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Abstract

Objective: To assess the 6-month effectiveness of ultrasound-guided perineural injection therapy (PIT)
using 5% dextrose (D5W) in patients with mild-to-moderate carpal tunnel syndrome (CTS).
Patients and Methods: A prospective, randomized, placebo-controlled, and double-blind study was
conducted between May 1, 2016, through March 30, 2017. A total of 49 participants diagnosed with mild-
to-moderate CTS were randomized into D5W and control groups. Participants in the D5W group received
1 session of ultrasound-guided PIT with 5 cc of D5W, and the control group received PIT with normal
saline. The visual analog scale measured pain as a primary outcome. Secondary outcomes were Boston
Carpal Tunnel Syndrome Questionnaire scores, the cross-sectional area of the median nerve, and elec-
trophysiological measurement results. Assessment was performed before injection and at 1, 3, and 6
months post-injection.
Results: All patients (data from 30 wrists in each group) completed the study. Compared with the control
group, at all post-injection time points, the D5W group had a significant reduction in pain and disability,
improvement on electrophysiological responsemeasures, and decreased cross-sectional area of themedian nerve.
Conclusion: Our study reveals that ultrasound-guided PIT with D5W is an effective treatment for patients
with mild-to-moderate CTS.
Trial Registration: www.ClinicalTrials.gov: NCT02809261.
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C arpal tunnel syndrome (CTS) is the
most common focal entrapment
neuropathy.

The etiology of CTS is unknown, but gener-
ally, it is believed to result from nerve damage
resulting from compression of the median nerve
(MN) in carpal tunnelerelated gradual
ischemia.1,2 Therapeutic strategies for CTS range
from conservative treatments (eg, medication,
splinting, corticosteroid injection, and extracor-
poreal shock wave therapy) to surgical interven-
tion. Although conservative approaches are
beneficial for most patients who have mild-to-
moderate CTS,3 a large, population-based study
reported that approximately 40% of conserva-
tively treated patients sustained symptoms after
30 months.4 Moreover, a Cochrane review5 in-
dicates that the effectiveness of conservative
treatments is only short term; hence, develop-
ment of new approaches for conservative man-
agement of mild-to-moderate CTS is critical.
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Perineural injection therapy (PIT) is a
novel technique that involves the injection of
dextrose solutions into the peripheral nerve
and has been found to provide promising
pain-relief benefits.6-8 Notably, 5% dextrose
(D5W) has an osmolality similar to that of
normal saline, and on injection is less painful
than sterilized water.9 Moreover, human and
animal studies have found that D5W is not
harmful to nerves.9-12 In addition, D5W, un-
like solutions of more than 10% dextrose, is
useful in prolotherapy, a term that refers to
treatment of various conditions associated
with musculoskeletal pain.13,14 Currently, in
clinical practice, D5W is the most commonly
used solution for PIT. However, few studies
have investigated the efficacy of PIT for pain
relief. Ultrasound-guided PIT, using cortico-
steroid in combination with lidocaine, is a
treatment for releasing entrapments of the pe-
ripheral nerves, such as the MN,15,16 the ulnar
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nerve,17 the lateral femoral cutaneous
nerve,18,19 the saphenous nerve,20 and the
sural nerve.21 Although use of ultrasound-
guided PIT in the clinical setting is increasing,
only one instance of its use with D5W for an
entrapment neuropathy has been reported.22

In the study reported here, we hypothe-
sized that ultrasound-guided PIT with D5W
is effective for treatment of CTS. We conduct-
ed an investigation of the 6-month effect of
this treatment in patients who had mild-to-
moderate CTS.
MATERIALS AND METHODS

Study Design
The present investigation was a prospective,
randomized, placebo-controlled, and
double-blind study conducted at a single
medical center in Taiwan between May 1,
2016, through March 30, 2017. With the re-
view and approval of the Institutional Review
Board of Tri-Service General Hospital (No. 2-
105-05-033), all enrolled participants pro-
vided written and fully informed consent. A
total of 60 patients diagnosed with mild-
to-moderate CTS were assessed for eligibility,
and 49 were enrolled in our study. The
patients were assigned to either a D5W group
or a control group, using a block randomiza-
tion (1:1 ratio) based on computer-generated
random numbers in Microsoft Excel. The
D5W patient group received 1 session of
ultrasound-guided PIT, with 5 cc of D5W;
the control group received ultrasound-
guided PIT with 5 cc of normal saline. For
patients who had bilateral CTS, both wrists
were assigned to the same treatment group.
All patients were prohibited from receiving
TABLE 1. Inclusion and Exclusion Criteria

