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Key Points

•	 In evaluating a patient for revision carpal tun-
nel surgery, it is important to document 
whether the symptoms are persistent, recur-
rent, or acutely worse after the CTR.

•	 If numbness is worse, two-point discrimina-
tion and Semmes-Weinstein testing can help 
define the distribution and severity of sensory 
dysfunction.

•	 Persistent carpal tunnel syndrome may result 
from an incomplete release but is more com-
monly the result of chronic compression in 
compromised host, e.g., diabetic, elderly, and 
heavy smoker.

•	 Recurrent CTS is rare but is characterized by 
a symptom-free interval.

�Introduction

Carpal tunnel syndrome (CTS) is the most fre-
quent compressive neuropathy in the upper 
extremity, with an incidence of 1–3 cases per 
1000 patients per year [1]. The prevalence is 
2.7% based on symptoms, clinical signs, and 
neurophysiology [2]. Carpal tunnel release 
(CTR) is the most common surgical procedure 
performed on the hand, and, fortunately, adverse 
sequelae are uncommon [3]. Decompression can 
be performed via open, mini-open, or endoscopic 
techniques with excellent success rates. Although 
most patients are satisfied with their result and 
have complete resolution of their symptoms, 
there are a certain percentage of individuals who 
have either recurrent or persistent symptoms. 
Traditionally, persistent symptoms have been 
attributed to an incompletely released transverse 
carpal ligament (TCL). It is our experience that 
persistent symptoms are more commonly the 
result of chronic compression in compromised 
host (e.g., diabetic, elderly, obese with thyroid 
gland disorders) [4]. Other causes for recurrent 
CTS are incorrect diagnosis, neuroma of a super-
ficial nerve in the area (palmar cutaneous nerve), 
fibrous proliferation, recurrent tenosynovitis, and 
permanent nerve injury prior to surgery [5–8].

Recurrent CTS occurs in up to 19% of patients 
following CTR, with 12% requiring re-exploration 
[5]. Recurrence of symptoms is thought to be the 
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result of progressive scar formation around the 
median nerve [9, 10]. Incomplete release of the 
TCL is cited as a cause of recurrence [3, 11, 12]; 
however, in our experience, the ligament quickly 
reconstitutes itself, and it is difficult to define 
“incomplete release.” There are reports of a higher 
recurrence rates and poorer outcomes in patients 
with occupation-related CTS [5] and in patients 
who are involved in workers’ compensation 
claims [9, 13].

Revision median nerve decompression alone 
or with neurolysis does not always result in suf-
ficient relief of symptoms [14, 15]. Therefore, 
many different surgical techniques for coverage 
or wrapping of the median nerve have been pro-
posed and reported in the literature for this recal-
citrant condition. The goal of revision surgery for 
recurrent CTS is to decompress the nerve, pre-
vent recurrent scar formation, and promote nerve 
recovery.

Various flaps have been used to cover the 
nerve including free omentum [16], subcutane-
ous tissue [14], hypothenar fat pad, synovial flap, 
abductor digiti minimi flap [14], pronator quadra-
tus flap [17], pedicled reverse radial forearm flap 
[18], and vein wrapping [19, 20]. Some are tech-
nically demanding and use tissue that may be too 
small or poorly positioned to adequately cover 
the median nerve. Most published series are 
small, making it difficult to draw conclusions 
about the best technique.

�Evaluation

�Clinical Indicators for Failed CTR

Failed CTR manifests with either persistent 
symptoms or worsening symptoms. Persistent 
symptoms are common in the elderly and in 
patients with medical comorbidities, such as dia-
betes. Increased numbness after CTR should be 
cause for concern because it may reflect nerve 
injury. During revision surgery of the median 
nerve, iatrogenic injury was noted to have 
occurred in 3–6% of cases [3, 10]. These injuries 
can be due to lacerations of the palmar cutaneous 
branch, the median nerve proper, the recurrent 

motor branch, or one of the common digital 
nerves. Treatment is guided by the history and 
exam to a greater extent than imaging and nerve 
studies [21].

�Clinical Indicators for Recurrent 
Symptoms

Initial improvement of preoperative symptoms 
suggests complete release of the TCL. In a retro-
spective review of 18 wrists in 17 patients with 
recurrent CTS, the average time between initial 
relief after the procedure and the presentation of 
recurrent symptoms was 21 months, with a range 
of 7 months to 8 years [3]. Table 16.1 summarizes 
the evaluation of recurrent CTS versus failed CTS 
with persistent or worsened symptoms.

The patient returning to the clinic after CTR 
complaining of symptoms consistent with median 
nerve compression can be difficult to assess. The 
patient’s perception of symptoms preoperatively 
and postoperatively can be vague and inconsis-
tent. A thorough history must be taken to evalu-
ate for any new or undiagnosed disorders, such as 
hyperthyroidism, hypertension, or diabetes [22]. 
In a retrospective review of 2357 patients treated 
with CTR, 48 patients required secondary sur-
gery for recurrent symptoms, and among these 
patients, hypertension and diabetes were found to 
be significantly associated with carpal tunnel 
recurrence [23]. It is important to delineate what 
the patient’s symptoms were before the primary 
CTR. The most common presenting symptom in 
primary CTS is intermittent impaired sensation 
in the median nerve distribution. Pains in the 
hand and wrist are the next most common symp-
toms, with nighttime paresthesias and weakness 
as other common complaints [24].

