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Background: Intravenous lipid emulsion has been used to treat systemic toxicity of local anesthetics. The goals of this 

in vitro study were to determine the ability of two lipid emulsions (IntralipidⓇ and LipofundinⓇ MCT/LCT) to reverse 

toxic dose local anesthetic-induced vasodilation in isolated rat aortas.

Methods: Isolated endothelium-denuded aortas were suspended for isometric tension recording. Vasodilation was 

induced by bupivacaine (3 × 10-4 M), ropivacaine (10-3 M), lidocaine (3 × 10-3 M), or mepivacaine (7 × 10-3 M) after 

precontraction with 60 mM KCl. IntralipidⓇ and LipofundinⓇ MCT/LCT were then added to generate concentration-

response curves. We also assessed vasoconstriction induced by 60 mM KCl, 60 mM KCl with 3 × 10-4 M bupivacaine, 

and 60 mM KCl with 3 × 10-4 M bupivacaine plus 1.39% lipid emulsion (IntralipidⓇ or LipofundinⓇ MCT/LCT).

Results: The two lipid emulsions reversed vasodilation induced by bupivacaine, ropivacaine, and lidocaine but had 

no effect on vasodilation induced by mepivacaine. LipofundinⓇ MCT/LCT was more effective than IntralipidⓇ in 

reversing bupivacaine-induced vasodilation. The magnitude of lipid emulsion-mediated reversal of vasodilation 

induced by high-dose local anesthetics was as follows (from highest to lowest): 3 × 10-4 M bupivacaine-induced 

vasodilation, 10-3 M ropivacaine-induced vasodilation, and 3 × 10-3 M lidocaine-induced vasodilation. 

Conclusions: LipofundinⓇ MCT/LCT-mediated reversal of bupivacaine-induced vasodilation was greater than that 

of IntralipidⓇ; however, the two lipid emulsions equally reversed vasodilation induced by ropivacaine and lidocaine. 

The magnitude of lipid emulsion-mediated reversal of vasodilation appears to be correlated with the lipid solubility 

of the local anesthetic.  (Korean J Anesthesiol 2013; 64: 353-359)
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Introduction

Intravenous lipid emulsions such as IntralipidⓇ and Lipo

fundinⓇ MCT/LCT have been used to treat local anesthetic 

systemic toxicity [1-8]. Toxic doses of local anesthetics that 

belong to the n-alkyl-substituted pipecholyl xylidine family 

inhibit the voltage-operated calcium channel-mediated 

contraction induced by low doses of local anesthetic. Thus local 

anesthetics have a dose-dependent vascular effect, inducing 

vasoconstriction at low doses and inducing vasodilation (release 

of vasoconstriction) at high doses [9-15]. SMOFlipidⓇ emulsion 

has been shown to reverse vasodilation induced by a toxic dose 

of levobupivacaine in the isolated rat aorta [15]. IntralipidⓇ, 

which consists of 100% long-chain triglycerides, is commonly 

used to treat local anesthetic systemic toxicity, and LipofundinⓇ 

MCT/LCT, which consists of 50% long-chain triglycerides 

and 50% medium-chain triglycerides, is sometimes used to 

treat local anesthetic systemic toxicity [1-8]. Vaconstriction 

potency induced by local anesthetics is mainly determined 

by lipid solubility, among the physicochemical properties of 

local anesthetics [12]. However, studies investigating the ability 

of these two lipid emulsions (LipofundinⓇ MCT/LCT and 

IntralipidⓇ) to extract local anesthetics and promote recovery 

from cardiac arrest induced by a toxic dose of bupivacaine have 

reported inconsistent results [16-19]. Therefore, the goal of this 

in vitro study was to investigate the ability of LipofundinⓇ MCT/

LCT and IntralipidⓇ to reverse vasodilation induced by toxic 

doses of local anesthetics (bupivacaine, ropivacaine, lidocaine, 

and mepivacaine) in the isolated rat aorta. We tested the 

hypothesis that the extent of lipid emulsion-mediated reversal 

of vasodilation induced by a toxic dose of local anesthetic may 

be dependent upon the kind of triglyceride (long- or medium-

chain). 