Inclusion criteria
1. Paresthesia/dysesthesia; painful swelling with clumsy weakn

the wrist, and relieved by shaking the hand, with postural
2. Sensory loss with numbness in the median nerveeinnerva
3. Weakness with atrophy of the median nerveeinnervated
4. Positive Phalen test and/or Tinel sign

Exclusion criteria
1. History of polyneuropathy, brachial plexopathy, or thorac
2. Previous wrist surgery or steroid injection for carpal tunne
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any other conservative management for CTS
from 2 weeks before the start of participation
to the end of the study. Only acetaminophen
(500 mg up to 4 g daily) was allowed as a
pain-relief agent. To ensure adherence to
this restriction, a study nurse regularly fol-
lowed up with patients.

Inclusion and Exclusion Criteria
Patients who were diagnosed with mild-to-
moderate CTS on the basis of an electrophys-
iological analysis, and who had onset symp-
toms that had persisted for at least 6
months, were considered for inclusion. The
criteria for clinical symptoms and signs used
for diagnosis are defined in Table 1. A diag-
nosis of CTS was assigned to patients who
met inclusion criterion 1 and one or more of
inclusion criteria 2-4.23,24 Exclusion criteria
are defined in Table 1 as well.25,26

Electrophysiological Analysis and CTS
Grading
The diagnosis and grading of CTS were made
on the basis of an electrophysiological study
(Table 2).27-29 Only patients who had mild-
to-moderate CTS were recruited.

Ultrasound-guided PIT
Ultrasound-guided injection was performed
as previously described, using
MyLab�25Gold(Esaote).26 The MN was
assessed at the proximal carpal tunnel inlet
(ie, the scaphoid-pisiform level). The
ultrasound-guided PIT, with 5 cc of either
D5W or normal saline, was performed using
an in-plane ulnar approach. A 3-ml injectate
was used to remove the nerve from the flexor
retinaculum via hydrodissection, and a residual
ess of the hand, exacerbated by sleep or repetitive use of
change
ted regions of the hand
thenar muscles

ic outlet syndrome
l syndrome
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TABLE 2. Electrophysiological Study and Grades of Carpal Tunnel Syndrome

Cut-off points or normal value
1. Upper limit of distal latency of median sensory nerve �3.6 ms at a distance of approximately 14 cm from the active electrode
2. Upper limit of DML of the median nerve <4.3 ms at a distance of approximately 8 cm from the thenar muscle

Grade
3. Minimal: abnormal segmental or comparative tests only
4. Mild: abnormal digit/wrist sensory nerve conduction velocity only, with normal DML
5. Moderate: abnormal digit/wrist sensory nerve conduction velocity and abnormal DML
6. Severe: absence of sensory response and abnormal DML
7. Extreme: absence of motor and sensory responses

DML ¼ distal motor latency.

PERINEURAL DEXTROSE FOR CARPAL TUNNEL SYNDROME
2-ml injectate was delivered to the inferior part
of the MN for separation from the underlying
subsynovial connective tissue and flexor ten-
dons. After injection, the whole carpal tunnel
was scanned to ensure that the injectate was
distributed throughout the proximal-to-distal
carpal tunnel. Every patient was monitored
for 30 minutes after injection for possible
complications, such as bleeding and nerve
trauma.
Randomized

Enrollment

Allocat

Follow

Analy

Allocated to D5W group (n=25)
•  Treated wrists (30)

Analyzed wrists (n=30)
•  Excluded from analysis (n=0)

0 missed follow-up visit

Assessed for elig

FIGURE 1. Study flow diagram. D5W ¼ 5% dextrose
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Outcome Measurements
The same physiatrist performed all outcome
assessments, without knowledge of which
group patients were in or the injectate content,
at 1, 3, and 6 months post-injection, for com-
parison with pre-injection measures.

