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Levobupivacaine and ropivacaine are 2 long-acting local 
anesthetics that have been developed since the recogni-
tion of the severe toxicity caused by bupivacaine. These 

2 drugs are pure left-handed enantiomers, and are associated 
with less potential for both central nervous system and car-
diovascular system toxicity than bupivacaine.1,2 However, 
there have been several clinical reports of cardiovascular col-
lapse induced by both ropivacaine and levobupivacaine.3–10

Comparative studies investigating the systemic toxicity of 
levobupivacaine and ropivacaine have been published. The 
cumulative dose of ropivacaine to induce circulatory collapse 
was greater than that of levobupivacaine in  anesthetized 
ewes and dogs11,12 Additionally, the cumulative doses of ropi-
vacaine that produced dysrhythmias and asystole were larger 
than corresponding doses of levobupivacaine immediately 
after the discontinuation of anesthesia in rat models.13 Thus, 
ropivacaine is required more to produce cardiac collapse than 
levobupivacaine in ewe, dog, and rat models. In contrast, it 
has been reported that levobupivacaine is less toxic than bupi-
vacaine, but is no different from ropivacaine for lethality in 
anesthetized swine.14 In rats, significantly less epinephrine 
was needed to treat ropivacaine-induced cardiac arrest than 
to treat levobupivacaine-induced or bupivacaine-induced 
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cardiac arrest under ventilation with 100% oxygen and exter-
nal cardiac compressions.13 Ropivacaine-induced cardiac 
arrest also appeared to respond better to epinephrine than 
cardiac arrest induced by bupivacaine or levobupivacaine.12,13 
As noted above, reports of the systemic toxic effects of these 2 
local anesthetics have been variable.

Use of intravenous (IV) lipid emulsion has been reported 
as a rescue therapy for local anesthetic toxicity, especially 
in the situations of local anesthetic--induced cardiovascular 
collapse.15,16 The mechanism of lipid emulsion therapy is not 
completely understood, and several new important mecha-
nisms have been proposed; however, its effect may, in part, 
appear related to its ability to extract bupivacaine (or other 
lipophilic drugs) from plasma or tissue. This theorized mech-
anism of action, known as the “lipid sink” effect, may relate 
to the lipophilicity of local anesthetics.15,16 To the best of our 
knowledge, there have been no comparisons of lipid emul-
sion therapy between levobupivacaine-induced and ropiva-
caine-induced cardiac arrest.

To test the hypothesis that lipid therapy is more effective 
for resuscitation of levobupivacaine-induced (high lipophi-
licity) cardiac arrest than of ropivacaine-induced (lower 
lipophilicity) induced cardiac arrest, the difference in effi-
cacy of lipid infusion to treat cardiac arrest induced by these 
drugs was examined in awake rats.

METHODS
Approval was obtained from the institutional animal care 
committee of Akita University Graduate School of Medicine 
(a-1-2652) before initiation of the study. This article adheres 
to the applicable ARRIVE guidelines of the EQUATOR net-
work. Twenty-eight healthy, nonpregnant female Sprague-
Dawley rats weighing between 200 and 284 g were studied. 
The rats were fasted for 12 hours before the experiments, 
with free access to water.

Anesthesia was induced in an acryl box, using 5% sevo-
flurane in a mixture of 33% oxygen in nitrogen. After seda-
tion, the rats were placed on a surgical board, and anesthesia 
was maintained via mask using 3% sevoflurane in a 33% 
oxygen in nitrogen mixture, breathing spontaneously. A tra-
cheostomy was performed, followed by tracheal intubation 
using a 14-gauge plastic cannula. Catheters were inserted 
into the left femoral artery to monitor blood pressure (BP) 
and measure arterial blood gases, as well as the right femo-
ral vein for infusion of drugs. The catheters were directed 
to run subcutaneously in the animals, were pierced over the 
posterior midthorax, and were fixed by a sutured swivel, 
allowing the rats to move spontaneously in their cages after 
they had awakened from anesthesia. Rectal temperature 
was maintained at 37.5°C ± 0.5°C throughout the procedure 
by placing the rats on a temperature-controlled heating pad 
(CMA/150, Stockholm, Sweden) and under a heating lamp.

