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Background: Painful diabetic peripheral neuropathy (PDPN) is one of the most common
complications of diabetes. PDPN seriously affects the quality of life and is difficult to treat;
therefore, there is an urgent need for new cost-effective treatment methods for PDPN.
Objective: To investigate the efficacy and safety of radiofrequency thermocoagulation (RF)
combined with anhydrous ethanol (AE) chemical blockade of lumbar sympathetic ganglia (LSG)
in patients with PDPN using computed tomography (CT).

Study design: Retrospective comparative study.

Setting: Shengjing Hospital of China Medical University.

Methods: Ninety patients diagnosed with PDPN were enrolled in this study. The patients were
randomly divided into AE group (A, n=30), RF group (B, n=30), and RF+ AE group (C, n=30).
The follow-up included preoperative basic conditions, visual analog scale (VAS), the total remis-
sion rate (TRR), skin temperature (ST) and the improvement of numbness and hyperalgesia in
the lower extremities, complications, and degree of satisfaction (DOS) before and after surgery.
Results: Postoperative VASs were significantly decreased compared to preoperative VASs in
all groups (P<0.05). The VAS in group A began to increase 3 months (3M) after surgery; VAS
scores at 3M, 6 months (6M) and 1 year (1Y) were significantly different compared to group B
and C (P<0.05); VAS in group B began to increase after 6M; VAS scores at 6M and 1Y were
significantly different compared to group C (P<0.05); Moreover, group C maintained relatively
long duration of pain relief. TRR in group A, group B and group C at 1Y after operation was
66.7%, 73.3% and 93.3%, respectively; TRR in group C was statistically different compared to
groups A and B (P<0.05). Higher ST in the lower extremities was observed after surgery in all
groups compared to peroration (P<0.05); nonetheless, the difference was not statistically sig-
nificant. The numbness and hyperalgesia improved in all three groups after surgery compared to
preoperational time, the numbness in group C was significantly higher compared to groups A and
B. In addition, no severe complications were observed. At 6M and 1Y after surgery, the degree
of satisfaction in patients from group C was significantly higher compared to groups A and B.
Conclusion: Radiofrequency thermocoagulation combined with AE chemical blockade of the
LSG was safe and effective. Nevertheless, the details underlying analgesic mechanisms still
need to be investigated.

Keywords: lumbar sympathetic ganglia, chemical lumbar sympathectomy, neurolysis, radio-
frequency thermocoagulation, ablation, painful diabetic peripheral neuropathy

Introduction
As the quality of life improves, the incidence of diabetes increases on a yearly basis.
Epidemiologists have estimated that the global incidence of diabetes will reach 552
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million by 2030.' Diabetic peripheral neuropathy (DPN) is
one of the common complications of diabetes, accounting
for 50% of diabetic neuropathy,? and the incidence of painful
diabetic peripheral neuropathy (PDPN) is 13%—26%.? Since
PDPN seriously affects the quality of life and is difficult to
treat, there is urgent need for new cost-effective treatment
methods for PDPN.

There are 2—6 pairs of lumbar sympathetic ganglia (LSG).
The blocking of L2 and L3 LSG blocks the sympathetic fibers
of the lower extremities and dilates blood vessels; L2 ganglia
have an important role in this process. In addition, the posi-
tion of LSG varies; the L2 sympathetic ganglia are mainly
found in the lower one third of the L2 vertebrae and upper
one third of the L3 vertebrae;* therefore a multi-segment
treatment is required when targeting these regions. Traditional
LSG blockades include surgical or chemical sympathectomy.
However, surgical sympathectomy can cause trauma and
tissue damage, while chemical sympathectomy can harm
surrounding vital tissues and organs due to drug diffusion.
Radiofrequency therapy comprises two methods: radio-
frequency thermocoagulation and pulsed radiofrequency.’
Radiofrequency thermocoagulation lumbar sympathectomy,
which targets the nerve tissue by increasing the temperature,
has been shown to be another effective treatment approach.®
The unmyelinated nerve fiber C-axis axons get dissolved
and become necrotic due to local high temperature, which
maintains a state of vasodilatation in lower extremities,
increases peripheral blood flow, improves symptoms such
as numbness induced by nerve injury of lower limbs, and
generates long-term pain relief. Nevertheless, the accuracy
of punctured target selection is extremely difficult, and the
range of ablation is limited.

