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Review Article

iNtroduCtioN
Carpal tunnel syndrome (CTS) is the most common peripheral 
compression neuropathy, and surgical treatment with carpal 
tunnel decompression (CTD) is one of the most common 
hand operations performed.[1] The prevalence of CTS is 
7%–16% in the United Kingdom (UK) with a rate of 43–47 
per 100,000 undergoing CTD surgery.[2,3] Approximately 
2.7% of CTD operations in the UK are revision procedures 
due to recurrent, persistent or new median nerve symptoms, 
and these are technically more difficult to perform due to 
diagnostic uncertainty and scarring of the tissues.[4] Failed 
CTD occurs when there is persistent, recurring or new carpal 
tunnel symptoms, and the treating clinician should be aware 
of the potential reasons for a suboptimal outcome and employ 
a structured approach to subsequent assessment, investigation, 
diagnosis and management.

materials aNd methods
Articles were searched in PubMed, Medline, Embase and Ovid 
databases regarding revision carpal tunnel surgery. Keywords 
included carpal tunnel surgery, carpal tunnel revision, carpal 
tunnel decompression, carpal tunnel release and CTS. Articles in 
English were included, and any relevant article by their title had 
their abstract was screened. References in the article were also 
included if relevant and not previously found on the primary search.

CliNiCal PreseNtatioN
CTS usually presents with intermittent paraesthesia, and most 
patients describe a diurnal variation with nocturnal symptoms, 
resulting in sleep disturbance or symptoms on wakening. Other 
common symptoms include pain in the hand or wrist and 
persistent paraesthesia, progressive weakness and numbness. 
Paralysis of the intrinsic thumb muscles supplied by the median 
nerve can also develop, usually late in the syndrome, resulting 
in loss of power and precision grip, making it difficult for 
patients to hold a jar or pick up small objects.

diaGNosis of CarPal tuNNel syNdrome
The clinical diagnosis of CTS is based on the patient’s history 
and examination findings. On examination, patients may 
have a positive Tinel’s test over the volar wrist, a positive 
Phalen’s test and reproduction of symptoms on compression 
testing.  The diagnostic accuracy of these clinical tests has 
been widely studied but variations in methodology, quality 
of study design and control groups; the literature has quoted 
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a wide range of sensitivity and specificity.[5] A systematic 
review by MacDermid and Wessel calculated the average 
diagnostic sensitivity and specificity of high‑quality studies 
to be 68% and 73% for Phalen’s test, 50% and 77% for 
Tinel’s test and 64% and 83% for carpal compression 
test, respectively. Combining these clinical tests improves 
diagnostic accuracy.[6]

In terms of investigations, nerve conduction studies (NCSs) 
can be an useful objective measure in diagnosing CTS.[7] 
Patients with CTS will characteristically have reduced 
amplitude studies, reduced velocity of NCSs and increased 
latency on neurophysiological studies. In cases with 
longstanding and severe compression, there will be 
evidence of denervation on electromyographic (EMG) 
sampling of the abductor poll icis  brevis muscle. 
Neurophysiological studies are not necessarily required 
pre-operatively if the history and clinical examination fit 
that of CTS. However, it is considered gold standard for 
epidemiological studies and it can also be a helpful adjunct 
in cases where the diagnosis is unclear. Furthermore, it can 
also be used to provide an objective test and to assess the 
neurophysiological baseline which can be repeated after 
surgery for comparison if symptoms are not improving in 
the long term, e.g., before and after revision carpal tunnel 
surgery.[7]

Imaging investigations should be considered in cases of 
diagnostic uncertainty, and both ultrasound and magnetic 
resonance imaging (MRI) are useful in excluding other causes 
of median nerve compression within the carpal canal such as 
mass lesions caused by tumours or cysts. Dynamic ultrasound 
imaging may demonstrate tenosynovial proliferation and 
impaired glide.

