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Outcomes of Median Nerve Release in
Complex Regional Pain Syndrome Type 1
of the Hand: A Prospective Case Series

Francisco del Pinal, MD, Dr Med*

Purpose Pain, allodynia, and stiffness in complex regional pain syndrome (CRPS) greatly
affects social, vocational, and community engagement. The aim of this study was to evaluate
the effect of isolated median nerve releases on the outcome of CRPS 1 of the hand.

Methods In this prospective case series, people of any age diagnosed with and treated for
CRPS 1 of the upper limb attending the author’s practice were consecutively recruited. All
were self-referrals dissatisfied with the treatment provided previously. Only patients who had
been treated with nerve release to control their symptoms were included. Primary outcome
measures were pain and Disabilities of the Arm, Shoulder, and Hand score. A secondary
outcome was withdrawal from pain medication. Full resolution was defined as O pain, on a
scale of 0—10, and total withdrawal from pain medication at the latest follow-up.

Results Between January 2018 and December 2022, 82 participants with CRPS 1 of the hand
for an average of 20 months were evaluated. Eighty-five nerve releases were performed. As
per protocol, carpal tunnel release was performed in all, and three patients also received an
endoscopic pronator release. Minor procedures unrelated to the pain were carried out
concomitantly in 17 patients. Significant improvements were observed in pain score (mean
8.9 £ 1.2 at baseline vs 0.6 & 1.8 at 35 months) and in Disabilities of the Arm, Shoulder, and
Hand score (82 4 13 vs 13 £ 20) for the same period. Five patients (6%) were considered
failures. In contrast, 65 patients (79%) had full resolution of their symptoms.

Conclusions This study demonstrates that a large percentage of patients diagnosed with and
treated for CRPS type 1 can have full resolution of their symptoms with carpal tunnel release.
Future research is needed to understand the pathophysiology and the failures. (J Hand Surg
Am. 2025;50(2):130—137. Copyright © 2025 by the American Society for Surgery of the
Hand. All rights are reserved, including those for text and data mining, Al training, and
similar technologies.)
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vaso- and sudomotor changes. Complex regional pain
syndrome is a controversial diagnosis (although one
for which there is agreement on the diagnostic
criteria) with potentially a variety of pathophysio-
logic triggers and pathways, all of which have a var-
iable response to existing treatments.'

The criteria for diagnosing the condition have
evolved over time. The International Association for
the Study of Pain presented the so-called “Budapest
criteria” to prevent any other painful condition from
falling into the CRPS constellation.” Initially, CRPS
was divided into type 1 and type 2, the latter reserved
for cases where there was a discrete nerve injury.
Recently, CRPS 2 has been redefined to prevent
common neuropathic pain from inappropriately being
given this label.® In the new definition of CRPS 2, the
pain should surpass the territory of the involved
nerve. A new subtype named ‘“persistent CRPS,”
which includes cases with a duration longer than a
year, was created to describe a group whose symp-
toms are thought to be recalcitrant to treatment.’

The available protocols for CRPS treatment vary
from rehabilitation and drug therapy (opiates, anti-
epileptics, bisphosphonates, or combinations thereof)
to more invasive treatments such as spinal cord
stimulation, ketamine coma, or continuous analgesic
infusion of the brachial plexus for recalcitrant
cases.”” ' Although surgery is not commonly
considered as treatment, in instances where a nerve
injury can be identified (CRPS 2), surgery can be
helpful.'”'® These cases lie outside the new defini-
tion of CRPS type 2.

Recently, del Piia showed that surgery was
mostly effective in a large sample of patients with
CRPS. However, in both series, there was a mixture
of CRPS 1 and CRPS 2 cases, including some pa-
tients wrongly labeled as CRPS, as well as others
who had concomitant correction of painful mechan-
ical problems making it unclear the exact role played
by the nerve surgery in pain relief in the CRPS 1
patient.

The purpose of this study was to assess the effect
of median nerve release on pain and overall function
in CRPS 1 patients.

