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Upper extremity transplantation offers the promise of restored function and 

regained quality of life (QOL) for individuals who have sustained hand or arm 

amputation. However, a major challenge for this procedure becoming an 

accessible treatment option for patients is the lack of standard measures to 

document benefits to QOL. Patient-reported outcomes (PRO) measures are 

well-suited for this kind of intervention, where the perspective of the patient 

is central to defining treatment success. To date, qualitative work with experts, 

clinicians, and patients has been used to identify the most important domains 

of QOL for PRO item development. Specifically, our group’s qualitative work 

has identified several domains of QOL that are unique to individuals who 

have received upper extremity transplants, which are distinct from topics 

covered by existing PRO measures. These include emotional and social 

aspects of upper extremity transplant, such as Expectations and Perceived 

Outcomes, Integration and Assimilation of Transplant, Fitting in, and Post-

Surgical Challenges and Complications. The broad topic of Satisfaction 

with Transplant was subdivided into three subtopics: Function, Sensation, 

and Aesthetics. Satisfaction with Sensation was also identified as a unique 

domain not evaluated by existing PRO measures. This report operationalizes 

these eight QOL domains by presenting scoping definitions. This manuscript 

describes the work that has been completed for domain characterization as 

an early step toward developing standardized PRO measures to evaluate these 

important outcomes specific to upper extremity transplantation.
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Introduction

Upper extremity (UE) limb injury and limb loss have been 
found to affect multiple areas of functioning including emotional 
well-being, social functioning (Paterson and Burke, 1995; 
Desmond, 2007; Saradjian et  al., 2008; Gallagher et  al., 2011; 
Østlie et al., 2011; Desteli et al., 2014), and physical functioning 
including activities of daily living, secondary medical conditions, 
and pain (Madhok and Bhopal, 1992; Davidson et  al., 2010; 
Postema et  al., 2012; Passero, 2014). UE limb loss drastically 
changes multiple aspects of one’s quality of life (QOL), thus 
producing a need for QOL-improving rehabilitative treatments. 
UE transplant via vascularized composite allotransplantation 
(VCA) offers one such QOL-improving treatment option for those 
with hand and arm amputation (Elliott et  al., 2014; Tintle 
et al., 2014).

Upper extremity transplantation has been shown to be  a 
surgically and medically feasible treatment option for UE limb loss 
and is being offered at several surgical centers across the globe 
(Hollenbeck et al., 2009; Kaufman et al., 2009; Kubiak et al., 2019). 
However, the QOL outcomes from UE transplant have not yet 
been systematically or comprehensively documented (Kumnig 
et al., 2014; Bound Alberti et al., 2022). UE functioning is the 
primary outcome currently tracked for UE transplant recipients 
(Petruzzo et al., 2010; Tintle et al., 2014; Shores et al., 2017), for 
example using the Disabilities of the Arm, Shoulder, and Hand 
(DASH) measure (Beaton et al., 2001). However, by focusing only 
on UE functioning, this outcome assessment approach provides a 
limited picture of the success of UE VCA. While UE functional 
outcomes are important, they may not be sufficient to justify what 
is ostensibly a QOL intervention. This is particularly true given the 
current availability of advanced functional prosthetic arms and 
hands (Kubiak et al., 2019), which may confer function without 
necessarily addressing other aspects salient to QOL. Therefore, the 
full QOL impacts of this intervention remain to be documented 
objectively. Small samples and single-case studies using limited 
psychosocial outcomes have been reported (Singh et al., 2015; 
Salminger et al., 2016). However, the best metrics for evaluating 
QOL comprehensively for this population remain unknown.

