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only incompletely understood mechanism, 
therapy for phantom limb and stump pain is 
difficult but needed. In this study, we concen-
trated on regional treatment options for reduc-
ing peripheral input by stump neuromas.

Literature reports of treatments based on 
the aforementioned pathophysiologic mecha-
nisms are rare, but a few studies have shown 
that local lidocaine injections, for example, 
reduce phantom limb pain in patients with 
stump neuroma [6]. Initially promising sur-
gical studies [7–13] on this topic have had 
ambiguous results. True sclerosant drugs, 
which have basically irreversible effects, 
have potential for at least temporary improve-
ment of pain after local injection [6, 14–17], 
the best results being achieved with direct 
intraneural administration of the drug [16, 17]. 
One such highly effective caustic and neuro-
toxic substance is phenol (hydroxybenzoyl, 
acidum phenylicum). This agent initially was 
used to relieve spasm and pain and had rela-
tively high efficacy, even when injected 
blindly into the area surrounding a nerve 
[18–20]. For this reason, phenol is considered 
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P
hantom limb pain is a frequent 
finding after limb amputation. 
The reported prevalence among 
persons who have undergone am-

putation is as high as 72% [1, 2]. Approximate-
ly 50% of these patients are also affected by 
stump pain, which unlike phantom limb pain is 
sensed in the stump itself. The pathophysiologic 
mechanisms of these consequences of limb 
amputation are complex and only partially un-
derstood. According to current concepts [1], 
central and peripheral mechanisms contribute 
to the generation of phantom limb and stump 
pain. Neuromas develop in a large number of 
patients and not only cause localized, that is, 
stump, pain but also are involved in generation 
of phantom limb pain. There is evidence [3–5] 
that peripheral factors, such as abnormal noise-
like input originating from such neuromas, 
contribute to the reorganization of central neu-
ronal networks. This reorganization involves 
functional and structural changes in the soma-
tosensory cortical areas of the amputated limb, 
which seem to be involved in the generation of 
phantom limb pain. Given this complex and 
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ObjEctIvE. Phantom limb pain and stump pain frequently occur after limb amputation, 
and stump neuromas play an important role in generation of the pain. The purpose of this 
study was to evaluate the effects of a previously described optimized procedure for sclerosis 
of painful stump neuromas under real-time high-resolution sonographic guidance.

SubjEctS aNd MEthOdS. In this prospective study, neurosclerosis was performed 
on 82 patients by means of high-resolution sonographically guided injection of up to 0.8 mL 
of 80% phenol solution according to a standardized protocol.

Results. During treatment all patients had marked improvement in terms of reduction of 
pain measured with a visual analog scale. Twelve (15%) of the subjects were pain free after one to 
three treatments, nine of the 12 achieving relief with the initial instillation. At 6-month follow-up 
evaluation, 52 patients assessed their present pain quantity with a simplified three-step score. 
Twenty (38%) of the 52 patients reported almost unnoticeable pain, and 33 (64%) reported pain 
equal to the minimum reached during therapy. In 18 (35%) of the 52 patients, the incidence of 
painful periods had markedly decreased. The neurosclerosis procedure had a low complication 
rate (5% rate of minor complications, 1.3% rate of major complications).

COnClusIOn. The high-resolution sonographically guided neurosclerosis procedure had 
a significantly better outcome than other documented treatments. Sonographically guided neuro-
sclerosis should be included in the management of chronic phantom limb and stump pain.
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a therapeutic agent of choice for neurosclero-
sis, which is agent-based irreversible block-
ing of nerve conduction [14, 20–23].

Sung et al. [20] were the first, to our knowl-
edge, to define an optimal dosage of phenol 
for sclerosis. They emphasized the impor-
tance of true intraneural administration. Nev-
ertheless, therapeutic nerve infiltration was 
and is performed under imprecise control with 
imprecise electromyographic or fluoroscopic 
guidance. In such settings, diffuse spread of 
the sclerosant can lead to adverse local and 
systemic effects that limit the therapeutic ben-
efit. Nevertheless, uncontrolled and anecdotal 
studies [14, 15, 21, 22] of sclerosis of neuro-
mas in small patient samples have shown high 
success rates.

