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Background and Objective: Continuing (micro)surgical developments result in satisfactory aesthetic 
outcomes after autologous breast reconstruction. However, sensation recovers poorly and remains a source 
of dissatisfaction and potential harm. Sensory nerve coaptation is a promising technique to improve sensation 
in the reconstructed breast.
Methods: In this literature review an overview of current knowledge about sensory recovery in autologous 
breast reconstruction and the role of innervated flaps is presented. A thorough PubMed search was 
conducted, using the terms “autologous breast reconstruction”, “innervated” and “sensation”. 
Key Content and Findings: The breast skin is predominantly innervated by the second until sixth 
intercostal nerve. Some nerves can occasionally be spared during mastectomy, especially during nipple-
sparing mastectomy, but transection of sensory nerves is inevitable and leads to impaired sensation. Besides 
unpleasant, this is unanticipated by patients and negatively influences quality of life. Coaptation between 
the third anterior intercostal nerve and a sensory nerve from the donor site improves sensory recovery. 
The donor site and nerve vary, depending on the flap type chosen. The sensory nerves from the commonly 
used abdominal DIEP flap originate from the 7th until 12th thoracic spinal nerves. Non-abdominal flaps, 
including the back, buttocks, or thigh area, can also be accompanied with a sensory nerve. Nerve coaptation 
can be performed directly, or by using grafts or conduits to obtain tensionless repair if necessary. It can be 
utilized in both immediate as well as delayed autologous breast reconstruction. No adverse outcomes of 
nerve coaptation have been described. And, most importantly: improved sensory recovery improves patient 
satisfaction and quality of life. 
Conclusions: Restoring sensation is, besides restoring aesthetic appearance, an important goal in breast 
reconstruction. Current evidence unambiguously demonstrates superiority of innervated flaps compared 
to non-innervated flaps. Sensory recovery initiates earlier and it approaches normal sensation more closely 
in innervated flaps, without associated risks or extensive increase in operating time. This improves patient 
satisfaction and quality of life. It is, therefore, a valuable addition to autologous breast reconstruction. These 
findings encourage implementation of sensory nerve coaptation in standard clinical care.
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Introduction

Background

Reconstructive surgery is an integrated part of breast 
cancer care, and continues to be refined. Native breast 
skin and nipple are increasingly spared, while maintaining 
oncological safety. Moreover, microsurgical advances have 
enabled a wide range of autologous breast reconstruction 
options, yielding permanent and satisfying results (1,2). 
Both contribute positively to aesthetic outcomes after 
breast cancer surgery. Nevertheless, functional outcomes 
fall behind as sensation recovers poorly in a reconstructed 
breast.

The significance of breast sensation to patients is evident 
from previous research and media attention. The loss of 
sensation is unpleasant and unanticipated, as illustrated by 
the New York Times (2017) article “After Mastectomies, an 
unexpected blow: Numb new breasts” (3,4). It also affects 
functional integrity of the breast, which consequently 
increases susceptibility to injury (5). This advocates 
restoring sensation in the reconstructed breast.

Sensory nerve coaptation has been proposed as a possible 
solution to improve postoperative sensation. The first 
innervated autologous breast reconstruction was described 
in 1992 by Slezak et al., using the fourth lateral intercostal 
nerve and a mixed abdominal nerve in TRAM flaps (6). 
Later, this technique was modified to spare the motor 
branches. Allen and Treece first applied this technique to 
Deep Inferior Epigastric artery Perforator (DIEP) flaps (7). 
More recently, Spiegel et al. proposed a novel technique 
using the anterior branch of the third intercostal nerve 
as recipient nerve (8). However, undervaluation of its 
importance and a lack of scientific support has prohibited 
wide implementation of innervated breast reconstruction. 

Rationale and knowledge gap

In the last decade, a renewed interest in sensory recovery 
after breast reconstruction resulted in vastly increasing 
public and scientific interest. Currently, sensory nerve 
coaptation is increasingly considered a meaningful 
addition to modern era autologous breast reconstruction, 
both in immediate as well as delayed autologous breast 
reconstruction (9). Multiple systematic reviews unanimously 
demonstrate that sensory nerve coaptation improves 
postoperative breast sensation, and secondarily improves 
patient-reported quality of life (10-14). It has, however, still 
not been adopted as standard care.

Objective

In this narrative review, the current knowledge and 
understanding of innervated autologous breast reconstruction 
is explored, highlighting its significance and clinical 
implications. The purpose of this paper is to contribute to a 
widespread clinical implementation to make innervated flaps 
the new gold standard of autologous breast reconstruction. 
We present this article in accordance with the Narrative 
Review reporting checklist (available at https://gs.amegroups.
com/article/view/10.21037/gs-23-40/rc).

Methods

A thorough PubMed search was conducted consisting 
of a multiplicity of synonyms and relevant MeSH-terms 
surrounding the keywords “sensation”, “innervated” and 
“autologous breast reconstruction”. Additionally, a manual 
search of referenced articles was conducted. As it comprises 
most relevant medical literature, no other databases were 
searched besides PubMed and references of included articles. 
Only original articles written in English were considered. 
The titles and abstracts were screened for relevance by the 
authors. All remaining articles were compiled as source 
material for this narrative review (Table 1).

