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Abstract

Aim: Targeted muscle reinnervation (TMR) surgery has fundamentally changed the management of patients who
have suffered or are about to undergo amputation. Providing nerve stumps with a muscle target has been shown to
have profound effects on levels of post-amputation pain in relation to phantom limb pain (PLP) and neuroma pain
(NP). The primary objective of this report was to quantify pain parameters for this population and to measure the
impact on health-related quality of life (HRQol) before and after TMR surgery. In this case series, we evaluate the
role of TMR in addressing both pain and the impact of the surgery on the patient’s quality of life.

Methods: A retrospective analysis of 15 upper limb amputee patients who underwent TMR by the Relimb Unit in
London, UK. Participants’ perceptions of pain were determined using the 11-point numerical (Pain) rating scale
(NRS) and HRQoL was calculated using the Eurogol EQ-5D-5L questionnaire at two time points, comparing both
pain and perceived quality of life pre and post surgery. The Wilcoxon Signed Rank Test was used for the NRS data
and a paired sample t-test was used for the EQ-VAS data.

Results: A total of 15 patients completed the evaluation. We observed statistically significant reductions in both
PLP (pre-operative mean: 7.6, post-operative mean: 2.7, P < 0.05) and NP (pre-operative mean: 6.4, post-operative
mean: 2.5, P < 0.05) in these patients. Similarly, HRQoL observed on the EQ-VAS scale demonstrated a significant
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improvement in quality of life, from 68 pre-operatively to 78 post-procedure (P < 0.05).

Conclusion: This is the first quantified evaluation of changes in HRQoL after TMR surgery for upper limb
amputation. There appears to be a significant improvement in both HRQoL and overall perception of pain. This
finding may have important implications for funding and national resource allocation for TMR surgery.

Keywords: Amputation, TMR, targeted muscle reinnervation, quality of life, QALY

INTRODUCTION

There are an estimated 10,000 upper limb amputations annually in the United Kingdom"; most are digital
amputations, with approximately 300 major limb amputations (e.g., transhumeral or transradial). The
adverse impact of an upper limb amputation on mental health and pain is well established”. There are
additional functional sequelae associated with the loss of the limb, which adversely impact health-related
quality of life (HRQoL)". Functional reconstruction can be achieved through upper limb prosthesis;
however, their accessibility may be precluded by high upfront and running costs, even in a developed nation
such as the UK. These costs are difficult to determine due to a wide range of available devices and the extent
of prosthesis required, which in turn is dependent on the level of amputation™. In the United States, one
source has estimated the mean cost of a myoelectric prosthesis for partial hand amputations at $18,703,
$20,329 for transradial amputations, $59,664 for Transhumeral amputations, and approximately $62,000 for
shoulder and forequarter amputations®. Overall, prosthesis-related expenses can range between £31,890 to
$117,440, clearly highlighting a significant financial burden on both the patients and the healthcare
system'.

The nerve-related pain experienced after upper limb amputation can be both persistent and debilitating'.
The two main nociceptive sensations after amputation are neuroma pain (NP) and phantom limb pain
(PLP), which can be differentiated based on their character, location and triggers”. NP is typically initiated
by direct pressure over the end of the injured nerve, while PLP is any pain or discomfort that is perceived to
occur in the now absent limb"™. The sustained and persistent nature of these two types of pain has been
demonstrated to adversely impact the patient’s HRQoL". Although the introduction of neuropathic agents
(e.g., gabapentin) has had a transformational effect on the management of both of these types of pain, these
drugs cannot abolish pain and patients often suffer from a variety of debilitating side effects or may be
completely intolerant of the medication"”. Chronic use of the medication is also costly for many healthcare
systems.

Targeted muscle reinnervation (TMR) has shown great promise in the treatment of both types of nerve-
related pain"'. By providing a muscle target to the regenerating nerve stumps after amputation, TMR
surgery appears to reduce the reformation of painful neuromas while simultaneously providing feedback to
the central nervous system (CNS), which appears to reduce the perception of PLP. However, to date, there
has been no work to quantify the impact of TMR surgery on the quality of life in this population.