In those cases in which patients return for 
their first postoperative visit and report that they 
are “not any better,” specific questioning as to 
which symptoms persist is crucial to identifying 
the cause and treatment for these persistent symp-
toms. Many will report that they still have numb-
ness, but their night pain and dysesthesias have 
resolved. This suggests complete release of the 
ligament and no immediate intervention is 
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necessary. With observation, this numbness will 
continue to improve in most patients. It is helpful 
to perform Semmes-Weinstein or two-point dis-
crimination testing at this point as this can be a 
sensitive method to monitor progressive nerve 
recovery [25].

It is important to distinguish persistent or 
recurrent pain from persistent or recurrent 
numbness. There are many reasons for these 
symptoms, including arthritis in adjacent joints 
and scar-related pain. An increase in numbness 
suggests nerve compromise. It is helpful to ask 
the patient whether the main complaint before 
the operation was numbness or pain. Nerve 
decompression for numbness is predictable, 
decompression for pain is not. Preoperative 
nerve studies and the operative report can help 
define the original problem and the extent of the 
surgical release. The incision should be 
inspected and a Tinel’s sign test performed 
proximal to, along, and distal to the scar from 
the release. Worsened or absent Semmes-
Weinstein monofilament or two-point discrimi-
nation as compared to preoperative measurement 
is consistent with intraoperative nerve injury. 
Objective measures, such as grip strength or 

sensory testing, should be used when possible to 
quantify deficits in the affected hand. 
Provocative maneuvers, such as Phalen’s test, 
and carpal tunnel compression test can be per-
formed and compared with the contralateral side 
and with any preoperative findings.

The use of cortisone injections has been advo-
cated in the diagnosis of recurrent CTS. In a retro-
spective series of 28 wrists in 23 patients, Beck 
et al. [26] studied whether the result of cortisone 
injection predicted the outcome of revision 
CTR. Of the 23 wrists that had relief from injec-
tion, 20 had symptom improvement with surgery. 
The sensitivity and positive predictive value for 
injection alone predicted outcome of revision CTR 
in 87%. The results of injection as a predictor of 
successful revision CTR showed a positive trend, 
although they did not achieve statistical signifi-
cance. The authors concluded that relief from 
injection as a diagnostic test for predicting success-
ful revision CTR was found to have both a high 
sensitivity and a positive predictive value. Coupled 
with the components of the physical examination, 
injection seems to provide a good screening test to 
establish surgical success with revision CTR. The 
specificity of the test was lower, at 40%.

Table 16.1  Evaluation of recurrent versus failed (persistent or worsened) CTS

Symptoms Examination Etiology Treatment options

Recurrent CTS Numbness completely 
resolved then recurs

Findings range from 
normal to (+) Tinel’s, 
Phalen’s, carpal 
compression test, or 
expanded two-point 
discrimination

Most common: no 
obvious abnormality 
other that adjacent, 
compressive scar. 
Other reasons: 
tenosynovitis, masses, 
incomplete release

•	 Revision CTR
•	 Neurolysis
•	 Interposition graft
•	 Synovial flap
•	 Muscle flap
•	 Hypothenar
•	 Fat pad flap
•	 Vein wrap

Failed (persistent) 
CTS

Symptoms persist Key finding: normal or 
unchanged two-point 
discrimination

Advanced age, 
diabetes, intrinsic 
nerve disease, 
concurrent 
compression, e.g., 
cervical, 
radiculopathy, 
incomplete release of 
TCL

•	 Observation if 
symptoms 
reoccurred to 
advanced age 
patients or medical 
comorbidities

•	 Revision CTR for 
incomplete release 
of TCL

Failed (worsened) 
CTS

Noticed by the patient 
in the immediate 
postoperative period

Tinel’s over incision. 
Expanded or absent 
two-point 
discrimination

Suspected nerve injury •	 Neurolysis
•	 Nerve repair
•	 Interposition
•	 Graft

CTR carpal tunnel release, TCL transverse carpal ligament
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Even with careful preoperative evaluation and 
precise surgical release, revision CTR remains 
less successful than primary CTR [5]. 
Consequently, the treating surgeon must combine 
a thorough history, diligent examination, and 
information from adjunct tests to estimate the 
likelihood of success with revision CTR.

�The Role of Diagnostic Tools

Supportive accessory studies take a secondary 
role in the management of failed or recurrent 
CTS. Nerve conduction studies (NCS) with elec-
tromyography (EMG) can help support a diagno-
sis though should not be relied on to determine 
the diagnosis. Electrodiagnostic studies are not 
always helpful in diagnosing recurrent CTS 
because electrical changes can persist even after 
successful releases [27, 28]. The use of these 
studies in the context of recurrent CTS can be 
useful if the patient had preoperative studies 
done. If the repeated NCS are worse or show 
signs of denervation of the thenar muscles, sur-
gery may be indicated [3]. Unfortunately, wors-
ened electrical studies don’t predict the success 
of revision surgery [24].

