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ORIGINAL ARTICLES

Tumescent Anesthesia
with a Lidocaine Dose of
55 mgl/kg Is Safe for
Liposuction

ARIEL OSTAD, MD
NOBU KAGEYAMA, MD
RONALD L. MOY, MD

This material may be protected by copyright
law (Title 17 U.S. Code).

BACKGROUND. The safe upper limit of lidocaine dosage in tu-
mescent anesthesia for lposuction has been reported to be 35
mgfkg.

OBJECTIVE. This study was undertaken to: 1) evaluate the safety
of tumescent anesthesia in liposuction when lidocaine doses
greater than 35 mgfkg are required, 2) determine the time in-
terval when the peak plasma lidocaine level occurs following
administration of tumescent anesthesia, and 3) assess if the
safety of large volume tumescent anesthesia is due to significant
lidocaine removed by liposuction.

METHODS. Sixty patients who underwent liposuction with a
mean lidocaine dose of 57 mg/fkg were prospectively evaluated for
development of any signs or symptoms of lidocaine toxicity by
multiple interviews over a 24-hour period. In addition, another
10 patients who received a mean lidocaine dose of 55 mgfkg had
serial plasma lidocaine level measurements over a 24-hour period

following liposuction. The lidocaine level of the aspirate was also
measured to assess any significant lidocaine removed by lipo-
suction.

RESULTS. No evidence of lidocaine toxicity was found based on
subjective evaluation of 60 patients as well as determined by
plasma sampling of 10 patients. The peak plasma lidocaine con-
centration occurred at approximately 4 or 8 hours after infusion
of tumescent anesthesia. The 24-hour plasma lidocaine level sug-
gests that residual lidocaine is present in the subcutaneous tissue
allowing for postoperative analgesia beyond this time. A negli-
gible amount of lidocaine was removed by liposuction as deter-
mined by the lidocaine level of the aspirate.

concLUsION. This study suggests that tumescent anesthesia
with a total lidocaine dose of up to 55 mgfkg is safe for use in
liposuction. © 1996 by the American Society for Dermato-
logic Surgery, Inc. Dermatol Surg 1996;22:921-927.

of excess localized adiposity to achieve an aes-

thetically pleasing body contour.'™ Liposuction
can be performed safely under local anesthesia by in-
filtrating large volumes of dilute lidocaine with epi-
nephrine into the subcutaneous fat, which creates a
firm, swollen, or tumesced tissue.*® The use of this
form of anesthesia, known as tumescent anesthesia, is
increasingly popular due to the avoidance of complica-
tions associated with general anesthesia, rapid patient
recovery period, elimination of intravascular fluid re-
placement, long-lasting postoperative analgesia, and
minimal blood loss due to the extensive vasoconstric-

[ iposuction is an accepted procedure for removal

tion produced by the epinephrine contained in the fu- -

mescent anesthesia.”™

_ From the Department of Dermatology (AO), New York University
Seliool of Medicine, New York, New York; and the UCLA Division of
{?vrinafo.'agy (NK, RLM), VA-Wesf LA Medical Center, Los Angeles, Cal-
iforiia.

Address correspondence and reprint requests to Ronald L. Moy, MD,
100 LICLA Medical Plaza, Suite 590, Los Angeles, CA 90024,

The safe upper limit for lidocaine dosage in tumes-
cent anesthesia for use in liposuction has been reported
to be 35 mg/kg.'*"! However, individuals undergoing
liposuction of multiple areas such as the abdomen,
flanks, and extremities can routinely require a lidocaine
dose that exceeds 35 mg/kg. Lillis has reported using
lidocaine doses in the range of 60-90 mg/kg without
any evidence of lidocaine toxicity based on plasma li-
docaine level determination over a 1-hour period.”
However, the maximum plasma lidocaine level occurs
beyond this time.

