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Abstract 

Background Local anaesthetic systemic toxicity (LAST) is a rare but life-threatening complication that can occur 
after local anaesthetic administration. Various clinical guidelines recommend an intravenous lipid emulsion as a treat-
ment for local anaesthetic–induced cardiac arrest. However, its therapeutic application in pregnant patients 
has not yet been established. This scoping review aims to systematically identify and map the evidence on the effi-
cacy and safety of intravenous lipid emulsion for treating LAST during pregnancy.

Method We searched electronic databases (Medline, Embase and Cochrane Central Register Controlled Trials) 
and a clinical registry (lipidrescue.org) from inception to Sep 30, 2022. No restriction was placed on the year of pub-
lication or the language. We included any study design containing primary data on obstetric patients with signs 
and symptoms of LAST.

Results After eliminating duplicates, we screened 8,370 titles and abstracts, retrieving 41 full-text articles. We identi-
fied 22 women who developed LAST during pregnancy and childbirth, all presented as case reports or series. The 
most frequent causes of LAST were drug overdose and intravascular migration of the epidural catheter followed 
by wrong-route drug errors (i.e. intravenous anaesthetic administration). Of the 15 women who received lipid emul-
sions, all survived and none sustained lasting neurological or cardiovascular damage related to LAST. No adverse 
events or side effects following intravenous lipid emulsion administration were reported in mothers or neonates. Five 
of the seven women who did not receive lipid emulsions survived; however, the other two died.

Conclusion Studies on the efficacy and safety of lipids in pregnancy are scarce. Further studies with appropriate 
comparison groups are needed to provide more robust evidence. It will also be necessary to accumulate data—
including adverse events—to enable clinicians to conduct risk–benefit analyses of lipids and to facilitate evidence-
based decision-making for clinical practice.
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Introduction
Local anaesthetic systemic toxicity (LAST) is a rare but 
potentially life-threatening side effect associated with the 
administration of local anaesthetics. LAST occurs when 
blood concentrations of local anaesthetics reach a toxic 
range, either by direct arterial or intravenous adminis-
tration or by gradual absorption from extravascular tis-
sue [1]. The incidence of LAST is estimated to be up to 
1 in 500 peripheral nerve blocks and may occur in up to 
4 in 10,000 epidural procedures [2, 3]. Although preven-
tion is the most important element, LAST can still occur 
despite best clinical practices [4]. For appropriate man-
agement, early recognition of LAST signs and symptoms 
is essential.

LAST has two clinical manifestations: central nervous 
system toxicity and cardiovascular toxicity [4]. Central 
nervous system toxicity is classically biphasic, includ-
ing an initial excitatory phase (e.g. dizziness, confusion, 
slurred speech, agitation and seizures) and a late depres-
sive phase (e.g. coma and respiratory arrest). Cardiovas-
cular toxicity is classically triphasic, including an early 
phase (e.g. hypertension and tachycardia), an interme-
diate phase (e.g. myocardial depression and hypoten-
sion) and a terminal phase (e.g. arrhythmias and cardiac 
arrest). The symptoms of central nervous system toxicity 
generally precede those of cardiovascular system toxic-
ity. However, cardiovascular symptoms may appear sud-
denly, and severe and fatal manifestations may occur 
without initial or mild symptoms [4].

Pregnancy is a risk factor for LAST. Pregnant women 
are particularly vulnerable because of (1) pregnancy-
induced hormonal changes in oestradiol and progester-
one, which sensitise myocardial cells to arrhythmias and 
increase neuronal susceptibility to anaesthetics, reducing 
the seizure threshold; (2) pregnancy-related decreases in 
protein (alpha-1 acid glycoprotein) titer, which increase 
free, i.e. toxic, local anaesthetics in the plasma; and (3) 
epidural venous engorgement caused by expanded blood 
volume during pregnancy, which increases drug absorp-
tion and risk of intravascular epidural catheter migra-
tion or placement [2, 5–8]. Local anaesthetics are widely 
used during labour and birth: over 60% of women in the 
UK [9], 37–80% in the US [10] and 84% in France [11] 
receive anaesthetics (e.g. epidural, spinal and combined 
spinal-epidural anaesthesia for labour and birth). LAST 
in pregnant women may become more prevalent given 
the increasing numbers of pregnant women using local 
anaesthetics, for both labour analgesia and anaesthesia 
for surgery. Advanced maternal age, obesity and comor-
bidities such as cardiac disease may increase vulnerability 
to LAST [2].

