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Abstract Introduction Posttraumatic brachial plexus injuries are devastating, as the brain
and spinal cord are disconnected from the upper limb. Restoration of elbow flexion
has been widely recognized as the primary objective of nerve reconstruction. In the
absence of utilizable (ruptured) root stumps in the neck, one has recourse only to
nerve transfers. The direct transfer of intercostal nerves to the musculocutaneous
nerve is one of the techniques that has been commonly employed over the past four
decades. However, the outcomes of this procedure cited in the literature have varied
considerably. The patient’s age and the delay from the accident to surgery have been
known to affect the results of nerve reconstruction operations. The authors present a
study of the effect of these parameters on intercostal nerve transfers.

Methods The data of 232 patients with total and near-total brachial plexus injuries
treated by the senior author between April 1995 and December 2015 was examined.
Intercostal nerve transfers were used for the restoration of biceps function in each of
these patients. The outcomes were tabulated, and the correlation with the age and the
delay before surgery was examined.

Results The strength of the biceps regained was better in patients younger than

Keywords 30 years old and those operated upon earlier than 6 months from the accident. The
= brachial plexus injury  differences in outcomes were found to be statistically significant (p = 0.001 for preop-
= elbow flexion erative delay and p < 0.005 for the patient’s age).
reconstruction Conclusion The results give clear proof of the significant effect of the age and pre-
= intercostal nerve operative delay on the outcomes of intercostal nerve transfers for restoration of biceps
transfer function. These findings can serve as pointers to help the surgeon in choosing the
= preoperative delay method of nerve reconstruction in a given case.
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Introduction

Brachial plexus lesions result in a disconnection of the
upper limb nerves from the spinal cord and brain. Surgery
aims to restore function in some of the paralyzed mus-
cles to improve the control of the flail limb. Elbow flexion
has been recognized as the most important function to be
restored in adults in this type of injury."? This function can
be achieved through the reinnervation of elbow flexors
from ruptured roots suitable for grafting or through nerve
transfers.> When possible, intraplexual nerve transfers
are preferred. In total or near-total brachial plexus inju-
ries, we are usually forced to resort to using extraplexual
donor nerves. These include the intercostal nerves, the
spinal accessory nerve, the phrenic nerve, and contralat-
eral C7 root.* Intercostal nerves have been used to target
the lateral cord, the musculocutaneous nerve, or even the
biceps nerve branch.”? Direct intercostal nerve transfer to
musculocutaneous nerve is recommended, avoiding inter-
positional grafts for better functional outcomes.'® The use
of 3 or 4 intercostal nerves (third to sixth) provides a good
and direct matching to the musculocutaneous nerve.'"
Unit across the world have reported varying outcomes of
intercostal nerves transfer for elbow flexion.’*-'” Hence, it
is difficult to adopt a benchmark for the expected result in
a given patient. Prediction of the outcome is important, as
that dictates the choice of technique employed for resto-
ration of elbow flexion. It is known that the patient’s age
and the delay prior to surgery are the two main parame-
ters affecting the outcome. To our knowledge, there is lim-
ited data published on the influence of age on the results
of nerve reconstruction. In general, surgery is performed
when we are sure that spontaneous recovery is not possi-
ble. Hence, the accepted delay in most cases is a minimum
of a month and has commonly been suggested to be 3 to
6 months. It is important to know our limits, beyond which
a successful outcome cannot be reasonably expected. That
would determine the delay at which one would be forced
to opt for a salvage procedure (free microvascular muscle
transfer) that is more demanding, takes longer to perform,
and involves use of greater resources. The objective of this
study was to determine the probability of successful res-
toration of elbow flexion using intercostal nerve transfers
to the musculocutaneous nerve in posttraumatic total
brachial plexus injuries and figure the limitations of this
procedure. The strength of the biceps restored was mea-
sured in a series of patients operated by one surgeon (the
senior author A.B.). The outcomes were correlated with the
patient’s age and the delay between the accident and the
surgery. The authors proposed to use this information to
formulate guidelines for the treatment of posttraumatic
total brachial plexus injures.