19,2
19,0

MATERIALS AND METHODS
Study design and participants

This is a prospective case series with minimum 1-
year follow-up, reported in accordance with the
Preferred Reporting Of Case Series in Surgery
guidelines.”' For this study, people who attended the
author’s practice with a diagnosis of CRPS 1 and who

received simple nerve releases as surgical treatment
for pain relief were included. Per protocol all CRPS
cases had release of the median nerve in the carpal
canal.”’ There was no age restriction. Patients whose
symptoms developed after previous nerve surgery or
where a damaged nerve was the pain generator
(CRPS 2) were excluded. Also, people whose nerve
release was combined with other procedures to treat
an associated mechanical problem (hardware
removal, radius malunions, etc.) that could be a pain
generator were also excluded. Patients having minor
concomitant procedures unrelated to the pain (scar Z-
plasty or capsulotomies) were included. Patients who
had dystonic-psychogenic hand (also known as
causalgia-dystonia) were included.”*”

This study is registered in Researchregistry.com
(number 10102). Ethics approval was obtained from
the Hospital Clinico, Universidad Complutense of
Madrid, and all participants provided written,
informed consent.

Preoperative assessment

All patients were assessed by the author, a hand
surgeon with more than 30 years experience. The
author evaluated all patients, did all the measure-
ments, and operations. In addition to complying with
the Budapest criteria, the CRPS severity score was
calculated.”* Also as part of a broader study, symp-
toms of irritative carpal tunnel syndrome, the allo-
dynia distribution, and if the finger joints were stiff or
supple were also recorded (all data pertinent to the
series is included in Appendix S1, available online on
the Journal’s website at www.jhandsurg.org).

From their previous work-up, 23 patients had un-
dergone a three-phase bone scan. The test was posi-
tive in 20 and negative in three. In addition, 75 had
electrodiagnostic studies (EDS) performed. In total,
50 had no evidence of any median nerve compres-
sion, 20 had mild involvement of the median nerve in
the carpal canal, 3 had moderate compression, and 2
had severe compression. Nine of the patients with
negative EDS results for compression of the median
nerve showed misleading diagnoses, such as signs of
root compression (2), ulnar nerve at the cubital tunnel
or Guyon canal (6), and radial nerve at the Frohse
canal (1). In no case was the median nerve shown to
be compressed at the pronator tunnel in EDS.

At the time of the first consultation, all were
receiving various combinations of opioids, anticon-
vulsants, antidepressants, steroids, calcitonin,
bisphosphonates, etc. Thirty-one patients (38%) had
received multiple invasive anesthetic interventions
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FIGURE 1: A Active flexion after an 82-month history of CRPS 1. Previous treatments included mutistellate ganglion blocks and a

course of ketamine coma, among others. The patient wears a protective glove. B Immediate active flexion after carpal tunnel release and
C at 10 days. The result has remained stable at the 22-month follow-up (patient #64).

(stellate ganglion block, peripheral nerve block, and
radiofrequency ablations), including two who also
had placement of a spinal cord stimulator.

Intervention

The operation was preferably performed under local
anesthesia for the patient to see the improvement in
range of motion during the procedure. Surgery was
performed with an arm tourniquet in all instances. A
2 cm incision was made in the palm of the hand, and
the transverse carpal ligament released. Retraction
under the superficial palmar fascia distally and
proximally allowed the remainder of the ligament to
be exposed and divided under direct visualization.
The presence of fat distally and sufficient room to
pass the scissors proximally were considered indica-
tive of ample space for all the structures to freely
glide in the carpal canal (Fig. 1A—C). In three pa-
tients, there were clinical signs and symptoms of
irritation of the median nerve at the pronator tunnel,
and in those cases, the lacertus fibrosus, the pronator
arcade, and the flexor digitorum arcade were released
using a modified endoscopic technique under axillary
block (apart from the carpal tunnel division).”” In no
case was the ulnar nerve nor the radial nerve explored
despite the EDS findings suggesting abnormalities of
those nerves.

After the operation, acetaminophen was prescribed
for 1 or 2 days. Sympatholytic blocks or narcotic
medication given were not administered to any pa-
tients. However, the drugs that the patients were
taking before surgery were gradually decreased to
prevent symptoms of withdrawal.

Immediate range of motion was encouraged after
the surgery. Only patients with stiffness and/or
persistent joint pain attended physical therapy. Alu-
mifoam extension splints were prescribed to wear at

night for flexion contractures, and dynamic splints
with outriggers for extension contractures of the
metacarpophalangeal joints were worn during the
day, where indicated.