Materials and Methods

All experimental procedures and protocols were approved 

by the Institutional Animal Care and Use Committee at 

Gyeongsang National University. 

Preparation of aortic rings for tension measurement

Preparation of aortic rings for tension measurement was 

performed as previously described [14]. Male Sprague-Dawley 

rats weighing 250-300 g were anesthetized by intramuscular 

injection of zoletil (15 mg/kg, Virbac Laboratories, Carros, 

France). The descending thoracic aorta was dissected free, and 

surrounding connective tissues and fat were removed under 

microscopic guidance in a Krebs solution bath of the following 

composition: 118 mM NaCl, 4.7 mM KCl, 1.2 mM MgSO4, 

1.2 mM KH2PO4, 2.4 mM CaCl2, 25 mM NaHCO3, and 11 mM 

glucose. The aorta was then cut into 2.5-mm rings, suspended 

on Grass isometric transducers (FT-03, Grass Instrument, 

Quincy, MA, USA) under a 3.0-g resting tension in a 10-ml Krebs 

bath at 37oC, and aerated continuously with 95% O2 and 5% CO2 

to maintain pH values within the range of 7.35-7.45. The rings 

were equilibrated at a 3.0-g resting tension for 120 min, and 

the bath solution was changed every 30 min. The endothelium 

was removed from the aortic rings by inserting a 25-gauge 

needle tip into the lumen of the rings and gently rubbing the 

ring for a few seconds. After contractions induced by 10-8 M 

phenylephrine stabilized, endothelial denudation of aortic ring 

was confirmed by observation of less than 15% relaxation in 

response to acetylcholine (10-5 M). The contractile response 

induced by an isotonic 60 mM KCl solution was measured for 

all aortic rings to check vascular smooth muscle viability and 

was used as a reference value (100%). The isotonic 60 mM KCl 

solution was prepared by replacing the NaCl in Krebs solution 

with an equimolar amount of KCl. After washing out KCl from 

the organ bath and allowing the return of isometric tension to 

baseline, the main experiments were performed according to 

experimental protocols described below. Each ring was used for 

only one concentration-response curve induced by bupivacaine 

alone or a local anesthetic (bupivacaine, ropivacaine, lidocaine 

and mepivacaine) plus lipid emulsion. Because this in vitro 

study used endothelium-denuded aorta, the Krebs solution 

contained the nitric oxide synthase inhibitor NW-nitro-L-

arginine methyl ester (L-NAME, 10-4 M) to prevent the release 

of endogenous nitric oxide from residual endothelium [14].

Experimental protocol

The first series of experiments was designed to determine 

which lipid emulsion (IntralipidⓇ and LipofundinⓇ MCT/

LCT) more effectively reverses vasodilation induced by a 

high dose of aminoamide local anesthetic in endothelium-

denuded aorta precontracted with isotonic KCl (60 mM). 

We chose the local anesthetic concentrations based on the 

results of previous studies (3 × 10-4 M bupivacaine, 10-3 M 

ropivacaine, 3 × 10-3 M lidocaine, 7 × 10-3 M mepivacaine) [10-

15]. After the local anesthetic produced a sustained and stable 

vasodilation, incremental doses of the lipid emulsion (0.48%, 

0.95%, 1.39%, 1.81%, 2.22%, and 2.60%) were added to generate 

concentration-response curves. Subsequent concentration of 

lipid emulsion was added to the organ bath after the previous 

concentration of lipid emulsion produced a sustained and stable 

response for 5 min. 

