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ABSTRACT

Introduction: There are a number of options
for the symptomatic treatment of peripheral
neuropathy, but the overall treatment out-
comes remain unsatisfactory.
Methods: A total of 60 patients with refractory
diabetic neuropathy were randomly assigned to
two groups. Patients in Group A were treated
with computed tomography (CT)-guided sym-
pathetic neurolysis with alcohol, and patients
in Group B were treated with a combined ther-
apy of CT-guided catheterization to achieve
continuous lumbar block for 4 weeks followed
by neurolysis with alcohol administered via the
catheter. The outcomes of these two treatment
strategies were then analyzed in terms of pain
relief, blood flow in the lower limb microcircu-
lation, plasma levels of inflammatory media-
tors, and complications.
Results: The visual analog scale (VAS) pain
scores of all patients after treatment decreased
significantly at the different evaluation time
points compared with pre-treatment values,
with the intergroup analysis revealing that the

VAS scores were lower in Group B patients than
in Group A patients at all post-treatment time
points. Skin temperature, capillary filling time,
and blood oxygen saturation level were signifi-
cantly improved in all patients at the 1- and
7-day post-treatment assessment compared to
pre-treatment values, but patients in Group B
showed a greater improvement. The plasma
levels of inflammatory mediators were lower in
all patients at the 7-day post-treatment assess-
ment compared to pre-treatment values, with
those of patients in Group B being statistically
significantly lower than those of patients in
Group A.
Conclusion: Combined treatment with contin-
uous lumbar sympathetic block followed by
neurolysis with alcohol provided more benefit
in all assessed outcomes than sympathetic
alcohol neurolysis alone. The results show that
the procedures were associated with satisfactory
safety outcomes and sustained analgesic effects,
thereby providing clinical evidence supporting
the use of this novel treatment for patients with
painful diabetic neuropathy.
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Key Summary Points

There are a number of options for
symptomatic treatment of peripheral
neuropathy, but the overall outcome is
still not satisfactory.

We have evaluated the outcomes of
sympathetic alcohol neurolysis in a
cohort of patients with painful diabetic
neuropathy in terms of pain relief, blood
flow in the lower limb microcirculation,
plasma levels of inflammatory mediators,
and complications.

The results show that the treatments have
acceptable safety outcomes and provide
satisfactory pain relief to patients.

These therapeutic approaches may provide
additional management options for
patients in the future.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access thedigital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.12854498.

INTRODUCTION

Peripheral neuropathy is one of the most com-
mon complications of patients with type 1 or
type 2 diabetes [1], with an estimated preva-
lence in this patient population of approxi-
mately 30% [2]. It is also a leading cause of
morbidity and is associated with increased
mortality [2]. Symptoms of peripheral neu-
ropathy include loss of sensation, neuropathic
pain, and paresthesia [1, 3]. The loss of sensa-
tion in patients with diabetic peripheral neu-
ropathy (DPN) may lead to ulcers, which is a
major cause of amputation [4]. Many of the

symptoms of the neuropathy can last for years
and severely impact the affected individual’s
quality of life.

The management and treatment of DPN
remain challenging to both patients and clini-
cians [5, 6]. At the present time there is no satis-
factory cure for the disease, and treatment
strategy focuses on slowing the progress of the
neuropathy, relieving pain, and managing com-
plications. Patients are recommended to have a
healthy eating plan and adopt a healthy life style
to help keep the blood sugar level within a target
range. Several medications are used to relieve
pain, with first-line treatment options including
tricyclic antidepressants (e.g., amitriptyline,
nortriptyline) [7]. Serotonin–norepinephrine
reuptake inhibitors (e.g., venlafaxine, dulox-
etine, or opiates and opiate analogs) may also be
used if other first-line treatments are not suc-
cessful [7]. While a number of treatments are
available, the overall outcomes of the current
management are still not satisfactory [8], and
new treatments of diabetic neuropathy are con-
tinuously being investigated.