Intravenous lipid emulsion is a method for manag-
ing LAST. Lipid emulsion comprises an oil-in-water 

emulsion of soya oil stabilised in egg lecithin and was 
initially developed for parenteral nutrition in the 1960s 
[12]. Its role as an antidote for LAST emerged in 1998 
when Weinberg et al. [13] observed that the infusion of 
soybean oil emulsion improved resuscitation rates from 
severe bupivacaine overdose-induced cardiovascular col-
lapse in rats. After animal studies [14], the first human 
case report of the successful use of a lipid infusion for 
resuscitation from a prolonged cardiac arrest after over-
dose of bupivacaine was published in 2006 [15].

Several mechanisms have been proposed to explain 
the action of lipid emulsion in LAST [16–19]. The par-
titioning theory, known as the ‘lipid sink’ theory, is the 
most widely accepted, proposing that highly lipid-sol-
uble drugs, including local anaesthetics, are absorbed 
into a lipid emulsion, administered intravascularly, and 
removed from tissues. This reduces the local anaesthetic 
concentration in the myocardium [13, 17]. The lipid 
pharmacokinetics in maternity patients has not yet been 
elucidated.

Various clinical guidelines [20–25] recommend lipid 
emulsions for LAST treatment. However, the guidelines 
do not mention the obstetric population specifically, 
and the safety of lipid emulsions for pregnant patients, 
including foetal risk and safe dosages, has not yet been 
established [2, 26]. Our aim in this scoping review was, 
therefore, (1) to systematically identify and map the avail-
able evidence regarding the efficacy and safety of intra-
venous lipid emulsion for treating LAST in maternal 
patients and (2) to identify research gaps in the existing 
literature.

Methods and analysis
We conducted the scoping review following the Joanna 
Briggs Institute Scoping Review Implementation Guid-
ance [27]. For reporting, we followed the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses Extension for Scoping Reviews [28].

Identifying relevant studies
We searched electronic databases – Medline, Embase 
and Cochrane Central Register Controlled Trials – from 
January 2000 to Sep 30, 2022, including their reference 
lists, and reviews for potential additional studies. We 
developed search strategies for each database using com-
binations of index terms (e.g. Medical Subject Heading 
[MeSH]) and free-text terms for ‘pregnancy’, ‘anaesthesia’, 
‘resuscitation’ and ‘lipid’. Table  1 displays an example of 
a search strategy from one bibliographic database (Sup-
porting information: S1 Table). We conducted the search 
in July 2021 and updated it on September 30, 2022. We 
also identified maternity cases of LAST reported to the 
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clinical registry, lipidrescue.org [29], developed by Dr. 
Guy Weinberg, with his permission.

Study selection
We used the web-based software Covidence to screen 
and review the papers. At least two reviewers (MN and 
MT) independently reviewed the title or abstract and 
full text against inclusion and exclusion criteria. Inclu-
sion criteria were studies of obstetric patients with signs 
and symptoms of LAST. We included any type of study 
design containing primary quantitative data, including 
case reports. We excluded nonhuman studies. No restric-
tion was placed on the year of publication or language. If 
two reviewers voted differently on whether a study met 
the inclusion criteria, a third reviewer was involved and 
discussion was conducted until a consensus was reached.

Data charting
We created a table to extract the following data from 
the included studies: author; year of publication; patient 
characteristics; local anaesthetic type; dose used; signs 
and symptoms of LAST; treatment administered for 
LAST; whether lipid emulsion was used, and if so, the 
dose; and patient outcomes. Data extraction was carried 
out by MT, MN and MF.

Result collating, summarising and reporting
We narratively summarised case reports according to 
the characteristics of the patient with LAST, treatments 
for LAST with or without intravenous lipid emulsion, 
and outcomes. In each case, we compared the doses of 
administered local anaesthetics with the maximum rec-
ommended dose for adult patients (Table  1) wherever 
possible. There are no guidelines nor is there any consen-
sus on the safe doses of anaesthetic for pregnant women, 
but because pregnant women are thought to tolerate a 
lower dose than the general adult population, any dose 
exceeding the maximum dose for the general adult popu-
lation was considered an overdose.