Magnetic resonance imaging (MRI) can reveal 
extrinsic compression from a mass or bony 
excrescence. Stutz and colleagues [10] reported 
on 4 cases, out of 200 revision CTR surgeries, 
where a mass was found in the carpal tunnel  
(2 ganglions, 1 lipoma, and 1 fibroma). In our 
opinion, MRI is not accurate enough for diagno-
sis of recurrent compression or nerve injury. The 
AAOS guidelines recommend against the use of 
MRI in the routine evaluation of patients with 
CTS.

In a retrospective study of 34 patients who pre-
sented with CTS and underwent CTR, Karabay 
et al. [29] assessed the usefulness of ultrasonogra-
phy for determining the potential causes of ongo-
ing symptoms following CTR.  An abnormal 
finding was detected by ultrasonography in 25 
(74.5%) patients. The most common pathological 
findings were median nerve swelling (70.6%), 
incomplete transection of the TCL (23.5%), and 
perineural fibrosis (17.6%). The authors concluded 

that in the majority of the patients, the pathology 
related to the ongoing symptoms was detected by 
ultrasonography, suggesting that ultrasonography 
could be used as a complementary imaging 
method for identifying the causes of failure 
following CTR.

In a prospective study of 36 patients, Karabay 
et al. [30] sonographically evaluated the anatomy 
of the TCL after open CTR, in order to establish 
new ultrasonographic criteria for the complete-
ness of TCL release. Patients were evaluated with 
physical examination and ultrasonography before 
and after the operation. All patients’ symptoms 
resolved after surgery. TCL was found to be dif-
fusely thickened and to have lost its smooth form 
after surgery. Postoperative TCL thickness 
showed a statistically significant increase when 
compared with preoperative values (p  <  0.05). 
The authors concluded that sonography is a capa-
ble imaging method for assessment of the TCL 
after open CTR. In addition, ultrasound may be 
considered as a complementary tool to exclude 
diagnosis of incomplete transection of TCL in 
patients with persistent symptoms.

High-definition ultrasound has improved in its 
ability to delineate peripheral nerves and the sur-
rounding tissues. It has been increasingly used to 
localize the anatomical causes of nerve compression 
in patients with persistent or recurrent CTS [31].

�Nonoperative Care

In most cases of recurrent CTS, conservative 
measures will not provide adequate relief [32]. 
Scar modification, splinting, and other exercises 
to promote nerve and tendon glide can be insti-
tuted. Nonoperative treatment of recurrent CTS 
may provide symptomatic relief for a small num-
ber of patients but fail to benefit most patients in 
the long term, as reported by Strickland et al. 
[33]. Given our limited ability to control scar for-
mation, revision decompression and neurolysis 
of the median nerve for treatment of perineural 
fibrosis are frequently disappointing [14, 15]. 
Wadstroem et al. evaluated the causes of unsatis-
factory results after surgery for carpal tunnel 
syndrome in a retrospective analysis of 40 
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patients. Their most common pathological find-
ing was fibrosis and adhesions in the carpal canal. 
In 30% of patients, other neuropathies were pres-
ent, and bilateral operations had been performed 
in 55%. We offer revision surgery to patients with 
worsening numbness immediately after their first 
operation, patients with recurrent numbness after 
a previously successful operation, and a select 
subgroup of patients with persistent numbness 
after surgery.

�Re-operative Strategies

�Principles of Revision Nerve Surgery

We use nerve autograft for complete or partial 
nerve lacerations that cannot be sutured together 
without tension. Our choice of nerve graft 
includes medial antebrachial cutaneous (MABC) 
nerve and sural nerve. Before surgery, be sure to 
obtain consent to harvest nerve graft or to use a 
nerve conduit. Loupe magnification or a dissect-
ing microscope is advocated.

The incision is planned so that it extends into 
normal tissue at least 2  cm on either end. The 
median nerve is recognized in the distal forearm 
straight beneath the palmaris longus tendon. The 
nerve is traced toward the carpal canal working 
on the anterior, ulnar margin of the nerve. As the 
scarred region comes nearer, care is taken to rec-
ognize the plane between the nerve and the scar. 
The existence of perineural fat forms a natural 
plane except in those occasions when the nerve 
has been lacerated. If you lose the plane between 
nerve and scar, proceed with the dissection distal 
to the carpal tunnel starting in normal tissue. 
Start on the anterior margin of the third common 
digital nerve and trace that nerve to the anterior, 
ulnar margin of the median nerve proper. When 
there is no clear plane between the nerve and 
scar, you can infer the line of dissection from the 
distal and proximal anterior, ulnar margins of the 
nerve. Dissect just ulnar to this line keeping a 
cuff of synovial tissue on the nerve. Once the 
nerve is released from scar, check the nerve for 
signs of injury such as disruption of fascicles or 
proximal neuroma (Fig.  16.3a). Identify the 

motor branch and common digital nerve. 
Adequate exposure of the median nerve and car-
pal tunnel is required. The revision CTR begins 
by extending the previous incision into normal 
tissue to allow proximal or distal identification of 
the median nerve to first facilitate exploration.

