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a b s t r a c t 

Background: Gigantomastia is a disabling condition characterized 

by excess breast tissue. Historically, free nipple graft (FNG) has 

been preferred, prioritizing the nipple-areola complex (NAC) vas- 

cularity. The NAC-carrying pedicle technique, which is most com- 

monly used in case of hypertrophy of the breast, has been sug- 

gested as a viable alternative for gigantomastia according to re- 

cent evidence, with reduced rates of NAC necrosis and improved 

outcomes. Nevertheless, a detailed outcome evaluation of the tech- 

nique in terms of sensory preservation is currently lacking. There- 

fore, this systematic review and meta-analysis aimed to assess the 
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risk of sensory loss associated with the NAC-carrying pedicle tech- 

nique in cases of gigantomastia. 

Methods: Following the PRISMA guidelines, a literature search 

identified studies reporting postoperative sensitivity with the NAC- 

carrying pedicle technique in resections exceeding 10 0 0 g of adipo- 

glandular tissue. Then, a proportion meta-analysis was conducted 

to assess the pooled rate of sensation loss through the NAC- 

carrying pedicle technique. 

Results: Seventeen studies (843 patients, 1685 breasts) met the 

inclusion criteria. The meta-analysis revealed an exceptionally low 

risk of sensory loss with the NAC-carrying pedicle technique (1.3%; 

95% confidence interval: 0.7-2.0), without significant statistical het- 

erogeneity. 

Conclusion: This study provides the first comprehensive evaluation 

of sensory preservation with the NAC-carrying pedicle technique in 

gigantomastia. The NAC-carrying pedicle technique emerges as the 

first choice, offering saf ety and favorable functional outcomes. Sur- 

gical caution remains crucial with the option to switch to FNG as 

required, ensuring patient safety and procedure success. Further re- 

search on the impact of different NAC-carrying pedicle techniques 

on sensory preservation is warranted. 

© 2024 The Authors. Published by Elsevier Ltd on behalf of British 

Association of Plastic, Reconstructive and Aesthetic Surgeons. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Reduction mammoplasty is a well-established surgical procedure used to reduce breast volume

nd relieve the symptoms caused by breast hypertrophy. 1 Gigantomastia, which is characterized by

n even more excessive breast tissue growth, exacerbates physical and psychological discomfort in the

atients. 2–7 However, currently there is no universal consensus in the literature concerning the defi-

ition of gigantomastia. Dancey et al. defined it as breast hypertrophy requiring resections exceeding

0 0 0 g of tissue per breast. 8 Preoperatively, the grams of breast tissue to be removed can be reli-

bly predicted by evaluating the nipple-areola complex (NAC)-lift distance. 9 Moreover, there has been

onsiderable debate regarding the ideal reduction mammoplasty technique to limit complications and

ptimize functional and aesthetic outcomes. Historically, the most commonly used approach was the

ree nipple graft (FNG). In fact, the primary concern has always been ensuring adequate vascularity to

he NAC due to the substantial breast hypertrophy. 10 , 11 However, the NAC-carrying pedicle technique

ould represent a valid alternative as demonstrated recently. 12 If dermoglandular NAC-carrying pedi-

les are standard in nongigantomastia reduction mammoplasty to treat hypertrophy 1 , 13 , the technique

f retaining the NAC attached to the dermoglandular pedicle in gigantomastia and/or massive ptosis

s far less common. 10 , 11 However, the actual advantage of the NAC-carrying pedicle technique over

NG in gigantomastia in terms of aesthetic and functional outcomes has not yet been systematically

ssessed. Several studies have highlighted an improvement in aesthetics in terms of breast shape and

ostoperative pigmentation disorders. 13 , 14 Additionally, the ability to breastfeed postsurgery remains

ossible among the patients. This opportunity is a noteworthy advantage in contrast to those under-

oing FNG. 13 , 15-20 Finally, another crucial point is NAC sensitivity, which is also completely lost after

NG, resulting in significant psychosocial sequelae for the patients. Interestingly, the rate of sensation

oss associated with the NAC-carrying pedicle technique in cases of gigantomastia has not yet been

ystematically evaluated. Therefore, this study aimed to comprehensively assess sensory preservation

n gigantomastia by providing evidence for the preferential use of the NAC-carrying pedicle technique

hen performing reduction mammoplasty for gigantomastia. 
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aterials and methods 

eview question and search strategy 

The systematic review and meta-analysis were conducted in accordance with the preferred

eporting items for systematic reviews and meta-analyses (PRISMA) guidelines ( http://www.

risma-statement.org ). The research question was formulated according to the PICO (population, in-

ervention, comparison, and outcome) framework as follows: “What is the risk of loss of NAC sensa-

ion following reduction mammaplasty with NAC-carrying pedicle technique in cases of gigantomas-

ia?”. Subsequently, a comprehensive literature search was conducted in the PubMed/Medline and

ochrane library databases using the following search algorithm: ((breast reduction) OR (mammo-

lasty) OR (free nipple graft) OR (NAC-carrying pedicle technique)) AND ((gigantomastia) OR (gigantic

reast hypertrophy)) NOT (cancer). 