After the procedure, sevoflurane was discontinued, and the 
rats were left in their cages for 2 hours and allowed to move 
freely to exclude the effect of residual sevoflurane before com-
mencing the study. Before the experiment, rats were blindly 
randomized by number drawing into 1 of 2 groups: the 
levobupivacaine group (n = 14) and the ropivacaine group 
(n = 14). Each group was then divided into a lipid emulsion 
group (n = 7) and a control group (n = 7). Before the local anes-
thetic challenge, BP and heart rate (HR) values were measured, 

and arterial blood was sampled to analyze arterial blood gases 
(ABL510; Radiometer Co, Copenhagen, Denmark) to confirm 
an arterial carbon dioxide tension between 30 and 46 mm Hg, 
and a pH between 7.35 and 7.46 (breathing spontaneously 
on room air). An anesthesiologist who was not related to the 
study prepared the local anesthetic solution, and the research-
ers who performed this experiment were blinded to the type of 
local anesthetic that was administered. Throughout the experi-
ment, an electrocardiogram was recorded using 2 subcutane-
ous needle electrodes, and femoral arterial pressure was also 
recorded (CM−615G; Nihon Koden, Tokyo, Japan).

Rats in the levobupivacaine group received levobupiva-
caine 0.2%, while those in the ropivacaine group received 
ropivacaine 0.2% at a rate of 2 mg/kg/min. The cumulative 
doses of local anesthetic required to induce the first seizure 
activity (a tonic-clonic seizure) and a pulse pressure of 0 
mm Hg were calculated.

When pulse pressure decreased to 0, continuous infusion of 
local anesthetic was discontinued, and this point was defined 
as time 0. Mechanical ventilation with 100% oxygen through 
the tracheostomy tube was started immediately using a 
rodent ventilator (Ugo Basile Cat. No. 7025; Muromachi Kikai 
Co, Ltd, Tokyo, Japan) to deliver a tidal volume of 2.5 mL at 
a rate of 60 breaths/min. At the same time, external manual 
chest compressions were commenced at a rate of 240/min to 
obtain a systolic arterial pressure >40 mm Hg. The lipid emul-
sion group received an IV infusion of 20% lipid emulsion as 
a 5 mL/kg bolus immediately after commencing mechanical 
ventilation and chest compressions, followed by a continuous 
infusion of 0.5 mL/kg/min for 10 minutes (Intralipid 20%; 
Fresenius Kabi AB, Uppsala, Sweden). Chest compressions 
were continued to achieve a rate-pressure product (RPP; RPP 
= systolic pressure × HR) of at least 20% of baseline, which 
was defined as the criterion for the return of spontaneous cir-
culation. Chest compressions were interrupted for 5 seconds 
every minute to assess whether the native RPP had increased 
by >20% of baseline. The operator who was assigned to the 
role of chest compressions commenced the training 1 month 
in advance. Competence in the application of chest compres-
sions was assured by the demonstration of 20 consecutive 
successful applications at a rate of 240/min and at a pressure 
of 45 mm Hg, using a metronome and weighing scale. The 
selected operator performed chest compression in all experi-
ments and was blinded to the type of local anesthetic infused. 
Mechanical ventilation with 100% oxygen was continued from 
time 0 (when infusion of local anesthetic was discontinued) 
until the end of the experiment (10-minute time point). Chest 
compressions and mechanical ventilation with 100% oxygen 
were stopped at the 10-minute time point, even if native RPP 
had not increased by >20% of baseline. At the 10-minute time 
point, arterial blood gas analysis was performed. The saline 
control group received an infusion of the same volume of 
saline, similar to the rats receiving lipid emulsion. Other pro-
cedures were the same as in the lipid emulsion group.

