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Liposuction: Anaesthesia challenges
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ABSTRACT

Liposuction is one of the most popular treatment modalities in aesthetic surgery with certain 
unique anaesthetic considerations. Liposuction is often performed as an office procedure. There 
are four main types of liposuction techniques based on the volume of infiltration or wetting solution 
injected, viz dry, wet, superwet, and tumescent technique. The tumescent technique is one of 
the most common liposuction techniques in which large volumes of dilute local anaesthetic 
(wetting solution) are injected into the fat to facilitate anaesthesia and decrease blood loss. The 
amount of lignocaine injected may be very large, approximately 35-55 mg/kg, raising concerns 
regarding local anaesthetic toxicity. Liposuction can be of two types according to the volume of 
solution aspirated: High volume (>4,000 ml aspirated) or low volume (<4,000 ml aspirated). While 
small volume liposuction may be done under local/monitored anaesthesia care, large-volume 
liposuction requires general anaesthesia. As a large volume of wetting solution is injected into 
the subcutaneous tissue, the intraoperative fluid management has to be carefully titrated along 
with haemodynamic monitoring and temperature control. Assessment of blood loss is difficult, as 
it is mixed with the aspirated fat. Since most obese patients opt for liposuction as a quick method 
to lose weight, all concerns related to obesity need to be addressed in a preoperative evaluation.

Key words: Lignocaine, liposuction, tumescent, wetting solution 

Address for correspondence: 
Dr. Jayashree Sood,  

507 - Adishwar apartments, 
34 Ferozshah Road,  

New Delhi, India. 
E-mail: jayashreesood@

hotmail.com

Review Article

INTRODUCTION

Increased awareness about cosmetic surgery has 
made liposuction a popular plastic surgical operation. 
Liposuction is defined as removal of fat from 
deposits beneath the skin using a cannula with the 
assistance of a powerful vacuum. In the US, more 
than 341,000 liposuction procedures were performed 
in 2008. [1] However, there have been reports of 
adverse outcomes,[2-4] so the anaesthesiologist should 
understand the pathophysiology of obesity and fluid 
management during liposuction and be aware of the 
complications. In India, though the figures are not 
available but the popularity of this procedure is on the 
rise. In our hospital, a variety of liposuction procedures 
are being conducted on a regular basis, which vary 
from small volume liposuction of the arms to very large 
volume liposuction procedures of the abdomen and 
thighs [Figure 1]. A total of 273 liposuction procedures 
have been performed at our institution from 2008-2010  
(3 years).

Four types of liposuction techniques have been 
described based on the volume of infiltration or 
wetting solution injected, viz dry, wet, superwet, and 
tumescent technique [Table 1]. The main difference 
between these techniques is the amount of infiltration 
done into the tissues and the resultant blood loss as a 
percentage of aspirated fluid. The tumescent technique 
is the most common of all liposuction techniques.

HISTORICAL BACKGROUND

Liposuction was initiated in the 1970s in Italy. Here, 
fat removal was carried out with a blunt curette. This 
technique was modified in 1977 by a French surgeon, 
Yves Gerard Illouz, who added hyaluronidase and 
saline to emulsify the fatty tissue, and hence facilitate 
aspiration with the use of liposuction cannula. This 
was termed the ‘wet technique’ and was introduced to 
reduce blood loss during the procedure.[5-7]

However, it was Jeffery Klein (a dermatologist in 
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Figure 1: Liposuction of abdomen and thighs

the US) who described the ‘tumescent technique’ of 
liposuction in the mid-1980s, which is associated 
with decreased blood loss, thus making it possible to 
perform liposuction as a day care procedure.[8]

Tumescent technique
Klein coined the term ‘tumescent technique’. The word 
tumescence means ‘to swell’. In this technique, very 
large volumes of dilute local anaesthetic along with 
additives like epinephrine and sodium bicarbonate, 
are injected into the subcutaneous tissue to expand 
the tissues and make them firm, swollen, and turgid, 
i.e., the final endpoint of strong tissue turgor. This 
creates a plane from where suction of fat becomes 
easier, with lesser blood loss.[9] 