The literature search encompassed studies published up to July 2023, and bibliographic references

n identified articles were cross-checked for additional relevant publications that were not captured

y the initial database search. No language or publication date restrictions were applied. Duplicate

ecords were removed. The authors used a protocol for this systematic review and meta-analysis, but

he protocol was not registered in any public database. 

election criteria 

Inclusion and exclusion criteria were established before undertaking the search. Eligibility criteria

ncompassed articles with original clinical data from reported cases of gigantomastia treated with

eduction mammoplasty, where > 10 0 0 g of adipo-glandular tissue per breast were removed. To be

ligible, the articles needed to report data on the weight of the tissue removed and levels of pre- and

ostoperative sensitivity. Excluded study types comprised abstracts, letters, editorials, comments, case

eports, case series, reviews, and studies involving patients treated solely using FNG. 

Two authors (F. B. and C. P.) performed the literature search and study selection independently, yet

n a nonblinded way, initially relying on titles and abstracts, and subsequently evaluating the full text

n detail to determine the eligibility. In case of discrepancies, a third author (M. DM.) was consulted. 

ata extraction 

Each included study underwent data extraction by the two authors (F. B. and C. P.), with key in-

estigation points organized in specially designed tables: name of first author, year of publication,

ountry of publication, number of patients included, number of breasts treated, mean age of patients,

omorbidities of patients (i.e., diabetes, hypertension, and others), tobacco use, mean body mass in-

ex (BMI) of patients (kg/m2 ), weight of breast tissue resected (g), type of NAC-carrying pedicle used,

ean sternal notch-to-nipple distance (cm), mean length of NAC-carrying pedicle (cm), rate of conver-

ion to FNG due to insufficient NAC perfusion during surgery, quality of NAC sensation after surgery

preserved or decreased), and quality assessment of the study. 

uality assessment 

Quality assessment of the included articles was performed by two authors (F.B. and E.L.) using

he NIH tools ( https://www.nhlbi.nih.gov/health- topics/study- quality- assessment- tools ) and provided

 final judgment including three possible options for each article: poor/fair/good quality. 

tatistical analyses 

Quantitative analysis (meta-analysis) was performed by one author (F.B.) for all the included stud-

es using the OpenMeta[Analyst] software developed by the Center for Evidence Synthesis in Health of

rown University, USA. The cumulative estimated risk of NAC sensory loss associated with the NAC-

arrying pedicle technique was assessed as the pooled prevalence through a meta-analysis, along with
155
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 95% confidence interval (95% CI). The analysis considered the number of events as the numera-

or and number of breasts as the denominator. Those cases in which conversion to FNG had to be

erformed were not considered when assessing the risk of loss of sensitivity. Statistical pooling of

he data was conducted using a random-effects model. Heterogeneity between studies was evaluated

sing the I2 test, to quantify the percentage of variation attributed to heterogeneity rather than to

hance. 21 , 22 An I2 value > 50% indicates a significant statistical heterogeneity between the studies.

ubgroup analyses were planned in case of I2 value > 50% to explore the heterogeneity. 

Qualitative analysis (systematic review) included demographic characteristics, comorbidities of the

atients, and pre- and intraoperative breast features. If the studies reported a specific value for each

reast, the mean value was considered. 

esults 

The initial database search in PubMed/Medline and Cochrane Library identified a total of 306 ar-

icles published between December 1996 and July 2023. An additional record was identified through

 review of the bibliographies of these articles. After title and abstract screening, 66 studies were se-

ected for full-text review. Among these, 49 studies did not meet the inclusion criteria and were not

onsidered. Consequently, 17 articles were included in the analysis, encompassing surgical procedures

n 843 patients for a total number of 1685 operated breasts. Details of all the included studies are

ummarized in Tables 1 and 2 , whereas a flowchart of the study selection process is presented in

igure 1 . 

ystematic review (qualitative analysis) 

Demographic characteristics, comorbidities, and pre- and intraoperative breast characteristics are

eported in Tables 3 and 4 . 

