
SAGE Open Medicine

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons  
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, 

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open 
Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://doi.org/10.1177/2050312120926351

SAGE Open Medicine
Volume 8: 1 –10

© The Author(s) 2020
Article reuse guidelines: 

sagepub.com/journals-permissions
DOI: 10.1177/2050312120926351

journals.sagepub.com/home/smo

Introduction

Hands are essential to our identities and activities of daily 
living (ADL). Yet, approximately 41,000 Americans suffer 
upper extremity (UE) loss.1 Many have lost their extremity 
as Service Members in the Middle East, where improved 
body armor has increased the number of those surviving pre-
viously fatal improvised explosive device injuries.2

UE replantation dates back to 1964,3 with over 300 major 
UE replants documented since.4 The literature mostly con-
tains case studies combining replantations at multiple levels 
and/or complete and partial amputations and offers few 
standardized metrics of comparison or long-term outcomes.5 
We have restricted our review to replants and transplants 
between the elbow and wrist to improve the validity of 
comparison.

Although replantation of extremities shortly after trau-
matic amputation may be technically feasible, it is often 
impossible due to the state of the amputated limb(s), the 
clinical stability of the patient, and/or the need for reperfu-
sion within hours. Until the advent of hand transplantation in 
1998, the only option for these UE amputees was the use of 
insensate prostheses.6 However, as of May 2013, the 
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International Registry on Hand and Composite Tissue 
Transplantation (IRHCTT) reported that 45 patients received 
68 UE transplants at levels between the wrist and proximal 
forearm (22 unilateral and 23 bilateral). Follow-up ranged 
from 0.5 to 14 years, with 94% of transplants surviving.7 
These data exclude 15 transplants performed in China, of 
which 7 were lost 1–2 years post-operatively to rejection and 
necrosis, 6 of them in patients who were non-adherent with 
immunosuppression.8

Although the surgical techniques, rehabilitation, and out-
comes of UE transplantation are based on replantation expe-
rience, there are important and significant differences. Given 
the limited and heterogeneous data available, a rigorous sci-
entific comparison is not possible. However, our rationale in 
this review was to provide insights for the treatment of both 
patient groups, with similar goals to achieve limb survival 
and useful long-term function.

Methods

Following Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines, we con-
ducted PubMed searches as described in Table 1. We retrieved 
512 articles, from 1964 to 2013 and read all abstracts. We 
excluded 459 primary and secondary source articles with 
amputations distal to the wrist and proximal to the elbow. Of 
the remaining articles, 53 were thoroughly reviewed.

Results

Pre-operative considerations

Replantation is inherently an acute and urgent operation, with 
little predictability or option for planning, and often signifi-
cant warm ischemia time. Conversely, transplantation allows 
time for more thorough pre-operative planning, preparation, 
and optimization. This may include pre-operative medical and 
radiological work-up, psychiatric and psychological evalua-
tion, and immunosuppression considerations which aim at 
improving success. The need for a donor in UE transplantation 
introduces numerous challenges not present in replantation, 
such as size, gender, and aesthetic matching, and the potential 
for limiting overall ischemic time and planned cold ischemia 
(which is not an option when replanting an UE).7

Surgical techniques

Excess tissue and “spare parts” available in UE transplanta-
tion provide opportunities for refinements not available in 

replantation. Excess length of tendons allows coaptation 
using techniques, such as Pulvertaft weaves and junctures at 
a variety of levels. This may maximize the strength and reli-
ability of tenorrhaphy and may minimize adhesions, com-
pared with end-to-end junctures at pre-determined locations 
in replants. The potential procurement of more arteries and 
veins at more proximal sites in transplantation provides extra 
vessel length, allowing anastomoses without tension or graft-
ing and the use of larger (and potentially more reliable) ves-
sels. Transplanted skin incisions and closures may be carefully 
planned to create a more acceptable scar and minimize con-
tractures when compared with replantation. Furthermore, 
bone shortening is not typically needed in transplants since 
more soft tissue may be procured, whereas bone shortening is 
often necessary in replants to minimize tension on repairs and 
allow avoidance of surgery in the “zone of injury.” Stated 
another way, bone shortening is soft tissue lengthening and 
vice versa, and not typically needed in transplantation.