METHODS

We performed a retrospective review of all upper limb amputees with NP and/or PLP who underwent TMR
surgery between October 2013 and September 2021 by the Relimb Unit, Royal Free Hospital, London,
United Kingdom. Data were collected from patient records and telephone interviews. Additional baseline
characteristics were also collected from the study participants, including; age, gender, date of procedure and
indication for TMR. Our primary outcome measures evaluated pain and quality of life. Subjects were
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contacted and asked to complete the surveys at two time points: pre-operatively, and at the time of
interview. For pain measures, we used the 11-point numerical (Pain) rating scale (NRS), where 0 indicates
“no pain” and 10 indicates “the worst possible pain”. Pain levels were identified separately as either NP and
PLP, pre-operatively and at the time of the interview. As previously indicated, NP was defined as pain
occurring within the stump — located over the ends of the nerve stumps, and PLP was defined as painful
sensations perceived in the absent limb.

Quality of life was evaluated using the EuroQol EQ5D-5L questionnaire (with permission from EuroQol).
The seven metrics provided by the EQ-5D questionnaire were evaluated (five domains, an index score, and
a Visual Analogue Scale/VAS score).

Surgical technique

The surgical techniques used by the Relimb unit are based on Kuiken and Dumanian’s description of TMR
surgery"” and these have been described previously"..

Statistical analysis

A statistical analysis was performed with IBM SPSS Statistics (IBM Corporation, Armonk, New York, USA).
The NRS data were evaluated using the Wilcoxon Signed Rank Test, identifying any changes pre and post-
surgical intervention. The EQ-5D VAS data were analysed using a paired sample t-test, evaluating HRQoL
pre and post-surgical intervention.

RESULTS

A total of 15 patients completed the evaluation. The mean age of the study participants was 55.8 years, and
five of the 15 participants were female (33%). All patients underwent TMR surgery between October 2013
and September 2021. The indication for TMR in these patients was for secondary treatment of NP or
residual limb pain (RLP) and/or PLP, sequelae of upper limb amputation. As such, TMR surgery was
offered to our patients several years after their initial amputation surgery.

The data show a statistically significant reduction in both PLP (pre-operative mean: 7.6, post-operative
mean: 2.7, P < 0.05) and NP (pre-operative mean: 6.4, post-operative mean: 2.5, P < 0.05) [Figure 1].

Table 1 demonstrates the changes in score across each of the EQ-5D domains. The green colour denotes an
improvement in a domain and red denotes a reduction in domain function. A total of 12 patients
experienced a change in their EQ-5D domains. Nine patients noted improvements and five patients noted
reductions in functionality.

Ten of the 11 patients reporting changes in pain as part of their EQ-5D found an improvement in this
domain. Changes in HRQoL were observed for the EQ-VAS scale, and these demonstrate an improvement
in quality of life from 68 pre-operatively to 78 post-procedure (P < 0.05).

DISCUSSION

In many instances since 2008, the evaluation of the quality of life has been based on the EQ-5D, Euroqol
questionnaires"*. Ernstsson and colleagues evaluated the use of EQ-5D questionnaire to assess HRQoL
following lower limb amputation surgery. They highlight the correlation between factors such as pain due to
NP/RLP or PLP, reduced mobility and impaired activities of daily living with poor HRQoL. The authors
conclude that the EQ-5D-5L questionnaire has high validity and feasibility to assess HRQoL, particularly in
lower limb amputees™”. Globally, access to healthcare can be challenging due to limited resources,
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Table 1. Demonstrating the change in pre- and post-operative EQ-5D

Change in EQ-5D

Patient number Mobility Self-care Usual activities Pain Anxiety VAS
1 0 -1 -1 -2 -1 15
2 0 0 1 0 0 0
3 n/a n/a n/a n/a n/a n/a
4 n/a n/a n/a n/a n/a n/a
5 0 0 0 -2 0 15
6 0 -1 -1 -3 0 20
7 1 0 -2 -1 0 5
8 0 0 0 0 0 0
9 0 0 -1 1 50
10 0 0 1 -1 0 10
n 0 0 0 0 0 0
12 -2 -2 -1 -2 -2 55
13 n/a n/a n/a n/a n/a n/a
14 1 0 0 1 0 0
15 0 -3
16 0 0 0 0 0
17 n/a n/a n/a n/a n/a n/a
18 n/a n/a n/a n/a n/a n/a
19 0 0 0 -1 -2 30
20 0 0 0 -2 -2 35
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Figure 1. Demonstrates the changes in NP and PLP both prior to and after TMR intervention. NP demonstrated a reduction from 6.4 to
2.5 and PLP from 7.6 to 2.7 after TMR. TMR: Targeted muscle reinnervation; PLP: phantom limb pain; NP: neuroma pain.

