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Case reports

First hand transplant procedure in
Australia: outcome at 2 years

Over 70 hand transplants have been performed worldwide since 1998 with
good functional outcomes. We report the first hand transplant in Australia,
performed on a 65-year-old man who was asplenic and a four-limb amputee.

Clinical record

Australia’s first hand transplant procedure was performed
in 2011. The recipient was a right-handed 65-year-old man
who had had amputations of all four limbs. He was pre-
viously a self-employed plumber, who developed pneu-
mococcal sepsis in 2006 on a background of a traumatic
splenectomy 32 years earlier. Progressive gangrene of his
extremities necessitated amputation of his hands at the
transmetacarpal level bilaterally. A faux thumb on the left
enabled rudimentary function of abduction and adduc-
tion (Box 1). He required full assistance with upper limb
functional tasks. Both feet were amputated, necessitat-
ing prostheses.

He had impaired glucose tolerance, osteoporosis of the
left hip, a number of solar keratoses and was an ex-smoker.
There was no evidence of cardiovascular disease. He was
taking sulfamethoxazole—trimethoprim for prophylaxis
after the splenectomy. He was a highly motivated, com-
pliant and intelligent individual with a life history of sta-
bility and success, and was considered a suitable recipient
for a hand transplant. Approval from St Vincent’s Hospital
Melbourne Clinical Ethics Committee and informed con-
sent were obtained. The family of a multi-organ male donor
who was brain dead consented to limb donation. The blood
group of the donor was compatible, but his human leuco-
cyte antigen (HLA) was mismatched to the recipient. The
recipient had two weak donor-specific anti-HLA antibodies
(DSAs). The recipient’s panel reactive antibody score was

1 Pretransplant view of the recipient’s arms showing amputation at the metacarpal-
phalangeal joint on the left with faux thumb (A) and distal to the carpometacarpal
joint on the right (B)

low at 6% and the results of B and T cell crossmatch tests
were negative. Both donor and recipient tested positive
for Epstein—Barr virus and cytomegalovirus (CMV) IgG.
The limb was matched for sex, size and colour. The right
limb was disarticulated at the level of the elbow, the bra-
chial artery was perfused with Custodial HTK organ pres-
ervation solution (Dr. Franz Kéhler Chemie GmbH) and
the limb packed in ice and transferred to our centre.
Under general anaesthesia, the recipient’s right stump
was opened and all structures were tagged and shortened to
pre-planned lengths. On ice, the donor hand was attached
with bone fixation 5 cm proximal to the radiocarpal joints.
After primary arterial and venous anastomosis and reper-
fusion (3 hours ischaemic time), the dorsal structures were
repaired. Next, volar structures were repaired, including
the nerves 3 cm proximal to the wrist, with specific motor
fascicular repairs guided by intraoperative nerve stimula-
tion. All tendons were repaired with attention to relative
length and tension. The ulnar artery was anastomosed, but
appeared to have a recanalised lumen with a poor intima
and minimal patency. The total operating time was nine
hours and coordinated by six primary and four assisting
surgeons. Immunosuppressive therapy included induction
with basiliximab followed by maintenance therapy with
tacrolimus, mycophenolic acid and prednisolone. Therapy
with low-dose aspirin was commenced and sulfamethoxa-
zole—trimethoprim therapy was continued. Prophylaxis was
initiated with valganciclovir (for 6 months) against CMV
and posaconazole (for 3 months) against fungal disease. A

2 Photomicrograph* showing
acute cellular rejection with
lymphocytes surrounding
and extending into an
adnexal structure

and eosin stain. *
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3 Transplanted hand 1year after transplantation

(A) Volar and (B) dorsal aspects. (C) Donning right prosthetic limb.

skin biopsy on postoperative day (POD) 10 in the context
of oedema showed acute cellular rejection (Banff type II)
with adenexal involvement (Box 2), which promptly resolved
after therapy with topical tacrolimus and clobetasol. The
recipient developed hyperglycaemia which required treat-
ment with insulin between POD 7 and 70.

Volar resting splints were applied on POD 2; passive
and active mobilisation of wrist, fingers, and thumb com-
menced on POD 5. A range of anticlaw splints were used
to encourage intrinsic tightening and maximise function.
Outpatient therapy continued locally when the recipient
returned home to rural Victoria 4 months after transplanta-
tion, with a focus on sensory re-education, intrinsic muscle
rehabilitation, motor relearning and functional retraining,.

At 2 years after the transplant, the recipient remains
on the following treatment regimen: tacrolimus (level,
6.8 ug/L), mycophenolic acid (720 mg twice daily), predni-
solone (5mg daily), sulfamethoxazole—trimethoprim and
metformin. Treatment for hypercholesterolaemia has been
commenced. His glycated haemoglobin level is 6.3%; his
renal function is normal without evidence of microalbu-
minuria and his bone density is stable. Yearly skin biopsies
showed no evidence of further rejection, and magnetic res-
onance imaging (MRI) revealed a well patent radial artery
with normal venous drainage. DSAs previously detected
are no longer present.