The second series of experiment was performed to 

confirm that the LipofundinⓇ MCT/LCT-mediated reversal of 

vasodilation induced by 3 × 10-4 M bupivacaine was greater 
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than the IntralipidⓇ-mediated reversal. We assessed contraction 

induced by the isotonic 60 mM KCl solution, isotonic 60 mM 

KCl with 3 × 10-4 M bupivacaine, and isotonic 60 mM KCl with 

3 × 10-4 M bupivacaine plus lipid emulsion (1.39% IntralipidⓇ 

or 1.39% LipofundinⓇ MCT/LCT) in isolated endothelium-

denuded rat aorta with resting tension. 

Materials

All drugs were of the highest purity commercially available. 

Acetylcholine, phenylephrine, and L-NAME were obtained 

from Sigma Aldrich (St Louis, MO, USA). Ropivacaine was 

donated by AstraZeneca Korea (Seoul, Korea). Mepivacaine 

Fig. 1. IntralipidⓇ and LipofundinⓇ MCT/LCT concentration-response curves in endothelium-denuded aorta precontracted with 60 mM 
KCl and treated with 3 × 10-4 M bupivacaine (BPV, A), 10-3 M ropivacaine (RPV, B), 3 × 10-3 M lidocaine (LD, C), or 7 × 10-3 M mepivacaine 
(MPV, D). Data are shown as mean ± SD and expressed as percent change from maximal precontraction value [100% = 2.90 ± 0.30 g [n = 
13] for LipofundinⓇ MCT/LCT treatment, 100% = 2.95 ± 0.34 g [n = 13] for IntralipidⓇ treatment, and 100% = 2.64 ± 0.29 g [n = 6] for time-
matched control without lipid emulsion in (A); 100% = 2.66 ± 0.42 g [n = 9] for LipofundinⓇ MCT/LCT treatment, 100% = 2.58 ± 0.28 g [n = 
9] for IntralipidⓇ treatment, and 100% = 2.40 ± 0.49 g [n = 6] for time-matched control without lipid emulsion in (B); 100% = 2.92 ± 0.30 g [n 
= 9] for LipofundinⓇ MCT/LCT treatment, 100% = 2.72 ± 0.40 g [n = 9] for IntralipidⓇ treatment, and 100% = 2.67 ± 0.38 g [n = 6] for time-
matched control without lipid emulsion in (C); 100% = 2.56 ± 0.27 g [n = 8] for LipofundinⓇ MCT/LCT treatment, 100% = 2.52 ± 0.30 g [n = 
8] for IntralipidⓇ treatment, and 100% = 2.58 ± 0.29 g [n = 8] for time-matched control without lipid emulsion in (D)]. N indicates number of 
descending thoracic aortic rings. (A) *P < 0.05, †P < 0.001, ‡P < 0.01 versus IntralipidⓇ, §P < 0.001 versus time-matched control. (B, C) *P < 0.05, 
†P < 0.001, ‡P < 0.01 versus time-matched control. 
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was donated by Hana Pharmaceutical Co., Ltd. (Gyeonggi-

do, Korea). Bupivacaine and lidocaine were purchased from 

Reyon Pharmaceutical Co., Ltd. (Seoul, Korea) and Daihan 

Pharmaceutical Co., Ltd. (Seoul, Korea), respectively. IntralipidⓇ 

20% and LipofundinⓇ MCT/LCT 20% were donated by 

Fresenius Kabi Korea (Seoul, Korea) and B. Braun Korea (Seoul, 

Korea), respectively. 

Data analysis

Values are expressed as mean ± standard deviation (SD). 