Results

In this comprehensive overview of sensory recovery in 
breast reconstruction we consecutively address three defined 
situations. We first describe fundamental and clinical 
knowledge about sensation in a non-operated breast and 
relevant donor sites, as knowledge about normal anatomy 
and physiology is imperative to interpret and improve 
sensation. After breast surgery, sensation is altered due to 
disruption of the nerves in the operative field. Therefore, 
the second part covers the alteration of sensation after 
breast surgery. This also comprises sensory recovery after 
breast reconstruction. In the third and final part, techniques 
to restore sensation and outcomes in the reconstructed 
breast are described and critically discussed. 

Sensation in the normal breast and donor sites

Anatomy—breast
The anterior thoracic wall is innervated by several different 
nerves: the intercostal nerves, the pectoral nerves, the 
long thoracic nerve, and the supraclavicular nerves (15). 

https://gs.amegroups.com/article/view/10.21037/gs-23-40/rc
https://gs.amegroups.com/article/view/10.21037/gs-23-40/rc
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The cutaneous innervation of the breast is provided by 
the intercostal nerves, with a small contribution of the 
supraclavicular nerves at the superior part of the breast (16).  
The intercostal nerves derive from anterior branches of 
the 1st through 11th thoracic spinal nerves. They extend 
alongside the intercostal arteries and veins at the inferior 
costal margins and consist of two cutaneous systems: 
anterior and lateral. These anterior and lateral cutaneous 
branches innervate the thoracic wall (Figure 1) (17).

Anatomical and in vivo studies indicate that the breast 
skin is innervated bilaterally by the anterior and lateral 
cutaneous branches of the second through sixth intercostal 
nerves (Figure 2). Its largest surface area is covered by the 
fourth intercostal nerve. The nipple areolar complex (NAC) 
similarly receives innervation from anterior and lateral 
nerve branches, but this involves a multiplicity of nerves 
rather than merely one individual nerve. Most prevalent are 
the third through fifth intercostal nerves (18,19). 

Anatomy—donor site
The abdominal skin is innervated by the anterior cutaneous 
branches of the 7th through 12th thoracic spinal nerves, 
which course through the rectus muscle (20). The anatomy 
of abdominal sensory nerves is variable. Most sensory 
nerves lie laterally in the suprafascial plane, whereas most 
mixed nerves lie subfascially and are centered around the 
midline (21).

Non-abdominal donor sites include the back, buttock 
and thigh. The back and flanks are innervated by cutaneous 
branches of thoracic and lumbar spinal nerves (22,23). The 
gluteal region by dorsal branches of lumbar segmental 
nerves and the posterior cutaneous femoral nerve (24). The 
thigh is innervated by the anterior femoral cutaneous nerve 
and cutaneous branches of the obturator nerve anteriorly 
and medially, by the posterior femoral cutaneous nerve 
posteriorly, and by the lateral femoral cutaneous nerve 
laterally (25,26). 

Quantitative outcomes—breast
The nervous system is divided into the central and 
peripheral nervous system. Sensory receptors transmit 

Table 1 Search strategy

Items Specification

Date of search October 31, 2022; updated January 30, 2023

Databases and other sources searched PubMed; manual search of references

Search terms used “sensation” AND “innervated” AND “autologous breast reconstruction” (with 
accompanying synonyms and MeSH terms)

Timeframe Unrestricted

Inclusion and exclusion criteria Included: original and review articles (published or accepted for publication)

Excluded: other article types, language other than English

Selection process Two reviewers (JMB and JAFVR) independently reviewed and selected the articles. 
Relevant information was extracted

1

2
3

3

6

5

4

Figure 1 Anatomy of the intercostal neurovascular bundle at 
thoracic level. [1] lateral cutaneous intercostal nerve branches; [2] 
the intercostal vein, artery and nerve in the intercostal groove; [3-5] 
external, internal, and innermost intercostal muscles; [6] anterior 
cutaneous intercostal nerve branches. [Copyright is held by Greet 
Mommen (www.greetmommen.be)].
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external stimuli via the peripheral nervous system to the 
central nervous system. A variety of receptors are present, 
each detecting distinct sensory signals. The receptors 
associate with different types of nerve fibers (Aβ, Aδ, 
C). Sensory assessment tools can reflect the function of 
different nerve fibers of the peripheral nervous system (27). 

Tactile sensation has been assessed to establish normative 
values and confounding factors for breast sensation (28-30).  
Higher age, larger breasts, previous pregnancies and 
breastfeeding, and higher body mass index (BMI) 
negatively influence breast sensation. Contrary to 
common assumptions, the NAC appears less sensitive than 
surrounding breast skin (31,32). 

