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BACKGROUND: We recently reported that a 6-day continuous peripheral nerve block reduced 
established postamputation phantom pain 3 weeks after treatment ended. However, the imme-
diate effects of perineural infusion (secondary outcomes) have yet to be reported.
METHODS: Participants from 5 enrolling academic centers with an upper or lower limb ampu-
tation and established phantom pain received a single-injection ropivacaine peripheral nerve 
block(s) and perineural catheter insertion(s). They were subsequently randomized to receive a 
6-day ambulatory perineural infusion of either ropivacaine 0.5% or normal saline in a double-
masked fashion. Participants were contacted by telephone 1, 7, 14, 21, and 28 days after the 
infusion started, with pain measured using the Numeric Rating Scale. Treatment effects were 
assessed using the Wilcoxon rank-sum test at each time point. Adjusting for 4 time points (days 
1, 7, 14, and 21), P < .0125 was deemed statistically significant. Significance at 28 days was 
reported using methods from the original, previously published article.
RESULTS: Pretreatment average phantom and residual pain scores were balanced between 
the groups. The day after infusion initiation (day 1), average phantom, and residual limb pain 
intensity was lower in patients receiving local anesthetic (n = 71) versus placebo (n = 73): 
median [quartiles] of 0 [0–2.5] vs 3.3 [0–5.0], median difference (98.75% confidence interval 
[CI]) of −1.0 (−3.0 to 0) for phantom pain (P = .001) and 0 [0–0] vs 0 [0–4.3], and median 
difference 0.0 (−2.0 to 0.0) for residual limb pain (P < .001). Pain’s interference with physical 
and emotional functioning as measured with the interference domain of the Brief Pain Inventory 
improved during the infusion on day 1 for patients receiving local anesthetic versus placebo: 0 
[0–10] vs 10 [0–40], median difference (98.75% CI) of 0.0 (−16.0 to 0.0), P = .002. Following 
infusion discontinuation (day 6), a few differences were found between the active and placebo 
treatment groups between days 7 and 21. In general, sample medians for average phantom and 
residual limb pain scores gradually increased after catheter removal for both treatments, but 
to a greater degree in the control group until day 28, at which time the differences between the 
groups returned to statistical significance.
CONCLUSIONS: This secondary analysis suggests that a continuous peripheral nerve 
block decreases phantom and residual limb pain during the infusion, although few improve-
ments were again detected until day 28, 3 weeks following catheter removal. (Anesth Analg 
2021;133:1019–27)
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Immediate Effects of CPNB on Phantom Limb Pain

KEY POINTS
• Question: What are the immediate effects of a continuous peripheral nerve block on phan-

tom and residual limb pain?
• Findings: This multicenter, randomized, quadruple-masked, placebo-controlled clinical trial 

demonstrated that a continuous peripheral nerve block decreases phantom and residual 
limb pain during the infusion, although few improvements were again detected until day 28, 3 
weeks following catheter removal.

• Meaning: Phantom and residual limb pain may be treated successfully with a continuous 
peripheral nerve block, but benefits appear to dissipate over time.

GLOSSARY
BPI = Brief Pain Inventory; CI = confidence interval; IMMPACT = Initiative on Methods, Measurement, 
and Pain Assessment in Clinical Trials; NRS = Numeric Rating Scale

Postamputation phantom limb pain can be dev-
astating. The exact etiology of phantom pain 
remains uncertain, and there are few adequately 

powered randomized controlled trials to guide treat-
ment.1,2 Severing a peripheral nerve results in changes 
in the somatosensory cortex, thalamus, and spinal 
cord, and this neural reorganization is directly corre-
lated with phantom pain intensity.3 Reentrant neural 
pathways are thought to help sustain phantom limb 
pain and dysfunctional cortical reorganization, as evi-
denced by a single-injection peripheral nerve block 
resulting in short-term resolution of both cortical 
abnormalities and pain.4 Regrettably, when the single-
injection nerve block resolved, the phantom pain and 
cortical abnormalities returned.

