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Abstract

Background Tumescent local anesthesia (TLA) consists of

infiltration of saline solution with lidocaine and epinephr-

ine into the tissues to obtain regional anesthesia and

vasoconstriction. The use of TLA in augmentation mam-

moplasty has been described for sub-glandular positioning.

We describe a modified TLA technique for primary sub-

muscular breast augmentation reporting our experience

during the past 7 years.

Methods From 2010 to 2017, 300 patients underwent

bilateral primary sub-muscular breast augmentation under

TLA and conscious sedation. The tumescent solution was

prepared with 25 mL of 2% lidocaine, 8 mEq of sodium

bicarbonate, and 1 mL of epinephrine (1 mg/1 mL) in

1000 mL of 0.9% saline solution. Firstly, the solution was

infiltrated between the pectoral fascia and the mammary

gland, secondarily, during surgery, under the pectoralis

major muscle.

Results The average amount of tumescent solution infil-

trated while performing TLA was 740 mL per breast. No

signs of adrenaline or lidocaine toxicity were reported and

conversion to general anesthesia was never required. In all

patients, no pain nor discomfort was reported during the

pre-operating infiltration and surgical procedure. We

reported a major complication rate of 3.3% (4 hematomas

and 6 seromas) and a minor complication rate of 6.0% (8

implant dislocation and 10 dystrophic scars formation).

Conclusions TLA represents a safe and efficacious tech-

nique for performing breast augmentation surgery with

sub-muscular implant positioning. This technique guaran-

tees good pain control during and after surgery and has low

incidence of postoperative side effects. Patients subjected

to sub-muscular breast augmentation with TLA were

satisfied.

Level of Evidence IV This journal requires that authors

assign a level of evidence to each article. For a full

description of these Evidence-Based Medicine ratings,

please refer to the Table of Contents or the online

Instructions to Authors www.springer.com/00266.
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Introduction

Breast augmentation is one of the most popular procedures

in esthetic surgery even if its scenario has changed a lot

over the past 5 years. The benefits of pocket location

choices are well established and there are precise indica-

tions to ensure a good esthetic result to the patient. All

these options must be considered in patient consultation.

The main advantage of using sub-muscular positioning is

an improved upper pole appearance. Also, recent studies

suggested that the sub-muscular position decreases the

incidence of capsular contracture [1]. At surgery, the

choice of local or general anesthesia depends on many
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factors, but essentially the invasiveness and the risk of the

surgical procedure and the preferences of patient and sur-

geon. The use of tumescent local anesthesia (TLA) is a

technique developed in several surgical procedures but

mainly in liposuction; it consists of infiltration of large

volumes of saline solution with lidocaine and epinephrine

in the surgical filed [2, 3]. In augmentation mammoplasty,

TLA has been described for sub-glandular implant posi-

tioning [4]. With TLA, in sub-glandular breast augmenta-

tion, the time of surgery is shorter, the dissection is

facilitated and bleeding and postoperative pain are reduced

[4]. In this article, we describe a modified technique of

TLA for primary sub-muscular breast augmentation,

reporting our cumulative experience during the past

7 years.

Methods

From 2010 to 2017, 300 patients underwent bilateral pri-

mary sub-muscular breast augmentation. All procedures

were performed in two accredited outpatient clinics. The

surgical team was composed of a board-certified plastic

surgeon, an assistant surgeon, an operating room nurse, and

a board-certified anesthesiologist. The patients were fully

informed about implant-based breast surgery use, indica-

tions, and possible complications (i.e., implant infections,

postoperative bleeding). The preoperative exams included

routine blood check, cardiac examination, and breast

ultrasound and/or mammography. All patients met the

criteria of the American Society of Anesthesiologists

(ASA) for status I or II. Exclusion criteria were ASA status

III or more, pregnancy and BMI[ 35.

Used breast implants had a silicone gel content, a tex-

tured silicone surface and an anatomic (Sebbin: Groupe

Sebbin SAS, Boissy-l’Aillerie, France; Nagor: Nagor

Limited, Isle of Man, UK) or round shape (Mentor: Mentor

Corporation, Santa Barbara, CA, USA; Motiva: Motiva

European Distribution Center, Wommelgem, Belgium).

