CLINICAL EVALUATION OF A HYALURONAN-BASED GEL
FOLLOWING MICROSURGICAL RECONSTRUCTION
OF PERIPHERAL NERVES OF THE HAND
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A controlled clinical trial was performed to investigate the safety and efficacy of the hyaluronate-based gel polymer Hyaloglide® after
microsurgical reconstruction of peripheral nerves of the hand. Thirty patients were randomized to receive either no postsurgical treatment
(n = 16) or Hyaloglide® (n = 14) and were clinically evaluated at various intervals for 1 year. The application of Hyaloglide® posed no
safety concerns. Efficacy was assessed by the recovery of sensitivity, measurement of pain, and progression of Tinel's sign. The
Hyaloglide®-treated group showed better improvement in recovery from pain, approaching statistical significance during the first 3 months

postsurgery. Likewise, recovery of sensitivity was also hé)gher in the Hyaloglide™-treated group throughout the entire follow-up period, and

the distance of Tinel’s sign was longer in the Hyaloglide

-treated group (P < 0.05 at day 30). The application of Hyaninde® may improve

recovery of sensitivity and decrease pain following microsurgical repair of the peripheral nerves of the hand.

©2007 Wiley-Liss, Inc. Microsurgery 27:2—7, 2007.

During the last decades, considerable progress has been
made in understanding the mechanisms of nerve repair,
although this has still not been translated into clinically rele-
vant improvements. Surgical intervention for nerve repair
would greatly benefit from valid strategies that enhance
nerve regeneration and reduce the formation of postoperative
adhesions. During healing, sutured nerves must remain free
to glide over adjacent structures, and if they become teth-
ered, pain can result and worsen clinical outcome.' Accord-
ingly, the application of absorbable barriers, based on bio-
compatible polymers such as hyaluronan and other glycos-
aminoglycans that protect and isolate the nerve, would
reduce the formation of perineural fibroadhesive scars.

Hyaluronic acid (HA), a natural component of the
extracellular matrix in several tissues, has several key roles
in wound healing and meets many prerequisites for use in
antiadhesion applications. Along these lines, HA has been
previously shown to enhance peripheral nerve regeneration
and prevent perineural scar formation in an experimental
rat model.> An HA-carboxymethylcellulose membrane has
also been shown to decrease the formation of both intra-
and extraneural fibrosis in rabbits.’

Hyaloglide® (Fidia Advanced Biopolymers, Abano
Terme, Italy) is a crosslinked hyaluronan gel that is both
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biocompatible and bioreabsorbable, with a degradation
pathway equivalent to HA. It also has improved visco-
elastic properties compared to unmodified HA solutions of
the same molecular weight.*® Hyaloglide®™ is extremely
adherent and has a prolonged residence time prior to reab-
sorption, which should confer antiadhesive properties dur-
ing healing.” A similar product has been shown to be
effective in reducing adhesions in gynecologic and intra-
abdominal surgery in both experimental and clinical tri-
als."®'* Moreover, Hyaloglide™ has been shown to reduce
postoperative perineural adhesions in animal models.'>'¢
Altogether, these characteristics suggested that such a strat-
egy could be applied successfully to the prevention of adhe-
sions following peripheral nerve repair, with the added
advantage of improved nerve regeneration.

The aim of the present multicenter, randomized, con-
trolled clinical trial was to investigate the safety, tolerabil-
ity, applicability, and effectiveness of Hyaloglide™ after
microsurgical reconstruction (suture or neurolysis) of pe-
ripheral nerves of the hand.

MATERIALS AND METHODS

This was a multicenter, randomized, and controlled
clinical trial lasting from April 2000 to October 2002.
Thirty patients with an average age of 47 years (range 21—
77 years) undergoing microsurgical intervention of the pe-
ripheral nerves of the hand were enrolled in the study.
Microsurgical intervention was either for repair of fresh
injuries or revision of previous reconstructive intervention
performed within 6 months after trauma. Inclusion criteria
included a minimum age of 18 years and the ability to
understand and sign an informed consent form. Exclusion
criteria included documented or suspect pregnancy, clini-
cally significant pathologies (such as diabetes), documented
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presence of neoplasms, rheumatoid arthritis, or alterations
in blood coagulation. The following clinical centers partici-
pated in the trial: Center 1, Hand Surgery Unit, University
of Verona Hospital, Verona; Center 2, Division of Hand
Surgery, Dolo Hospital, Dolo (Venice); and Center 3, Func-
tional Unit of Hand Surgery, MultiMedica Institute, Sesto
S. Giovanni (Milan). The study was designed in accordance
with the Declaration of Helsinki and was approved by the
respective Institutional Review Boards. After obtaining
informed consent, patients underwent an initial visit to
determine eligibility criteria.