Bone fixation is most often achieved with plates and 
screws in both UE replantation and transplantation. The time 
courses of bony union are equivalent in UE transplants and 
replants; however, both are delayed compared with normal 
fracture healing.9 This may be related to the comparative 
degree of “trauma” and de-vascularization.

Nerves in limb amputees have often been shortened by 
traction neurectomy and often must be transected even more 
proximally while preparing a recipient limb for transplanta-
tion to remove distal neuromas. This introduces a longer dis-
tance for nerve regeneration in transplantation.

Finally, transplant surgeons encounter a larger degree of 
fibrosis and muscle atrophy secondary to the time between 
limb loss and transplantation and relative to the acute replan-
tation situation.

Post-operative considerations

Hand transplant recipients typically receive more complex 
post-operative management when compared with replant 
recipients, including immunosuppression, intense rehabili-
tation, extended occupational therapy, and psychological 
support.7 They usually remain close to the transplant center 
for 3–6 months post-operatively. We were unable to find any 
data or protocols detailing similar information for replanta-
tion patients.

Outcomes

We compared seven outcome categories for hand replanta-
tion and transplantation (Table 2).

Motor. The functions of the hand most important to ADLs 
are those related to pinch and grip. Nerve regeneration (prior 
to motor endplate senescence at around 18 months) is clearly 
a key factor in motor recovery, taking place at a rate of 
approximately 1 mm per day. Immunosuppressive medica-
tions used in transplant recipients have been shown to accel-
erate this rate.10,11

Table 1. Parameters for PubMed search.

Keywords Hand; replantation; replant; vascularized 
composite tissue; transplantation; 
transplant; allotransplantation; outcomes

Dates of publication 1964 to 2013
Languages English
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In a single-center study comparing five replants and one 
transplant, all at the forearm level,12 the replants had 17% 
greater grip strength but no motor reinnervation of the intrin-
sic muscles. In contrast, despite weaker grip strength, the 
transplants had hypothenar and interosseous muscle contrac-
tions by 21 months. Another study showed six replanted UE 
had 32% and 19% of pinch and grip power, respectively, of 
the contralateral uninjured hands at 29 months follow-up.13

Most transplanted forearm UE to date have preserved 
native extrinsic muscles with intact innervation, but reports 

of intrinsic reinnervation have been more variable.7,14 One 
study reports all 39 UE transplant recipients able to perform 
grip and pinch activities by 12 months and showing intrinsic 
recovery by 9–15 months,7 while another study states that by 
1–10 years post-transplant, 57% of 28 recipients showed 
intrinsic motor function.15

An examination of 79 replantations found that motor out-
comes were better for sharp versus diffuse crush or avulsion 
UE amputations.16 We infer that this applies to transplant too, 
but patient selection bias prohibits meaningful data. Stated 

Table 2. Comparison of similarities and differences between hand replantation and transplantation.

Hand replantation Hand transplantation

1. Motor •• No cognitive therapy required •• Nerve regeneration stimulated by immunosuppressive 
medications

•• Cognitive therapy required

•• Similar recovery of digit and wrist ranges of motion
•• Faster and improved extrinsic muscle recovery versus intrinsic
•• Avulsion/crush amputations associated with worse outcomes in comparison with sharp

2. Sensation •• Near 100% protective sensation
•• 30%–60% tactile and discriminatory

•• 100% protective sensation
•• 80%–90% tactile and discriminatory

•• 2-PD < 10 mm
•• More distal amputation associated with faster recovery
•• Common cold intolerance

3. Cosmesis •• No tissue matching required
•• More significant scarring with less 

restoration of soft tissues
•• Higher risk of unequal UE lengths due to 

bone shortening

•• Size, gender, age, and skin color matching issues
•• Less significant scarring with better restoration of soft 

tissues
•• Lower risk of unequal lengths

4. Patient 
satisfaction/
quality of life

•• Majority with improved self-reported quality 
of life

•• Lower patient satisfaction

•• 75% self-reported improvements in quality of life
•• Higher patient satisfaction

•• Many resumed suitable work without primary use of injured hand

5. Adverse 
events/
complications

•• Most common cause of replantation failure is 
arterial insufficiency (60%)

•• Second most common cause is venous 
insufficiency (20%)

•• Overall higher rates of failure

•• Most common cause of transplantation failure is rejection 
secondary to treatment non-compliance (China)

•• One reports of chronic rejection
•• Four other reported failures due to severe infection, 

intimal hyperplasia, and acute rejection (Western 
countries)