Before surgery, the implant size and shape were selected

considering breast diameters and anterior thoracic wall

size. Before surgery, patients wore implant sizers with a

sports brassiere in front of a mirror to better select the

implant volume. Medications influencing platelet clotting

were stopped 5–7 days before surgery or they were chan-

ged to acceptable alternatives. Before anesthesia, preop-

erative markings were done with the patient in the upright

position and photographs were taken. Each patient received

a peripheral intravenous access and vital parameters were

constantly monitored during surgery and recovery. Breast

anesthesia consisted of two phases, one before the incision

and the second one after pectoralis major muscles fascia

exposure. Tumescent solution was prepared with 25 mL of

2% lidocaine, 8 mEq of sodium bicarbonate, and 1 mL of

epinephrine (1 mg/1 mL) in 1000 mL of 0.9% saline

solution [4]. Overall 700–780 mL were introduced per

breast. The cutaneous surgical incision site was infiltrated

with 1% lidocaine with 1:100,000 epinephrine. During the

first anesthesia phase, the plane between the gland and

superficial fascia of the pectoralis major muscle was

identified by pinching the breast across the chest wall and a

spinal needle was connected to a peristaltic infiltration

pump and positioned in this plane. The device was stopped

when glands became turgid and vasoconstricted; in our

case series, this corresponds to a mean volume of 520 mL

per breast. The volume of tumescent solution infiltrated

was different in relation to breast size and BMI of the

patient. In patients with small breasts and low body weight,

less tumescent solution was needed to obtain breast

turgidity and to prevent reaching drug toxicity levels. The

sub-glandular infiltration guaranteed complete anaestheti-

zation by direct contact. The first incision was made

40 min later to allow epinephrine and lidocaine to have

their effect. A 4-cm skin incision was made for round

implants and 6-cm one for anatomic implants. After

exposure of the pectoralis major muscle fascia, it was

infiltrated with 1 mL of 1% lidocaine with 1:100.000 epi-

nephrine (Fig. 1) and a cannula (2 mm diame-

ter 9 200 mm) was inserted within the muscle and fixed

with a silk 4-0 round block suture (Fig. 2). Then, a volume

of 180–240 mL of tumescent solution was injected with a

Luer-lock syringe (Fig. 3). After the completion of the

same procedure in the contralateral breast, the incision of

the muscle was performed with electrocautery and the

dissection proceeded until the pectoralis major muscle was

completely released inferiorly and medially up to the

superior limit of the areola (4th–6th rib). Blood vessel

coagulation was performed progressively during pocket

dissection before insertion of the implant to prevent sec-

ondary bleeding after clearance of the vasoconstrictive

Fig. 1 After exposure, the pectoralis major muscle fascia was

infiltrated with 1 mL of 1% lidocaine with 1:100.000 epinephrine
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effects of adrenaline. During pocket dissection, a fiber-

optic retractor with smoke evacuation capabilities was

used. Before implant positioning, sterile drapes and gloves

were changed and instruments were cleaned with Clorex-

idina; the pocket was consequently irrigated with a 50%

diluted hydrogen peroxide solution, a saline solution and

finally with a gentamicin solution. Surgical drains were not

used. Closure of the wound was performed in layers, using

reabsorbable sutures and the wound was covered with a

sterile dressing. After surgery, patients wore an adherent

sports brassiere for 1 month after surgery. After 4 h of

observation, patients were discharged. According to allergy

status, an oral antibiotic (amoxicillin 875 mg/clavulanic

acid 125 mg or ciprofloxacin 500 mg twice a day) was

prescribed for 5 days and postoperative controls were

planned after 1 day, 1, 2 weeks, 1–3–6 months, and 1 year

(Figs. 4, 5).

Results

During a 7-year period, we analyzed 300 female patients

who underwent sub-muscular breast augmentation. All

surgical procedures were performed using the TLA tech-

nique. The mean patient age was 31.4 years (ranging from

22 to 55 years) and the mean body weight was 60.3 kg.

The mean BMI was 22.6. The average amount of tumes-

cent solution infiltrated was 740 mL (700–780 mL). No

signs of adrenaline or lidocaine toxicity were reported.

Conversion to general anesthesia was never required.