Similarly, because there are no guidelines on the dosing 
and timing of lipid emulsion administered for pregnant 
patients with LAST, the lipid doses used in each case 
were compared with guidelines developed for the gen-
eral population [20, 24, 30–32] – e.g., the initial 1.5 mL/
kg 20% lipid bolus with the maintenance infusion of 0.25 
mL/kg/minute ideal body (Table 2).

Results
Our electronic search yielded 8,370 articles after elimi-
nating duplicates. Following the screening of titles and 
abstracts according to the eligibility criteria, we con-
ducted a full-text screening of 34 articles. We found a fur-
ther seven cases reported on lipidrescue.org. As a result 
of the full-text screening (n = 41), we included 19 studies 
(18 case reports or series, and one cohort study), includ-
ing 22 obstetric patients with LAST. Figure 1 shows the 
detailed process of the study selection, and Table 2 sum-
marises included studies.

Characteristics of LAST
Patients
Maternal age ranged from 16 to 40 years. Seven women 
were full-term (≥ 37  weeks’ gestation) [33–38, 40], four 
were preterm (< 37 weeks’ gestation) [23, 29, 38, 41] and 
eleven were of unknown gestational age when LAST 
occurred [23, 29, 39, 42–44]. Six women had pre-exist-
ing or pregnancy-induced medical conditions [34, 35, 37, 
38, 41]; three were healthy [29]; and medical conditions 
were not reported for the rest. LAST occurred during 
pregnancy (n = 1), during labour and birth (n = 8) or after 
birth (n = 13; Table 3).

Types of blocks, and anaesthetics
Anaesthetic procedures causing LAST, in order of prev-
alence, included bilateral transverse abdominal plane 
(TAP) block (n = 11) [23, 29, 35, 38–41], epidural top-up 
anaesthesia for caesarean section (n = 2) [33, 37], epidural 
analgesia for labour (n = 2) [29, 36], spinal for caesarean 
section (n = 1) [29], combined spinal–epidural for labour 
(n = 1) [34], perineal nerve block for third-degree tear 
(n = 1) [29] and infiltration anaesthesia for foetal thora-
centesis (n = 1). In series of procedures during pregnancy, 
labour and birth, and immediately after birth, the most 
commonly reported anaesthetic drug used was bupi-
vacaine (n = 18), followed by ropivacaine (n = 9); these 
were administered alone, in combination with others, or 
preceding or following another local anaesthetic drug.

Potential causes of LAST
Of the causes reported (n = 10), the most frequently 
cited was drug overdose (n = 3) [23, 29, 38], Although 
not reported by the original authors, we identified one 

Table 1 Maximum recommended doses (for ideal body weight 
and nonspecific injection sites)

University of Iowa health care, 2019

Local Anaesthetic Maximum dose without 
epinephrine (mg/kg)

Maximum dose with 
epinephrine (mg/kg)

Lidocaine 4.5 7

Bupivacaine 2 3

Levobupivacaine 2 3

Ropivacaine 3 3

Chloroprocaine 11 14
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more case of an overdose in which the patient received 
a local anaesthetic dose exceeding the maximum rec-
ommended dose for an adult [40]. Both intravascu-
lar migration of the epidural catheter [29, 34, 37], and 
wrong route drug errors [infusions containing bupi-
vacaine were accidentally connected to peripheral 
venous lines] (n = 3) [29, 42–44], were mentioned in 3 
reports each, followed by unintentional partial intra-
muscular injections of a local anaesthetic (n = 1) [38]. 
In most cases, assessing drug overdosage was impos-
sible because of the lack of information about the 
patient’s weight, the use of epinephrine or adrenaline 
(which reduces systemic absorption and maximum 
plasma concentrations of a local anaesthetic) [23, 29, 
35–38, 40, 42, 43] or dose of local anaesthetic used [41].

