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Objective: Postamputation pain (PAP) is a serious problem, and thus far, there is no perfect
treatment strategy. Clinically, minimally invasive treatments for peripheral neuromas are
simple and feasible. This study aimed to investigate the immediate and long-term effects of
ultrasonography-guided radiofrequency ablation (RFA) on PAP.

Methods: Eighteen PAP subjects with painful peripheral neuromas were treated with
ultrasonography-guided RFA.

Results: A total of 18 PAP subjects were included in the final analyses. Fourteen of the 17
subjects with residual limb pain (RLP) (82.4%) had successful outcomes. A successful
outcome was noted in 9 of the 13 subjects with phantom limb pain (PLP) (69.2%). There
were no significant associations between symptom relief and sex, age, or the duration of
symptoms. There were no severe complications.

Conclusions: Ultrasonography-guided RFA for painful stump neuromas can effectively
relieve stump pain and PLP in amputees with PAP (follow-up time was 12 months).
Ultrasonography-guided RFA is easy and safe and does not involve radiation exposure,
making it very suitable for clinical applications.
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Introduction

In 2005, an estimated 160,000 persons in the United States were living with limb
loss, and by 2050, the number of persons living with limb loss is expected to be
higher than 3.6 million." Amputation itself is a very severe physical and psycho-
logical traumatic event, and up to 70-80% of patients with amputation also
experience chronic complex postamputation pain, which can be devastating.’
Amputation can lead to three distinct types of pain or sensations, including residual
limb pain (RLP), phantom limb pain (PLP), and phantom sensations. RLP refers to
local pain at the amputation site in amputees. PLP refers to abnormal painful
sensations in the missing limb. Phantom sensations refer to sensations resembling
the presence of the missing limb after amputation.> RLP usually coincides with
PLP.* More than half of the people with PLP also have RLP.”> Among amputees
with moderate to severe PLP or RLP, pain, rather than the loss of a limb, is the most
important factor affecting their ability to perform activities of daily living and
hinders their ability to complete simple tasks, and this factor is strongly and
negatively correlated with the time to return to employment or normal social

participation.”’
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The mechanism of PAP remains unclear. The interac-
tion among peripheral, spinal and supraspinal mechanisms
is believed to be responsible for PAP.*° Stump neuromas
are important peripheral conditions that cause PAP. The
formation of stump neuromas can lead to changes in
receptor proteins, the expression of ion channels and the
ectopic discharge of nerve terminals.'®"'? Painful neuro-
mas usually induce pain and prevent amputees from con-
tinuing to use prosthetic devices, which further limits their
functional ability."® It has been reported that the long-term
outcomes of pulsed radiofrequency treatment for a huge
neuroma stalk under ultrasonographic guidance are
excellent.'* However, the information available about
effective methods of radiofrequency therapy for PAP is
very limited, and the procedural technology involved in
this treatment is far from standardized. Here, we present
a case series of 18 PAP subjects for whom we performed
RFA. We aimed to obtain preliminary data on the efficacy
of ultrasonography-guided RFA in treating RLP and PLP,
as reported by PAP
complications.

subjects, and the associated

Methods

This study was approved by the ethics committee of
Shanghai Sixth People’s Hospital (No. 2017-125) and
registered in the Chinese Clinical Trial Registry. The
identifier is ChiCTR1800016566. The trial was registered
on 9 June 2018, http://www.chictr.org.cn/edit.aspx?pid=

28183andhtm=4. All procedures involving humans were
performed in accordance with the ethical standards of the
National Research Council. According to the Helsinki
declaration, the researchers explained the significance of
the study to all subjects and obtained written informed
consent from the subjects. All medical records were anon-
ymized, and no subject information was extracted for any
reasons except for the purpose of the study.

