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Abstract N\
Background: Corticosteroid injection is beneficial in treating carpal tunnel syndrome (CTS) due to its anti-inflammatory effects. |
However, its side effects limit widespread usage. Recently, several studies have found that polydeoxyribonucleotide offers anti-
inflammatory capabilities with fewer side effects, making it an ideal alternative. Nevertheless, there has been no study on its
effectiveness in patients with CTS. Therefore, we evaluate the effectiveness of polydeoxyribonucleotide in patients with CTS. Based
on the criteria, 30 patients with CTS who received two-consecutive polydeoxyribonucleotide injections (with a week interval) were
initially included.

Method: Patients with CTS were investigated retrospectively. To evaluate the effectiveness of polydeoxyribonucleotide in patients
with CTS, numeric rating scale (NRS), cross-sectional area (CSA) of the median nerve, and severity and functional status scores of
CTS based on the Boston Carpal Tunnel Syndrome Questionnaire (BCTQ) were assessed.

Results: There was a significant improvement in the NRS, CSA, and functional and severity scores of BCTQ after two-consecutive
polydeoxyribonucleotide injections (P < .05).

Conclusion: In conclusion, although more research is needed to evaluate the effectiveness of polydeoxyribonucleotide in patients
with CTS, the findings here suggest that polydeoxyribonucleotide may be a viable alternative to corticosteroids in patients with CTS.

Abbreviations: BCTQ = Boston Carpal Tunnel Syndrome Questionnaire, CSA = cross-sectional area, CTS = carpal tunnel

syndrome, LPS = lipopolysaccharide, NO = nitric oxide, PDRN = polydeoxyribonucleotide.
Keywords: carpal tunnel syndrome, corticosteroid, polydeoxyribonucleotide, ultrasound

1. Introduction

Ultrasound-guided corticosteroid injection is one of the most
widely used treatments for patients with carpal tunnel syndrome
(CTS).™M Corticosteroid is beneficial in treating CTS due to its
anti-inflammatory effects;'*! however, its side effects — including
decreased cognition,®! mood disorders,®! glucocorticoid-in-
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duced osteoporosis,!*! hypopigmentation,’®! increased risk of

infection,! suppression of the adrenal system,"*! and disturban-
ces in menstrual patterns'®! — limit widespread usage. Increased
blood glucose level, associated with decreased insulin sensitivity,
is another major side effect that can be highly problematic for
patients with glucose intolerance or diabetes mellitus (DM).*!

Recently, several studies have found that polydeoxyribonu-
cleotide may be a viable alternative to corticosteroids, as it has
anti-inflammatory capabilities but with relatively fewer side
effects. 8 In addition, we have previously reported the
effectiveness of polydeoxyribonucleotide in a patient with
CTS."”! Nevertheless, to the best of our knowledge, there is no
study on its effectiveness on patients with CTS to date. Therefore,
we attempt to evaluate the effectiveness of polydeoxyribonucleo-
tide on CTS patients

2. Method
2.1. Participants

We investigated the medical records of patients who were clinical
diagnosed with idiopathic CTS, confirmed by an electrodiagnostic
study, and treated with polydeoxyribonucleotide.® Among CTS
patients treated with polydeoxyribonucleotide, those with the
following conditions were excluded: rheumatoid arthritis, degen-
erative joint disease in the hand or wrist; flexor tendinitis in the
hand or wrist; space occupying lesions of the wrist; coexistent
neurologic disease, such as polyneuropathy, proximal median
neuropathy, cervical radiculopathy, thyroid disease, and diabetes
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Figure 1. Time table of this study.

mellitus; history of fractures, or other trauma to the hand or wrist;
and other systematic disease. This study was approved by the
Institutional Review Board of Daegu Fatima Hospital. Informed
consent was obtained. The study must comply with the
Declaration of Helsinki. The research protocol must have been
approved by the locally appointed ethics committee and only
medical records with research authorization were included.

2.2. Ultrasound-guided intervention

In supine position, ultrasound-guided injection of polydeoxyr-
ibonucleotide into the carpal tunnel was performed at the level of
the forearm wrist crease, using 5.625 mg/3mL of polydeoxyr-
ibonucleotide (Rejuvenex, PharmaResearch Products, South
Korea), with a 27-gauge, 1.5-inch needle.”” The total injection
volume was 3mL. Lidocaine or saline was not added in
conjunction with polydeoxyribonucleotide. Polydeoxyribo-nu-
cleotide injection was given twice with a 1-week interval.

