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ABSTRACT

Background: Breast anesthesia is commonly reported after mastectomy and reconstruction. 

During deep inferior epigastric perforator (DIEP) flap reconstruction, we coapt at least one of the

T10–12 thoracoabdominal nerves within the flap to the anterior cutaneous branch of the 3rd 

intercostal nerve using a nerve allograft. We aim to evaluate the efficacy of nerve grafting in 

improving sensory recovery following neurotized DIEP flap reconstruction.

Methods: Thirty patients (54 breasts) underwent immediate neurotized DIEP flap reconstruction

using nerve grafts. Sensitivity evaluation was performed in nine breast regions. For each patient, 

sensation was compared between two time points: 3 to 6 months postoperatively versus 12 to 24 

months postoperatively. The reconstructive BREAST-Q was used to survey patients’ satisfaction

of their breasts, physical wellbeing, psychosocial wellbeing, and sexual wellbeing.

Results: At 3 to 6 months postoperatively, patients had a mean sensitivity measurement of 52.1 

g/mm2. At 12 to 24 months postoperatively, patients had a mean sensitivity measurement of 40.3 

g/mm2. There was a significant decrease in the mean cutaneous threshold required for patients to 
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perceive sensation between the two time points (–29.1 percent, p = 0.041). On the reconstructive 

BREAST-Q, patients scored significantly higher in breast satisfaction (56.7/100 versus 75.1/100,

+32.5 percent, p = 0.032) and physical wellbeing (66.0/100 versus 85.5/100, +20.2 percent, p = 

0.022) between the two time points.

Conclusions: Patients who undergo nerve graft-based DIEP flap reconstruction can expect 

significant improvements in sensation to pressure over time. This improvement found on sensory

testing correlates with significant improvement in patients’ BREAST-Q scores.

INTRODUCTION

Many patients choose to undergo autologous breast reconstruction following mastectomy 

due to its low rates of reconstructive failure and improved quality of life from physical, 

psychosocial, and sexual perspectives.1-3 Despite these improvements in postoperative outcomes, 

breast anesthesia and poor breast sensation are still commonly reported due to the necessary 

transection of sensory nerves during surgery. In a recent survey, Djohan et al. found that while 

patients are overall satisfied with nipple-sparing mastectomy and immediate reconstruction, a 

majority (67 percent) rated their sensation as fair or poor.4 Anecdotally, in our clinical practice, 

poor breast sensation continues to be a common complaint, and some patients have presented 

with superficial burn wounds from activities of daily living as a result of the breast anesthesia. 

Since its first description and utilization by Allen and Treece in 1994, the deep inferior 

epigastric perforator (DIEP) flap has become a workhorse flap for autologous reconstruction.5 

During DIEP flap harvest, sensory nerves from T10 to 12 thoracoabdominal nerves can be 

preserved to create a sensate flap.6 Furthermore, Xia et al. has shown that neurotization does not 

significantly prolong operative times—an average increase of only 12 minutes.7 Despite this 

potential and minimal increase in operative duration, the adoption of neurotized DIEP flaps is 
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still variable. In our prior study, we have shown that neurotized DIEP flaps yield superior 

sensory compared to implant-based reconstructions irregardless of the use of skin paddles. In our

DIEP flap cohort, sensation to pressure returned to baseline in over 75 percent of the breasts by 

24 months.8 This correlates with our clinical experience in which our DIEP flap patients have 

consistently noted an improvement in sensory return, especially between the first-year and 

second-year follow up visits.

Current studies of sensory return in neurotized DIEP flaps have largely focused on 

creating the sensate flap through direct end-to-end nerve coaptation. For example, Beugels et al. 

in the Netherlands have demonstrated that innervated DIEP flaps resulted in significantly lower 

monofilament testing values to detect pressure than non-innervated flaps.9,10 To date, there has 

been extremely limited studies on the use of nerve grafts in microsurgical breast reconstruction. 

