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Abstract 
Objective: Autologous fat-grafting for the purpose of breast augmentation has gained widespread 
acceptance as a viable and safe alternative to classical breast implant procedures and has recently 
been successfully applied to buttock augmentation. Due to the numerous patient re-positionings 
and widely variable OR time, these procedures present unique challenges for anesthesiologists. 
Our goal is to discuss the current surgical methods, anesthetic methods, risks and benefits of this 
procedure. Methods: This is a retrospective cohort study in the setting of the operating room. 
Twenty-nine consecutive cases of mega-volume fat transplantation, defined as >300 cc to an indi- 
vidual site, performed by one surgeon, were reviewed. Age, Body Mass Index, total fat injected, to- 
tal operating room time, maximum intraoperative temperature, minimum intraoperative and tem- 
perature were measured. RESULTS: Our procedure has enjoyed a 100% patient satisfaction rate. 
Analysis reveals high variability in age (21 - 57), total fat injected (200 cc - 1990 cc), patient Body 
Mass Index (18.8 - 42.2) and total operating room time (1:23:00 - 6:14:00) for our procedures. 
There were no instances of major complications in this cohort. Conclusions: Autologous fat trans- 
plantation for the purposes of breast and buttock augmentation is an emerging technique that 
shows great promise and high patient satisfaction, but providing unique challenges for anesthesi- 
ologists and surgeons. 
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1. Introduction 
Since the inception of breast augmentation 50 years ago and the discovery of liposuction 30 years ago, both 
procedures have eclipsed more classical procedures to become among the top five most performed procedures in 
all of plastic surgery [1]. Autologous fat grafting for the purpose of breast augmentation has gained widespread 
acceptance as a viable and safe alternative to classical breast implant procedures. Recently, autologous fat graft- 
ing has also been successfully applied to buttock augmentation. In 2009 the ASPS Fat Graft Task Force, created 
to determine the appropriate applications, risks and outcomes of fat grafting, published their review of the lite- 
rature, in which they concluded that fat grafting can be used for breast augmentation [2]. The ASPS Fat Graft 
Task Force also mentions that there are currently no standards of practice for the procedure, and results/out- 
comes may be significantly surgeon-dependent. Recent data suggest that patients have been very satisfied with 
the results of both breast and buttock augmentations performed with fat grafting; a prospective study of gluteal 
augmentation reported a 93% satisfaction rating of “good” or better in their 351 patient cohort [3], and a review 
of the breast literature also yielded largely positive satisfaction data [4]. 

Autologous mega-volume fat transplantation for breast and buttock augmentation, like any new procedure in 
surgery, is performed by a variety of surgeons with a wide range of expertise and technical strategies. We define 
mega-volume fat grafting as injecting over 300 cc to a given area, e.g. 300 cc per breast. Due to the numerous 
patient re-positionings and widely variable total OR times of these procedures, they represent unique challenges 
for anesthesiologists. Longer procedures, completely exposed patients, multiple re-positionings, large volumes 
of fat injected in the area of large veins, and the liberal use of local anestheticsall present a set of new and 
unique risks requiring careful anesthesia management. 

Based on the continued success and popularity of breast augmentation and the recent rise in popularity of 
gluteal augmentation, the need for techniques that cater to individual preferences has never been greater. Auto- 
logous lipo-grafting is thus a viable alternative to standard implantation, because it provides excellent aesthetic 
results while minimizing negative outcomes. 

The purpose of the present communication is to analyze our anesthetic experience with mega-volume fat 
transplantation patients at Saint Elizabeth’s Medical Center, to categorize the potential risks of these procedures 
and to make recommendations for proper anesthetic care. 

2. Materials and Methods 
2.1. Anesthetic Methods 
This study was approved by Human Research Committee of St. Elizabeth’s Medical Center. After providing 
general written informed consent, 29 female patients (ASA physical status I-II) aged 21 to 57 years were sche- 
duled for a procedure of a large-volume fat transplantation for breast and/or buttock augmentations which was 
performed by the same surgeon at ourinstitution. Breast and buttock augmentation are first and foremost elective 
procedures. As such, maximal patient comfort is a priority and a goal before, during and after each procedure. 
The patient’s experience while having an elective cosmetic procedure done is essential, because it may influence 
their satisfaction with the end result. These procedures require the patient to be largely exposed throughout, and 
due to the numerous re-positionings and need for access to the thighs, buttocks, breasts and abdomen, it is diffi- 
cult to rely solely on a heating apparatus like a Bair-Hugger, which we used in 90% of our cases. In patients ex- 
pected to have shorter procedures who have initial temperatures above 37˚C, the Bair-Hugger is not always em-
ployed. Taking the patient’s comfort into account, the operating room is always kept between 26˚C and 28˚C, 
which leads to an average intra-operative patient temperature of 36.1˚C. Although AORN recommends that OR 
temperatures remain in the range of 20˚C to 23˚C [5], due to the patient’s exposure for extended periods of time, 
higher temperatures, as often seen in pediatric burn surgery, are warranted [6]. 

