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ABSTRACT
Background: Although intravenous lipid emulsion (ILE) was first used to treat life-threatening local anesthetic
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(LA) toxicity, its use has expanded to include both non-local anesthetic (non-LA) poisoning and less severe
manifestations of toxicity. A collaborative workgroup appraised the literature and provides evidence-based
recommendations for the use of ILE in poisoning.

Methods: Following a systematic review of the literature, data were summarized in four publications: LA and
non-LA poisoning efficacy, adverse effects, and analytical interferences. Twenty-two toxins or toxin categories
and three clinical situations were selected for voting. Voting statements were proposed using a predetermined
format. A two-round modified Delphi method was used to reach consensus on the voting statements.
Disagreement was quantified using RAND/UCLA Appropriateness Method.

Results: For the management of cardiac arrest, we recommend using ILE with bupivacaine toxicity, while our
recommendations are neutral regarding its use for all other toxins. For the management of life-threatening
toxicity, (1) as first line therapy, we suggest not to use ILE with toxicity from amitriptyline, non-lipid soluble
beta receptor antagonists, bupropion, calcium channel blockers, cocaine, diphenhydramine, lamotrigine,
malathion but are neutral for other toxins, (2) as part of treatment modalities, we suggest using ILE in bupi-
vacaine toxicity if other therapies fail, but are neutral for other toxins, (3) if other therapies fail, we recom-
mend ILE for bupivacaine toxicity and we suggest using ILE for toxicity due to other LAs, amitriptyline, and
bupropion, but our recommendations are neutral for all other toxins. In the treatment of non-life-threatening
toxicity, recommendations are variable according to the balance of expected risks and benefits for each
toxin.

For LA-toxicity we suggest the use of Intralipid® 20% as it is the formulation the most often reported. There
is no evidence to support a recommendation for the best formulation of ILE for non-LAs. The voting panel is
neutral regarding ILE dosing and infusion duration due to insufficient data for non-LAs. All recommendations
were based on very low quality of evidence.

Conclusion: Clinical recommendations regarding the use of ILE in poisoning were only possible in a small
number of scenarios and were based mainly on very low quality of evidence, balance of expected risks and
benefits, adverse effects, laboratory interferences as well as related costs and resources. The workgroup
emphasizes that dose-finding and controlled studies reflecting human poisoning scenarios are required to
advance knowledge of limitations, indications, adverse effects, effectiveness, and best regimen for ILE
treatment.
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Introduction

The lipid emulsion workgroup was established as a collabora-
tive effort among the American Academy of Clinical
Toxicology, the European Association of Poison Centres and
Clinical Toxicologists, the American College of Medical
Toxicology, the Asia Pacific Association of Medical
Toxicology, the American Association of Poison Control
Centers, and the Canadian Association of Poison Control
Centers. This article presents the workgroup’s recommenda-
tions regarding the use of intravenous lipid emulsion therapy
in poisoning for a preselected set of toxins. These recom-
mendations are based on the results of four systematic
reviews,[1-4] derived from a comprehensive analysis of the
published evidence and further followed by an expert
consensus.

Methods

The detailed methodology for the workgroup’s process was
previously published.[5] Each association selected clinical
experts to serve on this committee and additional selections
were made for their specific expertise in related fields. Two
medical librarians assisted the workgroup in the design of
the search strategies, article retrieval, and management of
citations but did not vote on the recommendations. For the
published systematic reviews, the following databases were
searched from inception to 15 December 2014: BIOSIS
Previews (via Ovid), CINAHL (via EBSCO), the Cochrane
Library/DARE, Embase (via Ovid), Medline (Ovid), PubMed,
Scopus, and Web of Science. The literature review was
updated in December 2015 as described later. No language
restrictions were applied. Articles in languages other than
English were professionally translated. A methodologist with
expertise in systematic reviews and guideline development
oversaw the process. The workgroup considered four system-
atic reviews that summarized the evidence pertaining to
potential benefits and harms of the use of lipid emulsion in
poisoning, which were published prior to finalizing the rec-
ommendations, and an international survey evaluating ILE
availability and cost.[1-4,6]

The voting panel decided to evaluate only those toxins or
categories of toxins for which a minimum of three human
cases were reported in the literature. The 22 toxins or cate-
gories were selected as the following: amitriptyline, class 1
antidysrhythmics, baclofen, bupivacaine, bupropion, lipid-
soluble beta-receptor antagonists (defined as a positive
log D), non-lipid-soluble beta-receptor antagonists, cocaine,
non-dihydropyridine calcium channel blockers (diltiazem and
verapamil), dihydropyridine calcium channel blockers,
diphenhydramine, ivermectin, lamotrigine, malathion, olanza-
pine, selective serotonin receptor inhibitors, other cyclic anti-
depressants, other antihistamines, other antipsychotics,
other insecticides, other local anesthetics (LAs), and other
pesticides.

The workgroup determined clinical situations in which
lipid emulsion could be indicated. These were categorized as
(1) cardiac arrest, (2) life-threatening toxicity, or (3) non-life-
threatening toxicity (Table 1). Life-threatening toxicity was

Table 1. Intravenous lipid emulsion (ILE) in poisoning: clinical situations.