More recently, non-pharmacological
approaches, such as spinal cord stimulation,
have been proposed to treat painful DPN. There
have been reports that spinal cord stimulation
can improve diabetic limb circulation blood
flow and relieve neuropathic and ischemic pain
[9, 10]. Improvement of the peripheral blood
flow may be involved in the mechanism of the
analgesic effect of spinal cord stimulation. In
China, spinal cord stimulation for treating
neuropathic pain is not in wide use due to the
high cost of the treatment; as alternative,
another non-pharmacological approach, lum-
bar sympathetic blockade, has received much
interest [11]. Lumbar sympathetic blockade has
the advantage of being a minimally invasive
technique, with patients usually having a quick
recovery time. In addition, the treatment is
affordable to the majority of patients. Although
the technique has been available for a long
time, its safety and outcomes in patients with
painful diabetic peripheral neuropathy have not
been intensively studied. One case report sug-
gested that sympathetic blocks can be an effec-
tive management of painful diabetic
neuropathy [11].
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In the study reported here, we evaluated the
outcomes of two treatment variations with
sympathetic neurolysis with alcohol in a cohort
of patients with painful diabetic neuropathy
with the overall aim to determine whether the
treatments have acceptable safety outcomes and
provide satisfactory pain relief to patients.
These therapeutic approaches may provide
additional management options for patients in
the future.

METHODS

A total of 60 adult patients with refractory dia-
betic neuropathy were enrolled in this study.
DPN was diagnosed in accordance with the
guidelines published by the American Diabetes
Association [12]. Briefly, the diagnosis was made
based on the clinical history of the patient and/
or the presence of overt neuropathic symptoms,
and/or neurologic examinations. The latter
included the 10 g Semmes–Weinstein monofil-
ament test; the 128-Hz tuning fork examina-
tion; temperature and pain (pinprick)
sensations; and ankle/heel reflexes. If two or
more of these tests were determined to be
abnormal, the patient was considered to have
diabetic neuropathy. Other causes of neu-
ropathies (such as lumbar disc herniation, cen-
tral post-stroke pain, entrapments, fasciitis, and
Guillain–Barré syndrome; alcohol abuse) were
excluded. Patients with signs of significant car-
diovascular diseases, morbid obesity, and/or
vital organ dysfunction, those recently receiv-
ing medications known to affect blood pressure
and heart rate, or those with a predicted diffi-
culty in airway management were excluded.
The study was approved by the ethics commit-
tee of Beijing Anzhen Hospital (No. 2012002X),
and written informed consent was obtained
from all of the participating patients. All pro-
cedures performed in the studies were in
accordance with the ethical standards of the
institutional committee and with the 1964
Helsinki Declaration and its later amendments
or comparable ethical standards.

Patients were randomly assigned into two
groups. Group A consisted of patients receiving
a single lumbar sympathetic ganglion block

(n = 30), and Group B comprised patients who
received combination therapy consisting of a
continuous lumbar sympathetic ganglion block
with anti-inflammatory medication and neu-
rolytic therapy (n = 30). In Group A, patients
were given oxycodone hydrochloride tablets
(10 mg, every 12 h) to control the pain. The
patient was placed in the prone position on the
flat bed of the computed tomography (CT)
machine and the vital signs continuously
monitored. A lumbar sympathetic nerve block
was performed using a standard posterolateral
approach by inserting an 18-gauge Tuohy nee-
dle into the corresponding sympathetic trunk
under CT guidance. This was followed by the
injection of 20 mL of 1% lidocaine and iohexol
mixture to confirm the successful puncture.
Changes in muscle strength in the lower limbs
were monitored before and after the operation
for at least 30 min; if the muscle strength had
not been decreased by the nerve block test,
5 mL of 95% anhydrous ethanol was then
slowly injected. In Group B, patients were also
given oxycodone hydrochloride tablets to con-
trol the pain. After insertion of the needle and
confirmation of its position with the CT con-
trast agent, a catheter was inserted into the
corresponding sympathetic trunk and then
connected to a patient-controlled analgesia
(PCA) pump. A mixture of dexamethasone and
lidocaine (0.4% lidocaine ? 0.008% dexam-
ethasone) was pumped continuously. The basal
dose for PCA was 5 mL/h, while the bolus dose
was 1 mL with a lockout time of 15 min. The
duration of the continuous block was 4 weeks,
following which 5 mL of 95% anhydrous etha-
nol was injected as described above for Group A.