With support from the U.S. Department of Defense’s Defense 
Health Program Congressionally Directed Medical Research 
Programs, our research team has embarked on a program of study 
to develop a standardized and comprehensive approach for 
assessing the QOL outcomes of UE transplant that can be applied 
across treatment centers to allow for more uniform tracking of 
outcomes. We are using the methodology for patient-reported 

outcomes (PRO) measure development outlined and 
demonstrated by the Patient Reported Outcomes Measurement 
Information System (PROMIS®) initiative funded by the National 
Institutes of Health Common Fund (PROMIS, 2013) and the 
Quality of Life in Neurological Disorders (Neuro-QoL™) 
measurement system funded by the National Institute of 
Neurologic Disorders and Stroke (National Institutes of Health, 
n.d., Fries et al., 2005, Cella et al., 2006, 2007, 2011, Northwestern 
University, 2021). PROs are lacking for UE transplant, although 
this format for outcomes assessment is well suited for a 
QOL-improving intervention like VCA, given that the perspective 
of the patient is central to defining treatment success. Members of 
our research team have previously used these methods for 
developing condition-specific PRO measurement systems for 
spinal cord injury (Tulsky et al., 2011, 2015b,c; Tulsky and Kisala, 
2015) and traumatic brain injury (Tulsky et al., 2016; Tulsky and 
Kisala, 2019), and we are currently developing item banks for limb 
injury and amputation (Tyner et al., 2018).

The initial steps in this PRO development process are to 
obtain substantive stakeholder feedback to guide development of 
such a system and to review existing measures for content (Bjorner 
and Ware, 1998; Bjorner et al., 2007; De Walt et al., 2007; Kisala 
and Tulsky, 2010; PROMIS, 2013). Thus far, our team has 
documented the domains of QOL impacted by UE transplant by 
soliciting stakeholder input (Tulsky et al., 2023) using a grounded 
theory-based qualitative approach (Glaser and Strauss, 1967; 
Strauss and Corbin, 1998; Kisala and Tulsky, 2010). The findings 
from this work are described briefly below. Our qualitative work 
has outlined domain areas specific to stakeholders of UE 
transplantation and we have used this information to determine 
where new PROs are needed. The present report describes these 
newly identified domains and the approach for drafting new 
PRO items.

Materials and methods

Qualitative stakeholder focus groups and 
individual interviews

Stakeholder feedback was collected from UE transplant 
experts and clinicians (i.e., surgeons, nurses, mental health 
professionals, and physical and occupational therapists) 
through a series of focus groups, and from patients who have 
received UE transplant via individual telephone interviews. The 
full methodology and findings have been reported in a separate 
manuscript (Tulsky et  al., 2023) but will be  described 
here briefly.

Three focus groups were conducted at the 2018 meeting of the 
American Society for Reconstructive Transplantation, and 10 
focus groups were held across five UE transplant centers in the 
United States in 2019–2020. In total, 59 clinicians and other UE 
transplant experts along with five UE transplant recipients 
provided input on the most important domains of health-related 

Abbreviations: DASH, Disabilities of the Arm, Shoulder, and Hand; HRQOL, 

Health-related quality of life; Neuro-QoL™, Quality of Life in Neurological 

Disorders; PRO, Patient-reported outcome; PROMIS®, Patient Reported 

Outcomes Measurement Information System; QOL, Quality of life; TMR, 

Targeted muscle reinnervation; UE, Upper extremity; VCA, Vascularized 

composite allotransplantation.
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QOL (HRQOL) for UE transplant. Trained data collectors and 
doctoral-level co-investigators conducted all sessions using open-
ended semi-structured discussion guides to lead the groups or 
interviews. Sessions were audio-recorded and transcribed. All 
participants provided informed consent and data collection was 
approved by the University of Delaware Institutional 
Review Board.

This stakeholder input was analyzed qualitatively using a 
grounded-theory-based (Glaser and Strauss, 1967; Strauss and 
Corbin, 1998) approach that our team has used in several prior 
studies to identify important HRQOL domains in other clinical 
populations (Kisala and Tulsky, 2010; Slavin et al., 2010; Carlozzi 
et al., 2011; Tulsky et al., 2011, 2015b, 2016). Open, axial, and 
selective coding were employed to determine the important 
HRQOL themes (MacQueen et al., 1998; Morgan et al., 1998; 
Braun and Clarke, 2006; Guest et al., 2012).