The evaluation of tissue resection did not include the study by Chang et al. 23 and Lacerna et al. 23

ecause they only provided a range for the tissue removed without specifying the precise value. Ad-

itionally, the study by Lacerna and colleagues also not considered as it only described the age range

or assessing the mean age of patients. 24 Similarly, the study conducted by Ashour et al. was not

onsidered in the assessment of the exact pedicle length, as the authors provided only a range of

AC-carrying pedicle lengths. 25 In the study by Basaran et al., several types of NAC-carrying pedi-

les were used, though based on the result of radiographic analysis. Therefore, this article was also

xcluded from the evaluation of pedicle type. 26 

eta-analysis (Quantitative Analysis) 

The analysis of all the included studies revealed that the pooled risk of NAC sensory loss with the

AC-carrying pedicle technique was 1.3% (95% CI: 0.7-2.0) ( Figure 2 ). Statistical analysis indicated an
2 value of 23.56%, demonstrating the absence of a significant statistical heterogeneity in terms of the

ariable analyzed. 

iscussion 

The surgical management of gigantomastia remains a surgical challenge in the field of plastic

urgery. The two possible approaches are the FNG 

10 and NAC-carrying pedicle technique. 1 , 25 The FNG

pproach involves the complete removal and subsequent grafting of the NAC as a free full thickness

kin graft. Even though this technique facilitates a larger reduction in terms of breast volume, it is

ssociated with potential complications. These encompass suboptimal nipple projection, cessation of

reastfeeding, loss of sensation, and hypopigmentation of the nipple graft. 13 , 14 , 27–29 The NAC-carrying

edicle technique, in contrast, preserves the NAC by maintaining its continuity with the dermoglan-

ular pedicle, different variants of which are described in the literature. This method has several ad-

antages, including better core projection of the breast, superior projection of the nipple, preserved

igmentation of the NAC, and enhanced potential for NAC sensation. 
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Table 1 

Summary of all the included studies: patient demographics-comorbidities and preoperative-intraoperative breast characteristics. 

Name of 1st 

author 

Year of 

publi- 

cation 

Country Nr. of 

patients 

included 

Nr. of 

breasts 

treated 

Mean age 

(years) 

Diabetes 

(nr. of 

patients) 

Hypert 

ension 

(nr. of 

patients) 

Comorbi 

dities 

other than 

D/H (nr. 

of patients) 

Tobacco 

use (nr. of 

patients) 

Mean 

BMI 

(kg/m2 ) 

Weight of 

breast 

tissue 

resected 

(g) 

Type of 

NAC- 

carrying 

pedicle 

Mean SN-N 

(cm) 

Mean 

pedicle 

length 

(cm) 

Amini et al. 41 2010 Germany 23 46 49 4 6 13 13 33 1304 R, 

1245 L 

SM 41 R, 41 L NR 

Ashour et al. 25 2018 Egypt 40 80 31 4 NR NR NR 31 1690 SM 38 R; 38 L NR 

Basaran et al. 26 2011 Turkey 16 32 41 NR NR NR NR 32,6 1780 L, 

1810 R 

Based on 

radio- 

graphic 

analysis 

NR NR 

Bilgen et al. 18 2019 Turkey 72 144 41 10 NR 53 8 34 1640 L, 

1586 R 

I NR NR 

Bucaria et al. 42 2018 Italy 22 44 48 NR NR NR NR 28 1048 SM 44 R, 44 L NR 

Chang et al. (1) 23 

1996 USA 

74 148 NR NR NR NR NR NR > 1000 

I 

33 NR 

Chang et al. (2) 23 48 96 NR NR NR NR NR NR > 2000 35 NR 

Chang et al. (3) 23 24 48 NR NR NR NR NR NR > 3000 41 NR 

Chetty et al. 43 2016 South 

Africa 

31 62 30 0 0 0 0 28 1835 SM 44 22 R, 22 

L 

Elmelegy et al. 44 2017 Egypt 25 50 38 0 0 0 0 32 1434 ML 41 NR 

( continued on next page ) 
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Table 1 ( continued ) 

Name of 1st 

author 

Year of 

publi- 

cation 

Country Nr. of 

patients 

included 

Nr. of 

breasts 

treated 

Mean age 

(years) 

Diabetes 

(nr. of 

patients) 

Hypert 

ension 

(nr. of 

patients) 

Comorbi 

dities 

other than 

D/H (nr. 

of patients) 

Tobacco 

use (nr. of 

patients) 

Mean 

BMI 

(kg/m2 ) 

Weight of 

breast 

tissue 

resected 

(g) 

Type of 

NAC- 

carrying 

pedicle 

Mean SN-N 

(cm) 

Mean 

pedicle 

length 

(cm) 