However, investigations involving chronic low 
back pain revealed that cognitive abilities and corti-
cal thickness increased 6 months following effective 
pain treatment.5 These findings demonstrate that 
chronic pain-induced functional and structural brain 
abnormalities are reversible and that treating chronic 
pain can reestablish normal brain function tempo-
rally remote from the intervention.5 We theorized 
that interrupting the abnormal peripheral input after 
an amputation using a prolonged peripheral nerve 
block—lasting days rather than hours—may reverse 
cortical abnormalities and provide lasting relief from 
phantom pain.6–12

Consequently, we performed a multicenter, ran-
domized, quadruple-masked, placebo-controlled 
clinical trial (n = 144), which determined that aver-
age phantom limb pain intensity as well as physical 
and emotional dysfunction were reduced 3 weeks fol-
lowing the conclusion of a 6-day continuous periph-
eral nerve block.13 However, the immediate effects of 
perineural infusion have yet to be reported. It remains 
unknown whether perineural local anesthetic can 
relieve phantom or residual limb pain during the 
infusion or if these effects only occur much later after 
the infusion ends. Additionally, the analgesic profile 
for the 3 weeks between perineural catheter removal 

and the original primary end point at 4 weeks has not 
yet been previously described. Therefore, we have 
conducted a secondary analysis and now report the 
immediate effects of a continuous peripheral nerve 
block on postamputation phantom and residual 
limb pain from baseline through day 28 (secondary 
outcomes).13

METHODS
The trial followed Good Clinical Practice and was 
conducted within the ethical guidelines outlined 
in the Declaration of Helsinki. The trial was regis-
tered before patient enrollment (clinicaltrials.gov, 
NCT01824082, principal investigator: Ilfeld, April 
4, 2013). The protocol was approved by the institu-
tional review board at each of the 4 enrolling cen-
ters as well as the US Army Medical Research and 
Development Command Human Research Protection 
Office. An independent Data Safety Monitoring Board 
was responsible for the conduct and oversight of all 
aspects of the investigation from the planning phase 
through data analysis. Written, informed consent was 
obtained from all participants.

Participants
Participants were enrolled between December 2013 
and October 2018 at 4 medical centers, including pub-
lic and private civilian, Veterans Affairs, and military 
treatment facilities. Enrollment was initially offered 
to adult participants at least 18 years old, with an 
upper or lower limb traumatic amputation distal to 
the midhumerus or knee, respectively; occurring at 
least 12 weeks before presentation; and including at 
least 1 metacarpal or metatarsal bone, respectively. 
Due to low enrollment during the first year, inclusion 
criteria were revised to include surgical amputations 
and lower extremity amputations distal to the hip 
(femoral head remaining). Participants had to experi-
ence phantom limb pain of at least a 2 or higher on the 
Numeric Rating Scale (NRS; 0–10, 0 = no pain; 10 = 
worst imaginable pain) at least 3 times each week for 
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the previous 8 weeks, accept an ambulatory continu-
ous peripheral nerve block for 6 days, avoid changes 
to their analgesic regimen from 4 weeks before and at 
least 4 weeks following the initial catheter placement, 
and have a caregiver who would transport the par-
ticipant home following the catheter insertion(s) and 
remain with the participant for at least the first night 
of the infusion.

Participants were excluded if they had any of the 
following: known renal insufficiency (elevated cre-
atinine), allergy to study medications, pregnancy, 
incarceration, inability to communicate with the 
investigators, morbid obesity (body mass index >40 
kg/m2), comorbidity that resulted in moderate-to-
severe functional limitations, and contraindication to 
a continuous peripheral nerve block.