Power analysis was based on the results of preliminary 
experiments comparing RPP at 10 minutes between levobu-
pivacaine and ropivacaine groups and yielding a sample 
size of n = 5 for each group; power was set at 0.8; signifi-
cance was set at 0.05, and effect size was estimated as 2, with 
sigma at 0.9. Data from blood gas analysis are expressed as 
medians and ranges. Values were compared among groups 
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using the Mann-Whitney U test. Mean arterial blood pres-
sure (MAP) and HR values are expressed as mean ± stan-
dard deviation. The unpaired Student t test was used to 
compare the MAP and HR values between the levobupi-
vacaine and ropivacaine groups receiving lipid emulsion, 
as well as between the lipid emulsion and control groups 
in each levobupivacaine or ropivacaine group, respectively. 
The MAP and HR variables of the 2 groups measured across 
time were analyzed using 1-way repeated-measures analy-
sis of variance and post hoc Student-Newman-Keuls testing 
(the results are applied to Figure 2). The χ2 test was used to 
compare the number of rats attaining return of spontaneous 
circulation at 10 minutes in the levobupivacaine and ropi-
vacaine group treated with lipid emulsion. For all compari-
sons, P < .05 was considered to be statistically significant.

RESULTS
Arterial blood gas values, MAP, and HR before infusion of 
local anesthetics did not differ among the 4 groups (Table 1). 
The levobupivacaine and ropivacaine groups showed 
no significant difference in term of the total amount that 
induced the first seizure activity (11.5 ± 3.5 vs 12.2 ± 4.3 mg/
kg, respectively) and a pulse pressure of 0 mm Hg (18.0 ± 
4.3 vs 19.8 ± 4.7 mg/kg, respectively) (Figure 1). MAP and 
HR did not differ among the 4 groups when pulse pressure 
decreased to 0 mm Hg (Table 2).

MAP values were higher in the levobupivacaine group 
than in the ropivacaine group at 2, 3, 4, 5, and 10 minutes 
after the start of resuscitation with lipid infusion (P < .05). 
The HR values were higher in the levobupivacaine group 
than in the ropivacaine group at 5 minutes after the start of 
resuscitation with lipid infusion (P < .05) (Figure 2, A-1, A-2).

MAP values were higher in the lipid group than in the 
control group at 2, 3, 4, 5, and 10 minutes after the start of 
resuscitation from levobupivacaine-induced cardiac arrest (P 
< .05). However, there was no significant difference in MAP 
values between the lipid and the control groups in ropiva-
caine-induced cardiac arrest (Figure 2, B-1, B-2). HRs of the 
lipid group were higher than that of the control group from 4 
to 10 minutes after the initiation of resuscitation from levobu-
pivacaine-induced cardiac arrest; however, in ropivacaine-
induced cardiac arrest, significant differences between the 
lipid and control groups were not found (P < .05) (Figure 2, 
C-1, C-2). There were no significant differences in MAP and 
HR values between ropivacaine and levobupivacaine in the 
control groups. Data from all animals for which native RPP is 
≤20% of baseline value were included (Figure 2).

Table  3 summarizes the number of animals attaining 
return of spontaneous circulation (native RPP >20% of 

baseline value) in each group over time. In the lipid-infusion 
group, all rats were resuscitated successfully at 10 minutes 
after levobupivacaine-induced cardiac arrest, while 1 of 7 
rats had not achieved successful resuscitation 10 minutes 
after ropivacaine-induced cardiac arrest. In contrast, in the 
control group, 5 of 7 rats were not successfully resuscitated 
at 10 minutes after both levobupivacaine-induced and rop-
ivacaine-induced cardiac arrest. There was no significant 
difference between the numbers of rats attaining return of 
spontaneous circulation at 10 minutes in the levobupiva-
caine and ropivacaine group treated with lipid emulsion.

Metabolic values at 10 minutes after resuscitation are 
shown in Table  4. In the saline group (for both levobupi-
vacaine and ropivacaine), the sample size was reduced to 
4 because arterial blood could not be drawn due to the low 
BP. Base excess and pH values were higher in the levobu-
pivacaine group than in the ropivacaine group when lipid 
emulsion was infused (P < .05). There were no significant 
differences in the other values because of the sample size 
reduction in the saline groups.