In the central nervous system, sensation can be evaluated 
using functional magnetic resonance imaging (fMRI). 
Hereby, cortical representations of external stimuli are 

measured (33,34). This perspective is a novelty in evaluating 
breast sensation. The breast is localized between the groin 
and the first digit on the primary somatosensory cortex; 
predominantly in the contralateral hemisphere (35,36). 
Recent work showed that the representation of the breast 
follows a somatotopic organization similar to other body 
parts, with distinct representation of the medial and lateral 
side, and the nipple. Cortical magnification of the nipple 
was observed, comparable to other sensitive body parts with 
a high receptor density (37). These studies provide insight 
into breast sensation in the central nervous system.

Quantitative outcomes—donor site
The current arsenal of autologous reconstruction techniques 
comprises various donor sites. An important consideration 
related to sensory outcomes is that each donor site has its 
own intrinsic physiological characteristics including sensory 
properties. Different donor sites possess different baseline 
characteristics regarding sensory thresholds and receptor 
density. A comparison between various donor sites revealed 
that tactile thresholds of the abdomen resemble those of the 
native breast most accurately (38). Contrarily, the thigh and 
buttock have significantly inferior sensation, with the lateral 
thigh area being the least sensitive. These findings may 
clinically affect sensory outcomes after innervated breast 
reconstruction.

Patient-reported outcomes—breast
Besides quantitative measurements, the subjective appraisal 
of breast sensation takes other valuable facets of sensation 
into account. Patient-reported outcomes (PROs) and 
qualitative research are useful to explore those additional 
facets of sensation.

A phenomenological study by Cornelissen et al. in healthy 
women identified several interrelated themes related to the 
qualitative appraisal of breast sensation (4). The ‘absent’ 
breast was most often reported, meaning that women are 
not actively aware of (sensation in) their breasts on a daily 
basis. However, all women indicated they would miss breast 
sensation if it were absent. It furthermore enhances the 
feeling of safety, as it indicates intact functionality and the 
ability to notice pain and warning signals. 

Besides this qualitative appraisal of sensation, PROs are 
increasingly important. Patient-centered care and shared 
decision making are highly valued clinical standards in this 
era. The BREAST-Q score is widely implemented clinically 
and scientifically to address patient-reported outcomes 
in breast cancer patients. A novel Sensation module was 

Figure 2 A schematic representation of the nerve supply of the 
anterior chest wall, indicating the individual contributions of 
the 2nd–5th anterior, and 3rd–5th lateral cutaneous branches of the 
intercostal nerves. ACB, anterior cutaneous branch; LCB, lateral 
cutaneous branch. [Copyright is held by Greet Mommen (www.
greetmommen.be)].
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developed and published in 2021 by Tsangaris et al., 
enabling clinicians and researchers to better monitor and 
understand the patient’s perspective on breast sensation (39). 

Patient-reported outcomes—donor site
Currently, no qualitative outcome measures regarding 
the (preoperative) donor site exist. The preoperative 
BREAST-Q domains do not include the donor site nor its 
sensation. 

Clinical implications
Knowledge about normal breast sensation serves two 
clinically relevant purposes. First, in patients with immediate 
breast reconstruction it reflects the preoperative situation. 
It therefore determines what clinicians can expect during 
preoperative examination, and it can guide clinicians when 
educating patients about breast sensation. Second, when 
attempting to restore sensation to as ‘normal’ as possible, 
sensation in healthy and unoperated breasts serves as 
reference and aids the interpretation of surgical outcomes.

In addition, awareness about patients’ subjective appraisal 
of sensation enables clinicians to specifically address those 
topics that are meaningful to patients during outpatient 
consultation. Eventually, this will likely improve patient 
satisfaction by creating realistic expectations. Routine use 
of PRO instruments such as the BREAST-Q, starting 
preoperatively, is encouraged to better understand and 
monitor patient satisfaction and quality of life. 

Sensation in the operated breast

Anatomy
While part of the nerves innervating the chest wall can be 
preserved during mastectomy, depending on the type of 
mastectomy as well, the majority of sensory nerves that 
innervate the breast skin are transected. This is especially 
the case for the lateral cutaneous branches of the intercostal 
nerves that provide sensory innervation of the breast. These 
nerves excite from under the fourth to sixth rib, enter the 
glandular breast tissue in the deep plane, and travel under the 
thoracodorsal vessels (40). The anterior cutaneous branches 
of the intercostal nerves, on the other hand, present in the 
subcutaneous plane and can occasionally be spared during 
skin-sparing and nipple-sparing mastectomy (41).

To spare the lateral intercostal nerves for coaptation, 
Peled et al. introduced a nerve-preserving mastectomy 
technique,  fol lowed by immediate implant-based 
breast reconstruction (42). With this technique, the 

lateral cutaneous branches are dissected into the breast 
parenchyma during nipple-sparing mastectomy until they 
ramify. The nerve is then sharply transected proximally, 
preserving maximal length of the subareolar part of the 
nerve. Following this, standard nipple-sparing mastectomy 
is performed, ensuring a sharp dissection without 
electrocautery under the NAC to minimize damage to the 
neurovascular tissue. This technique may be utilized in 
other forms of mastectomy, but has not been demonstrated 
in delayed reconstruction. The preserved nerves can be 
coapted during breast reconstruction, to restore sensation. 

