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Abstract Despite being a procedure widely used all over the world with high rates of symptom
remission, surgical treatment of carpal tunnel syndrome may present unsatisfactory
outcomes. Such outcomesmay bemanifested clinically by non-remission of symptoms,
remission of symptoms with recurrence a time after surgery or appearance of different
symptoms after surgery. Different factors are related to this unsuccessful surgical
treatment of carpal tunnel syndrome. Prevention can be achieved through a thorough
preoperative clinical evaluation of the patient. As such, the surgeon will be able to
make differential or concomitant diagnoses, as well as determine factors related to
patient dissatisfaction. Perioperative factors include the correct identification of
anatomical structures for complete median nerve decompression. Numerous proce-
dures have been described for managing postoperative factors. Among them, themost
common is adhesion around the median nerve, which has been treated with relative
success using different vascularized flaps or autologous or homologous tissue cover-
age. The approach to cases with unsuccessful surgical treatment of carpal tunnel
syndrome is discussed in more detail in the text.

Resumo Apesar de ser um procedimento amplamente utilizado em todo o mundo e com elevadas
taxasde remissãodossintomas,o tratamentocirúrgicodasíndromedotúnel docarpopode
apresentar resultados não satisfatórios ao paciente. Esse resultado não satisfatório pode se
manifestar clinicamente pela não remissão dos sintomas, remissão dos sintomas mas

received
December 20, 2019
accepted
April 20, 2020
published online
September 22, 2020

DOI https://doi.org/
10.1055/s-0040-1713759.
ISSN 0102-3616.

© 2020. Sociedade Brasileira de Ortopedia e Traumatologia. All
rights reserved.
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given

appropriate credit. Contents may not be used for commercial purposes, or

adapted, remixed, transformed or built upon. (https://creativecommons.org/

licenses/by-nc-nd/4.0/)

Thieme Revinter Publicações Ltda., Rua do Matoso 170, Rio de
Janeiro, RJ, CEP 20270-135, Brazil

Update Article
THIEME

718

Article published online: 2020-09-22

https://orcid.org/0000-0003-0146-6091
https://orcid.org/0000-0003-0199-6578
https://orcid.org/0000-0002-7168-4337
https://orcid.org/0000-0002-2641-7360
https://orcid.org/0000-0003-3688-8729
mailto:carloshandsurgery@gmail.com
https://doi.org/10.1055/s-0040-1713759
https://doi.org/10.1055/s-0040-1713759


Introduction

Carpal tunnel syndrome (CTS) affects 3% to 5% of the
general population.1 Karpitskaya et al.2 observed that obe-
sity, hypothyroidism, and diabetes are more prevalent in
patients with CTSwhen compared to the general population
but found no differences regarding smoking. Approximately
2 to 4 in every 100 adults with CTS symptoms will undergo
surgical treatment.3 Surgical treatment of carpal tunnel
syndrome, which consists in transverse carpal ligament
sectioning to decompress the median nerve, has proven
to be effective for symptom remission.4 Even though this is
a common procedure, cases of patient dissatisfaction after
surgical treatment are more frequent than expected.5 Stud-
ies show that relapses can occur in 3% to 20% of cases.6,7

This situation causes patient dissatisfaction and frustration
for the surgeon. In the United States, a lawsuit after a CTS
surgery can cost the surgeon US$ 300,000.00 to US$
600,000.00.8

Failure of CTS surgical treatment can present itself as
three different clinical situations regarding symptoms. In the
first one, patients have persistent symptoms after surgery. In
the second clinical situation, symptoms remit temporarily
after surgical treatment and then recur. In the third situation,
there is symptom remission after surgery, but patients have
different postoperative complaints.9 Zieske et al.10 reported
that persistent symptoms are responsible for approximately
40% of complaints in patients undergoing CTS surgery revi-
sion. Postoperative symptomworsening and thenar muscles
paralysis are related to an iatrogenic injury and account for
15% and 67% of the causes of unsuccessful CTS surgical
treatment.10–12 In cases of suspected iatrogenic injury, early
reintervention is indicated for diagnostic confirmation and
treatment.5

It is very important that the surgeon identifies possible
factors that may result in unsuccessful CTS surgical treat-
ment to prevent its occurrence. A CTS surgery revision must
be well planned considering that up to 40% of patients
present unfavorable outcomes.10,13

Supported by studies found in the literature, this review
reflects the authors’ experience with CTS surgical treatment
in patients who were not satisfied with the initial
procedure.