•• 85% of reported cases have an episode of acute rejection 
(all but one case reversed with treatment)

•• Immunosuppression-related side effects

•• Similar delays in bone union
•• Common long-term complications include neuroma formation and tendon adhesions

6. Financial 
costs

•• Unilateral lifetime cost = US$42,561
•• (range = US$784–US$596,457)

•• Unilateral lifetime cost = US$509,275
•• Bilateral lifetime cost = US$529,395

•• Difficult to evaluate and compare costs accurately due to the variety of components

7. Overall 
function

•• Improvements after 5 years limited to cold 
intolerance and SW monofilament sensation

•• Majority return to at least 50% of overall 
original function

•• Improving HTSS and DASH scores over 12–13 years
•• HTSS scores are generally excellent
•• DASH scores generally show significant reductions in 

disabilities

•• Majority of Chen scores are Grades II (good) to III (fair)

UE: upper extremity; HTSS: Hand Transplantation Score System; DASH: Disabilities of the Arm, Shoulder, and Hand; 2-PD: two-point discrimination.
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another way, replantations are a heterogeneous group—some 
with sharp amputations but many with other mechanisms that 
predispose to poorer outcomes. All transplantations are, by 
definition, prepared to remove and sharply dissect damaged 
tissues, making these comparable with only the ideal replan-
tation candidates.

Finally, cortical integration of a limb may be lost during 
prolonged time living as an amputee. Reintegration must 
occur for a recipient to gain control of a transplanted limb.17 
Cognitive therapy is used to optimize this process, and post-
transplant recovery of cortical motor activity has been dem-
onstrated in multiple patients, but rigorous study of this 
factor is in its infancy.18–21 This is intrinsically not such an 
issue in replantation.

Sensation. Sensory recovery is most often tested by Semmes–
Weinstein and two-point discrimination (2-PD) testing. 
These are reported as the degree of return of sensation (pro-
tective, tactile, or discriminatory) or a numerical 2-PD result, 
respectively. Normal 2-PD ranges from 2–4 mm on the fin-
ger pads to 8–15 mm on the palms. Immediately post-replan-
tion or transplantion, all sensory functions in the surgical 
specimen are absent, and they only begin to reappear follow-
ing nerve regeneration to sensory organs. Nerve biopsies of 
replanted versus intact hands show mean losses of sensory 
immunoreactivity and sympathetic immunoreactivity of 
30% and 60%, respectively, after replantation.22 Outcomes 
are better in younger patients and those with more distal and 
sharp amputations.

Of 26 major UE replants with mean follow-up, 
11.3 years,23 77%, 50%, and 27% had protective, tactile, 
and discriminatory sensation, respectively, and 67% had 
6–10 mm 2-PD. In nine hand replants followed for an aver-
age 18 years, protective, tactile, and discriminatory sensation 
were 100%, 100%, and 56%, respectively, at 10–12 years, 
whereas 2-PD plateaued at 6–10 mm at 5 years.4 Approxi-
mately 50%–70% of hand replants regained 2-PD of less 
than 10–15 mm within months to years.8,16,24

As for UE transplant recipients, when followed long 
enough, 100% have recovered protective sensation, whereas 
90% and 83% recovered tactile and discriminatory sensation, 
respectively. As in replantation, transplantation at more distal 
levels yielded better sensorimotor recovery, with persistent 
improvement beyond 2 years. In the previously noted single-
center comparison,12 superior 2-PD was recorded in a trans-
plant recipient compared with five replants (⩽12 mm versus 
12–15 mm). Of the 12 successful hand transplants in China, 
2-PD was reported to range from 1.5 to 6 mm.8

Common to both replants and transplants is cold intoler-
ance of the affected extremity. While not quantified, this may 
be attributable to reduced thermal modulation capacities in 
the fingertips from microcirculatory deficiency.25

Cosmesis. Bone shortening and soft tissue injuries or loss 
contribute to significant detriments in cosmetic outcomes of 

UE replantation.26 Conversely, hand transplantations allow 
for as much bony and soft tissue procurement as necessary, 
thus allowing optimal relative bone length and minimized 
scarring. Most recipients express “satisfaction” with cos-
metic results.27 The Hand Transplantation Score System 
(HTSS) includes cosmetic measures but no qualitative 
analysis of cosmesis.26

Patient satisfaction/quality of life. Global measures of satisfac-
tion are critically important but difficult to quantify. This 
flaw is magnified by the lack of pre-amputation standardized 
data for both groups, while often using a surrogate of pre-
transplant status in transplantation patients. At best, we are 
often comparing post-operative data with pre-injury data for 
replant patients and with post-injury data for transplant 
patients. The most common quality of life (QoL) instruments 
for this patient population are the short form (SF)-36 and 
Disabilities of the Arm, Shoulder, and Hand (DASH).