Vascular responses induced by local anesthetics and lipid 

emulsion in endothelium-denuded aorta precontracted with 60 

mM KCl are expressed as percent of baseline (precontraction 

value). Vascular responses induced by isotonic 60 mM KCl, 

isotonic 60 mM KCl with 3 × 10-4 M bupivacaine, and isotonic 60 

mM KCl with 3 × 10-4 M bupivacaine plus lipid emulsion (1.39% 

IntralipidⓇ or 1.39% LipofundinⓇ MCT/LCT) are expressed as 

the percentage of the maximal contraction induced by isotonic 

60 mM KCl. The magnitude of lipid emulsion-mediated reversal 

is expressed as the percentage of reversal of the local anesthetic-

induced vasodilation (absolute value). The effects of each lipid 

emulsion on vasodilation were compared by two-way analysis 

of variance followed by a Bonferroni post-test using GraphPad 

Prism version 5.00 for Windows (GraphPad Software, San Diego, 

CA, USA). The magnitude of vasoconstriction induced by 60 

mM KCl alone, 60 mM KCl plus 3 × 10-4 M bupivacaine, and 60 

mM KCl with both bupivacaine (3 × 10-4 M) and lipid emulsion 

(1.39%) was compared by one-way analysis of variance followed 

by a Bonferroni post-test. N indicates the number of descending 

rat thoracic aortic rings. P values less than 0.05 were considered 

significant. 

Results

After precontraction of endothelium-denuded aorta with 

isotonic 60 mM KCl, both lipid emulsions reversed vasodilation 

induced by 3 × 10-4 M bupivacaine (P < 0.001 versus time-

matched control without lipid emulsion at 0.48-2.60% lipid 

emulsion; Fig. 1A). The LipofundinⓇ MCT/LCT concentration-

response curves were higher than IntralipidⓇ concentration-

response curves (P < 0.05 at 0.48-2.60% lipid emulsion; Fig. 

1A). In addition, both lipid emulsions reversed vasodilation 

induced by 10-3 M ropivacaine and 3 × 10-3 M lidocaine (P < 0.05 

versus time-matched control without lipid emulsion at 0.95-

2.60% lipid emulsion; Fig. 1B and 1C); however, LipofundinⓇ 

MCT/LCT concentration-response curves did not differ 

significantly from IntralipidⓇ concentration-response curves 

(Fig. 1B and 1C). Neither LipofundinⓇ MCT/LCT nor IntralipidⓇ 

reversed vasodilation induced by 7 × 10-3 M mepivacaine (Fig. 

1D). 

Vasoconstriction induced by 60 mM KCl with 3 × 10-4 M 

bupivacaine was lower than that induced by 60 mM KCl alone 

(P < 0.001; Fig. 2). However, vasoconstriction induced by 60 

mM KCl with 3 × 10-4 M bupivacaine plus 1.39% lipid emulsion 

(LipofundinⓇ MCT/LCT or IntralipidⓇ) was higher than that 

induced by 60 mM KCl with 3 × 10-4 M bupivacaine (P < 0.001; 

Fig. 2). Furthermore, vasoconstriction induced by 60 mM KCl 

with 3 × 10-4 M bupivacaine plus 1.39% LipofundinⓇ MCT/LCT 

was higher than that induced by 60 mM KCl with 3 × 10-4 M 

bupivacaine plus 1.39% IntralipidⓇ (P < 0.05; Fig. 2) 

Using the absolute value of local anesthetic-induced 

vasodilation as the reference value, the magnitude of lipid 

emulsion-mediated reversal of vasodilation was as follows 

(from highest to lowest): 3 × 10-4 M bupivacaine-induced 

vasodilation, 10-3 M ropivacaine-induced vasodilation, and 3 × 

10-3 M lidocaine-induced vasodilation (Fig. 3). 

