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Abstract:

Tumescent local anesthesia is based upon the infusion of large volumes of neutralized anesthetic solutions, mainly lidocaine, at very

low concentrations. This results in the paralysis of sensory nerve endings and minute nerve twigs, leading to a reduction in pain. The

aim of this study was to assess the safety of lidocaine application in tumescent local anesthesia on different regions of patient’s bod-

ies. Measures of safety included the analysis of lidocaine concentrations and its pharmacokinetic parameters. In total, 48 patients

were infused with tumescent anesthesia in the hypogastrium, buttocks and thighs, axillae, breasts, trunk, and face and neck areas.

Lidocaine was infused in doses ranging from 5.2–40 mg/kg b.w., and in concentrations of 0.05% (hypogastrium, buttocks, thighs) or

0.1–0.15% (axillae, breasts, trunk, face, neck), using a total amount of 300–3200 mg. As the peak lidocaine concentration did not ex-

ceed 5 �g/ml (commonly known as the toxic threshold), the results of our study indicate that the doses used (not exceeding 40 mg/kg

b.w.) are completely safe for patients undergoing tumescent anesthesia in different body areas. The observation of statistically sig-

nificant correlations between both the dose and the total amount of lidocaine administered and its peak plasma concentration, to-

gether with the lack of correlations between the dose and the amount and the time taken to reach peak concentration, allows the

safety of each anesthetic dose to be predicted. An analysis of the heterogeneous dynamics of lidocaine plasma concentration changes

in tumescent anesthesia in different body areas indicates that both the rates and the degrees of absorption and elimination depend on

the area of infiltration; this is in turn related to the vascularization of any given area. The study of lidocaine concentration and phar-

macokinetic parameters also showed that there may potentially be a higher risk of a large anesthetic concentration developing within

a short period of time during anesthesia of the upper parts of the body. During tumescent anesthesia, significantly higher plasma con-

centrations of lidocaine were observed in the face and neck than in the hypogastrium, buttocks and thighs, axillae, breast and trunk

0.5 to 4 h after its infusion. This indicates the need for carefully conducted patient observations immediately after infiltration into the

aforementioned areas.
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Introduction

Tumescent infiltration is a technique used for the de-

livery of local anesthesia in various surgeries, such as

large dermal and subcutaneous resections, layer de-

fect reconstructions, dermabrasion and liposuction. It

is based upon the infusion of large volumes of neu-

tralized anesthetic solutions at very low concentra-
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tions, which acts to reduce pain by paralyzing sensory

nerve endings and minute nerve twigs [1]. At present,

the most commonly used anesthetic solution is that

described by Klein, in which the main component is

lidocaine – a local anesthetic with therapeutic concen-

trations ranging from 1.5 to 5 �g/ml. Lidocaine is used

in tumescent anesthesia at concentrations ranging

from 0.05% to 0.15%, and in doses reaching 35 or

even 55 mg/kg b.w. This technique results in lower

plasma concentrations of the drug, and thus enables

the safer application of larger amounts [1, 4, 5, 8, 11,

12].

The risk of dilute lidocaine overdose is relatively

lower than that with more concentrated solutions; the

latter can affect the central nervous system, causing

dizziness, nervousness, euphoria, and muscular fas-

ciculation. It may also impair the function of the cir-

culatory system, leading to bradycardia, hypotension

or circulatory collapse [7, 8]. However, owing to the

heterogeneous nature of vascularization in different

body areas and the resulting variability in the anes-

thetic’s pharmacokinetic parameters, it is very diffi-

cult to determine a safe level of lidocaine administra-

tion for tumescent anesthesia in different body areas.

The aim of this study was to assess the safety of

lidocaine application in tumescent local anesthesia in

different body areas of patients based on the analysis

of lidocaine concentration and its pharmacokinetic

parameters.

Materials and Methods

Patients

This study of lidocaine pharmacokinetics was con-

ducted in Department of Clinical Pharmacology at

Wroc³aw University of Medicine. In total, 48 patients

(including 33 women and 15 men) aged between 22

and 72 years (average 37.0 ± 10.5 years) and with

body weights ranging from 50 to 180 kg (average

74.7 ± 23.4 kg) were included. The patients’ charac-

teristics are presented in Table 1.

Tumescent anesthesia was used in this study for the

following surgical procedures: liposuction for cos-

metic indications, abdominoplasty, subcutaneous cu-

rettage of sweat glands in axillary hyperhidrosis, acne

inversa surgeries, gynecomastia surgeries, liposuction

in lipomatosis and lymphoedema of extremities, and

excisions of multiple neurofibromas and atypical pig-

mented nevi. Each patient was infused with 7 mg/kg

b.w. of lidocaine and underwent treatment in different

body areas on two or three occasions. In this group,

the excision of multiple abscesses, neurofibromaec-

tomy and excisions of dysplastic nevi were performed.