The results demonstrated that there are numerous domains 
relevant to HRQOL after UE transplantation that can be measured 
by existing PRO systems that cover topics salient to many other 
clinical populations (e.g., fine motor functioning, anxiety, and 
pain interference). However, several domains of HRQOL that are 
unique to UE transplantation were identified as well. This 
highlighted the need for new item development to ensure HRQOL 
assessments are comprehensive. The framework defined in this 
manuscript provides the roadmap for how to draft new PRO items 
and demonstrates how the qualitative results helped define these 
new HRQOL domains.

Identifying gaps in HRQOL measurement 
for UE transplant and defining domains

New HRQOL content domains important to UE transplant 
recipients were identified in response to the qualitative input from 
stakeholders (Tulsky et al., 2023). The content coverage of each 
domain was designed to be directly responsive to the comments 
from stakeholders. Quotes from the interviews or focus groups 
were used as source material for new item text. To guide the future 
development of items, domain definitions were articulated and 
refined for each of the new domain areas.

Results

Eight new HRQOL content domains were developed based on 
stakeholder input. The subject, span, and relevant subtopics of 
each domain were defined. See Table 1 for a brief summary of 
these eight HRQOL content domains. Figure 1 contains a visual 
representation of how the domains are related across psychosocial 
and physical HRQOL. Each section below begins with a summary 
of the stakeholder input and exemplar quotes from the 
stakeholders are provided. Information on the subtopics 
considered for new PRO item drafting are described and examples 
of items are provided. These draft items will go through several 

stages of review and refinement before they can be considered 
ready for use; the draft items are presented here to demonstrate 
the process of PRO item development and are not intended to 
be adopted as PRO items for UE transplant HRQOL until the item 
development process is complete.

Expectations and perceived outcomes

Stakeholders described how it was difficult for UE transplant 
recipients and their families to truly know what the transplantation 
and recovery process was going to be  like, despite extensive 
attempts by providers to inform them. Preparing UE transplant 
recipients for the requirements of recovery—and tempering 
expectations—was described as a major part of the pre-surgical 
evaluation process at all sites where experts were interviewed.

“Well, I  expected to not [feel good] and they told me that, 
you would not feel good for a while. They were very honest.” –
UE transplant recipient

“I don't know you really ever completely prepare for that…. 
I had always been healthy.” –UE transplant recipient

“We aren't selecting patients for hand transplant who walk away 
saying, ‘I want to play the piano and I expect to play the piano.’ 

TABLE 1 New domains to evaluate HRQOL after UE transplant.

Domain Content coverage

Expectations and Perceived Outcomes Satisfaction with results of transplant 

and overall outcomes as well as 

accuracy of expectations in retrospect.

Post-Surgical Challenges and 

Complications

Burdens of post-transplant treatment 

and therapies; effects on health and 

personal life.

Integration and Assimilation of the 

Transplant

Acceptance and identification of the 

transplant as one’s own; feelings of 

being complete or having something 

restored.

Fitting In Comfort in social interactions where 

other people may view or touch the 

transplant(s).

Satisfaction with Hand Function Comfort, confidence, and satisfaction 

with the functional abilities of the 

transplant(s) in various daily activities.

Satisfaction with Hand Aesthetics Satisfaction with physical appearance 

of the transplant.

Hand Function: Sensation Ability to perceive sensations with the 

transplant.