Patients were preoperatively randomized and assigned to
the Hyaloglide™ or control group according to a random
computer-generated list. Patients in the treatment group re-
ceived postsurgical application of Hyaloglide®™, while those
in the control group received no postsurgical treatment.

All surgical procedures were performed by hand sur-
gery specialists. Neurolysis or epineural nerve repairs with
9/0-10/0 nylon sutures were carried out using a standar-
dized surgical procedure in an operating theater and in a
bloodless field under loupes magnification. Brachial plexus
block was used for the majority of patients (70%), followed
by local (23%), or general anesthesia (7%). At the end of
the surgical procedures, immediately before cutaneous
suture, patients randomly assigned to the treatment group
underwent application of the Hyaloglide™ gel. The device
was provided in prefilled 5 ml transparent and sterile
syringes. The gel was applied intraoperatively along the
repaired nerve. Patients assigned to the control group
received no adjunctive treatment. For both patient groups,
the region operated upon was immobilized for 3 weeks fol-
lowing surgery and was then followed by a period of grad-
ual, active mobilization involving kinesitherapy.

Six follow-up visits were performed at 10, 30, 60, 90,
180, and 360 days following surgical intervention. At each
postsurgical visit, patients were assessed for compliance,
concomitant treatments, adverse events, and efficacy pa-
rameters. Efficacy was assessed by the recovery of sensibil-
ity (criteria established by the British Research Medical
Council), measure of pain (Visual Analogic Scale — VAS),
and the progression of the Tinel’s sign from site of surgery
(cm).'” The recovery of sensibility is scored from 0 to 5
(S0, absence of sensibility in the autonomous area of the
damaged nerve; S1, recovery of deep pain sensibility; S2,
recovery of some degree of superficial pain and tactile sen-
sibility; S3, recovery of tactile and pain sensibility within
the autonomous area; S34, more advanced stage 3 recov-
ery; S4, complete recovery). Recovery of motor function
was evaluated using a score from 0 to 5 (MO, complete pa-
ralysis; M1, return of perceptible contraction in the
proximal muscles; M2, return of perceptible in both the
proximal and distal muscles; M3, return of function in both
proximal and distal muscles such that they can act against
resistance; M4, stage 3 plus the possibility of synergic and
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independent movement; M5, complete recovery). Recovery
of motor function of the median nerve was assessed using a
score from 1 to 3 (M1, abduction of thumb against force
and complete flexion of fingers without resistance; M2,
complete abduction/opposition of thumb with 50% of pinch
and complete flexion of fingers with 50% of hold; M3, nor-
mal function of pinch and hold). The number and character-
istics of adverse events were also recorded during the entire
study period.

Statistical Methods

Statistical analysis was performed using SAS version
8.2. A P < 0.05 was considered statistically significant. Ho-
mogeneity between the treatment and control groups was
assessed by either the #-test or Wilcoxon’s test, according
to normal or non-normal data distribution, applied to con-
tinuous data. A y” or Fisher’s exact test, as appropriate,
was used for dichotomous or categorical data. The normal-
ity of the data distribution was assessed using the Shapiro-
Wilk test. Unavailable data of efficacy parameters at one
visit were replaced by the previous data set according to
the last observation carried forward method.

Changes in pain were analyzed by a % or Fisher’s exact
test, as appropriate, while changes in the degree of pain
were measured as the difference (mm) between postsurgery
and baseline, and were analyzed using a 7-test or Wilcoxon’s
test, according to the normality or non-normality of data
distribution. The degree of pain and its changes from base-
line was described setting to zero when the pain was absent,
so as not to overlook the information due to the positive
evolution of pain.

The remaining efficacy parameters were assessed
throughout the postsurgical observation period and were an-
alyzed without any transformation. A t-test or Wilcoxon’s
test, according to the normality or non-normality of data
distribution, was used to analyze the distance of Tinel’s
sign from the site of surgery (cm). Recovery of sensibility
and motor functions were analyzed by either a x> or Fish-
er’s exact test.