In the replant group, QoL correlated strongly with func-
tional outcomes measured by Chen’s classification (Table 2) 
in wrist and forearm replants. The majority of recipients 
were satisfied with functional and cosmetic outcomes.28 QoL 
improved throughout a 4.2-year post-operative follow-up in 
30 replant recipients with sharp amputation mechanisms.29 
QoL studies over a longer period of follow-up were not found.

Several transplantation studies qualitatively report patient 
satisfaction.27,30 The majority (75%) of transplant recipients 
note improvements in QoL from pre-transplantation and the 
ability to perform most ADL. Although no degree of magni-
tude is specifically reported for QoL, the HTSS scoring 
system shows gradual improvements through 12–13 years 
post-transplant, with bilateral recipients only slightly more 
satisfied than unilateral recipients (Figures 1 and 2).7 The 
most significant determinants of QoL in replants and trans-
plants were patient motivation, degree of psychological dis-
tress, personality, and support systems.31

Adverse events/complications. The most common causes of 
replantation failure are arterial (58%) and venous (17%) 
insufficiency, according to a 1974 study.32 Late complica-
tions include neuroma formations, tendon adhesions, and 
cold intolerance.

Four Western UE transplant recipients have lost five trans-
planted hands as of 2013 as described in Table 3.33 Early post-
transplant complications are typically thrombosis or small 
areas of skin necrosis, reported in 9% and 18% of patients in 
early IRHCTT reports. In total, 85% of UE transplant recipi-
ents experienced at least one episode of acute rejection within 
the first year; all were reversible when promptly treated. 
Recipients have been maintained on immunosuppression 
therapy most commonly consisting of steroids, tacrolimus, 
and mycophenolic acid,14 although a variety of reduced-
immunosuppression regimens are becoming popular. Table 4 
depicts IRHCTT-documented immunosuppressant-related 
complications as of May 2013, including 42 metabolic (53%), 



Heineman et al. 5

36 opportunistic infections (45%), and 2 non-life-threatening 
malignancies (2.5 %).33

Financial costs. Figure 3 depicts the lifetime costs of UE 
amputation, replantation, prosthetic adaptation, and trans-
plantation.34–37 Although, due to immunosuppression 

complications, transplantation yields less quality-adjusted 
life years (QALYs) than prosthetic adaptation,38 patients 
typically favor bilateral hand transplantation over bilateral 
prostheses. The inherent bias in these data is that patients 
satisfied with prostheses are unlikely to seek out transplanta-
tion. The incremental cost-utility ratio of bilateral transplan-
tation (versus prostheses) was US$381,961/QALY, exceeding 
the traditionally accepted US$50,000/QALY threshold.37 
Furthermore, financial calculations projected over many 
years are very sensitive to changing prices and costs, 
decreasing costs of generic immunosuppressant medica-
tions; although the increasingly complex and expensive 
prostheses may change these data.

Overall function. Replantation data lack pre-morbid and pre-
replant points. Conversely, transplantation data are generally 
replete but afford comparison to pre-transplant but not pre-
amputation function. Furthermore, there is a notable lack of 
good instruments to measure post-operative function.

A retrospective analysis of 347 hand replants showed 
overall success rates were better for guillotine (77%) versus 
crush amputations (49%).39 Recently, Chen I scores were 
reported in four forearm-level replants followed for a mean 
of 18 years (Table 5).4 Chen I and II scores were noted in 8 
distal forearm replantations,40 and Chen I, II, and III recover-
ies in 2, 5, and 3 mid-forearm replants, respectively. Over 
11.5 years after hand replantation, Chen scores were 23% 
Grade IV, 12% Grade III, and 65% Grade II.23 There was 
increased patient satisfaction and improved use of the replant 
as a helper hand. Grossly, approximately 50% of function 
may be recovered with replantation.
In 28 transplants followed from 1 to 10 years, DASH scores 
dropped a mean of 27.6 points from pre- to post-transplant.1 
Chen scores were recorded for all 17 patients, pre- and post-
transplantation.15 All were Chen Grade IV pre-transplanta-
tion. In post-transplantation, 6% remained at Grade IV, 41% 
improved to Grade III, 47% Grade II, and 6% Grade I. HTSS 
and DASH scores for bilateral and unilateral transplants at 
12–13 years follow-up represented “excellent” outcomes 
(Figures 2 and 3).33 Functional recovery enabled patients to 
perform most ADLs. Compliance with rehabilitation and 
immunosuppression was paramount for good results.