Clinical manifestations
All cases but one reported signs of neurologic toxicity; 
of these, 12 patients progressed to severe symptoms 
including seizures, loss of consciousness, apnoea and 
respiratory arrest [23, 29, 33, 35, 37, 38, 41–44] with 
seizure the most frequently reported (n = 11) [23, 29, 
35, 37, 38, 41–44]. Eleven patients experienced car-
diovascular toxicity symptoms [23, 29, 33, 34, 36, 37, 
43, 44]. Of these, the most commonly reported were 
tachycardia (n = 6) [23, 29, 34, 36, 37] and hypertension 
(n = 5) [23, 29, 34, 36, 37]. Symptoms of serious cardio-
vascular toxicity, including hypotension and arrythmia, 
were present in six patients [23, 29, 33, 42–44], three of 
whom had cardiac arrest [23, 42–44].

Fig. 1 PRISMA flowchart of papers screening process

paul tejada
Resaltado

paul tejada
Resaltado

paul tejada
Resaltado
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Intravenous lipid emulsion and other treatment for LAST
Intravenous lipid emulsion was administered in 15 cases 
but were not reported or were not administered in 7 
cases. Although data were often incomplete, of the 15 
cases of lipid administration, this was the sole treatment 
in four cases with mild symptoms [29, 34, 36], in addi-
tion one patient also received 100% oxygen from a non-
rebreathing mask [29]. Of the nine patients who were 
given lipids for severe LAST symptoms without cardiac 
arrest, seven received concurrent airway management 
[29, 35, 37, 38], and of these seven, five also had anticon-
vulsants [29, 35, 37, 38]. In the remaining cases, there 
was no information other than the HDU admission [29] 
or the report of no need for CPR [29]. One patient who 
went into cardiac arrest during TAP block after a caesar-
ean section had intravenous lipid emulsion along with 
seizure management and advanced cardiovascular life 
support [23]. All patients who developed LAST before 
delivery, including during pregnancy, ended up with a 
caesarean birth [29, 33, 34, 36], except one [29].All intra-
venous lipid emulsions used were 20% concentration, and 
most of them were intralipid (n = 12). Of the seven cases 
without lipid emulsion administration, two occurred in 
2006 (the year the first human study of intravenous lipid 
emulsion for LAST was published [15]) or earlier.

Timing of intravenous lipid emulsion administration
The timing of lipid emulsion administration varied. In 
five reported cases, a lipid emulsion was started at the 
onset of the early neurologic symptoms (dizziness, agita-
tion, or twitching of face or limbs) or early cardiovascular 
symptoms (hypertension or tachycardia), before severe 
symptoms of LAST developed [29, 34, 36]. In 10 cases, 
lipid emulsion was delayed until the onset of more severe 
symptoms (i.e. seizure, loss of consciousness, respiratory 
arrest, hypotension or arrythmia) but without cardiac 
arrest [29, 33, 35, 37, 38, 41]. In one case, lipid emulsion 
was administered once cardiac arrest occurred [23].

Dosage and rates of intravenous lipid emulsion 
administration
Of the five patients [29, 34, 36] who received 20% lipid 
emulsion in an early phase of LAST, all received an initial 
bolus, but the dosage and rate of the bolus and adminis-
tration of the infusion varied. For example, only two of 
these patients received an infusion after the initial bolus 
[29, 34]. Of the three patients who received a bolus only, 
one [29] received a dose of 90 ml ‘slowly’ (a slightly lower 
dose [1.4  ml/kg] than the recommendation), one had a 
bolus of 100 ml over 2–3 min [29], and the other had two 
boluses of 1.5 ml/kg (112.5 ml) at 10-min intervals [36].

Table 3 Characteristics of LAST

a This category includes Spence [37] who reported 100 ml of 20% intralipid, 
provided by two 50 ml boluses

Cases, N

Onset of LAST (n = 22)

 After birth 13

 During labour or birth including CS 8

 In pregnancy 1

Types of local anaesthesia (n = 19 excluding drug errors)

 TAP block after CS 11

 Epidural CS (preceded by epidural for labour) 2

 Epidural for labour 2

 Spinal for CS 1

 Combined spinal–epidural (CSE) for labor 1

 Perineal nerve block 1

 Infiltration anaesthesia for fetal thoracentesis 1

Types of anaesthetic(n = 19, numbers overlapping)