Pain Evaluation, Laboratory Results,
and Complications

A visual analog scale (VAS) was used to assess
the intensity of pain (range: 0, indicating no
pain, to 10, indicating worst pain). The assess-
ments were performed before treatment and at
1 and 7 days and 6 months post-treatment. The
blood supply to the limbs was evaluated by
measuring skin temperature, capillary refill
time, and percutaneous oxygen saturation. All
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of the measurements were performed before
treatment and at 1 and 7 days post-treatment.

Plasma levels of pain and inflammatory
mediators, including norepinephrine, sero-
tonin, substance P, and b-endorphin, were
evaluated on days 1 and 7 post-treatment.
Blood samples for these assessments were col-
lected from patients who had fasted for 12 h.
The consumption of food or drinks with high
caffeine or glucose contents (e.g., chocolate,
coffee, tea, apricots, bananas, etc.) was
prohibited.

Any complications, including urination,
intestinal motility disorders, or others, during
the duration of hospital stay or during follow-
up period were recorded.

Statistical Analysis

Statistical analyses were performed using SPSS
statistical software (IBM Corp., Armonk, NY,
USA). The quantitative data are expressed as the
mean ± standard deviation . The paired sample
t test was used to compare differences between
two groups, one-way analysis of variance was
used to analyze values in the clinical course
within a group, and the Chi-squared tests were
used to compare differences in frequencies. A
p value\0.05 was considered to be statistically
significant.

RESULTS

Patient Characteristics

A total of 60 patients (34 men, 26 women)
participated in the current study. The mean
age of the patient cohort was 64 (range 37–-
88) years. Patients were randomly assigned to
Group A (n = 30) or Group B (n = 30). The
baseline VAS for the intensity of pain at
baseline reported by these patients ranged
from 7 to 10. There were no significant dif-
ferences between these two groups of patients
in terms of demographic characteristics and
baseline VAS.

Pain Relief Outcomes

The assessment of pain was performed before
treatment and at several time points post-
treatment, namely, on days 1 and 7 and months
1 and 6 post-surgery. The mean post-treatment
VAS fell significantly in both treatment groups
(Table 1). For patients in Group A, the score fell
from 8.5 pre-treatment to post-treatment values
of 2.9 on day 1, 3.1 on day 7, 4.2 at 1 month,
and 4.9 at 6 months; for patients in Group B,
the score fell from 9.1 pre-treatment to post-
treatment values of 2.2 on day 1, 2.6 on day 7,
2.7 at 1 month, and 4.1 at 6 months. A com-

Table 1 Mean visual analog score of patients before and after surgery

Treatment
groupsa

Assessment time points

Pre-
treatment

1 day after
treatment

7 days after
treatment

1 month after
treatment

6 months after
treatment

Group A 8.5 ± 1.3 2.9 ± 0.9* 3.1 ± 1.1* 4.2 ± 1.5* 4.9 ± 1.8*

Group B 9.1 ± 1.6 2.2 ± 0.5*# 2.6 ± 0.7*# 2.7 ± 0.8*# 4.1 ± 1.7*#

Values are presented as the mean ± standard deviation (SD)
*Compared to before treatment (baseline), significant at p\ 0.05; #Compared to Group A, significant at p\ 0.05
a Patients in Group A were treated with computed tomography (CT)-guided sympathetic neurolysis with alcohol, and
patients in Group B were treated with a combined therapy of CT-guided catheterization to achieve continuous lumbar block
for 4 weeks followed by neurolysis with alcohol (as in Group A) administered via the catheter
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parison of Group A and Group B VAS scores
revealed that the decrease in VAS score was
greater in Group B patients at all post-treatment
assessment time points (days 1 and 7; months 1
and 6) (Fig. 1).