Participants and Clinical Evaluation

Subjects from Shanghai Sixth People’s Hospital in China
were recruited from 11 June 2018 to 10 June 2019. The
inclusion criteria of this study were as follows: 1, adults
aged 18 or older complaining of postamputation pain; 2,
those who underwent an amputation of the limb or part of
the limb 3 months prior; and 3, those with painful neuro-
mas in the stump of the amputation. The exclusion criteria
were the presence of infection, coagulopathy, a pacemaker
and a behavioral disorder that could impair subject coop-
eration. Subjects who were not willing to provide

informed consent, underwent revision surgery less than
three months ago, or had other diagnoses that could
explain neuropathic pain were also excluded.

We recruited a total of 29 patients with postamputation
pain. An experienced ultrasound specialist checked for the
presence of nerve endings (neuromas). If a subject had
a stump neuroma and agreed to join the study, we included
the subject in the study. No obvious stump neuromas were
found in the two patients, and three patients refused to
participate in this study. Therefore, a total of 24 patients
were enrolled in the study.

All enrolled subjects were examined by the same physi-
cian. The temperature of the inspection room was 22-24°C,
and the room was quiet. The subject’s position was supine,
prone or even lateral to facilitate the examination. The
examining physician tapped the amputation stump to check
for induced pain (including RLP and PLP). The Tinel sign
was considered positive if tapping elicited tingling or the
sensation of “pins and needles”. If RLP or PLP was present,
the intensity of pain was rated with a numerical rating scale
(NRS). NRSs allow subjects to describe the intensity of his/
her pain as a number, usually ranging from 0 to 10, where 0
means no pain and 10 means pain that is “as bad it could
be”. The frequency of PLP was also recorded. The examiner
used ultrasound equipment (S-Nerve; SonoSite, Bothell,
WA, USA) to detect whether there was neuroma in the
stump. If there was a neuroma, the physician used 0.15%
ropivacaine to perform a peripheral nerve block around the
neuroma and observe it for 2 hours. If the subject’s pain
disappeared or was obviously reduced, the next step of
radiofrequency treatment was carried out.

The Tinel sign was negative in five subjects, and these 5
subjects had no pain relief after a peripheral nerve block
was performed around the neuroma, so we considered these
subjects to not have painful neuromas. Thus, these subjects
were excluded from this prospective study. It should be
noted that one subject underwent residual neuroma resec-
tion one month after the three RFA treatments had been
completed. He was considered lost to the 12-month RFA
follow-up. Therefore, 18 cases were finally included in the
statistical analysis (Figure 1).

RFA Procedures

The RFA procedures were performed as described by Xin

Zhang et al'’

with slight modifications. Specifically, the
ultrasound probe was placed horizontally on the amputated
stump of the subject to obtain the transverse axial view. The

neuroma showed a hypoechoic shadow on ultrasonography
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Fulfilled eligibility criteria
(n=29)

A4

Not eligible for inclusion (n=5)
Not found obvious neuroma: (n=2)
Refused to participate: (n=3)

Enrolled in the study
(n=24)

Patients withdrawn (n=6)
Peripheral nerve block was ineffective: (n=5)
inadequate follow up (< 6 months) : (n = 1)

A4

Included in the final analyses
(n=18)

Figure | Flowchart for selecting study population.

(Figure 2). The color Doppler mode was used to differentiate
between arteries/veins and nerves. When a stump neuroma
was detected, we rotated the probe 75-90 degrees to explore
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Figure 2 The ultrasonography of the stump neuroma. Dash line showed the
neuroma hypoechoic shadow on ultrasonography.

its long axis and moved the probe to the proximal extremity
to explore the junction of the neuroma and the normal nerve
(Figure 3). We assessed the size of the neuroma by examin-
ing the cross-sectional area in the long axis plane. A 10 cm
radiofrequency needle with a 5 mm active tip was extended
to the nerve, placed just outside the nerve, and connected to
a radio frequency generator (Baylis company, Montreal,
Canada). The nerve was then stimulated with the needle
and the 0.4 mA sensory mode (50 Hz) to evoke pain in the
subjects. When the target was confirmed, 2 mL 0.15%
ropivacaine was injected through the needle. When the
local anesthetic took effect, the needle was advanced into
the responding neuroma to perform RFA at 80°C for 120
seconds (Figure 4). After the first RFA lesioning, the needle
was moved from the initial target to the 0° position of the
neuroma, and RFA was performed again at 80°C for 120
seconds. Then, the needle was rotated clockwise for 30, 60,
and 90 degrees until the entire 360-degree area of the neu-
roma was covered, and the same RFA procedures were
performed. The needle was then directed to the middle of
the neuroma, and RFA was performed at 80°C for 120