When diagnostic uncertainty remains, a corticosteroid 
injection can be used as an adjunct to assess if the patient 
is given any temporary symptomatic relief. Studies have 
shown that patients who respond to steroid injection treatment 
are more likely to have a successful outcome after CTD 
surgery.[8,9]

CarPal tuNNel deComPressioN surGery
There are two main approaches to CTD, open and endoscopic. 
The traditional approach is open surgery which produces 
reliable results with around 90% of patients reporting full 
resolution or improvement in symptoms.[10,11] However, open 
approaches may result in increased scar formation and the 
palmar surgical scar may be more sensitive in the short term 
compared to an endoscopic approach.[12] Furthermore, in open 
CTD, there is a greater risk of nerve tethering in the resulting 
scar tissue, especially if the incision is placed directly over 
the nerve. It is therefore important to place the incision ulnar 
to the median nerve to reduce the risk of this complication. 
Furthermore, it is essential to continue the carpal tunnel 
release through the distal forearm fascia ulnar to palmaris 
longus, to prevent residual fibrotic palmaris insertion points 

to the palmar aponeurosis compressing the median nerve at 
the wrist crease.

A mini-open technique for a smaller incision can also be 
used; however, these endoscopic techniques will have 
the potential for incomplete decompression due to poorer 
visualisation. Jugovac et al. compared a 2.5-cm incision with 
a standard open approach incision from the distal transverse 
carpal ligament to the proximal wrist crease and found that 
the mini-open technique resulted in fewer days away from 
work, better scar cosmesis and no difference in resolution 
of symptoms.[13]

An endoscopic approach is beneficial in terms of minimal 
scar, reduced pain and faster return to work.[14,15] However, 
one review article showed a higher rate of permanent nerve 
injury with the endoscopic approach (0.3%) versus the open 
approach (0.2%).[16]

Evidence demonstrated that at 6-month follow-up, there was no 
significant difference in symptom relief or functional outcome 
from either type of surgical approach.[17]

Although many studies show similar long-term results 
compared to open surgery, as with all endoscopic techniques, 
there is a learning curve for the surgeons which must be 
considered with reports of complications, which include 
incomplete release, transection of the palmar arch and damage 
to the median nerve as well as digital nerves.[18]

Endoscopic CTD surgery can be a single- or two-port 
technique and each comes with different challenges.[19,20] The 
two-port techniques have had reported cases of ulnar nerve 
palsy which is more common with a trans-bursal approach 
as opposed to an extra-bursal.[21] Both techniques are limited 
in terms of field of vision and can fail to diagnose other 
carpal tunnel pathology. In a large multicentre study of the 
single-port technique, the surgeon was not able to visualise 
the point of blade entry into the transverse carpal ligament 
in 2.5% of cases, and the majority of these were converted 
to open procedures.[22]

Although most patients experience a benefit from CTD 
surgery, a small number reports worsening or no change in 
their symptoms after surgery.[23,24] The reasons for failed CTD 
surgery can be grouped into one of the four categories:

Poor diagnosis
If surgery fails to improve carpal tunnel symptoms, then other 
diagnoses must be excluded. A possibility is that the nerve 
problem can be caused by more proximal compression points 
at the flexor digitorum superficialis, the pronator teres, the 
lacertus fibrosis and the ligament of Struthers. Concomitant 
compression of the anterior interosseous nerve can produce 
forearm pain and weakness and should be excluded when 
sensory symptoms resolve but the other symptoms persist 
after CTD. Brachial neuritis, thoracic outlet syndrome and 
nerve tumours are all associated with sensory disturbance in 
hand that can mimic median compression neuropathy at the 
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carpal tunnel. Cervical spondylo-radiculopathy is associated 
with neck pain radiating to corresponding dermatomes with 
possibly accompanying paraesthesia, weakness and decreased 
reflexes. C6 root compression produces radial palmar sensory 
disturbance, but the distribution includes the palmar branch 
territory, radial forearm and dorsum of the radial hand. This 
more extensive pattern of sensory impairment should prompt 
the examiner to consider a proximal root compression or a 
double crush phenomenon. Examination of the C6 motor 
innervation (notably biceps, brachialis and brachioradialis) 
is mandatory to establish whether there is motor involvement 
from a compressed nerve root.[25] Similar symptoms of 
weakness, decreased reflexes and sensory loss to affected 
brachial plexus trunks or cords will manifest in brachial 
plexus neuritis. Both the previously mentioned conditions can 
be evaluated using NCSs and EMG.[26] Other diseases such 
as diabetes causing peripheral neuropathy and mimicking 
the paraesthesia of CTS, multiple sclerosis, hyperthyroidism 
or hypothyroidism, rheumatoid arthritis, Lyme disease and 
other causes of mono-neuropathy are other pathologies which 
can present with similar symptoms to CTS.[26,27] Hereditary 
neuropathy with susceptibility to pressure palsies (HNPP) 
should be considered when symptoms present in a young 
patient with a strong previous medical and family history of 
multiple nerve decompressions. Swelling at the wrist in the 
region of the carpal tunnel associated with chronic synovitis 
and tumours or tuberculous infection should be considered. 
Imaging may be needed to confirm a clinical diagnosis.