Whether done on the breasts or buttocks, the procedure begins with a standing preparation of the entire body 
(excluding head and neck) using antiseptic solution, which is administered by the operating surgeon. Prior to 
entering operating room a small bore extension set was attached to the intravenous catheter so that the intraven- 
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ous tubing can be easily disconnected from the patient. The IV is clamped to the patient’s arm this is done in 
order to prevent the patient from tripping over it while the antiseptic solution is being applied. After application 
of antiseptic solution, patient is positioned on sterile sheets. Since the patient must be able to stand on their own 
during this preparation, the preoperative use of sedatives such as midazolam in the holding area should be 
avoided (Figure 1). 

As soon as the patient has been completely prepped, and is on the operating table, 2 mg of midazolam is ad- 
ministered intravenously as an anxiolytic and amnestic. Pre-oxygenation with O2 by mask is then performed 
while all of the appropriate monitors are applied for the procedure. As soon as all ASA standard monitors are on 
and connected, we administer between 100 and 250 mcg (2 - 3 mcg/kg) of fentanyl. Depending on the weight of 
the patient (our average patient BMI was 24.77), we then proceed to administer between 100 mg and 200 mg (2 - 
2.5 mg/kg) of propofol as our primary induction agent. Simultaneously we administer between 40 mg and 60 mg 
(0.6 - 0.8 mg/kg) of rocuronium in order to facilitate direct laryngoscopy (DL). We do not re-dose the rocuro-
nium in the vast majority of our cases, since muscle paralysis is not essential in what is mostly a subcutaneous 
surgery. The patient’s eyes are then lubricated and taped shut. The DL is performed using a MAC-3 or Miller-2 
blade in approximately 95% of our procedures, routinely using a 7.0 Endotracheal Tube (ETT) followed by 
placement of an Orogastric (OG) Tube and OG temperature probe. We occasionally employ a Glidescope for 
small or questionable airway openings. Endotracheal intubation is employed for our patients because the lipo- 
suction and grafting procedures require significant movement and re-positioning of the patient over a long intra- 
operative time (average 178.3 minutes) and the procedure effectively secures the airway. 

In about 90% of our cases we use O2-Air mixture with ET-FiO2 of 60% - 80% together with Desflurane 6.6% - 
7.5%. In most cases this correlates with a Bispectral (BIS) monitor index of 40 - 50 and maintains the patient 
anesthetized. In the other 10% of patients who report smoking or have active asthma symptoms, we instead opt 
for Sevoflurane as it is somewhat less irritating to the airway compared to Desflurane [7]. When using Desflu- 
rane or Sevoflurane, in most of our cases we aim for a MAC of 1.1 - 1.3 to keep a good depth of anesthesia. We 
generally try to avoid using Nitrous Oxide (N2O) during these procedures because of the increased risk of post- 
operative nausea and vomiting (PONV) associated with its use. Avoidance of N2O is especially important be-
causeour patients are largely female and receive opioid analgesia and volatile gas anesthesia, all factors that give 
them significant PONV risk [8] [9]. Additionally, N2O is known to have an additive effect on increasing PONV 
when given with opioids in females. We administer 4 mg of ondansetron and 4 mg of dexamethasone 1 - 2 hours 
into the operation, which have previously been found to significantly decrease the risk of PONV in plastic sur- 
gery patients [10]. A Scopolamine patch 1.5 mg is additionally used in most cases where the patient has a signif- 
icant history of PONV. The BIS is maintained between 40 and 55 at all times, a level that has been associated 
with improved post-operative recovery from relatively deep anesthesia and diminished incidence of intra-opera- 
tive patient recall [11]. Additionally, when necessary, we elect to use medications such as ephedrine (intermit- 
 

    
(a)                                                      (b) 

Figure 1. (a) Standing prep for mega-volume fat transplantation to the breast; (b) Sedation is to be avoided until 
the patient is supine on the OR table.                                                               
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tent 5 - 10 mg IV) or phenylephrine (intermittent 40 - 120 mcg IV) intra-operatively to maintain mean arterial 
pressure (MAP) above 55 - 60 (36.7% of cases). Since approximately 95% of our patients are scheduled to go 
home the day of their operation, we try to avoid the use of long-lasting narcotics and instead administer fentanyl 
as our narcotic of choice for post-operative pain control to maintain VAS (visual analog score) below 3 - 4 out 
of 10 in PACU area. 