DISCUSSION
Lipid emulsion treatment was more effective in treating 
cardiac arrest induced by levobupivacaine than by ropi-
vacaine, although there were no significant differences 
between the total amount of levobupivacaine and ropiva-
caine required to induce seizures and cardiac arrest. Lipid 
therapy was superior to saline in achieving resuscitation 
in both levobupivacaine-induced and ropivacaine-induced 
cardiac arrest; however, successful resuscitation from ropi-
vacaine-induced cardiac arrest took more time when com-
pared with levobupivacaine.

There have been many reports investigating lipid res-
cue in bupivacaine-induced cardiovascular collapse.17 
However, to the best of our knowledge, no studies have 
compared the effects of lipid emulsion on the recovery from 
levobupivacaine-induced versus ropivacaine-induced car-
diac arrest. Ohmura et al13 compared the number of suc-
cessful resuscitations between levobupivacaine-induced 
and ropivacaine-induced cardiac arrest and concluded that 
ropivacaine-induced cardiac arrest may be more responsive 
to treatment than cardiac arrest induced by levobupiva-
caine. However, the drug used for treating cardiac arrest in 
their study was epinephrine, not a lipid emulsion.

Lipid emulsion therapy has become an additional option 
of treatment for local anesthetic–induced cardiac arrest.18 
However, the effects of lipid infusion on local anesthetic-
induced cardiac arrest are not likely uniform and depend 
on the chemical properties of the local anesthetic concerned. 

Table 1.   Baseline (Before Infusion of Local Anesthetics) Physiologic Values
 Levobupivacaine Ropivacaine
 Lipid Emulsion (n = 7) Saline (n = 7) Lipid Emulsion (n = 7) Saline (n = 7)
MAP (mm Hg) 132 ± 15 138 ± 13 120 ± 9 133 ± 12
HR (beats/min) 384 ± 68 410 ± 45 384 ± 68 403 ± 29
pH 7.419 (7.379–7.43) 7.450 (7.411–7.460) 7.439 (7.396–7.459) 7.407 (7.383–7.42)
Paco2 (mm Hg) 41.3 (31.9–45.4) 36 (33.4–45.4) 38.3 (37.4–42.8) 39.4 (32.2–41.5)
Pao2 (mm Hg) 84.3 (74.0–113) 96.3 (70.7–101.9) 87.6 (78.9–102.6) 84.5 (70.2–106.8)
BE (mEq/L) 2.3 (−3.4 to 4.1) 0.9 (−0.7 to 3.5) 3.0 (−0.4 to 3.3) 0.4 ± 2.3

Values of MAP and HR are mean ± SD; all other values are median (minimum, maximum). Baseline values showed no difference among the 4 groups.
Abbreviations: BE, base excess; HR, heart rate; MAP, mean arterial blood pressure.
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In fact, it has been reported that lipid emulsion improves 
the recovery from cardiac arrest induced by bupivacaine, 
but not from cardiac arrest induced by ropivacaine or mepi-
vacaine in the isolated rat heart.19 The lipophilicity of local 
anesthetics might have an impact on the efficiency of lipid 
infusions to treat cardiac arrest.20 Because ropivacaine and 
levobupivacaine have very similar characteristics in terms 
of pKa and percentage of protein binding,1,2 the key differ-
ence is that levobupivacaine is more lipophilic than ropi-
vacaine.21 However, the difference between the lipophilicity 
of levobupivacaine and ropivacaine may not be sufficient 
to support our results. In fact, some new mechanisms have 
been advocated. Large lipid dose could reverse the inhi-
bition of fatty acid metabolism in cardiac mitochondria 
because lipids are the energy matrix of the heart. These 
metabolic or other direct cardiac effects may be even more 
important than the lipid sink because, in more recent stud-
ies, very high doses of lipid emulsion have caused a rise 
in arterial BP, HR, and cardiac blood flow in rats, possibly 
through inotropic and lusitropic mechanisms.22,23 Moreover, 
a microemulsion both improves cardiac output and rap-
idly transports the drug away from organs subject to tox-
icity.22 Other recent experiments also support these new 
mechanisms.23 However, we have not proved the relation-
ship between these mechanisms and the difference of the 
lipid emulsion effects on levobupivacaine and ropivacaine 
toxicity.