Statements Clinical situations

ILE is indicated in cardiac arrest, after standard ACLS is started

ILE is indicated in life-threatening toxicity As first-line therapy

As part of treatment modalities

If other therapies fail (in last resort)
As first-line therapy

As part of treatment modalities

If other therapies fail (in last resort)

ILE is indicated in non-life-threatening
toxicity

defined as the presence of any of the following: dysrhyth-
mias such as ventricular tachycardia with compromised organ
perfusion, ventricular fibrillation, status epilepticus, and/or
hypotension with organ compromise. Shock or end-organ
compromise was defined as the presence of cellular ischemia
as evidenced by increased lactate concentration, acute kid-
ney injury as defined by the Kidney Disease Improving
Global Outcomes (KDIGO) guideline,[7] increased troponin,
altered mental status, or decreased capillary refill.
Hypotension was defined as a low blood pressure as per
age-related defined standards. Non-life-threatening toxicity
was defined as clinical situations without immediate threat to
life such as coma, altered mental status, simple seizure, hypo-
tension without organ compromise, and dysrhythmias such
as sinus tachycardia or other stable dysrhythmias. Altered
mental status was defined as the impairment in one of the
spheres of brain function: cognition, alertness or orientation,
and coma a deep state of unconsciousness as per the
American Academy of Neurology.[8]

A generic format of voting statements was developed dur-
ing several conference calls in order to refine the final word-
ing and ensure generalizability to all toxins (Appendix 1).
A two-round modified Delphi method was utilized to reach a
consensus on clinical recommendations. After considering
the balance between desirable and undesirable outcomes,
the quality of evidence for outcomes as well as costs and
resource use, members of the voting panel cast their votes
on a 9-point Likert scale for each proposed statement for
each toxin/category of toxins included. The RAND/UCLA
Appropriateness Method was used to quantify disagreement
between the votes cast by the panel. The median values, the
lower/upper quartiles, and the disagreement indexes were
calculated for each of the two rounds of votes. Median val-
ues ranging from 7 to 9 reflected that the workgroup was in
favor of the proposed statement, 4 to 6 reflected a neutral
position, and 1 to 3 reflected that the workgroup was against
the statement. The disagreement index describes the disper-
sion of ratings and values less than or equal to 1 indicate
agreement. A second round of voting determined the final
strength of recommendations (Figure 1). A strong recommen-
dation in favor (level 1) was defined as a median value
between 7 and 9 with a lower quartile between 7 and 9 and
a disagreement index <1 (similarly, a strong recommenda-
tion against was defined as a median value between 1 and 3
with an upper quartile between 1 and 3 and a disagreement
index <1). A weak/conditional recommendation in favor
(level 2) was defined as a median value between 7 and 9
with a lower quartile between 4 and 6 and a disagreement
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[ Statement ]

The workgroup votes on the statement on a 9-point Likert scale
FOR (toward 9) / NEUTRAL (toward 5) / AGAINST (toward 1)

Median between 7 and 9

Median between 4 and 6

Median between 1 and 3

AND AND AND Disagreement index > 1
Disagreement index < 1 Disagreement index £ 1 Disagreement index < 1
Lower quartile Lower quartile Upper quartile Upper quartile

between 7 and 9 between 4 and 6 between 4 and 6 between 1and 3
v v l J,

Strong Weak Neutral Weak Strong No Recommendation ‘

Recommendation Recommendation Recommendation Recommendation Recommendation
FOR FOR AGAINST AGAINST
= “Balanced position or = “No agreement
= "“We recommend” = “We suggest” insufficient evidence” = “We suggest not ” = “We recommend not” reached” |

Figure 1. Voting process.

index <1 (similarly, a weak/conditional recommendation
against was defined as a median value between 1 and 3 with
an upper quartile between 4 and 6 and a disagreement
index <1). A neutral position was resulted when the median
value was between 4 and 6 with a disagreement index <T1.
To better understand the reason for a neutral vote, members
could specify if their position was neutral due to major
uncertainties in the evidence or to a balance between the
desirable and undesirable effects of adherence to the pro-
posed statement. When the disagreement index exceeded 1,
no recommendation resulted as this illustrated an inability of
the voting panel to reach consensus. All recommendations
are followed by the strength of recommendations (1 or 2)
and the grading of the level of evidence (A to D) (Table 2),
in accordance with the GRADE methodology (Grading of
Recommendations Assessment, Development and
Evaluation).[9]

A first vote occurred in October 2014 and results were
discussed in a face-to-face meeting in the same month.
A second vote in September 2015 determined the final rec-
ommendations. Results were discussed in a second face-
to-face meeting in October 2015. An update of the literature
for publications through 31 December 2015 was performed
in January 2016 using the same search strategy previously
mentioned and is presented in Appendices 2-4. The litera-
ture update was summarized and presented to the members
of the voting panel. Members were given an opportunity to
update their votes in March of 2016.

Clinical recommendations

In the discussions that follow if there is no specific mention
of a scenario, it is implied that the voting was neutral.