Failure to diagnose traction neuritis from a Linburg–
Comstock anomaly where an accessory tendon slip or chronic 
tenosynovial proliferation and encasement between flexor 
pollicis longus and flexor digitorum profundus of the index 
finger is present may also cause persistent symptoms.[28] In 
these cases, the onset of paraesthesia follows activity rather 
than nocturnal exacerbation.

NCSs and EMG are minimally invasive tests with sensitivity 
and specificity exceeding 85% and 95%, respectively, and 
are considered the gold standard for CTS diagnosis.[26,29,30] 
However, any test should always be considered complementary 
to the clinical findings. In addition to being able to grade the 
severity of CTS, they also provide a baseline comparison for 
cases after failed CTD.[31] On the other hand, in primary cases 
where the diagnosis of CTS is highly unlikely or clinically 
certain, the results are unlikely to influence the probability 
of a diagnosis of CTS.[32] Furthermore, NCS may be operator 
dependent and not look more widely at other pathological 
causes.

High-resolution ultrasonography has also been used to 
diagnose CTS based on the median nerve cross-sectional area, 
with a reported sensitivity and specificity ranging between 
57%–89% and 65%–97%, respectively. The higher reported 
values are for selected patients who already had CTS confirmed 
on NCS, and the sensitivity and specificity for unselected 
patients were lower.[26]

Blood tests such glucose, B12 levels, thyroid function and 
rheumatoid levels are indicated when suspicion of systemic 
disease is present.[26]

Finally, CTD might not give any functional improvement 
if there is failure to recognise the functional loss of thumb 
opposition when the motor branch is already severely injured 
due to prolonged severe compression with established 
muscle wasting of the thenar eminence. In this case, an 
isolated CTD will not restore the function of opposition 
and other procedures such as tendon transfers are the 
solution to restore opposition of the thumb and meet patient 
expectations.

Poor surgery
Surgical error can also lead to failure to achieve a good 
outcome after surgery. In many cases, this can be attributed 
to an incomplete decompression. The patient will often 
report that the symptoms have persisted after surgery 
and remained unchanged or even deteriorated. The most 
common location of incomplete release was the distal end 
of the transverse carpal ligament as shown by Stütz et al. 
where this was the operative findings in 60% of incomplete 
carpal tunnel release upon revision surgery.[33] Furthermore, 
the authors found that the proximal end of the carpal tunnel 
was incompletely released in 25% of patients in their study 
and 4.6% of patients had a completely intact transverse 
carpal ligament.[33] Although early studies have shown a 
greater incomplete release rate in endoscopic approaches, 
current studies do not exhibit such discrepancy.[33-35] It 
is worthy of note that when a revision decompression is 
performed, the transverse carpal ligament may be divided 
in a region slightly different to the original surgery, and 
to the surgeon, it appears as though the ligament was not 
released previously as it looks structurally intact. In case 
of recurrent symptoms where there is an improvement for 
the first few months with a subsequent return of symptoms, 
nerve tethering and impaired nerve glide caused by scarring 
and fibrosis may be the cause. A retrospective study of 200 
revision CTDs showed that 23% of patients had a median 
nerve which was scarred and tethered to the radial wall of 
the carpal tunnel.[33] This may have been avoided by a more 
ulnar skin incision.[36,37]

There is an opportunity to inspect the nerve and its 
surroundings upon surgical decompression of the carpal 
tunnel. If the surgeon during the operation fails to diagnose 
other pathology causing median nerve compression, the 
symptoms may persist or recur. Missed pathology could 
include ganglions, synovitis, tumours or accessory muscles 
and tendons which may be the cause of compression or 
nerve tether.