Dissection of the median nerve from proximal 
to distal should be performed along the ulnar bor-
der of the nerve to avoid damage to the motor 
branch. If dense scar is encountered during the 
proximal to distal dissection, stop and find the 
nerve in normal tissue distal to the densely 
scarred area. Alternate the exposure from proxi-
mal to distal and then distal to proximal until the 
nerve has been safely mobilized.

�Repeat Simple Decompression

Unfortunately, given our limited ability to control 
scar formation, revision decompression and neu-
rolysis of the median nerve for treatment of peri-
neural fibrosis frequently yield unsatisfactory 
results [14, 15].

In patients with a significant interval between 
primary CTR and recurrent symptoms, Mosier 
et  al. [22] treated recurrence of symptoms with 
simple repeat CTR.  They define a “significant 
interval” as more than 1 year with resolution of 
carpal tunnel symptoms during this time. Beck 
et al. [26] demonstrated good relief with repeat 
decompression at many time intervals.

�Revision Decompression 
with Interposition of Local or Remote 
Flaps

Interposition of a biologic barrier between the 
nerve and surrounding tissues may discourage 
scarring and provide a nutrient bed for axonal 
regeneration [34]. The advantage of local flaps like 
the ADQ, pronator quadratus, hypothenar fat flap 
[35], and palmaris brevis muscle flap [36, 37] is the 
ease with which they can be used. Unfortunately, 
length limitations may restrict their utility. Our 
preference is to use a hypothenar fat flap when pos-
sible (Fig.  16.1). After simpler techniques have 
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been ruled out as options, it may be necessary to 
employ more complex free tissue transfers [12].

When the surgeon feels that the local tissue 
environment is fibrotic and/or avascular, several 
procedures may be performed to help protect the 
nerve from recurrent scarring, including autolo-

gous and synthetic nerve wraps and vascularized 
soft tissue coverage. Other factors to consider are 
also ease by which the tissue can be obtained and 
the comorbidities associated with its harvest. 
There are generally two categories of these pro-
cedures, as explained by Abzug et al. [38]:

Fig. 16.1  Hypothenar fat pad flap. This patient had failed 
CTR and presented with a very sensitive median nerve. 
The hypothenar fat was mobilized to cover the scarred 
median nerve. (a) Extended approach. (b) Nerve exposure 

along the ulnar margin of the median nerve. (c) 
Identification of the superficial palmar arch. (d) 
Mobilization of fat flap. (e) Secure flap underneath TCL 
and suturing it to the radial leaflet of TCL. (f) Inset flap
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	1.	 Flaps that provide neovascularization, such as 
hypothenar fat pad flaps and synovial flaps, 
can help to improve nerve regeneration and 
gliding

	2.	 Interposition materials, such as vein grafts 
and synthetic implants, help prevent scar for-
mation by providing a mechanical barrier

�Vascularized Flaps

�Hypothenar Fat Pad Flap

The hypothenar fat pad flap interposes adipose 
tissue from the hypothenar eminence between 
the median nerve, the remnant of the TCL and 
surrounding scar. First described by Cramer 
[35] and refined by Strickland et  al. [33], the 
hypothenar eminence includes a generous layer 
of adipose tissue of sufficient width and thick-
ness to provide coverage for the median nerve 
within the carpal canal. Dissections of the 
hypothenar fat pad have demonstrated arterial 
branches to the fat pad arising from the medial 
side of the ulnar artery in Guyon’s canal and 
more distally from branches of the ulnar artery 
to the small finger and fourth web space. These 
transverse and somewhat tortuous branches 
occurr approximately every 1 cm beginning at 
the distal wrist flexion crease. Additional arte-
rial branches to the fat pad arise from arterial 
branches to the hypothenar muscles and pal-
maris brevis muscles [33].

Once sufficient mobilization of the fat pad 
has been accomplished, it is transposed over 
the median nerve and sutured to the undersur-
face of the radial leaflet of the TCL [33] (see 
Fig. 16.1).

In a retrospective series of 58 patients with 62 
hands, Strickland et  al. [33] showed excellent 
results in relieving recurrent symptoms with use 
of the hypothenar fat pad flap at an average fol-
low-up of 33 months, with 37 of the 43 patients 
returning to their pre-surgery employment. 
Subjectively, the vast majority of patients had 
improvement of proximally referred pain, hyper-
sensitivity, and nocturnal symptoms. There was 
also significant improvement in the Phalen’s and 

Tinel’s signs, and relief of dysesthesia and pares-
thesia was seen in 89% of patients. This relief 
was not immediate and in some cases took as 
long as 2.5 years to achieve. Two-point discrimi-
nation remained normal in 35 patients, improved 
from an expanded range to normal (<6 mm) in 21 
patients, and remained expanded in 5 patients.