Knowledge of effective management of 
stump neuroma with sclerotic agents is vague. 
To our knowledge there are no sound statisti-
cal data on the success rates, treatment fail-
ures, adverse effects, or best technique for 
administration of phenol that assures precise 
intraneural administration of the agent. We do 
not know whether any technique is associated 
with improved treatment response or reduc-
tion of side effects. For these reasons and be-
cause depiction of peripheral nerves and nerve 
lesions with high-resolution sonography is 
unrivaled [24–29], a new procedure for in-
traneural phenol administration under high-
resolution sonographic guidance has been in-
troduced into clinical practice [28]. The scope 
of this study was to test this standardized 
procedure in a relevant patient group and to 
answer the following questions: Is there a 
definite effect of high-resolution sonographi-
cally guided neuroma sclerosis on phantom 
limb and stump pain? Which patients profit 
from the procedure, depending on the type of 
pain they experience? Which adverse effects 
of phenol instillation have to be accepted with 
administration of the sclerosant under high-
resolution sonographic guidance?

Subjects and Methods
Eighty-two patients (69 men, 13 women; median 

age, 71 years; range, 29–90 years) who had under-
gone limb amputation (upper ex tremity, n = 11; 
lower extremity, n = 71) presented to our depart-
ment with phantom limb or stump pain and clear 
clinical evidence of a painful stump neuroma 
(localized presence of Tinel-Hoffmann sign) 
between March 2003 and December 2005. The 
clinical assessments for this prospective study 
were performed by an experienced neurosurgeon, 
who recruited the study subjects according to the 
criteria of  stable general condition and stable con-

dition at the stump (no local inflammation or other 
acute tissue alterations). All patients were under-
going systemic therapy with narcotics, 50 (61%) 
of them taking morphine derivatives.

The standard clinical evaluation included an 
interview to record the type of amputation as follows: 
primary amputation, which was accidental with or 
without surgical intervention because of infection; 
limited secondary resection, which was surgical 
form-fitting by means of tissue resection after 
accidental amputation; and secondary amputation, 
which was surgical management of an ischemic 
disorder or osteomyelitis. Possible immediate com-
plications, use of premedication, and earlier trials 
of invasive therapy also were documented.

Each patient was asked to clearly assign the 
current pain a quality. Abiding pain was defined 
as dull and aching pain of low intensity that lasted 
for a minimum of half an hour. Paroxysmal pain 
was defined as sharp pain of high intensity that 
had a sudden onset and was characterized by 
frequently repeated flashing that was sometimes 
staccato-like. Each patient also was asked to clearly 
define the pain quantity with a visual analog scale 
(VAS) score (10 maximum, 0 minimum). Pain 
quality (paroxysmal vs abiding) and pain quantity 
(VAS score) were assessed at presentation and 2 
weeks after each treatment session.

Thirty of the subjects were not available for a 
scheduled final evaluation 6 months after the last 
treatment. Without notifying the investigators, 
most of them did not attend the scheduled evalu-
ation and could not be reached for a telephone 
interview. Almost all of the 52 available patients 
(43 men, nine women) said they could not ade-
quately cor relate the current pain quantity with the 
quantity experienced before and during treatment 
or provide a comparable VAS score. Therefore, we 
replaced the VAS score with a three-step scale 

(less, equal, or more pain than before the first 
instillation) for the follow-up evaluation. Like the 
clinical assess ments, all pain assessments were 
performed by the neurosurgeon.

All high-resolution sonographic examinations 
(HDI 5000 or iU22 sonographic unit, ATL, Philips 
Medical Systems) were performed with a 5- to 
12-MHz or a 9- to 17-MHz broadband linear-array 
transducer. At initial presentation, diagnostic high- 
resolution sonography of the stump was per formed. 
The area in which a Tinel-Hoffmann sign was 
triggered was carefully scanned for stump neuroma. 
The following sonographic criteria were used to 
define a lesion as stump neuroma [26, 29]: spindle-
shaped mass in direct continuity with a terminal 
nerve segment, distinct outer margin, and more or 
less hypoechoic texture without detectable per-
fusion. The texture of the neuroma and the asso-
ciated nerves was assessed, and the transverse 
diameter was measured at each treat ment session. 
For definition of a possible correlation between 
neuroma size and final therapeutic out come, the 
ratio of the transverse diameter of the neuroma to 
the transverse diameter of the nerve was calculated.