Furthermore, iatrogenic injury to the main median nerve or 
either the palmar or motor branch may cause worsening or new 
symptoms to appear immediately after surgery. It is therefore 
essential to be aware of the different anatomical variations of 
the branches and keep in mind to protect them at all times. 



Failed carpal tunnel surgery: A guide to management

Journal of Musculoskeletal Surgery and Research ¦ Volume 3 ¦ Issue 1 ¦ January-March 2019 33

Open and endoscopic techniques for CTD in general both 
have low risk in experienced hands; however, the types of 
potential iatrogenic injuries differ between the two with the 
open approach having an extremely low risk of direct injury to 
the median nerve, ulnar nerve, superficial palmar branch and 
flexor tendons. The most common nerve injuries following 
open CTD is injury to the superficial palmar branch followed 
by common digital nerve injury to the second or third web 
and motor branch injury.[38,39] In endoscopic approaches, a 
study showed that unspecified injury to the median nerve was 
the most common followed by injury to the common digital 
nerves, the palmar cutaneous branch and the motor branch. 
In terms of endoscopic approaches, the third common digital 
nerve is the most frequently damaged sensory nerve. There 
was also a much higher incidence of ulnar nerve injury, radial 
artery injury, ulnar artery injury or injury to the superficial 
palmar arch.[40] Reports of complete median nerve and ulnar 
nerve transection have been noted following an endoscopic 
approach.[41,42]

Poor nerve
Surgical decompression of the carpal tunnel may not improve 
symptoms if there is already a ‘poor nerve’. This is when the 
timing of decompression follows an already prolonged duration 
of severe nerve compression and established axonopathy 
with loss of axons rendering the injury permanent. The 
pathophysiology of CTS follows compression of the median 
nerve which is caused by an increased carpal tunnel pressure. 
The carpal tunnel pressure can be increased in patients with 
CTS when the wrist is positioned in either extension or flexion 
which is the bases for clinical tests such as Phalen’s and 
reverse Phalen’s test. Furthermore, the carpal tunnel pressure 
can be abnormally high even in a neutral position for some 
patients.[43] This can cause disruption to the blood–nerve 
barrier with ensuing endoneurial oedema, inflammation, 
perineural thickening and fibrosis of surrounding tissues 
caused by increased fibroblastic activity around the nerve.
[44-47] Intermittent nerve ischaemia and reperfusion in periods 
of recovery can lead to oxidative stress by the release of free 
radicals. As myelinated nerves have a higher proportion of 
lipids acting as target for oxidative free radicals, these nerves 
are more severely affected compared to non-myelinated 
nerve fibres.[47,48] Subsequently, this leads to ischaemia of the 
microneurial environment and further results in demyelination 
and lastly axonal death.[49] In these cases, and cases with 
concomitant diabetic neuropathy, it is essential to manage the 
patients’ expectations from the outset regarding what outcomes 
to realistically expect.

Poor luck
Unsatisfying CTD outcomes can arise from complications of 
the surgery itself. These complications cause pain and reduced 
function.

Pillar pain and scar sensitivity are the two most common 
complications that patients encounter. There is no consensus 
on the definition of pillar pain, but it is commonly described 

as pain in the thenar or hypothenar areas. Studies show a 
post-operative incidence rate of 19%–36%, and for most 
patients, this resolves within 3 months from surgery.[50] Scar 
tenderness is another troublesome complication that usually 
fully resolves; however, Kharwadkar et al. found that in 
50%–80% of patients, this was still present at 3 months 
post-operatively.[51] In addition, as with any surgical hand 
wound, there is the risk of surgical site infection, but 
fortunately, this is rare at an incidence between 0.03% and 
0.47%.[52,53]