This investigation was therefore conducted to prove
that the maximum safe dose of lidocaine in tumescent
anesthesia for liposuction is higher than 35 mg/kg. This
study also evaluated the time interval during which the
peak plasma lidocaine level occurs following the ad-
ministration of tumescent anesthesia. This information
is valuable for assessing the time period during which
the greatest potential for development of lidocaine tox-
icity exists. The percentage of lidocaine removed by
liposuction was also measured in order to ascertain if
the safety of large volume tumescent anesthesia is due
to substantial lidocaine removal by the procedure.

1996 by the American Sociefy for Dermatologic Surgery, Inc. » Published by Elsevier Science Inc. 921
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Table 1. Tumescent Anesthetic Solution Formiila

Ingredient Quantity Concentration
Lidocaine 500-1000 mg 0.05-0.1%
Epinephrine 0.5mg 1;2,000,000
Sodium Bicarbonate 10 mEq
Triamcinolone 10 mg
Normal saline 1000 mL

Materials and Methods
Study Protocol

Sixty patients who underwent tumescent liposuction of the
abdomen, flanks, and/or thighs with a total lidocaine dose
exceeding 35 mg/kg were prospectively evaluated by tele-
phone interview over a 24-hour period for development of
any signs and symptoms of lidocaine toxicity. In addition,
another 10 individuals volunteered to undergo multiple ve-
nous samplings for lidocaine level measurement. Blood sam-
ples were obtained at 4, 8, 12, and 24 hours after tumescent
anesthesia was infused. These patients were also questioned
for any subjective symptoms of lidocaine toxicity during each
blood sampling time. Lidocaine level determination of the
infranate, the slightly blood tinged liquid portion of the aspi-
rate, was also taken in 8 out of 10 patients upon completion of
liposuction in order to determine if any significant amount of
lidocaine was removed by liposuction. Lidocaine levels were
measured by enzyme immunoassay.

Formulation of Anesthetic Solution

Local anesthesia consisted of a 0.05-0.1% lidocaine solution
with 1:2,000,000 epinephrine in normal saline (Table 1). 5o-
dium bicarbonate (10 mEq) was added to each liter bag to
neutralize the acidity of the solution and thus decrease the
pain associated with anesthetic injection.'? Triamcinolone, 10
mg/L, was also added to the anesthetic solution for presumed
reduction in postoperative swelling and inflammation. Each
bag was warmed to 40°C in an incubator prior to injection.
Warming has been shown fo reduce the discomfort associated
with the infusion of the anesthetic solution.'®

Proceduyre

Each patient was fully prepped and draped. Tissue tumes-
cence was obtained by infiltration of the anesthetic solution

Table 2. List of Patients and Results

Dermatol § iy
1996;22:921-957

into the subcutaneous tissue of the preoperative marked areas
with the aid of a 20-gauge spinal needle attached to a motor-
driven peristaltic pump (Wells-Johnson Company, Tucsen,
AZ). An injection rate of 150 mL/min was used for the 10
patients who underwent plasma sampling since varying the
rate of injection affecis systemic absorption of the anesthetic.
Approximately 90-120 minutes were required to complete the
infusion of anesthetic. All areas were infiltrated with tumes-
cent anesthesia prior to the start of liposuction. No preoper-
ative sedatives or analgesics were necessary. Liposuction was
performed with the use of small metal cannulas attached to 4
clear noncollapsible plastic connecting tube which is con-
nected to a motor-driven high vacuum pump (Wells-Johnson
Company).

Results

The total lidocaine dose ranged from 49.2 to 68.1 mg/kg
in the 60 patients who underwent a prospective subjec-
tive evaluation over a 24-hour period following lipo-
suction. The mean lidocaine dose used was 57 mg/kg.
No signs or symptoms of lidocaine toxicity were noted
by any of these patients.