In a retrospective study of 28 patients, Craft 
et al. [34] showed significant improvement in the 
average two-point discrimination tests, the grip 
tests, and in the number of cases with positive 
Tinel’s sign. Pain resolved in 83% of patients and 
numbness resolved in 42% of patients. The sub-
jective complaint of “tingling” disappeared in 
50% of patients.

Fusetti et al. reported on 20 patients who were 
treated with a hypothenar fat pad flap. Sixteen 
patients had adherence of the median nerve to the 
radial leaf of the divided TCL.  The remaining 
four patients had an unidentifiable plane between 
the epineurium and the remains of the 
TCL. Subjectively, 18 of the 20 patients had com-
plete resolution of their hyperesthesia and allo-
dynia by 6 months after surgery. One patient had 
no improvement and would not recommend the 
procedure, while the remaining 19 patients stated 
that they would recommend the procedure. 
Seventeen of the 20 patients had resolution of 
provocative signs, including Phalen’s, Durkan’s, 
and Tinel’s. Seven of the nine workers’ compen-
sation patients returned to work [39].

Wichelhaus et  al. [40] conducted a retro-
spective study of 18 patients with recurrent 
CTS due to fibrotic adhesions of the median 
nerve, with scar formation of 3 to 5  cm in 
length. The hypothenar fat pad flap was used in 
all the cases, as it covered the entire length of 
the scarred nerve. Pain disappeared after the 
surgery in 14 patients, and the Tinel’s sign dis-
appeared in 16 patients. Hand function, grip 
strength, and pinch strength improved in all 
patients, as well as two-point discrimination 
recorded from the fingertips. Fifteen of the 18 
patients would elect to have the operation done 
again if necessary. None of the patients reported 
hypothenar pain, none deteriorated after sur-
gery, and all of the patients reported complete 
resolution of nighttime symptoms.
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�Synovial Flap

A vascularized synovial flap can be used to sup-
ply interposition and neovascularization to a 
scarred median nerve. This technique has the 
advantage of being able to be performed over the 
same incision without the requirement for 
expanded additional dissection. The synovial 
flap, raised off of the superficial flexor tendons 
deep to the median nerve, is a barrier to scar for-
mation. The surgical technique is described in 
Figs. 16.2 and 16.3.

To make a synovial flap, raise a flap of synovium 
from the superficial flexors starting on the ulnar 
aspect of the carpal canal (Fig. 16.3b). Continue 
raising the flap from the level of the superficial 
arch to the wrist crease. At the proximal and distal 
margins of the flap, cut transversely to allow the 
flap to be mobilized. Continue to raise the flap to 
the margin of the median nerve (Fig. 16.3c). The 
flap is then draped over the nerve and sewn to the 
inner surface of the radial remnant of the TCL 
(Fig.  16.3d). The wrist is immobilized for 10 to 
14  days post-surgery. If there is an associated 
nerve injury that was repaired or grafted during the 
procedure, the wrist is immobilized for 4 weeks. 
Splints and casts are kept low in the palm to permit 
full and prompt finger motion. Scars are treated 
with massage and elastomer.

In a retrospective series of 36 hands in 20 
patients, Gannon et  al. [21] demonstrated good 

results in relieving recurrent symptoms with use 
of the synovial flap. During the course of 6 years, 
eight patients had complete relief of their symp-
toms, ten had partial relief, and two had no 
improvement in symptoms. The average age of 
patients who had full relief was 53.5  years, in 
comparison with 61.8 years for patients with par-
tial relief and an average age of 61.5  years for 
patients with no improvement.

Stutz et al. [28] compared clinical outcomes 
and electrophysiologic results of the hypothenar 
fat pad flap to the synovial flap, and the hypothe-
nar flap appeared to produce superior clinical 
results, although statistical significance was not 
achieved.

�Vascularized Fascial Flap

Indications for this procedure include recurrent 
CTS with soft tissue deficiency. The physical 
exam should include Allen’s test and, if needed, 
an arteriogram test. Another important preopera-
tive test is the NCS/EMG.

The operating room setup includes upper 
extremity nerve block, or other suitable anesthe-
sia, hand table, tourniquet, and loupe or micro-
scope magnification. The incision planning 
includes identification of the course of radial 
artery by landmarks or handheld Doppler. It is 
important to template the expected fascial flap 

Fig. 16.2  (a) Synovial flap being elevated off of the FDS tendons. (b) Synovial flap before interposition placement on 
the median nerve
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length in order to transpose it over the course of 
the radial artery. It is beneficial to overestimate 
pedicle length with an expected pivot point at the 
radial styloid. Diagram the planned incision as an 
extended open CTR with a Brunner-type incision 
across the wrist crease with proximal extension 
over the radial artery. A skin flap of subcutaneous 
tissue is raised as a single layer. Mark the under-
lying fascia with the outline of the previously 
designed template with surgical marking pen. 
The neurolysis involves exposing the median 
nerve at the carpal tunnel with neurolysis of the 
scarred nerve. The fascial flap is elevated by 
incising the fascia at the proximal and distal mar-
gins of fascia, identifying the radial artery at both 
margins, and confirming location deep to flap. 