PDPN treatment requires the use of comprehensive treat-
ment. Currently, there are many studies on single chemical
or single radiofrequency treatment approaches for destroying
LSG, while there are no studies examining the combination of
chemicals and radiofrequency for PDPN. This paper investi-
gates the combination of radiofrequency thermocoagulation
and anhydrous ethanol (AE) chemical blockade of LSG for
the treatment of PDPN, by comprehensively assessing their
clinical efficacy and safety. We used CT-guidance for accurate
positioning.

Methods

Patients

A total of 90 patients diagnosed with PDPN were enrolled
at the Department of Pain Management from January 2013
to December 2016. The study was approved by the Ethics

Committee of Shengjing Hospital Affiliated to China Medical
University. Patients were randomly divided into three groups:
AE group (A, n=30), radiofrequency thermocoagulation
group (B, n=30), and radiofrequency thermocoagulation +
AE group (C, n=30). All patients were informed about risks
and complications before surgery, and the written informed
consent was obtained from all patients (Figure 1).

Inclusion criteria were the following: 1) all patients met
the criteria for diabetes diagnosis and treatment published
by the American Diabetes Association (ADA) in 2016; 2)
sensory impairments in the lower extremities, including
symmetry or unilateral numbness and stabbing pain, knife-
like, burning pain, leg cramps, decreased pain sensitivity and
warm sensation, tactile abnormalities, exacerbation at night
and/or sleep disorders; 3) physical examination showing pain
disorder plane (below L1), diminished or disappeared knee
tendon reflexes; 4) nerve conduction velocity abnormalities
in the lower extremity: nerve electrophysiological examina-
tion showing motor nerve conductive velocity (MNCV) <45
m/s, sensory nerve conductive velocity (SNCV) <40 m/s; 5)
excluding other causes of peripheral neuropathy; 6) conserva-
tive treatment for more than 6 months (6M), and HbA 1c <8%.

Exclusion criteria were: infection of local puncture area;
implantation of pacemaker/brain stimulator; mental illness,
mental retardation, disturbance of consciousness preventing
cooperation; blood diseases, pregnancy, severe liver and kid-
ney dysfunction or history of heart and lung disease.

Procedures

During treatment, all patients were subjected to diet controls,
while medicines were used to control neuralgia, nourish nerves
and control blood glucose. Under the guidance of CT scan,
patients were placed in a prone position. The middle and lower
one third of the L2 vertebra, and the middle and upper one third
of the L3 vertebra were identified to determine the puncture
point, angle and the distance from puncture needle to the front
edge of the L2 and L3 vertebra. Disinfection, draping and local
anesthesia were also applied. The puncture was performed using
the puncture needle at the point marked by CT. The needle was
inserted at the puncture angle and it was stopped when it was
close to the measurement distance. CT scan was performed for
a second time to adjust the puncture point to the frontal side of
vertebra. Three milliliters contrast agent was then injected and
was diffused along the frontal side of the vertebra.

After injecting the radiofrequency needle core, the sensory
and motor tests were done according to following criteria: 1)
50 Hz, 1.0 V electrical stimulation was performed to induce
sore and swollen feeling in the deep back; 2) 2 Hz, 1.0V electri-
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Assessed for eligibility (n=123)

Allocation

Group B (n=30):

— Received radiofrequency
thermocoagulation

Group A (n=30):

— Received anhydrous ethanol

Follow up

30 patients completed

Figure | Schematic presentation of the study flow.

