves often makes the remaining facial nerve
stump reusable. The function of the transferred
muscle innervated by a former facial nerve is al-
ways superior to that of the muscle innervated by a
hypoglossal or trigeminal nerve even if a nerve
graftisinserted.



11 Recent Conclusions Regarding the Reconstructive Microsurgery of Peripheral Nerves

89

Figs. 11.10, 11.11. Progressive
facial hemiatrophia. Recon-
struction of face contour: the
vessels of the latissimus dor-
si free flap were anasto-
mosed to the facialis vessels.

One year later, the aesthetic , h e
free flap modeling was per- y 3 ), 3
formed L \ o oa L 4

Combination with “cross-face” type nerve grafts
for the purpose of facial reanimation: the recon-
structive operation described by the international
specialist literature consists of two stages separated
by 6- 10 months: The first stage involves the trans-
portation of the cross-face nerve graft, the second
one focuses on providing its connection with the
muscle nerve that is subject to free vascularized
transfer.

The following considerations influenced my deci-

sion to join the two stages into one and the same

operation:

a) My experience and observations concerning pe-
ripheral nerves.

b) When the gracilis muscle is subject to a free
transfer for covering an antebrachial muscular
defect, there is no need for postponing nerve re-
pair.

c) “The size” of the host nerve (mandible, zygo-
matic branch). It is hard to believe that in such
delicate facial dissections, upon delimitation of
the neural and vascular elements, fibroses will
not appear around them, thus compromising at
least part of these valuable elements. Why then
have a second stage and inevitably further pro-
duce fibrosis since element delimitation be-
comes even more difficult? It is a pity that, once
delimited, the nerve fibers, which are invisible to
the naked eye, be deprived of continuity before
postoperative fibrosis starts to affect them.

The local conditions of the face, with its entire

vascularization, determine the rapid destruc-

tion of the non-innervated nerve graft. In this
case, the motor plate cannot act as a stimulus to
innervation recovery as the nerve graft lives

through its function or the beginning of its im-

pulse leading function.
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e) Ifin cases of replantation or revascularization I
am in favor of a secondary nerve repair opera-
tion, in this case, I believe that primary repair is
crucial for the quality of the free muscular
transfer; without it the free transfer is useless. I
am thinking of the delicate function of the facial
expressiveness, control of the mouth commis-
sure and the opening-closing of eyelids.

The one stage surgery that I propose consists of

the following operation steps:

aa) Delimiting the mandible branch and, if pos-
sible, the zygomatic component of the unaft-
fected facial nerve.

bb) Harvesting the sural nerve graft without
pulling it out.

cc) Indirect coaptation of the nerve graft to the
unaffected end to the mandible branch of the
facial nerve (and, possibly, to the zygomatic
component) as well as nerve tunneling strict-
ly beneath the skin, usually on the upper and/
or lower lip and bringing the remaining free
end of the graft to the affected side of the face.

dd) Harvesting the anterior serratus muscle
(the last three branches) with the corre-
sponding neurovascular pedicle.

ee) Free transfer and positioning of the anterior
serratus digitations at the level of the affect-
ed side of the face, “spreading” and fixing
the muscular digitations to the mouth com-
missure, the upper and lower eyelids.

29. My microsurgical experimental studies on the re-

construction of the rabbit ear nerves proved the ex-
istence of fiber continuity in all the histopathologi-
cal examinations performed. The rabbit’s ear con-
tains extremely fine nerves, with no more than two
to four fibers.
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The histopathological examinations performed on
the 500 neuromas of the classic sutures on large
nerves such as the median, ulnar and radial ones
constantly revealed the absence of fascicular conti-
nuity. Only a tiny fraction of neuromas displayed
some partial level of fiber continuity, the rest of the
section being filled with classic suture threads and
granulomas within the conjunctive tissue.

The histopathological examinations carried out on
the experimental vascular anastomoses of the rab-
bit’s ear (over 100 arteries and veins 0.2-1 mm in
diameter) between 1980 and 1985 revealed a 90.2 %
success rate.

Reconstructive microsurgery cannot be successful-
ly performed in haste. Any seemingly minor mis-
take will compromise the entire 3 -6-12 h work.

