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Abstract

Background. This paper reviews the signs and symptoms of recurrent or persistent carpal tunnel syndrome and
examines some of the causes of failed primary carpal tunnel release.

Methods. A retrospective review of the surgical findings and outcomes of 29 consecutive patients who underwent 30
revision carpal tunnel operations was performed. Patient outcomes were recorded at a minimum of 1 year
postoperatively.

Results. Thirty hands in 29 consecutive patients underwent a second operation by a single surgeon. The average
time interval from the first carpal tunnel release to the revision surgery was 5.7 years. Twenty-three patients
experienced recurrent symptoms, and 7 had persistent symptoms. On preoperative examination, 77% demonstrated
abductor pollicis brevis muscle weakness, 67% demonstrated a positive Phalen sign, and 63% demonstrated ring
finger "sensory splitting." Incomplete release of the transverse carpal ligament and circumferential fibrosis were the
most common intraoperative findings, totaling 20 cases each; intact antebrachial fascia (8 cases), volar subluxation of
the median nerve (5 cases), compression of the median nerve by palmaris longus (4 cases), flexor tenosynovitis (4
cases), and aberrant anatomy (1 case) were also observed. Nine patients (34%) had complete resolution of
symptoms after the revision carpal tunnel release. Fifteen patients (58%) had improvement in symptoms, and 2
patients did not report improvement.

Conclusions. We have found the Phalen sign, comparison of the strength of the abductor pollicis brevis muscle, and
subjective "splitting" of the ring finger sensation to be the most helpful findings in establishing the diagnosis.
Persistent carpal tunnel syndrome is almost always secondary to incomplete division of the transverse carpal
ligament.

Introduction

Carpal tunnel syndrome is the most common nerve compression syndrome in the US and is estimated to affect nearly 8% of
the general US working population.” The etiology of carpal tunnel syndrome is unclear but is associated with certain risk
factors, including repetitive wrist motions, trauma to the wrist, pregnancy, amyloidosis, hypothyroidism, diabetes, rheumatoid
arthritis, and cancer.?
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Surgical decompression of the median nerve at the wrist through complete division of the transverse carpal ligament (TCL)
and antebrachial fascia is an effective procedure with reported success rates ranging from 75% to upwards of 90%.3
However, complications have been reported in up to 19% of these procedures with up to 12% requiring revision surgery.* In
2012, Jones et al described their series of 50 patients who suffered recurrent or persistent carpal tunnel syndrome following
index release.® We contribute to this series with an additional 29 consecutive cases (involving 30 hands) of revision carpal
tunnel release in this retrospective review. All revision carpal tunnel releases were performed by the senior author (N.F.J.),
and associated patient factors, intraoperative findings, and surgical outcomes are analyzed and described.

Methods and Materials

After approval from our institutional review board, we reviewed medical records of patients who underwent a revision carpal
tunnel surgery performed by a single surgeon, Neil F. Jones, MD, at the University of California, Irvine Medical Center over a
9-year period from April 2009 through June 2018. All patients with persistent or recurrent carpal tunnel symptoms following
index carpal tunnel release who required a repeat carpal tunnel release were included in the study. The associated systemic
conditions, comorbidities, preoperative clinical findings, and the technique used for the primary carpal tunnel release were
recorded.

The intraoperative findings for each revision were collected from the operative reports, including status of the TCL and
antebrachial fascia, any space-occupying lesions, tenosynovitis, fibrosis, aberrant anatomy, and the condition of the median
nerve. Patient outcomes were recorded at a minimum of 1 year postoperatively. The outcome measures included complete,
improved, or unchanged symptomatic relief categorization; abductor pollicis brevis strength improvement using the Medical
Research Council Manual Muscle Testing scale, scored out of a possible 5 points; and the necessity of a third operation. We
defined strength improvement as a postoperative Medical Research Council Manual Muscle Testing score greater than the
preoperative score.

Results

Thirty hands in 29 consecutive patients underwent a second operation after an index carpal tunnel release over a 9-year
period performed by a single surgeon (N.F.J.). Of the initial carpal tunnel releases, 22 were open carpal tunnel releases, 8
were endoscopic releases, and 3 were mini open carpal tunnel releases. Twenty-three patients experienced recurrent
symptoms, and 7 had persistent symptoms. The average age of patients with recurrent symptoms and persistent symptoms
was 55 and 59 years, respectively. Total and stratified numbers are summarized in Table 1.