2.3. Outcome measure

To evaluate the effectiveness of PDRN in patients with CTS, the
numeric rating scale (NRS), severity, and functional status scores
of CTS were assess based on the Boston Carpal Tunnel Syndrome
Questionnaire (BCTQ).'%'?I Moreover, we also evaluated the
cross-sectional area (CSA) of the median nerve at the wrist
crease.''% All parameters were evaluated at the following periods:
initial (TO), 1 week after the 1 PDRN injection (T1), and 1 week
after the 2"¢ PDRN injection (T2) (Fig. 1).

2.4. Statistical analysis

All statistical analyses were performed using SPSS for Windows
and R package for Windows (version 2.15.2, R Foundation for
Statistical Computing, Vienna, Austria). The initial statistical
analysis was performed to evaluate the effectiveness of treatments
in patients with CTS using a one-way ANOVA analysis with a
Tukey post-hoc test to compare the BCTQ scores, NRS measures,
and CSA across the three time points. The results are presented as
the mean + standard deviation. P values of <.05 were considered
statistically significant.

3. Results

3.1. Demographics

Based on the criteria, 40 patients with CTS, who visited our
hospital between June 2017 and November 2018, were initially
included. Among them, 10 patients were excluded. Finally, a

total of 36 hands of 30 patients were included for analysis

(Table 1).

3.2. Changes in NRS, BCTQ, and CSA

There was a significant improvement in NRS, and the severity
score of BCTQ was observed 1 week after the first injection (T1)
(P<.05) (Table 2). polydeoxyribonucleotide treatment also
showed significant improvement at 1 week after the second
injection (T2), as compared with the initial status (T0) (P <.035).
Moreover, there were statistically significant improvements at 1
week after the second injection (T2), as compared with the status
at 1 week after the first injection (T1) (P <.05) (Table 2).

In the severity score of BCTQ, there was a significant
improvement was observed 1 week after the first injection (T1)
(P<.05) (Table 2). polydeoxyribonucleotide treatment also
showed significant improvement at 1 week after the second
injection (period 2), as compared with the initial status (TO)
(P <.05). Moreover, there were statistically significant improve-
ments at 1 week after the second injection (T2), as compared with
the status at 1 week after the first injection (T1) (P<.05)
(Table 2).

In the CSA of the median nerve, there was a significant
improvement 1 week after the first injection (T1) (P<.035)
(Table 2). In addition, polydeoxyribonucleotide treatment
showed a significant improvement at 1 week after the second

Characteristics of patients with carpal tunnel syndrome.

Minimal value  Maximal value  Ratio or Average + SD
Sex (M:F) 8:22
Age (yn 41 68 58.39+7.29
Side (Left: Right) 16:20
Duration (months) 1.0 24.0 10.53+7.52
Bland scale 1 5 217+1.20
BCTQ_P T0 15 47 34.33+11.86
BCTQ_P T1 1 28 19.39+5.85
BCTQ_P T2 11 18 14.56+3.35
BCTQ_F TO 8 28 23.11+5.75
BCTQ_F T1 8 24 17.67 £4.41
BCTQ_F T2 8 16 12.44+3.33
NRS T0 4 7 5.61+1.20
NRS T1 1 4 2.28+0.90
NRS T2 0 2 1.11+0.58
CSA TO (cm?) .1000 .1600 0.119+0.017
CSAT1 cm?) .08 12 0.101+0.016
CSA T2 cm?) .0700 1100 0.091+0.011

Values: mean + standard deviation. NRS =numeric rating scale, PDRN = polydeoxyribonucleotide.
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Comparison of the clinical parameters of patients with CTS after 2 consecutive PDRN injection.

TO (Initial) T1 (1 week after 1st injection) T2 (1 week after 2nd injection) P value
BCTQ_Severity 11.86:+£2.80 585+1.38" 336079 <.001
BCTQ_Function 5.75+1.36 4.41+£1.04 3.33+0.79 % <.001
NRS 5.61+1.20 2.28+0.90 1.11+£058"8 <.001
CSA (cm?) 0.119+0.017 0.101+0.016 0.091+0.011" <.001

Values: mean =+ standard deviation.
" P<.05 compared with pre-injection.
$P<.05 compared with 1 week after 1st injection.

injection (T2), as compared with the initial status (T0) (P <.035).
However, there was no statistically significant improvement 1
week after the second injection (T2), as compared with the status
at 1 week after the first injection (T1) (P > .05) (Table 2, Fig. 2).