Primary Outcome: Visual Analog Scale
(VAS) Score. The VAS was used to assess dig-
ital pain severity and paresthesia/dysthesia
 (n=49)

ion

-Up

sis

Allocated to control group (n=24)
•  Treated wrists (30)

Analyzed wrists (n=30)
•  Excluded from analysis (n=0)

0 missed follow-up visit

Excluded (n=11)
• Not meeting inclusion criteria (n=8)
   (7 had cervical radiculopathy or
   polyneuropathy, 1 had wrist surgery)
• Declined to participate (n=3)

ibility (n=60)

.

/10.1016/j.mayocp.2017.05.025 1181

http://dx.doi.org/10.1016/j.mayocp.2017.05.025
http://www.mayoclinicproceedings.org


MAYO CLINIC PROCEEDINGS

1182
within 1 week before evaluation.26 Scores
ranged from 10 (extremely severe pain) to
0 (no pain) points.30

Secondary Outcome: Boston Carpal Tunnel
Syndrome Questionnaire (BCTQ) Score. The
self-administered BCTQ includes 2 subscales
of symptom severity (11 questions) and
functional status (8 questions); it is the most
commonly used measurement for CTS.31

Scores range from 0 to 5 points for each
question, with higher scores indicating greater
severity and dysfunction.

Secondary Outcome: Cross-sectional Area
(CSA) of the MN. The same physiatrist
measured the CSA of the MN as described
elsewhere.25,26 In brief, the CSA was
measured using an electronic caliper at the
proximal inlet of the carpal tunnel (ie, at the
scaphoid-pisiform level). The mean of 3 such
measurements was used for analysis.

Secondary Outcome: Electrophysiological
Analysis Results. The antidromic sensory
nerve conduction velocity (SNCV) and distal
TABLE 3. Baseline Demographic and Clinical Characteri

Characteristic 5% d

Age (y)
Body height (cm)
Body weight (kg)
Diabetes mellitus
Hypertension
Gender

Male
Female

Duration (mo)
Lesion site

Right
Left

Grading (Padua)
Moderate
Mild

Visual analog scale
Boston Carpal Tunnel Syndrome Questionnaire score

Severity
Function

Sensory nerve conduction velocity (m/s)
Distal motor latency (ms)
Cross-sectional area (mm2)

aValues are given as No. (%), or � standard error.
bP value obtained from independent t-test for continuous data, and c
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motor latency (DML) of the MN were measured
in all patients as described elsewhere.26,32 In
brief, the SNCV was measured using a 14-cm
stimulator that was proximal to the active elec-
trode over the second interphalangeal joint. The
DML was recorded via MN stimulation at 8 cm
proximal to the active electrode over the
abductor pollicis brevis muscle. An average of 3
such measurements was calculated.

Secondary Outcome: Global Assessment of
Treatment Results. At the 3- and 6-month
follow-up assessments, symptom relief after
injection was evaluated for all patients and
categorized as one of the following: much
improved, improved, no change, worse, or
much worse. Patients in the category of much
improved or improved were considered to
have had effective treatment.

Sample Size
A preliminary power analysis using G*power
3.1.9.2 (University of California, Los Angeles)
was calculated in a repeated-measures 1-way
analysis of variance for comparison of 2
groups. For an effect size ranging from
stics of Study Participantsa

extrose group (n¼30) Control group (n¼30) P valueb

58.47�2.33 58.10�1.93 .90
158.13�1.20 160.17�1.01 .20
65.13�1.69 62.77�1.35 .28
2 (6.67) 4 (13.33) .67
14 (46.67) 16 (53.33) .80

.73
4 (13.33) 6 (20.00)
26 (86.67) 24 (80.00)
44.57�7.54 44.47�5.53 .99

.61
17 (56.67) 14 (46.67)
13 (43.33) 16 (53.33)

.99
19 (63.33) 18 (60.00)
11 (36.67) 12 (40.00)
6.67�0.30 6.56�0.30 .81

30.20�1.25 28.07�1.93 .36
21.87�0.69 19.93�0.96 .11
33.76�1.01 33.83�0.90 .96
4.89�0.24 4.68�0.15 .45
12.36�0.35 12.29�0.36 .89