Details of the catheter insertion(s) have been pub-
lished previously.13 In brief, the amputation site dic-
tated the anatomic location(s) and the number of 
catheters: 1 infraclavicular catheter targeting the bra-
chial plexus cords for upper extremity amputations14 
and a sciatic and femoral catheter for lower extremity 
amputations.15 The target nerve/plexus was identi-
fied in a transverse cross-sectional (short-axis) view 
and a perineural catheter inserted using a 17-gauge 
Tuohy-tip needle (FlexBlock, Teleflex Medical) 
inserted using an in-plane technique. Local anesthetic 
(20–30 mL, lidocaine 2% with epinephrine 2.5 µg/
mL) was injected via the catheter in divided doses 
with frequent aspiration. Participants were random-
ized only after confirmation of a successfully inserted 
perineural catheter.

Randomization and Masking
Participants were randomized to either “ropivacaine 
0.5%” or “saline” (placebo), and treatment group 
assignments were not released by the Investigational 
Drug Service until the conclusion of the trial and 
completion of data analysis. Portable, programma-
ble, electronic infusion pumps (ambIT Preset Pump, 
Summit Medical) were used to administer perineural 
study solution (1100 mL) at fixed rates for >6 days: 
femoral 2.5 mL/h; sciatic 5 mL/h; and infraclavicular 
7.5 mL/h. The duration of infusion was a compromise 
based on the maximum study fluid reservoir volume 
(>1100 mL is untenable for many patients) and infu-
sion rates (<2.5 mL/h was considered inadequate for 
femoral catheters and <7.5 mL/h for infraclavicu-
lar catheters). Participants were discharged home 
with their portable infusion pump(s) and perineural 
catheter(s) in situ. Following fluid reservoir exhaus-
tion, participants or their caretakers removed cath-
eters at home with instructions given by telephone.

Four to 16 weeks following randomization, par-
ticipants could return for an optional perineural 
catheter insertion (“crossover”) and receive 6 days of 

ambulatory infusion with the alternate study solution 
(either ropivacaine 0.5% or normal saline), again in 
a quadruple-masked fashion using the same proto-
col as described for the initial infusion. The funding 
agency required the optional crossover treatment to 
be moved from the original 12 weeks to 4 weeks fol-
lowing treatment initiation so that participants would 
not have to wait 3 months to receive the crossover. 
However, the crossover treatment was optional and, 
therefore, resulted in selection bias for participants 
who did not crossover and potential interference 
with the longer term effects of the initial treatment on 
those who did crossover. Therefore, solely time points 
before the crossover treatment—baseline through day 
28—are presented.

Outcome Measurements
Outcomes were evaluated at baseline (before infu-
sion), on day 1 (during infusion), and on days 7, 14, 
21, and 28 following catheter insertion.

The questionnaires differentiated multiple dimen-
sions of limb sensations/pain:

Residual limb (“stump”) pain: Painful sensations 
localized to the portion of limb still physically 
present16

Phantom limb pain: Painful sensations referred to 
the lost body part16

Phantom limb sensations: Nonpainful sensations 
referred to the lost body part16

Each type of pain/sensation was defined for partic-
ipants immediately before questionnaire application 
at each time point, and participants were instructed to 
address phantom limb pain when responding to ques-
tions unless otherwise specified. Each time the ques-
tionnaire was applied, participants were instructed to 
respond for the previous 3 days.17 Exceptions included 
day 1 that occurred during the perineural infusion 
because, at this time point, the interest was in partici-
pants’ experiences during the infusion and not before 
catheter insertion. At these time points, participants 
were instructed to respond for the period since cath-
eter insertion the previous day. Phantom limb pain 
data were collected with 4 questions using an NRS to 
evaluate 4 pain levels: current, least, worst, and aver-
age. Because phantom limb and residual limb pains 
are correlated, the latter was assessed with the same 4 
pain intensity questions.

