®

Check for
updates

Revision Carpal Tunnel Surgical

Options

Travis Littleton, Cassidy Costello, and Mark Baratz

Carpal tunnel syndrome (CTS) is one of the most
common upper extremity procedures performed.
Historically carpal tunnel release (CTR) was
reported to have a high success rate. Prior to a
study by Langloh and Linscheid in 1972, re-
exploration of the carpal canal was not reported
on in the literature [1]. The current literature
includes studies reporting a failure rate of 2-25%
[2—4] with a 3—-12% rate of revision surgery [5, 6].

It is important to define “failure” and “recur-
rence.” Failure after nerve surgery can occur for
many reasons including a wrong diagnosis, wrong
procedure, improperly performed procedure, or
following surgery for a patient who, because of age
or medical co-morbidities, lacks the capacity to
regain normal nerve function in spite of an ade-
quate release. Recurrence is typically defined as a
return of numbness after a symptom-free interval
following carpal tunnel release. A study of 28
patients by Craft et al. (2007) had an average inter-
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val of 7 years between original carpal tunnel release
and re-exploration [7]. Zieske et al. (2013) observed
a symptom-free interval of approximately 10 years
in patients with recurrent CTS [8].

In this chapter we will review the etiology of
recurrent carpal tunnel syndrome along with the
evaluation, principles of surgical treatment, sur-
gical technique, expected outcome, and outcomes
of comparative studies.

Etiology of Recurrent Carpal Tunnel

The causes of recurrent carpal tunnel are most
commonly believed to be perineural scarring,
reconstitution of the transverse carpal ligament,
subsequent trauma or a space occupying lesion
such as tenosynovitis or mass that forms within
the carpal canal [9] (Fig. 8.1).

Fig. 8.1 Osteochondroma in the carpal canal
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One of the first studies looking specifically at
recurrent CTS was in 1993 by Chang and Dellon.
Underlying medical conditions such as diabetic
peripheral neuropathy, cervical radiculopathy,
multiple sclerosis and Charcot-Marie-Tooth can
mimic recurrent carpal tunnel syndrome [10].

Evaluation

The key to an accurate diagnosis is a thorough
history. Patients with recurrent carpal tunnel
syndrome most commonly present with numb-
ness (60%), paresthesia (50%), and, less com-
monly, with pain (42%) [7]. Similarly, Zieske
et al. (2013) reported that patients with recur-
rent carpal tunnel were less likely to present
with pain [8]. It is our bias that pain alone is
rarely sufficient to invoke the diagnosis of
recurrent carpal tunnel syndrome. We look for
numbness in all or a portion of the median
nerve distribution.

A Tinel’s, Phalen’s, Carpal Compression test
may reproduce the symptoms of numbness in a
median nerve distribution. The exception is
elderly patients who often will not have symp-
toms with provocative maneuvers.

We typically document two-point discrimina-
tion in patients with suspected recurrent CTS
even though Semmes-Weinstein monofilament
testing has been shown to be more sensitive for
compressive neuropathies [11]. We have been
ordering fewer electrodiagnostic studies when
evaluating primary carpal tunnel syndrome. In
suspected recurrent carpal tunnel, we typically
order nerve studies.

A diagnostic steroid injection in the carpal
tunnel can help confirm the diagnosis of recur-
rent CTS. Beck et al. (2012) found 87% positive
predictive value for successful revision surgery
with a corticosteroid injection in the carpal tun-
nel. They also showed increased sensitivity and
specificity when combining preoperative injec-
tion results with physical examination findings to
100% and 80% respectively [12].

Imaging studies have been used to evaluate
patients with recurrent CTS. The use of MR
imaging can be particularly helpful in cases

when recurrent symptoms are accompanied by
fullness in the region of the carpal canal [13]
(Figs. 8.2, 8.3, and 8.4).

Ultrasound can be similarly helpful as a rela-
tively quick, cost-effective tool to look for space

Fig. 8.2 Fullness proximal to carpal canal causing
median nerve compression

Fig. 8.3 Axial view of fluid filled lesion proximal to the
carpal canal

Fig. 8.4 Cyst emanating from the radial carpal joint
compressing the median nerve
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occupying lesions and to examine the cross-
sectional area of the median nerve [14].