One of the characteristic observations in the present 
study is that elevated MAP was seen from 2 minutes after 

lipid resuscitation in the levobupivacaine group, whereas 
MAP elevation did not occur until 5 minutes in the ropi-
vacaine group. However, it would be inappropriate to 
conclude that lipid emulsion is not effective for ropivacaine-
induced cardiac arrest. As the result shows, 6 of 7 rats that 
received lipid emulsion attained return of spontaneous cir-
culation 10 minutes after ropivacaine-induced cardiac arrest. 
Meanwhile, only 2 of 7 rats receiving saline recovered after 
ropivacaine-induced cardiac arrest. This suggests that lipid 
emulsion therapy for ropivacaine toxicity is not ineffective, 
but does takes a longer time to achieve its effect. Although 
the lipophilicity of the local anesthetics concerned may be 1 
factor explaining the difference between the 2 groups stud-
ied, there may be other important mechanisms at play. Our 
results suggest that early treatment with lipid infusion is an 
effective strategy, as recommended in the American Society 
of Regional Anesthesia and Pain Medicine practice advisory 
on local anesthetic systemic toxicity,18 especially in ropiva-
caine-induced cardiac arrest.

It has been reported that lipid emulsion therapy was 
successful in treating ropivacaine-induced cardiovascular 
collapse.8,10 However, in previous clinical reports,  several 
different drugs were used during resuscitation efforts. For 
example, both epinephrine and lipid emulsion were infused 
to treat a case of ropivacaine-induced cardiovascular col-
lapse.8 Moreover, there have been some clinical reports 
describing failed reversal of ropivacaine-induced neuro-
toxicity.24 In these clinical situations, it is uncertain whether 
lipid emulsion therapy was solely effective in treating ropi-
vacaine-induced cardiovascular collapse.

In the present study, there were no significant differences 
between the total doses of levobupivacaine and ropivacaine 
required to induce cardiac arrest. This finding is consistent 
with some previous reports14 but not with others.11–13 The 
cumulative dose of ropivacaine to induce circulatory col-
lapse was greater than that of levobupivacaine in anesthe-
tized ewes, dogs and immediately discontinued anesthesia 
in rat model.11–13 On the other hand, levobupivacaine is less 
toxic than bupivacaine but was no different from ropiva-
caine for lethality in anesthetized swine.14 Our result indi-
cates that there was no statistical difference of lethal doses 
between levobupivacaine and ropivacaine in the awake rat 
model. One of the causes for this difference may be the defi-
nition of “lethal.” We defined lethal as a pulse pressure of 0, 
while previous reports defined it as a MAP ≤45 mm Hg,12 or 
the lack of recognizable beat on the ECG for 1 minute after 
the appearance of the last systole.13 Another cause of this 
difference may be attributable to whether anesthetized or 
awake animals were used in the experiment. In our study, 
general anesthesia was used only in the preparation of the 
animals. Experiments commenced 2 hours after discon-
tinuation of sevoflurane to exclude the effects of this agent 

Table 2.   Mean Arterial Blood Pressure and Heart Rate at a Time of Pulse Pressure = 0
 Levobupivacaine Ropivacaine
 Lipid Emulsion (n = 7) Saline (n = 7) Lipid Emulsion (n = 7) Saline (n = 7)
MAP (mm Hg) 6.8 ± 1.5 8.5 ± 4.3 7.6 ± 1.3 6.1 ± 1.2
HR (beats/min) 45 ± 18 47 ± 15 35 ± 25 30 ± 18

Values are mean ± SD.
Abbreviations: HR, heart rate; MAP, mean arterial blood pressure.