Fig. 2. Effect of 3 × 10-4 M bupivacaine with or without 1.39% lipid 
emulsion (LipofundinⓇ MCT/LCT or IntralipidⓇ) on the 60 mM KCl-
induced contraction. Data are shown as mean ± SD and expressed as 
percent of maximal precontraction (100% = 2.86 ± 0.50 g [n = 8] for 
60 mM KCl, 100% = 3.19 ± 0.36 g [n = 8] for 60 mM KCl with 3 × 10-4 
M bupivacaine, 100% = 2.85 ± 0.48 g [n = 8] for 60 mM KCl with 3 × 
10-4 M bupivacaine plus 1.39% LipofundinⓇ MCT/LCT, and 100% = 
3.00 ± 0.46 g [n = 8] for 60 mM KCl with 3 × 10-4 M bupivacaine plus 
1.39% IntralipidⓇ). N indicates number of descending thoracic aortic 
rings. *P < 0.001 versus 60 mM KCl with 3 × 10-4 M bupivacaine, 
†P < 0.001 versus 60 mM KCl with 3 × 10-4 M bupivacaine plus 1.39% 
LipofundinⓇ MCT/LCT, ‡P < 0.001 versus 60 mM KCl with 3 × 10-4 M 
bupivacaine plus 1.39% IntralipidⓇ, §P < 0.05 versus 60 mM KCl with 
3 × 10-4 M bupivacaine plus 1.39% IntralipidⓇ. 
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Discussion

This study is the first to demonstrate that the magnitude 

of LipofundinⓇ MCT/LCT-mediated reversal of high-dose 

bupivacaine-induced vasodilation may be greater than 

IntralipidⓇ-mediated reversal. The major findings of this in 

vitro study were as follows: 1) LipofundinⓇ MCT/LCT-mediated 

reversal of vasodilation induced by high-dose bupivacaine 

was greater than IntralipidⓇ-mediated reversal; 2) the two 

lipid emulsions reversed vasodilation induced by high-

dose aminoamide local anesthetics, including bupivacaine, 

ropivacaine, and lidocaine, but had no effect on vasodilation 

induced by high-dose mepivacaine; and 3) vasoconstriction 

induced by 60 mM KCl with 3 × 10-4 M bupivacaine plus 1.39% 

LipofundinⓇ MCT/LCT was higher than that induced by 60 mM 

KCl with 3 × 10-4 M bupivacaine plus 1.39% IntralipidⓇ.

Vasoconstriction induced by low doses of levobupivacaine, 

bupivacaine, ropivacaine, and mepivacaine involves the acti

vation of voltage-operated calcium channels [10,11,13,14,20,21]. 

However, high doses of levobupivacaine (3 × 10-4 M), 

ropivacaine (10-3 M), and mepivacaine (10-2 M) attenuate 

vasoconstriction induced by voltage-operated calcium 

channel activation [13-15]. Based on the results of previous 

studies, it can be assumed that high doses of local anesthetics 

inhibit voltage-operated calcium channels in vascular smooth 

muscle after their initial activation [10,11,13-15,20,21]. A 

previous study reported that SMOFlipidⓇ emulsion reverses 

vasodilation induced by high-dose levobupivacaine and 

ropivacaine in aortas precontracted with 60 mM KCl, which is 

consistent with our finding that LipofundinⓇ MCT/LCT and 

IntralipidⓇ reversed vasodilation induced by bupivacaine, 

ropivacaine, and lidocaine but not mepivacaine [15]. In 

addition, vasoconstriction induced by 60 mM KCl with 3 × 

10-4 M bupivacaine plus 1.39% lipid emulsion (IntralipidⓇ 

and LipofundinⓇ MCT/LCT) was greater than that induced 

by 60 mM KCl with 3 × 10-4 M bupivacaine alone (Fig. 2). The 

magnitude of lipid emulsion-mediated reversal of vasodilation 

induced by high-dose anesthetic (Fig. 3) was as follows: 

bupivacaine (3 × 10-4 M) > ropivacaine (10-3 M) > lidocaine 

(3 × 10-3 M). The n-octanol/buffer partition coefficients were 

346 (bupivacaine), 115 (ropivacaine), 43 (lidocaine), and 21 

(mepivacaine) [22]. Together with the findings of previous 

reports, our study shows that the magnitude of lipid emulsion-

mediated reversal correlates with the lipid solubility of the 

local anesthetic [12,22]. One of underlying mechanisms of 

lipid emulsion-induced reversal of local anesthetic systemic 

toxicity is the “lipid sink” theory, which postulates that the 

lipid emulsion extracts local anesthetics from tissues into the 

lipid phase [23]. The lipid solubility (n-octanol/buffer partition 

coefficient) of bupivacaine (346) is about three times higher 

than that of ropivacaine (115). The magnitude of lipid emulsion-

mediated reversal was greater for bupivacaine-induced 

vasodilation than ropivacaine-induced vasodilation, which may 

reflect the different lipid solubilities of these anesthetics [22,23]. 