Historically, nerve grafting resulted in poorer outcomes due to the confluence of one additional 

coaptation, poor vascularity of wound beds, and attempts at utilizing the shortest grafts possible, 

which resulted in additional tension across repair sites through positional maneuvers such as 

joint flexions and extensions.11 Recent advances in nerve grafts have resulted in thinner grafts 

more apt at revascularization and have contributed to current success with nerve grafting.11

At our institution, we have largely transitioned from performing direct end-to-end 

coaptations to utilizing nerve autografts to assure minimal tension at the coaptation site.12 To this

end, the aim of this study is to evaluate changes in breast sensation following DIEP flap breast 

reconstruction with nerve allografting, with a special emphasis on two time-point temporal 

changes. We also aim to correlate measured changes in breast sensation with actual patient 

perceptions. We postulate that patients who underwent DIEP flap reconstruction with nerve 

grafting should experience significant improvements in sensory recovery over time.
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METHODS

This study was approved by the Weill Cornell Medicine Institutional Review Board as a 

prospective study of patients undergoing mastectomy and immediate reconstruction using the 

neurotized DIEP flap between April 2019 and August 2021 at a single tertiary care institution. 

Inclusion criteria included women age 18 or older, unilateral or bilateral immediate DIEP flap 

reconstruction with nerve grafting, and two or more postoperative measurements at least 6 

months apart. Exclusion criteria included patients with any neuropathy (including diabetes and 

chemotherapy-induced), patients who underwent postoperative radiation therapy, and patients 

with less than two postoperative measurements.

Surgical Technique

All patients underwent reconstruction using the DIEP flap in standard fashion as 

described by Allen and Treece.5 Neurotization was performed using the donor and recipient 

nerves first introduced by Spiegal et al. for coaptation.6,13 The donor nerve is a sensory branch of 

T10–12 thoracoabdominal nerves within the DIEP flap. The recipient nerve is the anterior 

cutaneous branch of the 3rd intercostal nerve near the internal mammary recipient vessels. Nerve 

coaptation was performed using the 70 x 1–2 mm Avance nerve graft (AxoGen, Alachua, FL). 

All patients underwent a second revision procedure at 2 weeks postoperatively to remove the 

excess skin paddle left in place in case of the need for additional skin coverage.
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Sensory Testing Protocol

All patients were prospectively identified and consented at their initial preoperative 

consultation visit or at their first postoperative visit. For each patient, the first postoperative 

sensory testing occurred between 3 to 6 months postoperatively, and the second postoperative 

sensory testing occurred between 12 to 24 months postoperatively. 

Sensory testing was conducted using the AcroVal pressure-specified sensory device 

(AxoGen, Aluchua, FL). Previous studies have shown that the pressure-specified sensory device 

is a reliable method for quantifying breast sensation.14-16 Testing was performed by A.E., H.H., or

M.L., all of whom were trained in this technique. During testing, patients were seated in a 

reclining chair in a quiet exam room with their eyes closed and blinded to all visual or auditory 

cues. Patients were instructed to press on a small transductor whenever pressure stimulus was 

perceived on the breast skin.

Sensitivity measurements were performed in 9 breast regions using 1-point static 

cutaneous thresholds (range, 0.1–100 g/mm2). Higher measurements indicated worse sensitivity 

results. Testing was conducted in the following sequence: outer superior region, outer medial 

region, outer inferior region, outer lateral region, inner superior region, inner medial region, 

inner inferior region, inner lateral region, and the nipple areola complex (Figure 1).17 In each 

region, 5 measurements were obtained, with the 2 outliers discarded and the remaining 3 

measurements averaged. Because the thoracic skin is unable to discriminate distances shorter 

than 30 millimeters, 2-point discrimination was not tested.18
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Patient-Reported Outcomes

All patients were asked to complete the reconstructive module of the BREAST 

questionnaire (Version 2.0) sent electronically after their clinic visit. The BREAST-Q is an 

assessment tool designed to gauge patient satisfaction and quality of life, with specific 

evaluations on patients’ physical, psychosocial, and sexual well-being. All scores were converted

to a scale of 0 to 100 according to the BREAST-Q reconstruction module manual, with higher 

scores indicating better patient outcomes.19,20

Statistical Analysis

For each patient, sensitivity data across the 9 breast regions were averaged. Sensitivity 

data was further pooled across patients at each time point: 3 to 6 months postoperatively or 12 to 

24 months postoperatively. Two-sample unpaired t-test was used to compare sensitivity 

measurements between the two time points and assess differences in BREAST-Q scores. For all 

analyses, p-value < 0.05 was used as threshold for statistical significance. All statistical analyses 

were performed using GraphPad Prism 9 (Dotmatics, Bishops Stortford, United Kingdom) with 

figure graphics created with Excel version 16.56 (Microsoft Corp, Redmond, Wash).