Incise the remaining fascial flap along the mar-
gins of the underlying muscle.

�Reverse Radial Artery Fascial Flap 
(Distally Based Radial Forearm Flap)

Tham et al. [41] defined making use of a reverse 
radial artery fascial flap to cover the whole 
length of scarred median nerve. It is critical to 
perform an Allen’s test to guarantee patency of 
the ulnar artery. Following median nerve neu-
rolysis, the incision is lengthened to the proxi-
mal third of the forearm using a point that is 
4  cm proximal to the radial styloid as the 
expected pivot point. This incision will allow a 

Fig. 16.3  Synovial flap technique. (a) Median nerve re-
released. The dissection was extended approximately 
2  cm on either end of the original incision into normal 
tissue. (b) The synovial flap raised from ulnar to radial 
side off the superficial flexors. (c) The synovial flap raised 

to the level of the median nerve. The distal border is at the 
level of the superficial arch. The proximal border is at the 
level of the wrist crease. (d) The synovial flap wrapped 
loosely about the median nerve
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fascial flap measuring 4 cm wide and 5 cm long 
to be harvested. Dissection is carried down just 
superficial to the antebrachial fascia. The fascia 
is then incised at its periphery and elevated 
superficial to the epimysium of the forearm mus-
cles while protecting the vascular connections to 
the radial vessels. The radial artery and its vena 
comitans are divided proximally to allow suffi-
cient mobilization of the fascial flap. The fascial 
flap is then turned distally, passed deep to the 
flexor carpi radialis, and wrapped around the 
median nerve with the gliding surface of the flap 
in contact with the nerve. It is important to have 
a tension-free flap transposition. Suture is uti-
lized to tack the flap in place [41].

Tham et al. reported on this procedure in six 
patients with an average of 2-year follow-up. All 
patients had previously sustained two or more 
decompressions. Operative findings reported evi-
dence of chronic scarring of the median nerve 
with flattening and perineural fibrosis. All 
patients had improvement of their symptoms. 
Two patients had full resolution of pain and par-
esthesias, and the remaining four had only mild 
infrequent pain or paresthesia [41].

�Distally Based Radial Forearm 
Perforator Flap

The lateral portion of fascial flap is reflected to 
expose the radial artery. Perforating vessels are 
identified as they branch perpendicular to the 
main axis of the radial artery. The flap is elevated 
in the subfascial plane from proximal to distal 
until adequate flap length is obtained leaving one 
or two dominant distal perforators.

In a study by Mahmoud et  al. [42], the 
perforator-based radial forearm fascial flap was 
performed when patients had either already 
undergone a revision carpal tunnel surgery or if 
fibrosis around the median nerve extended proxi-
mally into the distal forearm. Out of eight 
patients, none reported dissatisfaction or worsen-
ing of symptoms after the surgery. Tinel’s sign 
was fully resolved in four patients and greatly 
improved in the other four. The Phalen’s sign dis-
appeared in all patients. Two-point discrimina-

tion, grip strength, and pinch strength improved 
overall.

Dahlin et al. [43] noted that 3 out of 14 patients 
considered themselves cured or almost cured 
after this type of surgery, 7 patients improved, 1 
patient was unchanged, and 3 patients were 
worse. Overall, pain and sensitivity at the wrist 
decreased significantly, and no patient experi-
enced worse tingling or impaired sensation in the 
hand and fingers. However, ten of the patients 
reported problems from the donor site.

�Interposition Materials

The ideal wrapping material should protect the 
nerve from compression by scar tissue, inhibit 
tissue adhesions to the nerve, improve gliding of 
the nerve during motion of the extremity, and 
decrease the scarring within the nerve trunk [34].

�Autologous Vein Wrapping

Experimental studies in a rat model have shown 
that the autologous vein wrap can improve the 
functional recovery of the nerve and prevent 
scar formation around the previously scarred 
segment of the nerve [44–46]. Even though the 
mechanism still remains uncertain, human his-
topathologic analysis from re-exploration of 
autologous vein-grafted nerves further con-
firmed the inhibition of adhesions between the 
vein and the nerve. These biopsies also revealed 
neovascularization of the autologous vein graft 
and structural transformation of the vein endo-
thelium [47, 48].

The autologous vein wrapping procedure is 
indicated for recurrent CTS in patients with at 
least two previous failed operations. The tech-
nique is also indicated in patients with severe 
nerve scarring or neuroma formation. However, it 
is not recommended in patients with chronic 
lower extremity venous insufficiency.