The observation criteria used to exclude patients

from the study included pregnancy, circulatory system

disorders, liver and kidney function impairment, regu-

lar alcohol intake, smoking, drug intake and the use of

medicines that can interact with lidocaine (e.g., mac-

rolide antibiotics, fluorochinolones, antifungal and

antidepressant drugs).

Drugs

Lidocaine (B Braun), 5.2–40 mg/kg b.w., was infused

(using 300–3200 mg) into the body area to be operated

on in the following concentrations: 0.05% (hypogas-

trium, buttocks, thighs) and 0.1–0.15% (axillae, breasts,

trunk, face, neck). To select the dosage of lidocaine to

be administered to each body area, the volume of the

tissue to be anesthetized was used to assess the mini-

mal potential efficiency of anesthesia. The tumescent

anesthesia solution also contained epinephrine at

1:1,000,000 dilution. The solution was infused by

means of a peristaltic rotation pump at an infiltration

rate of 30–60 ml/min. On average, the infiltration time

was 5–15 min. The induction of sedation was achieved

by orally administered midazolam (10–15 mg; Roche).

The patients were infused with tumescent anesthe-

sia in the hypogastrium, buttocks and thighs (area 1),

the axillae, breasts, and trunk (area 2), and the face

and neck areas (area 3). Patients subjected to tumes-

cent anesthesia in different body areas were given

unified lidocaine doses of 7 mg/kg b.w. at 0.15% con-

centration.
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Tab. 1. Characteristics of patients included in the study of lidocaine
pharmacokinetics

Patients Number
of patients

Age (years) Body weight (kg)

x ± SD Range x ± SD Range

Women 33 34.7 ± 9.7 22–55 65.0 ± 11.1 50–90

Men 15 41.9 ± 10.9 27–72 96.1 ± 29.1 74–180

Total 48 37.0 ± 10.5 22–72 74.7 ± 23.4 50–180



Determination of lidocaine concentrations

Blood samples (5 ml) were taken from the patients on

several occasions before infiltration and at 0.5, 1, 2, 4,

6, 8, 12, 18, and 24 h post-infiltration. Lidocaine con-

centrations were measured at the Department of Clini-

cal Pharmacology at Wroc³aw University of Medicine

using an Abbott TDx analyzer to carry out a fluores-

cence polarization immunoassay (FPIA). The optical

system of the analyzer detects and measures changes

in fluorescence polarization, which are inversely pro-

portional to the concentration of the test sample. The

analytical sensitivity of this method (the lowest meas-

urable concentration that can be differentiated from
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Tab. 2. Patient characteristics, dose and total lidocaine amount, peak plasma lidocaine concentrations, and the time taken to reach peak con-
centration in the tumescent anesthesia of different body areas
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1 f 30 60 7 420 0.36 8 1

2 m 45 83 7 560 0.22 8 1

3 f 55 60 7 420 0.37 12 1

4 f 29 52 7 360 0.25 8 1

5 f 44 85 7 600 0.07 4 1

6 f 32 50 7 350 0.51 8 1

7 f 48 80 7 560 0.45 12 1

8 f 22 50 7 350 0.50 12 1

9 f 31 62 7 440 0.65 8 1

10 m 35 90 7 630 0.63 8 1

11 f 35 65 7 460 0.86 8 1

12 f 35 60 7 420 0.74 8 1

13 m 43 80 10 800 1.63 6 1

14 m 43 85 10 800 0.70 12 1

15 f 35 54 10 540 0.59 8 1

16 f 35 82 18.3 1500 1.14 6 1

17 f 33 74 19 1400 1.07 12 1

18 m 44 79 20.2 1600 1.23 8 1

19 m 54 150 21.3 3200 2.20 12 1

20 f 49 80 23 1840 1.78 6 1

21 f 25 64 31 2000 2.48 8 1

22 f 26 65 35 2250 2.86 4 1

23 f 54 58 5.2 300 0.43 6 2

24 f 32 90 5.5 500 0.76 8 2

25 f 23 65 7 750 1.45 6 2

26 f 30 60 7 420 1.58 12 2
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27 m 45 83 7 560 0.79 8 2

28 f 55 60 7 420 0.45 12 2

29 f 29 52 7 360 0.51 12 2

30 m 35 90 7 630 0.99 8 2

31 f 35 65 7 460 1.13 8 2

32 f 35 60 7 420 1.98 8 2

33 f 24 60 8.5 500 0.57 6 2

34 f 27 60 11 660 1.12 4 2

35 m 29 180 11.1 2000 0.87 12 2

36 m 27 84 11.5 1000 1.70 4 2

37 f 23 70 21.4 1500 1.51 6 2

38 m 38 95 31.5 3000 3.90 6 2

39 m 72 74 40 2960 2.23 6 2

40 f 44 85 7 600 0.73 4 3

41 f 22 50 7 350 0.77 1 3

42 f 31 62 7 440 0.59 2 3

43 f 48 80 7 560 0.92 6 3

44 m 35 90 7 630 1.38 1 3

45 f 35 65 7 460 1.39 8 3

46 f 35 60 7 420 1.14 4 3

47 m 38 95 7 660 0.65 4 3

48 m 45 83 7 560 1.36 8 3

x 37.0 74.7 11.4 887.9 1.09 7.42

± SD 10.5 23.4 8.4 752.1 0.75 3.02

range min 22 50 5.20 300 0.07 1.00

max 72 180 40 3200 3.90 12.00

Anesthetized area: 1 – hypogastrium, buttocks, thighs; 2 – axillae, breast, trunk; 3 – face and neck



null with a 95% confidence interval) is 0.1 �g/ml.