RESULTS

Patient Characteristics

Between April 2019 and August 2021, thirty patients (54 breasts) who underwent 

mastectomy and immediate DIEP reconstruction with nerve grafting were enrolled in this study. 

Our cohort had an average age of 48.1  9.4 years and an average body mass index of 26.6  

4.1 kg/m2. All patients underwent nipple-sparing mastectomy as part of their oncologic care. The
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average mastectomy weight was 564.00  151.08 g and the average DIEP flap weight was 

625.96  198.31 g. DIEP flaps tended to weigh more than mastectomy specimens, as the excess 

DIEP flap skin is removed in a separate procedure. No patients underwent postoperative 

radiation therapy or reported chemotherapy-induced peripheral neuropathy.

Breast Sensory Measurements

In this cohort, 3 patients (6 breasts) underwent preoperative sensation testing, with an 

average preoperative baseline measurement of 14.0  1.4 g/mm2. During the first postoperative 

measurement at 3 to 6 months postoperatively, patients had a mean cutaneous threshold of 52.1 

 20.8 g/mm2, significantly higher than preoperative baseline measurements (p = 0.019). During

the second postoperative measurement at 12 to 24 months postoperatively, patients had a mean 

cutaneous threshold of 40.3  22.1 g/mm2. There was a significant decrease in the mean 

cutaneous threshold required for patients to perceive sensation at their second postoperative 

measurement compared to their first (–11.8  5.6 g/mm2, –29.1 percent, p = 0.041, Figure 2). 

Within the 12- to 24-month time point, 4 patients (7 breasts) who were tested at exactly 24 

months postoperatively had a mean cutaneous threshold of 31.4  12.3 g/mm2. This was 

comparable to preoperative baseline measurements, although a trend toward significance was 

noted (p = 0.083, Figure 3). This rather large difference in sensation between baseline and 24 

months postoperatively without statistical significance may be due to small sample sizes. 

BREAST-Q Responses

Four major areas were assessed through the reconstructive module of the BREAST-Q 

questionnaire: postoperative breast satisfaction, postoperative physical wellbeing, postoperative 
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psychosocial wellbeing, and postoperative sexual wellbeing. At 3 to 6 months postoperatively, 

patients scored on average 56.7/100 in breast satisfaction, 66.0/100 in physical wellbeing, 69/100

in psychosocial wellbeing, and 46.0/100 in sexual wellbeing. At 12 to 24 months 

postoperatively, patients scored on average 75.1/100 in breast satisfaction, 85.5/100 in physical 

wellbeing, 75.7/100 in psychosocial wellbeing, and 55.3/100 in sexual wellbeing. Between the 

two time points, there was a significant increase in both breast satisfaction (+32.5 percent, p = 

0.032) and physical wellbeing scores (+20.2 percent, p = 0.022). There were no significant 

improvements in psychosocial wellbeing and sexual wellbeing scores between the two time 

points.

DISCUSSION

Advances in breast reconstruction have afforded patients a wide range of reconstructive 

options, from alloplastic devices to pedicled flaps to free flaps. Continued refinements in 

microsurgical techniques have allowed plastic surgeons to utilize perforator flaps, such as the 

DIEP flap, to perform breast reconstructions that closely resemble native breasts with minimal 

donor site morbidity.21-23 Although patients commonly report high satisfaction with the aesthetic 

appearance of their reconstructed breasts, they continue to report poor breast sensation as a major

dissatisfaction.4,24

Autologous breast reconstruction, such as using the DIEP flap, offers a promising method

to improve breast anesthesia through the creation of a sensate flap. Spiegel et al. described 

utilizing the 10th, 11th, or 12th intercostal nerve within the DIEP flap and performing direct end-

to-end coaptation to the anterior cutaneous branch of the 3rd intercostal nerve in the chest.6,13 

Recent studies have shown that direct end-to-end coaptation significantly improves breast 
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sensation. For example, Beugels et al. found that this method of innervation resulted in 

significantly lower values on the Semmes-Weinstein monofilament test over time compared to 

non-innervated DIEP flaps.9,10 In addition, our last study demonstrated that for patients who 

underwent any type of neurotized DIEP flap breast reconstruction, they can expect sensation to 

return to baseline levels as early as 24 months postoperatively.8 In this follow-up study, our aim 

is to specifically evaluate the utility of nerve allografts in DIEP flap breast reconstruction in 

improving sensory recovery. 