RESULTS

A total of 30 patients were enrolled in the study, includ-
ing 20 females and 10 males ranging in age from 21 to
77 years (average 47). Fourteen patients were treated with
Hyaloglide™ and 16 received no postsurgical antiadhesive
treatment. All randomized subjects met the criteria to enter
the data analysis phase. Crushing (43%) and guillotine
(33%) were more frequent types of lesion. The lesion
occurred in the hand zones I (13%); II (23%); 11 (3%); IV
(23%); V (33%); and both IV and V in 1 patient (3%). The
most frequently damaged nerve was the median (63%), fol-
lowed by the collateral (20%), radial (10%), and ulnar
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Table 1. Summary of Relevant Clinicopathological Data

Hyaloglide (N = 14) Control (N = 16) Total (N = 30) P
Male/Female 4/10 6/10 10/20 0.709%
Mean age (=SD) (years) 49.1 (17.3) 44.9 (14.0) 46.9 (15.5) 0.477°
Type of surgery
Neurolysis 13 13 26 1.000%
Nerve Repair 1 2 3
Both 0 1 1
Nerve
Median 7 8 15 0.208%
Collateral 3 8 11
Other 4 0 4
Nerve type
Mixed 8 8 16 0.578%
Sensory 5 8 13
Motor 1 0 1
Hand Zone®
| 1 3 4 0.749°
1l 3 4 7
] 0 1 1
\Y) 5 3 8
\Y 5 5 10
Mean days of observation (SD) 309 (123) 321 (93) 315 (106) 0.771¢

N, number of patients.
8Fisher’s test.
Pt-test.

°As defined by the IFSSH classification for flexor tendon surgery (Amadio P et al. IFSSH Flexor Tendon Committee report. J Hand Surg Br 2005;30:100—116).

YWilcoxon’s test.

nerve (7%). Associated lesions were reported for 5 patients
(17%). Neurolysis was performed in 87% of patients and
nerve repair in 10%; both neurolysis and nerve repair were
performed in 1 patient (3%). These results are shown in
Table 1.

There were no statistically significant differences
between the 2 groups regarding gender, age, or other clini-
copathological and surgical parameters. The overall appli-
cation of Hyaloglide™ gel in the surgical site was consid-
ered very easy, with good adhesion to the raw surfaces.
About 3 ml of Hyaloglide™ was applied in the majority of
cases (12 patients, 86%), while the remaining 2 cases had
only about 1 ml applied. Clinical assessment revealed no
differences between the 2 groups with regards to adverse
events and there was no evidence of undesirable effects of
wound closure at follow-up visits. Only 1 serious adverse
event (saphenectomy) was reported in a control patient.
Any correlation between treatment with Hyaloglide®™ and
the occurrence of adverse events was excluded in all cases.

Assessment of Pain and Motor Recovery

The percentages of the improvement of pain (change
from presence of pain at initial visit to absence of pain at
postsurgery visit) at each visit are shown in Figure 1. The
improvement was higher in the Hyaloglide®-treated group
during the first 3 months postsurgery, with a maximal
difference seen at day 90. The degree of pain (VAS scale
from O to 100 mm) as well as its changes from baseline
was also measured. The degree of pain itself did not show
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Figure 1. Percent of pain improvement assessed at follow-up visits.
The highest percentages of improvement are seen at days 60 and 90
for Hyaloglide, although the difference was not statistically significant.

any significant differences between the two treatment
groups. However, when the changes from baseline were
compared, the Hyaloglide®-treated group showed notable
differences with respect to the control group because of
the greater reduction of baseline severity of pain during the
first 3 months following surgery. These differences (Fig. 2)
approached statistical significance at days 10 (P = 0.070),
30 (P = 0.055), 60 (P = 0.060), and 90 (P = 0.074). There
were no significant differences in the recovery of motor
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Figure 2. Mean values of changes in the degree of pain assessed
by a VAS from baseline during the postsurgical period. Standard
deviations are as indicated. A decreasing trend indicates an
improvement of pain. Differences nearing statistical significance
were seen at days 30 (P = 0.055) and 60 (P = 0.060).

function between the 2 treatment groups at any follow-up
visit.

Recovery of Sensitivity

The recovery of sensitivity was assessed only in pa-
tients with lesions involving sensitive or mixed nerves. The
frequency distribution in the 5 classes of recovery is shown
in Table 2. Although there were no statistically significant
differences between the 2 groups, it is of interest that the
percentage of full recovery of sensitivity was higher in the
Hyaloglide ®-treated group throughout the entire follow-up
period and was more pronounced at earlier times. The
mean values at each follow-up visit are shown in Figure 3.
Although the differences between the 2 groups were not
statistically significant, the Hyaloglide® group showed
higher sensitivity scores at all, but especially at early visits.