Outcome assessment

Patients were followed at regular intervals and
eventually discharged, but never before 1 year after
the surgery. Patients were asked to rate their pain
before surgery and at final follow-up on a numerical
rating scale, where 0 was nil/minimum and 10 was
unbearable/maximum. All patients completed the
Disabilities of the Arm, Shoulder, and Hand (DASH)
questionnaire before surgery, at 3 months, and, as a
minimum, at final follow-up. The palm to pulp dis-
tance was also recorded in centimeters before sur-
gery, at 6 weeks, and at the final visit. All data
pertinent to the series are included in Appendix SI.

Data management and analysis

Continuous variables are expressed as means, ranges,
and SDs (SD, 4), and categorical variables are
expressed as numbers and percentages. Parametric
(two sample t and paired t) and nonparametric
(Mann-Whitney U and Wilcoxon) tests were used to
analyze differences between outcomes of stiff/non-
stiff joints and pain and DASH pre- and post-
operation scores, according to whether the data were
normally distributed. Fisher exact test was used to
determine associations between categorical variables.
P values less than .05 were considered statistically
significant.

RESULTS

In the period from January 2018 to December 2022,
the author treated 82 patients who were diagnosed
with CRPS 1 and had been under treatment for an
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TABLE 1. OQOutcomes of the Series at 35-Month
Follow-up* Type of CRPS 1*
Before After P Before After P

Variable Surgery Surgery Value Variable Surgery Surgery Value
Number of patients 82 82 Number of patients 30 30
Pain (NRS)' 8.9 (1.2) 0.6 (1.8) <.05 Pain (NRS)" 8.8 (1.3) 1.1 2.4) <.05
DASH 82 (13) 13 (20) <.05 DASH 80 (15) 20 (27) <.05
PPD (cm) 43 (3) 0.6 (2) <.05 PPD (cm) 3.7 (3) 0.7 (2.1) <.05
Drugs for pain 82 (100%) 5 (6%) <.05 Drugs for pain 30 (100%) 4 (13%) <.05
Full resolution® 65 (79%) Full resolution® 22 (73%)

PPD, palm to pulp distance.

*Data are mean (SD), n, or n (%) unless otherwise specified.

TNRS: Numerical rating scale where 0 was nil/minimum and 10
was unbearable/maximum.

#Full resolution implies reporting O for pain and receiving no drugs
for pain.

average of 20.3 +32.2 months (range, 2—160) at the
time of referral. There were 70 females and 12 males
with a mean age of 52 +14.3 years old (range,
13—87). Except for two patients without a clear
traumatic mechanism, all had some form of trauma or
surgery that was thought to trigger the condition. The
most prevalent being distal radius fractures (plated or
casted, 30 cases), metacarpal or finger fractures (10
cases), and finger lacerations (10 cases), but also
distant trauma (shoulder fractures or arthroscopies,
six cases) were quite prevalent (see Appendix S1 for
details). They all complied with the Budapest criteria,
and their CRPS severity score was 7.7 +1.8 (range,
4—10; diagnostic for CRPS when > 4).4’6’24 Ten patients
presented features classified as dystonic CRPS.****

Of note, only 13 (16%) had a typical median nerve
distribution of the allodynia-dysesthesias in the hand,
whereas 22 (27%) reported painful dysesthesias in the
ulnar 2 or 3 digits. Nineteen reported (23%) a glove
distribution, whereas the rest (34%) had an atypical
distribution of only one finger, the knuckles, the
wrist, etc. All but three (96%) had proximal shooting
pain radiating to the shoulder or back (further details
can be found in Appendix S1).

The operation consisted of division of the trans-
verse carpal ligament in all, with 79 under local
infiltration. No visible abnormalities of the median
nerve were identified on inspection with loupes
(x3.5). In three patients, in addition to the carpal
tunnel release, the median nerve was released at the
pronator tunnel. This decision was made if patients
had a strong Tinel sign in the pronator arcade based
on the experience that some failed carpal tunnel
release cases respond to additional carpal tunnel

PPD, palm to pulp distance.

*Data are mean (SD), n, or n (%) unless otherwise specified.

TNRS: Numerical rating scale where 0 was nil/minimum and 10
was unbearable/maximum.

$Full resolution implies reporting O for pain and receiving no drugs
for pain.

release and pronator release.”’ No nerve deformities
were noticed in the pronator tunnel. Seventeen pa-
tients had minor procedures concomitantly (single or
multiple capsulotomies of finger joints, z-plasties in
scars, etc.; details in Appendix S1).