Precision is determined by a variation coefficient of

less than 5%, and the accuracy of this technique (de-

termined by the recovery method) is 98.8 ± 5%. As

with midazolam, the test does not reveal any cross-

reactivity with an active lidocaine metabolite such as

monoethylglycinexylidide (MEGX).

The anesthetic concentrations were measured in all

48 patients a total of 352 times (Tab. 2).

Pharmacokinetic parameters

During this study, the following pharmacokinetic pa-

rameters of lidocaine were observed: the peak plasma

lidocaine concentration (Cmax), the time at which the

peak concentration occurred (tmax), the elimination

rate constant (Kel), the elimination half-life (t0.5el =

0.693/Kel), the area under the curve for the last meas-

ured lidocaine concentration (AUC0-t(last)), and the to-

tal area under the plasma concentration-time curve

(AUC0-�). The area under the curve for the last meas-

ured lidocaine concentration (which illustrated the de-

pendence of concentration on time, C = f(t)), was cal-

culated by means of the trapeze method. The area that

could not be determined from actual data points (re-

sidual area) was calculated by means of extrapolation

(AUCt(last)-� = Clast/Kel). By adding the value of the

residual area to the previously calculated area value,

the total area under the curve was obtained (AUC0-� =

AUC0-t(last) + Clast/Kel).

Statistical analysis

Statistical analysis of the results was made by calcu-

lating the mean, the standard deviation, and the maxi-

mum and minimum values of the following parame-

ters: age, body weight, lidocaine dose, the total amount

of infused anesthetic, and the pharmacokinetic pa-

rameters of lidocaine. To conduct hypothesis verifica-

tion, the non-parametric Kruskal-Wallis one-way

analysis of variance was used to test the equality of

medians among different experimental groups. The

Spearman correlation test was used to test for correla-

tions between the dose, the total amount of lidocaine

and peak concentration, the time at which the peak

concentration occurred, the elimination rate constant,

the elimination half-life, the area under the curve for

the last measured lidocaine concentration, and the to-

tal area under the anesthetic concentration-time curve.

A probability of p < 0.05 was considered to be statisti-

cally significant.

Data analysis was carried out using EPIINFO ver-

sion 3.4.3 software (dated 8. 11. 2007).

Results

Lidocaine plasma concentrations in all patients

ranged from 0.01 to 3.90 �g/ml, and mean lidocaine

concentrations in all patients at each time point

ranged from 0.20 to 1.15 �g/ml. Table 2 displays the

peak lidocaine concentrations and the times taken for

plasma lidocaine concentration to peak in individual

patients. Table 3 shows different lidocaine concentra-

tions after infiltration in patients given tumescent an-

esthesia.
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Tab. 3. Plasma concentrations of lidocaine after infiltration of a mean
dose of 11.4 mg/kg b.w., for all patients given tumescent anesthesia

Time after the end
of the infusion (h)

Lidocaine plasma concentrations (µg/ml)

x ± SD Range

0.5 0.30 ± 0.28 0.01 – 1.12

1.0 0.36 ± 0.30 0.02 – 1.38

2.0 0.47 ± 0.34 0.04 – 1.25

4.0 0.65 ± 0.65 0.05 – 2.99

6.0 1.15 ± 0.81 0.35 – 3.90

8.0 0.82 ± 0.58 0.06 – 2.63

12.0 0.73 ± 0.57 0.13 – 2.89

18.0 0.69 ± 0.49 0.11 – 1.59

24.0 0.20 ± 0.20 0.01 – 0.83

Tab. 4. Pharmacokinetic parameters of lidocaine after infiltrations of
a mean dose of 11.4 mg/kg b.w., for all patients given tumescent an-
esthesia

Pharmacokinetic
parameters

x ± SD Range

C��� (µg/ml) 1.09 ± 0.75 0.07 – 3.90

t��� (h) 7.42 ± 3.02 1 – 12

AUC��������	 (µg h/ml) 11.60 ± 8.90 1.50 – 47.75

AUC��� (µg h/ml) 21.50 ± 27.30 3.11 – 160

K
� (h��) 0.12 ± 0.08 0.004 – 0.33

t�� 
� (h) 15.10 ± 29.80 2.08 – 173.25



Table 4 shows the pharmacokinetic parameters of

lidocaine for all patients given tumescent anesthesia.