Liposuction can be of two types: High volume 
(>4,000 ml aspirated) or low volume (<4,000 ml 
aspirated) according to the volume of aspiration 
carried out. Since there is potential for large fluid 
shifts secondary to the volume of tissue removed, 
with a risk of developing pulmonary oedema, high-
volume liposuction is considered to be significantly 
more prone to complications than the original form of 
tumescent liposuction. Therefore, intravenous fluids 
should be used with extreme caution in high-volume 
liposuction procedures.[10-12] 

Wetting solutions
The most common wetting solutions are those 
proposed by Klein[8] and Hunstad[13] [Table 2]. Various 
constituents of wetting solutions are as follows–

Crystalloid solutions
In the tumescent solution, originally described 
by Klein, the local anaesthetic is diluted in 0.9% 
isotonic saline.[8] While isotonic saline as a diluent 
is associated with burning sensation upon injection, 
lactated Ringer’s solution does not cause any burning 
sensation on injection and also reduces the sodium 
load. In our hospital, lactated Ringer’s solution is used 
for dilution of the local anaesthetic.

Local anaesthetics
Lignocaine is the most commonly used local 
anaesthetic in tumescent solutions, the maximum 
dose of which along with adrenaline is considered to 
be 7 mg/kg. With the advent of tumescent anaesthesia, 
the maximum dose of lignocaine, when delivered in 
a tumescent solution may be significantly larger.[13-15] 
The recommended maximum dose of lignocaine is 55 
mg/kg for most patients, with a range of 35-55 mg/kg in 
patients undergoing liposuction. [9,16] The concentration 
of lignocaine varies according to the vascularity of 
the area where liposuction is to be performed. In the 
more vascular or sensitive areas such as the breast and 
abdomen, the dose can be increased to 1,500 mg/L 
of normal saline.[17] The concentration is decreased 
to 500 mg/L of normal saline in less sensitive areas 
such as the thighs. Louis Habbema[18] has reported in a 
series of 3,430 liposuction procedures that a maximum 
lignocaine concentration of 500 mg/L of normal saline 
solution allows infusion of a large volume of wetting 
solution, without any risk of lignocaine toxicity. 

The pharmacokinetics of tumescent lignocaine is 
studied by measuring the concentration of lignocaine 
in the blood and how this concentration changes 
over time. The toxicity of local anaesthetic is a 

Table 2: Types of wetting solution
Klein’s solution Hunstadt’s solution 
1000 ml Normal saline 1000 ml Ringer’s lactate
50 ml, 1% lignocaine 50 ml, 1% lignocaine
1 ml, 1:1,000 epinephrine 1 ml, 1:1,000 epinephrine
12.5 ml, 8.4% sodium bicarbonate

Table 1: Types of liposuction techniques
Dry technique The aspiration cannula is inserted directly into 

the space from which fat is to be removed, with 
no infiltration of the tissues. The estimated blood 
loss is 20-45% of the aspirated volume

Wet technique Regardless of the amount aspirated, 200-300 ml 
of wetting solution is injected per area to be 
treated. Blood loss is approximately 4-30% of the 
aspirated volume

Superwet 
technique

The amount of fluid injected (1 ml per estimated 
milliliter of expected aspirate) is equal to the 
amount of fat to be removed. Blood loss is 
approximately 1% of the aspirated volume

Tumescent 
technique

Large volume of fluid (3-4 ml per estimated 
milliliter of expected aspirate) is injected into the 
fat, raising the concerned areas to become turgid 
and firm. Blood loss is approximately 1% of the 
aspirated volume
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function of its peak plasma concentration, which, in 
turn, depends on several factors including the total 
milligram per kilogram dose and the rate of systemic 
absorption and elimination. Peak levels of lignocaine 
and its active metabolite monoethylglycinexylidide 
occur in 8-32 hours after initial infiltration, but are 
well below the toxic concentration of 6 mg/L.[19-21] 