The results for the 10 patients who underwent
plasma sampling are given in Table 2. The lidocaine
dose administered ranged from 47.2 to 76.7 mg /kg with
a mean of 55 mg/kg. Peak plasma lidocaine concentra-
tion ranged from 1.1 pg/mlL for a lidocaine dose of 47.2
mg/kg to 3.6 pug/mL for a lidocaine dose of 76.7 mg/
kg. Peak plasma lidocaine concentrations obtained for
all pattents were below the 5-ug/ml threshold when
objective signs of lidocaine toxicity develop. None of
the 10 patients reported any unusual neurologic or be-
havioral changes suggestive of early lidocaine toxicity.
The relationship between the lidocaine dose adminis-
tered and the peak plasma lidocaine concentration is
shown in Figure 1. Using statistical analysis, the calcu-
lated correlation coefficient (r) between these two vari-
ables is 0.54 out a perfect score of 1.0. Therefore, there is
not a linear correlation between lidocaine dose and
peak plasma lidocaine level. As a result, extrapolation

Peak Plasma Lidocaine

Age Weight Total Lidocaine Lidocaine Dose Concentration

Patient Sex (yrs) (kg) {mg) {mg/kg) {ug/mL) Peak Time (hrs)
1. BS M 27 81.8 4000 48.9 2.4 4
2.DA F 51 47.7 2250 47.2 1.1 8
3. HZ M 51 70.5 3750 53.2 25 4
4. KD F 50 65.9 3750 56.9 22 ~ 4
5. KF F 48 66.0 3000 47.2 13 8
6. SP F 53 523 2750 52.6 1.1 - 4
7. SM F 50 62.0 3500 57.0 1.1 8
8.RS F 50 58.6 4500 76.7 3.6 4
9. WA F 62 68.2 3500 51.3 3.4 8

10. ES F 29 43.6 2500 56.7 1.7 4

Mean: 55.0
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of maximum safe dose of lidocaine for use in liposuc-
tion cannot be made.

Figure 2 shows a plot of lidocaine infused (in milli-
grams) ignoring body weight versus the observed peak
plasma lidocaine concentration. There is a strong cor-
relation (r = 0.74) between these two variables (P <
0.001). Using linear regression analysis to draw the best

354

25 4

60 65 70 75 &0

Midgcalne administered {mafka)

Figure 1. The relationship between lidocaine dose infused and peak plasma lidocaine concentration. There is no linear correlation (r =

straight line that fits our data yields an equation that
relates the amount of lidocaine administered in milli-
grams to the observed peak plasma lidocaine concen-
tration:

peak plasma lidocaine concentration (ug/mL)
= dose (mg)/1000 —1.25.
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Figure 2. The linear correlation that exists between the lidocaine amount administered and peak plasma lidocaine concentration. The best
linear fit is depicted by the line determined using the least-squares regression method {r =074, P < 0.001,.
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Table 3. Serial Plasma Lidocaine Levels

Dermuatol Sury
1996;22:921-927

Serial Plasma Lidocaine Meastrements (pgfmL} at:

Patient Total Lidocaine (mgfkg) 4 hrs 8 hrs 12 hrs 24 hes
1. BS 48.9 24 1.8 1.0 1.1
2.DA 47.2 0.9 11 1.0 0.9
3. HZ 532 2.5 1.3 1.3 1.1
4 KD 56.9 22 1.8 1.7 1.8
5. KF 47.2 0.9 13 0.9 0.9
6. 5P 52.6 1.1 0.9 0.9 0.9
7. 5M 57.0 1.0 1.1 1.0 0.9
8. RS 76.7 3.6 2.6 24 2.6
9. WA 51.3 27 34 3.1 2.4

10. ES 56.7 1.7 1.6 1.1 0.9

The standard deviation for the peak concentration us-
ing this equation is =0.80 ug/mL. This equation can be
used to predict the peak plasma lidocaine concentration
by knowing the total amount of lidocaine administered.
This equation implies that, as a rule of thumb, there is
an average 1-ug/mL increase in the peak for every
1000-mg increase in the lidocaine dose. This equation
also implies that a dose of 5250 mg will produce, on
average, a peak concentration of 4.0 ug/mL. However,
given that the standard deviation for the predicted peak
is =0.80 ug/mL, the dose whose upper 99th percentile
is 4.0 pg/mL is about 4000 mg, while the predicted
average peak at 4000 mg is about 2.7 ug/mL. The pre-
dicted upper 99th percentile at 4000 mg is about 4.0
pg/mL. For an average 70-kg individual, this translates
to a maximum allowable lidocaine dose of 57 mg/kg.
The observed peak plasma lidocaine concentration
occurred approximately 4—8 hours after tumescent an-
esthesia was infused. Table 3 gives the serial plasma
lidocaine level measurements as a function of the total
lidocaine dose. Figure 3 represents these serial mea-
surements in graphic form. At 24 hours postinfusion,