Peripheral nerve reconstructive microsurgery
complementary treatment:

The limb segment that underwent operation for re-
construction purposes is maintained in an elevated
resting position. This means that:

A peripheral nerve reconstruction of the direct co-
aptation type at the hand-forearm level needs seg-
ment resting and immobilization in plaster splints
over a 22-day period, then immobilization ends but
another 30 days for one nerve and 45 days for two
reconstructed nerves are needed before starting
practicing passive and active movements; for
6 months physical effort is not recommended, and
that includes lifting weights over 1 -2 kg.

A peripheral nerve reconstruction of the indirect
coaptation type located in the same region follows
the same indication but the patient needs addition-
al sick leave days and cannot start practicing hand/
forearm movement within 45 days of the operation.

Figs. 11.12, 11.13. Old facial
nerve paralysis: One stage
surgery, free flap transfer of
serratus anterior muscle in-
nervated with sural nerve
graft 12-22 days after the
operation; the patient dis-
played obvious contractions
of the affected mouth com-
missure and upper eyelid

It also involves special care for the donor area to en-
sure physiological healing.

A brachial peripheral nerve or nerve reconstruc-
tion by direct or indirect coaptation needs a 30-day
period of bed rest immobilization in order to avoid
the weight of the limb segment; the same recom-
mendations apply here.

Cranial-facial peripheral nerve reconstructions
usually need a 14-21-day period of “immobiliza-
tion,” which is actually meant to avoid tension and
edema in the region; the patient can return to work
if the operated area is protected from cold or ma-
neuvering, but the doctor may recommend an ad-
ditional 14-day sick leave.

Pelvic extremity peripheral nerve reconstructions
require total bed rest in the recommended position
so as not to produce tension on the reconstruction
line or lines; this compulsory 30-day immobiliza-
tion period is followed by another 2 months (which
are part of the sick leave) when, for 6 weeks, the pa-
tient is allowed to walk without touching the
ground with the operated limb and then to walk
with a cane for the remaining 2 weeks.

Brachial plexus reconstructions involve bed rest
immobilization in a pseudo-Dessault, horizontal
position, avoiding tensions between the neck-cer-
vical region and the operated area, preventing the
thoracic extremity from exerting pressure through
its weight, without the least amount of tension on
the usually multiple reconstruction lines; move-
ment from the logical positions is forbidden in or-
der to preserve the chances for the best possible re-
sults. If the patient’s job provides little guarantee
for the safety of joint mobilization to maintain the
allowed amplitude, it is safer and more advisable to
immobilize the patient for a month than risk cop-
ing with an important deficit throughout the pa-
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tient’s life. Usually, after such reconstructions, pa-
tients need a 6- to 12-month sick leave to gather
strength and energy and to concentrate on the ex-
ercises and workouts they need to do.

All the recommendations in the case of hand-fore-
arm grafting apply to peripheral nerve reconstruc-
tion upon replantation.

After the end of the compulsory immobilization
periods, i.e., the intervals following the 22 days -
1 month period after the operation, the passive and
active gradual mobilization of the reconstructed
segment components must begin. The idea is that
this mobilization must be performed by the patient
from the very beginning, even if the patient is a
child, since the patient’s mental cooperation is in-
dispensable after this type of reconstruction, in or-

34.

Figs. 11.14-11.19. Eye-socket reconstruction, mobile upper eyelid, lower eyelid, eyebrow

der to regain the kind of movement any patient
wants, that is to regain the normal movement abili-
ties before the accident, with the obvious limita-
tions in each patient’s case, but always comparing it
with the function of the healthy, non-traumatized
opposite limb segment. Cooperation and results
will completely depend on such “details.”

Diapulse-therapy associated with surgery facili-
tates axonal growing and breaking of the barrier at
the suture level. This is proved by the presence of
the Tinel sign between the metacarpophalangeal
joint (MPJ]) and the third phalanx (F3) during the
first 3 days following the operation in all the pa-
tients who underwent fascicular suture associated
with diapulse therapy (DPT).
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In the 1980s, in the Plastic Surgery Clinic, Professor
Agrippa Ionescu gained a lot of experience con-
cerning the role of the electromagnetic field in
treating burns. His conclusions, i.e., reduction of
the edema, cell membrane repolarization, became
arguments in favor of using diapulse therapy as a
complementary treatment to be employed immedi-
ately after microsurgical reconstruction. The ulti-
mate conclusion was that every time DPT treatment
was associated with fascicular group reconstruc-
tions for 12-21 days, the period in which the Tinel
sign emerged dropped from 3 -7 days to 2 - 3 days.