2 test/Fisher exact test for categorical data.
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0.5 to 0.25, data for at least 16 to 54 wrists
were required to achieve sufficient power
[(1-b)¼0.95; a¼0.05].33

Statistical Analyses
All data were analyzed using IBM SPSS soft-
ware, version 22. Demographic data were
analyzed using an independent t-test for
continuous data, and a c2 test or Fisher exact
test for categorical data. A repeated-measures
analysis of variance and a subsequent post
hoc test were used for analysis of the follow-
up data. An independent t-test was performed
to compare differences between groups,
including VAS scores, BCTQ scores, CSA of
MN measurements, electrophysiological study
TABLE 4. All Measurements in Both Groups, Before and

5% dextro

Mean � stan

Visual analog scale score
Before injection 6.67�
M1 4.60�
M3 3.57�
M6 2.43�

Boston Carpal Tunnel Syndrome
Questionnaire scoredseverity
Before injection 30.20�
M1 20.83�
M3 17.60�
M6 15.30�

Boston Carpal Tunnel Syndrome
Questionnaire scoredfunction
Before injection 21.87�
M1 14.17�
M3 12.90�
M6 11.43�

Sensory nerve conduction velocity (m/s)
Before injection 33.76�
M1 35.46�
M3 36.29�
M6 36.75�

Distal motor latency (ms)
Before injection 4.89�
M1 4.68�
M3 4.64�
M6 4.53�

Cross-sectional area (mm2)
Before injection 12.36�
M1 11.00�
M3 10.53�
M6 10.26�

aM ¼ month.
bP value obtained from repeated-measures analysis of variance and su

Mayo Clin Proc. n August 2017;92(8):1179-1189 n http://dx.doi.org
www.mayoclinicproceedings.org
results, and global assessment results. All sta-
tistical tests were 2-tailed; a P value of less
than .05 was considered statistically
significant.

RESULTS
A total of 49 participants completed the study,
yielding data from 30 wrists in each group
(Figure 1). Clinical characteristics of the par-
ticipants did not differ between groups
(Table 3; all P>.05). The mean duration of
symptom onset was 44.57�7.54 and
44.47�5.53 months in the D5W and control
groups, respectively. More than 60% of the
wrists in each group had a moderate CTS
grade. Table 4 presents the VAS and BCTQ
After Injectiona

se group (n¼30) Control group (n¼30)

dard error P value Mean � standard error P valueb

0.30 6.56�0.30
0.35 <.001 5.64�0.35 .002
0.30 <.001 4.70�0.46 <.001
0.30 <.001 4.59�0.46 <.001

1.25 28.07�1.93
1.06 <.001 22.37�1.76 <.001
0.80 <.001 20.50�2.02 <.001
0.60 <.001 21.60�2.06 .002

0.69 19.93�0.96
0.72 <.001 18.00�1.05 .09
0.52 <.001 16.77�1.18 .005
0.46 <.001 17.07�1.23 .03

1.01 33.83�0.90
1.17 .04 34.08�0.91 .99
1.06 .003 33.72�1.03 .99
1.19 .004 34.08�1.04 .99

0.24 4.68�0.15
0.23 .22 4.72�0.15 .99
0.22 .20 4.72�0.15 .99
0.20 .43 4.64�0.16 .99

0.35 12.29�0.36
0.33 <.001 11.32�0.37 <.001
0.31 <.001 11.22�0.37 <.001
0.35 <.001 11.11�0.38 <.001

bsequent post hoc test.
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scores, electrophysiological results, and the
CSA of the MN, before and after injection.
The VAS and BCTQ scores and CSA measure-
ments in both groups indicated notable
improvement at all follow-up time points,
compared with baseline measures (all P<.05;
not including the first-month BCTQ function
of the control group [P¼.08]). For the electro-
physiological analysis, only the SNCV results
for the D5W group were significant at all
follow-up time points, compared with baseline
(P<.05), although we observed a tendency to-
ward improvement in the DML of the D5W
group at follow-up time points further from
injection.