Each patient underwent a previously described 
[28] standardized treatment protocol that began 
with instillation of 15 mL of local anesthetic 
(lidocaine, Xylanest purum 1%, Gebro Pharma) 
into the surrounding soft tissues and the neck of 
each symptomatic neuroma under real-time high-
resolution sonographic control. A 21-gauge sterile 
needle (Microlance 3, 0.9 × 40 mm, Becton 
Dickinson) was used for each instillation. If this 
preliminary procedure resulted in temporary subsi-
dence of pain and absence of a Tinel-Hoffmann 
sign (inclusion criterion), sclerotherapy consisting 
of three standard phenol injections in 1, 6, and 12 
weeks was scheduled, as was a final follow-up 
evaluation 6 months after the third session.

Fig. 1—73-year-old man 
with stump neuroma of 
right tibial nerve after 
traumatic amputation  
30 years ago. Sonographic 
image shows phenol 
instillation into neck 
(arrowheads) of stump 
neuroma (asterisk). 
Tip (long arrow) of 
needle (short arrows) is 
positioned intraneurally 
with fusiform widening of 
targeted nerve segment 
caused by injected 
phenol. Surrounding 
hypoechoic patchy fluid 
accumulations are caused 
by local anesthetic.
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Every sclerotherapeutic procedure was per-
formed by radiologists who specialize in diag nostic 
and interventional high-resolution sonography 
under permanent visual control. After induction of 
local anesthesia of the surrounding soft tissues, a 
21-gauge needle was advanced into the nerve 
immediately proximal to the neuroma, and the 
neck of the neuroma was infiltrated with local 
anesthetic. With the needle in place, up to 0.8 mL, 
depending on the size of the associated nerve, of 
80% phenol solution (prepared by our local 
apothecary) was administered into the neck of the 
neuroma (Fig. 1). To prevent spilling of the 
sclerosant into the surrounding soft tissues, the 
needle was withdrawn during a constant flush 
with saline solution. Of the 82 initially enrolled 
patients who underwent a first treatment session, 
only 48 attended the second session, and only 26 
patients attended all three scheduled sessions.

Statistical evaluations of changes in pain 
quantity and characteristics were performed. 
Nonparametric single group comparisons were 
made by use of Mann-Whitney U tests and non-
parametric paired comparisons by use of 
Wilcoxon’s tests. Multiple group analyses were 
performed with the McNemar test for longitudinal 
trends. Further group comparisons were done by 
analysis of variance. Statistical significance was 
always assumed at p ≤ 0.05.

Odds ratios with 95% CI were estimated with 
multivariate logistic regression models, including 
all initial patient condition variables (side and 
nerve affected by neuroma, age, sex, level of 
amputation, mode of amputation, previous medi-
cation, pain quantity, pain quality). Different 
regression models were fitted by first including all 
variables as covariates and then using a forward 
stepwise variable selection procedure, excluding 
variables with p > 0.10 (multivariate logistic step-
wise conditional regression analysis). Responses 
were defined as a decrease in VAS score of at least 
one point. All calculations were done with 
Microsoft Excel, GraphPad Prism (version 4, 
GraphPad Software), and SPSS 14.0 (SPSS) or 
Stata 9.0 (StatCorp) software.

All patients gave informed consent for all 
scheduled procedures and inclusion of their data 
in the evaluation. All procedures were performed 
in accordance with the ethical standards of the 
local committee on human experimentation and 
conformed to the Declaration of Helsinki [30].

Results
Pain Quantity and Quality

A decrease in overall median VAS score 
from 9.0 to 3.0 was found in all patients (Table 
1). In the individual patient groups (patients 
undergoing one, two, or three treatment ses-

sions) a significant response to treatment in 
terms of reduction in median VAS score was 
observed (Table 1). The most pronounced re-
duction, from 9.0 to 2.0, occurred in the pa-
tient group who received only one treatment. 
The group who underwent a second treat-
ment session or second and third treatment 
sessions had reductions in median VAS score 
from 9.0 to 3.5 (two sessions) and from 8.0 to 
3.0 (three sessions). The greatest decrease in 
median VAS score always was achieved with 
the initial session; subsequent instillations 
produced a median decrease of only approxi-
mately one point each.