Factors for the unsuccessful surgical
treatment of carpal tunnel syndrome

Several factors that can lead to the unsuccessful surgical
treatment of CTS. These factors can be divided into preop-
erative, perioperative, and postoperative factors. It is not
always easy for the surgeon to recognize these factors.
Diagnosis and surgical procedures are often underesti-
mated, considered simple and easy by both patients and
surgeons.

The first factor to be considered is the preoperative
diagnosis, differential diagnoses, and associated conditions.
By definition, a syndrome is a set of signs and symptoms
associated with a known or unknown entity. There is abun-
dant medical literature showing a wide range of signs and
symptoms in CTS patients. In 2009, the American Academyof
Orthopedic Surgeons (AAOS) published recommendations
for CTS diagnosis. These recommendations are not absolute
and treatment must always be based on the physician’s
independent judgment and according to individual clinical
circumstances.14 AAOS recommendations include that the
surgeon have a detailed clinical history of the patient,
perform a physical examination, including personal features,
provocative tests, sensitivity tests, muscle examination and/
or discriminatory tests for differential diagnoses.14 Despite
these recommendations, CTS diagnosis is not always easy.
There is no “cake recipe” for this diagnosis. The most
common presentation of CTS is paresthesia affecting the
radial fingers of the hand, including the thumb, index and
middle fingers, but the clinical presentation can vary in each
individual subject.15 In addition to the variable clinical
presentation, most cases with subjective symptoms, the
syndrome can occur in association or concomitance with
systemic conditions. It is worth remembering that the

recorrência desses após um período de tempo da cirurgia ou aparecimento de diferentes
sintomas após a cirurgia. Diferentes fatores estão relacionados a esse insucesso do
tratamento cirúrgico da síndrome do túnel do carpo (ITCSTC). A prevenção pode ser
conseguida pormeio deminuciosa avaliação clínica do paciente noperíodo pré-operatório.
Dessa forma o cirurgião poderá fazer diagnósticos diferenciais ou diagnósticos concomi-
tantes, assim como identificar fatores ligados a insatisfação do paciente. Os fatores per-
operatórios incluem a correta identificação das estruturas anatômicas para completa
descompressão do nervo mediano. Inúmeros procedimentos têm sido descritos para o
tratamento dos fatores que ocorrem no período pós-operatório. Desses o mais comum, a
formaçãodeaderências emtornodonervomediano, temsido tratadocomrelativo sucesso
utilizandodiferentes retalhos vascularizados ou cobertura comouso de tecido autólogo ou
homólogo. Descreveremos a abordagem do ITCSTC com maiores detalhes no texto.
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tingling hand sensation, the most frequent complaint in CTS
patients, can be observed in the general population, with no
carpal tunnel syndrome.1 A detailed clinical evaluation
includes provocative tests, the Tinel signal, the Durkan
maneuver, the Phalen test and the “scratch collapse test.”16

The Tinel sign has 60% sensitivity and 67% specificity, where-
as the Phalen test has 75% sensitivity and 47% specificity.17

Hand sensitivity can be evaluated using different meth-
ods, such as the two-point discrimination test and the nylon
monofilament test.18,19 The monofilament test combined
with the Phalenwrist flexion test has 82% sensitivity and 86%
specificity for CTS diagnosis.20 Provocative, sensitivity and
strength tests are limited by their subjectivity. Responses to
provocative tests, monofilament stimuli or the force required
to hold a dynamometer are determined by the patient. A
surgeon is unable to know if a patient is simulating a
response during the examination.