2.5

15+

fu—y

Lidocaine concentration (ng/mil)

e
t

0

there is still an adequate plasma lidocaine level indicat-
ing residual lidocaine in the subcutaneous tissue allow-
ing for postoperative analgesia beyond this period.
The data collected on the aspirate are shown in Table
4. Lidocaine concentration of the infranate ranged from
49.8 to 166.0 pg/mL. Lidocaine levels for two patients
could not be included in the study because the aspirate
was discarded prior fo its lidocaine concentration sam-
pling. The amount of lidocaine removed by the proce-
dure was calculated by multiplying the lidocaine con-
centration of the infranate by the total volume of the
aspirate. The percentage of lidocaine removed by lipo-
suction was derived based on fraction of lidocaine in
the aspirate compared with the total amount of lido-
caine infused. The percentage of lidocaine removed by
liposuction was negligible, ranging from 1.1 to 10%.

Discussion

Lidocaine toxicity is the most significant factor that lim-
its the amount of tumescent anesthesia used in liposuc-
tion. This is in turn directly correlated to the peak

4 hrs 8hus

12 hrs 24 hrs

Tirne (hours)

Figure 3. Serial plasma lidocaine levels measured over a 24-hour period. All levels were below the 5-pg/mL threshold for development of

early signs of lidocaine toxicity.
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Table 4. Aspirate Dala
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Total Lidocaine

Lidocaine Concentration of

Amount of Lidocaine % of Lidocaine Removed as

Total Aspirate

Patient injected (mgh (mL) Infranate (ugfml) in Aspirate (mg) Aspirate
1. BS 4000 95¢ 705 67.0 1.7%
2.DA 2250 925 =* il —*

! 3.HZ 3750 1900 —* —* —*

i 4.KD 3750 1700 72.0 122.4 3.3%

i 5.KF 3000 1800 166.0 298.8 10.0%
6. 5P 2750 600 49.8 299 1.1%
7. SM 35600 3000 589 176.7 5.0%

i 8.RS 4500 1100 103.8 114.2 2.5%

I 9 WA 3500 1050 112.4 118.0 3.4%

i 10.ES 2475 900 53.6 48.2 2.0%

—_

* Data not available

plasma lidocaine concentration. Various signs and
symptoms are experienced depending on the plasma
lidocaine level"*(Figure 4). Nonspecific subjective
symptoms such as lightheadedness, dizziness, and
drowsiness may appear with plasma levels between 3
and 5 ug/mL. The commonly reported threshold for
objective signs of lidocaine toxicity is 5 ug/mL. These
signs initially involve the central nervous system and
" include distal extremity muscle fasciculations, shiver-
. ing, tremors, parasthesias, and tinnitus. Plasma lido-
caine concentrations above 10 ug/mL may result in
seizures with slightly higher concentrations causing un-
. consciousness and coma. Lidocaine levels beyond 20
. pg/mL result in an inhibitory effect on cardiac and
peripheral vascular smooth muscle with prolonged
electrical conduction time resulting in an increased PR
and-QRS interval and depression of the sinus and AV
' node. This is translated clinically into bradycardia,
i heart block, hypotension, and cardiac arrest.
i In order to prevent lidocaine toxicity, which occurs
with a lidocaine level greater than 5 pg/mL, the man-
ufacturer of Xylocaine (Astra Pharmaceuticals) recom-
mends that maximal dosage for the use of lidocaine

! 24 Cardiac arrest

E

| 20 Respiratory arrest

i

g 12 Coma

! Plasma Seizures

| Concentration

i of Lidocaine 9

+ (ug/mb) Muscular fasciculations

Tinnitus, Parasthesia
5

; Drowsiness, Dizziness

! Lightheadedness
3

i Figure 4. Common side effects associated with lidocaine toxicity
depending on the plasma lidocaine concentration.