 Bupivacaine 18

 Bupivacaine only (8)

 Bupivacaine + other (10)

 Ropivacaine 9

 Ropivacaine only (2)

 Ropivacaine + other (7)

 Lidocaine 7

 Lidocaine only (1)

 Lidocaine + other (6)

 Levobupivacaine 1

 Levobupivacaine + other (1)

Potential primary causes of LAST (n = 22)

 Overdose 4

 Intravascular migration of an epidural catheter 3

 Partial intramuscular injection 1

 Wrong route drug error 3

 NR or unclear 11

Clinical manifestations (n = 22)

 Central nervous system toxicity

  Early phase 9

  Severe phase (seizure, loss of consciousness) 12

  Unclear 1

 Cardiovascular symptoms

  No 8

  Early phase 5

  Severe phase without cardiac arrest phase 3

  Cardiac arrest 3

  Unclear 3

Timing of lipid emulsion (n = 15)

 Early phase of LAST 5

 Later/severe phase of LAST without cardiac arrest 9

 Later/severe phase of LAST with cardiac arrest 1

Lipid dosage (n = 15)

 1 bolus only without any infusion 3

 1 bolus and  infusiona 9

 2 boluses without any infusion 2

 2 bolus and infusion 1

paul tejada
Resaltado
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Of the nine patients who suffered severe LAST (sei-
zure, loss of consciousness, respiratory arrest, hypoten-
sion or arrhythmia) but not cardiac arrest, seven received 
a bolus of intravenous lipid emulsion followed by an 
infusion [29, 33, 37, 38], one received a bolus only, and 
another received two boluses without infusion. Four 
of these patients with severe LAST received higher 
bolus doses than recommended by the guidelines: three 
patients weighing 56–61 kg received a 100 ml lipid bolus 
(equivalent to 1.6–1.8 ml/kg) [29, 38] and another patient 
of unknown weight (who had a direct intravenous injec-
tion of bupivacaine) received a 150 ml lipid bolus. Infor-
mation about the rate of lipid emulsion administration 
was only available in three cases involving a bolus (i.e., 
over 2  min [38] or 5  min [33]) and in five cases involv-
ing infusion (i.e. 0.25 ml/kg/min [29, 38] and 400 ml for 
a 75  kg patient over 2  h [equivalent to 0.04  ml/kg/min 
[33]). Among severe cases without cardiac arrest, the 
symptoms improved after a single bolus in all except 
one case where a second smaller bolus was administered 
3 min later [29].

One patient in cardiac arrest was given an initial bolus 
of 20% lipid emulsion at 1.5 ml/kg/min and an infusion 
at 0.25  ml/kg/min [23]. With no return of spontaneous 
circulation after 5  min, the infusion rate was doubled 
to 0.5 ml/kg/min, and two additional lipid boluses were 
given at 5-min intervals [23]. This is in line with the dos-
age and rate recommended in the AAGBI guidelines 
[20], as assessed by the current reviewers against existing 
guidelines [20–22, 24, 25].

Treatment without intravenous lipid emulsion
Of the five cases of the patients with mild toxicity, three 
received no treatment [39]: one received a colloid infu-
sion (500 ml; a lipid was prepared but not administered 
as symptoms improved) [40]. Another patient received 
anticonvulsants at the onset of seizure with no lipid ther-
apy. In two publicly reported cases of medication errors 
involving intravascular injection of bupivacaine, cardio-
vascular collapse occurred necessitating advanced life 
support [42–44]. One of these cases occurred after vagi-
nal birth [43, 44] and the other during labour, resulting in 
an emergency caesarean section [42].

Outcomes
Symptoms of LAST resolved in all women treated 
with an intravenous lipid emulsion. More specifically, 
one case report described a woman in cardiac arrest 
in whom return of spontaneous circulation occurred 
13  min after cardiac arrest following advanced life 
support and three boluses of lipid emulsion. In five 
women without cardiac arrest, symptoms of severe 

neurological or cardiovascular toxicity improved rap-
idly following intravenous lipid administration (eg. 
‘within 30 s’ [37, p 517], within approximately 2–3 min 
[29, 33], and within ‘five minutes’ [34p, 248] of initi-
ating lipid therapy), whereas for the remaining four 
patients, the time for symptom resolution was unclear 
[29, 35]. In five women with mild toxicity treated with 
lipid, symptoms became stable immediately [29], within 
10  min [34] and within 20  min [36] after intralipid 
emulsion administration, but the time of resolution was 
unclear in two cases [29].