Complex regional pain syndrome (CRPS) although rare 
is a debilitating complication of surgical decompression 
where patients present with a stiff, swollen and painful 
hand. The Budapest diagnostic criteria for CRPS include 
features such as pain out of proportion to any triggering 
stimulus, vasomotor, sensory, pseudomotor and trophic 
changes. CRPS is not exhibited in a specific dermatome 
or nerve distribution. There are two types of CRPS with 
type I diagnosed according to the criteria above and type II 
if the condition also includes definite evidence of a major 
nerve lesion. Assessment for a nerve lesion should be 
thorough and neurophysiology may be able to demonstrate 
whether there has been any deterioration or function loss 
following surgery.[54] In such cases, the nerve may need 
to be re-explored with an indwelling nerve catheter for a 
few days to break the pain cycle. The patient cohort at risk 
of CRPS from primary CTD includes genetic factors, a 
history of migraine, Angiotensin-converting enzyme (ACE)
inhibitor medication, female gender and those with a need 
for immobilisation of an injured limb.[55]

Fortunately, there are ways to treat the symptoms including 
pain medications, neuromodulation, psychological support, 
mirror therapy, exposure therapy, physiotherapy, hand 
therapy and desensitisation; however, recovery may take 
years.[54]

Patients with peripheral  neuropathy and a nerve 
entrapment (including diabetic patients) have good outcomes 
following CTD with 92% improvement and 72% complete 
resolution in one study; hence, this is not a contraindication 
to surgery.[56] Mondelli et al. showed that a case-matched 
study of diabetic and non-diabetic patients did not have any 
difference in outcome following CTD.[57] Patients should be 
informed that the sensory and motor loss may not recover if 
there is significant neuropathy; however, paraesthesia implies 
a reversible nerve dysfunction and this is usually improved. 
Rarely, patients with significant neuropathy have increased 
pain after decompression, perhaps thought to be related to 
reperfusion in a previously ischaemic nerve.

aPProaCh to the PatieNt With failed 
CarPal tuNNel surGery
It is vital to apply a systematic approach to patients who have 
no symptom relief, worsening of symptoms or new symptoms 
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after CTD surgery. The aim is to find out the underlying 
cause for the failed surgery as grouped by the four categories 
previously mentioned.

Revisiting the history
Establishing the original onset of the symptoms and response 
to the surgery is crucial. If new symptoms appear after surgery, 
this leads one to suspect iatrogenic nerve injury; whereas if 
a period of complete resolution is followed by recurrence of 
symptoms, this suggests true recurrence due to contraction at 
the site of healing of the transverse carpal ligament release 
and perhaps scar tether involving the median nerve. It is also 
important to ask about exacerbating activities and occupational 
provocations and changes in daily activities and work as well as 
previous of new-onset symptoms of neck pain. Psychological 
and social factors including occupational disputes, personal 
injury, depression, anxiety, chronic pain syndromes, social 
isolation and medicolegal claims are associated with impaired 
resilience and poor compliance. Whenever possible, these 
issues should be explored in cases of failed CTD surgery. These 
factors will otherwise continue to influence the outcome of any 
subsequent intervention.

A comprehensive review of comorbidities and family history 
is also warranted as familial conditions can predispose to CTS 
such as hereditary neuropathy with sensitivity to pressure 
palsies or mimic hand dysfunction such as Charcot-Marie-tooth 
disease, a hereditary sensory-motor distal neuropathy. Studies 
have shown that this patient cohort who undergo carpal tunnel 
release does experience improvement in symptoms after 
surgical release and Panosyan et al. found a 93% satisfaction 
rate in their study.[58] Patients with hereditary neuropathy 
and liability to pressure palsies have either a deletion or 
abnormality of the peripheral myelin protein 22 gene, which 
results in an unstable myelin sheath liable to injury during 
minor stretch or compression. Electrophysiological studies 
show conduction block or decreased velocity through the 
median nerve. However, the pathophysiology lies within the 
stability of the myelin sheath rather than new myelin formation 
and conduction repair, and cases of patients with complete 
resolution of carpal tunnel symptoms and normalisation of 
electrophysiological tests after decompression have been 
reported.[59]