4. Discussion

Our study showed the effectiveness of polydeoxyribonucleotide
in patients with CTS. In the results of our study, polydeoxir-
ibonucleotide showed its effectiveness in pain scale (NRS),
functional scale (BCTQ), and ultrasonographic finding (CSA of
the median nerve). Polydeoxyribonucleotide is obtained from
salmon sperm, and it is a mixture of deoxyribonucleotide
polymers with chain lengths ranging from 50 bp to 2000 bp.314!
The structure of polydeoxyribonucleotide consists of a low
molecular weight fraction of deoxyribonucleic acid (DNA),
composed of a linear polymer of deoxyribonucleotides with
phosphodiester bonds, in which the monomer units are
represented by purine and pyrimidine nucleotides.!
Polydeoxyribonucleotide has been reported to stimulate the
A2, receptors under pathologic conditions of low tissue
perfusion.!S! Adenosine, a purine nucleoside that is released

from a variety of cells in response to several types of injury of
stress, has been suggested to regulate excessive inflammation via
an interaction with one or more of its four known receptors (A1,
A2, A2, and A3).1®! Although the stimulation of adenosine
receptor has differing effects on the release of pro-inflammatory
cytokines, the stimulation of adenosine A2, receptor specifically
has been demonstrated to inhibit TNF-a production in human
peripheral blood mononuclear cells (PBMCs)."3! Moreover,
polydeoxyribonucleotide has been shown to lower the circulating
levels and cartilage expression of the inflammatory cytokines
interleukin 6 (IL-6) and tumor necrosis factor-a (TNF-a) in a
mouse model of rheumatoid arthritis.['”!

These anti-inflammatory effects of polydeoxyribonucleotide
via immune cells indicate that it may be a potential alternative
treatment to corticosteroids. Moreover, polydeoxyribonucleo-
tide has been demonstrated to exert profibrinolytic and
antithrombotic activities through a stimulation of vascular
prostacyclin and vascular endothelial growth factor (VEGF)
production during low tissue perfusion in both ischemic
conditions and wound healing via the stimulation of A2,
receptors.'*! Moreover, polydeoxyribonucleotide may also
exhibit cytoprotective effects by decreasing calcium entry into

Figure 2. Serials ultrasound image of the median nerve treated with 2 consecutive polydeoxyribonucleotide injections. (A) Median nerve at initial state (T0). (B)
Median nerve at 1 week after 1st polydeoxyribonucleotide injection (T1). (C) Median nerve at 1 week after 2nd polydeoxyribonucleotide injection (T2). Cross-
sectional area (CSA) showed decrease after 2 consecutive polydeoxyribonucleotide injections. (D) During procedure, a needle near median nerve was observed
(arrow). (E)(F) A needle (arrow) and a flow of polydeoxyribonucleotide (arrowhead) around the median nerve were observed.
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the cells, possibly through adenosine receptors.!'®*! Considering
that concurrent primary ischemia and fibrosis may occur in the
connective tissue components of the median nerve of
CTS,110-20-211 these anti-fibrinolytic and anti-ischemic effects of
polydeoxyribonucleotide may also indicate that it can be an
alternative treatment to corticosteroids. Considering previous
studies,'*?! the absolute effectiveness of polydeoxyribonucleotide
may be slightly lower than that of dexamethasone given the same
dose. Nevertheless, polydeoxy-ribonucleotide appears to be
effective in treating CTS, suggesting it can be a promising
alternative to corticosteroids in patients with CTS.

There are a few limitations in this study. First, this study
enrolled a small number of patients and is a retrospective study.
However, to the best of our knowledge, it is the first study to
evaluate the effectiveness of polydeoxyribonucleotide in patients
with CTS. Therefore, we think that this study, as the first
preliminary study evaluating the effectiveness of polydeoxyr-
ibonucleotide in patients with CTS, is valuable. Further
prospective study with a larger number of patients with CTS
may be necessary to evaluate the safety and efficacy of
polydeoxyribonucleotide in patients with CTS. Second, we
investigated only the short-term effect of polydeoxyribonucleo-
tide in patients with CTS. Hence, a long-term study may be
necessary to evaluate its long-term effectiveness in patients
with CTS.

In conclusion, although more effort is needed to evaluate the
effectiveness of PDRN in patients with CTS, polydeoxyribonu-
cleotide appears to be a viable alternative to corticosteroids in
patients with CTS.
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