Any factor that slows the rate of lignocaine absorption 
will reduce the peak lignocaine plasma level, and 
thus reduce the risk of lignocaine toxicity and permit 
larger doses of lignocaine to be used. These factors are 
subcutaneous fat, which has a relatively low volume 
of blood flow, dilute epinephrine, which produces a 
prolonged and profound degree of vasoconstriction 
and lignocaine itself, which is lipophilic and readily 
sequestered in fat cells.[22,23]

 Lignocaine is cleared from the body by diethylation 
in the liver by 1A2 and 3A4 isoenzyme groups of the 
cytochrome (cyt) p450 families.[11] Drugs that inhibit 
3A4 and cyt P450 system have the potential to affect 
the metabolism of lignocaine.[23] Hence, the dose of 
lignocaine needs to be reduced in patients who use 
medications that interfere with cytP450 system or 
patients on medications that effect hepatic blood flow. 

Monoethylglycinexylidide is a major active metabolite 
of lignocaine, which is similar in activity to the 
parent compound and can cause seizures at elevated 
levels. Approximately 10% of lignocaine is excreted 
unchanged in the urine. 

Prilocaine and Articaine have also been used in 
tumescent solutions. Tumescent solution with 
prilocaine has not been associated with elevated 
plasma prilocaine levels or methemoglobinemia.[24,25] 

Vasoconstrictors
Vasoconstrictors reduce blood circulation in the tissues, 
and thus delay the absorption of local anaesthetics. 
Adrenaline is the most commonly used vasoconstrictor, 
the recommended concentration in tumescent solution 
is 0.25-1 mg/L depending on the tissue vascularity. In 
the more vascular tissues, the concentration is 1 mg/L 
and is decreased to 0.5 mg/L in the less vascular areas 
of the body. The dose should not exceed 50µg/kg. If the 
maximum dose is anticipated to exceed, the procedure 
should be done in several stages.[8,26,27] Lalinde et al. 
used l-ornithine 8-vasopressin, instead of epinephrine, 
at a concentration of 0.01 IU/ml in chilled saline and 
concluded that blood loss with this technique was less 
than with conventional epinephrine.[28]

Buffers
Sodium bicarbonate is added to decrease the 
burning sensation associated with injection of the 
tumescent solution. Adding bicarbonate raises the pH 
of the solution, which increases the proportion of 
nonionized lipid soluble lignocaine, leading to a more 
rapid entry into the nerve cells.[29] 

Anti-inflammatory additives
Steroids have a beneficial effect when added to the 
tumescent solution because of their anti-inflammatory 
effects and also their stabilizing action on the 
circulatory system.[8]

PHYSIOLOGICAL CHANGES DURING LIPOSUCTION

Hemodynamics 
While small-volume liposuction may not be associated 
with major hemodynamic changes, it is the large-
volume liposuction that results in alteration of 
hemodynamics. 

Large-volume liposuction involves removal of 
more than 4 L (approximately 4 kg) of fat and fluid 
[Figure 2]. An increase in cardiac index, heart rate, 
mean pulmonary arterial pressure, stroke volume 
index, and right ventricular stroke work index, along 
with a decrease in mean arterial pressure and systemic 
vascular index has been observed during large-volume 
liposuction.[30]

Epinephrine, which is used in large doses routinely 
during liposuction, may be responsible for tachycardia 
and increased cardiac index.[31,32] The fall in mean 
arterial pressure and systemic vascular resistance is 
probably due to the effects of general anaesthesia and 

Figure 2: Lipoaspirate containing fat and fluid
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opioids used intraoperatively.[33] A reduced peripheral 
vascular resistance may also result due to the dominant 
action of epinephrine on b2 receptors of the vessels in 
skeletal muscle where blood flow increases.[34] 

Thermoregulation 
There is an increased risk of hypothermia in 
patients undergoing large volume liposuction. [30] 
Exposure of large body surface areas, infusion 
of large volumes of cold wetting solutions, long 
duration of procedure, general anaesthesia, heat 
loss during mechanical ventilation, ambient room 
temperature, and intravenous fluids all contribute 
to hypothermia in these patients. Complications like 
cardiac dysrhythmias, coagulopathies, oliguria, and 
electrolyte imbalance are worsened by hypothermia. 