We started from the following assumptions:

a) DPT increases blood flow, enhances circulation
and, therefore, raises the oxygen level in the tis-
sues.

b) In case of circulatory disorder, which is always
present in the post-traumatic-postoperative
period, by restoring the electric potential of
cells, DPT also restores their function, reduces
circulatory disorder, and causes the edema to
shrink or disappear along with all its negative
consequences, such as distension, pain, and the
emergence of scar tissue.

Figs. 11.20-11.24. Complete brachial
plexus palsy reconstruction of the bra-
chial plexus, completely paralyzed, is
performed by sural nerve grafts,

6-12 cm long, between the medial, lat-
eral fascicles to the median, musculo-
cutaneous, ulnar nerves as well as the
neurolysis of the posterior fascicle (ra-
dial and axillary nerves). Two months
after reconstruction useful extension of
fingers and hand can be performed
(Fig. 10.20). Six months after surgery,
complete extension of fingers and hand
(Fig. 10.21); efficient flexion of the fin-
gers (Fig. 10.22); flexion of the forearm
to the arm (Fig. 10.23); and supination
(Fig. 10.24) can be performed

35. It is vital that the results be assessed for groups of

patients operated on by one and the same surgeon-
microsurgeon. Apparently the same technique, ap-
plied to apparently the same category of patients,
can yield opposite results or just a minimal im-
provement in comparison with results following
conventional surgery. At present, as a result of mi-
crosurgical interventions, in the best of cases
(within a 6-month period after the accident in pa-
tients younger than 45 years), recovery can reach
75-90%. These are the real parameters of authen-
tic reconstructive microsurgery. We should never
encourage microsurgeons to achieve results that
only show some improvement in comparison with
the results yielded by classic techniques and be
content with the patient’s satisfaction with such
minimal improvements. Patients may be happy
even with a 10-20 % improvement, but they are not
in a position to estimate their real chance of “maxi-
mal” recovery. The surgeon alone can justly appre-
ciate what was achieved and what might have been
achieved. Therefore high quality microsurgery can
only be performed by doctors with a high level of
professional conscience.
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36. Itis important that these microsurgical procedures

be constantly evaluated and openly compared with
conventional methods not only from a functional
and aesthetic point of view, but also taking their ac-
tual cost into account. Microsurgery has the poten-
tial to reduce the number of hospital days, the peri-
od of functional handicap and, more importantly,
it provides good prospects for total, or almost total,
functional recovery. It is clear that over the next de-
cade microsurgeons must include social consider-
ations alongside medical ones when they evaluate
their work.

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Terzis JK (1987) Microreconstruction of nerve injuries.
Saunders, Philadelphia

Terzis J, Smith KK (1990) The peripheral nerve structure.
Function and reconstruction. Raven, New York

. Terzis JK (1987) Microreconstruction of nerve injuries.

Saunders, Philadelphia

. Rollin D, Terzis JK (1977) Reconstructive microsurgery.

Little Brown, Boston

. Jewett DL, McCarroll HR (1980) Nerve repair and regener-

ation. Mosby, New York

. Buncke HJ (1991) Microsurgery: transplantation-replan-

tation. Lea and Febiger, Philadelphia

. King M, Bewes P (1987) Trauma. Oxford Medical Publica-

tions, Oxford

. Harii Kiyonori (1983) Microvascular tissue transfer-fun-

damental techniques and clinical applications. Igaku-Sho-
in, Tokyo

. Mathes SJ, Nahai F (1982) Clinical applications for muscle

and musculocutaneous flaps. Mosby, New York
Jurkiewicz M]J, Krizek TJ, Mathes S], Aryan S (1990) Plastic
surgery. Mosby, New York

Strauch B, Vasconez LO, Hall-Findlay EJ (1990) Grabb’s en-
cyclopedia of flaps. Little Brown, Boston

Bostwick J III (2000) Plastic and reconstructive breast sur-
gery. Quality Medical Publishing, St Louis, Missouri
Georgiade GS, Riefkohl R, Levin Scott L (1997) Plastic,
maxillofacial and reconstructive surgery. William and
Wilkins, Baltimore

Aston SJ, Beasley RW, Thorne CH (1997) Grabb and
Smith’s plastic surgery. Lippincott Williams and Wilkins,
Philadelphia

Denischi A, Proca E (1988) Ionescu doinavol III - Ortope-
dia/Tratat de patologie chirurgicala. Editura Medicala, Be-
uresti