Materials and Methods

The records of patients operated upon by the senior author
were examined. We excluded patients in whom follow-up
data of 12 months was unavailable. Demographic information
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regarding age at surgery and gender was recorded. We
analyzed data, including type of injury, delay between
the injury and surgery, types of procedures performed
and follow-up intervals, and recorded the results in terms
of strength regained in the target muscles at those fol-
low-up intervals. This study was limited to evaluation
of the biceps in patients in whom intercostal nerves had
been transferred to the musculocutaneous nerve in total
palsies (flail upper limbs) and near-total brachial plexus
injuries. A successful outcome was noted when the patient
could flex the elbow to 90 degrees independently with
1 kg weight tied at the wrist. The data for success of each
procedure was correlated with the age of the patient and
the time interval between the accident and the surgical
reconstruction.

Statistical Analysis

Data was tabulated into MS Excel, and analysis was per-
formed using the SPSS 20.0 for Windows. The description of
the data was done in form of arithmetic mean +/-standard
deviation (SD) for quantitative data, while in the form of
frequencies (%) for qualitative (categorical) data. p values of
< 0.05 were considered as significant. For comparison of cat-
egorical variables (i.e., to examine the associations between
qualitative/quantitative variables), chi-square test is used,
if the number of elements in each cell are 5 or higher and
Fisher’s exact test otherwise.

Procedure

The musculocutaneous nerve was isolated distal to the
pectoralis major insertion. It was traced as proximally as
possible, divided, and turned to the axilla. The chest wall
was exposed by extending the incision along the sixth rib,
and three intercostal nerves were harvested (usually the
4th to the 6th) by stripping the serratus anterior, inter-
costal muscles and the periosteum from the lower margin
of each rib. If the nerve was found injured due to previ-
ous fractures of the ribs or passage of intercostal drains,
the adjacent level was exposed to complete the necessary
quota of three intercostals. In each case, the intercostal
nerves were directly approximated to the musculocutane-
ous nerve using 9/0 or 10/0 nylon sutures and the repairs
were, sometimes, reinforced with glue. The limb was sup-
ported in adduction across the chest in an arm pouch sling
for a month. Passive mobilization of the shoulder was lim-
ited to 30 degrees for another month. The patients were
taught passive mobilization of the elbow, and galvanic
stimulation of the biceps muscle was used while awaiting
signs of reinnervation of the biceps. Early contraction of
the biceps was usually seen on straining (lifting the head
while lying supine) at 6 to 7 months after surgery. This was
demonstrated to the patient and his/her attendants, and
they were instructed in methods to strengthen the biceps.
Progress to grade 3 function (ability to flex the elbow
while standing) depended upon the patient’s diligence in
performing the strengthening exercises. The patients were
reviewed at intervals of 2 to 3 months till a plateau in the
progress of the biceps was noted. A successful outcome was

Indian Journal of Plastic Surgery Vol. 53 No.2/2020

261



262

Effect of Age and the Delay before Surgery on the Outcomes of Intercostal Nerve Transfers

noted when the patient could flex the elbow 90 degrees or
more independently with 1 kg weight tied at the wrist.

Results

A total of 524 patients were analyzed. In 232 patients of
these, three intercostal nerves were used to reinnervate
the biceps through a nerve transfer to the musculocutane-
ous nerve. The demographic characteristics of patients are
shown in =Table 1. Ninety-five percent were male. The aver-
age age of patient was 30.26 £ 9.486 years. The average dura-
tion for delay in surgery was 135.17 = 102.6 days and the
average follow-up duration was 30.45 * 21.6 months. These
included 200 patients of total palsies (flail upper limbs)
and 32 extended partial palsies. The outcomes in patients
with flail upper limbs were studied. They were also com-
pared with the corresponding figures in the group of partial
palsies.

Statistical Analysis

Association between the Delay from the Accident and
the Biceps Outcomes in Total Palsies

In 200 patients with total brachial plexus injuries, three
intercostal nerves were transferred to the main trunk of the
musculocutaneous for restoration of the biceps. We found
that patients who underwent surgery within 180 days had
a successful outcome (MRC grade 3 and above) more often
than patients who underwent surgery at a longer delay
(73.9% vs. 46.5%). This difference between patients operated
upon beyond 6 months was found to be statistically signifi-
cant (p =0.001) (»~Table 2 and ~Fig. 1).