Statistical Analysis
The investigators unmasked the treatment groups 
following the completion of the original statistical 
analysis and subsequent manuscript drafting (“qua-
druple masked”). Results for the primary outcome 
and major secondary outcomes were published previ-
ously.13 In brief, randomized groups were compared 
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on demographic and pain variables at baseline using 
descriptive statistics and considered well-balanced.18 
All analyses were modified intention-to-treat, in 
which all randomized participants who received any 
of the study treatments were included and retained in 
their respective treatment groups.19

The primary outcome was the average intensity 
of phantom limb pain 4 weeks following initiation of 
the intervention as measured on a 0 to 10 NRS within 
the Brief Pain Inventory (short form). Secondary end 
points published previously included additional out-
comes at 1, 6, and 12 months (and crossover treat-
ments), including the global measure of improvement 
(Participant Global Impression of Change scale), Brief 
Pain Inventory (short form), and Beck Depression 
Inventory. The latter 3 outcomes were included in a 
parallel gatekeeping procedure and termed “second-
ary outcomes” in the original report to distinguish 
them from the remaining variables that were then 
termed “tertiary” (described as “other variables” in 
the online registry). However, since the current report 
describes the results of a secondary analysis without 
a gatekeeping procedure, there is no need to differen-
tiate secondary and tertiary/other variables, and we 
describe all outcomes—other than the primary—as 
“secondary end points” to use the conventional ter-
minology of this journal.

For this secondary analysis, for each outcome vari-
able, we primarily assessed the treatment effect at 
each time point using the Wilcoxon rank-sum test 
and reporting the median difference (99% confidence 
interval [CI]) using the Hodges-Lehmann estimator. 
In sensitivity analyses, we used linear regression, 
adjusting for the baseline value of the outcome, study 
site, and any imbalanced baseline variables (baseline 
sleep score). In the primary analysis for day 28 out-
comes, we had used a parallel gatekeeping procedure 
to control the studywide type I error at 0.05 across the 
included study outcomes.13 However, the outcomes 
for days 1 to 21 presented here were not included in 
the gatekeeping-ordered sets. Therefore, we used a 
Bonferroni correction to maintain a 0.05 significance 
level within each of the 8 outcomes reported here: 
average, worst, least, and current for both phantom 
and residual pain. The significance criterion for each 
time point within an outcome (days 1, 7, 14, and 21) 
was thus set at 0.05/4 = 0.0125. We correspondingly 
reported 98.75% CIs. For day 28, we reported 95% CI 
and followed the same analytic procedures as in the 
original article. For days 1, 7, 14, and 21, we used a 
complete case analysis and did not impute data when 
missing.

There are 7 questions within the Brief Pain 
Inventory that comprise the “interference” domain 
and assess pain’s interference with physical and 
emotional functioning using a 0 to 10 scale (0 = no 

interference; 10 = complete interference). The 7 inter-
ference questions involve general activity, mood, 
walking ability, normal work activities (both inside 
and outside of the home), relationships, sleep, and 
enjoyment of life.20 The 7 functioning questions can be 
combined to produce an interference subscale (0–70). 
The use of the composite domain score is supported 
by the Initiative on Methods, Measurement, and Pain 
Assessment in Clinical Trials (IMMPACT) recommen-
dations for assessing pain in clinical trials.21,22

The SAS statistical software and the R programming 
language (The R Project for Statistical Computing) 
were used for all analyses.

RESULTS
A total of 144 participants were enrolled.13 For both 
study groups, phantom limb pain decreased from a 
median (interquartile range) of 5.0 (3.0–7.0) immedi-
ately before the initial single-injection lidocaine bolus 
to 0 (0–2.0) 20 minutes following the bolus.13 Similar 
to phantom pain, residual limb pain for both treat-
ment groups decreased to 0 (0–0). Participants were 
subsequently randomized to either active treatment 
with a ropivacaine (n = 71) or normal saline placebo 
(n = 73) 6-day infusion, and results for the outcomes 
at 28 days and beyond were published previously.13 
The following is a secondary analysis of secondary 
end points not previously reported.