30 patients completed

Excluded (n=33):

— Did not meet inclusion criteria (n=13)
— Refused to participate (n=9)

— No follow-up date (n=11)

Randomized (n=90)

Group C (n=30):

— Received combination of
radiofrequency thermocoagulation
and anhydrous ethanol

30 patients completed

Notes: Group A, anhydrous ethanol chemical lumbar sympathectomy; Group B, radiofrequency thermocoagulation; Group C, radiofrequency thermocoagulation +

anhydrous ethanol.

cal stimulation did not induce muscle twitch in hip and lower
extremities, and no somatic nerve stimulation. Consequently, 1
mL (2%) lidocaine was injected; 5 minutes later the lower limbs
became warm. Continuous radiofrequency thermocoagulation
was conducted to gradually increase the temperature; the radio-
frequency parameters for temperature were 70, 75 and 80°C.
Radiofrequency time was 180 seconds for each temperature,
and each site was submitted to radiofrequency thermocoagula-
tion twice. The needle was withdrawn for 5 mm to test the motor
and sensory response for a second time. All the other treatment
parameters were done according to the protocol described
above. Consequently, 1-2 mL AE was added to each L2 and
L3 segment. Patients felt warm in the lower extremities, their
pain was relieved and the needle was eventually completely
withdrawn.

Observations and follow-up

General preoperative information including the age, gender,
and duration of disease, the degree of preoperative pain, the
dosage of gabapentin, and the location and nature of the pain
were recorded. The follow-up evaluation was performed 1
week (1W), 1 month (1M), 3 months (3M), 6M and 1 year

(1Y) after surgery, and was done using double-blind method
by experienced medical staff of a non-surgical group.

For pain scoring, the following visual analog scale (VAS)
was used: 0 (no pain) to 10 (the most unbearable pain).

Analgesic effect was analyzed according to the WHO
evaluation criteria for pain relief; the efficacy was formulated
using four grades: complete remission (CR), partial remission
(PR), mild remission (MR), and no response (NR). The total
remission rate was analyzed using the following formula:
total remission rate (%) = [(CR+ PR+ MR)/n]x100%. The
subjective symptoms and clinical signs in patients were
assessed 1 year after surgery.

Skin temperature changes of bilateral lower limbs,
improvement of accompanied symptoms such as numbness
and hyperalgesia, the nerve injury, orthostatic hypotension
and other complications were also observed.

Satisfaction for symptom relief was analyzed according
to a previously described approach.” Briefly, the degree of
satisfaction for symptom relief in lower extremities was
assessed by the patient: I very dissatisfied, II unsatisfied, 111
neutral, IV satisfied, V very satisfied (I-III were defined as
unsatisfactory, while [IV-V were defined as satisfactory).
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Statistical analysis

Statistical analysis was performed using SPSS19.0 software.
Measurement data were presented as mean = SD. One-way
analysis of variance was used if the data were in line with the
normal distribution and the variance was homogeneous; if
the data did not meet the normal distribution, then Kruskal—
Wallis test was used. Chi-squared test was used for enumera-
tion of data (if the data did not meet the chi-square, then
calibration formula or Fisher test was used). P<0.05 was
considered statistically significant.

Results

The surgical processes went smoothly in all the patients.
CT imaging showed that the needle point was located at the
frontal side of bilateral vertebrae, ie, lower third of L2 verte-
brae and upper third of L3 vertebrae, with accurate position
and in the multi-segments. The contrast agent was observed
along the two sides of vertebrae, with a range covering the
L2 and L3 sympathetic ganglia (Figure 2).

The preoperative basic conditions of patients in the three
groups were then compared. No significant differences in
gender, age, preoperative pain duration, preoperative VAS
score, dose of analgesic drug gabapentin, location and nature
of the pain were found between groups (P>0.05) (Table 1).

Figure 2 CT imaging showing the position of the needle.

Furthermore, postoperative VASs were significantly
decreased compared to preoperative VASs in all groups
(P<0.05). In addition, at early stage, the reduction amplitude
of VAS in group B was smaller compared to groups A and B,
but the difference was not statistically significant (P>0.05). The
VAS in group A began to increase 3M after surgery; VAS scores
at 3M, 6M and 1Y were significantly different compared to
group B and C (P<0.05). Additionally, VAS of group B began to
increase after 6M; VAS scores at 6M and 1Y were significantly
different compared to group C (P<0.05). VAS scores between
different groups are shown in Figure 3. Moreover, group C
maintained relatively long duration of pain relief.

One year after operation, the total remission rates in
groups A, B, and C were 66.7%, 73.3%, and 93.3%, respec-
tively (Table 2). The total remission rate in group C was
statistically different compared to groups A and B (P<0.05).