Journal of Pain Research 2020:13

submit your manuscript

3439

Dove


http://www.dovepress.com
http://www.dovepress.com

Pu et al

Dove

- Semitendinosus

Semimembranosus..

’—_\‘\\ :/_ /_/

I

‘\_/I,~
g7 7/

Figure 3 The ultrasonography of the long axis of the stump neuroma. The dash line
indicated neuroma, and the arrow indicated nerve.

seconds. Before the needle was removed, a 5 mL mixture of
1.5% ropivacaine and compound betamethasone (including
5 mg betamethasone propionic acid and 2 mg betamethasone
sodium phosphate) was injected around the neuroma. When
there were multiple painful neuromas, we continued to fol-
low the above procedure until all painful neuromas were
treated.

Clinical Assessment and Follow-Up

All subjects were treated once every 2 weeks until the pain
score was <3. Each subject was treated up to three times. The
treatment results were evaluated by a 5-point patient satis-
faction scale, ie, 0 points for poor satisfaction, 1 point for
general satisfaction, 2 points for good satisfaction, 3 points
for very good satisfaction and 4 points for excellent satisfac-
tion, and by using an NRS that ranged from 0 to 10. The
5-point scale was based on that described in an article by Lee

et al,'® and we revised it according to the scale described in
an article by Zhang et al.'> Specifically, a score of 0 (poor)
was recorded if the patient described experiencing any
aggravation of pain. A score of 1 (fair) was recorded when
the pain was 25% less severe than that before RFA. A score
of 2 (good) indicated that the patient’s pain had decreased by
>25% but less than 50% with respect to that before RFA. If
the pain was >50% but less than 75% less severe than that
before RFA, a score of 3 points (very good) was recorded.
A score of 4 (excellent) was assigned when the pain had
completely resolved or the severity decreased by >75%.
A successful outcome required a patient satisfaction score
of 3 (very good) or 4 (excellent) 12 months after RFA. The
patients with a successful outcome were considered to have
received effective treatment, and the other patients were
considered to have received ineffective treatment.'®

We recorded the preoperative NRS scores (RLP and
PLP) of each subject and the number of treatments. Three
posttreatment surveys were also administered to assess the
subjects’ NRS scores (RLP and PLP) after the last course
of treatment. The first and second surveys were adminis-
tered 2 weeks and 6 months after final treatment, while the
last survey was administered 12 months after final treat-
ment. We also recorded the frequency of PLP preopera-
tively (during the last week) and at 2 weeks, 6 months and
12 months after the final treatment (per week). The overall
complications and recurrence results were also recorded.

Statistical Analysis

SPSS software, version 21.0 (IBM Corporation, Armonk,
NY), was used to analyze all the statistical data. The
measurement data are presented as the means + standard
deviations. If the data conformed to a normal distribution,
the #-test was used for analysis. The paired #-test was
adopted to determine any significant differences between

Figure 4 Radiofrequency ablation (RFA) treatment of PAP. (A) Ultrasound-guided RFA procedure. (B) RFA needle was advanced into the neuroma, arrow showed the

needle. (C) Radiofrequency generator.
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the pre- and postoperative conditions. If the data did not
conform to a normal distribution, the Wilcoxon test was
used for analysis. P values <0.05 were considered statisti-
cally significant.