Principles of Surgical Treatment
for Revision Carpal Tunnel
Syndrome

1. Find the median nerve in normal tissue proxi-
mal and distal to the carpal canal. We will
typically extend our exposure about 2 cm on
either end of the existing scar.

2. “Surf the nerve”. Most iatrogenic injuries are
“side swipe” injuries. It is difficult to injure
any longitudinal structure when you expose it
from above.

3. Follow the anterior ulnar border of the median

With the exception of aberrant
branches, the motor branch exits the radial
border of the median nerve (Fig. 8.5).

4. Separate the median nerve from the radial
leaflet (Fig. 8.6).

5. Expose all terminal branches of the median
nerve (Fig. 8.7).

nerve.

Techniques with Expected
Outcomes

There are numerous techniques that have been
proposed for treatment of revision carpal tunnel
release. These different “strategies” will be dis-
cussed in detail in the techniques section.

Fig. 8.5 Releasing the median nerve along its ulnar
border

Fig. 8.6 Release adhesions between the median nerve
and the radial leaflet

Fig. 8.7 Expose terminal branches of the median nerve

Repeat Simple Decompression

Beck et al. (2012) showed an 82% improvement
in symptoms with simple decompression alone
in a small sample size of 23 patients [12].
Similar results were found in a large meta-anal-
ysis by Soltani et al. in 2013. This study showed
a 75% success rate in a heterogeneous cohort of
364 patients who underwent repeat open decom-
pression for recurrent carpal tunnel syndrome.
The second cohort included several different
types of flaps in 294 patients in 14 different
studies. The study concluded that an 86% rate of
success could be achieved with decompression
in conjunction with a vascularized flap. This
was an 11% improvement in symptoms as com-
pared to decompression alone [15]. A recent
study by Pace et al. (2018) reviewed revision
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CTR with or without hypothenar fat flap and
concluded a trend, although not statistically sig-
nificant, towards improved symptom severity
score in patients undergoing simple decompres-
sion alone [16].

Historically percutaneous, mini open, and
endoscopic carpal tunnel release were believed to
have no role in the revision setting. A study by
Luria et al. (2008) treated 41 patients with endo-
scopic revision after failed open release. Of the
41 patients, 37 reported improvement in symp-
toms, pinch strength and sensation, and reported
a decrease in scar sensitivity along with satisfac-
tion [17].

Synovial and Tenosynovial Flap

Revision carpal tunnel release with synovial flap
uses locally available tissue with low morbidity.
Gannon et al. (2007) described raising a flap of
synovium off of the superficial flexors starting on
the ulnar aspect of the ulnar canal. The flap is
raised from ulnar to radial until the median nerve
is encountered. Two transverse limbs are then
made from ulnar to radial at the level of the wrist
crease proximally and the superficial arch dis-
tally (Fig. 8.8). The flap is then laid over the
median nerve and sutured to the radial aspect of
the transverse carpal ligament (Fig. 8.9). They
reviewed 36 patients with a successful outcome
in 34/36 [18]. A similar flap is the vascularized
tenosynovial flap reported on by Murthy et al. in

Fig. 8.8 Synovial flap elevated off of the superficial
flexor tendons

Fig. 8.9 Synovial flap inset between the median nerve
and the radial leaflet of the transverse carpal ligament

2013 [19]. This uses the original incision
extended in a zig zag fashion ulnarly across the
wrist flexion crease. Once the nerve is decom-
pressed attention is turned towards the
tenosynovial flap. The ulnar based pedicle of this
flap comes from the palmar carpal branches of
the ulnar artery. Therefore, this flap is raised from
the synovium over the superficial flexors from
radial to ulnar until there is enough mobilization
of the flap to cover the nerve. Occasionally this
requires a back cut to translate the flap proxi-
mally or distally. The proposed advantage of this
flap is its vascularized nature and ability to allow
neovascularization. This study reported good
results in their series of 45 cases with complete
pain relief in 96% and complete or near complete
resolution of numbness and tingling in 80% of
patients [19]. One critique of this method is it
lacks substantial padding for a hypersensitive
median nerve. However, proponents of this tech-
nique believe this serves as a barrier over the
nerve to prevent the formation of a constrictive
scar, which many contend to be the primary cause
of recurrent CTS. Post operatively most surgeons
recommend a short period of immobilization in a
splint.