The average period of time from infiltration to skin

incision was 40 min and it was selected by analyzing the

response time of patients treated, together with the anes-

thesiologist. Starting the dissection before 40 min resulted

in pain in most patients, whereas waiting longer provided

no additional benefits for the patient. During surgery, no

pain was reported during skin cutting or major pectoralis

muscle lift in all patients. The range of implant size was

from 225 to 420 cc. The average surgical time using this

technique was 1 h and 40 min. This time included bilateral

infiltration, waiting time and surgical procedure until

completion. Among the major postoperative complications

(3.3%), we reported 4 cases of hematomas and 6 of sero-

mas (2 requiring reoperations). We reported a minor

complication rate of 6.0% (18/300) represented by 8 cases

of implant dislocation (2.7%) and 10 cases of dystrophic

scars (3.3%) (Table 1). Capsular contraction was evaluated

according to the Baker classification [5]. After 1 year, 223

patients (74.3%) had Baker grade I capsular contracture, 71

patients (23.7%) had grade II, 6 patients (2%) had grade III

or IV. Patients were satisfied with the TLA procedure and

did not report any discomfort during the pre-operating

infiltration or the complete surgical procedure. Most of the

patients were satisfied with the esthetic results 1 year after

surgery. Patient satisfaction was evaluated using a satis-

faction survey 3 months after surgery. In the survey, they

were asked to rate the pain management and satisfaction of

esthetic result from ‘‘unsatisfactory’’ to ‘‘excellent’’.

Patients were mostly highly satisfied. The patients who

were unsatisfied were those who experienced complica-

tions such as implant dislocation. Those patients underwent

correcting surgery to improve the esthetic result.

All our patients had a follow-up of more than 1 year, in

particular 42 patients had a follow-up of 6 years which is

the longest follow-up in our experience with this technique.

Six patients had a follow-up of 1 year and it is the shortest

follow-up in this case series.

Fig. 2 A cannula of 2 mm diameter was inserted within the

pectoralis major muscle (a) and fixed with a silk 4-0 round block

suture (b)

Fig. 3 The volume of 180–240 mL of tumescent solution was

injected with a Luer-lock syringe
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Discussion

In this article, we present our experience of 300 consecu-

tive cases of TLA sub-muscular breast augmentation over a

7-year period time. Our postoperative complication rate

was 9.3% including hematoma (1.3%), seroma formation

(2%), dystrophic scars (3.3%) and implant dislocation

(2.7%). In two cases, a reintervention was performed

(0.7%). Conversion to general anaesthesia was never nec-

essary and no adverse events during TLA were recorded.

Even though many authors described their experience

using different types of local anesthesia, nowadays breast

augmentation is still a procedure mostly performed under

general anesthesia.

A study by Chung et al. [6] describes the use of a target-

controlled infusion (TCI) system for performing intra-

venous anesthesia using propofol and remifentanil together

Fig. 4 a Preoperative view. b Postoperative view after 6 months

Fig. 5 a Preoperative view. b Postoperative view after 6 months
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with local anesthesia. Local anesthesia is performed using a

mixture of epinephrine, lidocaine and ropivacaine. They

performed an intercostal nerve block in an area extending

from the 2nd to 8th intercostal nerve on the mid-axillary

and from the 2nd to 7th intercostal nerve on the parasternal

area. Several studies have demonstrated that intravenous

anesthesia causes a lower incidence of nausea and vomiting

following surgery [7–9], but anesthesia using propofol and

remifentanil is more expensive than other anesthesia

methods [10, 11].

Another interesting article by Jabs et al. [12] evaluates

the combination of general anesthesia with the intraoper-

ative infiltration of standard tumescent solution (ringer

lactate—1 mL, lidocaine 1%—50 mL, epinephrine

1:1000—1 mL) in the planned pocket area of each breast

before dissection. In their retrospective review of sub-

muscular breast augmentation performed under general

anesthesia, the authors found a reduction in postoperative

pain and a significant decrease in the use of postoperative

pain medication in the immediate perioperative period. On

the other hand, using general anesthesia still lengthens

postoperative recovery time.

Shimuzu et al. [13] combined the use of intercostal

nerve block with tumescent anesthesia for breast augmen-

tation. Regarding the intercostal nerve block, the injection

of bupivacaine was performed from the 3rd to 6th rib.