The peak lidocaine concentration ranged from 0.07

to 3.9 �g/ml (average 1.09 ± 0.75 �g/ml) and was ob-

served between 1 to 12 h after the end of infiltration.

Therefore, it was lower than the 5 �g/ml that is com-

monly known as the toxic threshold.

The time taken for the occurrence of the peak

plasma lidocaine concentration was 7.42 ± 3.02 h; this

was not dependent on either the dose or the total

amount of lidocaine infused. However, statistically

significant correlations were observed, both between

the lidocaine dose and the peak concentration (r = 0.77;

p = 0.000005), and between the total amount of lido-

caine infused and the peak concentration (r = 0.76;

p = 0.000005).

The correlation between the lidocaine dose and its

peak plasma concentration for all patients is shown in

Figure 1.

The correlation between the lidocaine amount and

its peak plasma concentration for all patients is shown

in Figure 2.
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Fig. 1. Correlation between lido-
caine dose and its peak plasma
concentration for all patients

Fig. 2. Correlation between total
lidocaine amount and its peak
plasma concentration for all pa-
tients



Furthermore, statistically significant correlations

were observed between the lidocaine dose and the to-

tal amount of lidocaine infused (r = 0.80; p =

0.000005), and also between the lidocaine dose and

the area under the curve for the last measured lido-

caine concentration (r = 0.85; p = 0.000005).

The patients were divided into three groups according

to the body area that was anesthetized: group 1 – hypo-

gastrium, buttocks, thighs; group 2 – axillae, breasts,

trunk; group 3 – face, neck.

Group 1

Twenty-two patients (including 16 women and 6 men),

ranging in age from 22 to 55 years (average 37.6 ± 9.3

years) and with body weights from 50 to 150 kg (av-

erage 73.2 ± 21.3 kg) participated in the study of the

pharmacokinetics of lidocaine that was used for the

tumescent anesthesia of the hypogastrium, buttock

and thigh areas.

Lidocaine plasma concentrations in patients who

received tumescent anesthesia in these areas ranged

from 0.01 to 2.86 �g/ml, and the mean lidocaine con-

centrations at each time point ranged from 0.14 to

1.06 �g/ml. Table 8 displays the plasma concentra-

tions of lidocaine in these patients.

Table 5 shows the pharmacokinetic parameters of

lidocaine in these patients.

The peak plasma lidocaine concentration ranging

from 0.07 to 2.86 �g/ml (average 0.97 ± 0.77 �g/ml)

was observed from 4 to 12 h (average 8.45 ± 2.54 h)

after the termination of infusion.

The time taken to reach the peak plasma concentra-

tion of the anesthetic was not dependent on either the

dose used or the total amount of infused lidocaine.

However, a significant correlation was observed be-

tween the lidocaine dose and the peak plasma

concentration (r = 0.91; p = 0.0000005), and between

the total amount of lidocaine and the peak plasma

concentration (r = 0.86, p = 0.0000001). The correla-

tion between the lidocaine dose and the peak plasma

concentration of the anesthetic in patients given tu-

mescent anesthesia in the hypogastrium, buttock and

thigh areas is shown in Figure 3.

The correlation between the volume of lidocaine

and the peak plasma concentration of the anesthetic in

these patients is shown in Figure 4.

Furthermore, a significant correlation was observed

between the area under the curve for the last measured

lidocaine concentration and both the lidocaine dose

(r = 0.86; p = 0.000005) and the total amount of lido-

caine infused (r = 0.90; p = 0.000005).

Group 2

Seventeen patients (including 11 women and 6 men),

ranging in age from 23 to 72 years (average 36.1 ±

13.4 years), and with a body weight ranging from 52

to 180 kg (average 76.8 ± 29.7 kg) participated in the

pharmacokinetic study of lidocaine that was used for

the tumescent anesthesia of the axillae, breast and

trunk areas.

Lidocaine plasma concentrations in these patients

ranged from 0.01 to 3.9 �g/ml, and the mean lido-

caine plasma concentrations at each time point varied

from 0.21 to 1.37 �g/ml. Table 8 illustrates the plasma

concentrations of lidocaine in patients given tumes-

cent anesthesia in these areas.

Table 6 displays the pharmacokinetic parameters of

lidocaine in these patients.