Satisfaction with Sensation Satisfaction with sensory abilities of the 

transplant.
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So, one of the selection criteria is that they have low expectations 
and high motivation.… Someone whose need is to look 
completely normal in society and function as a concert pianist 
is not going to get a hand transplant from our group.” –UE 
transplant expert stakeholder

“We definitely assess what their expectations are pre-transplant. 
And…if there's a big mismatch between their pre-transplant 
expectation and the reality of their outcome then we will see 
depression. But it's really important to assess whether or not 
they have realistic expectations and whether they understand 
what the potential adverse outcomes could be.” –UE transplant 
expert stakeholder

To assess how well recipients’ pre-surgical expectations were 
met, we developed the Expectations and Perceived Outcomes 
domain. Stakeholder comments coded in this domain included 
emotional topics, such as feeling happy with results, second-
guessing choices, and feeling regret or surprise about the 
outcome. Experiences and expectations of surgery, rehabilitation, 
medical side effects, and immediate recovery were also discussed. 
These emotional and practical topics will be incorporated into 
items in this domain; for example, I felt prepared for the risks to 
my health after hand transplant.

Integration and assimilation of the 
transplant

Stakeholders described the process and importance of 
integrating the UE transplant into one’s physical and mental 
bodily schema. This included how the recipients experienced the 
process of accepting the UE transplant as their own limb and also 
how the UE transplant changed how they felt about their bodies.

“So many of those patients, they've tried prosthetics and 
ultimately, they always see the prosthetic as a foreign object; 
they're never able to integrate this in their overall body image. 
This was always a foreign device. Whereas after the hand 
transplant they referred to the transplant as their own hand, so 
I think that's something that explains a little bit what it means, 
this wholeness part. Where with the prosthesis, although they 
have regained function where you can do things, they never felt 
whole; they always felt as an amputee. Whereas after transplant 
they have hands and they feel whole again by using those hands.” 
–UE transplant expert stakeholder

“It makes me feel whole.” –UE transplant recipient

The Integration and Assimilation of the Transplant domain 
was conceptualized to assess feelings about how well the UE 
transplant has been integrated and/or assimilated into the 

recipient’s life, including somatosensory feelings of bodily integrity 
(e.g., proprioception and kinesthetic) as well as corresponding 
psychological experiences, sometimes referred to as a feeling of 
“wholeness” or being complete. For example, an item like, My 
hand transplant makes me feel more complete, could 
be representative of this domain. Stakeholder comments coded in 
this domain included references to acceptance of the limb, such as 
to what extent the new UE feels like their own. These topics and 
other salient emotional experiences were targeted for content 
coverage, such as degree of comfort (or discomfort) with the 
transplanted limb, feeling like oneself again, and feeling like 
something lost has been regained.

Fitting in

Stakeholders discussed a number of important social 
experiences that are unique for UE transplant recipients, both 
prior to and after transplantation. Descriptions of the experience 
prior to the transplant were primarily about difficulties fitting in 
as an amputee, whereas after UE transplant, the comments were 
both positive and negatively valenced. In many cases recipients felt 
they were better able to fit in due to the transplanted limbs, 
although some concerns remained about being noticed as having 
post-transplant limb differences (for example, mismatches in size 
or skin tone). Salient emotions included fears of being judged 
negatively in social settings and relevant behaviors included 
avoidance of social contact due to concerns about not fitting in.

FIGURE 1

The eight new HRQOL content domains are presented above—
represented by ovals—grouped into the overarching area of 
physical and psychosocial HRQOL under which they fall. In the 
area of physical HRQOL, three domains relevant to satisfaction 
with transplant were identified: Hand Function, Aesthetics, and 
Sensation. Sensation was further subdivided by separating 
Sensation Function from Satisfaction with Sensation. One domain 
includes aspects of both physical and psychosocial HRQOL: 
Post-Surgical Challenges and Complications, which includes 
physical and emotional reactions post-surgically. Psychosocial 
HRQOL included reflection on past perspectives in light of the 
completed transplant (Expectations and Perceived Outcomes). 
The internal reactions to stigmatization or feelings of self-
acceptance (Integration and Assimilation of the Transplant) were 
separated from the external experience of stigmatization/
acceptance within the social context (Fitting In).
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“After getting the hands, I felt like [I] could blend in more.” –UE 
transplant recipient