Phantom Limb Pain
Pretreatment average phantom pain scores were bal-
anced between the randomized groups, with a median 
[interquartile range] of 5.0 [4.0–7.0] for each treatment 
(Figure  1; Supplemental Digital Content 1, Table 1, 
http://links.lww.com/AA/D619). The day following 
infusion initiation (day 1), average phantom limb pain 
intensity had fallen to a median of 0 [0–2.5] in partici-
pants receiving local anesthetic versus 3.3 [0–5.0] in 
those given placebo: median difference (98.75% CI) 
−1.0 (−3.0 to 0), P = .001. The day following infusion 
discontinuation (day 7), average phantom pain had 
increased to 2.0 [0–5.0] in participants who received 
local anesthetic versus 4.0 [0–5.0] in those given pla-
cebo: difference (98.75% CI) −0.5 (−2.0 to 0), P = .080. 
Average pain rose slightly for both groups by day 14 
and then remained relatively constant for the follow-
ing 2 weeks, with no statistically significant differ-
ence between the groups on days 7, 14, or 21. Scores 
for worst/maximum and current phantom limb pain 
followed a similar pattern (Figure  1). Statistically, 
average (P = .013), worst (P = .004), and current (P = 
.020) pains were lower in the active group at 28 days 
(P < .005) but not between days 1 and 28 (Figure 1). 
Phantom least pain was lower in the active group on 
day 1 but not elsewhere. Results using linear regres-
sion and reporting difference in means at each time 

http://links.lww.com/AA/D619
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point gave very similar results (Supplemental Digital 
Content 2, Table 2, http://links.lww.com/AA/D620).

Residual Limb Pain
Descriptively, pretreatment average residual limb 
pain scores were slightly lower (3.0 [0–5.0]) for partici-
pants ultimately randomized to local anesthetic infu-
sion than those randomized to control (4.0 [1.0–6.0]; 
Figure  2; Supplemental Digital Content 3, Table 3, 
http://links.lww.com/AA/D621). The day following 
infusion initiation (day 1), average residual limb pain 
intensity had fallen to 0 [0–0] in participants receiv-
ing local anesthetic versus 0 [0–4.3] in those given pla-
cebo: median difference (98.75% CI) 0 (−2.0 to 0), P < 
.001. While the median average residual pain was 0 in 
each group on day 1, 88% receiving active ropivacaine 
reported a score of 0, compared with only 51% in the 
placebo group. The median remained 0 for the active 
treatment group at all time points through day 28, 
whereas for the control group, the median increased 

gradually up to 3.0 by day 28 (Figure 2; P = .006 at day 
28; difference was not statistically significant on days 
7, 14, or 21). The scores for worst/maximum residual 
limb pain followed a similar pattern; although the dif-
ferences between the 2 groups appeared larger, sta-
tistical significance was only detected on days 1 and 
28 (Figure  2). While current residual limb pain fol-
lowed a similar pattern, the difference between the 
groups appeared to be less for average and worst pain 
intensities and was only reduced on day 1 (Figure 2). 
Results using linear regression and reporting differ-
ence in means at each time point gave very similar 
results (Supplemental Digital Content 4, Table 4, 
http://links.lww.com/AA/D622).

Brief Pain Inventory
Pain’s interference with physical and emotional func-
tioning as measured with the interference domain of 
the Brief Pain Inventory improved during the infu-
sion on day 1 for patients receiving local anesthetic 

Figure 1. Effects of a 6-d continuous peripheral nerve block (denoted in green) on worst, average, least, and current “phantom” limb pain 
over time (primary end point: “average” phantom limb pain at 28 d). Pain severity indicated using a numeric rating scale of 0 to 10, with 0 
equal to no pain and 10 being the worst imaginable pain. Baseline and day 28 data shown in ghost to denote these data were published 
previously. Data expressed as median (dark horizontal bars) with 25th to 75th (box), 10th to 90th (whiskers), mean (diamonds), and outliers 
(circles). P values are from Wilcoxon rank-sum test, except the “average” phantom limb pain at day 28, which is from linear regression as 
in Table 2 of original article. Difference is significant if P < .0125 on days 1, 7, 14, and 21 using Bonferroni correction (0.05/4 = 0.0125); 
for day 28, the P value was analyzed and reported as in Table 2 of the original article, and interim-adjusted significance level was 0.044  
(so P < .044 significant).

http://links.lww.com/AA/D620
http://links.lww.com/AA/D621
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versus placebo: 0 [0–10] vs 10 [0–40], median dif-
ference (98.75% CI) of 0.0 (−16.0 to 0.0), P = .002 
(Figure  3). Following catheter removal, no statisti-
cally significant differences between the groups were 
detected until day 28: 11 [0–38] vs 28 [4–45], median 
difference (95% CI) of −6 (−17 to 0), P = .027 (Figure 3).