-
-

-—
-
-

-| Research Recommendation |

The complete voting results for each statement for each
toxin/category of toxins are presented in Appendix 5. An
executive summary of the recommendations for all toxins/
categories of toxins is presented in Table 3.

Recommendations for local anesthetics

Indications:

e In cardiac arrest due to toxicity of bupivacaine, we recom-
mend using ILE after standard ACLS is started (1D), while
our recommendation is neutral regarding its use in car-
diac arrest due to other local anesthetics.

Rationale: The voting panel noted that bupivacaine is the
LA for which the most data exist with results supporting
the efficacy of ILE. However, controlled data from animal
experiments suffer from several methodological shortcom-
ings. These include: reporting a statistical difference for
short experimental time frames not directly relevant to
clinical situations, the failure to perform autopsies to search
for potential adverse effects, and the lack of reporting of
acidosis and hypoxia in study animals, both of which are
common in human poisonings and can affect outcome.
Human case reports are too heterogeneous and patients
received concurrent multiple other medications making it
impossible to definitively attribute any positive outcome to
ILE alone.

However, while the level of evidence is very low, the risk/
benefit ratio in cardiac arrest favors the use of ILE with bupi-
vacaine and the voting panel had strong agreement for this
indication. There are no data to allow an informed decision
on which resuscitative medication to use first among sodium
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Table 2. Strength of recommendation and level of evidence.

Strength of recommendation (consensus-based)

Level 1: Strong recommendation (The course of action is considered appropri-
ate by the large majority of experts with no major dissension. The panel is
confident that the desirable effects of adherence to the recommendation
outweigh the undesirable effects.)

Level 2: Weak/conditional recommendation (The course of action is considered
appropriate by the majority of experts but some degree of dissension exists
among the panel. The desirable effects of adherence to the recommenda-
tion probably outweigh the undesirable effects.)

Neutral position: The course of action is neither preferred nor rejected by the
majority of experts; either due to a balance in the desirable and undesir-
able effects of adherence to the recommendation or due to major uncer-
tainties to its evaluation.

No recommendation: The group of experts reached no agreement

Level of evidence (GRADE system)

Grade A: High level of evidence (The true effect lies close to our estimate of
the effect.)

Grade B: Moderate level of evidence (The true effect is likely to be close to
our estimate of the effect, but there is a possibility that it is substantially
different.)

Grade C: Low level of evidence (The true effect may be substantially different
from our estimate of the effect.)

Grade D: Very low level of evidence (Our estimate of the effect is just a guess,
and it is very likely that the true effect is substantially different from our
estimate of the effect.)

bicarbonate, epinephrine, or ILE. Some members pointed out
that if the total dose administered is within the known thera-
peutic range and the route of exposure is clearly not intra-
vascular, consideration of an allergic reaction to LA rather
than LA systemic toxicity probably warrants the use of epi-
nephrine first. Because of a lack of evidence for the use of
ILE with other LAs, the voting panel was unable to provide a
firm recommendation in the setting of cardiac arrest.
However, several members noted that harm appears to be
low and there was a strong agreement for a neutral vote.
Concerns about reports of an unclear interaction with con-
current administration of epinephrine or other resuscitative
medications with ILE reported mainly in the local anesthetics
literature may explain the voting panel’s reticence to advise
on ILE administration during cardiac arrest associated with
non-bupivacaine LA toxicity.[10-13] Data were insufficient to
make an evidence-based recommendation for the use of ILE
with other LAs. In comparison with bupivacaine, both the lip-
ophilicity and toxicity profiles of the other LAs vary consider-
ably, thereby invalidating recommendations made by
analogy rather than data.

e In life-threatening toxicity due to bupivacaine, we suggest
using ILE as part of treatment modalities (2D) and we rec-
ommend its use if other therapies fail/in last resort (1D).

Rationale: The voting panel had strong agreement in con-
cluding that there are enough data to support the use of ILE
as a part of treatment modalities for patients with life-threat-
ening bupivacaine toxicity. Moreover, while the risk/benefit
ratio of this therapy is warranted if all other treatment
modalities fail, the lack of data to guide the sequence of
administration of resuscitative therapies made it impossible
to decide on whether ILE should be the first-line treatment.
Some members of the voting panel were concerned that
waiting for other therapies to fail may decrease the potential
efficacy of ILE and thus it should be given relatively early,

while there was consensus to use ILE if a patient was already
unresponsive to other treatments.

e In life-threatening toxicity due to other LAs, we suggest
using ILE if other therapies fail/in last resort (2D).

Rationale: There is a lack of convincing data for efficacy of
ILE with other LAs. Despite this, there is a relatively favorable
risk/benefit ratio in cases of prolonged toxicity in patients
with a pulse but unresponsive to other treatments. As a
result, the voting panel agreed that ILE could be used if
other therapies fail or as a last resort. However, it was noted
that in only a minority of reported cases ILE was used as sole
treatment.

e In non-life-threatening toxicity due to bupivacaine or other
LAs, our recommendation is neutral regarding the use of ILE.