Both, the hemodynamic and thermoregulatory changes 
may persist for more than 24 hours after beginning 
of surgery.[33,34] Measures to prevent intraoperative 
hypothermia are listed in [Table 3]. 

Preoperative assessment 
A thorough preoperative assessment and optimization 
is essential since many obese patients opting for 
liposuction may be having other comorbidities 
like hypertension, diabetes mellitus (DM), coronary 
artery disease (CAD), deep vein thrombosis (DVT), 
and obstructive sleep apnea (OSA). Liposuction is 
contraindicated in patients with severe cardiovascular 
disease, coagulation disorder, and during pregnancy.[9] 

A thorough history regarding use of all medications, 
vitamins, herbs, and anticoagulants should be 
documented, as they may affect blood clotting.[35] 
Most of these drugs should be stopped at least 2 weeks 
before surgery. Any medication that interferes with 
metabolism of lignocaine such as statins and calcium 
channel blockers should be either discontinued before 
liposuction, or the total dosage of lignocaine should be 
reduced.[8,9,23] 

Preoperative investigations include a complete 
blood count with quantitative platelet assessment, 
prothrombin time, partial thromboplastin time, liver 
function tests, and pregnancy test for women of 
childbearing age.[36]

Premedication
The patients may be prescribed an anxiolytic, e.g., 
0.25- 0.5 mg alprazolam the night before and on 
the morning of surgery. Preoperative medication 
diminishes anxiety and the hemodynamic changes, 
e.g., tachycardia, hypertension, and arrhythmias 
associated with liposuction.[36] Clonidine, an a2 
receptor agonist, is gaining popularity as a premedicant 
due to its sedative, anxiolytic, sympatholytic, and 
antisialagogue actions. The recommended oral dose of 
clonidine is 2-5 µg/kg.[37]

Perioperative thromboprophylaxis with low molecular 
weight heparin (LMWH) is essential in obese patients.[38] 

Informed consent
An informed consent regarding the surgical procedure 
and anaesthesia technique is necessary.

ANAESTHESIA TECHNIQUE 

Liposuction may be performed under local, regional, or 
general anaesthesia. No single anaesthesia technique 
has been proven to be superior over another. The 
technique of anaesthesia depends on both, the site 
and extent of liposuction and also patient preference. 
The anaesthetic technique will vary according to the 
areas being operated upon; arms, thighs, abdomen, 
or buttocks and the volume of liposuction being 
performed. Since these procedures are often performed 
as day care, it is important that there is fast recovery of 
psychomotor and cognitive functions ensuring early 
discharge of the patients.

Monitored anaesthesia care
This is a useful technique for small volume liposuction. 
Infiltration with vasoconstrictor and local anaesthetic 
reduces bleeding and provides intraoperative 
analgesia, respectively. Thus, it allows liposuction to 
be performed under light sedation, implying a short 
recovery time, earlier discharge, and low cost to the 
patient. However, if infiltration is not uniform, some 
areas will have a lack of analgesia, thus requiring more 
sedation.[14,15] 

Sedation with midazolam (1-3 mg) and analgesia with 
fentanyl (25-50 mg) or remifentanil (12.5-25 mg) is 
commonly employed for small volume liposuction. 
Propofol (0.5-1 mg/kg) may be given intermittently 
for monitored anaesthesia care. Ketamine in low 
doses (0.25-0.5 mg/kg) along with midazolam 
decreases significantly the consumption of opioids 

Table 3: Measures to prevent hypothermia 
Warm betadine preparation fluid 
Warm intravenous and wetting fluid at 38-40°C
Exposed body areas to be kept covered 
Use forced warm air
Maintain operating room temperature (24°C)
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in the intraoperative period and of analgesics in the 
postoperative period. Clonidine 2-5 mg/kg, is also a 
useful adjuvant in sedation techniques.[37,39,40]

Lumbar epidural anaesthesia
This is widely used to provide analgesia in abdominal 
liposuction. The quality of analgesia provided 
is superior to that provided by local infiltration. 
However, an extensive epidural blockade is frequently 
associated with hypotension and must be limited to 
patients with good cardiac reserve.[41]