Karacaoglu et al. 45 2016 Turkey 26 52 38 2 5 2 12 26 1513 IM 32 NR 

Karacor-Altuntas 

et al. 46 

2016 Turkey 53 106 45 9 7 NR 4 40 1496 R, 

1417 L 

C 44 R, 43 L NR 

Kemaloglu et al. (1) 47 

2018 Turkey 
25 50 42 2 NR NR 1 32 1320 

R + 1355 L 

I 33 R + 32 L NR 

Kemaloglu et al. (2) 47 25 50 39 3 NR NR 1 32 1380 

R + 1310 L 

SM 33 R + 34 L NR 

Lacerna et al. 48 2005 USA 15 30 NR NR NR NR NR NR > 2000 I NR NR 

Letertre et al. 49 2008 France 20 40 31 NR NR NR 7 32 1340 PS NR NR 

Lugo et al. 15 2013 USA 200 400 39 NR NR NR NR 36 1277 R, 

1283 L 

SM 36 R, 36 L 11 R, 11 

L 

Mojallal et al. 50 2010 France 50 100 33 8 NR NR 5 27 1231 PS 38 NR 

Nahab 

edian et al. 51 

2000 USA 23 45 31 NR NR NR NR NR 1604 ML 38 R, 39 L 17 

Talwar et al. (1) 13 

2023 USA 

21 42 

42 1 NR 2 3 35 1486 

SM 

42 9 Talwar et al. (2) 13 9 18 I 

Talwar et al. (3) 13 1 2 S 

Nr., number; D/H, diabetes/hypertension; BMI, body mass index; SN-N, sternal notch-to-nipple distance; R, right; L, left; SM, supero-medial; NR, not reported; I, inferior; ML, medio-lateral; 

IM, infero-medial; C, central; PS, postero-superior; S, superior. 

1
5
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Table 2 

Summary of all studies included: postoperative sensation and quality assessment. 

Name of 1st author Conversion to FNG 

(nr. of breasts) 

Sensation preserved 

(nr. of breasts) 

Sensation decreased 

(nr. of breasts) 

Grade of 

quality 

Amini et al. 41 0 44 2 Fair 

Ashour et al. 25 1 73 6 a Fair 

Basaran et al. 26 0 29 3 Fair 

Bilgen et al. 18 NR 144 0 Fair 

Bucaria et al. 42 NR 44 0 Fair 

Chang et al. (1) 23 NR 138 10 

Fair Chang et al. (2) 23 NR 96 0 

Chang et al. (3) 23 NR 48 0 

Chetty et al. 43 NR 59 3 Fair 

Elmelegy et al. 44 NR 50 0 Fair 

Karacaoglu et al. 45 NR 52 0 Fair 

Karacor-Altuntas et al. 46 NR 106 0 Fair 

Kemaloglu et al. (1) 47 NR 48 2 
Fair 

Kemaloglu et al. (2) 47 NR 48 2 

Lacerna et al. 48 0 30 0 Fair 

Letertre et al. 49 NR 40 0 Fair 

Lugo et al. 15 NR 392 8 Fair 

Mojallal et al. 50 NR 100 0 Fair 

Nahabedian et al. 51 1 43 1 ∗ Fair 

Talwar et al. (1) 13 NR 42 0 

Fair Talwar et al. (2) 13 NR 18 0 

Talwar et al. (3) 13 NR 2 0 

FNG, free nipple graft; nr., number; NR, not reported. 
a Cases in which conversion to FNG had to be performed were not considered. 

Table 3 

Patient demographics and comorbidities. 

Feature Results 

Mean age (years: range) 39 (30–49) 

Mean BMI (kg/m2 : range) 33 (26–40) 

Comorbidities total (%: number of patients out of 843) 14 (115) 

• Active smokers 6 (54) 

• Diabetes 5 (43) 

• Hypertension 2 (18) 

• Others 8 (70) 

BMI, body mass index. 

All figures referred represent the percentage and number of concerned patients. 

Table 4 

Preoperative and intraoperative breast characteristics. 