Rationale: The voting panel agreed that, in this situation,
there is equipoise between risk and benefits. There are not
enough data reported to make an evidence-based decision.

Lipid regimen

1. ILE formulation:

e When ILE is indicated for bupivacaine and other LAs
toxicity, we suggest using the brand Intralipid® 20% (2D).

Rationale: Most of the data reported used this specific ILE for-
mulation. The voting panel agreed that there were insuffi-
cient data to discuss other formulations in human poisonings
until such time as comparative studies are reported.

2. ILE dosing:

e When ILE is indicated for bupivacaine and other LAs tox-
icity, our recommendation is neutral regarding the choice
of ILE dosing.

Rationale: Although the voting panel agreement was for a
neutral position, there was a slight preference for the most
commonly reported dosing regimen: a bolus of 1.5mL/kg
and an infusion of 0.25mL/kg/min of 20% ILE. Data are lack-
ing with regards to ILE dose-response relationships for treat-
ing any human toxicity. No studies evaluated the benefit of
an infusion after bolus vs. a bolus alone for toxins with a
rapid endogenous clearance compared with most other tox-
ins. The literature reports a varied range of bolus doses, infu-
sion rates, and durations that make analysis of the optimal
dosing regimen impossible.

3. ILE cessation:

e When ILE is indicated for bupivacaine and other LAs tox-
icity, our recommendation is neutral regarding which end-
points to use to stop ILE administration (maximum dose
or maximum duration).



CLINICAL TOXICOLOGY 903

Table 3. Executive summary of indications regarding the use of ILE in poisoning.

Toxins

Clinical situations (strength of recommendation & level of evidence)?

Local anesthetics
Bupivacaine

All other local anesthetics

Non-local anesthetics
Antidysrhythmics Class 1

Amitriptyline

Other tricyclic antidepressants

Baclofen

Beta receptor antagonists (Lipid-soluble)

Beta receptor antagonists (Non lipid-soluble)

Bupropion

Calcium channel blockers: Diltiazem and verapamil

Calcium channel blockers: Dihydropyridines

Cocaine

Diphenhydramine

Other antihistamines
Ivermectin

Other insecticides

Lamotrigine

Malathion

Other pesticides

Olanzapine

Other antipsychotics

Selective serotonin reuptake inhibitors

In
In

In
In
In
In

In
In
In
In
In

In
In
In
In
In
In
In
In
In
In
In
In

In
In

In
In
In
In
In
In
In
In
In
In

In
In
In

cardiac arrest: we recommend using ILE (1D)

life-threatening toxicity: we suggest using ILE as part of treatment modalities (2D) and we
recommend using ILE if other therapies fail/in last resort (1D)

non-life-threatening toxicity: neutral recommendation

cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest using ILE if other therapies fail/in last resort (2D)
non-life-threatening: neutral recommendation

cardiac arrest: neutral recommendation

life-threatening toxicity: neutral recommendation

non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)

cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest using ILE if other therapies fail/in last resort (2D),
but we suggest not using ILE as first-line therapy (2D)

non-life-threatening toxicity: we recommend not using ILE as first-line therapy (1D) and
we suggest not using ILE as part of treatment modalities (2D)

cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
non-life-threatening toxicity: we suggest not using ILE in any circumstances (2D)
cardiac arrest: neutral recommendation

life-threatening toxicity: neutral recommendation

non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)

cardiac arrest: neutral recommendation

life-threatening toxicity: neutral recommendation

non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)

cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D) nor as part
of treatment modalities (2D)

cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest using ILE if other therapies fail/in last resort (2D),
but we suggest not using ILE as first-line therapy (2D)

non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)

cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)

cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
non-life-threatening toxicity: we suggest not using ILE in any circumstances (2D)
cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D) nor as part
of treatment modalities (2D)

cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
non-life-threatening toxicity: we recommend not using ILE as first-line therapy (1D) and
we suggest not using ILE otherwise (2D)

Insufficient data

In
In
In
In
In
In
In
In
In

In
In
In
In
In
In
In
In
In
In
In
In
In
In
In

cardiac arrest: neutral recommendation

life-threatening toxicity: neutral recommendation

non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D) nor as part
of treatment modalities (2D)

cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
cardiac arrest: neutral recommendation

life-threatening toxicity: neutral recommendation

non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
cardiac arrest: neutral recommendation

life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)
cardiac arrest: neutral recommendation

life-threatening toxicity: neutral recommendation

non-life-threatening toxicity: we suggest not using ILE as first-line therapy (2D)

*Neutral position if not otherwise specified.
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Rationale: The voting panel attempted to define endpoints
for ILE treatment either with a maximum dose administered,
a maximum duration of administration, or with resolution of
toxicity. Members expressed opinions that a maximum dose
should not be exceeded due to concerns about adverse
effects from lipid overload. There were no strong data to
inform the threshold amount of ILE that results in lipid tox-
icity. To avoid lipid overload, it was suggested from the vot-
ing panel that ILE doses should be limited to a maximum of
10% of total blood volume to limit possible complications
arising from increased triglyceride concentrations in excess of
15 mmol/L (glycerol-blanked method) reported when ILE rep-
resented more than 10% of test tube volumes.[14] This is
also to avoid fluid overload, which is an increasing concern
in resuscitation as patients receiving ILE will likely have
received other fluid solutions.[15] This is particularly of con-
cern when administering ILE to obese patients, neonates, or
young children. Assuming ILE remains mostly in the intravas-
cular compartment, this rationale would indicate a total ILE
dose of 560 mL for a 70kg adult patient with an estimated
blood volume of 5.6L.