Revisiting the examination
The examination should comprise the entire neural pathway 
from the central nervous system to the hand. In hand, one 
should assess Tinel’s, Phalen’s and direct compression tests. 
The scratch-collapse test may be useful in demonstrating a 
site of residual compression and pain. The function of the 
main median nerve, motor branch and palmar cutaneous 
branch sensation should be carefully assessed and recorded. 
The position of the surgical scar may provide a clue as to 
the reasons for a poor outcome. Sensitivity in the scar may 
imply a cutaneous neuroma, and this can be assessed further 
with local anaesthetic injection superficially at the site of 
pain, with a complete resolution being suggestive of a palmar 

cutaneous branch injury. One should then continue to assess 
for proximal signs of compression including the pronator 
syndrome. Furthermore, a brachial plexus examination should 
be undertaken to exclude brachial plexopathy or compression 
at the thoracic outlet. In addition, symptoms can arise from 
compression at the cervical spinal nerve root level in cervical 
radiculopathy or cervical myelopathy, resulting in symptoms 
similar to CTS.[26] The cranial nerves and the lower limbs 
should also be tested to exclude any other neurological 
pathology. Rarely, multiple sclerosis is diagnosed in the clinic 
when patients present with persistent numbness or paraesthesia 
after CTD.

In rare cases, median nerve symptoms can be caused by 
traction neuritis, as in the case of a Linburg–Comstock 
anomaly consisting of an extra tendon slip between flexor 
pollicis longus and flexor digitorum profundus to the index 
finger or an associated chronic tenosynovium encasement 
tethering the median nerve to the flexor tendons. Steroid 
injection may help alleviate symptoms, and so, patients will 
often present after failed CTD. The distal interphalangeal 
joint of the index flexes as the thumb is flexed and this should 
prompt further evaluation as a potential cause of residual 
symptoms. The clinical test for this condition is passive 
stretch of the index finger to extension with the thumb flexed 
fully at the interphalangeal joint across the palm. A positive 
test is elicited with sharp nerve pain and paraesthesia in the 
median distribution which tracks from the distal radial volar 
forearm to the fingertips and is improved after release of the 
index finger.

Investigations
Neurophysiology assessment is essential for patients after 
failed carpal tunnel surgery to look for changes from 
the baseline results if these were performed previously. 
A more extensive assessment includes evaluation for 
proximal pathology, spinal root involvement and other 
peripheral nerves entrapments. Lower limbs assessment 
is useful in neuropathy and myelopathy and to look for 
other entrapment sites in HNPP. There are uncommon 
interconnections between the ulnar nerve and median 
nerve in the forearm, the carpal tunnel and the hand at the 
common digital nerve level that may result in diagnostic 
confusion and a false-positive diagnosis of carpal tunnel 
with a proximal ulnar nerve compression. As a general 
rule, if repeat neurophysiological assessment demonstrates 
improvement in the conduction parameters of the median 
nerve, it is reasonable to clinically monitor for a few 
months anticipating further improvement. If symptoms 
are unchanged, worse or new pathology is identified, and 
revision nerve exploration is warranted.

In isolated cases, a dynamic ultrasound can help assess nerve 
glide within the carpal tunnel. Furthermore, if indicated, an 
MRI of the cervical spine to delineate root pathology or an MRI 
of the carpal tunnel to assess for other pathology and synovitis 
may be helpful. Blood tests may need to be undertaken to 
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screen for systemic conditions which are associated with or 
produce symptoms similar to CTS. These include glucose for 
diabetes, thyroid function tests for hypothyroidism, B12 and 
folate for peripheral neuropathy and rheumatoid screening for 
rheumatoid arthritis.[26,60]

Reviewing previous records
Previous medical records can be very helpful in identifying 
the cause of a failed CTD. Reviewing the recorded medical 
history and neurophysiology results will give a good baseline 
impression. It is essential to review the operation notes with 
regards to the documented procedure and findings, the surgeon 
grade and experience, the anaesthetic records and tourniquet 
time. Hand therapy follow-up and progress are also helpful 
to establish the full picture of the patient condition, including 
patient understanding and expectations and to establish 
compliance with rehabilitation and future treatment goals.
• Carpal tunnel release review at 6 weeks
• No relief of symptoms/worsening symptoms
• Review operations, notes and pre‑operative assessment. In 

case of severe CTS, symptoms temporarily worsen during 
recovery. May not get complete recovery [Diagram 1].