Discussion

Despite imperfect literature and limited experience, we 
believe that comparison between replantation and transplan-
tation offers an opportunity to learn (Table 6). Our experi-
ence in reviewing this topic highlights the need for better 
data recording and better tools to assess outcomes and deter-
minants thereof. The comparison is complex and compli-
cated by heterogeneous data, most often presented as case 
reports or small case series. As expected, there is a paucity 
of data for bilateral (versus unilateral) UE replants, whereas 
bilateral transplantation is relatively common.
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While we often cannot alter the circumstances of limb 
loss, we may apply some of the lessons learned. For exam-
ple, when performing a revision amputation, leaving a 
longer UE stump without significant nerve shortening at 
this primary surgery may be less optimal for prosthetic fit-
ting. However, if these patients proceed to future transplan-
tation, they can be expected to have improved functional 
recovery due to the reduced distance for nerve re-growth 
and the maintenance of more native tissues, including 
innervated muscle. In addition, we recognize that vein and 
nerve grafts, commonly used in replantation, may help a 
surgeon from performing a tight anastomosis or neuror-
rhaphy. There is ample opportunity to procure these grafts 

from an organ donor, and we have obtained these in several 
transplantation cases.

Motor outcomes are critically related to what muscle is 
maintained in the proximal stump (and which works imme-
diately) and to the degree and speed of nerve regeneration 
into a replanted or transplanted limb (allowing the part’s 
muscles to function). Hand replants appear to experience 
slower nerve regeneration compared with transplants; the 
later may benefit from accelerated nerve regeneration facili-
tated by immunosuppresive medications. There is debate as 
to whether these drugs should be used in the replant popula-
tion for this benefit alone. Replants show a faster recovery of 
grip strength, most likely explained by less muscle atrophy 
at baseline, thus providing data to encourage transplantation 
closer to the time of amputation when practicable. Avulsion 
and crush amputations result in worse outcomes than sharp 
amputations for both groups.

Transplant patients have, additionally, often undergone a 
very extensive and planned occupational therapy program 
and demonstrate a selection bias favoring those patients 
likely to be compliant with therapy. While the contribution 

Table 3. Upper extremity transplant losses in Western recipients.

Time elapsed between 
transplantation and loss

Reason(s) for allograft 
loss

Bilateral or 
unilateral loss

Other comments

5 days Necrosis secondary to 
sepsis

Bilateral Patient received combined face and hand transplantation

15 days Poor revascularization Bilateral Amputation of distal phalanges
23 months Arterial acute ischemia 

with intimal hyperplasia
Unilateral  

29 months Rejection Bilateral Attributed to immunosuppression non-compliance
45 days Bacterial infection and 

bleeding
Unilateral Patient received combined face and hand transplantation 

and died on day 65 post-transplant from cerebral anoxia 
secondary to airway obstruction

Table 4. IRHCTT documented complications as of May 2013 
(percentage of total complications).33

Metabolic complications (52.5%)

Hyperglycemia 20
Increased creatinine values 9
Arterial hypertension 6
Avascular necrosis of the hip 2
Leukopenia 2
Cushing syndrome 1
Hyperparathyroidism 1
End-stage renal disease 1

Opportunistic infections (45%)

Bacterial 14 (one osteitis, three graft 
connective tissue infections)

Cytomegalovirus (CMV) 10
Cutaneous mycosis 5
Herpes virus (HSV) 3
Clostridium difficile 2
Herpes zoster virus (HZV) 1
Epstein-Barr virus (EBV) 1

Malignancies (2.5%)

Basal cell carcinoma of nose 1
Lymphoproliferative disease 1
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of this to outcomes has not been well studied and is limited 
by the retrospective nature of this review, it may contribute 
to reduced adhesions and better function. An interesting 
finding when researching this article was how infrequently 
reported is the amount and type of occupational therapy. This 
is especially true of replantation patients. The importance of 
occupational therapy is well-documented in hand surgery, 
and this is an opportunity to encourage better reporting of 
this aspect of data in our replantation and transplantation 
patients.