Tumescent anesthesia was achieved using a blunt cannula

for liposuction. About 200 mL of solution (epinephrine

0.01%—1 mL, lidocaine 1%—50 mL, saline solution—

500 mL) was used for each side. According to the choice of

implant placement, the solution was injected either in the

space between the mammary gland and the fascia of the

pectoralis major muscle (sub-glandular plane), or in the

space between the fascia of the pectoralis major muscle and

the muscle itself (sub-fascial plane), or in the space beneath

the pectoralis major muscle (sub-muscular plane). The

authors cited no complications in the 35 patients treated

with a reported pain score ranging from ‘‘no pain’’ to

‘‘slightly painful’’. In our protocol, we utilized only TLA

with no need for intravenous anesthesia nor nerve block.

The procedure is done under local anesthesia, only using

1 g Midazolam. Rusciani et al. already proposed this pro-

tocol for sub-glandular breast augmentation [4]. This

technique has proven to be safe and effective in properly

selected candidates. Avoiding the use of propofol, keta-

mine or fentanest reduces the risk of drug-related compli-

cations such as respiratory depression, hypo or

hypertension, bradycardia and nausea or emesis. In addi-

tion to that, the recovery time after surgery is short. This

compensates for the longer preparing time before surgery

for performing local anesthesia and allowing it to act.

Moreover, Midazolam has excellent anxiolytic and

amnestic effects, with minimal adverse effects on the res-

piratory system. Attention has to be paid to elderly patients

with special conditions or comorbidities. In particular, it is

extremely important to strictly select the candidates for this

procedure, meeting the criteria for ASA status I or II [14].

We strongly advise the presence of an anesthesiologist

during the operation, for continuous monitoring of oxygen

saturation, and checking the patient’s respiratory and car-

diocirculatory status. It is also advisable to perform these

procedures where it is possible to immediately convert to

general anesthesia in case of need, even if we never

experienced it in our case series.

Performing breast augmentation under TLA even when

the implant has to be placed under the muscular plane has

important advantages such as reduction of postoperative

side effects of drugs used for general anesthesia. Different

studies and reviews have evaluated the relationship

between postoperative side effects and general anesthesia

or other techniques used for breast augmentation.

Eldor et al. [9] compared breast augmentation under

general anesthesia versus monitored anesthesia care.

Vomiting was observed more frequently in the GA group.

Most patients (84.1%) in the MAC group did not vomit al

all, whereas only 60.9% of the GA group had no vomiting.

Tahiri et al. [15] published a review in which five

studies compared the incidence of PONV between TPVB

(thoracic paravertebral block) and GA for breast surgery.

The rate of postoperative nausea and vomiting in subjects

treated with TPVB (0–23.5%) was lower than that of

patients undergoing GA (6.7–40%). In our case series, no

patient had nausea or vomiting after surgery.

Because TLA infiltration takes approximately 20 min

and it can be performed outside the OR, the patient can be

prepared outside the operating theatre, but still in a moni-

toring environment. When compared with sub-glandular,

the sub-muscular procedure requires higher quantities of

lidocaine and adrenaline. In particular, the volume of

solution (epinephrine 0.01%—1 mL, of lidocaine 1%—

30 mL, saline solution—500 mL) used for sub-glandular

injection ranged from 400 to 700 mL per breast, whereas in

the case of sub-muscular implant placement, approximately

740 mL of solution per breast was needed. Anyway, this is

Table 1 Complication rate after sub-muscular breast augmentation

in 300 patients

Complication Patients %

Hematoma 4 1.3

Seroma 6 2

Implant dislocation 8 2.7

Dystrophic scars 10 3.3

Need for reintervention 2 0.7

Aesth Plast Surg (2019) 43:7–13 11

123



still largely within the safety limits; in fact, safe doses of

TLA are up to 55 mg/kg in the adult population [16, 17].

Lidocaine toxicity is closely related to its plasmatic levels

and these may vary due to excessively rapid systemic

uptake, impaired liver metabolism, or drug interactions.

For this reason, it is important to monitor the patient during

infiltration.

To infiltrate tumescent solution under the muscle, it is

suggested to insert the 2 mm diameter cannula under the

pectoralis major muscle, directly superficial to the ribs and

chest wall. For this reason, the potential risk of pneu-

mothorax has to be considered. In our experience, because

we partially expose the superficial aspect of the muscle

before inserting the cannula, it is relatively easy to

understand the shape of the thorax and the exact position of

the ribs. This results in a negligible risk of causing pneu-

mothorax. When approaching our technique, we advise

performing this surgical step carefully, especially because,

while inserting the cannula, it is possible to find some

resistance from the muscular fibers. Another important

aspect is to start the injection of tumescent solution slowly

and to feel it with a hand over the breast, to assess if the

solution is flowing in the correct plane, under the muscle.