Except for one patient who died after 10 months
follow-up, the minimum follow-up was 1 year
(average follow-up 35 months, range, 10—70, +15).
The results are summarized in Table 1. Ninety-three
percent (77/82) stopped taking medications for pain.
One patient (participant #12) stopped taken gaba-
pentin and opioids because her pain disappeared
completely, but was still prescribed oral baclofen by a
neurologist for spasticity.

There were 30 patients in the group of “persistent”
(chronic) type of CRPS; 22 patients (73%) continued
to be symptom free at an average 35 months follow-
up (Table 2).

Only 14 patients (17%) were working (with limi-
tations) prior to the surgery. However, after surgery,
76 (93%) returned to their previous work or activities
(two patients with limitations).

There were five failures (6%). Two did not
improve at all, whereas three improved dramatically
for 2—3 months before relapsing. One of the latter
patients (patient #9) eventually had a spinal cord
stimulator installed elsewhere without relief.

DISCUSSION

The success rate with current treatment protocols for
CRPS 1 is low.” It seems that there is a risk of
chronicity, particularly if treatment is delayed.”" In
this study, a large percentage of patients with CRPS
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TABLE 3. QOutcomes of Nonstiff Finger Joints Versus Stiff Finger Joints*

Variable Nonstiff Finger Joints Stiff Finger Joints P Value

Number of patients 64 18
Duration in mo (average)

CRPS 24 (2—160) 8 (2—40) .08

Follow-up 35 (15) 34 (13) 7
Pain (NRS)"

Before surgery 8.8 (1.2) 9.3 (0.9) 18

6 wk 0.8 (1.1) 2.8 (2.7) <.05

Final 0.5 (1.5) 1.1 2.7) .39

(A preop/postop) 8.3 (1.9) 8.2 (2.6) 75
DASH

Before surgery 81 (13) 83 (13) .65

3 mo 26 (15) 46 (23) <.05

Final 11 (18) 22 (26) .07

(A preop/postop) 70 (21) 61 (23) 12
PPD (cm)

Before surgery 34 (2.6) 7.5 (2.3) <.05

6 wk 0.6 (1.1) 4.5 (2.7) <.05

Final 0.1 (0.5) 2.6 (3.2) <.05

(A preop/postop) 3.2 2.7) 4.9 (2.8) <.05
Unable to make a full fist 4 (6%) 11 (61%) <.05
Drugs for pain 3 (5%) 2 (11%) .30
Full resolution” 46 (72%) 8 (44.4%) <.05
PPD (cm)

Number of patients attending 19 30%) 18 (100%) <.05

Duration (mo) 4 9 <.05

A, difference from preoperative to postoperative values; PPD, palm to pulp distance.

*Data are mean (SD), n, or n (%) unless otherwise specified.

FTNRS: Numerical rating scale where 0 was nil/minimum and 10 was unbearable/maximum.
tFull resolution implies reporting 0 for pain and receiving no drugs for pain.

type 1 experienced a substantial decrease in pain after
median nerve decompression. In 65 (79%) patients,
pain was completely resolved, including a sub-
stantial number (22/30) considered to have chronic
symptoms. Comparing these results with the early
literature is problematic because many of the
early studies were carried out in patients who
did not meet the Budapest criteria, having favorable
outcome (in the 80%—95% success rate
range).”® *® Conversely, current studies, with
stringent inclusion criteria, show that about two-
thirds of patients continue to be symptomatic and
meet the Budapest criteria 1 year after the diagnosis
despite all efforts with current available treat-
ment.””*” In a Dutch multicenter study, none of the
40 patients meeting CRPS 1 criteria were pain free
at the 1-year follow-up.”’

In this study, not only pain, but patient-reported
disability of the upper limb was also assessed with
the DASH. Furthermore, as an objective measure of
hand function, the palm to pulp distance was also
recorded. Although there was a global improvement
in the latter (Table 1), there were significant differ-
ences in the response among patients with stiff
finger joints before surgery versus the rest (Table 3).
In the stiff group, early reduction of pain (9.3 pre-
operative vs 2.8 at 6 weeks) allows them to progress
in the rehabilitation, but they should be warned
about their worse prognosis compared to patients
without digit stiffness before surgery, regarding
their ability to make a full fist, despite a much longer
time in physical therapy (Table 3). A frozen shoul-
der also acted as a negative factor and patients spent
more time in physical therapy than the average (10
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A

FIGURE 2: The preoperative hands of participants 23 and 32 are shown (left and right). Both are CRPS dystonia cases presenting a fixed
stance intrinsic plus for more than one year. The patient in A achieved a total cure, whereas the patient in B exhibited treatment failure.

months vs 2 months). It is unclear why some pa-
tients develop digit stiffness or a frozen shoulder,
whereas others do not.