The peak plasma concentration of lidocaine ranged

from 0.43 to 3.9 �g/ml (average 1.29 ± 0.86 �g/ml)
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Tab. 5. Pharmacokinetic parameters of lidocaine after infiltrations of
a mean dose of 12.8 mg/kg b.w., in patients given tumescent anes-
thesia in the hypogastrium, buttock and thigh areas

Pharmacokinetic
parameters

x ± SD Range

C��� (µg/ml) 0.97 ± 0.77 0.07 – 2.86

t��� (h) 8.45 ± 2.54 4 – 12

AUC��������	 (µg h/ml) 10.49 ± 8.27 1.50 – 32.94

AUC��� (µg h/ml) 24.08 ± 33.10 4.08 – 160

K
� (h��) 0.10 ± 0.07 0.004 – 0.26

t�� 
� (h) 21.47 ± 38.67 2.64 – 173.25

Tab. 6. Pharmacokinetic parameters of lidocaine after infiltrations of
a mean dose of 11.9 mg/kg b.w., in patients given tumescent anes-
thesia in the axillae, breast and trunk areas

Pharmacokinetic
parameters

x ± SD Range

C��� (µg/ml) 1.29 ± 0.86 0.43 – 3.90

t��� (h) 7.76 ± 2.73 4 – 12

AUC��������	 (µg h/ml) 14.51 ± 11.13 4.55 – 47.75

AUC��� (µg h/ml) 18.01 ± 12.20 5.5 – 48.15

K
� (h��) 0.14 ± 0.08 0.03 – 0.27

t�� 
� (h) 6.93 ± 4.38 2.54 – 20.72



and it occurred between 4 to 12 h (average 7.76 ± 2.73 h)

after the end of the infusion.

The time to reach the peak plasma concentration of

anesthetic did not depend on either the dose adminis-

tered or on the total amount of lidocaine infused.

However, a statistically significant correlation was

observed between the lidocaine dose and the peak

plasma concentration (r = 0.72; p = 0.001) as well as

between the volume of the anesthetic and its peak

plasma concentration (r = 0.73; p = 0.001). Figure 5

displays the correlation between the lidocaine dose

and the peak plasma concentration in patients given tu-

mescent anesthesia to axillae, breast and trunk areas.

The correlation between the amount of lidocaine

and its peak plasma concentration in these patients is

shown in Figure 6.

Furthermore, significant correlations were ob-

served between the area under the curve to the last

measured lidocaine concentration and both the lido-

caine dose (r = 0.82 at p = 0.00005) and the total

amount of lidocaine infused (r = 0.86 at p = 000005)

also between the total area under the anesthetic

concentration-time curve and both dose (r = 0.83 at

p = 0.00004) and the total amount of lidocaine infused

(r = 0.87 at p = 0.000005).
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Fig. 3. Correlation between lido-
caine dose and its peak plasma
concentration in patients given tu-
mescent anesthesia in the hypo-
gastrium, buttock and thigh areas

Fig. 4. Correlation between the
total lidocaine volume and its peak
plasma concentration in patients
given tumescent anesthesia in the
hypogastrium, buttock and thigh
areas



Group 3

Nine patients (including 6 women and 3 men), rang-

ing in age from 22 to 48 years (average 37.0 ± 8.0

years), and with body weights ranging from 50 to 95 kg

(average 74.4 ± 15.5 kg) participated in the pharma-

cokinetic study of lidocaine that was used for the tu-

mescent anesthesia of the face and neck areas.

Lidocaine plasma concentrations in patients who

underwent tumescent anesthesia in these areas ranged

from 0.01 to 1.39 �g/ml, and the mean lidocaine con-

centrations at each time point ranged from 0.04 to

0.94 �g/ml. Table 8 displays the plasma concentra-

tions of lidocaine in patients that were given tumes-

cent anesthesia in the face and neck areas.

Table 7 shows the pharmacokinetic parameters of

lidocaine in these patients.

The peak lidocaine plasma concentration ranged

from 0.59 to 1.39 �g/ml (average 0.99 ± 0.33 �g/ml)

and occurred between 1 to 8 h (average 4.22 ± 2.68 h)

after the end of infiltration.
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Fig. 5. Correlation between the
lidocaine dose and its peak plas-
ma concentration in patients given
tumescent anesthesia in the axil-
lae, breast and trunk areas

Fig. 6. Correlation between the
total lidocaine volume and its peak
plasma concentration in patients
given tumescent anesthesia in the
axillae, breast and trunk areas



The number of patients in this group was too small

to allow for the calculation of correlation coefficients

between the various pharmacokinetic parameters.

Comparative analysis of patients undergoing tumes-

cent anesthesia to different body area revealed that

there were significant differences in the concentrations

of lidocaine in different body areas. Table 8 illustrates

the average lidocaine plasma concentrations in patients

given tumescent anesthesia in different body areas.

The following statistically significant differences

in the post-infiltration concentrations of the anesthetic

were observed: 30 min – between groups 1 and 2 (p =

0.0237), 1 and 3 (p = 0.0002), 2 and 3 (p = 0.0061);

1 h – between groups 1 and 2 (p = 0.0148), 1 and 3

(p = 0.00001), 2 and 3 (p = 0.0002); 2 h – between groups

1 and 3 (p = 0.0012), 2 and 3 (p = 0.0081); 4 h – be-

tween groups 1 and 2 (p = 0.0094), 1 and 3 (p = 0.0021).

There was no significant relationship between the

disparities in peak plasma lidocaine concentrations

and the area under the anesthetic concentration-time

curve among the studied groups.