Of the seven patients who did not receive lipid admin-
istration [39–44], five women with LAST after TAP 
block recovered without neurological sequelae [39–
41]; one recovered from symptoms after 3  h [40], and 
the remaining four [41], the time to recovery was not 
stated. Another two women who did not receive lipids 
for intravenous bupivacaine-induced cardiac arrest died 
despite resuscitation efforts [42–44]. None of the cases 
reported adverse events following the lipid emulsion 
administration.

Where fetal outcome was reported, all babies born 
at 37 or more weeks gestation, to women who suffered 
LAST prior to delivery survived. [34, 36, 37] No details 
were reported on a baby born at 26  weeks’ gestation 
except that the baby was born alive [29].

Discussion
In this scoping review, we sought to systematically iden-
tify and map the evidence on the efficacy and safety of 
intravenous lipid emulsions for the treatment of LAST in 
obstetric patients. When given, lipid emulsion appeared 
to be effective in all cases although publication bias is 
likely. Notably, no adverse events due to intravenous 
administration of lipid emulsion were reported in any 
cases in either mothers or neonates, even though dosing 
guidelines were sometimes not followed.

Comparison with existing studies and guidelines
Characteristics of LAST
Previous reviews in the general population have deter-
mined that most LAST events are due to increased sensi-
tivity to anaesthetic agents rather than drug overdose [6]. 
During pregnancy, physiological changes may increase 
sensitivity to local anaesthetics and thus exceed  mini-
mum toxic plasma concentrations even when the recom-
mended maximum tolerated dose of local anaesthetics is 
adhered to [2, 39, 45]. Excluding the cases of wrong-route 
drug error, at least one-third of the women had preg-
nancy-induced complications (e.g., preeclampsia or acute 
fatty liver of pregnancy) or preexisting medical condi-
tions (e.g., hypertension, type 1 diabetes, congenital renal 
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malformation, or obesity), which could have contributed 
to the risk for toxicity.

However, overdose was still the most commonly 
reported LAST cause in our review, most commonly 
occurring in TAP block associated with general or spi-
nal anaesthesia for caesarean section. The potential dan-
ger of TAP blocks in these situations has not previously 
been highlighted. TAP blocks involve the injection of a 
large volume of local anaesthetic into a relatively vascular 
plane [39, 46], which may result in significant local anaes-
thetic absorption [47], leading to higher concentrations 
in the blood.

Another point that might warrant attention is the num-
ber of cases where a combination of local anaesthetics 
was used. In several cases the dose of each individual 
drug did not exceed the recommended maximum, but 
there appeared to be no consideration of additive effects. 
Conversion of epidural analgesia for labour to epidural 
extension (from epidural anaesthesia during labour to 
surgical anaesthesia for caesarean section may increase 
the risk of toxicity because of the large doses of d local 
anaesthetics used. [2, 48, 49]. In several cases the low 
body weight of the patient seems to have been ignored 
when the dose of local anaesthetic was determined. 
Intravascular migration of epidural catheters was also 
commonly cited as the cause of LAST and appeared to be 
associated with patient mobilisation and epidural cath-
eters that had been in-situ for many hours in labour.

A smaller proportion of cases suffered from seizures 
than reported in the non-pregnant population, although 
this was the most common symptom [50, 51]. In con-
trast, prodromal symptoms (e.g., dizziness, confusion, 
tinnitus, and slurring) were reported more frequently in 
cases in the obstetric population [50, 51]. Vasques et al. 
[50] argued that the increase in reporting of prodromal 
symptoms reflects increased awareness of early detection 
and diagnosis of LAST following the publication of clini-
cal guidelines for LAST management [20, 21, 52]. The 
current review seems to reflect this trend.