Transplants show better sensory return than replants.33 
Tactile and discriminatory sensation are better recovered in 
transplants, but both groups present good 2-PD and near-
total protective sensation recovery. Recovery is improved in 
both groups with more distal amputations and in younger 
patients.

Patients in both groups report adequate satisfaction 
with cosmetic results. Cosmetic outcome measurements, 
however, are intrinsically subjective and thus difficult to 
compare. Although neither surgery produces a “normal” 
appearance, outcomes may be optimized in transplantation 
thanks to optimal matching and planning. The use of 
“spare parts” in each type of surgery may further allow 
best possible results. Of note, a Polish man with bilateral 
amputations who received female UEs later expressed sat-
isfaction with function and cosmesis despite the gender 
mismatch.41 Thus, patient preferences on cosmetic match-
ing should be given consideration, particularly when 
matching is difficult and alternatives are limited.

Although both replant and transplant data demonstrate 
improved QoL, satisfaction appears greater among trans-
plant recipients and is heavily based on pre-operative expec-
tations. Direct comparison is difficult, given that replant 
recipients are only assessed post-operatively. Transplant 
recipients would be expected to experience higher satisfac-
tion as they have had more time to experience the alterna-
tives (such as prostheses), consider realistic outcomes, and 
understand post-operative rehabilitation. This is in contrast 
to replant recipients who deal with the intervention immedi-
ately after a traumatic injury often wrought with psychologi-
cal trauma.31

Replant recipients have never experienced life without a 
limb. We consider the analogy of replant versus transplant 
recipients to recipients of immediate versus delayed breast 

reconstruction after mastectomy. In this group, satisfaction 
with appearance appears higher among the delayed group 
who have experienced the alternative of no reconstruction.42 
Transplant recipients have experienced the difficulties of 
upper limb loss for months to years. Transplantation grants 
them new freedoms and physical abilities. In addition, they 
may receive greater psychological support. Understanding 
the role of this psychological support and potential media 
and public interest allowing better adaption may allow us to 
better help replantation patients through this experience.

Replantation patients may experience a higher overall rate 
of failure than transplantation patients, with vascular trauma 
being a large contributor. In contrast, the top cause of trans-
plant failure is rejection due to non-adherence with immuno-
suppression. There is clearly a selection bias in these data, 
and lower failure rates in transplantation may be attributed 
to the ability to “hand pick” the best transplant candidates, 
a luxury not available in hand replantations. Furthermore, 
many surgeons will attempt replantation even if failure seems 
likely, as a high chance of failure may be better than no 
attempt at replantation at all. We may be reminded from our 
experience with transplantation how important the use of 
spare parts and tissue grafts can be. Immunosuppression-
related side effects are common in the transplant group; how-
ever, general reductions in steroid use by many groups would 
be expected to decrease many of these complications. Both 
groups experience similar, yet delayed, rates of bone union. 
The most common long-term side effect in both groups is 
cold intolerance.

Although neither procedure is lifesaving, UE transplan-
tation spurs more controversy than replantation because it 
imposes an absolute requirement for lifelong immunosup-
pression with potentially serious side effects.43 In contrast, 
replantation is perceived as an option where the patient is 
unlikely to be worse-off afterwards. Hand transplantation is 
also perceived as costly, specifically because of the long-
term costs of immunosuppression, and the potential for dra-
matically increased costs in the setting of perioperative 
complications. Generic immunosuppressants may mitigate 
these costs somewhat. Rehabilitation is a significant cost 
contributor to both replantation and transplantation; but 
ongoing experience with transplantation would be expected 
to better elucidate the key and most efficient elements of 
rehabilitation.

Table 5. Chen functional recovery score.

