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Composite tissue allotransplantation is an advanced surgical
technique utilized for reconstruction of defects and defor-

mities when local, or distant reconstructive options are
absent. Even though this type of transplant is ideal in terms
of transferring tissue that matches the recipient’s missing
component, patients necessitate immunosuppression and
have to accept risk of rejection. These limitations may be
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Abstract Background Composite tissue allotransplants are performed for various defects
when local, or distant reconstructive options are limited. Though this type of transplant
replaces similar tissue, it is complicated by immunosuppression. This limitation may be
avoided in monozygotic twins since they share identical genetic code. Free soft tissue
transplantation across identical twins has been reported for breast, scalp, and thoracic
reconstruction when autologous tissues were insufficient. We present a case of a
successful deep inferior epigastric artery perforator (DIEP) flap transplantation in
monozygotic twins.
Methods The recipient twin was a patient with history of breast cancer and failed
prosthetic reconstruction. She desired autologous reconstruction with a DIEP flap but
had insufficient donor tissue. She refused alternative sites; however, she had an
identical twin willing to donate her excess abdominal tissue. The twins underwent
deoxyribonucleic acid testing, human leukocyte antigen/blood type testing, and
screening for communicable diseases.
Results The twins were found to have greater than 99.99% probability of being
monozygotic twins. A bipedicled conjoined DIEP was harvested from donor twin and
transplanted to recipient twin. Immunosuppressive regimen was not utilized. Patients
healed uneventfully and are currently 5 years postop without long-term complications.
Conclusion Isogeneic flap transplant is a viable option to consider when autologous
tissues are restricted, and monozygotic twins are present. Appropriate counseling of
twins is critical for a successful and satisfactory outcome.
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avoided in monozygotic twins since they share nearly iden-
tical genetic code, not requiring lifelong immunosuppres-
sion.1,2Due to relatively low incidence of monozygotic twins
(1 in 250 births) and rarity of scenarios needing tissue
transfer between individuals, only a scarce number of flap
transplantations have been reported.2–8 These include cases
of breast, scalp, and thoracic reconstruction where patients’
autologous tissues were not available or were insufficient.

Breast reconstruction is a commonly performed proce-
dure as it increases a woman’s quality of life by improving
body image, femininity, and overall sense of well-being.9,10

The deep inferior epigastric artery perforator (DIEP) flap has
become a preferred choice for autologous breast reconstruc-
tion, yet itmay not be feasible in patientswith lowbodymass
index (BMI) or prior abdominal surgeries such as abdomi-
noplasty.11,12 In absence of adequate tissues or when patient
is refusing alternative donor sites, free flap transplantation
from a monozygotic twin might be considered. Due to
elective nature of breast reconstruction, specific challenges
arise in decision making such as ethical aspects of transfer-
ring flap donor risk to another individual. We present a case
of DIEP flap transplantation between monozygotic twins. A
review of literature and an algorithm to aid in preoperative
workup are also provided.

Methods

This patient was a 28-year-old female who was diagnosed
with stage I (T1bN0M0) ERþ/PRþ/HER2- breast cancer. She
had past medical history of celiac disease andwas a previous
smoker, quit 5 years prior to presentation. She underwent
left skin-sparing mastectomy and sentinel lymph node biop-
sy with immediate staged breast reconstruction using a
tissue expander and acellular dermal matrix. The patient
did not require postoperative chemotherapy or radiation.
Unfortunately, she developed an implant infection
after second stage of breast reconstruction that resulted in
removal of implant. Several years following explantation, she
started contemplating breast reconstruction and was inter-
ested in the DIEP flap. Despite focused attempts at weight
gain with a dietician, she was unable to increase her BMI
above 19.1, and she did not appear to have adequate skin
laxity for a DIEP flap (►Fig. 1). Alternative autologous
options, including latissimus flap, gluteal perforator flap,
and transverse upper gracilis flap, were discussed which
were not found acceptable by the patient. She also was
hesitant to attempt another implant-based reconstruction
due to her previous implant infection. Patient was followed
up over a period of 5 years, as she was strongly interested in
pursuing breast reconstruction but was not satisfied with
options offered. During one of the clinic encounters, the
patient stated that she had an identical twin who had
volunteered (unprompted) to donate her excess abdominal
tissue. They had discussed the “tissue donation” casually and
were not sure if it was technically feasible but were interest-
ed in looking further into its possibility. The primary surgeon
(W.M.) met with the patient’s twin sister, and she was found
to have appropriate abdominal tissue redundancy for a DIEP