Quantitative outcomes
Sensation is severely impaired after mastectomy and breast 
reconstruction. After a mastectomy, tactile thresholds are 
significantly lower compared to preoperative sensation. 
After implant-based breast reconstruction these values 
further deteriorate, leading to a loss of protective sensation 
in a large surface area of the breast (43,44). Sensation to 
touch and temperature are both significantly diminished, 
which increases the susceptibility to thermal and mechanic 
injury (5,45,46). This is the case for immediate implant-
based breast reconstruction, but likely more so in delayed 
implant-based breast reconstruction. This stretches the 
skin, reducing the number of sensation receptors per square 
centimeter. 

Although breast sensation after autologous reconstruction 
is less poor than after implant-based reconstruction, it 
remains far from normal. The extent to which spontaneous 
return of sensation occurs is highly variable, inconsistent 
and unpredictable; and it remains considerably impaired 
compared to a healthy breast (47).

Patient-reported outcomes
The loss of sensation is often unanticipated by patients, 
and negatively influences their appreciation of the 
outcomes after breast reconstruction. The New York 
Times [2017] article “After Mastectomies, an unexpected 
blow: Numb new breasts” illustrated this from the patient’s 
perspective and created public awareness for the issue (3). 
A phenomenological study by de Boer et al. also concluded 
that postoperative sensation (or lack thereof) is the most 
unexpected experience after breast reconstruction. Patients 
often did not consider absent sensation a possible outcome, 
and could therefore not conceptualize this prior to their 
reconstruction. Therefore, this lack of sensation was a 
disappointing outcome (48). Unmet expectations are the 
fundamental source of this dissatisfaction. In psychosocial 
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research it is well-established that expectations determine 
satisfaction with outcome (49,50). Pusic et al. provided a 
thorough overview of how this applies to many different 
medical fields (51). Importantly, they found that unmet 
expectations after breast reconstruction indeed negatively 
affect patient satisfaction and health-related QoL.

Clinical implications
Knowing how different surgical  modalit ies  affect 
postoperative breast sensation is essential for clinicians to 
provide patients with adequate information. Clinicians are 
obliged to inform patients before obtaining consent. While 
it is standard practice to provide information about risks and 
benefits, as well as esthetic outcomes, patients are still often 
not informed about postoperative breast sensation. Sensory 
outcomes and measurements provide patients with objective 
results on what to expect regarding postoperative loss of 
breast sensation. Rather than just informing patients about 
numbness or generally impaired sensation, patients can be 
provided with more detailed information, such as expected 
loss of protective sensation in parts of the breast.

Moreover, a close collaboration with the breast cancer 
surgeons is essential. Not only in preoperative care, 
planning, and counseling; but also during the surgery. 
The breast surgeon can make an effort to preserve nerve 
branches and ensure gentle tissue handling to optimize 
future sensory recovery. 

As stated before, satisfaction with surgical outcomes 
depends considerably on preoperative expectations 
and whether these are met. It is therefore important 
as a clinician to know and educate about postoperative 
sensation, and to monitor patient satisfaction. Improving 
patient education and implementing PRO tools in clinical 
practice is recommended to diminish this source of patient 
dissatisfaction. 

Restoring sensation

Anatomy—breast
Sensory nerve coaptation is a promising technique to 
improve postoperative sensation and thereby improve 
functional outcomes after autologous breast reconstruction. 
As recipient, several intercostal nerves are suitable (52,53). 
The technique proposed by Spiegel et al. in 2013, using the 
anterior branch of the third intercostal nerve is described 
below (8).

During autologous breast reconstruction, the mammary 
vessels are usually dissected in the third intercostal space. 

The anterior branch of the intercostal nerve can be easily 
identified. It is located at the junction of the inferior part 
of the third rib and the sternum. The nerve is dissected to 
achieve as much length as possible, and then transected. 
Subsequently, the donor and recipient nerves are coapted. 
For direct nerve coaptation we recommend 9-0 nylon 
epineural sutures and fibrin sealant. 

Grafts or conduits may be used to aid coaptation. If the 
dissected nerves are of insufficient length, or in case of a 
significant size mismatch, direct coaptation may not be 
preferable. As tensionless repair is an important denominator 
of a successful nerve coaptation, using a graft or conduit 
could be beneficial. The graft or conduit serves as a scaffold 
that enhances and steers neuronal regeneration (54,55).

Acellular nerve allografts are an effective means to 
bridge the gap between the donor and recipient nerves in 
DIEP flap breast reconstruction, and yields satisfactory 
results regarding return of sensation (56). If allografts are 
not available, another nerve or even a vein can be used as 
autograft instead (57,58). Nerve conduits can be used for 
smaller gaps or combined with grafts, and also seem to 
positively affect sensory recovery (59). Supposed advantages 
are protection of the anastomosis, prevention of scar 
formation, and creation of a favorable microenvironment 
for axonal regeneration (8). 

However, evidence for the proposed added value of 
nerve grafts and conduits over a direct nerve coaptation is 
still minimal. In addition, allografts and conduits are costly 
and not available in all countries. Therefore, we want to 
emphasize that in our experience, nerves of sufficient length 
can be harvested in the majority of flaps that enable direct 
coaptation without the necessity to use a graft or conduit. 