Variable Aﬁ‘EN“e:d;:;;“ds

Total procedures

Index open carpal tunnel release, n 19

Index endoscopic carpal tunnel release, n 8

Index mini open carpal tunnel release, n 3

Total symptoms

Recurrent symptoms, n 23

Persistent symptoms, n 7

Symptoms stratified by index procedure

Index open carpal tunnel release, n 19
Recurrent symptoms, n 15
Persistent symptoms, n 4

Index endoscopic carpal tunnel release, n 8
Recurrent symptoms, n 6
Persistent symptoms, n 2

Index mini carpal tunnel release, n 3
Recurrent symptoms, n 2
Persistent symptoms, n 1

Table 1. Surgical Approach of Initial Carpal Tunnel Release

The preoperative comorbidities are summarized in Table 2. The most commonly found comorbidities were hypertension,
hypercholesterolemia, diabetes, trigger finger, and lumbar stenosis, among others. On preoperative examination, 23 hands
(77%) demonstrated abductor pollicis brevis muscle (APB) weakness (Medical Research Council Manual Muscle Testing
score of less than 5, as examined by N.F.J.), 20 hands (67%) demonstrated a positive Phalen sign, and 19 hands (63%)
demonstrated ring finger "sensory splitting." Electrodiagnostic evaluation was performed on 22 hands (73%), and of these,
13 (59%) demonstrated delayed motor latency while only 11 (50%) demonstrated delayed sensory latency.
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Condition

Hypertension
Hypercholesterolemia

Diabetes

Trigger finger

Lumbar spinal stenosis

Cervical radiculopathy

Lumbar spine fusion

de Quervain’s tenosynovitis
Cervical spine fusion

Cubital tunnel syndrome

Ulnar tunnel syndrome

History of recurrent carpal tunnel syndrome on contralateral side
Depression/anxiety
Hypothyroidism

Migraine

Associated 1psilateral distal radius fracture
Associated 1psilateral wrist trauma
Ipsilateral fall on outstretched hand
Inflammatory bowel disease
Radial tunnel syndrome

Pronator syndrome

Rheumatoid arthritis

Raynaud phenomenon

Lateral epicondylitis

Thoracic outlet syndrome
Keinbock disease

Ganglion

Hepatitis C

von Willebrand disease
Fibromyalgia

Other extensor tenosynovitis

Table 2. Preexisting Conditions of Study Population Before Revision Surgery

The average time interval from the first carpal tunnel release to the revision surgery was 5.7 years. Intraoperative findings
are summarized in Figure 1 and are grouped by all operated hands and by hands with persistent symptoms. Incomplete
release of the TCL was the most common intraoperative finding, totaling 20 cases (66%): 14 cases (43%) incompletely
released proximally, 4 cases (13%) incompletely released distally, and 2 cases (7%) were completely intact and unreleased.
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Percentage of Hands with Noted Intraoperative Findings

Circumfrential fibrosis around median nerve [

Incompletely released proximal TCL
Antebracial fascia intact

Volar subluxation of median nerve

Flexor tenosynovitis

Compression of the median nerve by palmaris longus
Incompletely released distal TCL

Radial scarring of the nerve in the carpal tunnel
Pronator syndrome

Intact unreleased TCL

Aberrant anatomy

Injury to median nerve proper

Injury to motor branch of median nerve

Synovial proliferation

Ulnar leaflet of palmaris longus tendon compressing nerve

=

10 20 30 40 50 60 70 80 90 100

Hands with Persistent Symptoms B Hands with Recurrent Symptoms

Figure 1: Intraoperative findings during revision carpal tunnel release: yellow bars represent the percentage of hands with persistent carpal tunnel symptoms with the
corresponding findings; blue bars represent the percentage of hands with recurrent carpal tunnel symptoms in this study with the corresponding findings. TCL, transverse carpal

ligament.

Other intraoperative findings included circumferential fibrosis of the median nerve within the carpal tunnel in 20 cases (67%),
intact antebrachial fascia in 8 cases (27%), volar subluxation of the median nerve in 5 cases (17%), compression of the
median nerve by palmaris longus in 4 cases (13%), flexor tenosynovitis in 4 cases, and 1 case of aberrant anatomy involving
an aberrant branch of the palmar cutaneous branch of the median nerve, which was found to be compressed and released
during the revision.