In all three groups, patients felt a warm sensation in the
lower extremities after treatment. Higher skin temperatures
in the lower extremities were observed after surgery in all
groups compared to preoperation (P<0.05) (Table 3). The
skin temperature in group A slightly decreased from the third
month, but the difference was not statistically significant
(P>0.05). In addition, no significant changes in temperature
were observed between the three groups (P>0.05).

Notes: (A) The bilateral needle point was located on front side of the vertebrae (indicated with white arrows); (B) three-dimensional reconstruction showing the needle
body beside the bilateral multi-segment vertebrae; (C) diffusion location of contrast agent with a range covering L2 and L3 sympathetic ganglia (arrow).
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Table | Preoperative basic condition in the 3 groups of patients

Parameters Group

A B C
Patients (n) 30 30 30
Gender (F/M) 10/20 8/22 9/21
Age (years, range) 58.67+6.56 59.7316.44 58.83+6.63

(52-72) (53-76) (52-78)
Preoperative pain duration 18.45+4.42  17.73t4.46  18.67+4.26
(M, range) (11-26) (12-25) (12-28)
Preoperative VAS 7.52+1.53 7.61t1.64 7.65+1.57
Gabapentin (g/d) 2.26+0.35 2.3340.40 2414031
Location of pain (n, %)
Entire lower extremity 3 (10.0) 2 (6.7) 2 (6.7)
Knee to ankle 8(26.7) 7 (23.3) 8 (26.7)
Foot 18 (60.0) 19 (63.3) 19 (63.3)
Other 1(3.3) 2(6.7) 1 (3.3)
Pain characteristics (n, %)
Shooting 5(l6.7) 6 (20.0) 4(13.3)
Stabbing 8 (26.7) 9 (30.0) 7(23.3)
Aching 7(23.3) 5(l6.7) 6 (20.0)
Burning 8 (26.7) 9 (30.0) 10 (33.3)
Sharp 2(6.7) 1 (3.3) 3(10.0)

Notes: Data are presented as numbers (n, %) of patients or mean + SD. Group
A, anhydrous ethanol chemical lumbar sympathectomy; Group B, radiofrequency
thermocoagulation; Group C, radiofrequency thermocoagulation + anhydrous ethanol.
Abbreviation: VAS, visual analog scale.

One year after surgery, the improvement rates of numb-
ness in groups A, B and C were 61.6%, 73.1% and 85.2%,
respectively; while the improvement rates of hyperalgesia in
groups A, B and C at 1 year were 66.7% and 80.0% and 81.8%,
respectively. The numbness and hyperalgesia in the three groups
all improved after surgery compared to preoperational time. In
addition, the numbness in group C was statistically significantly
more improved compared to groups A and B (P<0.05).

Decreased blood pressure was observed in group A
(four cases) and in group C (two cases) after surgery. The
symptoms were relieved after rehydration. Three cases of
genitofemoral neuritis occurred in group A and were relieved
after 4 weeks of nutritional nerve treatment (Neurotropin,
Nippon Zoki Pharmaceutical Co., Ltd, Japan). In addition,
no severe complications, such as ureteric stricture, paraplegia
or severe back pain were observed.

Overall, patients were satisfied with the degree of symp-
tom remission when discharged from the hospital. Degree
of satisfaction was assessed at 1M, 3M, 6M, and 1Y post-
surgery. During long-term follow-up, degree of satisfaction
decreased with the regeneration of damaged nerve fibers in

Group A

Changes in VAS after surgery

VAS

P: Presurgery

P 1w

Figure 3 Changes in VAS before and after surgery in different groups.

Group B

Group C

™ 3M 6M 1Y

Notes: Data are presented as mean * SD; *P<0.05 compared with group C; *P<0.05 compared with group B. Group A, anhydrous ethanol chemical lumbar sympathectomy;
Group B, radiofrequency thermocoagulation; Group C, radiofrequency thermocoagulation + anhydrous ethanol.
Abbreviations: IM, | month; 3M, 3 months; 6M, 6 months; IW, | week; 1Y, | year; VAS, visual analog scale.
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patients. One month after operation, the degree of satisfac-
tion in groups A, B and C was 86.7%, 77.3% and 93.3%;
3M after operation was 73.3%, 70.0% and 90.0%; 6M after
operation was 56.7%, 60.0% and 86.7%; and 1Y after opera-
tion was 33.3%, 40.0% and 80.0%, respectively. At 6M and
1Y after surgery, the degree of satisfaction in patients from
group C was significantly higher compared to groups A and
B (P<0.05).