Electroneuromyography (ENMG) is considered the gold
standard for diagnostic confirmation andmay reveal changes
in asymptomatic patients.21 ENMG must be performed for
differential diagnosis in cases of thenar atrophy and/or
persistent numbness or if surgical treatment is being con-
sidered for a clinical suspicion. In these cases, ENMGmust be
performed according to the guidelines from the American
Academy of Neurology (AAN), the American Association of
Neuromuscular and Electrodiagnostic Medicine (AANEM)
and the American Academy of Physical Medicine and Reha-
bilitation (AAPMR).14Grading compression intensity asmild,
moderate or severe is useful because sensorial symptoms
resolution is faster in patients with mild or moderate CTS
compared to those with severe CTS.22 Since ENMG is limited
by the postsurgical persistence of electrical changes even in
asymptomatic patients, we believe that it is not a good
parameter for evaluating outcomes from median nerve
decompression at the carpal tunnel. An exception is postsur-
gical symptomsworsening in cases with suspected iatrogen-
ic injury, in which ENMG reveals deterioration of evaluated
parameters.

Ultrasound can aid diagnostic confirmation. A study
shows that the presurgical cross-sectional area of themedian
nerve decreases from the 4th postoperative week on.23 A
disadvantage is that ultrasound is an operator-dependent
examination.

Additional tests, such as magnetic resonance imaging,
computed axial tomography or evoked potential testes,
must not be used routinely.14

Self-assessment protocols can be used to assess the sever-
ity of symptoms and hand function in CTS patients. The
questionnaire created by Levine has been used in interna-
tional research, and it was translated and validated for
Brazilian Portuguese.24 A disadvantage of the Levine ques-
tionnaire is that it is long and time-consuming. The ques-
tionnaire developed by Atroshi, called CTS-6, is short, easy to
understand by the patient and quick to fill out; in addition, it
was translated into Brazilian Portuguese.25 The Brief Mich-
igan HandQuestionnaire is also short and easy to apply but is
less specific to CTS.26

In certain clinical situations, an accurate diagnosis can
prevent patient dissatisfaction after surgical treatment for
CTS.20 The first situation is when the patient has manual
paresthetic symptoms, but nervous compression occurs in
another site rather than the carpal tunnel. Themost common
differential diagnoses are pronator teres syndrome, com-
pression by the lacertus fibrosus and cervical disc hernias.
The second situation is characterized by symptoms of medi-
an nerve compression at the carpal tunnel, but with a
concomitant second site of nervous compression, the so-
called double compression.Median nerve compression at the
carpal tunnel may be concomitant to ulnar nerve compres-
sion, representing a challenging diagnosis. The literature
describes that outcomes from CTS surgical treatment are
less predictable when there is a second site of nervous
compression.9 In a third situation, the patient presents
median nerve compression at the carpal tunnel, but has
comorbidities that manifest as paresthetic symptoms, such
as fibromyalgia, diabetes mellitus, hypothyroidism, gout,
rheumatoid arthritis, neuritis and other peripheral nerves
conditions.27,28 Postoperative symptom improvement is
usually more slowly in patients with these comorbidities
compared to healthy individuals, despite the significant
upgrading in symptom severity scores.29 A fourth situation
is characterized by median nerve compression at the carpal
tunnel and psychological comorbidities affecting the
patient’s perception. Such comorbidities include depression
and secondary gains from health conditions.30 Discordant
expectations between the surgeon and patient regarding
treatment outcome can lead to conflicts. The surgeon must
explain to the patient the possible realistic surgical results. In
severe and long-lasting nerve compressions, symptoms such
as numbness andmuscle changesmay not resolve complete-
ly after surgery.31

The previous presence of trapeziometacarpal arthrosis,
De Quervain tenosynovitis and trigger finger must be
investigated, diagnosed and reported because they interfere
with patient satisfaction after surgical CTS decompres-
sion.29,32 The treatment of these concomitant conditions
must be carried out concurrently with median nerve release
to avoid postoperative residual symptoms. The literature is
controversial as to whether surgical CTS treatment accel-
erates or predisposes to the appearance of trigger
finger.33,34

In case of doubts regarding benefits from surgery, a
steroid injection within the carpal tunnel can be made in
an attempt to predict the surgical outcome.35