“…[I]f by doing the transplant they can go out in the world and 
they're not immediately identified as an amputee; … it's not the 
first thing that people notice about them.” –UE transplant 
expert stakeholders

The Fitting In domain was developed to evaluate the recipients’ 
feelings of how well they fit in socially after UE transplant. 
Stakeholder comments coded in this domain included references to 
feelings of social comfort or discomfort, feeling judged by others, 
and potential for embarrassment about the physical appearance or 
functioning of the transplanted limb. Several comments also 
referenced the importance of confidence interacting in social 
settings where the transplanted limb may be  observed—for 
example, decisions about wearing long sleeves or short sleeves and 
concerns about others staring at their limbs. This was incorporated 
into an exemplar drafted item, I feel self-conscious about people 
seeing my hands. This domain also captures feelings about being 
socially accepted and feeling a sense of “normality” with regard to 
not standing out as different in some way when perceived by others. 
Topics targeted for content coverage included both positive and 
negative feelings about fitting in socially, and referenced different 
social settings, such as being in public or around friends and family.

Post-surgical challenges and 
complications

Stakeholders described numerous challenges after 
transplantation, including adverse effects on health from 
immunosuppressive treatment and requirements for extensive 
rehabilitation care. There was also discussion of the occurrence of 
negative emotional outcomes from these new, potentially 
burdensome experiences. This content domain is multifaceted, 
covering a wide range of potential post-surgical challenges and 
complications, spanning aspects of both physical and psychosocial 
HRQOL (see Figure 1).

“You end up living at the hospital essentially for a while. So, 
you leave your life and you come. What I taught patients is 
rehabilitation becomes your full-time job from here on out. Or 
at least, other outside interests that you have, they have to take 
a back seat if you want to do this. And this has to be what 
you do every day seven days a week. And it’s going to be this way 
for a year or maybe this way for two years.” –UE transplant 
expert stakeholder

“I do know that the side effects of the steroid that was given to 
me in such heavy doses caused me to gain a lot of weight.” –UE 
transplant recipient

“After about 5 years of having the hands, the [medication] really 
started to damage my kidneys.” –UE transplant recipient

The Post-Surgical Challenges and Complications domain was 
conceptualized as encompassing common post-surgical challenges 
or problems that may have developed as a result of the transplant 
as well as associated ongoing physical and emotional burdens of 
transplantation. Stakeholder comments covered a wide range of 
topics, including burdens of keeping up with treatment, taking 
medications, regular checkups, required lifestyle changes, and 
hand therapy (appointments and at-home exercises). Some of 
these burdens were described as potentially lifelong. Discussions 
also described the emotional aspects of complications, including 
concern about medication side effects, long-term health impacts 
(e.g., cancer and diabetes), lifespan reduction, rejection episodes, 
and life-threatening or severe complications. Of note, many of 
these challenges and complications are faced by individuals who 
undergo solid organ transplant. Potential items such as, “My 
treatment limits my leisure activities” and “I feel bothered by 
medication side effects,” exemplify this domain. The experiences of 
recipients with any post-transplant challenges or complications, 
and the experiences of burden and emotional sequelae from these 
experiences, were judged to be most pertinent to inform item 
content coverage in this domain.

Satisfaction with hand function

Stakeholders described that, depending on the recipient, 
different levels of functioning may be experienced as satisfactory. 
Some felt that very little UE functioning was a positive outcome, 
whereas other recipients were seen to have higher requirements 
for the level of functioning needed to feel satisfied. Discussions of 
UE transplant function included the movement, strength, and 
flexibility of the UE as well as feelings of comfort, confidence, and 
satisfaction with the UE transplant functionality.