Discussion
PDPN, which is defined as neuropathic pain, is a common type
of diabetic peripheral neuropathy. PDPN is mainly manifested
as burning pain and numbness, deep dull pain and stabbing
pain in the distal limbs, and especially the lower limbs. The
pattern of pain can vary, and spontaneous allodynia and hyper-
algesia with various forms of pain can occur in the affected
area.® The pain is continuous and persistent with unclear etiol-
ogy and mechanisms. Spinal cord stimulation can remit the
pain,”!? nonetheless this method is expensive, and thus very
difficult to apply widely, since most patients cannot afford it.
PDPN is a nerve dysfunction of distal limbs that occurs
due to metabolic disturbance, microcirculation disorders and
immune abnormalities. The pathological manifestations include
capillary basement membrane thickening, endothelial cell swell-
ing and hyperplasia, hyaline degeneration, glycoprotein depo-
sition, luminal stenosis, which in turn lead to nerve ischemia,
hypoxia, and then axonal atrophy, or even to disappearance of

Table 2 Comparison of postoperative total remission rate (%) of
pain in different groups

Group n CR PR MR NR The total
remission
(%)

A 30 6(20.0%) 7(23.3%) 7 (23.3%) 10(33.3%) 20 (66.7%)

B 30 4(13.3%) 9(30.0%) 9 (30.0%) 8(26.7%) 22 (73.3%)

C 30 9(30.0%) 13 (43.3%) 6(20.0%) 2(6.7%) 28 (93.3%)*

Notes: Compared with groups A and B, *P<0.05. Group A, anhydrous ethanol
chemical lumbar sympathectomy; Group B, radiofrequency thermocoagulation;
Group C, radiofrequency thermocoagulation + anhydrous ethanol.
Abbreviations: CR, complete remission; MR, mild remission, NR, no response;
PR, partial remission.

axons, myelin segmental or diffused shrinkage or demyelin-
ation."" With disease progression, foot skin ulcers, necrosis
and other symptoms on the basis of neuropathy, and severe
pain in lower extremities can also occur. A series of pathologi-
cal changes can also occur when the peripheral sensory nerve
gets damaged. The sympathetic-sensory contacts are observed,
and sympathetic stimulation can repeatedly activate neurons,
prompting a significant increase in ectopic discharge.'>!* The
primary sensory neurons are particularly sensitive to the out-
put of sympathetic pulse. Sympathetic ectopic discharge can
cause sensitization and excitation of primary sensory nerves,
leading to primary neuronal sensitization, which is displayed
as hyperalgesia and allodynia."* Sympathetic nerves can also
induce the release of pain-related inflammatory mediators
such as substance P.'> Accordingly, sympathetic nerves have an
important role in neuralgia mechanisms. Therefore, this study
selected the lumbar sympathetic ganglion as the study subject.

Previous studies have found that blocking sympathetic
nerves can inhibit pain transmission and relieve neuro-
pathic pain.!*'® LSG excision or ablation can block the pain
stimulus conducting to central nervous system through the
nerve fibers, and can also relieve the vascular spasm in lower
extremities. It can also promote the recovery of artery pulse
in the feet, regulate an abnormal neuroendocrine system,
improve immune function and relieve the stress state of the
body," all of which should be treated at early stage of the
disease.?> > Chemical lumbar sympathectomy (CLS) uses
the nerve damaging agent on the lumbar sympathetic nerve
to induce damage and neurolysis, thus achieving lumbar
sympathetic nerve resection. The blood vessels are dilated,
peripheral vascular resistance is reduced, collateral circula-
tion is increased and the skin and muscle blood perfusion
in lower extremities is increased through the “loss of sym-
pathetic effect”.?® However, the duration of the neurolysis
effects is relatively short, and the symptoms mostly recur
within 3—6 months. The clinical remission time of phenol is
short, and it easily forms secondary neuroma.** Therefore,
in this study, AE was chosen as chemical damage agent and
it was found that pain symptoms repeatedly appeared in