flap harvest. Multiple clinic encounters took place with both
patients for counseling and planning. A detailed family
history was obtained showing that the twins had no other
family history for breast or related cancers. The donor was
extensively counseled on her own risk of developing breast
cancer in the future. All potential reconstructive options
were discussed with the donor should such circumstances
arise, and she stated that she would desire either implant-
based reconstruction, remain flat, or would be agreeable to
autologous options other than a DIEP flap. Possible risks and
complications of flap harvest from the abdominal area were
explained to the donor twin. She was specifically informed
that the surgery had no obvious benefit to her. The twin sister
showed a good understanding of risks involved and con-
sented to undergo the procedure. After confirming with both
patients that they desired to move forward with transplan-
tation surgery, the plastic surgery team’s next step was to
acquire approval from the participating hospital where the
surgerywould take place. Ameeting was heldwith hospital’s
ethics committee in a multidisciplinary setting. The pro-
posed surgery was deemed feasible and ethics committee
concluded that the consent process was appropriate.

The transplantation literature was reviewed to identify
appropriate screening and testing requirements for flap
transplant. The twins underwent comparative deoxyribonu-
cleic acid (DNA) sequencing at 21 small tandem repeats
(STRs) from buccal samples, human leukocyte antigen
(HLA), and blood group matching. Genetic testing (BRCA1/
BRCA2) to evaluate breast cancer risk was performed. De-
tailed medical history and allergies were obtained. Both
patients were evaluated for communicable diseases, includ-
ing human immunodeficiency virus (HIV)-1, human T-lym-
photropic virus type 1 (HTLV-1)/2, hepatitis C virus (HCV),

Fig. 1 Preoperative photo of the recipient prior to complications
requiring implant removal.
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hepatitis B virus (HBV), syphilis, and cytomegalovirus
(CMV).13 Data including postoperative complications, sur-
gery time, length of hospital stay, and follow-up were
obtained from electronic medical records.

Results

The twins were found to have greater than 99.99% probabili-
ty of being monozygotic twins as per DNA sequencing.
BRCA1/BRCA2 genetic testing was reported negative. The
recipient was allergic to azithromycin, clindamycin, tazocil-
lin-sulbactam, and chlorhexidine. The donor had no signifi-
cant medical history or allergies. Tests for communicable
diseases were negative except for the donor being CMV
immunoglobulin G positive. She was started on valacyclovir
1 g every 8hours 3 days prior to surgery. The recipient was
started on the same regimen for 5 days after the transplant.
An algorithm was developed during this process to help
decisionmaking in the future for similar flap transplantation
cases (►Figs. 2 and 3).

The surgeries were simultaneously performed in adjacent
operating rooms with twomicrosurgical teams. In the donor
room, a bipedicled conjoined DIEP flapwas harvested with a
total of five perforators. In the recipient room, the left
internal mammary vessels were dissected using a micro-
scope. The flaps were brought from the donor room to the
recipient room in a sterile covered basin. The left and right
flap vessels were anastomosed to the antegrade and retro-
grade internal mammary vessels. Operative times for donor
and recipient were 662 and 674minutes, respectively. The
donor patient was admitted for two nights and required
Foley catheterization for urinary retention that resolved
before discharge. The recipient twin was admitted to hospi-

tal’s specialized flap monitoring unit and discharged on
postoperative day 5 without any events. Both patients re-
covered in expected time frame and were closely monitored
in plastic surgery clinic. Three months after DIEP flap recon-
struction, the recipient twin underwent flap revision for
contouring and fat grafting. At 1-year follow-up both twins
continued to heal well without complications (►Figs. 4

and 5). The recipient twin underwent another revision for
right breast mastopexy and fat grafting to left reconstructed
breast. The donor twin did not need any revisions. Currently,
both patients are 5 years posttransplant and doing well
without late-term complications.

Discussion

Due to their tolerogenic potential, monozygotic twins have
taken a central role in advancing transplantation science.
Since the first successful kidney transplant performed on
twins in 1954, the range of isogeneic transplants has ex-
panded to include pancreas, liver, heart, small bowel, skin,
rib cage, parathyroid, testicle, and lower extremity.14–22

Compared to isogeneic solid organ transplants (SOTs), isoge-
neic soft tissue transplants are less frequently performed.
Flap transplantation between monozygotic twins has been
used for reconstruction of scalp, breast, and thoracic
defects2–8 (►Table 1). This is the fifth reported case of
DIEP flap transfer for breast reconstruction in monozygotic
twins, and the first to describe transplanting a bipedicled
flap to reconstruct a unilateral breast.2,3 From an allogenic
standpoint, myocutaneous flaps behave like vascularized
composite allotransplants than SOTs; however, in the case
of isogeneic transplant, immunosuppression is not needed.23

Among the previously published flap transplantation cases,

Fig. 2 Recommended preoperative workup prior to twin flap transplantation for breast reconstruction.
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only one of the authors reported utilizing immunosuppres-
sion (1 month of short steroid taper) as recommended by
their hospital’s transplant service.7 No flap transplant rejec-
tions were reported.