General anesthesia is used for this procedure 
because two operating fields are required, one for 
the median nerve re-exploration and one for the 
greater saphenous vein harvesting. The revision 
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surgery with the autologous vein wrapping tech-
nique involves revision decompression of the 
median nerve with neurolysis, greater saphenous 
vein harvesting from the lower extremity, and 
wrapping the vein graft around the previous com-
pressed median nerve segment.

The median nerve in the wrist is exposed and 
released from the surrounding scar tissue. It is 
important to measure the length of the median 
nerve that needs to be covered. The length of the 
greater saphenous vein graft must be four to five 
times the scarred length of the nerve. The vein 
length harvested is usually 25–30  cm. A vein 
stripper can be used to harvest the greater saphe-
nous vein graft minimizing the length of the inci-
sion in the lower extremity. After the saphenous 
vein graft is harvested, it is incised and opened 
longitudinally. The vein is circumferentially 
wrapped around the scarred segment of the 
median nerve from distal to proximal with the 
intima of the vein against the nerve. The two ends 
of the graft are tacked distal and proximal to the 
scarred segment of the median nerve on an immo-
bile tissue. Each loop of the vein is stabilized 
with the adjacent loop using a loose 7-0 nonab-
sorbable, monofilament stitch. It is important to 
ensure that the intima of the vein graft is opposed 
to the nerve after each loop. Wrapping should not 
be too snug. The entire segment of the scarred 
nerve must be completely covered with the vein 
graft to prevent recurrence (Fig. 16.4). The wrist 
is immobilized in slight extension for 2  weeks 
postoperatively. Active and passive range of 

motion exercises are started after the splint is 
removed.

Several clinical studies have shown that the 
autologous vein wrapping technique is an effec-
tive treatment method for recurrent CTS [20, 49, 
50]. After autologous vein wrapping, significant 
improvement of pain and grip strength has been 
noticed in the majority of patients. Most patients 
also showed improved two-point discrimination 
postoperatively. Nerve conduction studies 
revealed improvement of findings postopera-
tively in several patients, although they did not 
return to normal values. No complications due to 
the saphenous vein graft harvesting were noted 
other than transient swelling at the donor site that 
resolved in approximately 6 months.

�Synthetic Wraps

In a similar fashion, synthetic devices can be uti-
lized to supply interposition around the scarred 
nerve and inhibit scar reformation. Currently, 
there are available synthetic devices from bovine 
collagen (NeuraWrap, Integra LifeSciences, 
Plainsboro, NJ) and porcine extracellular matrix 
(Axoguard, Axogen Inc., Alachua, FL). Synthetic 
devices, such as Neuragen (Integra) and 
Axoguard (Stryker), are composed of an absorb-
able semipermeable collagen that is absorbed by 
the body over time through normal metabolic 
pathways [38]. During this process, no scar tissue 
forms nor does an inflammatory reaction arise, as 

Fig. 16.4  Vein wrap 
technique. Wrapping the 
median nerve with 
autologous saphenous 
vein graft with its intima 
against the nerve. Each 
loop of the wrapped vein 
is stabilized to the 
adjacent loops with a 
7-0 nonabsorbable, 
monofilament stitch. 
The entire scarred 
portion of the median 
nerve is covered with the 
vein graft
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the device is composed of a semipermeable 
membrane which blocks fibroblasts and in this 
manner lessens perineural fibrosis [51, 52].

Synthetic nerve wraps used for revision carpal 
tunnel surgery have the advantages of decreased 
operative time and donor site morbidity. However, 
the cost of allograft nerve wrap may be consid-
ered a relative contraindication at some facilities. 
Currently, there is not sufficient data to demon-
strate that these synthetic wraps are better than 
autologous vein wraps [38].

The surgical procedure involves revision 
median nerve decompression through a typical 
open carpal tunnel approach with proximal exten-
sion across the wrist flexion crease. The median 
nerve is recognized and freed of surrounding scar 
tissue. Once the nerve is sufficiently free, the 
synthetic nerve wrap is placed around the decom-
pressed segment of the median nerve. The entire 
segment of scarred nerve must be completely 
covered to prevent recurrence. The synthetic 
nerve wrap is secured around the nerve with 
sutures. Care is taken to avoid suturing the syn-
thetic nerve wrap to the nerve.

�Clinical Outcomes

The results of revision CTR are variable, and 
many patients will experience some improve-
ment, but 41% to 90% of patients will report per-
sistent symptoms [25]. There is little evidence to 
help the physician know what clinical features or 
diagnostic studies are helpful in predicting a 
good outcome after surgery. There are many vari-
ables, such as physiologic and anatomic factors, 
as well as psychosocial contexts, that can pre-
clude a favorable outcome.

Zieske et  al. [13] evaluated intraoperative 
findings and outcomes of revision CTR in order 
to identify predictors of pain outcomes. In their 
retrospective study of 97 hands in 87 patients 
who presented with persistent, recurrent, or new 
symptoms, the recurrent group demonstrated a 
higher incidence of diabetes and a longer interval 
from primary CTR.  This group was also less 
likely to present with pain. Incomplete release of 
the flexor retinaculum and scarring of the median 

nerve were common intraoperative findings. 
Nerve injury was more common in the “new 
symptoms” group. Higher levels of preoperative 
pain, use of pain medication, and workers’ com-
pensation were significant predictors of greater 
postoperative pain. They concluded that number 
of prior CTRs, baseline pain, pain medications, 
and workers’ compensation status are important 
predictors of outcomes in this population.