Compared with the scores of the control
group, at all follow-up time points, the D5W
group scores for VAS, BCTQ severity, and
BCTQ function (all scores reported as D5W
group vs control group, respectively) revealed
significant improvement For VAS (Figure 2),
scores were: e2.07�0.24 vs e0.93�0.21 at
1 month; P¼.001; e3.10�0.35 vs
e1.86�0.37 at 3 months; P¼.02; and
e4.23�0.33 vs e1.98�0.37 at 6 months;
P<.001. For BCTQ severity (Figure 3A),
1 M3 M6

**

*

D5W
Control

***

Time

at baseline and post-injection in visual analog scale
mean � standard error). The visual analog scale
lower in the 5% dextrose group than in the control
assessments (P<.05), and this reduction became
e follow-up duration increased. *P<.05; **P<.01;
ent t-test was used. D5W ¼ 5% dextrose; M ¼
alog scale.
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scores were: e9.37�1.20 vs e5.70�0.93 at
1 month; P¼.02; e12.60�1.19 vs
e7.57�1.54 at 3 months; P¼.01; and
e14.90�1.24 vs e6.47�1.46 at 6 months;
P<.001. For BCTQ function (Figure 3B),
scores were: e7.70�0.97 vs e1.93�0.65 at
1 month; P<.001; e8.97�0.73 vs
e3.17�0.79 at 3 months; P<.001; and
e10.43�0.83 vs e2.87�0.86 at 6 months;
P<.001. These effects became more pro-
nounced as the follow-up duration increased.

The SNCV, DML, and CSA differences be-
tween the 2 groups were also significant
(Table 5), with the exception of (D5W group
vs control group, respectively) the DML at 6
months (e0.37�0.20 ms vs e0.04�0.07
ms; P¼.12) and the CSA at 1 month
(e1.37�0.19 mm2 vs e0.97�0.13 mm2;
P¼.09). In addition, 70% (21 of 30) and
50% (15 of 30) of patients scored a grade of
either much improved or improved at the
follow-up at 3 months in the D5W and control
groups, respectively (P¼.11). These propor-
tions increased to 76% (23 of 30) and 40%
(12 of 30), respectively, at the follow-up at 6
months (P¼.004; data not shown). No adverse
effects, complications, or nerve trauma were
observed in either group. All patients reported
that they had not received any extra medica-
tion or treatment during the study.

DISCUSSION
The present study is the first prospective, ran-
domized, double-blind, placebo-controlled
study to investigate the benefit of
ultrasound-guided PIT with D5W for mild-
to-moderate CTS. Compared with controls,
the D5W group exhibited a significant reduc-
tion in pain and disability, an improved elec-
trophysiological response, and a decreased
CSA of the MN for 6 months after treatment.

The D5W solution is the most commonly
used injectate for PIT; however, to date, only
2 case series studies and 1 small clinical trial
of D5W use have been reported.6-8 Kim et al6

reported that at a follow-up at 7 days, myofas-
cial trigger-point injection therapy with D5W
was superior to that using lidocaine or normal
saline. Dufour et al12 first used ultrasound-
guided circumferential PIT with D5W at the
MN before an intravascular local anesthetic in-
jection for elbow surgery. They reported that
additional D5W did not change the amount of
(8):1179-1189 n http://dx.doi.org/10.1016/j.mayocp.2017.05.025
www.mayoclinicproceedings.org
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FIGURE 3. Mean difference at baseline and post-injection in Boston Carpal
Tunnel Syndrome Questionnaire (BCTQ) scores in both groups (mean �
standard error). (A) The BCTQ (severity) scores were significantly lower,
indicating improvement, in the 5% dextrose group, compared with the
control group, at all follow-up assessments (P<.05). (B) The BCTQ
(function) scores were significantly lower, indicating improvement, in both
groups, at all follow-up assessments (P<.001). All differences became more
pronounced as the follow-up duration increased. *P<.05; **P<.01;
***P<.001; an independent t-test was used. BCTQf ¼ BCTQ function;
BCTQs ¼ BCTQ severity; D5W ¼ 5% dextrose; M ¼ month.
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time before anesthesia was needed. Unfortu-
nately, the therapeutic effect of D5W was not
measured in their study. Although physicians
increasingly use PIT, the use of ultrasound-
guided PIT with D5W rarely has been re-
ported.22 Chang et al22 first used ultrasound-
guided PIT with D5W to treat a case involving
entrapment of the superficial radial nerve
branch, but they did not report the duration
of therapy. Our systematic study is the first to
report the effectiveness of PIT with D5W for pe-
ripheral entrapment neuropathy.