2.2. Surgical Methods 
After the induction of anesthesia and placement of an endotracheal tube, the patient is essentially exposed from 
the neck to the knees. Venous compression boots are placed in the calf region, covered with sterile drapes, and 
remain in the surgical field. Tumescent solution, consisting of 30 mL of 1% lidocaine with epinephrine 1/100,000, is 
instilled into all areas where liposuction is to be performed. Liposuction is the initial phase of mega-volume fat 
transplantation, during which fat is harvested and stored in sterile canisters on the surgical field. Volumes of tu- 
mescent solution ranging from 2 L to 8 L are routinely used. Once the donor areas are completely tumesced, li- 
posuction is performed using a 3 - 4 mm multi-hole cannula. Once the fat is harvested into canisters, it is then 
further processed by centrifugation to dehydrate the fat and to remove unwanted blood in crystalloid. The fat is 
theninjected into the breast or buttock using a 14 gauge blunt tip cannulas. Access to the subcutaneous space is 
obtained via a small 14 gage needle stick. Volumes ranging from 200 mL to 1300 mL are routinely used. In the 
breast, volumes range from 200 mL to 700 mL; in the buttock, which has a larger capacity and requires a greater 
volume of augmentation, volumes range from 500 mL to 1300 mL of fat (Figure 2). 

In breast augmentation, the entire procedure can be performed while the patient is in the supine position. In 
buttock augmentation, the patient must be placed directly prone on the operative table in order to facilitate aes- 
thetic contouring and shaping of the buttock region. Following these procedures, patients must be placed in a 
compression garment to reduce the risk of edema and postoperative hemorrhage. 

2.3. Anesthesia Metrics Recorded 
Age, tumescent volume, BMI, OR time, intra-operative temperature minimum, intra-operative temperature ma- 
ximum, volume of fat removed, volume of fat injected, major complications. 
 

  
(a)                                            (b) 

Figure 2. Volumes of fat transplanted in the breast (a) range from 200 - 700 cc, while those in the 
buttock range 500 - 1300 cc. Note that the patient on the right is in the full prone position, which re-
quires intra-operative flipping on the OR table.                                               
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3. Results 
Patient age ranged from 21 years to 57 years with mean age 37.20 and SD = 9.95. BMI also ranged dramatically 
from 18.8 to 42.2 with mean 24.74 and SD = 5.02. OR time ranged from 83 to 374 minutes with mean 178.3 
minutes and SD = 60.3. Patient temperature maximum ranged from 35.3˚C to 37.2˚C with mean 36.1˚C and SD 
= 0.55. Patient temperature minimum ranged from 33.2˚C to 36˚C with mean 34.6˚C and SD = 0.67. Fat re-
moved ranged from 1000 to 7000 cc with mean 4379 cc and SD = 1192. Fat injected ranged from 200 to 1990 cc 
with mean 1154 cc and SD = 400. Tumescent solution used ranged from 1000 to 9000 cc with mean 6580 cc and 
SD = 2001 (Table 1). Patients who are older and patients who are obese are candidates for this procedure but are 
expected to be at higher risk of complications. Meanwhile, patients with lower BMIs have less insulation and are 
at higher risk for hypothermia. The maximum temperature in all patients ranged from 35.3˚C to 37.2˚C. Consi- 
dering that there were some patients whose maximum temperature was only 35.3˚C, an argument could be made 
for pre-warming certain patients in the holding area or that upon their arrival in the operating room. Although 
the goal is to have the room temperature at 27˚C to 30˚C for every case, this is sometimes not possible due to the 
logistics of the operating room. 

We also compared the five patients with the lowest minimum intraoperative temperatures to the five patients 
with the highest intraoperative minimum temperatures (Table 2). In the high minimum (HM) group, the temper-
atures ranged between 35.0˚C and 36.0˚C with mean 35.3˚C and SD = 0.38, while in the low minimum (LM) 
group the temperatures ranged from 33.2˚C to 34.0˚C with mean 33.7˚C and SD = 0.31. When the two groups 
were compared, BMI of those in HM group ranged from 18.8 to 42.2 with mean 27.14 and SD = 9.89, while 
those in LM group ranged from 20.8 to 29.6 with mean 25.1 and SD = 4.9. Though the small size of our sample 
limits our ability to obtain statistically significant data, it appears as though there may be a correlation between 
higher minimum intraoperative temperatures and higher BMI. Intuitively, it stands to reason that a patient with a 
higher BMI and likely higher overall adiposity may maintain a higher core body temperature due to the adipose 
tissue’s insulatory effect on the body. Representative clinical results are shown in Figure 3 and Figure 4. 