Blood Supply to the Limbs and Laboratory
Results

Skin temperature, capillary refill time, and per-
cutaneous oxygen saturation were measured
before treatment and at 1 and 7 days post-

Fig. 1 Changes in visual analog score (VAS) for patients in Groups A and B across the pre-treatment and post-treatment
assessment time points. Greater reductions in VAS were observed in Group B patients in all post-treatment assessments

Table 2 Mean change in skin temperature, capillary time, and percutaneous oxygen saturation from baseline of patients at 1
and 7 days post-treatment

Time points Group A Group B

Pre-
treatment

1 day after
treatment

7 days after
treatment

Pre-
treatment

1 day after
treatment

7 days after
treatment

Skin temperature

(�C)
30.13 ± 1.38 32.02 ± 1.34* 30.94 ± 1.41* 31.28 ± 1.46 33.43 ± 1.32*# 32.54 ± 1.42*#

Capillary refill time

(s)

4.21 ± 1.08 2.71 ± 0.83* 3.81 ± 0.92* 4.57 ± 1.18 2.62 ± 0.68*# 2.71 ± 0.78*#

Percutaneous oxygen

saturation (%)

90.28 ± 1.58 95.28 ± 1.58* 91.82 ± 1.67* 90.31 ± 1.63 99.12 ± 2.18*# 97.26 ± 1.74*#

Values are presented as the mean ± SD
*Compared to before treatment (baseline), significant at p\ 0.05; #Compared to Group A, significant at p\ 0.05
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treatment. All patients showed significant
improvement in these parameters immediately
after treatment (Table 2). Comparison of Group
A and Group B revealed that the improvement
was greater in Group B. The skin temperature of
patients in Group A increased by 6.3 and 2.7%
at 1 and 7 days post-treatment, respectively, and
that of patients in Group B increased by 6.9 and
4%, respectively.

The plasma levels of pain and inflammatory
mediators were measured at pre-treatment and
at 7 days post-treatment. The levels of all pain
and inflammatory mediators, including b-en-
dorphin, norepinephrine, serotonin, and sub-
stance P, had fallen significantly at 7 days post-
treatment compared to baseline (pre-treatment)
(p\ 0.05) (Table 3). Comparison of Group A
and Group B revealed that the plasma levels of
all mediators were significantly lower in
patients in Group B (p\ 0.05).

Post-Treatment Safety Follow-Up

Safety follow-ups were performed on days 1 and
7 and 1 month post-treatment to observe any
complications. No patient showed any indica-
tion of urination, ejaculation, and bowel dys-
function. In Group A, three patients reported
lower back pain for 2 days. In addition, one
patient reported lower limb muscle weakness
after the ethanol injection; this patient was
immediately injected with saline and the
symptoms resolved. Also, one patient presented
numbness of the anterior thigh, but the symp-
toms disappeared 1 week after the treatment. In

Group B, only two patients minor complica-
tions, consisting of mild skin allergies in the
lower limbs during the stay for microcatheter
delivery. Overall, the complication rate in
Group A and Group B was 0.17 and 0.1%,
respectively.

DISCUSSION

Diabetic neuropathy pain management remains
a challenge, and the overall outcomes of current
pain management in diabetic neuropathy need
to be improved [6]. Lumbar sympathetic block
has been used to diagnose [13] and/or treat
various types of pain, including visceral pain
and complex regional pain syndrome I [14–17].
However, only a limited number of studies have
explored this strategy for treating painful dia-
betic neuropathy. In our study we observed that
lumbar sympathetic blockade significantly
reduced neuropathic pain in all patients (both
Group A and Group B) and that the pain relief
was sustained at 6 months post-treatment,
suggesting that the treatment has long-lasting
analgesic effects.

It is recognized that the sympathetic nervous
system may play an important role in painful
diabetic neuropathy. In one study, the level of
circulating norepinephrine was higher in
patients with painful versus painless diabetic
neuropathy, suggesting that a relatively higher
number of functioning sympathetic fibers may
contribute to pain [18]. Substance P is consid-
ered to be a primary neurotransmitter of painful

Table 3 Mean plasma levels of pain and inflammatory mediators at 7 days post-treatment