Progression of Tinel’s Sign

In regard to progression of the distance of Tinel’s sign
from the site of surgery, the analysis performed when the
sign was present showed that the distance from the site of
surgery at day 30 was significantly longer in the Hyalo-
glide™-treated group (mean, 1.07 cm in treatment arm vs.
0.38 cm in controls; P = 0.042) (Table 3).

DISCUSSION

Hyaloglide™ is an absorbable barrier based on auto-
crosslinked HA in a gel-based form. It is highly biocom-
patible and has increased in situ residency times compared
to native, unmodified HA. These properties may make its
use feasible for circumventing postsurgical adhesions
following surgical repair of peripheral nerve lesions. To
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Table 2. Recovery of Sensitivity in Hyaloglide and Control Patients
at Various Follow-Up Visits

Follow-up Hyaloglide Control P
Day 10 (N=12) (N=15)
S-0 1(8) 2 (13) 0.731
S-1 1(8) 1(7)
S-2 0 (0) 3 (20)
S-3 3 (25) 3 (20)
S-3+ 5 (42) 5 (33)
S-4 2(17) 1(7)
Day 30 N=12 N=15
S-0 0 (0) 1(7) 0.725
S-1 2 (17) 1(7)
S-2 1(8) 2 (13)
S-3 2 (17) 4 (27)
S-3+ 4 (33) 6 (40)
S-4 3 (25) 1(7)
Day 60 N=12 N=16
S-0 0 (0) 1 (6) 0.237
S-1 2(17) 0 (0)
S-2 0 (0) 3 (19)
S-3 3 (25) 5 (31)
S-3+ 2 (17) 4 (25)
S-4 5 (42) 3(19)
Day 90 N=12 N=16
S-0 0 (0) 1 (6) 0.267
S-1 2 (17) 0 (0)
S-2 0 (0) 1 (6)
S-3 2(17) 7 (44)
S-3+ 3 (25) 3 (19)
S-4 5 (42) 4 (25)
Day 180 N=12 N=16
S-0 0 (0) 1(6) 0.398
S-1 2(17) 0 (0)
S-2 0 (0) 1(6)
S-3 2 (17) 6 (38)
S-3+ 2(17) 3(19)
S-4 6 (50) 5 (31)
Day 360 N=12 N=16
S-1 2 (17) 1 (6) 0.408
S-2 1(8) 1(6)
S-3 1(8) 5 (31)
S-3+ 2(17) 5 (31)
S-4 6 (50) 4 (25)

directly assess this possibility, we investigated the safety,
tolerability, applicability, and efficacy of Hyaloglide®™ gel
following microsurgical suture or neurolysis of peripheral
nerves of the hand in a controlled, randomized trial. A total
of 30 subjects, including 14 in the treatment group and 16
in the control group, underwent clinical evaluation.

Several important points can be concluded from the
present clinical trial. First, no safety concerns were raised
and no adverse effects on either wound closure or nerve
repair were observed at follow-up visits in either treatment
group, and the applicability of hyaloglide was judged as
favorable in all cases. Second, the percent improvement of
pain, assessed as the change from pain at baseline to no
pain at postsurgical visits, appeared more favorable in the
treatment group, especially during the first 3 months post-

Microsurgery DOI 10.1002/micr
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Figure 3. Mean sensitivity scores during follow-up in the hyaloglide-
treated and control groups. Scores were calculated using the fol-
lowing scheme: SO, 0; S1, 1, S2, 2; S3, 3; S3+, 4, S4, 5.

Table 3. Postsurgical Assessment of Tinel Sign
at Follow-Up Visits®

Days N Mean = SD PP

10
Control 0.27 = 0.47 0.195
Hyaloglide 11 0.79 = 0.91

30
Control 7 0.38 = 0.48 0.042
Hyaloglide 12 1.07 = 0.73

60
Control 7 1.96 + 2.69 0.849
Hyaloglide 14 1.13 = 0.87

90
Control 7 2.46 + 3.12 0.91
Hyaloglide 14 1.57 = 0.93

180
Control 7 243 = 3.27 1.000
Hyaloglide 14 1.14 = 0.85

360
Control 7 1.71 £ 249 0.848
Hyaloglide 14 1.02 = 0.76

2The distance from the lesions was measured in cm. Only patients with a
Eositive Tinel sign were included.
Wilcoxon'’s test.

surgery. Moreover, the improvement in the degree of pain
was more pronounced in Hyaloglide®™-treated group com-
pared to the control group during the postsurgical period
and approached statistical significance at days 30 (P =
0.055) and 60 (P = 0.060). With regard to the distance of
Tinel’s sign from the site of surgery, the analysis performed
when Tinel’s sign was present showed than the distance
at day 30 was longer in the Hyaloglide®-treated group
(mean, 1.07 cm in treatment group vs. 0.38 c¢m in controls;
P = 0.042). No statistically significant differences were
observed in the distribution of recovery scores in the 2
groups at the end of the observational period, although
the percentage of full recovery of sensibility (recovery class
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S-4) was higher in the Hyaloglide®-treated group at all
postsurgery visits. Last, recovery of motor function was
similar in the 2 groups.