Stutz et al. [10] described a number of causes 
for recurrent or unresolved CTS.  Of the 200 
patients included in their study, 108 (54%) 
experienced persistent or recurrent symptoms as 
a result of incomplete transection of the flexor 
retinaculum. In 65 cases, the distal edge of the 
retinaculum was intact, in 27 the proximal edge 
was intact, and in 5 the entire ligament was felt 
to be intact. Twelve patients experienced iatro-
genic nerve lacerations from their initial proce-
dure: four patients had incomplete lacerations, 
one had complete laceration of the motor 
branch, two had complete lacerations of the 
median nerve, two patients had lacerated motor 
branches, and three had lacerated palmar 
branches. The incomplete release and iatrogenic 
groups were thought to compose the patients 
with persistent CTS (120 patients). In the 
remaining 80 cases, the authors felt that symp-
toms were recurrent. In 46 patients, symptoms 
were caused by the constriction of the nerve as 
the result of scar tissue (23%). A mass within or 
adjacent to the carpal canal was responsible for 
symptoms in four patients (2%). The remaining 
13 patients (7%) had no identifiable reason for 
recurrence.

Similarly, in a retrospective review of the surgi-
cal findings and outcomes of 50 consecutive 
patients who had undergone 55 revision CTRs, 
Jones and colleagues [3] reported incomplete 
release of the flexor retinaculum in 32 patients 
(58%) as the most common finding. Complete relief 
of symptoms following revision surgery was simi-
lar after open (57%) or endoscopic (56%) tech-
niques. Ten patients (20%) showed no improvement 
and five patients required a third operation. This 
study also demonstrated that the precise location of 
the incomplete release did not correlate with the 
original technique (endoscopic or open).
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Intraoperative findings that have been shown to 
have poorer outcomes are severe circumferential 
fibrosis around the median nerve, proliferative 
tenosynovitis, and amyloidosis [3]. The outcome 
ultimately lies with the pathology causing 
mechanical compression. Patients with an incom-
pletely released TCL can expect to have outcomes 
similar to primary CTR. Outcomes are less pre-
dictable in more severe cases with circumferential 
fibrosis causing decreased vascularity or traction 
injury to the median nerve.

Based on the literature, it seems that median 
nerve re-decompression coupled with placement 
of a flap is an adequate treatment for recurrent 
CTS. Pedicled flaps seem to be preferable to free 
flaps, but there is no evidence in the articles 
arguing for the specific donor. Although there 
are no prospective data differentiating which 
treatment algorithm is the best for recurrent 
CTS, there is a trend in the literature favoring 
vascularized coverage with flaps, with the hypo-
thenar fat pad flap appearing to have equal or 
better results than the others in clinical results 
and electrophysiologic testing [28, 53]. 
Unfortunately, we are not aware of any prospec-
tive study that examines the value of decompres-
sion alone versus decompression with placement 
of a flap.

Soltani et al. [54] compared two general treat-
ment groups: decompression with flap interposition 
and repeated open decompression in a systematic 
review of the literature on the outcomes of treat-
ment for recurrent and persistent CTS. They pre-
sented higher success rate with decompression and 
vascular flap coverage over simple repeated decom-
pression (86% vs. 75% success rate, respectively). 
The difference in success rate between flap and non-
flap was highly significant (p  =  0.001). Our 
approach has evolved to the following algorithm:

	1.	 Re-release, hypothenar fat flap
	a.	 Recurrent carpal tunnel
	b.	 Nerve injury
	c.	 Atrophic subcutaneous tissue over carpal canal

	2.	 Re-release, pedicle flap
	a.	 Above with atrophic skin and subcutaneous 

tissues

	3.	 Re-release, nerve wrap
	a.	 Autologous vein wrap: recurrent symptoms, 

excessive scar, and/or two or more previous 
surgeries

�Summary

Recurrent and persistent CTS can be a debilitating 
and difficult disease process with imperfect surgi-
cal results. The clinical examination and workup 
after primary CTR can be confusing and fraught 
with a number of confounding variables. In 
patients with persistent or recurrent symptoms, 
exploration with repeat TCL release and median 
nerve neurolysis may be performed. If severe 
scarring is noted, the use of an interposition mate-
rial or flap is warranted. If the patient presents 
with new or worsening symptoms of numbness or 
weakness after CTR, then the physician must be 
concerned for iatrogenic nerve injury and explo-
ration with repair should be considered.

Although patients may not obtain complete 
relief of symptoms as readily as after primary 
CTR, the literature supports repeat surgery, as 
improvement often occurs. However, one should 
keep in mind that the optimal treatment for this 
condition is not clear and there is not an estab-
lished superior surgical option.
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