Lipid emulsion also appears to clear bupivacaine better than 

ropivacaine at toxic doses that inhibit voltage-operated calcium 

Fig. 3. Reversal of vasodilation induced by high-dose local anesthetic (3 × 10-4 M bupivacaine, 10-3 M ropivacaine, or 3 × 10-3 M lidocaine) in 
isolated endothelium-denuded aorta precontracted with 60 mM KCl mediated by LipofundinⓇ MCT/LCT (A) or IntralipidⓇ (B). Data are shown 
as mean ± SD and expressed as the percentage of reversal of absolute value of vasodilation induced by the local anesthetic (100% = 1.81 ± 0.20 g 
[n = 13] for 3 × 10-4 M bupivacaine, 100% = 1.64 ± 0.37 g [n = 9] for 10-3 M ropivacaine, and 100% = 2.13 ± 0.20 g [n = 9] for 3 × 10-3 M lidocaine in 
A; 100% = 1.83 ± 0.19 g [n = 13] for 3 × 10-4 M bupivacaine, 100% = 1.56 ± 0.24 g [n = 9] for 10-3 M ropivacaine, and 100% = 1.98 ± 0.28 g [n = 9] for 
3 × 10-3 M lidocaine in B). *P < 0.001 versus 10-3 M ropivacaine, †P < 0.001 versus 3 × 10-3 M lidocaine. 
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channel activation in rat aortic smooth muscle. Consistent with 

a previous report that lipid emulsion does not improve recovery 

from mepivacaine-induced cardiac arrest, our results suggest 

that the effect of lipid emulsion on high-dose mepivacaine-

induced vasodilation may be negligible or very weak compared 

with high-dose bupivacaine-induced vasodilation [24]. Voltage-

operated calcium channel activation is another suggested 

mechanism (besides the lipid sink theory) to explain the 

effect of lipid emulsion treatment [23]. Lipid activates voltage-

operated calcium channels in cardiac myocytes, suggesting 

that further research is needed to better understand the effect 

of lipid emulsion on contraction induced by voltage-operated 

calcium channels of vascular smooth muscle [23,25]. 