Table 1 Demographic characteristics: (n = 232)

Characteristics n (%)

Gender

Male 222 (95.7)
Female 10 (4.3)

Age

Mean + SD 30.39 £ 9.8 years
<30 years 131 (56.5)
30-40 years 61 (26.3)

> 40 years 40(17.2)
Delayed before surgery (in days)

Mean + SD 128.94+£94.4
<180 183 (78.9)
180-240 21(9.1)

> 240 28 (12.1)
Postoperative biceps grade (MRC)

0 19 (8.2)

1 25(10.8)

2 32(13.8)

>3 156 (67.2)

Abbreviation: MRC, Medical Research Council.
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Association between the Age at Surgery and the Biceps
Outcomes in Total Palsies

We found a significant association (p < 0.05) between age
and the strength of the biceps regained in patients with total
brachial plexus injuries who underwent three intercostal
nerves transfer to musculocutaneous. Patients younger than
30 years old had better outcomes (Medical Research Council
[MRC] grade 3 and above) than older patients. The percentage
of a successful outcome (MRC grade 3 and greater) in patients
younger than 30 years was significantly better (81.4%) than
in older patients (48.8%). (~Table 3 and ~Fig. 2).

These observations were also found to apply to the group
of 32 patients with extended partial palsies in whom inter-
costal nerve transfers to the musculocutaneous nerve were
performed. The differences in outcomes were statistically
significant in these patients as well (=Tables 4 and 5).

Discussion

Total adult brachial plexus injuries are devastating injuries.
Elbow flexion is widely recognized as the most important
function to be restored in these patients. In the absence of
utilizable roots stumps in the neck, one has recourse only to
nerve transfers for reinnervation of the biceps. In extensive
partial palsies, the residual hand function is often insufficient
to allow intraplexual transfer using fascicles of the function-
ing median/ulnar nerves. In total palsies, one has to utilize
options outside the brachial plexus. A variety of nerve donors
have been described. Use of the hypoglossal nerve was pro-
posed in the 1970s and 1980s. Kotani, and subsequently,
Alieu, described the use of the spinal accessory nerve bridged
to the musculocutaneous nerve using a nerve graft. Nagano
(1989) and Chuang (1993) described their experience using
intercostal nerves by direct transfer to the musculocutaneous
nerve.'2 Direct transfers are preferred as the interposition
of a nerve graft inevitably leads to a delay in reinnervation, a
drop in the success rate and, eventually, weaker biceps. Use of
the contralateral C7 for restoration of two functions (biceps
and fingers/wrist flexion) has been practiced since 1986,*
but the method is not universally accepted, and fear of pro-
ducing a deficit in the donor limb has prevented harvest of
the full C7. This has resulted in poorer outcomes and greater
disillusionment with that transfer. The patient’s age and the
delay since the accident have been noted to be the two main
parameters that affect the outcomes of nerve reconstruction.
However, statistical proof has not been provided for the effi-
ciency of individual procedures that could guide the strategy
in a given patient. Jivan et al'® have referred specifically to
the effect of the delay between the accident and the surgi-
cal reconstruction upon the outcome. However, the authors
were building consensus for exploration within a week from
the injury, and nerve grafting was the reconstructive option
evaluated. Ruch et al' suggest that, theoretically, the over-
all success rate could be improved performing the neuroti-
zation of intercostals to elbow flexion with an interval from
the injury to surgery less than 5 months in patients under
50 years old. Xiao et al?® noted statistically significant dif-
ference of useful elbow flexion in patients under 40 years
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Table 2 Association between the delay before the operation and the biceps outcomes in total palsies (n = 200)

Delay in surgery in days Biceps grades at follow-up Chi-square value (p)
MRC 0 to 2 MRC 3 and 4

<180 (n = 157) 41/157 (26.1%) 116/157 (73.9%) 11.624 (p = 0.001)

> 180 (n = 43) 23/43 (53.5%) 20/43 (46.5%)

Abbreviation: MRC, Medical Research Council.

Biceps grade and delay for surgery
45
40
35
30
25
20
15
10

% cases Biceps M3&4

Below 60 days 60to 120 days 120 to 180 180 to 240 240 to 300 Above 300
days days days days
Delay for surgery

Fig. 1 Percentage of cases with biceps grade M3 or > and time delay for surgery (n = 200).