Revision surgery
Worse, persistent or new symptoms should be considered 
indications for revision surgery. Studies have shown that the 
most common reason for failed primary decompression surgery 
is incomplete release of the transverse carpal ligament.[33] 
Although possible to perform under a local anaesthetic or 
using a wide-awake local anaesthesia no tourniquet technique, 
the lead author prefers an axillary regional anaesthetic block 
and arm tourniquet to allow sufficient time for exploration, 
neurolysis and managing any unexpected findings at the time of 
revision surgery. A tourniquet assists in maintaining a bloodless 
field during neurolysis. Loupe magnification should be used.

At revision surgery, an extended carpal tunnel incision crossing 
the wrist crease with angulation to the ulnar side of the forearm 
is used to fully evaluate the distal forearm fascia and the 
palmaris longus insertion when present.

A revision release of the transverse carpal ligament is performed 
with full release confirmed through visual identification and 
with external neurolysis of the median nerve in every case. 
On rare occasions, an internal neurolysis may be indicated by 
a tight constriction of the epineurium. In these rare cases, a 

Diagram 1: Management algorithm for failed carpal tunnel surgery
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longitudinal epineurotomy and limited internal neurolysis are 
performed with magnification from an operating microscope.

The motor branch should be identified and its course to 
the thenar muscle should be assessed and documented. If 
constricted within or at the distal edge of the flexor retinaculum, 
the motor branch should be formally release.

In cases of a detected nerve injury, nerve grafting should 
be performed after neuroma excision under the operating 
microscope. Autologous nerve graft from the ipsilateral lateral 
cutaneous nerve of the forearm or from the medial cutaneous 
nerve of the arm are the obvious donor choice to avoid dual 
limb operating for a sural nerve harvest which may require 
general anaesthesia. In cases with extreme neuropathic pain, 
nerve sensitivity at the site of injury and central sensitisation, 
the lead author prefers to use AVANCE® processed nerve 
allograft (AxoGen Inc. Calchua, FL, USA) for bridging the 
nerve gap, rather than risking a second site of nerve sensitivity 
and the morbidity from numbness at an autologous nerve graft 
harvest site[61] [Figure 1a and b].

In cases of re-revision or first revision with extensive 
scar tether of the median nerve or epineurium damage, a 
resurfacing procedure may be indicated. Autologous biological 
vascularised tissues can be harvested and interposed between 
the median nerve and tendons or skin. The radial artery 
perforator adipo‑fascial flap may be dissected and rotated 
distally to cover the nerve as it passes from the distal forearm 
to the carpal tunnel. Care should be taken when raising the 
flap to avoid injury to the terminal branches of the lateral 
cutaneous nerve of the forearm. The flap may be taken with skin 
to resurface the area of the carpal tunnel in cases of extensive 
scar from trauma, infection or repeated surgery.

Tham et al. published on the outcome of the reverse radial 
forearm flap for revision carpal tunnel surgery in which six 
patients experienced improvement in symptoms of which two 
had complete resolution of pain.[62] Mahmoud reported six 
patients who underwent the same procedure and was followed 
up for an average of 2 years with no worsening in symptoms and 
all patients reporting disappearance of night time symptoms. 
Three of those still experienced persistent paraesthesia.[63]

The ulnar artery perforator adipo‑fascial flap has also been 
described as an option for median nerve soft tissue coverage 
with several small studies published all with good outcomes 
of either improvement or full resolution of symptoms.[64-66] 
This flap which may be elevated with skin as a Becker flap 
from the ulnar artery can be used in a similar way [Figure 2].

In cases where there is sufficient skin cover but early 
reformation of the flexor retinaculum with scar tether to the 
median nerve, a turnover vascularised hypothenar fat pan may 
be interposed between the freshly cut edges of the retinaculum 
at the time of revision surgery. This tissue acts as a barrier 
to early healing of the retinaculum and provides cushioning 
or a sensitive nerve plus a gliding layer to reduce the risk of 
recurrent adhesions to the median nerve.