Complications 
There were no cases of major hemorrhage leading to significant hypotension, fat or pulmonary embolism, hy- 
pothermia leading to cardiac arrhythmia or other major organ system pathology, or adverse reactions to medica- 
tion, including lidocaine toxicity. Though vasopressors were used during 36.7% of our cases, there were no epi- 
sodes of hypotension resistant to small dose vasopressors, and we attribute the presence of intermittent minor 
intra-operative hypotension to our use of volatile anesthetic gases. 
 
Table 1. Summary data from 29 consecutive cases of mega-volume fat transplantation.                                 

 Minimum Maximum Mean Standard Deviation 

Age (Years) 21 57 37.20 9.95 

BMI 18.8 42.2 24.74 5.02 

OR time 1:23:00 6:14:00 2:59:48 1:00:18 

Temperature Max (˚C) 35.3 37.2 36.1 0.55 

Temperature Min (˚C) 33.2 36 34.6 0.67 

Fat Removed (cc) 1000 7000 4379 1192 

Fat Injected (cc) 200 1990 1154 400 

Tumescent Used (cc) 1000 9000 6580 2001 

 
Table 2. Summary data comparing the two (n = 5) groups of patients with the highest and lowest minimum temperatures.      

 Minimum 
Temp 

Maximum 
Temp 

Mean 
Temp 

Standard 
Deviation 

Minimum  
BMI 

Maximum 
BMI 

Mean 
BMI 

Standard 
Deviation 

Highest Minimum 
Temp Group 35 36 35.3 0.38 18.8 42.2 27.14 9.89 

Lowest Minimum 
Temp Group 33.2 34 33.7 0.31 20.8 29.6 25.1 4.9 
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(a)                               (b) 

Figure 3. (a) Preoperative, and (b) one-year postoperative fat transplantation for 
breast augmentation.                                                  

 

 
(a)                                   (b) 

Figure 4. (a) Preoperative and (b) one-year postoperative fat transplantation for 
buttock augmentation.                                                 

4. Discussion 
Patients who received autologous fat transplantation were satisfied with the outcome in 100% of our cases, 
which is consistent with the very positive satisfaction statistics found in the literature for this procedure men- 
tioned previously. 

Tumescent anesthesia has been successfully used in liposuction procedures since the 1980s, and was revolu- 
tionary in the sense that it greatly diminished the risk of serious adverse events from the procedure, including 
blood loss and significant fluid shifts. The technique involves local infusion of a saline solution containing lido- 
caine. This technique is often used alone in the setting of liposuction, but due to the fact that we are also per- 
forming fat transplantation, a combination of GA and tumescent anesthesia is required for our patients. In 1988, 
Klein demonstrated that tumescent anesthesia provides a relatively low risk of systemic lidocaine toxicity [12]. 
Despite improvements since the advent of tumescent anesthesia, liposuction is not an entirely benign procedure, 
and still carries some risk of fatality [13]. 

Lidocaine toxicity often presents with CNS or cardiovascular symptoms. A moderate or severe overdose can 
result initially in CNS excitation, in the form of seizures [14], an effect which can be masked by pre-treatment 
with benzodiazepines. Additionally, a later effect of CNS depression, characterized by respiration depression is 
also a significant risk. Since we perform our procedure under GA, with the patient intubated, the risk of death 
from this respiratory depression is somewhat mitigated. Also, due to its effect as a sodium channel blocker 
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which is active on cardiac tissue, lidocaine toxicity can often present with reentrant arrhythmias, or diminished 
blood pressure and heart rate. Injecting lidocaine as a tumescent solution into fatty tissue does not appear to 
cause the same effects because of the relatively poor absorption of this solution into systemic circulation when 
administered in this manner. Klein reported doses of 35 mg/kg to be safe when used for liposuction [15], and 
Ostad later reported 55 mg/kg doses to also be safe in this setting [16]. Local anesthetic toxicity is a medical 
emergency requiring immediate treatment with first and foremost, an infusion of lipid emulsion, intralipid, 
which acts to significantly diminish the adverse effects of the agent [17]. Lipid emulsion has even been reported 
as effective in prolonged, intractable cardiac arrest secondary to lidocaine toxicity [18]. Though the exact me- 
chanism of action of lipid emulsion in this setting is unknown, it has been proposed that it may act by decreasing 
circulating drug concentration or by acting as a myocardial energy source directly. Additionally, Benzodiaze- 
pines are effective for seizure control as is propofol, though it may potentiate cardiovascular effects. Continuous 
monitoring of the patient’s cardiovascular status is essential, with IV fluids and boluses of epinephrine as needed. 
Amiodarone is the drug of choice for treatment of ventricular arrhythmias caused by local anesthetic toxicity 
[19]. Since our patients are intubated, we are able to aggressively manage the airway and prevent the effects of 
respiratory depression. 