Anatomy—donor sites
During flap dissection, the donor nerves are identified and 
dissected alike the perforators. For abdominal flaps, sensory 
nerve branches of the 10th to 12th thoracic intercostal nerve 
are commonly identified in proximity of the perforators. 
After identification, the nerves are dissected and transected 
at the junction where the common nerve splits into a motor 
and sensory branch, at fascia level. Attention is paid to 
preserve the motor branches. The technique for innervated 
DIEP flap breast reconstruction is visualized in Figure 3.

Sensory nerves of alternative donor sites can be dissected 
similarly. Although not yet thoroughly investigated for each, 
sensory nerves suitable to harvest for nerve coaptation are 
present in a variety of different flaps. Nerves from which 
those sensory nerve branches derive are summarized in 
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Table 2 (22,24,26,60-69). The technique for innervated 
lateral thigh perforator (LTP) flap breast reconstruction is 
visualized in Figure 4.

Quantitative outcomes—DIEP and TRAM flaps 
Innervated TRAM flap breast reconstructions consistently 
surpass non-innervated counterparts in overall sensory 
recovery (70-73). This early evidence is mainly deduced 
from relatively small and retrospective cohorts. Nonetheless, 
superior sensory recovery of innervated TRAM flaps 
was also confirmed in a randomized prospective study by 
Temple et al. (74). Tactile and thermal sensation significantly 
improve in innervated compared to non-innervated TRAM 
flap breast reconstruction. Puonti et al. also compared 
different surgical techniques, and concluded that innervated 
flaps have improved sensory recovery irrespective of the 
selected nerve and anastomosis technique (75). Dual nerve 
coaptation, in which a medial and a lateral sensory nerve of 

the breast are coapted, potentially further enhances sensory 
outcomes compared with a single nerve coaptation (53,76). 

In DIEP flap breast reconstruction, results are similar. 
In 1999, Blondeel et al. compared sensation in innervated 
and non-innervated DIEP flaps (77). Tactile and thermal 
sensation was significantly improved in the innervated 
compared to non-innervated DIEP flaps. Assessment of 
sensory evoked potentials and patient-reported outcomes 
via questionnaires were also superior in the innervated flaps. 

In the past decade a steep increase in the interest in 
innervated breast reconstruction led to the publication of 
methodologically improved studies. In a comparative cohort 
study, Beugels et al. demonstrated better sensory recovery in 
innervated versus non-innervated DIEP flaps (78). Also, in 
a study population with bilateral breast reconstruction with 
unilateral nerve coaptation, favorable sensory outcomes 
of innervated flaps were evident (79). All quadrants of the 
breast, all quadrants of the areola, and the nipple itself gain 

A

B

C

Figure 3 Surgical procedure of a DIEP flap breast reconstruction. (A) Dissection of the vascular pedicle and a sensory nerve branch during 
DIEP flap harvest. (B) The dissected DIEP flap. (C) DIEP flap inset with anastomosis of the artery, vein, and nerve. DIEP, deep inferior 
epigastric perforator. [Copyright is held by Greet Mommen (www.greetmommen.be)].
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Table 2 Nerves with suitable sensory branches per flap type

Flap Sensory nerve options Clinical pearls

Deep inferior epigastric 
artery perforator

10th–12th icn Merely the sensory branches should be transected, after the mixed 
nerve splits into a distinct sensory and motor branch. The sensory 
branches pierce the anterior rectus sheath along the medial and lateral 
perforators through and continue into the subcutaneous tissue

Stacked hemi-abdominal 
extended perforator

10th–12th icn and sometimes  
cutaneous iliohypogastric nerve 

See DIEP flap innervation. If a dual innervation is not possible, 
innervating the superficial part of the flap is recommended

Latissimus dorsi lateral branch of dorsal division of 7th 
thoracic nerve (sometimes 6th or 8th)

Nerves enter the flap from an upper medial oblique direction and are 
usually located caudally in the flap

Lumbar artery perforator Superior cluneal nerves or 12th  
lateral icn

Cluneal nerves perforate the thoracolumbar fascia and run along the 
perforators

Superior gluteal artery 
perforator

Dorsal branches of lumbar  
segmental nerves

Multiple large caliber nerves are usually present. They are located 
laterally at the superior edge of the flap, cranial to the perforators

Septocutaneous gluteal 
artery perforator

12th icn, lateral branch The nerves pass between the internal oblique and transversus 
abdominis muscles, and continue toward the lateral margin of the 
rectus sheath from posterosuperior to anteroinferior

Inferior gluteal artery 
perforator

Posterior femoral cutaneous nerve The nerves accompany the perforator. They are encountered in the 
subfascial plane along the inferior incision in the gluteal crease, and 
proximally in the subfascial plane during dissection of the vascular 
pedicle

Diagonal/transverse upper 
gracilis

Anterior femoral cutaneous nerve or 
obturator nerve

Sensory nerves enter the flap medially, distinct from the vascular 
pedicle

Profunda artery perforator Posterior femoral cutaneous nerve Nerves usually pierce the adductor magnus muscle a few centimeters 
lateral to the perforator