Intravenous lipid emulsion
The timing of the initiation of lipid emulsion in LAST 
is controversial. In early case reports in 2006 and 2008 
[15, 53, 54], lipid was administered to patients only 
when standard advanced cardiovascular life support 
did not achieve return of spontaneous circulation. The 
2010 ASRA advisory on LAST suggested the use of lipid 
emulsion for patients suffering local anaesthetic-induced 
arrhythmia, prolonged seizures or rapid clinical dete-
rioration [21]. More recently, a growing number of case 
reports suggest the benefit of prompt administration of 
lipid emulsion as a first-line treatment along with CPR.

In our review of obstetric patients, one patient with 
cardiac arrest received intravenous lipid emulsion 
according to clinical guidelines [20, 30]. However, liberal 
use was often found for patients not in cardiac arrest. 
Although under and overdosing was common, there 
were no adverse sequlae reported. In an emergency, cal-
culating weight-based dosing may hinder timely lipid 
administration [55]. The recent ASRA practice advisory 
on LAST (in the 2017 and 2020 versions) simplified the 
instructions for administering lipid emulsion, particu-
larly for patients over 70  kg, in whom a weight based 
dose is no longer recommended (i.e., a 100 ml lipid bolus 
and infusion of 200–250 ml) [31]. In our review clinicians 
appeared to prioritise timely lipid administration over 
the precise calculation of doses during a LAST crisis.

Outcomes
There was a notable difference in clinical outcomes in 
three cases where anaesthetics were mistakenly admin-
istered intravenously; one woman receiving lipids with 
conventional resuscitation survived [29], and two women 
died with conventional resuscitation alone [42, 43]. 
Because these results are based on case reports and there 
is no comparison group from the same population, it is 
impossible to assess whether the favourable outcome 
resulted from lipid emulsion administration.

We did not find any case reports of obstetric patients 
where the use of lipid emulsifiers failed to resolve LAST 
symptoms or where it caused adverse events. A review of 
non-obstetric patients indicates pancreatitis can occur 
as a result of use of intravenous lipid emulsion therapy 
[56]. A systematic review of clinical adverse events after 
acute intravenous lipid emulsion administration included 
acute kidney injury and acute lung injury [12]. Pregnant 
women with severe hyperemesis gravidarum treated 
with total parenteral nutrition may be at risk of uterine 
contractions with a high lipid infusion rate [57, 58]. It is 
important to be cautious about lipids’ potential adverse 
effects [12]. Further research is needed to accumulate 
data, including adverse events, to facilitate evidence-
based decision-making and clinical practice.

Strengths and limitations
The administration of lipid emulsions for the treatment 
of LAST, is widely advocated but based on limited data 
especially with respect to the obstetric population [59–
61]. Our review collated more cases of pregnant women 
than any existing review.

One important limitation of this review is that results 
showing the beneficial effects of intravenous lipid emul-
sion are based on studies without comparison groups. 
Although case reports are a valuable source of clinical 
information [62], these reports are highly individual and 
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heterogeneous. Some of the cases reported were not peer 
reviewed, and treatment details other than lipids were 
sometimes incomplete.

In view of our search strategy, case reports of LAST 
treated without lipid may be missing if the word lipid or 
fat is not included. Furthermore, the results of case reports 
were subject to publication bias because cases with strong 
positive results tend to be highlighted and published.

Further case reports and observational studies detail-
ing clinical settings and personal backgrounds may be 
required on an ongoing basis to identify characteristics of 
patients who may benefit or experience harm from lipids.

Conclusion
With the increase of caesarean sections worldwide, 
the management and treatment of LAST in pregnant 
women is an increasingly important issue [63]. Anaes-
thetists use local anaesthesia more often than general 
anaesthesia in pregnant women [30]. However, physi-
ological changes that make regional anaesthesia safer in 
pregnancy also increase the risk of LAST [12]. In this 
scoping review, we attempted to identify and map the 
available evidence regarding the efficacy and safety of 
lipid emulsions to treat LAST in pregnant women. It 
will be necessary to accumulate data on LAST and its 
management because this would allow comparisons to 
be made on the clinical outcomes of different methods 
for LAST management. Such a global database would 
enable clinicians to conduct a risk–benefit analysis of 
lipids and to facilitate evidence-based decision-making 
for clinical practice.
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