Grade Qualification Description

I Excellent Able to resume original work with the injured hand, ROM > 60% of original, complete 
sensory recovery, and M4–5 motor power

II Good Able to resume suitable work without injured hand, ROM > 40%, near complete sensibility, 
and M3–4 motor power

III Fair Able to carry on daily life, ROM > 30%, partial recovery of sensibility, and M3 motor power
IV Poor Poor, almost non-useful function of limb

ROM: range of motion.
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Generally, replants have been scored using the Chen 
Functional Recovery Score, while transplants have used the 
HTSS. Only transplantation patients are registered with the 
IRHCTT. This limits direct comparisons of overall function. 
Nevertheless, both groups appear to regain at least 50% of 
original function. When compared with the emergent nature 
of replantation, the pre-operative transplantation process 
may increase the likelihood of successful post-operative 
compliance and cooperation. The use of better standardized 
measures with reliable recording will help elucidate further 
important determinants of outcome, and these are in the pro-
cess of development.

Finally, given that donor hands must be rationed appropri-
ately for transplantation, outcomes from replant data suggest 
that younger patients with guillotine-type injury to the distal 
forearm/wrist should be expected to have the best outcome 
from a mechanism of injury perspective. Transplant data fur-
ther suggest that co-morbidities, mental health, medication 
compliance, and patient commitment to rehabilitation are 
also vital in making hand transplant allocation decisions.

The limitations of this article are vast. Foremost, the 
heterogeneity of data with respect to patient demographics, 
types of injury, amputation level, geographical location, clin-
ical definitions, study design, and outcome measures makes 
direct comparisons difficult. Most of the replant literature 
includes digits, partial hands, and other levels of the UE, 
with limited numbers of distal forearm replants for compari-
son to transplants. Selection bias is inherent in transplanta-
tion since poor candidates (such as older, unfavorable level, 
or poorly compliant patients) will typically not be listed for 

this surgery, whereas the opportunity to select patients for 
replantation is more limited. Publication bias presumes that 
centers performing replants and/or transplants report their 
best results. Furthermore, most replantation articles were 
published in the 1970s–1980s versus the 2000s for transplan-
tation, contributing a cohort effect to results. Surgical tech-
nology and knowledge have since evolved, thus it is likely 
that replantation outcomes have improved but have not been 
published secondary to the decreased novelty and publish-
ability. The small number of transplants makes powered 
comparisons impossible.

Conclusion

Given the limitations of our retrospective literature review, it 
is difficult to draw firm conclusions, especially the cause-
and-effect relationships, to outcomes. The purpose of this 
article is not to develop guidelines, but rather to draw our 
attention to the interesting similarities and differences. By 
taking a broad view of replantation and transplantation, we 
can identify aspects to be learned from one to benefit the 
other. In addition, certain common threads run through both 
patient groups. For instance, commitment to rehabilitation 
and patient expectations will often determine outcomes and 
satisfaction. Table 6 documents where we believe lessons 
can be learned from both replantation and transplantation.

Finally, this article serves as a reminder that we must 
continue to improve measurement and documentation of 
results if we are to improve outcomes. We hope that ongoing 
research into planning, techniques, rehabilitation, and 

Table 6. Lessons that can be learned from replantation and transplantation.

1. Motor •• More extensive occupational therapy is likely beneficial
•• Immunosuppression may help nerve recovery independent of anti-rejection effects
•• Balancing muscle and tendon lengths is difficult but important
•• Upper limbs are very helpful to lower limb rehabilitation

2. Sensation •• Discriminatory sensation is frequently attainable
•• Sensory recovery continues for years

3. Cosmesis •• Significant psychosocial benefit from being seen to have hands
•• Ensuring appropriate and similar length limbs is important

4. Patient Satisfaction/quality of life •• There is an exponential disability with bilateral versus unilateral limb loss
•• Setting realistic expectations is important
•• Patients may have goals that are not obvious to the medical/surgical team  

(e.g. improved balance, temperature regulation, fitting clothing)
5. Adverse events/complications •• Complications are very common

•• Hands are very susceptible to ischemia as they are “end organs”
•• Patient selection is critical to minimize adverse outcomes
•• Planning is essential to limit complications
•• A well-trained medical/surgical team who work well together is enormously helpful
•• Ischemia likely causes poor later function (contributes to muscle fibrosis)
•• Always consider life over limb when deciding whether to proceed

6. Financial costs •• Financial costs of limb restoration are on par with other complex medical/surgical 
interventions

•• The cost of a disability may be much higher than that of direct medical care
7. Overall function •• Absolute scores on functional assessments are not as important as the change in score 

(i.e. more disabled patients stand to gain more from replantation/transplantation)
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outcomes in these distinct groups of patients will continue 
to improve the lives of future patients.
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