As nerve allografts become increasingly utilized for neurotization of DIEP flaps, 

preliminary studies have demonstrated greater return of sensation—measured with Semmes-

Weinstein monofilaments—in flaps neurotized with nerve allografts compared to non-neurotized

reconstructed breasts.25 Djohan et. al. showed similar results in a retrospective study of patients 

receiving neurotized reconstruction with a nerve allograft.26 In this study, we utilize the AcroVal 

pressure-specified sensory device to generate precise, quantitative measurements of pressure 

threshold required for patients to detect pressure sensation on their breasts.16 In contrast to the 

Semmes-Weinstein monofilaments, the pressure-specified sensory device generates multiple 

precise measurements rather than semi-quantitative results. In addition, the pressure-specified 

sensory device is largely user-independent given that all persons administering the test start at 

minimal pressures before slowly and gradually increasing the pressure threshold with time. 

Because our aim is to evaluate changes in absolute cutaneous thresholds for sensation, the 

pressure-specified sensory device would theoretically detect significant but minute changes that 

may otherwise be missed on monofilament testing.

In our cohort, all patients underwent nipple-sparing mastectomy followed by immediate 

reconstruction using the DIEP flap with nerve allografting. At our academic medical center, if 
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the breast surgeon deems the oncologic risk minimal, nipple-sparing mastectomy is usually 

performed. Although skin-sparing mastectomy was not an exclusion criterion, the inclusion of 

only nipple-sparing mastectomy patients is a strength of this study that allowed us to eliminate 

one potential confounder since the DIEP flap skin paddle is brought up to the surface in skin-

sparing mastectomy reconstructions and would have been directly innervated following 

neurotization. Similarly, we specifically excluded patients who are undergoing or have 

undergone postoperative radiation therapy due to the varying levels of sensibility following 

radiation therapy. In our anecdotal experience, patients who are currently undergoing or have 

recently undergone radiation therapy can be more sensitive due to the radiation-induced burns 

and injuries to the breast skin. This concurs with a study by Magarakis et al. that found that 

radiated breast skin yielded better sensation in the short term but worse sensation in the long 

run.14

To our knowledge, our study is the first and only prospective study utilizing a pressure-

specified sensory device to analyze the utility of nerve grafts in innervating the DIEP flap for 

breast reconstruction. In our analysis, we found a significant decrease in the cutaneous threshold 

required for patients to detect pressure sensation when measured between 3 to 6 months 

postoperatively and again at 12 to 24 months postoperatively. Our results show the potential of 

nerve allografts to be used to neurotize DIEP flaps in instances when direct end-to-end repair 

would instill too much tension and negatively affect nerve regeneration.11,12,27 With the use of 

nerve grafts, the DIEP flap can be inset based on individual patient breast contours, sizes, and 

preferences to achieve the best aesthetic result without any potential constraints imposed by the 

need to perform direct end-to-end nerve coaptation.24,28,29 Our results show that nerve grafts 
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provide plastic surgeons with another tool to perform a neurotized DIEP flap reconstruction 

without the need to sacrifice optimal flap inset or neurotization.

In our analysis of sensory return, patients’ sensitivity measurements were worst at 3 to 6 

months postoperatively before gradually improving with time. By 24 months postoperatively, 

patients’ average sensitivity measurements were comparable to preoperative baseline levels (p = 

0.083). In our previous study, we established that for patients with any type of neurotized DIEP 

flap reconstruction, breast sensation was worst at 3 months postoperatively before beginning to 

return to baseline at 24 months postoperatively.8 Our results in this subset of nerve grafting 

patients highlight that sensory recovery follows a similar timeline as patients who underwent 

neurotization through direct end-to-end coaptation or using nerve conduits. Additionally, the 

trend toward significance indicates that 24 months postoperatively is likely the earliest time 

frame for returning to baseline sensation levels. For some patients, even at 24 months 

postoperatively, there is still lingering breast anesthesia. Recent studies have shown age, 

neoadjuvant chemotherapy, adjuvant chemotherapy, and radiation therapy as potential risk 

factors, but further higher-powered studies are needed to draw definitive conclusions.10,30