Subarachnoid block
This is a useful technique for liposuction below the 
umbilical area. In these conditions, this technique is 
safe, low cost, and with few side effects. The quality of 
anaesthesia and muscular relaxation is excellent and 
administration of opioids in the subarachnoid space 
provides good analgesia in the first 24 hours of the 
postoperative period.[37]

General anaesthesia 
This is recommended for large volume liposuction 
or if the patient desires it. Propofol is the induction 
agent of choice because of its pharmacokinetic profile 
and inherent antiemetic property, which ensures early 
recovery of the patient.[38] Airway can be maintained 
with a supraglottic device laryngeal mask airway, 
proseal LMA (PLMA) or I-gel. Muscle relaxation may 
be achieved with a nondepolarizing drug – atracurium, 
rocuronium, or vecuronium. Analgesia is provided by 
short-acting opioids such as fentanyl or remifentanil and 
infiltration of lignocaine in the subcutaneous tissue.[1,37] 

Patient positioning
The usual position for surgery is supine. However, the 
position varies according to the area to be operated 
upon. Liposuction of buttocks and back of the thighs 
requires prone position. 

Appropriate precautions should be taken to prevent 
pressure injuries by carefully padding the sensitive 
pressure points – face, breasts, iliac crest, and knees in 
the prone position, and elbows and heels in the supine 
position. 

Care should be taken to avoid pressure on the 
brachial plexus and ulnar nerve. Protection of eyes 
with lubrication and padding and placing the head 
on a Gel Horseshoe Headrest is essential. Pneumatic 
compression devices are used for large-volume 
liposuction and for procedures lasting more than an 
hour, to prevents deep vein thrombosis (DVT).[18]

Monitoring
For small volume liposuction, standard ASA monitoring 
such as oxygen saturation (SpO2), noninvasive blood 
pressure (NIBP), end-tidal carbon dioxide (EtCO2,), 

electrocardiogram (ECG), and temperature monitoring 
suffice. Invasive monitoring such as central venous 
pressure and arterial blood pressure are required for 
large volume liposuction.[37] Monitoring hourly urine 
output is important to indicate the fluid homeostasis 
in the body. Grazer et al. have recommended overnight 
continuous monitoring in patients undergoing large 
volume liposuction.[42] 

Intraoperative fluid administration 
The intraoperative fluid maintenance in these 
patients is different from other surgeries. The aim 
of intravenous fluid administration is to replace the 
preoperative deficit and provide maintenance fluid. 
In these procedures after induction of anaesthesia, 
wetting solution is injected into the areas where 
liposuction is to be done. The total fluids received by 
the patient include intravenous fluids and the volume 
of wetting solution injected. The output includes the 
urine output and the aspirated fluid which includes 
fat, blood, and a portion of wetting solution. The 
difference between the fluid input and output is the 
residual volume that remains in the patient.

The majority of this residual volume comprises of 
wetting solution, which remains in the extravascular 
compartment. This fluid, which acts like an interstitial 
infusion, slowly gets absorbed into the intravascular 
compartment.[43,44] Thus, any excess fluid administered 
can easily produce fluid overload, which is an 
important cause for morbidity in these patients.[43]

In 1996, Trott et al. suggested guidelines for 
intraoperative fluid resuscitation. Patients having 
less than 4,000 ml of lipoaspirate removed received 
maintenance fluid only, whereas those having more 
than 4,000 ml of lipoaspirate removed received 
maintenance plus 0.25 ml of intravenous fluid for each 
milliliter aspirated over 4,000 ml. The intraoperative 
fluid volume ratio (volume of intravenous fluid plus 
infiltration solution divided by aspirate volume) was 
2.1 for small-volume liposuction (<4,000 ml) and 1.4 
for large volume liposuction (>4,000 ml). With this 
fluid management strategy, the patients appeared to 
be slightly overhydrated.[45] 

To limit the degree of fluid overloading and possibility 
of pulmonary edema, Rohrich et al. modified the 
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replacement fluid delivery at 0.25 ml of intravenous 
fluid for each milliliter aspirated over 5,000 ml. The 
intraoperative fluid volume ratio with this modification 
was 1.8 for small-volume aspirates (<5,000 ml) and 
1.2 for large-volume aspirates (>5,000 ml).[46]

POSTOPERATIVE CARE

Monitoring should continue in the postoperative 
period for large-volume liposuction. 