The absolute number of patients with par-
oxysmal pain decreased from 34 to nine, the 
number with abiding pain from 30 to 13, and 
the number with both types of pain from 18 to 
three (Table 2). We observed a change in pain 
quality during the course of the treatment. 
Although the initial abiding pain subsided, 
five patients experienced previously unknown 
paro xysmal pain, and 10 patients reported 
previously unknown abiding pain after the 
first treatment session. After the second and 
third sessions the situation became more sta-
ble: only one patient experienced previously 
unknown paroxysmal pain after the last ses-
sion. After the first treatment session, nine 
patients had no residual pain. An additional 
three patients had no residual pain after the 

second session, and none of the patients had 
residual pain after the third session (Table 2).

In a comparison of pain quantity (VAS 
score) with pain quality (abiding or paroxys-
mal) after the initial instillation, the median 
VAS score of the patients with only paroxys-
mal pain decreased significantly from 9.0 to 
2.0, that of the subjects with abiding pain de-
creased significantly from 8.0 to 5.0, and that 
of the patients with both types of pain de-
creased from 9.0 to 5.0 (Table 3). After addi-
tional instillations, the VAS score decreased 
further (Fig. 2).

Final Assessment
Only 52 subjects were available for a final 

assessment 6 months after the last treatment. 
These subjects had an overall decrease in me-
dian VAS score from 10.0 ± 1.5 (SD) (range, 
2–10) to 3.0 ± 2.6 (range, 1–10) after one (25 
patients), two (12 patients), and three treat-
ment sessions (15 patients) (Fig. 3). At the 
6-month follow-up evaluation, 20 of the 52 
subjects reported almost imperceptible pain-
ful sensations that they could not clearly at-
tribute to one of the defined pain qualities 
(Table 4). Seven of these patients had reached 
this state immediately after the last instilla-
tion and had been almost pain free since. 
Thirteen patients had gradually achieved 
this state in the 6 months between the final 

tABle 1: Course of Visual Analog scale (VAs) score

No. of  
Treatment 
Sessions No.

Median VAS Score

Before Treatment

After n Treatment Sessions

1 2 3

1 34 9.0 2.0 
(p < 0.0001)

— —

2 22 9.0 2.5 
(p < 0.0001)

3.5 
(p = 0.0001)

—

3 26 8.0 6.5 
(p = 0.0001)

4.0 
(p < 0.0001)

3.0 
(p < 0.0001)

All 82 9.0 (range, 2–10) 3.5 (range, 0–10) 
(p < 0.0001)

4.0 (range, 0–10)  
(p < 0.0001)

3.0 (range, 0–10)  
(p < 0.0001)

Note—Wilcoxon’s test. Significance at p < 0.05. Dash (—) indicates not applicable.

tABle 2: Pain Characteristics at Initial Presentation and During treatment

Quality of Pain
Before Treatment  

(n = 82)

After n Treatment Sessions

1 (n = 82) 2 (n = 48) 3 (n = 26)

Paroxysmal 34 (41)  30 (37)  16 (33)  9 (35)

Abiding 30 (37)  36 (44)  23 (48)  13 (50)

Paroxysmal and abiding 18 (22)  7 (9)  4 (8)  3 (12)

No pain (newly pain free, total in group) 0  9, 9 (11)  3, 5 (10)  0, 1 (4)

Note—Values are number of patients with percentages in parentheses.
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instillation and follow-up assessment. Thirty-
three (63%) of the patients who participated in 
the follow-up assessment achieved a stable con-
dition with pain either less than or equal to the 
individual minimum reached during therapy.

The frequency of pain episodes independent 
of a change in pain quality or quantity was con-
sidered unchanged for 31 (60%) and reduced 
for 18 (35%) of the patients. Three (6%) of the 
patients had the impression of more frequent 
pain sensations. A decrease in the number of 
patients with paroxysmal pain (p = 0.34), abid-
ing pain (p = 0.0456), and both types of pain 
(p = 0.0207) was found in a comparison of the 
initial and follow-up group sizes (Table 4).

Multivariate Logistic Stepwise Conditional 
Regression Analysis of Influence of VAS Score

For the first phenol instillation, VAS score 
before treatment proved to be a significant in-
dependent predictor; amputation region (upper 
vs lower extremity) and the presence of abiding 
pain before treatment showed influence. For 
the second phenol instillation, the first phenol 
instillation was a significant independent pre-
dictor. Ratio of the transverse diameter of the 
neuroma to the transverse diameter of the nerve 
and amputation region were highly influential 
factors because of their rather high odds ratios. 