Significant differences in the time taken to reach

the peak concentration were observed between groups

1 and 3 (p = 0.0011) and 2 and 3 (p = 0.0087); how-

ever, no such difference was observed between groups

1 and 2. Moreover, significant differences in both the

elimination rate constant and elimination half-life val-

ues were observed between groups 1 and 3 (p = 0.05).

A comparison of male and female patients did not

reveal any statistically significant differences in the

peak lidocaine concentration, the time taken to reach

peak concentration, the area under the anesthetic

concentration-time curve, the elimination rate con-

stant or the elimination half-life.

A comparison of the pharmacokinetic parame-

ters of lidocaine in patients who repeatedly un-

derwent tumescent anesthesia in different body

areas

An additional group consisted of patients who were

given same dose of anesthetic, 7 mg/kg b.w., to differ-

ent body areas. The areas of anesthetic application
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Tab. 7. Pharmacokinetic parameters of lidocaine after infiltrations of
a mean dose of 7 mg/kg b.w. in patients under tumescent anesthesia
of face and neck areas

Pharmacokinetic
parameters

x ± SD Range

C��� (µg/ml) 0.99 ± 0.33 0.59 – 1.39

t��� (h) 4.22 ± 2.68 1 – 8

AUC��������	 (µg h/ml) 8.89 ± 3.24 2.81 – 12.22

AUC��� (µg h/ml) 21.93 ± 33.87 3.11 – 111.41

K
� (h��) 0.17 ± 0.09 0.007 – 0.33

t�� 
� (h) 15.07 ± 31.83 2.08 – 99.79

Tab. 8. Lidocaine plasma concentrations after infiltration in different body areas

Time after the end
of the infusion

(h)

Lidocaine concentrations (µg/ml)

Anesthetized area

Hypogastrium, buttocks, thighs
(group 1)

Axillae, breasts, trunk
(group 2)

Face and neck
(group 3)

0.5 0.14 ± 0.15 � � 0.31 ± 0.29 � � 0.62 ± 0.19 � �

1.0 0.15 ± 0.12 � � 0.34 ± 0.19 � � 0.77 ± 0.24 � �

2.0 0.32 ± 0.29 � 0.44 ± 0.30 � 0.81 ± 0.28 � �

4.0 0.44 ± 0.66 � � 0.83 ± 0.78 � 0.79 ± 0.29 �

6.0 1.06 ± 0.76 1.37 ± 1.03 0.94 ± 0.13

8.0 0.73 ± 0.59 0.96 ± 0.64 0.75 ± 0.44

12.0 0.77 ± 0.56 0.81 ± 0.68 0.48 ± 0.21

18.0 0.91 ± 0.50 0.48 ± 0.41 –

24.0 0.23 ± 0.22 0.21 ± 0.20 0.04 ± 0.04

Statistical significance of differences between groups:� 1 vs. 2: C��� (p = 0.0237), C��� (p = 0.0148), C��� (p = 0.0094);� 1 vs. 3: C��� (p = 0.0002),
C��� (p = 0.00001), C��� (p = 0.0012), C��� (p = 0.0021); � 2 vs. 3: C��� (p = 0.0061), C��� (p = 0.0002), C��� (p = 0.0081)



was grouped as follows: 1 – hypogastrium, buttocks,

thighs; 2 – axillae, breast, trunk; 3 – face and neck.

The patient characteristics are presented in Table 9.

Table 10 shows the average lidocaine concentra-

tions in patients that were given tumescent anesthesia

to different body areas.

A significantly higher average concentration of

lidocaine was observed 4 h after infiltration in pa-

tients that were given tumescent anesthesia in the ax-

illae, breast and trunk areas (area 2) than in patients

that were anesthetized in the hypogastrium, buttock

and thigh areas (area 1; p = 0.0475).

Higher average concentrations were observed 0.5,

1, 2, and 4 h after the end of lidocaine infusion in pa-

tients that received tumescent anesthesia in the face

and neck areas (area 3) than in those that were anes-

thetized in the hypogastrium, buttocks and thigh areas

(area 1; p = 0.0002, p = 0.0003, p = 0.0004, p =

0.0008, respectively).

Higher concentrations of lidocaine were also ob-

served 0.5, 1, 2, and 4 h after the end of infusion in

patients that were given tumescent anesthesia in the

face and neck areas (area 3) compared to the same

group of patients who received anesthesia in the axil-

lae, breast and trunk areas (area 2; p = 0.003, p =

0.0012, p = 0.0055, p = 0.0372, respectively).

Figure 7 shows lidocaine concentrations in a single

patient following a dose of 7 mg/kg b.w. during tu-

mescent anesthesia to different body areas.

Figure 8 shows the average lidocaine concentra-

tions in eleven patients receiving tumescent anesthe-

sia to different body areas.

Table 11 shows the pharmacokinetic parameters of

lidocaine in patients receiving repeated tumescent an-

esthesia to different body areas.