The most common perioperative causes of unsuccessful
CTS surgical treatment are incomplete section of the trans-
verse carpal ligament (TCL), iatrogenic intraoperative nerve
damage and failure to identify anatomical tendon changes.
Zhang et al.9 reported that incomplete decompression
accounts for 50% to 58% of patients with persistent symp-
toms and that it can result in an acute worsening of
symptoms due to median nerve compression. The location
of incomplete release is not correlated with an open or
endoscopic surgical technique.12 In most cases, incomplete
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release is due to the integrity of distal TCL fibers or proximal
transverse fibers at the wrist crease and distal antebrachial
fascia.12,36 Iatrogenic intraoperative nerve damage usually
presents with constant paresthetic symptoms that are not
altered by wrist position or time of day. In a retrospective
study on unsuccessful CTS surgical treatment, Karl et al.37

observed that only 0.6% of the complications were due to
median nerve injury, whereas 0.12% resulted from digital
nerve injury, 0.03% were caused by palmar cutaneous nerve
injury and 0.01% were due to a motor branch injury
(►Fig. 1). Failure to recognize the presence of anatomical
musculotendinous variations is described as a possible
cause for secondary compression and sustained clinical
symptoms.38,39

Postoperative causes for unsuccessful CTS surgical treat-
ment are cicatricial adhesions around the median nerve and
transverse carpal ligament reconstruction by the scar tis-
sue.35 Tung et al.11 reported finding healing adhesions
around the median nerve in 88% of their patients undergo-
ing surgical revision. These adhesions can be localized or
found throughout the nerve contour but are sufficient to
prevent nerve excursion within the carpal tunnel and
decrease nerve vascularization.36 TCL reconstitution was
observed during revision surgery. Jones et al.12 and Mosier
et al.40 observed TCL reconstitution with scar tissue during
surgical revisions performed mostly less than 1 year after
the index procedure. These adhesions around the median
nerve can be avoided by using the ulnar approach with
eccentric opening of the flexor retinaculum in the most
ulnar region, preventing the formation of scar tissue just
above the median nerve.41

When to Review a Carpal Tunnel Surgery

The revision of a median nerve decompression surgery is
indicated in patients with incomplete median nerve decom-
pression, iatrogenic nerve damage and those with recurrent
CTS after a prolonged period of symptom relief.13,40

O’Malley et al.42 recommend surgical revision in
patients who continue to present hand paresthesia during
the Phalen test, night awakening or paresthetic symptoms
exacerbated by physical or labor activities. These authors
believe that if the primary incision was considered ade-
quate and these symptoms were not present, a revision
will not result in a satisfactory outcome. Stang et al.43

agree that surgical revision outcomes are positive, with
pain, neurological symptoms, and strength improvement,
especially in patients with recurrences. In a recent pro-
spective study, Stirling et al.44 confirmed that patients
undergoing open carpal tunnel decompression revision
showed a significant improvement in function and
health-related quality of life.

Surgical revision failures were related to different fac-
tors.11 Cobb and Amadio7 reported that the existence of a
labor claimmadeby the patient, the presence of symptoms at
the ulnar nerve distribution and absence of abnormalities in
a preoperative electroneuromyography are risk factors for
surgical revision failure.

How to Perform a Revision Carpal Tunnel
Decompression Surgery

A revision carpal tunnel decompression surgery must be
performed through an open approach. This approach will
allowa better visualization of potential residual compression
sites and the presence of possible anatomical variations or
adhesions around the median nerve. The incision must start
5 to 7 cm proximal to the wrist flexion crease, include the
pre-existing scar and continue in Bruner zigzag up to the
palm of the hand.5 Due to the difficulty dissection resulting
from the healing tissue at the pre-existing scar region,
greater care must be taken to avoid an iatrogenic injury to
the median nerve. During nerve evaluation with a magnify-
ing glass or microscope, we must be aware of regions of
circumferential compression similar to an hourglass which
justifies recurrent or persistent compression. Any tissue that