Also, given the pharmacokinetics of LAs and the lack of
historical data to indicate a recurrence of toxicity once clin-
ical improvement occurs, resolution of toxicity may be con-
sidered as an appropriate endpoint. The risk of prolonged ILE
therapy on immune function or other organ function is as
yet undefined for infusions administered for less than 24h.
However, some members were of the opinion that waiting to
see a sustained improvement in the clinical status would be
inadvisable, until such a time that studies report a benefit for
continuation of therapy beyond the point of clinical
resolution.

There is no strong evidence guiding the maximum dur-
ation of ILE therapy that could be safely administered if clin-
ical improvement does not occur. However, the voting panel
commented that clinical protocols for the use of ILE should
recommend a specific duration and maximal volume of ther-
apy to avoid administration of high doses of ILE over indefin-
ite periods. This should take into consideration the adverse
effect profile and the maximum duration of ILE recom-
mended during parenteral nutrition.[16] As most articles
reported use of ILE for 20-30min, it seems reasonable to
limit the duration of infusion to this time period until con-
trolled experiments are published assessing specific treat-
ment durations. Thus, the voting panel concluded that not
enough evidence exists to inform on when to stop ILE.

Recommendations for non-local anesthetics
Amitriptyline and other tricyclic antidepressants

Indications:

e In cardiac arrest due to either amitriptyline or any other
tricyclic antidepressants toxicity, our recommendation is
neutral regarding the use of ILE.

e In life-threatening toxicity due to amitriptyline, we sug-
gest using ILE if other therapies fail/in last resort (2D), but
we suggest not using ILE as first-line therapy (2D).

¢ In life-threatening toxicity due to other tricyclic antidepres-
sants, we suggest not using ILE as first-line therapy (2D).

e In non-life-threatening toxicity due to amitriptyline, we
recommend not using ILE as first-line therapy (1D) and
furthermore we suggest not using ILE as part of treatment
modalities (2D).

¢ In non-life-threatening toxicity due to other tricyclic anti-
depressants, we suggest not using ILE in any circumstan-
ces (2D).

Rationale: One human RCT (published only in abstract and
not specifying which TCAs were involved) failed to show a
benefit of ILE on the duration of cardiotoxicity when patients
were randomized to standard treatment with bicarbonate or
ILE.[17] This explains why ILE therapy is discouraged either as
first-line therapy either in life-threatening toxicity or with
non-life-threatening toxicity. However, the situation of
whether ILE might be beneficial in cases refractory to stand-
ard therapy, including epinephrine and bicarbonate therapy,
was not explored. Many human case reports exist with inher-
ent publication bias. However, the voting panel noted that
some animal experiments, including one with an orogastric-
poisoning model most similar to the clinical poisoning
reported no benefit and possibly even harm.[18] Decades of
published evidence for the efficacy of bicarbonate therapy
exist. Thus, the panel voted for the use of ILE only in life-
threatening toxicity from amitriptyline after failure of stand-
ard therapies, with moderate agreement.

Beta-receptor antagonists

Indications:

e In cardiac arrest due to toxicity of both lipid soluble and
non-lipid soluble beta-receptor antagonists, our recom-
mendation is neutral regarding the use of ILE.

e In life-threatening toxicity due to lipid soluble beta-
receptor antagonists, our recommendation is neutral
regarding the use of ILE.

e In life-threatening toxicity due to non-lipid soluble beta-
receptor antagonists, we suggest not using ILE as first-line
therapy (2D).

e In non-life-threatening toxicity due to lipid soluble beta-
receptor antagonists, we suggest not using ILE as first-line
therapy (2D).

e In non-life-threatening toxicity due to non-lipid soluble
beta-receptor antagonists, we suggest not using ILE as
first-line therapy nor as part of treatment modalities (2D).

Rationale: The voting panel had consistent agreement in their
votes. Reasons cited for the results are the balance existing
between risks and expected benefit of using ILE, the evi-
dence for the safety and efficacy of high dose insulin eugly-
cemia therapy and the possible use of extracorporeal assist
devices reporting problems with concurrent ILE use.
Moreover, the distinction between lipid-soluble and non-lipid
soluble drugs, which were initially divided into two distinct
categories to account for differences in log D did not



influence the voting panel’s evaluation, except in cases of
life-threatening toxicity where benefits were not considered
to outweigh risk for non-lipid soluble beta receptor antagon-
ist toxicity as a first-line therapy or in non-life-threatening
toxicity as part of treatment modalities.