DISCUSSION
This secondary analysis suggests that a 6-day ambu-
latory continuous peripheral nerve block substan-
tially decreased both phantom and residual limb 
pain as well as pain’s interference with physical and 
emotional functioning during the infusion itself. 
The placebo group exhibited similar benefits during 
the infusion, albeit to a lesser degree. This could be 
due to either the placebo effect or the lidocaine sin-
gle-injection peripheral nerve block provided to all 
participants (used to demonstrate accurate catheter 
insertion). Both short and prolonged reductions in 
phantom limb pain (although not residual limb pain) 
following a single-injection peripheral nerve block 

have been previously reported in rare case reports.4,9 
Our prospectively collected data from 144 participants 
provide the strongest evidence published regarding 
both the effects of a single-injection peripheral nerve 
block and the increased duration of analgesic benefits 
afforded by adding a continuous peripheral nerve 
block. The precise etiology of phantom limb pain 
remains unclear; however, one theory purports that 
aberrant neural signaling from the peripheral nerves 
of the amputated limb contributes to ongoing pain-
ful sensations. The results of our secondary analysis 
strongly support this theory, at least for a subset of 
patients.

Following catheter removal on day 6, differences 
between the 2 treatments failed to reach statistical 
significance with the Bonferroni correction for mul-
tiple comparisons until day 28 (an exception being 
the worst residual limb pain on day 7). We can only 
speculate regarding the reason why the differences 
were statistically significant during the infusion on 
day 1 and again on day 28, yet rarely in the interim. 

Figure 2. Effects of a 6-d continuous peripheral nerve block (denoted in green) on worst, average, least, and current “residual” limb pain over 
time. Pain severity indicated using a numeric rating scale of 0 to 10, with 0 equal to no pain and 10 being the worst imaginable pain. Baseline 
and day 28 data shown in ghost to denote these data were published previously. Data expressed as median (dark horizontal bars) with 25th 
to 75th (box), 10th to 90th (whiskers), mean (diamonds), and outliers (circles). P values are from Wilcoxon rank-sum test. Difference is signifi-
cant if P < .0125 on days 1, 7, 14, and 21 using Bonferroni correction (0.05/4 = 0.0125); for day 28, the P value was analyzed and reported 
as in Table 2 of the original article, and interim-adjusted significance level was 0.044 (so P < .044 significant).
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For both study groups, phantom pain decreased from 
a median of 5 immediately before the initial single-
injection lidocaine bolus to zero 20 minutes following 
the bolus.13 However, by the following day (day 1), 
average daily pain scores for patients who received 
active treatment remained a median of 0, while those 
receiving a placebo infusion had risen to 3 (Figure 1). 
The placebo group median slowly returned to the 
original baseline of 5 by day 28, while the active treat-
ment group median rose to 3 on day 14 but remained 
at this level below the original baseline of 5 for the 
following 2 weeks. The 25th percentile of the placebo 
group increased from 0 to 3 only by day 28, suggest-
ing—along with the increased median and mean—
that the placebo effect or any benefit from the initial 
lidocaine dose had resolved: the 10th, 25th, 50th, 75th, 
and 90th percentiles are strikingly similar at baseline 
and day 28 for the placebo group. In contrast, among 
active treatment patients, the 25th percentile remained 
far below baseline at day 28 (0 vs 4), as did the median 
(3 vs 5). Therefore, it appears that the placebo group’s 
gradual return to baseline pain levels over 3 to 4 weeks 
due to resolution of a placebo effect or benefit of the 
single-injection lidocaine block—contrasted with per-
sistent analgesic benefit afforded patients who had 
received the ropivacaine infusion—accounts for the 
return of statistical significance on day 28. A similar 
pattern may be seen in the worst phantom pain scores 
(Figure 1) as well as both the worst and average resid-
ual limb pain scores (Figure 2).