Lateral thigh perforator Lateral femoral cutaneous nerve The nerve is located at the anterior border of the flap, cranially to the 
septocutaneous perforator, and easy to identify

icn, intercostal nerve; DIEP, deep inferior epigastric perforator.

better postoperative tactile sensation in innervated breast 
reconstruction. Regardless of reconstruction timing and 
differences in preoperative sensory measurements, sensation 
of innervated flaps consistently recovers better. Beugels et al.  
found that nerve coaptation was significantly associated with 
superior sensory recovery in all areas of immediate breast 
reconstructions, while nerve coaptation in delayed DIEP 
flap breast reconstructions was only significantly associated 
with improved sensory recovery of the flap skin, but not of 
the native skin (80).

Furthermore, repeated measurements over time 
indicate that sensation returns not only to a larger extent, 
but also earlier in innervated flaps. Besides sensory nerve 
coaptation, longer time since surgery and lower flap 
weight are identified as secondary factors that enhance 
sensory recovery. Higher age and chemotherapy negatively 
contribute to postoperative sensation (80).

Quantitative outcomes—alternative and non-abdominal 
flaps 
Although comparable to conventional DIEP flaps, 
innervated bipedicled DIEP and SHAEP flaps have not 
been studied yet. It is therefore not known whether the 
superior sensory outcomes of DIEP and TRAM flaps apply 
similarly to bipedicled DIEP and SHAEP flaps.

Innervated LD flaps have been studied for autologous 
breast reconstruction, using branches of the thoracic 
intercostal nerves as a donor nerve. Postoperative sensory 
measurements indicate improved sensation to touch and 
pain in the innervated LD flaps (22).

In innervated SGAP flaps, tactile and erogenous 
sensation recover better compared with non-innervated 
SGAP flaps, according to Blondeel [1999] (81). However, 
these findings were not supported by results of sensory 
measurements. No other studies have attempted to quantify 
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the sensory recovery of innervated SGAP flaps. Also for 
innervated IGAP and ScGAP flaps, no studies have been 
conducted yet.

Regarding thigh-based flaps, a prospective comparison of 
innervated versus non-innervated LTP flaps by Beugels et al.  
demonstrated superior tactile sensation of the innervated 
flaps with a follow-up more than 12 months (82). For 
DUG/TUG and PAP flaps, no studies have been published 
that provide objective sensory outcomes.

Hence,  wel l-designed prospect ive studies  that 
compare innervated and non-innervated autologous 
breast reconstruction are lacking for the majority of 
non-abdominal flaps. However, all existing evidence 
suggests superior sensory recovery in autologous breast 
reconstruction with innervated compared to non-innervated 
LTP, SGAP and LD flaps.

Quantitative outcomes—donor site
Few studies have evaluated the effect of sensory nerve 
harvest on donor site sensation. Two studies evaluated 
abdominal donor site sensation, but did not evaluate the 
effect of flap or sensory nerve harvest on this (83,84). Two 
other studies, however, did evaluate the effect of sensory 
nerve harvest for autologous breast reconstruction on the 
donor site sensation. In the first, Beugels et al. measured 
pre- and postoperative donor site sensation in innervated 
and non-innervated DIEP flaps and found that it was not 

compromised after donor nerve harvest (80). In another 
study, Beugels et al. performed the same evaluation of donor 
site sensation, but in LTP flaps. Nerve harvest in LTP flaps 
did not compromise postoperative donor site sensation 
either (82). For other donor sites, the effect of nerve harvest 
on postoperative sensation has not been analyzed. 

Patient-reported outcomes—breast 
The previous section demonstrates that sensory nerve 
coaptation improves sensation in reconstructed breasts. 
However, the appreciation of the patient is pivotal when 
exploring its clinical value. Patient satisfaction and quality 
of life after breast reconstruction can be evaluated using 
questionnaires. The BREAST-Q is considered the gold 
standard.

Temple et al. were the first to study the influence 
of sensory nerve coaptation in TRAM flap breast 
reconstruction on quality of life (85). Their findings entail 
significantly improved scores on six out of the eight domains 
of the Medical Outcomes Study 36-Item Short Form 
Health Survey (SF-36); significantly improved scores on five 
out of six domains of the Body Image after Breast Cancer 
Questionnaire; and improved scores on all four domains of 
the Functional Assessment of Cancer Therapy-Breast scale. 
Given the positive results on each questionnaire, the authors 
conclude that sensory nerve coaptation adds positively to 
the patient-reported quality of life after TRAM flap breast 
reconstruction.

The same was established for DIEP flap breast 
reconstruction. Cornelissen et al. conducted a retrospective 
pilot study to compare quality of life expressed in BREAST-Q 
scores after innervated versus non-innervated DIEP flap 
breast reconstruction. A significant correlation between 
sensory nerve coaptation and the BREAST-Q score on the 
domain “Physical Wellbeing Chest” was demonstrated. The 
objective sensory measurements correlated significantly with 
this BREAST-Q score as well (86).