Bupropion

Indications:

e In cardiac arrest due to bupropion toxicity, our recom-
mendation is neutral regarding the use of ILE.

¢ In life-threatening toxicity due to bupropion, we suggest
using ILE if other therapies fail/in last resort (2D), but we
suggested not using ILE as first-line therapy (2D).

¢ In non-life-threatening toxicity due to bupropion, we sug-
gest not using ILE as first-line therapy (2D).

Rationale: Few case reports exist with survival outcome and it
is unclear if the patients would have survived without ILE.
However, the voting panel mentioned the likelihood of publi-
cation bias. Also, most cases of bupropion toxicity do well
with non-specific therapies aimed at maintaining vital func-
tions. Several case reports demonstrate improvement with
bicarbonate therapy. It is unclear whether higher doses of
bicarbonate, a medication with an established safety profile,
would yield similar outcomes to ILE. More controlled data are
needed to inform on whether or not ILE interferes with the
efficacy of standard therapies such as benzodiazepines or
barbiturates for seizures. The concurrent use of ILE and other
therapies has not been studied in any detail. However, in the
situation of prolonged and refractory status epilepticus, a trial
of ILE seems reasonable. Hence, a 2D recommendation was
made for cases with life-threatening toxicity if other therapies
fail. However, in pulseless cardiac arrest, the voting panel felt
ILE was not indicated given the reported interference it has
on the effect of epinephrine or extracorporeal treatments.
Hence, there was not a favorable enough risk/benefit ratio.
Once ROSC (return of spontaneous circulation) is achieved,
then ILE is suggested if life-threatening toxicity persists.

Calcium channel blockers

Indications:

e In cardiac arrest due to toxicity from calcium channel
blockers (including diltiazem, verapamil and dihydropyri-
dines), our recommendation is neutral regarding the use
of ILE.

¢ In life-threatening toxicity due to diltiazem, verapamil, or
dihydropyridine calcium channel blockers, we suggest not
using ILE as first-line therapy (2D).

¢ In non-life-threatening toxicity due to diltiazem verapamil,
or dihydropyridine calcium channel blockers, we suggest
not using ILE as first-line therapy (2D).

Rationale: Due to the inconsistent outcomes reported, rang-
ing from sudden death to immediate response, in both
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animal experiments and human case reports, no clear rec-
ommendation can be made. Some members felt cardiac
arrest presents a situation where little harm seems to exist
for a “trial” of ILE. However, as noted above, other members
expressed their concerns that ILE can enhance intestinal
absorption of toxins as is demonstrated in oral drug poison-
ing models.[19] In addition, problems associated with the
concurrent use of ILE with extracorporeal assist devices and
the potential for interference with resuscitative medications
with evidence of benefit, such as vasopressors and insulin—
glucose, were also highlighted. A single study that mim-
icked an oral overdose of verapamil demonstrated worse
outcomes when ILE was given. Animal studies showed no
clinical benefit or benefit at dose requirements exceeding a
dose of 12mL/kg of 20% ILE.[19,20] No studies comparing
the current standard of care with vasopressors or insulin-
glucose therapy are available in a model consistent with
human clinical poisoning. Considering the lack of informa-
tion on dose, potential adverse effects and especially inter-
ference with extracorporeal assist devices or interference
with medications known to be effective, the voting panel
determined that the benefits were probably equal to the
risks and thus, a neutral position resulted in the presence
of cardiac arrest.

Unless organ perfusion is compromised, the voting panel
felt that there was not enough information to make a deci-
sion and at the very least a balance exists between risks and
potential benefits of ILE. Thus, there is a question as to
whether ILE should be a part of the treatment modalities or
used after standard therapy fails (last resort) in life-threaten-
ing toxicity for all calcium channel blockers.

Furthermore, the reason for not suggesting lipid emulsion
if other therapies fail, in cases of non-life-threatening toxicity
due to diltiazem and verapamil, and not suggesting ILE in all
other circumstances of non-life-threatening toxicity due dihy-
dropyridines, is based on a risk/benefit analysis. Certain signs
and symptoms of CCB toxicity, such as ileus or bradycardia
and hypotension, may not respond or entirely correct with
various therapies but only resolve with time and metabolism
of the toxicant.

Cocaine

Indications:

e In cardiac arrest due to cocaine toxicity, our recommenda-
tion is neutral regarding the use of ILE.

¢ In life-threatening toxicity due to cocaine, we suggest not
using ILE as first-line therapy (2D).

¢ In non-life-threatening toxicity due to cocaine, we suggest
not using ILE as first-line therapy (2D) or as part of treat-
ment modalities (2D).

Rationale: Too few case reports exist, all with varied outco-
mesto make a favorable recommendation. Several experi-
mental studies with cocaine and ILE using pre-treatment
animal models [21,22] were excluded a priori due to the lack
of generalizability to the clinical setting of human cocaine
poisoning. The voting panel was in agreement on a neutral
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recommendation concerning the use of ILE in cardiac arrest
and commented there was a paucity of data on the efficacy
of ILE to reverse signs and symptoms of cocaine toxicity. The
body of evidence and published experience with other treat-
ments such as sodium bicarbonate, and benzodiazepines is
much greater than that for ILE therapy. More controlled data
are needed to assess whether or not ILE interferes with the
efficacy of the standard therapies.