The magnitude of lipid emulsion-mediated reversal of 

vasodilation induced by ropivacaine and lidocaine did not 

differ significantly between LipofundinⓇ MCT/LCT and 

IntralipidⓇ (Fig. 1B and 1C). However, LipofundinⓇ MCT/LCT-

mediated reversal of bupivacaine-induced vasodilation was 

greater than IntralipidⓇ-mediated reversal (Fig. 1A), suggesting 

better vascular tone recovery with LipofundinⓇ MCT/LCT 

treatment. SMOFlipidⓇ emulsion (20%) consists of 6% soybean 

oil, 6% medium-chain triglycerides, 5% olive oil, and 3% fish oil 

[26]. IntralipidⓇ 20% consists of 100% long-chain triglycerides, 

and LipofundinⓇ MCT/LCT 20% consists of 50% medium-

chain triglycerides and 50% long-chain triglycerides. Both 

IntralipidⓇ and LipofundinⓇ MCT/LCT have been used to 

treat local anesthetic systemic toxicity [1-8]. In terms of the 

ability to extract local anesthetics in vitro, IntralipidⓇ extracts 

2.5 times more bupivacaine from buffer solution than lipid 

emulsion with 50% medium-chain triglycerides plus 50% long-

chain triglycerides, but LipofundinⓇ MCT/LCT extracts more 

bupivacaine from human serum than IntralipidⓇ [16,17]. In 

terms of lipid emulsion-mediated recovery from bupivacaine-

induced cardiac arrest in vivo, IntralipidⓇ treatment results in 

fewer recurrences of asystole after resuscitation than treatment 

with lipid emulsion containing 50% long-chain triglycerides 

and 50% medium-chain triglycerides [18]. In contrast, both lipid 

emulsions are equally effective at reversing the prolongation 

of QRS duration, atrial-His interval, and P-Q interval induced 

by a toxic dose of bupivacaine [19]. LipofundinⓇ MCT/LCT 

and IntralipidⓇ did not differ significantly with regards to the 

magnitude of lipid emulsion-mediated reversal in vasodilation 

induced by high doses of ropivacaine and lidocaine (Fig. 1B and 

C); however, 1.39% LipofundinⓇ MCT/LCT was more effective 

than 1.39% IntralipidⓇ at reversing bupivacaine-induced 

attenuation of KCl-induced contraction (Fig. 2). These different 

effects may be due to differences in lipid solubility, chemical 

structure, stereoselectivity, and molecular weight of the local 

anesthetics. Discrepancies between our results and those of 

previous studies may be ascribed to differences in methods 

(isometric tension measurement versus shake-flask method), 

specimens (aortic rings versus heart), and conditions (in vitro 

versus in vivo) [16,18]. In addition, nanoemulsion (118.4 nm) 

removes bupivacaine in the phosphate-buffered saline to 

a greater extent than macroemulsion (432 nm), supporting 

our results that due to a smaller particle size, LipofundinⓇ 

MCT/LCT (280 nm) may reverse more bupivacaine-induced 

vasodilation than IntralipidⓇ (430 nm) [18,27].

Extrapolation of results from this in vitro study to clinical 

situations should be made cautiously, because we used aortas 

as conduit vessels, whereas small resistance arterioles control 

organ blood flow in vivo. In addition, vasoconstriction induced 

by local anesthetics such as levobupivacaine, ropivacaine, 

and mepivacaine involves endothelial nitric oxide release 

[13-15,28]. The results obtained with endothelium-denuded 

aorta used in this in vitro experiment may therefore be slightly 

modified by endothelial nitric oxide release in vivo. Even with 

these limitations, our study shows that LipofundinⓇ MCT/LCT 

may provide better vascular tone recovery than IntralipidⓇ 

after vasodilation induced by a toxic dose of bupivacaine. 

In addition, LipofundinⓇ MCT/LCT and IntralipidⓇ may be 

equally effective as treatment for vasodilation induced by toxic 

doses of ropivacaine and lidocaine, because the concentrations 

used in this in vitro study (bupivacaine: 3 × 10-4 M; ropivacaine: 

10-3 M; lidocaine: 3 × 10-3 M) exceed the plasma concentrations 

that produce the myocardial depression regarded as a sign of 

local anesthetic systemic toxicity (bupivacaine: 6.4 × 10-6 to 

1.85 × 10-5 M; ropivacaine: 10-5 to 2.6 × 10-5 M; lidocaine: 3.07 × 

10-5 to 1.11 × 10-4 M) [29]. Some lipid emulsion concentrations 

(0.48% and 0.95%) that reversed bupivacaine-induced 

vasodilation in this study are similar to the average plasma 

concentration (final triglyceride concentration: 1%) reached 

after intravenous injection of IntralipidⓇ 20% for treatment 

of cardiac arrest induced by a toxic dose of bupivacaine [30]. 

However, further study is needed to determine the appropriate 

dosing regimen of lipid emulsion for local anesthetic systemic 

toxicity. 

In conclusion, LipofundinⓇ MCT/LCT-mediated reversal of 

bupivacaine-induced vasodilation was greater than IntralipidⓇ

-mediated reversal, whereas the two lipid emulsions equally 

reversed vasodilation induced by toxic doses of ropivacaine and 

lidocaine. The magnitude of lipid emulsion-mediated reversal 

appears to be correlated with the lipid solubility of the local 

anesthetic. 
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