Fig. 1 Photography of revisions carpal tunnel decompression surgery demonstrating iatrogenic intraoperative nerve damage. (A) Median nerve
injury. (B) Digital nerve injury. (C) Palmar cutaneous nerve injury.
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may compress the median nerve must be removed at this
surgical stage (►Fig. 2). Any totally or partially damaged
nerve site must be repaired with a nerve graft. Ulnar nerve
decompression in the Guyon canal can be performed if
required.5

Ancillary procedures are often required to restore median
nerve slippage, minimize scarring and improve neural circu-
lation.45,46 The nerve can be covered with synthetic materi-
als, autologous tissue (such as vein interposition around the
median nerve) or soft tissue flaps.47,48

Synthetic materials can be used for median nerve
protection. Collagen compounds are the main elements
of the extracellular matrix. As an advantage, these mate-
rials require no additional incisions; however, there is no
clinical evidence of their superiority over other
methods.49

The concept of vein interposition, placing the vein around
the median nerve as a barrier to prevent scarring, was
originally described in rats but it has been used clinical-
ly.48,50 The surgical technique consists of releasing the
median nerve from cicatricial adhesions and identifying
the region to be covered by a vein. After harvesting 25 to
30 cm, the saphenous vein is opened longitudinally.With the

intima contacting the median nerve, the vein is wrapped
around the nerve and an 8-0 suture is placed at every
360 degrees to keep the vein in place. In a clinical trial,
Varitimidis et al.50 observed improvements in pain, pares-
thetic symptoms, sensitivity assessed by two-point discrim-
ination and electroneuromyography parameters. As a
disadvantage, this technique requires an additional incision
for graft harvest.

Different flaps have been described for median nerve
protection and local circulation improvement. An adipose
flap of the hypothenar eminence was popularized by Strick-
land51 (►Fig. 3). After median nerve decompression and
adhesions removal, an adipose tissue flap is placed between
the median nerve and the TCL.51,52 Silva et al.52 observed
symptoms improvement in 13 of 15 patientswho underwent
surgery using this flap technique. Zummioti et al.45 obtained
good outcomes in 15 patients. Fusetti et al.46 observed
symptom resolution 6 months after surgery in 18 of 20
patients treated with this flap. The hypothenar fat flap can
also be performed in a so-called reverse form, in which the
flap is rotated 180 degrees to cover the carpal tunnel53

(►Fig. 4).
The fascial radial artery flap was used in six patients with

good outcomes, but it has the disadvantage of sacrificing the
radial artery.54 A dorsal forearm flap was used with good
results, with the advantage of preserving the radial artery.55

Vogelin et al.56 used a posterior interosseous artery flap
and, for an average follow-up of 2 years, 12 of 14 patients
presented significant pain improvement.

Fig. 2 Open approach to allow visualization of potential residual
compression sites and adhesions around the median nerve(star).

Fig. 3 An hypothenar fat pad flap was performed to interposed
adipose tissue from the hypothenar eminence between the median
nerve and overlying transverse carpal ligament and surgical scar.
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Treatment options include muscle flaps, but their disad-
vantage is that the amount of tissue may be inadequate to
cover the entire region.57

Free flaps are technically more laborious, and they must
be used as a last resource in patients who have undergone
several previous procedures, including local flaps.57

A systematic meta-analysis compared outcomes from a
simple surgical revisionwith a revision associatedwith aflap
for median nerve protection. Ninety-four patients from 14
studies treated with flap coverage were compared with 364
patients from nine studies using open decompression and
neurolysis alone. The flap group had a success rate of 86%
compared to 75% in the group with no flap (P¼ 0.001).
Despite the higher success rate, the flap group had a higher
number of complications, such as paresthesia, scar sensitivi-
ty and wound issues.58

Final Considerations

CTS surgical treatment can be unsuccessful in a significant
number of patients who have undergone carpal tunnel
release. In these cases, we recommend starting with a
new clinical evaluation to rule out differential diagnoses.
If it is confirmed that the problem is local, make an
enlarged incision that includes the pre-existing surgical
scar and release the median nerve from any compression or
scar around it. If there are significant scars or perineural
fibrosis, a flap must be performed to decrease the forma-
tion of new adhesions and provide interposition with
neovascularization.
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