For the third phenol instillation, too little data 
were available for analysis. Presence of abiding 
pain before treatment and amputation region 
proved highly significant factors and powerful 
independent predictors of outcome 6 months 
after the last instillation (Table 5). Except for a 
disproportionate decrease in VAS score be-
tween the initial condition and the condition 
after the first instillation (odds ratio, 1.4; 95% 

CI, 1.12–1.72; p < 0.001), we did not find rele-
vant predictors that a patient would not return 
for further phenol instillations. We also did not 
find inherent predictors of lack of participation 
in the final follow-up assessment.

Sex and Age
Approximately 53% of the men and all of 

the women (p < 0.05) experienced an overall 
reduction in pain quantity. The men noticed 
abiding pain more often than did women, 
who also noticed abiding pain more rarely 
than did men (p < 0.05) before intervention. 
All patients younger than 50 years, 60% of 
those younger than 75 years, and 65% of 
those older than 75 years reported a reduc-
tion in pain quantity (VAS score), but this 
finding was not statistically significant.

History, Premedication, and Structure  
of Neuroma

Mode of amputation, amount of time be-
tween amputation and instillation therapy, or 
performance of earlier trials of invasive ther-
apy did not correlate with response to therapy 
in general or with final outcome. Patients who 
underwent amputation at the thigh noticed 
significant improvement in their pain situa-
tion more often than did patients who under-
went amputation at the shank (p < 0.05). 
Multivariate logistic stepwise conditional 
regression analysis showed that at 6-month 
follow-up evaluation, patients who had un-
dergone lower-extremity amputation had 
better likelihood of improvement with scle-
rotherapy than did those who underwent up-
per-extremity amputation (Table 5). No signi-
ficant differences concerning premedication 

tABle 3: Results of two-tailed Wilcoxon’s test for Assessment of Changes  
in Median Visual Analog scale (VAs) score During treatment

Stage

Paroxysmal Pain Abiding Pain Both Types of Pain

Score No. p Score No. p Score No. p

Before treatment 9.0 34 8.0 30 9.0 18

After first instillation 2.0 25 0.0002 5.0 26 0.002 5.0 7 0.0625

Note—Significance at p < 0.05.
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Fig. 2—Graph shows 
general changes in pain 
quantity (median visual 
analog scale score) 
during treatment of all 
patients according to pain 
quality.
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Fig. 3—Graph shows 
changes in pain quantity 
(median visual analog 
scale score) during 
treatment of patients 
available for 6-month 
follow-up assessment 
(n = 52).
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(nonsteroidal antirheumatic drugs, opioids) 
were detected. Neither echotexture nor ratio 
of transverse diameter of the neuroma to the 
transverse diameter of the nerve (median, 
2.3 ± 0.5) correlated with final outcome. 

However, the multivariate logistic step wise 
conditional regression analysis yielded a high 
odds ratio for neuroma–nerve diameter ratio 
as a predictor of decrease in VAS score after 
the second phenol instillation (Table 5).

Complications
In a total of 156 instillations we encountered 

eight (5.1%) cases of minor complications 
(defined as self-limiting with local treatment 
within 10 days). These complications were 
four cases of unspecific painful local soft-tis-
sue edema and one case of unspecific painful 
local myopathy detected at subsequent MRI 
investigations. T2-weighted images showed 
transient zones of elevated signal intensity in 
the subcutis or muscle consistent with unspe-
cific edema. This finding was most probably a 
direct effect of the needle puncture (slight dif-
fuse bleeding in the soft tissues with subse-
quent organization) or the medication used 
(local anesthetic or phenol). In three subjects, 
confined infection was suspected because of 
the presence of local skin redness. These le-
sions all responded promptly to local therapy. 
Major lesions, necessitating at least systemic 
medical therapy, were found in 1.3% of instil-
lations. Among these lesions, one case of in-
fectious erysipeloid and one case of sterile 
most likely toxically induced local soft-tissue 
necrosis. The first patient underwent success-
ful systemic antibiotic therapy. The second, 
who had advanced peripheral arterial occlu-
sive disease and diabetes, underwent surgical 
resection of the necrotic tissue after reactive 
demarcation had occurred.

discussion
Limb amputation due to trauma or surgery 

has a dramatic effect on quality of life. Con-
stant abiding or paroxysmal pain associated 
with amputation can reduce social and emo-
tional well-being. The pain not only is cen-
trally generated but also is influenced by the 
peripheral input of pseudoneoplastic neuro-
ma formation. The neuromas tend to develop 
spontaneously at different sizes and are 
found in most transected nerves [3–5]. In 
most cases the neuromas induce low-intensi-
ty abiding pain or temporary intensive par-
oxysmal pain, often also triggered by numer-
ous external local stimuli, such as touch and 
temperature. In some cases, however, silent 
stump neuromas remain unnoticed because 
they do not produce symptoms.