Preparation and surgeon administration of the tumescent solution must be very carefully performed. Martinez 
et al. report a 2008 fatality due to lidocaine toxicity in a patient receiving tumescent anesthesia for an elective 
liposuction procedure [20]. In that case, the death was found to be due to gross negligence, and as mentioned 
previously tumescent anesthesia is generally accompanied by a low risk of local anesthetic toxicity. Local anes- 
thetic toxicity has been reported in numerous situations but is often related to inadvertent intravenous injection 
of the agent. 

Proper management of our patients’ temperature is an essential component of safe anesthesia. Though un- 
common, there are case reports of patients who have become hypothermic under GA, and have subsequently 
suffered cardiovascular collapse. In one such case report, Nishikawa et al. describe a patient who suffers pro- 
gressive hypothermia despite placement of a warming blanket and use of warm IVF; with the patient ultimately 
requiring continuous veno-venous hemofiltration (CVVH) intraoperatively for rewarming [21]. Numerous stu- 
dies and case reports have been written about surgical catastrophes secondary to patient positioning intra-opera- 
tively [22] [23]. Due to the numerous patient re-positioning during our procedures, the risk of this complication 
remains low, but it is important to remain vigilant due to the catastrophic nature of these injuries. Considering 
the elective nature of our procedures, it is imperative that we maintain the lowest possible intraoperative risk, 
and appropriate temperature management and positioning are therefore essential. 

Another significant risk while injecting large volumes of adipose tissue is the possibility of fat embolism syn- 
drome (FES). Most often FES is seen as a result of long-bone trauma, but it has also been reported secondary to 
both orthopedic surgery and liposuction [24]. Specifically, there have been case reports of FES during a number 
ORIF procedures and knee arthroplasty. When diagnosing FES, the most commonly cited and widely used sys- 
tem is Gurd and Wilson’s criteria (major criteria: respiratory failure, cerebral dysfunction, and skin petechiae) 
[25]. Most often, the initial presenting symptoms of FES are those of respiratory distress, namely dyspnea and 
tachypnea. Intra-operatively, this respiratory distress may be manifested as a drop in oxygen saturation and de- 
crease in end-tidal CO2. As many as 80% of patients with FES will also develop some neurological manifesta- 
tions ranging from mild disorientation to seizure and coma, and about 50% of patients with FES will develop the 
classic petechial rash [26]. Due to the patient being asleep during most procedures where FES is a risk, it is es- 
sential to perform focused physical examinations looking for Gurd and Wilson’s major/minor criteria, like the 
aforementioned rash, characteristic retinal changes, jaundice, and anuria/oliguria, whenever FES is suspected. 
When not fatal, FES is usually self limited, with the goal of treatment being to support and maintain arterial oxy- 
gen saturation via high-flow oxygen, PEEP in addition to volume resuscitation [27]. So far, all other treatments, 
including dextran, steroids, heparin and alcohol have been found ineffective to this point [28], though a recent 
case report by Sarkar et al. describes the successful management of massive intraoperative fat embolism with 
percutaneous cardiopulmonary support [29]. The mortality rate of patients with FES varies widely in the litera- 
ture, with 5% - 15% being commonly cited [30]; though it is often noted that more severe symptoms of respira- 
tory distress are associated with a higher overall mortality rate. Though we did not have any occurrences of this 
adverse event, it remains an important consideration due to our use of liposuction and FES’s very poor progno- 
sis. 
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5. Conclusion 
Autologous fat transplantation for the purposes of breast and buttock augmentation is an emerging technique 
showing great promise, providing natural volume enhancement and leaving patients very satisfied with the result. 
This technique may be an ideal, safe solution for patients who want to have both liposuction and breast/buttock 
augmentation, but do not want the extra difficulty and risk of two separate procedures or artificial implants. 
Anesthesiologists, confronted with such otherwise healthy patients electing to undergo such cosmetic procedures, 
must be keenly aware of the potential pitfalls of hypothermia, lidocaine toxicity, and airway management during 
patient repositioning, and must work with the increasing number of surgeons beginning to perform such proce- 
dures. 
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