Two patients, both dystonic CRPS, did not
improve at all after surgery. Overall, there were 10
dystonic CRPS patients in this series.””” Of these,
five were relieved of their pain symptoms (50%), and
one had a painless tremor, but no pain (Fig. 2). Three
patients relapsed at about 3 months after the opera-
tion. In one patient, there may have been a work-
related issue, but I am reluctant to invoke this as
the cause of relapse, despite the fact that there are
several reports in the literature demonstrating sec-
ondary gain behind some CRPS cases.’”" Regarding
the failures in this series, it is possible that an un-
identified nerve other than the median nerve might
have been the trigger. In the future, the development
of newer devices to measure small fiber conduction
may help to record pain and isolate the exact zone of
injury.™

This case series has several limitations. Some
may consider that any observational study is flawed;
however, randomization was felt to be infeasible in
evaluating a new approach to a given condition and
of unclear value when the outcomes of the inter-
vention are dramatic.””’® Observational studies are
strengthened by single observers; however, this also
may have been a cause of bias and poor general-
izability. Nevertheless, validated patient-reported
questionnaires (DASH) were administered, and
objective measurements (palm to pulp distance)
taken. Finally, although subjective, pain, rated on a
scale of 0—10, is still considered the gold standard
for reporting pain and allows comparison with other
studies.”” The possibility of potential confounding
of the results by concomitant surgery, although
improbable, should also be taken into account when

assessing the findings. A major concern is the lack
of a control group, and some may consider that the
patients may have improved by other treatment
modalities or on their own, particularly the early
forms. However, recent investigations have shown
that with classic approaches there is a high failure
rate and a high rate of sequalae in acute CRPS cases
at 1 year.”” ' By the same token, as discussed,
patients in the chronic stage have a low rate of re-
covery. Conversely, the strengths of this study are
the number of cases of this comparatively rare
condition, including the number of cases in the
chronic stage, and that all patients had a similar
treatment protocol.

This study does not clarify the pathophysiology of
the condition, although it clearly identifies the carpal
tunnel as the trigger site of the majority of CRPS 1
cases of the upper limb, rather than central nervous
system, inflammatory, or autoimmune causes. '’
Speculating on the mechanism of the CRPS, nerve
compression seems unlikely, as in no case was the
median nerve observed to be deformed at surgery,
and the EDS were unhelpful. Only two cases showed
severe nerve compression. It is possible that in CRPS
the nerves are sensitized for unknown reasons and
minimal degrees of compression on the median nerve
can trigger major symptoms. Alternatively, a me-
chanical irritation because of the tendons rubbing
against the nerve owing to lack of gliding is more
likely.”™ Lack of nerve gliding has been associated
with allodynia which disappears once free gliding has
been achieved, improving range of motion of the wrist
and even the shoulder.””*’ Considering this most
plausible mechanism, the condition could be consid-
ered as irritative carpal tunnel syndrome (ICTS).

The clinical findings and presentation of irritative
CTS and CTS are remarkably different (Table 4).
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TABLE 4. Clinical Signs and Symptoms in Carpal Tunnel Syndrome and Irritative Carpal Tunnel Syndrome

Signs and Symptoms

Carpal Tunnel Syndrome

Irritative CTS

Triggering mechanism None
Main complaint Numbness
Sensory symptoms Paresthesias

Distribution Median nerve territory
Nocturnal symptoms Numbness
Swelling Rare

Finger flexion Full

Stiffness Never

Passive finger flexion Normal

Tinel Median nerve distribution
Phalen Positive

Durkan Positive

EDS Positive for carpal tunnel

Few of our patients would comply with any of the
CTS-6 items used in the diagnostic process for
CTS."' The only condition likely to be related to
irritative CTS is the one described by del Pifial,*’
whose patients also presented lack of finger flexion
and allodynia as main features. However, none of
those patients have sustained previous trauma nor
were diagnosed with CRPS.

In conclusion, the current study demonstrates that
CRPS 1 may respond to division of the transverse
carpal ligament in a large proportion of cases. Further
research is needed to understand the pathophysi-
ology, but this work directs future investigations to a
local problem at the carpal tunnel.
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