Hypothenar Fat Pad Flap
Revision carpal tunnel release with a vascular-

ized hypothenar fat flap is one of the most com-
mon flaps used in the revision carpal tunnel
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release. This flap was first described by Cramer
in 1985 in a study on four patients and has under-
gone numerous modifications since that time
[20]. The hypothenar fat pad flap receives multi-
ple segmental vessels, usually three vessels, from
the ulnar artery in Guyon’s canal allowing the
flap to be mobilized radially. Some advantages of
this flap are that it is locally available, well vascu-
larized, and allows coverage of the median nerve
in the carpal tunnel. A limitation of this flap is
that it has limited excursion proximally and dis-
tally [20]. This fat flap commonly measures three
by four cm in size [21]. Once this flap is mobi-
lized it is sutured to the radial leaflet of the trans-
verse carpal ligament. In a study of 28 patients by
Craft et al. (2007), they found fibrosis and adher-
ence of the median nerve to the radial leaflet of
the transverse carpal ligament in all patients
undergoing revision surgery [7].

This technique begins with an incision extend-
ing 2 cm proximal and distal to existing zone
involved in the initial release (Fig. 8.10). Next,
identify the median nerve in the distal forearm
(Fig. 8.11) and release it to level of the superficial
arch (Fig. 8.12). Afterwards, develop a plane
between the ulnar skin and the hypothenar fat tis-
sue. Leave a small layer of adipose tissue on the
skin, the subdermal plexus, to avoid skin necrosis
(Fig. 8.13). The dissection is carried ulnarly until
the dermal attachment of the palmaris brevis
muscle is encountered. At this point one must

Fig.8.10 Marked incision for the hypothenar fat pad flap

Fig. 8.11 Reconstituted ligament compressing the
median nerve

Fig.8.12 Extending the distal exposure to the superficial
arch

Fig. 8.13 Developing a plane of dissection between the
hypothenar fat and the subdermal plexus
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identify the digital nerves to the ring and middle
finger distally and the ulnar artery and nerve
proximally. The dissection then proceeds verti-
cally between the palmaris brevis ulnarly and the
ulnar neurovascular bundle radially (Figs. 8.14
and 8.15). This will allow the hypothenar fat pad
to be elevated off the hypothenar muscles and
translated radially to cover the median nerve.
Lastly, use a horizontal mattress with chromic
suture to apply the flap to the under surface of the
radial leaflet (Figs. 8.16 and 8.17).

Multiple modifications have been described
to allow increased mobility of the fat flap so
that the flap is not under excess tension. One
method is to ligate distally based deep arterial
branches of the ulnar artery which allows fur-
ther radial translation of the ulnar artery away
from the ulnar nerve [22]. Another option
described by Chrysopoulo et al. (2006) is to

Fig. 8.14 Mobilization of the hypothenar fat pad flap
along the course of the superficial arch

Fig. 8.15 Identifying and protecting the ulnar nerve

Fig. 8.16 Passing sutures from the flap to the undersur-
face of the radial leaflet

Fig. 8.17 Insetting hypothenar fat flap

also dissect deep to the ulnar neurovascular
bundle and to allow separation of the hypothe-
nar fat flap off the underlying transverse carpal
ligament. The ulnar portion of the transverse
carpal ligament is then resected off of the
hamate to allow easier and more complete ele-
vation of the fat pad along with the ulnar neuro-
vascular bundle [23] (Fig. 8.18).

Craft et al. (2007) showed that the hypothenar
fat flap was most reliable for reducing pain
(83%), and less effective in reducing tingling
(50%), and numbness (42%). Importantly, no
patients reported being worse off after revision
[7]. Mathoulin et al. (2000) reported excellent or
good results in 95% of patients (49% and 45%
respectively) [22]. Strickland et al. (1996)
reported excellent results in 62 patients [24].
More recently Wichelhaus et al. (2015) reported
more modest results in a smaller series of 18
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Fig. 8.18 A horizontal mattress suture tucks the flap
beneath the radial leaflet

patients with 83% patient satisfaction, and com-
plete pain relief in only 44% [21].

