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INTRODUCTION
Gender-affirming mastectomy is the most common plas-

tic surgery procedure performed for female-to-male (FTM) 
transgender individuals.1–3 Among the participants of the 
2015 US Transgender Survey Report, 21% of FTM respon-
dents have had chest surgery (reduction or reconstruc-
tion), and 52% of respondents want future chest surgery.4

During a traditional mastectomy, the intercostal 
nerves that innervate the nipple–areola complex (NAC) 

and breast skin are removed, resulting in loss of sensa-
tion and increased risk of chronic neuropathic pain, 
and phantom sensation.5–8 Studies of cancer-related 
mastectomies clearly demonstrate the morbidity associ-
ated with sensation loss and the importance of breast 
sensation.9,10

Therefore, restoration of breast sensation has become 
an important goal in reconstruction after breast cancer 
mastectomy. Techniques for peripheral nerve recon-
struction after mastectomy include nerve transfer and 
reconstruction with nerve allograft.11 Several studies have 
demonstrated promising results for sensory return after 
breast reinnervation for autologous and implant-based 
reconstruction after cancer mastectomy.12–14

Only recently, chest reinnervation in transgender patients 
undergoing gender-affirming mastectomies has become an 
area of clinical interest.15 Rochlin et al used lateral intercostal 
nerves for direct coaptation to nerve stumps at the base of the 
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NAC. The study demonstrated that patients treated with this 
method achieved improved sensation at the nipple, areola, and 
peripheral breast skin when compared with control patients.15 
Our team was the first to describe targeted nipple reinner-
vation (TNR) using either direct nerve coaptation or nerve 
allograft in patients undergoing FTM gender-affirming mas-
tectomy with free nipple grafting.16 TNR adheres to peripheral 
nerve surgery principles and has several goals, which include 
(1) inclusion of the maximum number of axons by preserva-
tion of the third to fifth lateral cutaneous nerves for coapta-
tion, (2) individualized approach based on patient anatomy, 
(3) fascicle split of the distal donor nerve or allo-/autograft to 
increase the reinnervation zone and avoid focal hypersensitiv-
ity, and (4) coaptation to the dermatosensory peripheral nerve 
elements of the dermis.

Using TNR, direct coaptation of the donor nerves to the 
new NAC is feasible if enough donor nerve length is pre-
served to perform a tension-free coaptation. In instances 
where a tension-free repair is not possible due to anatomic 
limitations, use of a nerve graft is required. To date, there 
are no clinical trials that directly compare the use of allograft 
versus autograft in breast reinnervation. Few studies directly 
compare the clinical effectiveness of autografts with that of 
allografts in any setting.17 However, there is basic scientific 
evidence to suggest that autografts provide an immunogen-
ically inert scaffold that contains a viable source of Schwann 
cells and may enhance axonal regeneration.18

TNR has only been described for direct nerve coapta-
tion and nerve allograft.16 This article describes a novel 
TNR technique using autologous intercostal nerve grafts 
instead when the donor nerve stumps are too short for 
direct coaptation.

METHODS

Surgical Technique
This study was approved by the Weill Cornell Medicine 

institutional review board. Gender-affirming mastectomy 
with free nipple grafting was performed via standard 
techniques, as described in our prior publication.16 First, 

the NAC is removed and preserved as a graft in moist 
saline sponges. Then, incisions are made approximately 
1 cm above the inframammary crease—as well as superior 
to the NAC—and carried down to the pectoralis fascia 
medially. Laterally, at the level of the anterior axillary 
line, the incision is carried down to the breast capsule. 
Importantly, the incision is not extended to the pectoralis 
fascia at this time, as nerves that traverse this area may 
be inadvertently transected. The mastectomy flaps are 
created superiorly and inferiorly without going past the 
anterior axillary line. Then, the breast tissue is separated 
from the pectoralis muscle fascia from medial to lateral. 
This dissection is performed under loupe magnification. 
It is important to identify the sensory branches of the 
intercostal nerves starting medially, as there may be large 
branches that can be used as autografts. At the lateral bor-
der of the pectoralis muscle, the sensory branches of the 
third to fifth intercostal nerves become apparent at the 
edge of the muscle and up to 2 cm lateral from the mus-
cle border; however, anatomy is highly variable (Fig. 1). 
These branches are preserved as donor nerves. In some 
patients, there may only be two sensory branches that can 
be identified. The T3-T5 sensory branches are dissected 
as far distally as possible for maximum length, and the 
blood supply to the nerves is preserved without stripping 
the vessels running with the nerve from the nervous tissue. 

Takeaways
Question: Is nipple reinnervation during gender-affirm-
ing mastectomy feasible using autologous intercostal 
nerve grafting?

Findings: Chest reinnervation using autologous intercos-
tal nerve branches as donor nerves is technically feasible 
and adds another option for reinnervation when the 
nerves are too short for direct coaptation.

Meaning: Chest reinnervation with targeted nipple rein-
nervation can be performed via direct coaptation by use 
of an allograft, and we now describe a technique for use 
of intercostal nerve autograft.