Figure 1. Cumulative doses of levobupivacaine (n = 14) and ropi-
vacaine (n = 14) for inducing convulsions and cardiac arrest (pulse 
pressure = 0). Data are expressed as mean ± standard deviation.
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Figure 2. A, Changes in mean arterial blood pressure (A-1) and heart rate (A-2) after the start of resuscitation with lipid infusion in the levobu-
pivacaine group (n = 7) and the ropivacaine group (n = 7). Data are expressed as mean ± SD. *P < .05 compared with the ropivacaine group. B, 
Changes in MAP in the lipid emulsion group and the control group after the start of resuscitation from levobupivacaine-induced cardiac arrest 
(B-1) and ropivacaine-induced cardiac arrest (B-2) (n = 7 in each group). The same MAP values are presented in the lipid emulsion group of 
A-1 and B-1. Data are expressed as mean ± SD. *P < .05 compared with the control group. C, Changes in HR in the lipid group and the control 
group after the start of resuscitation from levobupivacaine-induced cardiac arrest (C-1) and ropivacaine-induced cardiac arrest (C-2) (n = 7 
in each group). The same HR values are presented in the lipid emulsion group of A-2 and C-2. Data are expressed as mean ± SD. *P < .05 
compared with the control group. HR indicates heart rate; MAP, mean arterial blood pressure; SD, standard deviation.
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because volatile anesthetic agents may increase the convul-
sive thresholds of local anesthetics. Sevoflurane is known 
to attenuate bupivacaine-induced arrhythmias and seizures 
in rats.25 The doses of local anesthetic required to depress 
cardiac index and cause asystole were higher in the group 
receiving volatile anesthesia.26 These 2 factors may account 
for the differences between the results of previous studies 
and our study. Therefore, we do not suppose that our find-
ings are necessarily rat specific.

We used the long-chain fatty acid Intralipid for resuscita-
tion. According to previous studies, long-chain triglyceride 
is more effective in vivo.27 On the other hand, long-chain and 
medium-chain triglyceride is more effective in vitro, which 
may have been predicted based on the partition constants 
(log P) of these drugs.28 The log P is a measure of the dif-
ferential solubility of a compound in octanol and water, and 
thus is a measure of how hydrophilic a substance is, with 
higher log P values indicating greater hydrophobicity. These 
2 studies draw opposite conclusions, and further study is 
needed to resolve which composition of lipid is effective.

There were several limitations to this study. First, serum 
concentrations of local anesthetics were not measured 
because it was believed that excessive blood sampling 
would have affected the results. However, had this been 
performed, a correlation could have been found between 
the efficacy of resuscitation measures and serum concentra-
tions of local anesthetics. Second, clinical cardiac collapse 
induced by local anesthetic agents is usually the result 
of accidental IV injection of local anesthetic, whereas our 
protocol used an incremental increase of local anesthetic 
dosage. A slower rate of infusion, compared with bolus 
injection, requires larger doses of local anesthetic before the 
onset of toxicity.29 Third, female rats were used, despite the 
possible effects of the sexual cycle on local anesthetic toxic-
ity. One of the reasons we used female rats was to obtain 
fundamental data from females for our future experiments, 
which we are planning to conduct using pregnant rats. 
Although pregnant females may have a lower threshold for 
local anesthetic toxicity,30 the effect of lipid therapy remains 

unknown. In fact, female humans also encounter local anes-
thetic toxicity; therefore, study involving female rats will be 
needed.

In conclusion, lipid emulsion therapy was more effective 
for resuscitation of levobupivacaine-induced cardiac arrest 
than that induced by ropivacaine. Lipid therapy was effec-
tive in our model of ropivacaine-induced cardiac arrest, but 
has a quicker effect for levobupivacaine-induced cardiac 
arrest. Our results suggest that the lipophilicity of local 
anesthetics can influence the efficacy of lipid infusion for 
treating cardiac arrest induced by these drugs. E
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