Green DP (1988) Operative hand surgery, 2nd edn. Chur-
chill Livingston, New York

Tonescu D (1989) Mircochirurgia nervilor perfierici. Edi-
tura Medicala, Beuresti

Ionescu D (1995) Microchirurgia reconstructive in Roma-
nia. Editura Vinea, Beuresti

Dumitrescu-Ionescu D (1999) Microchirurgia reconstruc-
tiva. Editura Medicala, Beuresti

Porth Mattson C (1990) Pathophysiology - concepts of al-
tered health stales. Lippincott, Philadelphia

Kandel ER, Schwartz JH, Jessell TM (2000) Principles of
neural science. McGraw-Hill/Health Professions Division,
New York

Adams RD, Maurice V (1994) Principles of neurology.
McGraw-Hill / Health Professions Division, New York

23.

24.

25.

26.

27.

28.

29.

30.

31

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

Lindsay KW, Bone I (2001) Neurology and neurosurgery
illustrated. Churchill Livingstone, Edinburgh

Silbernagl S, Lang F (2000) Color atlas of pathophysiology.
Thieme, Stuttgart

Fuller G (2004) Neurological examination made easy.
Churchill Livingstone, Edinburgh

Arslan O (2001) Neuroanatomical basis of clinical neurol-
ogy. Parthenon, Lancester

Snell RS (2001) Clinical neuroanatomy. Lippincott Willi-
ams and Wilkins, Philadelphia

Atwood HL, Me Kay WA (1989) Essentials of neurophysiol-
ogy. Decker, New York

Wilson-Pauwels L, Akersson JE, Steward AP (1988) Cranial
nerves, anatomy and clinical comments. Decker, New York
Berger AR, Weiss A-P (2004) Hand surgery. Lippincott /
Williams and Wilkins, Philadelphia

Weisberg LA, Strub RL, Garcia CA (1987) Decision making
in adult neurology. Decker, New York

Sabin TD, Swift TR, Jacobson RR (1993) Leprosy. In: Dyck
PJ, Thomas PK (eds) Peripheral neuropathy. Saunders,
Philadelphia, pp 1354-1379

Bosch EP, Mitsumoto H (1991) Disorders of peripheral
nerves. In: Bradley WG, Daroff RB, Fenichel GM, Marsden
CD (eds) Neurology in clinical practice. Butterworth-Hei-
nemann, Boston, pp 1720-1726

Stewart JD (1993) Focal peripheral neuropathies. Raven,
New York

Bracker MD, Ralph LP (1995) The numb arm and hand.
Am Fam Physician 51:103-116

Thomas PK, Ochoa J (1993) Symptomatology and differ-
ential diagnosis of peripheral neuropathy. In: Dyck PJ,
Thomas PK (eds) Peripheral neuropathy Saunders, Phila-
delphia, pp 49-74

Clinics in Plastic Surgery, 1983 -1999. Saunders, Philadel-
phia

Clinics in Plastic Surgery, 2002 - 2005. Saunders, Philadelphia
Plastic and Reconstructive surgery. 1990-1999. Lippin-
cott, Williams and Wilkins, Philadelphia

Yoon Ho Lee, Hyun Chul Kim, Jae Seung Lee, Weon Jin
Park (1999) Surgical reconstruction of the contracted or-
bit. Plast Reconstr Surg 103:1129-1138

Fu-Chan Wei, Ferit Demirkan, Hung-Chi Chcn, I-How
Chen, Chun-Ta Liao, Sheng-Po Hau (1999) Management of
secondary soft tissues deficits following microsurgical
head and neck reconstruction by means of another free
flap. Plast Reconstr Surg 103:1158-1166

Kazuki Ueda, Kiyonori Hani. Atsushi Yamada (1994) Free
neurovascular muscle transplantation for the treatment of
facial paralysis using the hypoglossal nerve as a recipient
motor source. Plast Reconstr Surg 94:808 -817

Henk Coert J, Lee Dellon A (1994) Clinical implications of
the surgical anatomy of the sural nerve. Plast Reconstr
Surg 94:850-855

Kazuya Matsumoto, Hideki Nakanishi, Yoshio Urano, Hi-
roaki Nagae (1999) Lower eyelid reconstruction with a
cheek flap supported by fascia lata. Plast Reconstr Surg
103:1650-1660