Fig. 1. Intercostal nerve dissection. A, The T3-T5 nerve branches have been identified at the lateral bor-
der of the pectoralis muscle (white arrow). B, In addition, medial branches (white *) can be identified 
and preserved.
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If there is bleeding, the vessel can be clipped toward the 
end of the nerve with a micro clip and separated from 
the vessel the shortest distance required to place the clip.

Preservation of the T3-T5 nerves allows for chest rein-
nervation using three approaches: (1) direct coaptation 
to the NAC, (2) use of allograft nerve repair, and (3) use 
of autograft nerve repair (Fig.  2). We have described 
direct coaptation and use of allograft repair in a previous 
publication.16 Here, we describe autograft nerve repair.

When one or more of the T3-T5 nerves are not ade-
quate in length for direct coaptation, an autograft from 
the preserved medial sensory branches or one of the 
T3-T5 nerve branches can be used for coaptation (Fig. 3). 
The autograft is coapted in an end-to-end fashion to the 
lateral cutaneous branches, using a standard epineurial 
nerve repair technique with 9-0 nylon suture under loupe 
magnification.

After the mastectomy is complete and the new position 
for NAC decided, the skin at the site of the NAC is deepi-
thelialized, and a small full-thickness tunnel is created 

through the mid NAC. The distal ends of the nerves are 
passed through this tunnel. The distal autograft is divided 
into fascicles and spread out to cover more surface area, 
thereby increasing the reinnervation zone and preventing 
focal hypersensitivity. The NAC graft is then applied over 
the nerve grafts and sutured into place.

It is important to address the residual nerve stump that 
remains after autograft harvest to prevent chronic pain and 
phantom pain. The senior authors’ preferred technique is 
targeted muscle reinnervation to a motor branch of either 
the pectoralis major or serratus muscle (depending on the 
location of autograft harvest).19 However, other published 
techniques such as muscle burial or regenerative periph-
eral nerve interface can also be used.20 (See Video [online], 
which provides further description of this technique.)

DISCUSSION
During traditional and gender-affirming mastectomy 

alike, intercostal nerves that innervate the breast and NAC 

Fig. 2. Illustration depicting different techniques used for nipple-areolar complex (NAC) reinnervation in FTM gender-affirming mas-
tectomy with TNR. A, If tension-free repair is possible, the branches of T3-T5 are directly coapted to the dermatosensory elements of 
the newly positioned NAC. If the donor nerves cannot reach the NAC without tension, either an allograft (B) or autograft (C) is used for 
nerve repair. B, The donor intercostal nerves are coapted to the allograft (B) or autograft (C), which is then passed through the NAC. 
Importantly, the distal nerves are split into fascicles to avoid focal hypersensitivity and increase the reinnervation zone. (D) The nipple 
graft is applied directly over the nerve graft and sutured in place.
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are removed, causing loss of sensation.5,9 Chest reinnerva-
tion to restore sensation to the free nipple grafting has 
the potential to benefit patients by restoring sensation and 
decreasing the odds of chronic pain and phantom sensa-
tion/pain. In addition to direct coaptation of the donor 
nerves to the new NAC and allograft reconstruction, this 
study describes a reinnervation approach that uses inter-
costal nerve autograft for coaptation to the new NAC. This 
option can be considered when the donor nerve stump 
is short and does not allow for direct coaptation, but the 
patient has an additional medial cutaneous branch or 
several lateral cutaneous branches that can be lost. The 
use of intercostal nerve autografts avoids the donor site 
morbidity associated with nerve harvest from other sites 
(eg, sural nerve autograft). Although there is a learning 
curve, the dissection and harvest of the medial and/or 
lateral cutaneous intercostal nerve branches as an auto-
graft is facile, and has no significant impact on operative 
time for an experienced nerve surgeon. These nerves 
reside within the same operative field and are optimally 
approached during the mastectomy dissection. For less-
experienced surgeons, the dissection of additional nerve 
branches may be time consuming and should be consid-
ered when planning this operation. Although there are 
no clinical trials comparing allograft versus autograft in 
breast reinnervation surgery, there is some literature to 
suggest that autografts provide an immunogenically inert 
scaffold that is superior to allografts.18 Moreover, the use 
of nerve autograft is financially less burdensome than the 
use of allograft.21 Limitations of the autograft TNR tech-
nique are that this technique is ultimately dependent 
on the patient’s anatomy and the availability/viability of 
donor nerves. The medial branches can be very small and 
not suited for autograft harvest. Further, not all lateral 
branches may have adequate caliber to be used as donor 
nerves or autograft.

Long-term follow-up data are needed to assess the 
sensory outcome and patient satisfaction after autograft 

nerve repair. In addition, it will be important to better 
understand the postoperative time to sensory return and 
compare the effectiveness of direct coaptation versus auto-
graft and allografts for TNR.

CONCLUSIONS
Chest reinnervation using autologous intercostal nerve 

branches as donor nerves is technically feasible and adds 
another option for reinnervation when the nerves are too 
short for direct coaptation. Because the collection of long-
term data is ongoing, the effectiveness of NAC reinner-
vation using our technique will be described in a future 
publication.
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