Diphenhydramine

Indications:

e In cardiac arrest due to diphenhydramine toxicity, our rec-
ommendation is neutral regarding the use of ILE.

e In life-threatening toxicity due to diphenhydramine, we
suggest not using ILE as first-line therapy (2D).

¢ In non-life-threatening toxicity due to diphenhydramine,
we recommend not using ILE as first-line therapy (1D) and
we suggest not using ILE otherwise (2D).

Rationale: Due to the efficacy of bicarbonate therapy and the
lack of superiority of ILE over bicarbonate reported in one ani-
mal experiment, the voting panel concluded there was no
scenario where ILE would be clearly indicated at this time.
There are no data to inform on the best timing of ILE adminis-
tration. Diphenhydramine possesses sodium channel blocking
properties and a trial of ILE has clinical equipoise when con-
sidering the possible risks of an acute administration of ILE in
cases otherwise unresponsive to repeated administration of
sodium bicarbonate (e.g. more than 200 mEq [23]). However,
the role of ILE in non-life-threatening toxicity, such as anti-
cholinergic delirium, was not reported in the literature at all.

A comment was made regarding the use of ILE with “other
antihistamines”. It was noted that if the lipid sink or conduit
theories proves to be valid, there might be a theoretical bene-
fit for ILE in severe toxicity from sedating antihistamines. In
particular, those agents with a log D value of 2 or 3 when
other therapies have failed. However, more than 70% of the
panel voted that there were insufficient data to consider rec-
ommendations in the category “other antihistamines”. This
made it impossible to make a statement about any particular
antihistamine, as described in the methodology.

Lamotrigine

Indications:

e In cardiac arrest due to lamotrigine toxicity, our recom-
mendation is neutral regarding the use of ILE.

¢ In life-threatening toxicity due to lamotrigine, we suggest
not using ILE as first-line therapy (2D).

e In non-life-threatening toxicity due to lamotrigine, we
suggest not using ILE as first-line therapy (2D) nor as part
of treatment modalities (2D).

Rationale: The voting panel determined that too few case
reports exist with survival outcome reported. It is also unclear

if these patients would have survived without ILE.
Additionally, the voting panel mentioned publication bias
and the fact that most cases of lamotrigine toxicity do well
with supportive care. More controlled data are needed to
inform clinicians on whether or not ILE interferes with the
efficacy of the standard therapies such as benzodiazepines
and sodium bicarbonate to reverse the proconvulsant and
sodium channel blocking properties of lamotrigine. Severe
lamotrigine poisoning can also result in metabolic acidosis
and acute kidney injury, which may require dialysis. The con-
current use of ILE and other therapies has not been studied
in enough detail to provide comment. Of note, as described
in our adverse effect review article,[5] the use of ILE with any
extracorporeal circuit such as occlusion of the circulation.

Other toxins

This section includes the other toxins and categories of
toxins for which the voting results were similar. Therefore,
rather than lengthy individual statements, the results are dis-
cussed in aggregate. Once again the readers are referred to
the Appendices and tables for a complete record of the
voting.

e In cardiac arrest due to toxicity of Class 1
Vaughan-Williams antidysrhythmics, baclofen, ivermectin
and other insecticides, malathion and other pesticides,
olanzapine and other antipsychotics, and selective sero-
tonin reuptake inhibitors, our recommendation is neutral
regarding the use of ILE.

e In life-threatening toxicity due to other insecticides, mala-
thion and other pesticides, olanzapine, and other antipsy-
chotics, we suggest not using ILE as first-line therapy (2D).

e In life-threatening  toxicity due to Class 1
Vaughan-Williams antidysrhythmics, baclofen, ivermectin,
and selective serotonin reuptake inhibitors, our recom-
mendation is neutral regarding the use of ILE.

e In non-life-threatening toxicity due to Class 1
Vaughan-Williams antidysrhythmics, baclofen, ivermectin,
and other insecticides, malathion and other pesticides,
olanzapine and other antipsychotics, and selective sero-
tonin reuptake inhibitors, we suggest not using ILE as
first-line therapy (2D).

Rationale: Even though some of these toxins are lipid-soluble
(defined by their log D) due to the paucity of data, the panel
primarily considered possible benefit, possible risks, and the
availability of other alternative treatments in their votes.
Animal data provide conflicting results for the pesticide
and insecticide groups. Thus, adverse effects and potential
interferences were a major consideration influencing the vot-
ing. Moreover, these toxins represent a heterogeneous group
of chemicals that are not amenable to a common statement
on treatment with ILE. Antipsychotics rarely cause significant
cardiovascular mortality and status epilepticus is uncommon.
Class 1 antidysrhythmics produce their toxic effect by block-
ing sodium channels and no studies have compared bicar-
bonate to ILE for these drugs. The controversy surrounding



efficacy, the adverse effect profile, and the potential interfer-
ences with essential laboratory testing question the inclusion
of ILE in the care of these poisonings. Clinically relevant stud-
ies with clear meaningful endpoints and drug concentration
measurements to assess the toxic burden are required before
stronger recommendations can be made for these toxins.
Thus, the panel vote resulted in a neutral recommendation,
leaving the decision to the clinician to weigh the pros and
cons of ILE in these situations.