A larger and prospective follow-up study confirmed 
that quality of life improves in patients with innervated 
DIEP flap breast reconstruction. On average, patients 
with immediate and delayed innervated DIEP flap breast 
reconstruction score higher on the BREAST-Q domain 
“Physical Wellbeing Chest” compared with their non-
innervated counterparts (9). Multiple other studies have 
aimed to assess sensation as a patient-reported outcome, 
however, in the vast majority, unspecific and non-validated 
measures were applied that poorly reflect qualitative 
appraisal of sensation in reconstructed breasts (87). 

Figure 4 Dissection of the vascular pedicle and a sensory nerve 
branch during LTP flap harvest. LTP, lateral thigh perforator. 
[Copyright is held by Greet Mommen (www.greetmommen.be)].
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Based on the few methodologically sound studies using 
validated measures, sensory nerve coaptation improves 
patient-reported quality of life, and therefore is a clinically 
meaningful addition to autologous breast reconstruction.

Patient-reported outcomes—donor site 
PROs related to the donor site can also be explored. 
Although developed for obese or post-bariatric patients, 
several “Appearance” scales of the BODY-Q have been 
used to measure donor-site related quality of life (88). 
These are, however, not validated for the autologous breast 
reconstruction population. 

For abdominal flaps, the postoperative BREAST-Q 
reconstruction scale “Physical Wellbeing Abdomen” 
is validated as PRO for postoperative satisfaction with 
the donor site. However, it has not been used in studies 
concerning innervated f laps.  Similar BREAST-Q 
reconstruction scales have not been developed for non-
abdominal donor sites. 

Qualitative appraisal of postoperative donor site 
sensation is still an unexplored territory. There are no 
patient-reported outcome measures available yet that cover 
this aspect.

Clinical implications
We aim to increase awareness among microsurgeons 
about the clinically added value of innervated breast 
reconstruction. Patients consulting for (autologous) breast 
reconstruction should be informed about the possibility to 
perform sensory nerve coaptation, to improve postoperative 
breast sensation. All current evidence indicates superior 
outcomes regarding sensory recovery and patient 
satisfaction, and no adverse outcomes have been reported. 
Hence, the benefits clearly outweigh the risks, of which 
there are none. Results from sensory measurements provide 
patients with objective counseling on the extent of sensory 
improvement to expect for certain reconstruction types, 
both delayed and immediate.

Sensory nerve coaptation is a surgical technique that 
any trained microsurgeon is capable of performing. It 
involves dissection at donor and recipient sites, followed by 
microscopic anastomosis, similar to vascular dissection and 
anastomosis. It can therefore readily be implemented in any 
microsurgeon’s clinical practice. 

In this article’s senior author’s experience, identifying the 
nerves and dissecting them ease and fasten by practice. We 
therefore encourage microsurgeons to familiarize themselves 
with the technique and start clinical implementation.

In the changed landscape of healthcare, where PROs 
increasingly define the success of any medical procedure, 
tools such as the BREAST-Q are invaluable to monitor 
the clinically added value of new surgical techniques such 
as innervated breast reconstruction. It is therefore highly 
recommended to monitor outcomes of sensory nerve 
coaptation using validated PRO measures such as the 
BREAST-Q Sensation module. 

Discussion

Microsurgical techniques have advanced rapidly over 
time, enabling the reconstruction of a breast that appears 
natural. Major advances over implant-based reconstruction 
are the absence of a foreign body, and that the results 
are permanent. The first mention of innervated flaps 
for breast reconstruction was in 1992 (6). Evidence for 
safety and efficacy remained sparse at that time, but 
grew gradually since. In the last decade the interest has 
expanded tremendously, and the body of evidence in favor 
of innervated autologous breast reconstruction is steadily 
increasing. Currently published research consistently points 
out that sensation recovers better and earlier in innervated 
flaps. Eventually, innervated flaps have a higher chance 
of approaching normal sensation, compared with non-
innervated flaps. 

Furthermore, better sensory recovery subsequently 
improves patient satisfaction and quality of life. Modern-
era healthcare has evolved to become increasingly patient-
centered. Patient-reported outcomes such as QoL are 
therefore valued highly and often steer changes in clinical 
practice. The positive effect of improved breast sensation on 
PROs is therefore essential for it to be widely implemented. 
It deserves recommendation to routinely administer the 
BREAST-Q for monitoring of these outcomes in clinical 
practice. A critical note, however, is that patient-reported 
sensation is not yet explored, both for the breast as well as 
the donor site. The novel BREAST-Q Sensation module 
has potential to more reliably determine the value of sensory 
nerve coaptation in autologous breast reconstruction (39). 
This module facilitates improved reflection of patient 
satisfaction related to sensation in the reconstructed breast, 
and should therefore be encouraged to use in novel clinical 
research. For the donor site sensation, no QoL measures 
have been developed, however, current research does not 
indicate that donor site sensation is influenced by sensory 
nerve harvest (78,82). Secondly, satisfaction and QoL may 
be improved by refining preoperative patient education. As 
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stated previously, preoperative expectations considerably 
affect postoperative satisfaction. Therefore, educating 
patients about changes in sensation is advisable as it will 
likely improve patient satisfaction. Improving patient 
satisfaction and quality of life is the most important goal of 
breast reconstruction; this is therefore the most important 
argument to educate patients about postoperative breast 
sensation and endeavoring to improve it.