The recipient has made impressive functional gains
achieving independence in dressing, eating, writing,
attending to personal hygiene and managing his pros-
thetic legs (Box 3). Subjective measures of his hand func-
tion have improved accordingly, with scores on the DASH
(disabilities of the arm, shoulder and hand) outcome meas-
ure of 6.67/100 (compared with 59/100 before the trans-
plant), on the Michigan Hand Outcome Questionnaire of
64 (29 before the transplant), and on the Upper Extremity
Functional Index of 61/80 (7/80 before the transplant). Active
movement of the wrist and finger flexion was evident by
3 months, and full finger extension by 6 months. Thumb
control continues to be limited by lack of intrinsic inner-
vation. His gross grip strength increased to 15kg (36% of
the population norm for his age group), lateral key pinch to
3kg (28%) and tip pinch 1.5kg (19%). Sensory assessment
showed protective sensation on the Semmes Weinstein
monofilament test and identification of thumb and indi-
vidual fingers using moving touch.

Activation of the motor and somatosensory cortex to
hand movements and tactile stimulation were compared
with preoperative investigations on functional MRI stud-
ies (Box 4). There was evidence of neural plasticity with
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some extension of the functional cortical representation
and a return of the locus of hand somatotopy.

Discussion

Since the first hand allograft in the modern era of trans-
plantation,! 71 hand transplants have been performed in 51
recipients. Three of 33 patients in Western countries have
lost their grafts.2 The functional results of hand transplant
procedures have been encouraging: motor recovery has ena-
bled patients to perform most activities of daily living, and
protective sensation has been achieved in all. Australia’s
first hand transplant recipient has been transformed from
aman without the ability to live independently to one with
independence, improved quality of life and self-worth.

Two major issues needed to be considered before trans-
plantation. The first was the decision to perform a unilateral
rather than bilateral hand transplant, which was influenced
by residual, albeit rudimentary, sensory and motor function
of the recipient’s left stump where a faux thumb had been
fashioned. Although not very useful when paired with the
right wrist stump, it had the potential for (and has proven
to be) quite useful when paired with a dextrous hand trans-
plant (Box 5). Cotransplanting the left hand posed the risk
of bilateral shorter forearm stumps and worsening of the
recipient’s already limited upper limb function should the
transplant fail. Such a risk was deemed unacceptable.

The second issue was that of immunosuppression given
the significantly increased risk of infection posed by the
recipient’s age® and asplenic state. We chose basiliximab for
induction therapy (in light of the low panel reactive anti-
body score) and a conventional immunosuppressive pro-
tocol for maintenance therapy, which included tacrolimus
for its potent immunomodulatory actions and neuroregen-
erative capacity.

In renal transplantation, the presence of DSAs is asso-
ciated with an increased risk of antibody-mediated rejec-
tion (AMR) and graft loss.? Despite identifying two DSAs,
immunosuppression was not augmented because of the low
titre of DSAs, negative crossmatch test results and uncertain
clinical relevance in hand transplantation in which AMR
has not been reported. Currently, no DSAs are detectable in
the recipient. Whether the pretransplant DSAs have been
absorbed by the graft or were cross-reactive with antibod-
ies against non-HLA proteins is not known.

Acute rejection is experienced by most hand transplant
recipients within the first year of transplantation,? and the
skin is the main target.6 In the case of persistent rejection,



4 Hand representation on functional magnetic resonance
imaging of the brain 1 year after transplantation

5 Function of right hand and left faux thumb

mild inflammation of the muscles and tendons may be seen
but the bones and joints are spared.® An advantage of hand
allografts over other solid organ transplants is that they are
directly visible, which enables early detection of rejection.

Chronic rejection, defined by vasculopathy and fibrosis
of the skin and adenexal structures, has been reported in
hand transplant recipients from a single centre with the
longest recorded outcomes.” Advanced ultrasound biomi-
croscopy technology has revealed some level of vasculop-
athy in all six recipients, which was severe in two and led
to graft loss in one. Our group has previously reported on
long-term vascular occlusion in limb replantation® and,
clearly, the added vascular risk with immunosupression in
a single feeding artery is cause for concern in our patient.

The issue of steroid withdrawal requires consideration in
light of the patient’s pre-existing dysglycaemia and oste-
oporosis. A steroid-free protocol has been used in at least
one hand transplant recipient,? and successful withdrawal
has been reported in others. Although there are many the-
oretical benefits of avoiding the use of prednisolone in hand

transplantation, it is not known what effect this would have
on the immunological response to these grafts, with the
main concern being the emergence of vasculopathy and
graft loss,” which can be triggered by repeated episodes
of acute rejection experimentally.10

Adverse effects arising from immunosuppression are
common, and include both infectious and metabolic com-
plications. Significant life-threatening complications such
as endstage renal failure are infrequent. One patient died
after a simultaneous face and bilateral hand transplant.?
To date, the immunosuppressive regimen we used for our
patient has been well tolerated. Hyperglycaemia and dys-
lipidaemia have required pharmacotherapy. Pre-existing
osteoporosis and a heightened susceptibility to infection
necessitate vigilant surveillance, and the presence of solar
keratoses and the high level of ultraviolet radiation expo-
sure in Australia mandate preventive health practices.

In conclusion, hand transplantation has been success-
fully performed in Australia with the use of conventional
immunosuppression with impressive functional outcomes
and minimal complications at 2 years. Unlike most solid
organ transplantation, which is life-saving, hand trans-
plantation is life-enhancing. The recipient has functionally
and psychologically integrated his new hand, and reports
that “it has restored my quality of life... I couldn’t do any-
thing without hands”.
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