Results

Subject Characteristics

A total of 18 adult subjects (11 men, 7 women; median
age, 61.3£9.9 years; range, 47-81 years) who had under-
gone limb amputation (upper extremity, n = 5; lower
extremity, n=13) were enrolled in this study. Among the
subjects, there were 7 whose pain course was less than
1 year, 6 whose pain course was 1-5 years, and 5 whose
pain course was more than 5 years. There were 15 cases of
traumatic amputation, 2 cases of diabetic amputation and 1
case of arterial embolism of the lower extremity. A total of
23 painful neuromas were found in 18 patients, one was
found in 13 patients, and two were found in 5 patients. The
painful neuromas originated from the sciatic nerve (8
cases), tibial nerve (5 cases), peroneal nerve (3 cases),
median nerve (3 cases), ulnar nerve (1 case), radial nerve
(1 case), brachial plexus (1 case) and digital nerve (1 case,
thumb). Seventeen subjects had RLP (94.4%), 13 had PLP
(72.2%), and 12 had both PLP and RLP (66.7%). The NRS
score for preoperative pain was 8.6+1.0 for RLP and 9.3
+0.9 for PLP. The frequency of PLP before the treatment
was 8.1+3.7 times per week (Table 1).

Clinical Assessment

We recorded the number of RFA treatments performed per
subject. Six subjects received a total of three RFA treat-
ments, 5 received two RFA treatments, and the remaining
7 received one treatment.

The NRS scores for RLP and PLP were recorded dur-
ing preparation. Three posttreatment surveys for the NRS
scores were completed by the subjects to quantify the
degree of residual pain and phantom pain relief at 2
weeks, 6 months and 12 months after the final treatments.
We also recorded the frequency of PLP per week. For
RLP, the NRS score decreased from 8.6+1.0 at preparation
to 1.2+1.2 (P<0.001, vs preoperatively) two weeks after
treatment, while the NRS scores at 6 months and 12
months were 1.9+1.9 (P<0.001, vs preoperatively) and
2.242.1 (P<0.001, vs preoperatively), respectively. For
PLP, the NRS score decreased from 9.3+0.9 before the
operation to 2.2+1.8 (P<0.001, vs preoperatively) at 2
weeks after treatment, while the NRS scores at 6 months

Pu et al
Table | Demographic Characteristics
Numbers 18
Sex (n)
Male I
Female 7
Age (years)
Range 47-81
Mean + SD 61.3£9.9
Cause of amputation (n)
Trauma 15 (83.3%)
Diabetes 2 (11.1%)
Arterial embolism I (5.6%)
Amputation site
Lower limb, n (%) 13 (72.2%)
Below knee 5
Above knee 8
Upper limb, n (%) 5 (27.8%)
Should |
Above elbow |
Below elbow 3
Painful neuroma distribution
Total 23
Sciatic nerve 8 (34.8%)
Tibial nerve 5 (21.7%)
Peroneal nerve 3 (13.0%)
Median nerve 3 (13.0%)
Radial nerve 1 (4.3%)
Ulnar nerve 1 (4.3%)
Brachial plexus 1 (4.3%)
Digital nerve (Thumb) 1 (4.3%)
Duration of symptoms (years)
<| year 7 (38.9%)
1-5 years 6 (33.3%)
>5 years 5 (27.8%)
Type of pain, n (%):
Residual limb pain 17 (94.4%)
Phantom limb pain 13 (72.2%)
Both residual limb pain and phantom pain 12 (66.7%)
Pain intensity, NRS 0-10, n
Residual limb pain 8.6%1.0, n=17
Phantom limb pain 9.3+0.9, n=13
Pain frequency
The frequency of phantom limb pain during the 8.1£3.7
last week

Abbreviation: NRS, numeric rating scale.

and 12 months were 2.9+42.5 (P<0.001, vs preoperatively)
and 3.2+£2.7 (P<0.001, vs preoperatively), respectively.
The frequency of PLP per week decreased from 8.1£3.7
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Figure 5 The assessment of the RFA of painful neuroma. NRS: Numeric rating scale; ***P<0.001, ***P=0.002, **P=0.005, *P=0.003, vs preoperatively.

times before the operation to 1.5+1.8 (P=0.002, vs preo-
peratively) times at 2 weeks after treatment and 2.54+2.6
(P=0.005, vs preoperatively) times at the 6-month follow-
up, while the frequency of PLP was 3.2+3.3 (P=0.003, vs
preoperatively) times at the 12-month follow-up
(Figure 5).