Besides outcomes related to efficacy and quality of 
life, safety of novel surgical techniques also needs to be 
established. It deserves highlighted notice that no major, 
nor minor adverse outcomes related to the nerve coaptation 
have been reported. Furthermore, when coapting the 
nerves within the same microsurgical field as the vascular 
anastomoses, operative time is not significantly prolonged. 
Hence, there are no known risks or disadvantages related to 
sensory nerve coaptation. 

The unanimously demonstrated super outcomes 
of innervated versus non-innervated flaps for breast 
reconstruction, combined with the absence of risks and 
disadvantages, strongly advocates implementation of this 
technique in clinical practice.

The future of innervated flaps for breast reconstruction

Although current evidence speaks in favor of innervated 
breast reconstruction, some caution is still required with 
drawing definite conclusions, as double-blinded randomized 
trials are still lacking and the level of evidence is therefore 
suboptimal. Systematic reviews on this subject all performed 
quality assessment, showing varying levels of quality of 
the included studies. Furthermore, large methodological 
inconsistencies across studies are unanimously criticized. 
This includes testing modality, time since surgery, tested 
areas of the breast, surgical techniques, and also outcome 
reporting and analysis (10-14,47). Since the concept of 
sensation is multifaceted, it remains challenging to address 
all different modalities of sensation in a uniform manner. 

Secondly, sensation in non-abdominal flaps need to be 
explored further. As the proportion of patients that opt 
for breast reconstruction after mastectomy increases over 
time, the demand for autologous breast reconstruction may 
further increase (89). Depending on physical appearance 
or medical history, abdominal flaps are suboptimal for 
specific patients. For this population, better understanding 
of sensation in non-abdominal flaps and the possibilities for 
innervation may aid clinical decision-making.

Additionally, the surgical approach may be refined and 

optimized in the future. For example, by exploring the role 
of targeted nipple-areolar complex (NAC) re-innervation. 
Peled and Peled first proposed the distal, subareolar nerve 
ending as a target for reinnervation (42). In implant-based 
breast reconstruction this dissected subareolar nerve can 
be coapted to a proximally transected intercostal nerve, 
aided by a nerve (allo)graft. This technique can be applied 
to autologous reconstruction by tunneling the nerve 
through the flap (90). If no nerve stump can be identified, 
the nerve graft can be sutured to the dermis of the NAC 
instead. Hence, this technique may be valuable in breast 
reconstruction after nipple-sparing mastectomy. 

Another promising future perspective is proposed 
by Chen et al., as they apply their robotic microsurgical 
expertise to peripheral nerve surgery (91). Specific 
to autologous breast reconstruction, they described a 
method to robotically harvest the fourth intercostal nerve. 
Consequently, the harvested nerve can be used as autograft 
to elongate the thoracic recipient nerve. This elegant 
technique combines the advantages of autografts, such as 
low costs and the absence of alloplastic grafts, with the 
advantages of a minimally invasive robotic approach.

One additional aspect that cannot be ignored is that 
regardless of sensory nerve coaptation, postoperative 
sensation does not return to normal. First of all, this implies 
the need to further optimize the surgical technique. The 
use of nerve conduits or grafts, coapting multiple nerves, 
and using different recipient nerves are some aspects that 
need elucidating in order to define the optimal surgical 
strategy. But secondly, the inability to regain normal 
sensation also implies that fundamental processes in sensory 
recovery are not yet fully understood. Increasing knowledge 
about the fundamental principles of (recovery of) sensation 
and the inclusion of a multidisciplinary team of scientific 
collaborators from different fields, is therefore a critical 
next step. 

As ide  f rom cont inuat ion  o f  both  c l in ica l  and 
fundamental research on this subject, we encourage wide 
implementation of innervated breast reconstruction in 
clinical practice. Sensory nerve coaptation requires merely 
basic microsurgical skills. Every trained microsurgeon is 
adequately skilled to perform sensory nerve coaptation. 
The most challenging aspect is recognition of the nerves. 
In our experience, the learning curve for successful nerve 
coaptation lies predominantly in training of the visual 
search skills for identification of the nerves. The success 
rate naturally improves when the intention to coapt nerves 
grows. 
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Conclusion

Sensory nerve coaptation is a valuable addition to 
autologous breast reconstruction. All current literature 
unambiguously demonstrates favorable outcomes of 
innervated over non-innervated breast reconstruction; as 
indicated by earlier return of sensation and higher chances 
of approaching normal sensation. It improves functional 
and psychosocial outcomes, as well as quality of life. Due 
to newly developed patient-reported outcome measures, 
such as the BREAST-Q sensation module, sensation-
related quality of life can be measured more specifically 
in the future. Importantly, there are no associated risks 
or disadvantages, and operative time is only marginally 
increased. Therefore, we argue strongly that sensory nerve 
coaptation is worthwhile to implement in standard clinical 
practice. 
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