Themechanism underlying the effects of PIT
with D5W is unknown and may be multifacto-
rial. Dextrose can reduce neurogenic inflamma-
tion via the inhibition of capsaicin-sensitive
receptors (eg, transient receptor potential vanil-
loid receptor-1) to stop the secretion of both sub-
stance P and calcitonin gene-related peptide,
which are known to induce pain and swelling
of the nerve and/or surrounding tissue.34-39

However, various concentrations of dextrose
have been used, and no study has specifically
investigated the mechanism of D5W treatment.
Future studies should use a histological analysis
of a CTS animal model.

Nerve hydrodissection may also contribute
to the therapeutic effects of D5W. Nerve
hydrodissection is used to avoid nerve trauma
and detach soft tissues, increasing the passage
of nerve impulses and limiting ischemic nerve
damage.26,40 Recently, hydrodissection was
used to assist ultrasound-guided nerve injec-
tion with corticosteroid in combination with
lidocaine or platelet-rich plasma in patients
who have CTS,15,16,26 cubital tunnel syn-
drome,17 meralgia paresthetica,18,19 or infra-
patellar saphenous neuralgia.20 Although
hydrodissection is used pervasively in clinical
practice, hydrodissection research has
involved only a small number of participants,
or has lacked a control group or randomiza-
tion, leading to selection bias. In addition,
most of the analgesic improvement could
result from the well-established analgesic effect
of corticosteroid, lidocaine, and platelet-rich
plasma.26,41 Hence, the effect of and optimal
time point for performing nerve hydrodissec-
tion are currently unknown.40

Our study design, which includes a consis-
tent injection procedure and injectate volume,
could eliminate the confounding effects of
hydrodissection. In addition, our control group
Mayo Clin Proc. n August 2017;92(8):1179-1189 n http://dx.doi.org
www.mayoclinicproceedings.org
was treated with normal saline because it has no
pharmacologic effect on nerves. The effects we
report persisted for 6 months, indicating the
substantial efficacy of only 1 session of D5W
treatment for mild-to-moderate CTS. Further,
the improvement reflected by VAS and BCTQ
scores, electrophysiological responses, and
CSA in the D5W group, compared with the
/10.1016/j.mayocp.2017.05.025 1185
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TABLE 5. Between-Group Comparison of Pretreatment Changes in Electrophysiological Study Results and
Cross-sectional Areaa

5% dextrose group (n¼30) Control group (n¼30)

P valuebMean difference � standard error Mean difference � standard error

Sensory nerve conduction
velocity (m/s)
M1 1.70�0.58 0.25�0.29 .03
M3 2.53�0.65 �0.11�0.32 .001
M6 2.98�0.79 0.25�0.33 .003

Distal motor latency (ms)
M1 �0.22�0.10 0.03�0.06 .04
M3 �0.26�0.11 0.03�0.05 .03
M6 �0.37�0.20 �0.04�0.07 .12

Cross-sectional area (mm2)
M1 �1.37�0.19 �0.97�0.13 .09
M3 �1.83�0.24 �1.07�0.16 .01
M6 �2.11�0.26 �1.18�0.18 .004

aM ¼ month.
bP value was obtained from independent t-test.
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baseline time point and control group,
appeared to increase with follow-up (Table 5;
Figures 2 and 3). The effects of our D5W treat-
ment likely would be maintained with further
follow-up. Compared with corticosteroid (the
most popular injectate for CTS), D5W can be
used for a longer period and with fewer adverse
effects; an evidence-based study reported that
local corticosteroid injection was effective for
only 1 month for CTS, compared with placebo
control.41 These 2 injectates should be
compared in future studies.