Kanaya F, Firrell ], Tsai T-M, Breidenbach WC (1992) Func-
tional results of vascularized versus nonvascularized
nerve grafting. Plast Reconstr Surg 89:924-930

Gurhan Ozcan, Saleh Shenaq, Batool Mirabi, Melvin Spira
(1993) Nerve regeneration in a bony bed: vascularized ver-
sus nonvascularized nerve grafts. Plast Reconstr Surg
91:1322-1331

Kazuki Ueda, Kiyonori Harii, Atsushi Yamada (1994) Long
term follow up of nerve conduction velocity in cross FACE
nerve grafting for the treatment of facial paralysis. Plast
Reconstr Surg 93:1146-1149



94

1"

Recent Conclusions Regarding the Reconstructive Microsurgery of Peripheral Nerves

49.

50.

51.

52.

53.

54.

55.

56.

57.

Capek L, Clarke HM, Curtis CG (1998) Neuroma-in conti-
nuity resection: early outcome in obstetrical brachial plex-
us palsy. Plast Reconstr Surg 102:1555 - 1564

Yuhei Yamamoto, Hidehiko Minakawa, Tsuncki Sugihara,
Yoshihisa Shintomi, Kunihiko Nohira, Tetsunori Yoshida,
Hiroharu

Igawa, Takehiko Ohura (1994) Facial reconstruction with
free-tissue transfer. Plast Reconstr Surg 94:483 -489
Georgio C, La Scala R, Sean B, Clarke HM (2003) Compli-
cation of microsurgical reconstruction of obstetrical bra-
chial plexus palsy. Plast Reconstr Surg 3:1383-1390
Johnson PJ, Bajaj-Luthra A, Llull R, Johnson P (1997)
Quantitative facial motion analysis after functional free
muscle reanimation procedures. Plast Reconstr Surg 100:
1710-1722

Muzzafer Altintas, Yagmur Aydin, Akin Yucel (1998) Eye
socket reconstruction with the prefabricated temporal is-
land flap. Plast Reconstr Surg 102:980 - 987

Kiyonori Harii, Hirotaka Asato, Kolaro Yoshimura, Yasus-
hi Sugawara, Takashi Nakatsuka, Kazuki Ueda (1998) One
stage transfer of latissimus dorsi muscle for reanimation of
a paralysed face: a new alternative. Plast Reconstr Surg
102:941-951

Tad HR, Cowper PA, Levin S (1999) Microsurgery costs
and outcome. Plast Reconstr Surg 104:89-96

Akihico Takushima, Kiyonori Harii, Hirotaka Asato, Akira
Momosawa (2005) Revisional operation improve results of

58.

59.

60.

61.

62.

63.

64.

neurovascular free muscle transfer for treatment of facial
paralysis. Plast Reconstr Surg 116:371-381

Adani R, Trallo L, Marcoccio I, Cipriani R, Gelati C, Inno-
centi M (2005) Hand reconstruction using the thin antero-
lateral thigh flap. Plast Reconstr Surg 116:467 -478

Aleid CJ, Ruijs JB, Jaquet S, Kalmijn S, Hovius ER (2005)
Median and ulnar injuries: a meta-analysis of predictors of
motor and sensory recovery after modern microsurgical
nerve repair. Plast Reconstr Surg 116:484 -495

Ugrenovic Z, Sladijana J, Ivan D, Vasovic PL, Stefanovic N,
Kovacevic T, Predrag S, Vesna R (2005) Neurovascular
stalk on the superficial sural flap: human fetus anatomical
study. Plast Reconstr Surg 116:546-551

Rose EH (2005) Autogenous fascia lata grafts: clinical ap-
plications in reanimation of the totally or partially para-
lyzed face. Plast Reconstr Surg 116:20-33

Chwei-Chin Chuang D, Mardini S, Hae-Shya M (2005) Sur-
gical strategy for infant obstetrical brachial plexus palsy:
experience at Chang Ciung Memorial Hospital. Plast Re-
constr Surg 116:132-145

Yates YJ, Farias CL, Kazmier FR, Puckett CL, Concannon
M]J (2005) Plastic and reconstructive surgery, vol 116. Lip-
pincott Williams and Wilkins, Philadelphia, pp 205-222
Bulstrode NW, Harrison DH (2005) The phenomenon of
the late recovered Bell’s palsy: treatment options to im-
prove facial symmetry. Plast Reconstr Surg 115:1466 - 1480