We observed values of peak concentration, area un-

der the lidocaine concentration-time curve for the last

measured point of concentration, and elimination rate
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Tab. 9. Characteristics of patients infiltrated with lidocaine at a constant dosage of 7 mg/kg b.w. in different body areas

Patients Number of patients Age (years) Body weight (kg)

x ± SD Range x ± SD Range

Women 9 36 ± 10 22–55 64 ± 11 50–85

Men 2 41 ± 5 35–45 85.5 ± 3.96 80–90

Total 11 38 ± 9 22–5 69.9 ± 14 50–90

Tab. 10. Concentrations of lidocaine infiltrated at a constant dose of 7 mg/kg b.w. to different body areas

Time after the end
of the infusion

(h)

Lidocaine concentrations (µg/ml)

Anesthetized area

Hypogastrium, buttocks, thighs
(area 1)

Axillae, breasts, trunk
(area 2)

Face and neck
(area 3)

0.5 0.08 ± 0.07 � 0.19 ± 0.16 � 0.62 ± 0.19 � �

1.0 0.12 ± 0.08 � 0.28 ± 0.19 � 0.79 ± 0.25 � �

2.0 0.23 ± 0.19 � 0.35 ± 0.27 � 0.85 ± 0.28 � �

4.0 0.25 ± 0.19 � � 0.43 ± 0.20 � � 0.81 ± 0.30 � �

6.0 0.71 ± 0.53 0.84 ± 0.03 0.94 ± 0.13

8.0 0.53 ± 0.37 0.90 ± 0.59 0.80 ± 0.45

12.0 0.49 ± 0.13 0.71 ± 0.41 0.53 ± 0.17

24.0 0.17 ± 0.12 0.08 ± 0.09 0.04 ± 0.04

Statistical significance of differences between areas:� 1 vs. 2: C� (p = 0.0475);� 1 vs. 3: C��� (p = 0.0002), C��� (p = 0.0003), C��� (p = 0.0004),
C��� (p = 0.0008); � 2 vs. 3: C��� (p = 0.003), C��� (p = 0.0012), C��� (p = 0.0055), C��� (p = 0.0372)



constant that were higher in patients given tumescent

anesthesia in the axillae, breast and trunk areas (area 2)

than in the same group of patients that were given an-

esthesia in the hypogastrium, buttocks and thigh areas

(area 1; p = 0.0323, p = 0.0357, p = 0.0293, respec-

tively). In contrast, patients given anesthesia in area 2

had lower values of elimination half-life than the

same group of patients receiving anesthesia in area 1

(p = 0.0293).

Furthermore, patients who were administered tu-

mescent anesthesia to the face and neck areas (area 3)

had higher values of peak lidocaine concentration,

area under lidocaine concentration-time curve for the

last measured concentration point, and elimination

rate constant, but a shorter time taken to reach peak

concentration and a lower elimination half-life than

the same group of patients given anesthesia to the hy-

pogastrium, buttocks and thigh areas (area 1; p =

0.0091, p = 0.05, p = 0.0248, p = 0.0035, p = 0.0248,

respectively).

A lower average time taken to reach peak concen-

tration was observed in patients receiving tumescent

anesthesia to the face and neck areas (area 3) com-

pared to the same group of patients when they were

given anesthesia to the axillae, breast and trunk areas

(area 2; p = 0.0039).

Discussion

The results of our study of lidocaine pharmacokinet-

ics in tumescent anesthesia indicate a high margin of

safety for this anesthetic agent. Such a detailed and

precise study, which uses a large sample size, has thus

far been absent from the literature.

It is generally known that the adverse effects of

lidocaine are related to its plasma concentration [7–9,

11]. According to the results of previous studies,

doses not exceeding 40 mg/kg b.w. have been proven

to be safe for tumescent anesthesia in different body

areas (hypogastrium, buttocks, thighs, axillae, breasts,

trunk, face, neck); at such dosage, the peak lidocaine
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concentration of 3.9 �g/ml did not exceed 5 �g/ml,

which is commonly referred to as the toxic threshold

[1, 7, 9]. In our study, none of the 48 patients devel-

oped adverse effects that were typical of lidocaine

overdose over the estimated range of anesthetic

plasma concentrations.

Our finding of a significant correlation between the

dose and the total amount of the lidocaine infused and

its peak plasma concentration, were consistent with

the observations of other authors [1, 11, 14, 15]. How-

ever, work by Butterwick et al. in which the pharma-

cokinetics of lidocaine were delivered at a different

rate, did not show any correlation between the dose or

rate of the infused lidocaine and the plasma lidocaine

concentration [3]. Indeed, the lack of a correlation be-

tween the dose and the total amount of lidocaine and

the peak lidocaine plasma concentration was also

noted by Nordström and Stånge [10].