“My hand functions just as well as a normal hand, to be honest. 
I  can fully grasp, make a fist… you  forget that you  are an 
amputee a lot of times.” –UE transplant recipient

“I'm very happy even if my hands do not move like normal 
hands.” –UE transplant recipient

“But then there are other patients who have completely different 
goals, and for them it's really to work out, to do pull-ups, 
whatnot.” –UE transplant expert stakeholder

The Satisfaction with Hand Function domain was designed to 
capture satisfaction with the use and functionality of the 
transplant, considering the entire UE. Topics covered include 
general satisfaction and satisfaction with specific functions and 
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uses (e.g., range of motion). Stakeholder comments coded in this 
domain included both positive and negative statements about the 
UE transplant functionality as well as descriptions of different 
activities that could or could not be done with the UE transplant. 
These different types of functionality and descriptions of 
emotional reactions to the functional outcomes are important 
aspects that inform the drafting of items in this domain—for 
example, I feel frustrated with how my transplant functions.

Satisfaction with hand aesthetics

Stakeholders shared that the aesthetic aspects of the UE 
transplant were important for recipients’ evaluation of their 
overall outcome to a greater or lesser degree depending on the 
individual’s goals in seeking a transplant. For some, the aesthetic 
aspects were paramount and the procedure was tantamount to 
aesthetic surgery, while for others, the appearance of the transplant 
was a secondary or tertiary goal. Stakeholders also explained that 
the aesthetic aspects of the transplants were expected to change 
over time, as follow-up procedures (e.g., debulking) could be done 
to improve aesthetics.

“It has been always important for me to have new real hands 
and not plastic or silicone hands.” –UE transplant recipient

“They try to match on skin color as well as [donor] sex.. but …
there's often a big size discrepancy in the arms …because what's 
left of [the recipient’s] native arm is often very shrunken and 
small, and then you're transplanting … a normal size forearm.” 
–UE transplant expert stakeholder clinician

To assess recipients’ satisfaction with the external 
appearance of the transplant, we designed the Satisfaction with 
Hand Aesthetics domain. Specific subtopics covered in the 
stakeholder discussions included skin tone of the transplant, 
size of the transplant, fingernail appearance, forearm bulk, scar 
appearance, and body hair color. Each item would cover an 
aspect of only one of these subtopics—for example; I 
am satisfied with the skin tone of my transplant. These subtopics 
and the need to evaluate the recipient’s feelings of satisfaction 
or dissatisfaction with the aesthetic qualities of the UE 
transplant were considered to be  important considerations 
when drafting items for this domain.

Hand function: Sensation and 
satisfaction with sensation

Stakeholders discussed sensation as a major outcome of 
interest that motivated many recipients to pursue UE transplant. 
Sensation is one of the functions that cannot be  replicated by 
traditional prosthetics. Sensation has numerous important 

impacts on daily functioning as well as emotional and social  
functioning.

Stakeholders described the sensory skills that were missed for 
UE amputees, and the process of regaining sensation after 
transplantation. Various sensory skills were discussed as 
functional abilities, but also for the more personal meaning 
inherent in these sensory experiences. Sensation was discussed as 
a socially relevant sense and was closely tied to the desire for 
improved social functioning after the transplant.

“Sensation though is so important. And I can’t reinforce that 
enough as it relates to relationships with those that you love. 
Your spouse and your children, especially for those that have 
young children. Hooks don’t have any value with young children, 
and electric hands don’t have value with children.” –UE 
transplant expert stakeholder

“I can feel what I touch, I can feel if it is hot or if it is cold, if it is 
soft, or if it is itchy or anything, and … that is something that is 
very important for me, and it goes with the fact that I can like 
touch somebody. So, for example, my boyfriend, I can… put my 
hand on him and I can touch him or feel him or touch his hair 
or things like that… that really matters for me currently.” –UE 
transplant recipient

In response to these stakeholder comments, two HRQOL 
content domains were developed on the topic of sensation. First, 
the Hand Function: Sensation domain was designed to evaluate 
recipients’ ability to perceive a variety of sensations in the 
transplanted limb/hand. These included, for example, light 
pressure, touch, textures, temperature, and pain. The second 
domain developed was Satisfaction with Sensation. This domain 
was designed to assess recipients’ satisfaction with their ability to 
perceive sensation with the transplant, including social touch.