Most current concepts of the management 
of stump and phantom pain are based on sys-
temic medication. Although such therapies 
often lead to transient relief, recurrence is 
frequent, and patients often have consider-
able systemic side effects, especially from 
systemic morphine derivatives, at reduced 
benefit over time. Surgical resection of neu-
roma often is insufficient, results in only 

tABle 4: Results of Mcnemar test for Assessment of Pain Quality Before 
and 6 Months After last treatment in Patient Group Available for 
Follow-up evaluation (n = 52)

Stage

No. of Patients 

Paroxysmal Pain Abiding Pain Both Types of Pain

Before instillation 20 21 11

6 mo after last instillationa 17 12 3

No pain after 6 mo 3 9 8

p 0.032 0.003 0.001

Note—Significance at p < 0.05.
aAt the 6-month follow-up assessment 20 patients reported minimal residual sensations at most that they could 
not clearly attribute to one quality.

tABle 5: Results of Multivariate logistic stepwise Conditional Regression 
analysis to define Independent Predictors of therapeutic Effects 
and Final Outcome

Variable Factor
Odds  
Ratio 95% CI p Comment

Influence on VAS score after first 
phenol instillation (n = 82)

Amputation regiona 3  0.3 – 24 0.376 Higher efficiency in lower 
extremity; NS

VAS score before treatment 0.61  0.42 – 0.87 0.007 Independent predictor

Abiding pain before treatment 0.24  0.05 – 1 0.078 Higher efficiency in patients 
with abiding pain; NS

Influence on VAS score after 
second phenol instillation  
(n = 48)

VAS score after first phenol 
instillation

1.95  1 – 4 0.032 Independent predictor

Neuroma–nerve diameter ratio 6.43  0.34 – 123.8 0.217 The larger a neuroma, the 
better the response to second 
instillation; NS

Amputation regiona 4.56  0.017 – 1,255.6 0.597 Higher efficiency in lower 
extremity; NS

Influence on VAS score after 
third phenol instillation (n = 26)

— — — —

Influence on outcome after 6 mo 
(n = 52)

Abiding pain before treatment 22.06  1.47 – 17.8 0.007 Powerful independent 
predictor; higher efficiency in 
patients with abiding pain

Amputation regiona 39.48  2.07 – 212.1 0.015 Powerful independent 
predictor; higher efficiency in 
lower extremity

Note—Significance at p < 0.05. Positive outcome was defined as a numerical decrease in visual analog scale 
(VAS) score or complete relief of abiding or paroxysmal pain. Variables were definable by the available data. 
Other variables that might be of interest are not shown because they were inappropriate (e.g., sex) or 
insufficient data were available (e.g., analysis of the effects of abiding or paroxysmal pain on outcome). NS = 
not significant, dash (—) = insufficient data.

aUpper versus lower extremity.
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short intervals of reduced pain, and usually 
is followed by redevelopment of neuromas 
and their adverse sensations. Attempts to 
prevent recurrence by implantation of nerve 
stumps into vein segments, muscles, and 
even bones are questionable [7–13].

Reports in the literature indicate that neu-
rosclerosis has potential as a therapeutic al-
ternative. Surgeons long have injected scle-
rosant into a nerve during open exploration 
of a nerve stump or stump neuroma. Data on 
therapeutic instillation into neuromas in ani-
mals are promising [17–20]. In an attempt to 
implement a more comfortable and less inva-
sive mode of application, a standardized pro-
cedure for high-resolution sonographically 
guided instillation of phenol under visual 
control had been proposed [28]. This tech-
nique promises ease of use combined with 
high accuracy. In our follow-up study, 82 pa-
tients underwent this standardized high-res-
olution sonographic procedure once, twice, 
or three times. For statistical evaluation, p ≤ 
0.05 was considered significant; neverthe-
less, the calculated p values in our evaluation 
had a relatively wide range of significance 
(Tables 1, 3–5).