Failure to restore peripheral nerve function after acute
laceration or chronic compression may result in the loss of
muscle function, impaired sensation, and additional neuro-
pathies. Formation of restrictive perineural adhesions is one
of the most common complications in peripheral nerve sur-
gery. When a nerve is tethered to its adjacent bed by exces-
sive perineural scaring, limitations in normal gliding cause
mechanically-induced inflammation, leading to a chronic
irritation of the nerve itself and interfering with migration
of axons. It may also affect the outcome of surgery due to
the onset of severe neuralgic pain and dysesthesiae, as well
as cause delayed restoration of nerve function.

Numerous technical solutions have been both proposed
and tested to overcome the problems of scarring. These
include microsurgical techniques, endoscopic techniques,
nerve transposition, dermofascial fat grafts, vein wrapping,
and muscle flaps.'® Nonetheless, the most efficient strategy
for increasing the success of interventional procedures involv-
ing repair of peripheral nerve lesions remains high quality sur-
gical practice accompanied by correct rehabilitation.

Recently, a similar product containing crosslinked HA
molecules (Hyalobarrier gel) was demonstrated to be effi-
cient in reducing adhesions in gynecologic and intra-ab-
dominal surgery in both experimental and clinical trials.'*1*
This information suggests that a similar strategy could also
be successfully applied to the prevention of adhesions in
other types of surgical intervention including surgery of pe-
ripheral nerve lesions. Hyaloglide™ may have dual effects
in minimizing postsurgical adhesions by biological means
as well as by acting as a reabsorbable barrier. The favorable
biological effects on healing may be similar to that of na-
tive HA as a component of the extracellular matrix and
synovial fluid.>*'*** Moreover, the high viscosity of the
gel also reduces perineural adherence by separating sur-
rounding tissues adjacent to the nerve.'>'® The gel-based
format also provides several advantages, including its easy
of use, and, importantly, does not require removal. In addi-
tion, its elevated biocompatibility and prolonged residence
times are compatible with healing, as it resides for a time
sufficient to reduce adhesion formation before its degrada-
tion.

Several studies in animal models have shown that hya-
luronate enhances regeneration of peripheral nerves in
vivo. Human amniotic fluid, which contains high concen-
trations of HA, was found to enhance peripheral nerve
regeneration and to have a preventive effect on epineural
scarring when applied to the repair site in rats.”> Moreover,
when treated with HA, similar benefits to healing were
observed in the rat model and better conduction velocities
and faster recovery were observed in addition to a signifi-
cant reduction in scar thickness.”?' The reduced scar for-



mation in the presence of HA after neurolysis was also con-
firmed in a rabbit model.*?

Taken together, these experimental models are highly
suggestive that HA would be effective in improving healing
in microsurgical suture of peripheral nerves and likely point
to Hyaloglide™ as a valid strategy for surgical applications
involving peripheral nerve regeneration.

The present clinical trial mainly substantiates previous
cited experimental studies using HA for preventing adhe-
sion and improving recovery after nerve surgery. Overall,
recovery appeared to be more rapid in patients when Hyalo-
glide™ was applied, and a trend of better restoration of sen-
sitivity was seen throughout the lengthy observation period.
To our knowledge, this is the first clinical study examining
the safety and efficacy of hyaluronate-based gels in micro-
surgery of nerves. While statistical significance between
the 2 treatment groups was, for the most part, not reached,
this, in part, may be due to the limited number of cases
studied. Last of all, it must be stressed that, while the
choice of the nerves of the hand is ideal for the study of
microsurgical adherences, it nonetheless renders interpreta-
tion of results difficult, due to the limited power of objec-
tive parameters to be evaluated.

CONCLUSION

®

The application of Hyaloglide™ may improve recovery
of sensitivity and pain following microsurgical repair of pe-
ripheral nerves by limiting formation of perineural adhe-
sions and favoring regeneration of nervous tissue, creating
a more favorable environment for the healing of the lesion.
These initially encouraging results should be confirmed by
larger studies.
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