H
i
i
i
.

with epinephrine should not exceed 7 mg/kg of body
weight or 500 mg as a total dose.” This information is
based on the use of lidocaine in epidural, intercostal,
and peripheral nerve blocks. These data have been ap-
plied for local anesthesia of the subcutaneous fat with-
out any actual studies. However, data in the literature
indicate systemic uptake of lidocaine are much slower
from the subcutaneous fat than from epidural
blocks.”%1116 [ jllis initially reported on the safe use of
lidocaine doses in the range of 60 to 90 mg/kg.” How-
ever this study was based on plasma lidocaine level
sampling over a 60-minute period not accounting for
peak levels that occur beyond this time. Based on
plasma sampling over more than 24 hours, Klein esti-
mated that 99% of patients receiving tumescent anes-
thesia will have peak lidocaine concentrations below
the toxic threshold of 5 ug/mL when given a lidocaine
dose of 35 mg/kg.'’ This has been the basis for the
current 35 mg/kg recommendation as the safe upper
limit of lidocaine dosage in tumescent anesthesia.

Our investigation evaluated the safety of lidocaine
doses beyond this 35 mg/kg recommendation. In the
plasma sampling arm of this study, a mean lidocaine
dose of 55 mg/kg infused subcutaneously using the
tumescent technique did not result in lidocaine levels
beyond 5 ug/mL, suggesting the safety of tumescent
anesthesia at this lidocaine dose. In addition, none of
our 60 patients who received a mean lidocaine dose of
57 mg/kg experienced any subjective signs or symp-
toms of lidocaine toxicity upon prospective clinical
evaluation. These findings suggest that a lidocaine dose
of 55 mg/kg is safe when using tumescent anesthesia
for liposuction. Figure 5 is a helpful graph that can be
utilized preoperatively by the physician in order to de-
termine the total amount of lidocaine that can be in-
fused subcutaneously, depending on the patient’s
weight, to achieve a lidocaine dose of 55 mg/kg. It is
noteworthy that patient no. 8, who received a lidocaine
dose of 76.7 mg/kg, had no subjective signs or symp-
toms of lidocaine toxicity and that the peak plasma
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Figure 5. This diagram can be utilized to determine the total
amount of lidocaine that can be infused, based on the patient’s
weight, to achieve a lidocaine dose of 55 mg/kg.

lidocaine level was below the toxic threshold of 5 pg/
mlL.

Our investigation did not demonstrate a linear cor-
relation between the lidocaine doses used in this study
and the peak plasma lidocaine concentration. There-
fore, no extrapolation of our data can be made regard-
ing the maximum safe dose of lidocaine in liposuction
that can be administered, which consistently results in a
plasma lidocaine level below the toxic threshold of 5
pg/mL. The reason for a nonlinear relationship be-
tween these two variables may be attributed to the un-
equal volume of distribution of lidocaine in the subcu-
taneous tissue of each patient resulting in potential
differences in absorption among each individual. How-
ever, based on the linear correlation between total lido-
caine infused in milligrams versus the peak lidocaine
concentration, it is safe to assume that a total lidocaine
dose of 4000 mg results in plasma lidocaine levels be-
low toxic threshold in 99% of patients. It is important to
note that this safe lidocaine amount is based on the
weights of the volunteers in this study (43.6-81.8 kg)
and therefore is only valid for this weight range.