Synthetic Wraps

Another less commonly used technique for
median nerve wrapping are the synthetic devices.
There are a number of different commercially
available synthetic materials that are marketed
for revision CTR and nerve wrapping. Some con-
tain an absorbable semipermeable collagen that
works by blocking fibroblast and thereby decreas-
ing perineural fibrosis. The synthetic collagen is
then broken down by the body’s normal meta-
bolic pathways without producing an inflamma-
tory reaction. This not unlike an autologous vein
wrapping, in that once the nerve has been decom-
pressed the nerve is wrapped circumferentially
along the entire portion of the scarred nerve.
Other synthetic nerve wraps are made of polygly-
colic acid, placenta, porcine, and caprolactones.
The presumed advantage of these synthetic mate-
rials is decreased donor site morbidity, and surgi-
cal time, compared with the use of local and
remote autologous tissues.

Vein Wrapping

Vein wrapping is another option for coverage of
the median nerve following revision CTR. The
proposed mechanism of vein wrapping is to insu-

late the peripheral nerve from scar. A second pos-
sible benefit derives from placing the intimal side
of the vein adjacent to the nerve to enhance nerve
gliding. See Chap. 25 for vein wrapping tech-
nique. Varitimidis et al. (2001) presented on 15
patients treated with autologous vein insulator in
the setting of revision CTR. They reported
improved pain and sensation in all patients. They
also noted improved objective parameters: nerve
conduction velocities in eight patients and
improved two-point discrimination in 14/15
patients [25].

Muscle Flaps

A number of local muscle flaps have been studied
for coverage of the median nerve. These include
pronator quadratus, palmaris brevis and abductor
digiti minimi. Tung and Mackinnon (2001)
described the pronator quadratus flap [6].
Palmaris brevis has been shown to be effective in
the setting of revision CTR [26]. However,
Strickland et al. (1996) stated that more often
than not the palmaris brevis muscle was either
absent or too small to provide adequate
coverage.

Abzug et al. (2012) described the flexor digito-
rum superficialis muscle flap. Once the median
nerve has been decompressed the incision is
extended proximally past the myotendinous junc-
tion of the flexor digitorum superficialis. The
muscle belly of the superficial flexor digitorum to
either the ring or long finger is elevated off of the
flexor digitorum carefully to preserve the myoten-
donous junction. The muscle belly is rotated 180°
and used to cover the median nerve distally. This
muscle flap should cover approximately 75% of
the circumference of the median nerve and is then
tacked down both radially and ulnarly [27].

Vascularized Fascial Flaps

The reversed radial artery fascial flap is a pedicle
flap described for recurrent CTS by Tham et al.
(1996). This technique requires sacrificing the
radial artery which could lead to cold intolerance
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or ischemia. A pre-operative Allen test is critical
to ensure adequate ulnar arterial blood supply
[28]. This flap has more recently been modified
to a perforator-based radial forearm fascial flap.
This can be done in either a single or two-incision
technique with the use of an arm tourniquet. After
performing an external neurolysis and epineu-
rotomy of the median nerve dissection proceeds
to the middle of the forearm by extending the car-
pal tunnel incision proximally or by making a
second incision over the planned flap. The radial
artery has 6-10 septocutaneous distal perforators
off the radial artery. The most proximal perfora-
tor is reliably located five to eight centimeters
proximal to the radial styloid and this is most
commonly the pivot point for this flap. This per-
forator usually allows coverage of the median
nerve in the forearm all the way to the distal end
of the scarred median nerve in the palm. This can
be modified and pivoted off of a more distal per-
forator if needed as these perforators are reliably
located approximately every 0.4-1.5 cm distally
ending 1.5 cm proximal to the radial styloid. The
flap is raised ulnarly from the fascia over the
flexor carpi ulnaris and extended laterally raising
the fascia over the extensor carpi radialis brevis
until the perforators off of the radial artery are
encountered. The lateral antebrachial cutaneous
nerve must be protected in the forearm. Mahmoud
et al. (2013) reported good medium-term results
in a small series of eight patients [29].