There has been several case series published on the hypothenar 
fat pad flap with the majority reporting good outcomes 
following surgery. Fusetti et al. found a 90% resolution of pain 
by 6 months following decompression, and Mathoulin et al. 
and Craft et al. had improvement or complete disappearance 
of pain and numbness in 94% and 83% of patients, 
respectively.[67-69] Athlani and Haloua reported improvement in 
pain and paraesthesia along with improved QuickDASH score 
and objective grip strength in a series of 34 patients followed 
up at 2 years who underwent revision carpal tunnel surgery 
with hypothenar fat pad coverage.[70] Similarly, Wichelhaus 
et al. reported symptomatic improvement and satisfaction of 
the procedure in 83% out of 18 patients who had revision carpal 
tunnel surgery with a hypothenar flap. The remaining three 
patients however did not experience any improvement in this 
series.[71] Pace et al. compared self-reported patient outcomes 
using the Boston Carpal Tunnel Questionnaire in 17 patients 
who underwent repeat CTD alone versus 16 patients who had 
repeat decompression and a hypothenar fat flap. Their study 
found no statistical difference between the groups (P = 0.09).[72]

Two studies describe use of a free non-vascularised vein 
graft split longitudinally and then sutured around the median 
nerve in a spiral configuration as a nerve wrap. All patients 
demonstrated improved symptoms, two-point discrimination 
and electrophysiological testing. However, the patient numbers 
were small with only 3 and 19 included, respectively.[73,74]

In cases where patients have had multiple revision carpal tunnel 
surgeries and failed local flap options, the literature describes 
free flaps as alternatives for median nerve cover. A case series 
by Goitz and Steichen on nine patients undergoing free omental 
flap coverage followed up for at least 4 years with a majority 
experiencing improvement in some symptoms, but none had 
any complete resolution. In addition, none of the patients 
managed to get back to work at final follow‑up.[75]

Commercially available nerve wrapping materials may 
be used to prevent scar formation onto the median nerve 
at revision surgery. The AxoGuard® nerve protector 
(AxoGen Inc. Calchua, FL, USA) is a layered collagen 
extracellular matrix membrane processed from the submucosa 
of porcine small intestine.[76] It is supplied in a number 
of sizes and after soaking in saline is sutured loosely 
around the nerve providing a layer that re-vascularises and 
restores gliding without surgical bed scar reforming to the 
epineurium [Figure 3a and b]. The Vivosorb™ (Polyganics, 
Netherlands) is a polymer membrane of polycaprolactone that 
provides a temporary barrier to scar.[77] The polymer undergoes 
hydrolysis and forms a hydrogel layer that eventually 
resorbs by approximately 18 months. NeuraWrap™ nerve 
protector (Integra Life Sciences) is an absorbable collagen 
membrane that can be placed around a damaged nerve to 
prevent scar adhesion.[78] The benefit of these products is that 
they can be readily available and have no donor morbidity 
associated with their use.[79] There is limited clinical evidence 
available in revision nerve surgery to date.[80]
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For revision cases with complete loss of thenar muscle 
function, restoration of thumb palmar abduction and 
opposition with an opponensplasty tendon transfer should 
be considered using either the extensor indicis proprius 
or the flexor digitorum superficialis to the ring finger, 
redirected through a distally based flexor carpi ulnaris 
pulley.

In cases of revision CTD with pre-operative neuropathic pain, 
surgical placement of an indwelling local anaesthetic nerve 
block catheter for 48 h is a useful consideration.

Meticulous haemostasis before closure reduces the risk of a 
post-operative haematoma. Interrupted non-absorbable sutures 
are used for skin closure and a bulky dressing applied. A volar 
plaster slab can be used with 15° of wrist extension to support 
the wrist until the first dressing change.

Prophylactic antibiotics are administered when a 
non-vascularised barrier membrane is inserted.

Revision carpal tunnel surgery is less predictable than primary 
CTD. Jones et al. reported 75% of patients with improvement 
of symptoms and 50% of patients having complete resolution 
of pain. Steyers reported that many patients still have some 
persistent symptoms after a revision decompression at the 
carpal tunnel with rates between 41% and 90%.[1,81]

CoNClusioN
Revision CTD surgery makes up 2.7% of all carpal 
tunnel surgery. Causes of deterioration, no change, partial 
improvement or recurrent symptoms may be due to poor 
diagnosis, poor surgery, poor nerve or poor luck. We outlined 
a systematic approach and an algorithm for revision surgery 
in the failed carpal tunnel surgery patient. Revision surgery 
in the majority of patients results in good outcomes with 
improvement in symptoms.
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