With respect to subjective RLP relief, 1 subject exhib-
ited fair outcomes, 2 exhibited good outcomes, 6 subjects
exhibited very good outcomes, and 8 exhibited excellent
outcomes. Thus, a successful outcome was noted in 14 of
the 17 patients (82.4%). With respect to subjective PLP
relief, 1 subject exhibited fair outcomes, 3 exhibited good
outcomes, 4 subjects exhibited very good outcomes, and 5
Thus,

a successful outcome was noted in 9 of the 13 patients

exhibited no residual symptoms (excellent).
(69.2%). There were no significant associations between
symptom relief and sex, age, or the duration of symptoms
(P>0.05), as shown in Table 2.

In one case of thumb neuroma, the pain disappeared

after two RFA surgeries. After the last operation, there was

Table 2 Associations Between Sex, Duration of Symptoms (Years),
Residual Limb Pain, Phantom Limb Pain and Symptom Relief

slight burning in the local tissue of the stump. There were
no infections or other complications at the 12-month fol-

low-up.

Discussion

The concept of a neuroma was first proposed by Odier in
1811. Neuromas are the result of the absence of normal
continuity in nerves reconstructed after transection.'’
When the distal nerve scaffold or its neurotrophic factor
is deficient, the proximal end of an injured peripheral
nerve forms a swelling neuroma. After traumatic amputa-
tion, these neuromas are particularly problematic due to
the extent of nerve damage, the number of injured nerves,
and the superficial location of these nerves in the stump.'?
Furthermore, the amputation level and presence of
a neuroma seem to affect the eventual diameters of the
nerves.'® In our study, the prevalence of swollen neuromas
was high, which is consistent with that in a study by Nina
Stockfleth Buch et al,'” who reported that 79.1% of ampu-
tees had one or more neuromas. Furthermore, the propor-
tion of neuromas in amputees with pain was as high as
81.2%. These results are in line with the findings of 2
other studies, in which swollen neuromas were identified
by ultrasound in 59 of 147 (40.1%)*° and in 91 of 133
(68.4%)*' amputees. However, we found a higher inci-
dence of neuromas in patients with postamputation pain.
Neuromas were found in 27 of 29 (93.1%) patients with
postamputation pain in our study. However, not all neuro-
mas were symptomatic. In our study, the Tinel sign was
negative in 5 of 24 patients (20.8%), and a peripheral
nerve block around the neuroma did not relieve their
postamputation pain.

When a neuroma forms in the residual limb, it may
result in enlarged and disorganized endings of C fibers and
demyelinated A fibers that lead to an increased rate of
spontaneous activity and related PAP.'* Neuromas area
part of the repair process after peripheral nerve injury.

Parameter Effective Ineffective | ° P-value
Treatment | Treatment

Sex
Male 9 2 0.267 | 0.6052
Female 5 2

Duration of

symptoms (years)
<I| year 7 0 3.742 | 0.1539
1-5 years 4 3
>5 years 3 |

Type of pain
Residual limb pain 14 3 0.709 | 0.6656
Phantom limb pain | 9 4

3442 submit your manuscript

Dove

Journal of Pain Research 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Pu et al

Usually, a neuroma is formed at the distal end of the
injured nerve. However, in some subjects, several neuro-
mas grew on nerve endings. These neuromas resemble
a gourd and cluster at the end of the same nerve fiber."”
In this study, one subject with an above-knee amputation
had two neuromas that originated from the sciatic nerve.
The stimulation of these two neuromas could reproduce all
the subject’s symptoms. A cohort study showed that the
presence of PLP at a follow-up is significantly associated
with the formation of a painful neuroma,?* which is in line
with our observations.