Hands that experienced persistent carpal tunnel syndrome following index release had a distribution of intraoperative
findings that was similar to that of the recurrent group. However, a greater percentage of these hands were found to have a
completely intact and unreleased TCL compared with the recurrent group (29% vs 0%, respectively). Conversely, all of the
hands that were found to have a completely intact and unreleased TCL had persistent symptoms.

Nine patients (34%) had complete resolution of symptoms after the revision carpal tunnel release. Fifteen patients (58%) had
improvement in symptoms, and 2 patients did not report improvement (Figure 2). Twenty-four (92.3%) had either complete
resolution or improvement in symptoms. Overall, APB strength was improved in all but 1 patient who had pre-revision APB
weakness. No patients required a third operation. There was no significant age difference between those who experienced
improvement and those who did not improve following revision (average age, 55 vs 56 years).
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Post Operative Recovery

8%

34%

= Improvement of symptoms = Complete resolution = No improvement

Figure 2: Postoperative recovery 1 year following revision carpal tunnel release, based upon subjective patient report.
Discussion

Recurrent carpal tunnel syndrome has been reported in 7% to 20% of cases following primary carpal tunnel release.?”
Diagnosis of such patients remains clinically founded. As noted previously and presently in the current study, we have found
that Phalen sign, comparison of the strength of the APB muscle, and subjective "splitting" of the ring finger sensation to be
the most helpful findings in establishing the diagnosis. Additionally, importance must be placed upon a missed diagnosis
from the previous clinical encounter, such as a double crush syndrome involving a more proximal site of compression. We
identified 2 cases (6.6%) of pronator syndrome in 2 of the patients with recurrent carpal tunnel symptoms in our series.
Indeed, Hsiao et al had identified 6% (21 out of 343) of their total identified cases of primary carpal tunnel syndrome as
having pronator syndrome.® This confirms that double-crush syndrome is a significant contributing factor in median nerve
compression symptoms and should be considered in the differential when evaluating a patient with recurrent or persistent
carpal tunnel syndrome.

Although emphasis must be placed on the clinical presentation and examination of the patient, diagnosis of recurrent or
persistent carpal tunnel syndrome can be confirmed with adjunctive studies. The utility of electrodiagnostic confirmation has
been studied in cases of primary carpal tunnel syndrome, and this test is associated with a sensitivity ranging from 56% to
85% and a specificity of at least 94%.° However, there is currently a deficiency of literature regarding its use in recurrent and
persistent cases. In the current study, we found that electrodiagnostic tests had a positive predictive value, at best, of only
59% (using distal motor latency delay). High-resolution ultrasound and its visualization of the cross-sectional area of the
median nerve has also been studied in cases of recurrent carpal tunnel syndrome; Duetzmann et al reported that a cutoff
cross-sectional area of 14.5 mm? produced a sensitivity and specificity of 78% and 97%, respectively, in diagnosing
recurrent or persistent symptoms in cases with clinically apparent symptoms.'©

When an agreement is made between the patient and surgeon to proceed with revision surgery, careful consideration of
frequently encountered surgical findings is helpful for the surgeon prior to the revision release. Several studies have noted
the most common intraoperative finding in such cases is incomplete release of the transverse carpal ligament followed by
perineurial scarring.5”” This is again confirmed with our current study population. Our less frequent findings included
compression of the median nerve by the palmaris longus, compression of an aberrant branch of the palmar cutaneous
nerve, compression of the median nerve by the ulnar leaflet of the palmaris longus tendon, and direct injury to the median
nerve itself or the recurrent motor branch. Other less frequent findings in the literature have included aberrant flexor
digitorum muscle belly extensions into the carpal tunnel, which often benefit from careful debulking of the muscle bellies.

In our study population, there was a greater percentage of hands that had an incompletely released proximal TCL compared
with distal TCL, which is consistent with the current literature. Pacek et al'? studied the flexor retinaculum of human cadaver
forearms. It is difficult to establish standard lengths on any anatomic entity along the flexor retinaculum; however, they found
the lengths along the radial, midline, and ulnar portions of the TCL to be 16.5 2.0 mm, 14.4 £ 1.9 mm, and 15.1 £2.6 mm,
respectively,’® which seems shorter in comparison to the total length of fascia and ligament that is released in a standard
carpal tunnel release that we perform. Indeed, it is important to remember that the TCL is part of the expanse of the flexor
retinaculum, a continuous layer of fascia that begins with the flexor forearm fascia, continues to the thinner antebrachial
fascia and transitions to the TCL, finally ending at the distal aponeurosis. A complete decompression of the median nerve at
the wrist should not only involve division of the transverse carpal ligament but also a complete release proximally (of the
antebrachial fascia) and distally, until the fat pad of the superficial palmar arch is visualized.