In interpreting our data, one must consider 
that the variable of sex was not incorporated 
into the different regression models but that 
instillation therapy had a markedly positive 
effect on all of the women (n = 13). Although 
it could not be considered significant in our 
analyses, the factor of sex has to be regarded 
as the strongest single positive predictive 
factor. The effects of pain reduction were so 
striking that in all group comparisons, pos-
sible type 1 error must become negligible.

The study results were somewhat limited 
because several patients, despite giving in-
formed consent for all three scheduled instilla-
tions and a final 6-month follow-up evaluation, 
dropped out during the course of the study. A 
simple explanation may lie in the subjectivity 
of pain sensations and a very individual level of 
satisfaction with the pain reduction achieved. 
According to our data, the dropout rate was not 
caused by treatment failure or dissatisfaction 
with the treatment. The multivariate logistic 
stepwise conditional regression analysis did not 
isolate predictors of individual lack of partici-
pation in further phenol instillations. In this 
regard, the only predictor was a highly signifi-
cant (p < 0.001) decrease in VAS score after the 
first instillation. Therefore, most probably the 
patients did not return because of the favorable 
outcome after the first treatment (Table 5). In 
almost the same manner, no inherent predic-

tors of dropout before the final follow-up as-
sessment were found.

The effect of leaving the study produced 
three rather small patient groups. The group 
who underwent only one instillation had the 
best overall response with the largest decrease 
in median VAS score, from 9 to 2. This sub-
group also had the highest initial VAS score. 
This combination of high initial VAS score 
and favorable treatment response is reflected 
in the results of the multivariate logistic step-
wise conditional regression analysis. A high 
VAS score before treatment turned out to be 
an independent predictor of therapeutic effect 
(in terms of reduction in VAS score) (Table 5). 
Patients in the multisession cohorts, especial-
ly the three-instillation group, did worse, 
achieving a reduction in VAS score to only 3 
despite subsequent instillations (Tables 1 and 
2). We have no rationale for this difference in 
treatment response, because the three patient 
groups were homogeneous in terms of age, 
sex, size of neuroma, and type of pain.

Within the treatment groups the distribu-
tion of pain quality changed. Although the 
percentage of patients with paroxysmal pain 
was lower after the first instillation and stayed 
relatively constant thereafter, abiding pain in-
creased continuously. The prevalence of both 
pain qualities was approximately 60% lower 
after the first treatment and stayed somewhat 
constant thereafter (Table 2). Independently 
of the aforementioned change in distribution 
of pain quality, patients with paroxysmal pain 
and abiding pain had a significant decrease in 
median VAS score (Table 3). After 6 months 
the percentage of patients with both types of 
pain remained low. The group with paroxys-
mal pain was slightly smaller, but the group 
with abiding pain was markedly smaller. Thus 
in terms of long-term effects, patients with 
abiding pain and a combination of abiding 
pain and paroxysmal pain had therapeutic 
advantages (Tables 4 and 5). These facts to-
gether with the aforementioned VAS score 
dynamics help to define which patients are ex-
pected to have the best response: those with 
a high initial VAS score and paroxysmal pain 
or abiding pain. Patients with a combination 
of abiding and paroxysmal pain, however, 
should expect a less profound but nevertheless 
substantial therapeutic effect (Tables 2–5).

Interestingly, predominant pain quality 
changed during the course of intervention. 
Approximately 20% of the subjects, despite 
responding positively to the treatment, expe-
rienced a hitherto unknown pain quality. 
This finding reflects the complex and still 

only poorly understood pathophysiologic 
mechanisms involved in generation and pro-
cessing of phantom pain [1, 2]. Such changes 
in pain quality during the pain history of a 
patient are known. In the context of thera-
peutic intervention, this phenomenon, sup-
ported by our data, must not be misinterpret-
ed as treatment failure.

Patients with an unsatisfying response 
were more likely to attend further treatment 
sessions. Nevertheless, they had substantial 
initial pain reduction with further improve-
ment of approximately one point in median 
VAS score after each subsequent instillation 
(Table 1). These patients almost reached a 
VAS score comparable with that of the good 
responders (VAS score, 3.5 or 3.0 vs 2.0). We 
do not know why this effect occurred. It 
could be the correlate of incomplete block at 
the initial instillations. This theory is sup-
ported by the results of multivariate logistic 
stepwise conditional regression analysis. A 
high odds ratio was evident for neuroma–
nerve diameter ratio in relation to VAS score 
after the second instillation (Table 5). We be-
lieve this insufficient treatment response can 
be explained by an unfavorable ratio between 
neuroma size and volume of sclerosant. 
Therefore, for practical purposes the volume 
of sclerosant should be adapted to the size of 
the neuroma involved.