healthcare provider expertise and funding. A recent study identified an average cost of $28,961 to the
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patient for upper extremity amputation. Equally, the healthcare system saw an overall cost of $166 million
over a 15-year period". Lifetime costs to an amputee patient can exceed $500,000". The EQ-5D-5L
questionnaire is a reproducible and informative resource that provides practical insight into the impact on a
patient’s quality of life. The international impact of the EQ-5D and its applicability is a testament to its
wide-ranging benefits and further supports policy makers at national and firm levels in their decision
making to fund the interventions.

Previous articles have already established the reproducible nature of TMR in improving symptoms of NP
and PLP after amputation. However, there has been no work specifically evaluating the interplay between
the chronic pain caused by NP and PLP on quality of life after upper limb amputation. Moreover, while
recognised by NICE as a key metric!"”, assessing changes in (pain) quality of life is not routinely performed
after upper limb amputation. Our study highlights the efficacy of TMR in improving HRQoL, with 66% of
patients reporting an overall improvement following their intervention. It is important to assess why five
(33.3%) patients reported a decrease in functionality for some domains such as pain, mobility and usual
activities following TMR. We hypothesise that this could be multifactorial. Some reasons may include
individual patient perception towards domains such as pain and anxiety, extent of the initial injury, degree
of amputation and site of injury. Other reasons include non-specific questions such as mobility, which some
patients may have perceived as pertaining to lower limb mobility rather than upper limb, and further could
be a function of other confounding variables as it may sometimes be challenging to discern the changes
patients experience from surgery versus over time. In addition, the retrospective nature of our study gives
rise to the potential impact of recall bias. Patients may not recall the impact that TMR may have had on
their HRQoL, particularly if a number of years have elapsed since their surgery. Our study was conducted in
December 2021 on patients who initially had their TMR operation as far back as October 2013. Amongst the
five patients with a reduction in domain function, three (60%) demonstrated positive improvements in
other domains [Table 1]. Therefore, despite these drawbacks, most patients in our study reported an overall
improvement in their HRQoL following TMR, as evidenced by their Q-5D-5L domain scores and VAS. Our
study provides precedence for further investigation into the HRQoL benefits associated with TMR surgery
for secondary NP/RLP and/or PLP associated with upper limb amputation. Ideally, this should be
performed in the context of a multi-centre randomised control trial.

For this analysis, we used a numerical (pain) rating scale (NRS) which was simple, reproducible, and easily
understood (by patients and researchers) to perform surveys over the telephone. This was necessary because
of the restrictions on face-to-face contact during the COVID-19 pandemic. However, we accept that further
work could be done to evaluate the complexity of the questionnaires we administered, their reproducibility
and error rate to create a better framework for future trials.

Funding for TMR surgery in the UK is currently determined on a local level. Since there are no OPCS codes
for this procedure, the codes for a number of different procedures (e.g., nerve repair, nerve transfers, free
tissue transfer) are often put together to cover the cost of the TMR procedures. However, the absence of any
uniformity of what constitutes a TMR procedure may contribute to further inequities in healthcare
provision in the future. As a first step towards reducing these inequities, we have tried to quantify the size of
the improvements in quality of life produced by TMR surgery after upper limb amputation. Based on our
analysis, we believe that there is sufficient evidence to inform any future Health Technology Assessments
and Appraisal, and this may enable NICE to make recommendations on the future (national) provision for
TMR surgery. However, the complex nature of the surgery (especially in the upper limb) means that it is
likely to need that such care will only ever be possible on a tertiary or quaternary basis.
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Limitations

The main limitation of this study is its retrospective nature. Our methodology draws on the (validated)
retrospective use of the EQ-5D questionnaire in an orthopaedic population®. Our small sample size and
the lack of a control group could be enhanced with future work, although it is important to note that the
novelty of the intervention precluded greater patient recruitment.

Conclusions

In this study, TMR appears to have improved the quality of the lives of a small cohort of upper limb
amputees with NP and PLP. This improvement was evident across many metrics, and more broadly in
quality-of-life assessments. The implications of these findings require further analysis, including
randomized control trials to potentially inform policy and national commissioning to ensure equitable
access to this type of surgery for patients who have experienced limb loss.
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