Time points Group A Group B

Pre-treatment 7 days after treatment Pre-treatment 7 days after treatment

b-endorphin (pg/mL) 270.4 ± 66.7 254.0 ± 62.1* 292.2 ± 74.1 245.1 ± 68.8*#

Norepinephrine (ng/mL) 29.3 ± 11.8 14.92 ± 9.2* 30.6 ± 10.7 11.12 ? 12.0*#

Serotonin (ng/mL) 0.98 ± 1.3 0.71 ± 0.8* 0.91 ± 1.0 0.36 ± 0.6*#

Substance P (pg/mL) 41.3 ± 7.3 35.3 ± 5.2* 43.1 ± 6.9 33.1 ± 4.3*#

Values are presented as the mean ± SD
*Compared to before treatment (baseline), significant at p\ 0.05; #Compared to Group A, significant at p\ 0.05
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stimuli to the central nervous system. Studies
have shown significant pain reduction in
patients with diabetic neuropathy following
treatment with capsaicin cream, a treatment
which depletes substance P [19]. In our study,
we also observed a dramatic decrease in the
plasma levels of norepinephrine and substance
P in patients after treatment (Table 3). Overall,
our results suggest that the use of sympathetic
nerve blocks may reduce the pain by reducing
sympathetic outflow.

Patients with painful diabetic neuropathy
exhibit vasoconstriction, suggesting that inap-
propriate local blood flow regulation may play a
role in the pathogenesis of pain [20]. In the
present study, we observed a significant
improvement of microvascular circulation, as
indicated by the increase in skin temperature,
reduction of capillary refill time, and increase in
percutaneous oxygen saturation (Table 2). This
improvement of microvascular circulation may
contribute to the pain relief in patients.

Our treatment protocol in Group B patients
also included the use of the anti-inflammatory
substances dexamethasone and lidocaine. The
addition of these anti-inflammatory medica-
tions to the treatment regimen appeared to
improve the analgesic effects of the lumbar
sympathetic blockade. It has consistently been
shown that the administration of dexametha-
sone can prolong analgesia after peripheral
nerve block [21]. One case report showed that
the use of a mixture of lidocaine and triamci-
nolone in a lumbar sympathetic block was able
to significantly reduce the pain scores of the
patient with painful diabetic neuropathy [11]. It
has also been suggested that damaged nerve
fibers often have dysregulated expression of
sodium channels that are particularly sensitive
to local anesthetics, such as lidocaine [22]. The
sympathetic blocks with steroids and a local
anesthetic may provide pain relief through
actions similar to the pharmacological effect on
nociceptive fibers.

Lumbar sympathetic blockade generally is a
low-risk procedure. The most common compli-
cation associated with lumbar sympatholysis is
neuralgia of the genitofemoral nerve, particu-
larly in surgery involving the lateral approach.
Most of the complications are transient and can

be resolved with nonprescription analgesics.
Bleeding may also occur in patients with a
clotting deficiency, which should be evaluated
before treatment. Otherwise, any bleeding from
needle puncture should be self-limiting.
Patients should also be informed that
hypotension may occur after sympatholysis,
and men may experience a failure of ejacula-
tion, although such complications were not
observed in the current study. Overall, we
observed that the procedures had a satisfactory
safety level and a low rate of complications.

The study has a number of limitations. First,
additional tools (e.g., nerve conduction study,
electromyogram) should be used to diagnose
and assess the severity and duration of DPN.
Second, the population size was relatively small.
Third, the follow-up period was short (6
months), and thus the long-term outcome
([9 months) has not been studied. Last, other
methods of improving microcirculation and the
use of analgesic pumps alone should have been
used as a control group to more rigorously
compare the effects of lumbar sympathetic
block.

While recognizing the limitations of the
current study, the positive outcomes of the
treatment warrants further investigation. Given
the inefficacy of current treatments, our study
provides insights for novel treatment options
for patients with painful diabetic neuropathy.

CONCLUSIONS

In conclusion, the procedure of CT-guided
continuous lumbar sympathetic block with
alcohol neurolysis provided significant pain
relief for patients with painful diabetic neu-
ropathy. The analgesic effects of the continuous
blocks were reproducible and long-lasting. The
procedures had satisfactory safety, and patients
recovered quickly, providing clinical evidence
that the pain in diabetic neuropathy may be
sympathetically mediated to a significant
extent. While recognizing the limitations to our
study (described above), we suggest that the
positive outcomes of the treatment described
here warrants further investigation and that the
study provides insights for novel treatment

Diabetes Ther (2020) 11:2647–2655 2653



options for patients with painful diabetic
neuropathy.
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