It is obviously clinically relevant to determine the 
duration of the perineural infusion benefits. However, 
because of the optional 1-month crossover design man-
dated by the funding agency and resulting selection 
bias, it is difficult to estimate treatment-effect duration 
beyond 4 weeks. If the analysis is restricted to partici-
pants who declined a self-selected crossover treatment 
(65% for active and 45% for placebo), we can estimate 
subsequent benefit accepting that the results do repre-
sent a biased sample. The median decrease in “phantom” 
limb pain at 6 months for the treated participants was 
3.0 (0–5.0) vs 1.5 (0–5.0) for the placebo group, whereas 
there was little apparent residual benefit for “phantom” 
pain at 12 months. In contrast, the average residual limb 
pain for the treatment group remained decreased after 12 
months by a median of 2.0 (0–4.0) compared with no 
change (0–3.5) for the control group. While the effects 
of the intervention appeared to decrease over time, the 
actual duration remains unknown due to the selection 
bias introduced after the initial 4 weeks.

Limitations
Although the selection bias from the optional cross-
over treatment at 4 weeks limits definitive conclusions 
regarding later time points, future nonstudy patients 
could undergo treatment and return for additional 
perineural infusion with a resumption of pain, since 
there is no limitation on repeating the catheter/infu-
sion.23 Additionally, factors such as the ideal local 
anesthetic type, concentration, basal infusion rate, 
administration modality (eg, basal infusion versus 
repeated bolus doses), specific anatomic catheter loca-
tion, and infusion duration remain undetermined.23 A 
different infusion regimen would most likely result in 
at least minimally different results.24

Furthermore, our specific protocol was determined, 
in large part, by our inability to replenish participants’ 
study fluid reservoir, since many participants traveled 
long distances to one of our treatment facilities and 
returned home soon thereafter. However, this logisti-
cal issue was primarily an artifact of the clinical trial, 
and for nonstudy patients being treated locally who 
could more easily return to their treatment center/
physician, perineural infusions of multiple months 
are achievable.24 Considering a single injection of 
local anesthetic decreased phantom and residual limb 
pain, and 6 days of perineural local anesthetic infu-
sion extended analgesic benefits to at least 4 weeks, 
investigating a longer period of treatment appears 
warranted. Finally, the study protocol does not per-
mit conclusions regarding the precise etiology of 
phantom pain, although the results provide strong 
evidence that phantom pain is often maintained from 
abnormal peripheral input.25,26

In summary, this secondary analysis suggests that 
a 6-day continuous peripheral nerve block decreases 

Figure 3. Effects of a 6-d continuous peripheral nerve block (denoted 
in green) on the BPI interference domain over time. Baseline and 
day 28 data shown in ghost to denote these data were published 
previously. Data expressed as pain’s interference on each of 7 
components (higher scores = more interference) are expressed as 
median (dark horizontal bars) with 25th to 75th (box), 10th to 90th 
(whiskers), mean (diamonds), and outliers (circles). P values are 
from Wilcoxon rank-sum test. Difference is significant if P < .0125 
on days 1, 7, 14, and 21 using Bonferroni correction (0.05/4 = 
0.0125); for day 28, the P value was analyzed and reported as in 
Table 2 of original article and interim-adjusted significance level was 
0.044 (so P < .044 significant). BPI indicates Brief Pain Inventory.



Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
1026   www.anesthesia-analgesia.org aNesthesia & aNalgesia

Immediate Effects of CPNB on Phantom Limb Pain

phantom and residual limb pain during the infusion, 
although a few improvements were again detected 
until day 28, 3 weeks following catheter removal. 
Future research should investigate the optimal peri-
neural infusion parameters and define the precise 
duration of analgesic benefits. E
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