Table 5 lists the factors responsible for the safety of
large volume tumescent anesthesia. The very dilute na-
ture of the lidocaine (0.05-0.1%) in the tumescent anes-
thetic solution, the relatively avascular subcutaneous
fat compartment, the vasoconstrictive effect of epineph-
rine, the high lipid solubility of lidocaine and its strong
binding affinity to adipose tissue, and vascular com-
pression due to tissue tumescence all combine to delay
systemic uptake of lidocaine '~

Table 5. Factors Responsible for the Safety of Large Volume
Tumescent Anesthesia

+ Dilute nature of lidocaine

+ Relatively avascular subcutaneous tissue

*» Vasoconstriction due to epinephrine

¢ Lipid solubility of lidocaine

e Compression of vasculature due to infusion of tumescent
anesthesia

Dermatol Surg
1996,22:921-927

This study also demonstrated that the plasma lido-
caine concentration peaks approximately 4-8 hours af-
ter infusion of tumescent anesthesia. The significance of
this delay is that by this time the patient is not in the
physician’s office and therefore is no longer under phy-
sician supervision. It is based on this premise that some
physicians prescribe diazepam to be taken hourly for
six to seven doses during this critical time period. The
4-8-hour delay in attaining peak lidocaine concentra-
tion is attributed to the slow systemic absorption of
lidocaine, which in turn is dependent on its dilute con-
centration in each bag of anesthetic solution, the use of
epinephrine, and the lipid solubility of lidocaine. It is
noteworthy that plasma lidocaine levels in the patients
studied still persisted at 24 hours postinfusion of tu-
mescent anesthesia, indicating that residual lidocaine is
present in the subcutaneous tissue allowing for postop-
erative analgesia beyond this time.

Earlier studies have reported varying time intervals
for peak plasma lidocaine levels. These include 12-14
hours in one study'® and 6-12 hours in another."* The
probable reasons for the earlier peak time observed in
this study are the higher total lidocaine amount used,
the lower dose of epinephrine used in each bag (0.5
mg), and the faster rate of anesthetic infiltration, which
in our study was 150 mL/hour.

Published studies in the literature have suggested
that the safety of tumescent anesthesia can be attributed
to the fact that a major portion of lidocaine is removed
by liposuction.”® This is in contrast to other findings
that only 10-30% of lidocaine is removed by the proce-
dure.!® This study demonstrated that only 1-10% of the
infused lidocaine was removed by liposuction. This
finding suggests that a negligible amount of lidocaine is
removed by the procedure and therefore liposuction
does not play a significant role in the safety of large
volume tumescent anesthesia. The reason for the low
percentage of lidocaine in the aspirate is probably due
to the high binding affinity of lidocaine to the adipose
tissue and thus its retention in the subcutaneous com-
pariment at the injected areas.

In conclusion, this study suggests that tumescent an-
esthesia with a lidocaine dose of 55 mg/kg is safe for
use in liposuction. Peak plasma lidocaine concentration
occurred between 4 and 8 hours following the infiltra-
tion of tumescent anesthesia. Negligible amount of li-
docaine is removed by liposuction and does not con-
tribute to the safety of large volume tumescent
anesthesia. It is important to note that our findings are
valid only for the use of tumescent anesthesia in lipo-
suction of the abdomen, flanks, and thighs. Other more
vascular body areas may require different doses of li-
docaine to prevent lidocaine toxicity.

Survey of a larger series of patients is beneficial in
order to provide conclusive findings regarding maxi-
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mum lidocaine dose in tumescent anesthesia for lipo-
suction. Future studies are also needed looking at the
upper safe limit of lidocaine dose in tumescent anesthe-
sia for use in procedures such as dermabrasion and hair
transplantation, which involve more vascular body ar-
eas with increased risk of lidocaine toxicity.
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itoring patients over a longer time span for peak plasma levels
and clinical signs of lidocaine toxicity has settled many con-
troversies and simultaneously established a new upper limit
of safety of lidocaine at a concentration of 55 mg/kg.

While this new upper limit has eloguently been substan-
tiated and clearly improves our knowledge and capabilities for
large-volume liposuction under local anesthesia, it is hope-
fully not an end point nor a figure to be misused. Perhaps in
time this figure can be inched even higher with greater ap-
plicability, without additional patient risk. However, one cen-
tral dogma, primum non nocere, “first, do not harm,”
should not be altered, and patient safety should always be
kept a priority.
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