These two domains were conceptualized as discrete because 
stakeholders acknowledged that recipients’ degree of satisfaction 
may not correlate directly with the amount of sensory function 
they have in the UE transplant. Stakeholders described how 
acquiring even minimal amounts of protective sensation was 
experienced as a benefit over prosthetic devices. Hence, Hand 
Function: Sensation focuses on practical aspects of sensory skills 
and behaviors as shown in an exemplar item like: My sense of 
touch in my hand(s) is good. Satisfaction with Sensation focuses 
more on satisfaction and mental/emotional implications of 
regaining sensory functioning and can be depicted in an item such 
as: My hand(s) help(s) me feel closer with people when I touch them.

Discussion

To understand the HRQOL effects of what is considered to be a 
QOL-enhancing a procedure, it is critical to systematically assess 
post-transplant HRQOL from the patient’s own perspective. The first 
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steps to implementing routine PRO assessment in a given population 
are to identify the most important domains of HRQOL to assess, and 
then to develop PRO items to measure each of these domains. Many 
of the factors important to understanding the physical and 
psychosocial HRQOL outcomes of UE transplant are shared with 
other rehabilitation populations, such as fine motor functioning and 
ability to conduct self-care activities, pain interference, and 
emotional difficulties, such as depression, anxiety, and psychological 
trauma (Cella et al., 2012; Gershon et al., 2012; Kisala et al., 2015a,c; 
Tulsky et al., 2015a). Additionally, several unique areas relevant to 
HRQOL after UE transplantation were identified in our recent 
qualitative work with stakeholders (Tulsky et al., 2023).

After transplant, it is known that recipients face new 
challenges and risks of complications, and there are opportunities 
for hindsight and possible regrets, all of which have the potential 
for condition-specific psychosocial outcomes. These are areas 
where we determined that new PRO content was necessary, and 
so we are working to develop the domains of Expectations and 
Perceived Outcomes and Post-Surgical Challenges and 
Complications, the latter of which includes aspects of both 
physical and psychosocial HRQOL.

Psychosocial outcomes such as reduced participation and 
regaining independence are domains where existing PRO 
measures can be applied (Cella et al., 2012; Gershon et al., 2012; 
Heinemann et al., 2015, 2020; Victorson et al., 2015; Kisala et al., 
2020). Likewise, measures of depression, anxiety, and 
traumatization are relevant for UE transplant recipients just as 
they are for individuals in other rehabilitation populations who 
have experienced life-altering disabilities (Kisala et al., 2015a,c; 
Tulsky et al., 2015b). However, the domains of stigmatization and 
self-acceptance, topics that have been identify as relevant for many 
other rehabilitation populations (Cella et al., 2012; Gershon et al., 
2012; Kalpakjian et al., 2015; Kisala et al., 2015b) are experienced 
in a particular way by UE transplant recipients. These patients are 
faced with a unique opportunity to integrate the transplanted limb 
into their identity (i.e., assimilation), as well as an opportunity to 
reintegrate socially as a person with ostensibly intact limbs. The 
concepts of feeling “whole” and “normal”—terms that can evoke 
negative stereotypes and reflect the type of ableist language 
typically avoided in rehabilitation research—were repeatedly 
broached by stakeholders in our qualitative work. Use of these 
terms in this way implies that if the loss of a limb results in feeling 
like “something is missing,” a transplanted limb is indeed an 
opportunity to both figuratively and literally feel restored or 
“whole.” These sensitive topics are critical, therefore, for inclusion 
in assessment of HRQOL outcomes following UE transplant. To 
respond to this need, we  have chosen to develop outcomes 
domains in the psychosocial HRQOL area of Integration and 
Assimilation of the Transplant and Fitting In.

From a medical/surgical perspective, satisfaction with the 
transplant is a broad and vital area for assessment. Based on our 
stakeholder input and experience with PRO development, 
we  chose to divide the topic of physical HRQOL after UE 
transplant into three areas: Function, Sensation, and Aesthetics. 