The algorithm (►Figs. 2 and 3) was designed based on
studies examining SOT between twins as well as those
studying soft tissue transplantation.2–6,14,16,17 The first
step is identifying that the twins are monozygotic. This is

Fig. 3 Recommended preoperative workup for hepatitis B screening.

Fig. 4 Postoperative photo of the recipient at 1-year follow-up.

Fig. 5 Postoperative photo of the donor at 1-year follow-up.
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done by performing comparative DNA sequencing—in our
patient, this was performed at 21 STRs from buccal samples.
HLA and blood groupmatching is routinely performed as per
SOT pretransplant protocols, as well as allergy cross-check-
ing. Even though monozygotic twins have identical genetic
code, many cellular and genetic mechanisms can cause
discordant phenotypes and subtle differences due to factors
such as environmental exposure, diet, and sporadic muta-
tions.24–26 The zygosity of twins may be thought of as more
of a spectrum than simply binary. How this heterogeneity
alters operational tolerance, need for immunosuppressive
therapy, and ultimately clinical outcome is unclear. Tradi-
tionally, SOT between monozygotic twins utilized immuno-
suppressive therapy. Yet, transplant survival was found
similar between patients with or without immunosuppres-
sion, suggesting that immunosuppression may be unneces-
sary.1,27 Evidence supports that calculated withdrawal of
immunosuppressants or complete omission is possible.28–30

Since rejection events in monozygotic twin soft tissue trans-
plants have not been reported, we felt it was acceptable in
our case to proceed without immunosuppression. Selection
or omission of immunosuppressive therapy should be indi-
vidualized taking into consideration variation that can occur
with age, environmental, or lifestyle factors.

Our next step of preoperative testing was to identify
genetic predisposition to breast cancer. The twins were
negative for BRCA1/BRCA2, but this is not overly reassuring,
since these genes account for only 16% of total familial risk.31

The cumulative lifetime incidence of breast cancer increases
from 8 to 28% when a monozygotic cotwin is diagnosed.31

Furthermore,when a twin is diagnosed before age 50, aswith
this patient, her cotwin’s risk increases further. Finally, there
could be other mutations not readily identified with current
genetic testing protocols. Additional effort was undertaken
with the donor twin to clarify her cancer risk so that she was
prepared to make a well-informed decision.

Final step of preoperative workup was screening for
communicable diseases such as HIV-1, HTLV-1/2, HCV,
HBV, syphilis, and CMV, which were carried out following
previously established SOT transplant policies13,32–35

(►Figs. 2 and 3). In our case, the donor twin was found to
be CMV positive via serology testing. Donor-positive/reci-
pient-negative status is not an absolute contraindication for
transplant and can be managed with either prophylactic
therapyor preemptive treatment, or a combination of both.13

Various protocols have been described, utilizing ganciclovir,
valacyclovir, and valganciclovir.36,37 After consultation with
infectious diseases, the donor twin was started on valacy-
clovir 1 g every 8hours 3 days prior to surgery, and the
recipient was on the same regimen for 5 days after the
transplant.

It should be emphasized that like many other transplant
scenarios from a living donor, the most challenging aspect
was not the surgery itself but the decision-making process.
The ethical aspect of tissue transplantation for an elective
reconstructive surgery was thoroughly discussed by a mul-
tidisciplinary committee. The risks pertaining to the donor
and benefits to the recipient were reviewed carefully in this

regard. Our clinical teams met with both patients multiple
times prior to the surgery to ensure transplantation was an
acceptable decision for both twins. A psychological evalua-
tion was not deemed necessary for our case as both patients
demonstrated a good understanding of the plan and were in
mutual agreement. However, we do believe similar trans-
plantation scenarios may benefit from professional counsel-
ing to make this a well-reasoned and balanced care decision.

Conclusion

Isogeneic flap transplant is an alternative option to consider
when autologous tissues are insufficient and monozygotic
twins are present. Appropriate counseling of twins is critical
for a successful and satisfactory outcome; potentially
benefiting both in physical and mental aspects. Caregivers
should not hesitate to seek additional counsel if necessary for
psychological evaluation. The presented algorithm may
guide surgeons in completing workup prior to attempting
transfer.
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