We found considerable improvement in
VAS, BCTQ, and CSA results in the control
group, compared with baseline, suggesting
that the therapeutic effect of 1 session of nerve
hydrodissection with normal saline persists for
6 months. However, a placebo effect associ-
ated with injection, and spontaneous remis-
sion of CTS, could have occurred. Some
randomized clinical trials have used a blind
design to investigate the effects of corticoste-
roid injection for CTS compared with a
normal saline or lidocaine control. The re-
ported placebo effects for these studies ranged
from 20% (10 mg lidocaine, follow-up assess-
ment at 1 month) to 34% (1 cc normal
saline þ 1 cc lidocaine, follow-up assessment
at 2 weeks).42,43 Three trials have used only
normal saline with a blind injection of a con-
trol group. Karadaş et al44 did not observe
any improvement with 1 cc of normal saline.
Mayo Clin Proc. n August 2017;92
Peters-Veluthamaningal et al45 found that 5
of 33 (15%) patients exhibited a satisfactory
partial response at a follow-up assessment at
1 week after a 1-cc normal saline injection.
Girlanda et al46 reported notable improvement
in nocturnal paresthesia and motor action po-
tential at up to 2 months after a 15-mg normal
saline injection (9 mg/cc; 2 injection sessions
with a 1-week intervening interval).

The effect of normal saline injection in
our study was longer and more pronounced,
compared with the effects in the aforemen-
tioned research, possibly owing to differences
in the guided method or injectate volume.
Our study was the first to use ultrasound-
guided injection with normal saline for the
control group, and the 5 cc of injectate was
a greater volume than that used in previous
studies. A direct compression of the trans-
verse carpal ligament at the MN induces
CTS, and CTS subsequently induces inflam-
mation of the intracarpal tendon. This condi-
tion commonly causes a cycle of swelling
within the carpal tunnel and further com-
presses the MN.47 Moreover, compared with
blind injection, ultrasound-guided nerve
hydrodissection is better for removing sur-
rounding tissues from the MN, especially
the intracarpal tendons. Nevertheless, 34%
of untreated patients can spontaneously
improve after 10-15 months of follow-up.48

For our patients, the mean duration of
(8):1179-1189 n http://dx.doi.org/10.1016/j.mayocp.2017.05.025
www.mayoclinicproceedings.org
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FIGURE 4. Follow-up ultrasonography imaging after injection (left: transverse view; right: long axial view).
(A) Immediately after injection: The injectate (*) can be observed between the flexor retinaculum (ar-
rows), median nerve, and flexor tendons. (B) Thirty minutes after injection: Most injectate (*) is absorbed.
(C) One hour after injection: The injectate (*) is completely absorbed. FDP ¼ flexor digitorum profundus;
FDS ¼ flexor digitorum superficialis; MN ¼ median nerve.

PERINEURAL DEXTROSE FOR CARPAL TUNNEL SYNDROME
symptom onset for both groups was
44 months, and the rate of spontaneous
remission was relatively low. Most were first
diagnosed with CTS at the time of our study
and therefore retain the potential for sponta-
neous remission. We observed that the
injectate was completely absorbed at 1 hour
after injection, followed by ultrasonography
(Figure 4). Consequently, the effects of 1-
session nerve hydrodissection with normal
saline could have been overestimated in our
study. We are conducting a double-blind
study, using an ultrasound-guided subcu-
taneous injection of normal saline for control
participants, to investigate the effects of nerve
hydrodissection.
Mayo Clin Proc. n August 2017;92(8):1179-1189 n http://dx.doi.org
www.mayoclinicproceedings.org
Limitations
Our study has some limitations. First, we did
not evaluate the mechanism of the effects of
D5W. Second, we were not able to determine
the influence or most appropriate timing of
nerve hydrodissection. Our ongoing clinical
trials with a sham-controlled design may pro-
vide relevant information. Finally, the optimal
dosage and number of PIT sessions is un-
known, so further studies are needed.
CONCLUSION
Our study reveals that ultrasound-guided PIT
with D5W is a simple, safe, and effective treat-
ment for mild-to-moderate CTS. Moreover,
/10.1016/j.mayocp.2017.05.025 1187
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this technique may be valuable for treating
neuropathic pain and other peripheral entrap-
ment neuropathies.
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