Functional abilities of the transplanted limb can be  evaluated 
similarly to any surgical population, considering, for example, 
range of motion, grip strength, pain, and the various activities of 
daily living that require manual motor function and dexterity to 
complete. Thus, we believe that assessment of functional ability is 
best left to existing measures, such as SCI-FI Fine Motor, SCI-FI 
Self-Care, PROMIS Upper Extremity (Jette et al., 2012; Tulsky 
et al., 2012; Kaat et al., 2019), or Neuro-QoL Upper Extremity-
Fine Motor (Cella et al., 2012; Gershon et al., 2012).

In contrast, satisfaction with hand functioning as experienced 
by UE transplant recipients appears to merit a new HRQOL content 
domain, as difficulties and frustrations with the responsivity and 
ease of movement of the transplanted limbs/hands are distinct for 
this population, where capabilities improve gradually with 
treatment and nerve regrowth—or sometimes not at all. Likewise, 
the challenges with sensation and aesthetic satisfaction are also 
unique to UE transplant. Although there are other clinical groups 
(e.g., spinal cord injury) where UE sensation can be impacted by 
injury, and the process of developing sensory-motor control for 
advanced prosthetic limb users has some similarities (Graczyk et al., 
2019; Sensinger and Dosen, 2020), the experience of regaining 
sensory capabilities as donor nerves become reinnervated is distinct 
in limb transplant. There are similarities for UE transplant recipients 
to the benefits experienced from targeted muscle reinnervation 
(TMR) in terms of reduced phantom limb pain and neuroma-
related pain (Morgan et al., 2016; Tintle et al., 2016; Dumanian 
et  al., 2019), and similarities with both invasive (e.g., targeted 
sensory reinnervation) and non-invasive (e.g., armband-based 
stimulators) technologies for restoring sensory input with prosthetic 
or bionic devices (Bensmaia et  al., 2020), although ideally the 
outcome of the VCA transplant will go further than any one of these 
approaches and restore more natural motor control and sensation 
to the injured limb. Furthermore, the aesthetic and cosmetic aspects 
are of central concern for many patients (e.g., concerns about 
mismatched skin tone, body hair color/texture, and musculature/
size/bulk of transplanted limb). These issues are layered upon the 
body image concerns experienced by UE amputees and involve the 
singular experience of aesthetically integrating donor tissue in a 
highly visible body location (whereas most solid-organ transplants 
occur with internal/non-visible tissue). Hence, we have chosen to 
develop outcomes measures in the physical HRQOL area, including 
Hand Function, Aesthetics, and Sensation (both Function and 
Satisfaction with Sensation).

The work in which we  are engaged is designed to use 
stakeholder feedback to identify the appropriate domains for 
HRQOL assessment and to make the feedback actionable by 
developing items to measure these important stakeholder-
identified areas. The definitions and theoretical structure 
described throughout this manuscript are critical to the 
development of items that can measure these areas of function. 
This marks one of the initial efforts to systematically develop new 
scales that focus directly on issues of critical importance to those 
who have undergone UE transplant, but which are absent from 
existing HRQOL measurement systems.
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Conclusion

Standardized, routine, and comprehensive evaluations of 
UE transplant outcomes are necessary to provide evidence to 
evaluate this treatment as part of the standard of care for UE 
injury or limb loss. Based on industry standards for PRO 
assessments of HRQOL and our completed qualitative 
research, we  recommend that HRQOL assessment for this 
population includes both existing measures—those that are 
applicable to many rehabilitation populations, such as 
measures of depression, anxiety, and pain—as well as measures 
that are unique to the experience of UE transplant, covering 
emotional, social, and physical functioning. The eight newly 
developed PRO domains described herein were designed  
for this purpose. Future work is needed to finalize the 
development of new items in these domains and to ensure 
content validity.
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