According to the aforementioned findings, 
different paths led to therapeutic effects in 
our patients, and some of the reasons for this 
phenomenon have been discussed. Neither 
age nor sex, time nor level of amputation but 
possibly the predominant type of pain at ini-
tial presentation and size of neuroma signifi-
cantly altered the course of treatment. This 
issue is of high importance for counseling 
patients. If a satisfactory response is not 
achieved after a first instillation, the patient 
is not to be considered a poor candidate for 
neurosclerosis. Additional treatments may 
be needed to achieve a favorable response.

The effect of neural blockade on phantom 
limb and stump pain is under debate [6, 8, 
14, 15]. Large surveys [31] have shown that 
only approximately 14% of patients report a 
temporary change and that fewer than 5% 
experience a fairly long-term change. In our 
study group, 12 (15%) of the original 82 sub-
jects were pain free after one to three sclero-
therapy treatments, nine (11%) of the 82 after 
a single treatment session (Table 2). All pa-
tients had a significant reduction of almost 
70% in VAS score. Compared with surgical 
success rates (e.g., Burchiel et al. [12] reported 
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a 50% decrease in VAS score among 40% of 
surgically treated patients), this finding is a 
strong indicator of the utility of high-resolu-
tion sonographically guided sclerotherapy.

Among the patients available for 6-month 
follow-up evaluation, seven (13%) were pain 
free. Thirteen (25%) had achieved a mini-
mally symptomatic state with almost imper-
ceptible pain they could not attribute to one 
of the defined pain qualities. Thus 20 (38%) 
of 52 subjects had only minimal or no resid-
ual symptoms. This finding indicates the 
long-term benefit of high-resolution sono-
graphically guided phenol instillation, which 
guarantees true intraneural administration 
of the sclerosant. We did not, however, at-
tempt a direct comparison of the success 
rates of guided versus unguided injections.

The complication rate in our study popula-
tion was very low with an approximately 5% 
rate of minor self-limited complications and 
a 1.3% rate of major complications. These 
complication rates render high-resolution sono-
graphically guided phenol instillation a rela-
tively comfortable, safe procedure. Compari-
sons with other modes of instillation were not 
made in this study. However, results of com-
parisons of similar procedures with surgical 
methods are available [7–13]. In surgical pro-
cedures, patients bear at minimum the normal 
risks of surgery (e.g., anesthesia and infec-
tion) in addition to the risk of complications of 
instillation and exposure to the sclerosant. 
With adherence to real-time guided intraneu-
ral needle positioning under constant sono-
graphic control, adverse side effects related to 
spread of the sclerosant, such as toxic myositis 
and tissue necrosis, are reduced to a mini-
mum, especially compared with the effects of 
the formerly imprecise procedures of instilla-
tion [18, 19]. In comparison with surgical 
treatment, this bedside procedure is feasible 
and repeatable at very low cost.

High-resolution sonographically guided 
sclerotherapy with phenol seems to have clear 
advantages over other local therapeutic con-
cepts in the management of phantom limb and 
stump pain. The technique combines an ac-
ceptable success rate with a low complication 
rate. It is easily performed at very low cost. 
The procedure seems to work differently for 
diverse patient groups. Patients with severe 
pain (high VAS score) seem to have the most 
favorable results, especially if the severe pain 
has a single pain quality (abiding or paroxys-
mal) but also in combinations of abiding and 
paroxysmal pain. High-resolution sonographi-
cally guided sclerotherapy therefore should be 

offered to all patients with limb or stump pain, 
at least as an initial treatment option. Indepen-
dently of type of amputation, severity and 
quality of pain, age and sex, the procedure can 
result in substantial improvement, often after 
only a single instillation. Further instillations 
are especially warranted for patients with large 
neuromas, because the best effects are achieved 
after additional treatment sessions. The best 
effect is expected from the initial instillation, 
which gives the greatest objective reduction in 
pain quantity and the highest probability of 
producing freedom from pain.
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