Feature Results 

Mean preoperative sternal notch-to-nipple distance (cm: range) 38 (32–44) 

Mean breast tissue resected (g: range) 1497 (1048–3066) 

NAC-carrying pedicle type (%: number of breasts out of 1685) 

• Supero-medial 43% (724) 

• Inferior 32% (534) 

• Postero-superior 8% (140) 

• Central 6% (106) 

• Medio-lateral 6% (95) 

• Infero-medial 3% (52) 

• Superior 0,1% (2) 

Mean pedicle length (cm: range) 13 (9–23) 

All figures referred represent the percentage and number of concerned patients. 
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Figure 1. Flow diagram of the search strategy. 
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Critical considerations in reduction mammoplasty for gigantomastia include the preservation of

AC vascularity and postoperative nipple sensation. The viability of the NAC-carrying pedicle tech-

ique was questioned due to concerns surrounding NAC perfusion attributed to the length of the

AC-carrying pedicle, potential arterial inflow compromise, and risk of venous congestion. 30 , 31 How-

ver, a recent meta-analysis addressed the safety concerns associated with the NAC-carrying pedicle

echnique, challenging the long-standing belief of a high risk of necrosis in the NAC. The analysis re-

ealed a minimal risk of NAC necrosis, confirming the safety of the NAC-carrying pedicle technique

nd redefining the indications of reduction mammoplasty for gigantomastia. 12 However, surgical cau-

ion remains crucial, with the possibility of switching to FNG approach in cases of intraoperative con-

erns about NAC perfusion, which can be readily assessed during surgery, for example with indocya-

ine green fluorescence angiography. 32–34 
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Figure 2. Forest plot. 
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Concerning postoperative sensory preservation, the NAC-carrying pedicle technique has demon-

trated a clear advantage compared to FNG. Interestingly, recent studies showed that sensitivity of

he breast tissue following the procedure is not correlated with the volume of tissue removed 

35-37

ut rather depends on the surgical technique employed. Anatomical studies on breast innervation

ave shown that the latter is supported by the anterior and lateral cutaneous branches of the second

hrough sixth intercostal nerves, and the NAC mainly by anterior and lateral cutaneous branches of

he third through fifth intercostal nerves. 38 , 39 Therefore, it is clear that FNG results in complete tran-

ection of the sensory fibers for the NAC with a complete loss of sensation. In contrast, the continuity

hat is guaranteed by the NAC-carrying technique at least partially preserves the nerve fibers, resulting

n maintained sensitivity of the NAC. The evidence presented in this study clearly demonstrated that

he NAC-carrying pedicle technique is associated with a remarkably low estimated risk of NAC sen-

ory loss, confirming its functional benefits over FNG. For this reason, considering the aforementioned

nd present meta-analysis, the NAC-carrying pedicle technique can be confidently recommended as a

uperior choice for reduction mammoplasty in case of gigantomastia. 

Furthermore, to minimize the loss of sensitivity, it is necessary to mention some considerations

egarding the different available NAC-carrying pedicles. Based on the anatomy and in analogy with the

ata described for hypertrophy 40 , it can be speculated that different NAC-carrying pedicles may affect

ensitivity preservation differently. In particular, in case of superior and superolateral pedicles, the risk

f decreased sensitivity appears to be higher. Indeed, the injury of the lateral and medial cutaneous

ranches of the fourth intercostal nerve can likely occur during mammoplasty with superior NAC-

arrying pedicles. Simultaneously, the supero-lateral NAC-carrying pedicles lead to a transection of

he anterior cutaneous branches of the third, fourth, and fifth intercostal nerves and can interrupt

he lateral cutaneous branch of the fourth intercostal nerve. However, sensory preservation would be

igher with the other NAC-carrying pedicle techniques, such as supero-medial, inferior, or septum-

ased NAC-carrying pedicles. 40 For this reason, further studies to evaluate this possible correlation

ith different NAC-carrying pedicle techniques would maximize the efficacy of this surgical approach.

Despite the interesting findings of this study, a major limitation must be mentioned. Sensitivity

s an extremely subjective perception and, therefore, it is difficult to define and evaluate objectively.

oreover, most of the included studies did not provide adequate information, neither on the grade of

ensitivity of the NAC before undergoing reduction mammaplasty for gigantomastia, nor on the assess-

ent protocols used (number of raters, experience in sensitivity assessment, reproducibility, method
161
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sed, timing of assessment, area assessed, and whether patients were asked to close their eyes). How-

ver, we underline that the major strength of this systematic review and meta-analysis is the absence

f a significant statistical heterogeneity. 

onclusions 

This study provides for the first time the evidence of the low risk of sensory loss associated with

he NAC-carrying pedicle technique in reduction mammoplasty for gigantomastia. Based on these find-

ngs, by combining the safety assurances with outstanding functional outcomes, the NAC-carrying

edicle technique emerges as the preferred choice for reduction mammoplasty for gigantomastia.

owever, detailed surgical planning and execution remain crucial. The capacity to convert to an FNG

pproach during surgery should serve as “salvage procedure” in case of insufficiently perfused NAC,

reserving the overall safety of the patient and ultimate success of the proscedure. 
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