Sub-muscular implant positioning involves sectioning

the pectoralis major muscle insertions at the level of the

ribs and sternum. The pocket dissection is performed both

with blunt dissection and cautery. The large amount of

fluid may affect the ability to dissect with the cautery; for

this reason, it is important that the surgeon’s assistant

constantly suctions the surgical site. By suctioning and

removing fluid with gauze sponges, cautery dissection can

be performed easily. Even though no muscle relaxants were

used, muscular tone was never a major concern during

surgery.

This procedure causes bleeding by sectioning the per-

forating branches of the internal thoracic artery and vein.

[18] TLA, by using epinephrine, causes vasoconstriction,

reducing the blood loss and bleeding throughout surgery

[19]. This allows the surgeon to operate in a clearer sur-

gical field and makes it easier to complete the pocket

creation under the muscle. Although, during surgery, it is

extremely important to perform accurate hemostasis after

the epinephrine effect ends to avoid postoperative bleeding.

If the hemostasis is correctly achieved, no drains will be

required, reducing the patient’s discomfort and avoiding a

possible cause of implant infection. In fact, we recorded

hematoma occurrence only in 4 patients (1.3%) and seroma

formation in 6 patients (2%). This complication rate is

comparable with the literature related to sub-muscular

breast augmentation [20, 21] regardless of the type of

anesthesia technique used. TLA also helps in correct plane

identification and elevation of the pectoralis major muscle

by performing sub-muscular hydro-dissection. Because the

volume of solution injected determines modification of the

breasts shape, it is extremely important to perform precise

preoperative markings of the implant placement and to

alert the patient that the breasts will be swollen for the first

postoperative weeks. We recorded only 8 cases of implant

dislocation (2.7%).

In our opinion, surgeons who have previously performed

breast augmentation under general anesthesia will experi-

ence a quick learning curve in adjusting to this technique.

We also performed sub-muscular breast augmentation in

patients who had already been treated with breast

enhancement with hyaluronic acid (Macrolane). In this

case, TLA allowed not only breast implant positioning but

also the removal of hyaluronic acid cysts within the glan-

dular tissue [22, 23].

Another minor complication that we recorded was dys-

trophic scarring and delay in wound closure. In these cases,

we applied a polyurethane dressing to facilitate wound

closure [24].

In our experience with sub-muscular breast implant

positioning using TLA, we obtained fully satisfied patients.

Even if this procedure is more invasive than sub-glandular

breast implant positioning and, due to muscle elevation and

disinsertion, the intra and postoperative pain is higher, we

can fully control it by associating TLA with low doses of

Midazolam intraoperatively and by prescribing mild anal-

gesics in the postoperative course. The pain level was

assessed by the anesthesiologist during the procedure.

After surgery and during follow-up, patients were asked to

rate pain management giving a score from ‘‘satisfactory’’ to

‘‘excellent’’ with no complaints. Regarding the intraoper-

ative pain management, most of the patients had almost

complete amnesia due to the use of midazolam; for this

reason, it is important that pain assessment, at this stage, is

performed by the anesthesiologist.

Moreover, TLA allows early patient discharge and

deambulation, reducing the risk for deep venous throm-

bosis and with higher satisfaction and better comfort for

patients that can rest and recovery at home [25, 26].

Conclusion

TLA represents a safe and efficacious technique for per-

forming breast augmentation surgery with implant posi-

tioning either in a sub-glandular or sub-muscular pocket.

This technique has proven to have a low incidence of

postoperative side effects, with good pain control

throughout surgery and the immediate postoperative period

even in sub-muscular implant positioning, usually related

with greater pain. Patients were satisfied with the technique

and no intraoperative complications were recorded. How-

ever, we still recommend the presence of a board-certified

12 Aesth Plast Surg (2019) 43:7–13
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anesthesiologist for correct selection of patients and in case

of major anesthesia-related complications. This anesthesia

technique must be applied together with a correct surgical

technique and meticulous hemostasis during surgery to

avoid surgery-related complications.

Compliance with Ethical Standards
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