Table 3 The changes of skin temperature in lower extremities before and after surgery in the three groups (°C)

Group Pre-surgery Post-surgery

I'w M 3M 6M Y
A 34.12140.51 35.72£0.21%* 36.64+0.25* 36.17£0.19% 36.04+0.32* 36.08+0.18*
B 34.08+0.63 35.81+0.26* 36.44+0.35* 36.631£0.30%* 36.78+0.12* 36.431+0.28*
C 34.12+0.47 35.87+0.32* 36.841+0.32* 36.77+0.24* 36.87+0.26* 36.67+0.32*
P-value 0.654 0.532 0.326 0.281 0.247 0.338

Notes: Data are presented as mean * SD, compared with pre-surgery, *P<0.05. Group A, anhydrous ethanol chemical lumbar sympathectomy; Group B, radiofrequency

thermocoagulation; Group C, radiofrequency thermocoagulation + anhydrous ethanol.

Abbreviations: |M, | month; 3M, 3 months; 6M, 6 months; IW, | week; 1Y, | year.
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the AE group after 3M, gradually becoming worse with the
prolongation of time. This was consistent with the studies
reported by Jackson and Gaeta,? and it may be related to the
regeneration of nerves using the AE. Although complications
are significantly reduced under visual guidance, permanent
damage of the genitofemoral nerve or lateral femoral cuta-
neous nerve can easily occur due to the fluidity of damage
agent and variation of neural pathway, which may even lead
to acute renal failure in severe conditions.?® In the present
study, four cases of genitofemoral nerve damage occurred,
which resolved after conservative treatment. The relatively
short duration of pain relief maintenance and relatively high
incidence of complications limit the application of CLS.
CT-guided radiofrequency thermocoagulation of LSG has
advantages such as clear images, accurate target position
for puncture, scanning and confirming the location of needle
point position so as to avoid injury, and sensory and motor
neurological tests that can further prevent the occurrence
of complications.” It can also be repeatedly performed,;
nonetheless, the requirements for accuracy of nerve target
are relatively high, and the number and location of lumbar
sympathetic ganglia largely vary with absent division of
sympathetic stem and communicating branches.?® This can
easily result in incomplete nerve ablation, where the degree
of ablation is affected by temperature, location and action
duration. So, the effect of simple radiofrequency ablation of
LSG is often not stable. In the present study we found that the
analgesic effect in radiofrequency group in the early stage is
lower compared to the AE group and the combination group.
The combination group (group C) can maintain better anal-
gesic effect forup to 1 year, and its 1-year total effective rate
is also higher compared to the other two groups (groups A
and B). The remission rate of numbness symptoms in the late
stage was also superior to the other two groups, with higher
satisfaction and fewer complications than the AE group.
Since there was no significant difference in skin temperature
between the three groups, the symptom relief was not simply
attributed to expansion of blood vessels to improve circula-
tion in group C. Studies have shown that disruption of lumbar
sympathetic nerve can regulate the regeneration of cutane-
ous vascular cells by inhibiting the proliferation of parietal
cells and increasing the expression of angiopoietin-1.%° It
can reduce the inflammatory reaction in the sympathetic
nerve denervation area,’® decrease the adrenergic release
in the dorsal root ganglion, inhibit sympathetic activity by
stimulating o2-adrenergic receptors and/or upregulating
o2-adrenoceptors,’! inhibit spinal microglia activation and
reduce the expression of inflammatory cytokines (IL-1p,

IL-6, and TNF-o).*? Therefore, the mechanisms of sympa-
thetic nerve blockade for pain relief are complex and need
to be further studied. Multi-segmental AE combined with
radiofrequency thermocoagulation blockade of LSG can
be precisely positioned, reduce complications and achieve
long-term analgesic effects.

Conclusion

Radiofrequency thermocoagulation combined with AE
chemical blockade of the lumbar sympathetic ganglia was
more effective compared to the single use of chemical or
radiofrequency blockade for the treatment of PDPN. This
method appeared to be safe and effective. It significantly
alleviated the symptoms of PDPN and improved the patients’
degree of satisfaction. The details of analgesic mechanisms
need to be further investigated.
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