Remote Pedicle or Free Flaps

There have also been a number of remote pedicle
or free flaps proposed for median nerve coverage
in revision CTR. Goitz and Steichen (2005),
reviewed a long term follow up in a small series
of nine patients who underwent microvascular
omental transfer. They reported on nine extremi-
ties in six patients who had previously failed a
minimum of two procedures including a failed
local pedicle flap coverage. The technique
requires a large extensile open approach to the
carpal tunnel extending approximately 7 cm
proximal to the wrist crease with an external neu-
rolysis, flexor tenosynovectomy, and exposure of

the cephalic vein and radial artery in the proximal
forearm. The omental flap is harvested from the
gastroepiploic vessels by an abdominal or
peripherial vascular surgeon. A microvascular
anastamosis is then performed in the forearm
with an end-to-end technique from the gastroepi-
ploic vein to the cephalic vein. Additionally, the
gastroepiploic artery is sutured end-to-side into
the radial artery. Lastly the omentum in the fore-
arm is then covered by a partial-thickness skin
graft. They showed patient satisfaction and
improved quality of life in five of the six patients.
There were four complications, all relating to the
omental harvest site, in this small series of nine
extremities [30].

Outcomes Including Comparative
Studies

Outcomes following revision carpal tunnel sur-
gery are less predictable compared to primary
CTR. Cobb et al. (1996) reported on 131 patients
who underwent reoperation for CTS. This
included a heterogeneous group of revision pro-
cedure ranging from simple decompression to
flap coverage. They concluded no difference in
outcomes based on the type of surgical proce-
dure. They also found poor outcomes in one
quarter of the patients with over 10% requiring a
third operation [5].

When comparing the results of CTR following
previous open verses endoscopic surgery,
Hulsizer et al. (1998) found that patients having
undergone previous endoscopic release had sig-
nificantly better results than those who under-
went open release. A total of 23 patients (30
wrists) were included in this study. Of the 23
patients, 14 (17 wrists) had a previous open CTR
surgery and 9 patients (13 wrists) had a previous
endoscopic CTR surgery. All patients underwent
a standard open CTR for revision surgery. In the
open surgery group, 47% reported improved or
completely resolved symptoms, whereas, 77%
patients in the endoscopic group had improved or
completely resolved symptoms [31].

Numerous studies demonstrate that open revi-
sion carpal tunnel release is successful in treating
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patients after failed endoscopic CTR [31, 32]. In
22 patients (24 wrists) that underwent open revi-
sion CTR for recurrent CTS after primary endo-
scopic release, Varitimidis et al. (1999), found
that 20 patients (22 wrists) had an incomplete
release of the flexor retinaculum. Pre-revision, 22
patients did not return to work after primary
endoscopic release. After open revision 15
patients (16 wrists) returned to their previous
employment and 5 patients (6 wrists) began
working at different jobs with lighter duties.
These results demonstrate that patients with per-
sistent carpal tunnel syndrome after incomplete
endoscopic release can experience improvement
of symptoms with expected return to work after
open revision [32].

In conclusion, revision carpal tunnel surgery
has modest results as compared to primary carpal
tunnel release. However, many authors have shown
improvement in 50-85% of revision cases in small
retrospective studies. O’Malley et al. (1992)
showed 60-70% improvement in a study in 1998
[33]. Simple decompression alone has shown to be
effective for treatment of revision carpal tunnel
syndrome. Often the nerve shows significant scar-
ring, and many recommend some type of coverage
or interoposition to provide a barrier to scar tissue
and to help with tendon gliding.

Our senior author’s preference is a hypothenar
fat flap in most cases of revision carpal tunnel
release. The advantage of this flap is that it is
locally available vascularized flap with low mor-
bidity and good reproducibility. Post operatively
early range of motion is initiated to help with
nerve gliding. One other consideration is our
senior author performs the majority of carpal tun-
nel surgery utilizing a Wide Awake Local
Anesthesia No Tourniquet (WALANT) tech-
nique. The locally available hypothenar fat pad
flap as well as the synovial flaps can easily be
performed under WALANT.
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