The sensory improvement, particularly between 3 to 6 months postoperatively and 12 to 

24 months postoperatively, was not only shown on pressure-specified sensory testing, but also 

correlated with patient-reported perceptions. Using the reconstructive module of the BREAST-Q 

questionnaire, we focused on four sections: satisfaction with breasts, physical wellbeing, 

psychosocial wellbeing, and sexual wellbeing. Between the two administrations of the BREAST-

Q, there were significant increases in breast satisfaction and physical wellbeing scores. Given the

significant improvement in sensory findings, it can be reasonably inferred that improvement in 

sensation—and the associated satisfaction and physical benefits—likely contributed to higher 
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scores at the 12- to 24-month mark. These findings are in line with many previous studies which 

have found significant correlation between increased breast sensitivity and increased BREAST-Q

scores and patient-reported quality of life.31,32,33 Although not significant, psychosocial and sexual

wellbeing scores also increased. There is a myriad of reasons for this, and many of which are 

patient-dependent, but it is likely that oncologic treatments likely played a not insignificant role 

in the lower absolute increases for these two categories. Furthermore, sexual wellbeing after 

breast surgery and reconstruction is still an area in need of study. Current literature shows varied 

results regarding patient-reported return of erogenous sensation in autologous reconstruction, 

suggesting multimodal contributors to sexual sensation beyond touch sensitivity.14,34 Overall, in 

our study, the BREAST-Q captured an increase in patient satisfaction that occurred concurrently 

with sensory recovery.

This study has several limitations. First, the longitudinal nature of this study—spanning a

minimum of 2 years—required sensory testing at set time points. In reality, patient follow-up 

appointment timelines rarely align exactly with sensory testing timelines. Therefore, sensory 

testing time points are defined by ranges rather than exact months—for example, 3 to 6 months 

postoperatively and 12 to 24 months postoperatively. Additionally, given that at our institution, 

we have largely transitioned to performing nerve grafting to innervate the DIEP flap, a direct 

comparison to other nerve coaptation techniques was not possible without introducing temporal 

biases. Finally, the BREAST-Q survey only contained two questions that directly addressed 

breast sensation, and we recognize that quality of life measurements are multifactorial. However,

our goal for this study was to contribute our institutional experience with DIEP flap breast 

reconstruction using nerve allografts to the existing literature. Using this study as a starting point,

we plan to conduct a comparative study in the future to assess the long-term sensation and 
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satisfaction outcomes in patients receiving neurotization with allograft, direct coaptation, and no 

neurotization. As more patients are enrolled in the study, we also plan to track postoperative 

sensory recovery at more granular timepoints. We hope these initial promising results inspire 

further studies in this new frontier for breast reconstruction.

CONCLUSIONS

This pilot study is the first prospective study utilizing a pressure-specified sensory device

to evaluate the utility of nerve allografts in neurotized DIEP flap breast reconstruction in 

sensation recovery and patient satisfaction. Our results show that nerve grafting is a competitive 

alternative to direct end-to-end coaptation with significant improvements between 3 to 6 months 

postoperatively and 12 to 24 months postoperatively. Patients who undergoing DIEP flap breast 

reconstruction with nerve grafting can expect breast sensation to return as early as 24 months 

postoperatively.
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Figure 1. Nine breast regions used for sensory testing: outer superior (OS), outer medial (OM), 
outer inferior (OI), outer lateral (OL), inner superior (IS), inner medial (IM), inner inferior (II), 
inner lateral (IL), and nipple areola complex (NA).

Figure 2. Sensory testing results between 3 to 6 months postoperatively and 12 to 24 months 
postoperatively.

Figure 3. Sensory comparison at 24 months postoperatively.

Table 1. Reconstructive BREAST-Q Score (Scaled) 
BREAST-Q Section 3 to 6 Months Postop 12 to 24 Months Postop p
Breast Satisfaction 56.7  9.1 75.1  12.6 0.032*
Physical wellbeing 66.0  14.0 85.5  11.1 0.022*
Psychosocial wellbeing 69.0  6.1 75.7  14.3 0.474
Sexual wellbeing 46.0  11.1 55.3  13.1 0.273

*Statistically significant
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