In our series of patients, we noted that all patients who presented with persistent symptoms following index carpal tunnel
release had some aspect of an incomplete release of the flexor retinaculum, whether it was the TCL or the antebrachial
fascia. A higher percentage of these cases had a completely intact TCL compared with those who suffered recurrent
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symptoms, 29% versus 0%, respectively. Additionally, all patients who had an intact TCL had persistent symptoms. This
supports the finding that all patients with persistent carpal tunnel syndrome had improvement or complete resolution of
symptoms; the revision surgery functioned to complete what was incomplete at the index surgery, essentially a delayed
primary carpal tunnel release that would have been successful from the beginning had the full release been performed.

Many studies have described methods of revision neuroplasty using local muscle flaps, such as the pronator quadratus flap,
fascial flaps, synovial flaps, fat grafts, or pedicled flaps to improve nerve gliding and prevent excessive scar tissue formation.
Hutting et al described a fasciocutaneous dorsal ulnar artery flap, which when transposed over the tertiary revision carpal
tunnel release, resulted in symptomatic relief for their patient.3 In our study, we used 7 ulnar-based synovial flaps, 2
adipofascial flaps based on the ulnar artery, and 1 technique of volar bolstering of the TCL using the palmaris longus tendon
to prevent volar subluxation of the median nerve.

While the majority (92%) of our patients experienced improvement or complete resolution of symptoms, 2 (8%) of our
patients had unresolved symptoms following revision release. Both cases suffered initially from recurrent symptoms, and
both received index open carpal tunnel releases. Interestingly, while these 2 cases had complete release of the TCL and
antebrachial fascia, both were found to have circumferential fibrosis of the median nerve at the time of revision release. This
suggests that perineurial scarring and fibrosis, in the presence of a completely and correctly released TCL and antebrachial
fascia, may be a predictor of failure of a revision release to improve symptoms.

Although our improvement rate following revision surgery is slightly higher than stated in the literature (between 41% and
90%'%), it is important to reiterate that revision surgery is often difficult and complex with potentially disappointing results.
Djerbi et al found that only 16 of 38 patients (68%) experienced excellent or good results at the latest follow-up, and only 11
of 38 (28%) reported their symptoms as "cured"; the remaining 27 patients experiencing residual pain, numbness, or
disabilities of the hand.'®16 Strasberg et al'* found after a mean follow-up from the second carpal tunnel surgery of 31
months (range, 9-92 months), only 24 patients (53%) reported significant improvement in their symptoms; residual
numbness, weakness, pain, and cold intolerance were reported in 74%, 72%, 62%, and 50% of patients, respectively.
Unglaub et al'” experienced more favorable results, with 36 patients (94%) reporting nocturnal paresthesias as mild or
completely resolved, and 35 patients (92%) reported that they never or only infrequently awoke during the night due to pain
or numbness. Regarding the paresthesia, 76% of patients indicated that they were completely or sufficiently satisfied.
Weakness, understandably, proved to be more difficult to correct, with 28% indicating strong or even very strong persistent
symptoms of weakness, 23% with moderate weakness, and 44% with little or no reported weakness.

Conclusions

Recurrent carpal tunnel syndrome has been reported in up to 20% of cases. Although diagnosis is based clinically,
adjunctive studies, such as electrodiagnostic testing and high-resolution ultrasound, have been used for confirmation. The
most common intraoperative findings in such cases is incomplete release of the TCL, perineurial scarring, and incomplete
release of the antebrachial fascia. Persistent carpal tunnel syndrome is almost always secondary to incomplete division of
the TCL or the antebrachial fascia, and these cases almost always improve when the release is completed during the
revision. However, in cases of recurrent carpal tunnel syndrome with an already released TCL and antebrachial fascia, the
most likely culprit is perineurial fibrosis, which may portend nonresolution of symptoms following the revision release.
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