Pain relief 
Since pre-emptive analgesia is provided by the local 
anaesthetic in tumescent liposuction, the requirement 
of analgesics in the intraoperative and postoperative 
period is minimal. By adding epinephrine to 
lignocaine, the duration of analgesia obtained from 
tumescent lignocaine can be extended by many hours. 
Non Steroidal Anti-inflammatory Drugs (NSAIDs) may 
also be prescribed for postoperative pain relief.

Early ambulation
Patients are asked to begin ambulation as soon as 
possible and lower extremity muscle-contracting 
exercises are to be encouraged, while they are in bed 
to minimize the risk of DVT and pulmonary embolus. 

Complications
Liposuction, although done very often as a day care 
procedure has been associated with potential major 
complications, including a fatal outcome [Table 4]. The 
incidence and severity of complications depends on 
the setup where it is performed and more often when 
large volume liposuction is performed under general 
anaesthesia or combined with other major procedures 
like abdominoplasty.[47] The incidence is highest when 
performed in a physician’s office setting followed by 
ambulatory surgery centers and least in the hospital 
operating rooms.[48-50] The incidence of mortality 
associated with liposuction is reported 0.003-0.02%.[48,49]

However, in a study by Hanke et al., no hospitalization 
and no blood transfusion was required in 15,336 cases 
of liposuction done under local anaesthesia using 
tumescent technique.[4]

The causes of death reported following liposuction 
have been cardiac arrest due to fluid overload, 
pulmonary edema, lignocaine toxicity, fat embolism, 
and acute respiratory distress syndrome (ARDS). 

It is believed that all patients undergoing liposuction 
surgery experience a thromboembolic shower due 

to fat particles being dislodged during surgery,[51] 

resulting in pulmonary fat embolism syndrome.

Pulmonary edema and overhydration have been 
attributed to absorption of the tumescent solution 
from subcutaneous to the intravascular compartment. 
This is most often seen with large-volume liposuction. 
Postmortem records of post liposuction deaths have 
evidence of weight gain of several kilograms, resulting 
in overhydration and death.[48,50]

Large doses of lignocaine may impair cardiac 
contraction and conduction, resulting in fatal 
arrhythmias. High levels of circulating lignocaine 
levels in the blood have been seen as postmortem 
evidence.[52] A review of 72 cases between 1998 and 
2002 have reported 23 deaths following liposuction, 
of which 10 deaths were under general anaesthesia 
with tumescent technique. Pulmonary embolism and 
abdominal viscous perforation were reported to be the 
two main causes of death.[2] 

While addition of epinephrine to the wetting solution 
produces virtually a bloodless field, it may produce 
arrhythmias if the circulating levels are high. 

The incidence of wound infection and sepsis is very 
low after liposuction. There are few case reports of 
peritonitis following bowel perforation and necrotizing 
fasciitis after liposuction procedure.[53,54]

CONCLUSION

Liposuction is a popular procedure for reducing 
excessive fat from the body. It is associated with major 
hemodynamic changes, especially in large-volume 
liposuction surgery. Anaesthesia for these procedures 
requires a thorough understanding of the physiological 
changes and likely complications associated with them. 
Meticulous monitoring and strict adherence to guidelines 
for intraoperative fluid therapy ensures a good outcome.

Table 4: Complications following liposuction
Hypothermia
Thromboembolism
Pulmonary fat embolism syndrome
Pulmonary edema
Lignocaine toxicity
Hemorrhage
Abdominal viscus perforation 
Sepsis including necrotizing fasciitis 
ARDS
Anaesthesia related complications 
ARDS: acute respiratory distress syndrome
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