Table 3 Association between the age of the patients and the biceps outcomes in total palsies (n = 200)

Age at surgery Biceps grades at follow-up Chi-square value (p)
O0to2 3and 4

<30 years (n=118) 22/118 (18.6) 96/118 (81.4) 23.59 (p < 0.05)

> 30 years (n = 82) 42/82 (51.2) 40/82 (48.8)

Biceps grade and age
70

60

50

40

30

% cases biceps M3&M4

20

10

Below 20 yr 20to 30 yr 30to 40 yr 40 to 50 yr Above 50 yr
Age (yr)

Fig. 2 Percentage of cases with biceps grade M3 or > and patient age (n = 200).

old who received the intercostal neurotization but found no  not of adequate power, as it referred to a small number of
difference of recovery if the preoperative delay was within  cases (30 patients). Socolovsky et al have published a study
or after 6 months from the injury. However, that study was  that specifically comments on the adverse influence of age
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Table 4 Association between delay before the operation and the biceps outcomes for intercostal nerve transfers in combined

total and partial palsies (n = 232)

Delay in surgery in days

Biceps grades at follow-up

Chi-square value (p)

0to2

3and4

<180 (n=183) 51/183 (27.9%)

132/183 (72.1%) 9.405 (p = 0.002)

> 180 (n = 49) 25/49 (51.0%)

24 /49 (49.0%)

Table 5 Association between the age of the patient and the biceps outcome for intercostal nerve transfers in combined total

and partial palsies (n = 232 patients)

Age at surgery

Biceps grades at follow-up

Chi-square value (p)

Oto2

3and 4

> 30 years (n =131) 26/131(26.1%)

105/131(80.2%) 22.77 (p < 0.005)

> 30 years (n=101) 50/101 (49.5%)

51/101 (50.5%)

on the outcomes of brachial plexus reconstruction. Their
study referred to patients with different patterns of injuries
(total as well as partial palsies) as well as a variety of different
methods used for reconstruction of elbow flexion.?!

This is a study of one nerve transfer (intercostal to
musculocutaneous) done in a large series of patients by
the same surgeon. One outcome was measured, that is,
independent elbow flexion while standing (without any
help of the opposite limb) with 1 kilogram weight tied
at the wrist. So, the label of grade 3 in this study cannot
be compared with earlier series, where grade 3 function
was deemed unsatisfactory. In the treatment of extensive
palsies (total and near-total palsies), one has to utilize the
best donor option for biceps restoration. The choice has to
be guided by knowledge about the efficiency of each pro-
cedure. This study aims to provide such data for intercos-
tal nerve transfers to musculocutaneous. It is difficult to
provide rigid guidelines that can be adhered to in every
patient. Nevertheless, the authors believe that such infor-
mation is useful to improve functional reconstruction
outcomes. This study shows that the outcomes for elbow
flexion are better when the surgery is performed in total
palsies in a patient under 30 years old and before 180 days
(6 months) from the time of the injury and the difference
is statistically significant. Poor results were noted when
the surgery was performed later than 180 days (6 months)
from the accident (biceps MRC < 3; 53.5%) and in patients
over 30 years old (biceps MRC <3; 51.2%) in total brachial
plexus injuries. Thus, in a patient older than 30 years pre-
senting at a delay of, for instance, 7.5 months, a free mus-
cle transfer would, perhaps, be preferable to an attempt at
conventional nerve reconstruction.

In this context, the authors also wish to expand the rele-
vance of this study. Given that transfer of intercostal nerves
to the musculocutaneous nerve involves approximation
of healthy nerve ends and only one outcome is measured
(elbow flexion), one wonders if these results can indicate
the probability of a successful nerve repair in general. A large
number of patients studied negate the effect of bias created
by the retrospective nature of this report, and the findings
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limited to the experience of one surgeon. The study provides
the probability of a successful outcome in a given patient,
according to patients' age and time from the injury.

Conclusion

Direct transfer of three intercostal nerves to the musculocu-
taneous nerve has been found to restore independent elbow
flexion consistently in our series of 232 patients with total
and near-total brachial plexus injuries. The outcomes were
better in patients younger than 30 years, and when the sur-
gery was performed before 6 months from the accident. The
difference was found to be statistically significant. This data
could influence the shift to a salvage procedure (free func-
tioning muscle transfer) that is more efficient when an older
patient presents at a delay longer than 6 months. Also, this
information could prove valuable at the time of counselling
the patient.
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