We did not observe any correlations between the

time taken to reach peak concentration and either the

dose or the total amount of infused lidocaine. Since

the pharmacokinetic parameters of lidocaine do not

differ significantly according to gender, the two sub-

groups of men and women were categorized as a sin-

gle group.

With regard to evaluating the dependence of the

safety of lidocaine use on the area of infiltration, we

analyzed the processes of anesthetic absorption and

elimination in different body areas.

The mean lidocaine concentrations 0.5 h after the

end of the infusion were significantly higher in pa-

tients who underwent face and neck anesthesia than in

those who received anesthesia to either the hypogas-

trium, buttock and thigh areas or the axillae, breast

and trunk areas.

Among the parameters used to characterize bioa-

vailability of the anesthetic, there were significant dif-

ferences in the time taken to reach its peak concentra-

tion. This was shorter in patients who underwent face

and neck anesthesia than in with patients who received

anesthesia in the hypogastrium, buttocks, and thighs

or the axillae, breast and trunk areas. At the same

time, lidocaine was eliminated more slowly during

anesthesia to the hypogastrium, buttocks and thighs

than during anesthesia to either the axillae, breasts

and trunk or the face and neck areas. The results of

this study are consistent with the observations of Ru-

bin et al. in which anesthetic infusion in the neck area

was compared to infusion in the thigh area [13].

The results from our study of 11 patients who were

infused with a constant lidocaine dose of 7 mg/kg b.w.

in different body areas confirm these observations.

Conclusions

The results of our pharmacokinetic study of lidocaine

indicate that doses not exceeding 40 mg/kg b.w. are

completely safe for patients receiving tumescent anes-

thesia in different body areas (hypogastrium, but-

tocks, thighs, axillae, breasts, trunk, face, neck); at

such dosage, the peak lidocaine concentration did not

exceed 5 �g/ml, which is commonly referred to as the
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Tab. 11. Pharmacokinetic parameters of lidocaine infiltrated at a constant dose of 7 mg/kg b.w. in different body areas

Pharmacokinetic parameters

Anesthetized area

Hypogastrium, buttocks, thighs
(area 1)

Axillae, breasts, trunk
(area 2)

Face and neck
(area 3)

C��� (µg/ml) 0.57 ± 0.39 � � 1.06 ± 0.56 � 1.04 ± 0.32 �

t��� (h) 8.77 ± 2.52 � 9.71 ± 2.14 � 4.25 ± 2.87 � �

AUC��������	 (µg h/ml) 6.25 ± 3.00 � � 9.93 ± 4.41 � 9.23 ± 3.30 �

AUC��� (µg h/ml) 23.89 ± 41.62 12.27 ± 4.38 23.82 ± 35.71

K
� (h��) 0.08 ± 0.07 � � 0.17 ± 0.08 � 0.18 ± 0.10 �

t�� 
� (h) 30.98 ± 48.60 � � 5.20 ± 3.10 � 15.87 ± 33.93 �

Statistical significance of differences between areas:� 1 vs. 2: C��� (p = 0.0323), AUC�	
���
� (p = 0.0357), K�� (p = 0.0293), t����� (p = 0.0293);
� 1 vs. 3: C��� (p = 0.0091), t��� (p = 0.0035), AUC�	
���
� (p = 0.05), K�� (p = 0.0248), t����� (p = 0.0248); � 2 vs. 3: t��� (p = 0.0039)



toxic threshold. Moreover, none the patients suffered

adverse effects that are typical of lidocaine overdose.

The observations of a correlation between the dose

and total lidocaine amount and its peak plasma con-

centration, but a lack of correlation between the dose,

amount and the time taken to reach peak concentra-

tion, allow the safety of an anesthetic dosage to be

predicted. However, safety measures, in the form of

long-lasting observation of patients after infiltration,

must be taken when large doses of the anesthetic are

used.

The lack of any differences in the pharmacokinetic

parameters of lidocaine between men and women

proved that it is unnecessary to use a separate, sex-

dependent method of lidocaine infiltration in tumes-

cent anesthesia.

Analysis of the different dynamics of lidocaine

plasma concentration changes in distinct body areas

indicated that both the rate and degree of its absorp-

tion and elimination depend on the area of infiltration.

This is related to the nature of the vascularization of a

given area. These observations must be taken into ac-

count in the process of monitoring the safety of the

anesthetic.

Comparison of the lidocaine concentration and

pharmacokinetic parameters resulting from tumescent

infiltration in the hypogastrium, buttock and thigh ar-

eas (1), the axillae, breast and trunk areas (2), and the

face and neck areas (3), has shown that anesthesia of

the upper body may potentially present a higher risk

of a large anesthetic concentration being achieved

within a short time.

The observation that, 0.5 to 4 h after its infusion,

there was a significantly higher plasma concentration

of lidocaine in the face and neck than in either the hy-

pogastrium, buttock and thigh areas or the axillae,

breast and trunk areas, indicates the necessity of the

carefully conducted observation of patients immedi-

ately following infiltration into the former areas.
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