There are few random controlled trials that can be used
to guide physicians in selecting the optimal treatment for
PAP. As indicated by multiple studies, PAP can be relieved
by a peripheral nerve block to some extent.”> Treatments
for peripheral nerves may be effective, such as radioftre-
quency, peripheral nerve stimulation, and regenerative per-
ipheral nerves.'*'>?*% Young Ki Kim et al** reported that
radiofrequency ablation guided by ultrasound is an effec-
tive treatment for PAP with a giant neuroma. In this study,
we used ultrasonography-guided radiofrequency ablation
to block peripheral ectopic inputs from painful neuromas
in amputated limbs to reduce PAP. Ultrasound has the
advantages of being accessible, inexpensive, and portable,
allowing it to be used for real-time evaluations and to
guide interventions. Therefore, it has become the preferred
imaging method among doctors treating musculoskeletal
issues.**%’

RFA uses a high-frequency alternating current to
induce coagulation necrosis of the target tissue. When
the probe temperature is between 60°C and 80°C, the
tissue is destroyed. Since the temperature of the tissue
decreases rapidly with the distance from the electrode
tip, RFA is well defined and therefore has an advantage
over chemical neurolysis. During RFA, the degree of tis-
sue damage is related to the temperature of the tissue, the
size of the electrode and the duration of the procedure.*®

In this study, RFA effectively reduced the severity of
long-term pain and burst pain in amputees. It should be
noted that transection of the peripheral nerve could lead to
overexcitation and spontaneous action potential discharge
from the injured nerve bundle, which might be a potential
source of PAP, including RLP and PLP.” This mechanism
might help explain why PLP was also relieved in our
study. Borghi et al*’ and Xin Zhang et al'> also reported
that the treatment of peripheral nerves or neuromas could
control PLP, which is consistent with our findings.

Moreover, we found that the phantom limb sensation in
one above-knee amputation subject changed after RFA.
The subject complained that the foot had an explosive
twist of 270 degrees and that he could not subjectively
correct this abnormal posture, which made him very dis-
tressed. The frequency of phantom limb sensation was 1-2
times a day, with each sensation lasting approximately half
an hour. However, two weeks after RFA, the frequency of
phantom limb sensation was reduced (two times in two
weeks), and the sensation lasted for approximately half
an hour. Moreover, his foot rotation angle had improved
(only 90 degrees). At the one-year follow-up, the phantom
limb sensation lasted approximately 15 minutes and
occurred 2-4 times a month, with a rotation angle of
60-90 degrees. Moreover, the phantom limb sensation
could be corrected subjectively. This finding showed that
the treatment of a painful neuroma can not only improve
postamputation pain but also improve phantom limb sen-
sations. This finding could serve as motivation for future
research.

It should be noted that one subject with PLP had no
obvious pain relief two weeks after three RFA treatments
and then underwent residual neuroma resection one month
later. The PLP disappeared completely after the resection
of his neuroma, and the NRS score was 0 at the 6-month
follow-up. Because neuroma resection was performed at
the nerve end approximately 2 cm away from the neuroma
(Supplementary Figure 1), it seems that painful neuroma

was not the only cause of postamputation pain, and the
local microenvironment of the peripheral nerve and stump
may also play a role.

Limitations
This study was not a randomized controlled study, and
only a few cases were included.

Conclusions

This pilot study showed that ultrasonography-guided RFA
treatment of painful neuromas can effectively reduce post-
amputation pain. Moreover, RFA was shown to improve
intolerable phantom limb sensations in one subject.
Ultrasonography-guided RFA of residual painful neuromas
is a simple, safe, radiation-free and effective procedure that
provides sustained pain relief in postamputation pain subjects.
This clinical study also suggests that radiofrequency ablation
of the neuromas and nerve stump at the same time may be
a feasible choice in the future. It is suggested that peripheral

mechanisms play an important role in postamputation pain.
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