Lipid regimen

The panel chose to vote on a preferred lipid regimen for
each category of toxins. However, the results were not sig-
nificantly different from one toxin to another. In all cases, the
vote was neutral with the median ranging from 4 to 6 and
the disagreement index always below 1, reflecting the con-
sensus among panel members.

1. ILE formulation:

e When ILE is indicated in non-LAs toxicity, our recommen-
dation is neutral regarding the formulation of ILE.

Rationale: Not enough data exist comparing various formula-
tions of ILE. Most articles do not report the brand of ILE used
and simply list a concentration of 20%. There is no evidence
to support a recommendation for the best formulation of ILE
for non-LAs, even though the most common formulation
used was Intralipid® 20%. While there is experimental evi-
dence suggesting that one lipid formulation might be prefer-
able to another, it is unclear if the relationship is true for all
toxins or is applicable to human poisonings.[24]

2. ILE dosing:

e When ILE is indicated in non-LAs toxicity, our recommen-
dation is neutral regarding the dosing of ILE.

Rationale: In the only ILE dose-finding study, the greatest
benefit to survival in a rodent model of IV verapamil toxicity
occurred with an ILE dose of 18.6 mL/kg.[20] However, the
greatest benefit to HR, MAP occurred at 24.8 mL/kg ILE. It is
unknown how these doses would translate to human poison-
ings. Additional concern was expressed over the IV model of
poisoning and the risk for lipid-induced increase in gastro-
intestinal absorption, as noted above. Nevertheless, the find-
ing that increased survival occurred in the group treated
with a lower dose of ILE suggests that a higher dose,
although associated with greater hemodynamic improve-
ment, may not be necessary in all cases.

Members expressed opinions that until the adverse effect
profile for acute ILE administration is properly defined, the
lowest possible dose should be used. ILE dosing should be
guided by clinically significant physiological endpoints, rather
than arbitrary hemodynamic parameters. Importantly, analyt-
ical interferences are likely to be shorter in duration or less
significant if a lower blood concentration of ILE is
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achieved.[1] The maximum safe dose of ILE is unknown.
Moreover, the reported ILE regimens may vary significantly
from the commonly recommended regimen of 1.5mL/kg
bolus of ILE 20% followed by 0.25-0.5 mL/kg/min.[25,26] For
a 70kg person, this dose translates to more than 1L of lipid
emulsion in the first hour at the lowest rate and more than
2L if the highest infusion rate (0.5mL/kg/min) is adminis-
tered. Parenteral nutrition guidelines limit the daily amount
of ILE to between 500 and 1200 mL per 24-h period or 10 mL
per kg of a 20% formulation.[27] Several reports cite a single
rodent study assessing the apparent safety and LDsq of ILE in
nine rats.[28] The LDsy is an imperfect measure of safety.
Also, this study only included one ILE dose within the range
currently used in the clinical setting. No studies have
assessed varying doses and infusion rates or their combina-
tions in humans.

The panel agreed that a maximum dose (per kg body
weight) should be specified and the rate of infusion kept
low. Termination of the infusion should be considered when
there is sustained clinical improvement or the maximum
dose has been reached. This is speculative and dose-finding
studies are much needed. A recent publication called into
question cases where exceedingly large volumes of ILE were
used and created a pharmacokinetic-pharmacodynamic
model to predict an infusion rate that would only produce
“modestly lipemic plasma”. Although, based on their model,
these authors recommend a regimen of 1.5mL/kg followed
by 0.25mL/kg/min for 3min and then an infusion of
0.025 mL/kg/min for up 6.5 h,[29] this regimen should be vali-
dated for safety and efficacy before it can be routinely
recommended.

3. ILE cessation:

e When ILE is indicated in non-LAs toxicity, our recommen-
dation is neutral regarding which endpoints to use to
stop ILE administration (maximum dose or maximum
duration).

Rationale: The group reached consensus that there is insuffi-
cient information to determine when ILE should be stopped.
The literature is heterogeneous in the endpoints to therapy
from resolution of symptoms to an arbitrary decrease of
serum TCA concentration resulting in duration of therapy of
up to several days.[30] No clinical studies exploring different
endpoints to therapy have been published to date. The work-
group suggests that clinical resolution is a desirable endpoint
if toxicity is unlikely to recur, but if this endpoint takes time,
consideration should be made not to exceed the rate of
endogenous triglyceride metabolism as discussed above. The
group noted that in many of the reports ILE was started
along with other therapies and continued for hours or days
even though the effect of ILE was unclear. The workgroup
could not find evidence to suggest a specific endpoint.
However, adverse effects seem to be associated with higher
volume and faster infusion rates of ILE.[3] Analytical interfer-
ences and inability to measure several biochemical parame-
ters and the unknown effect of ILE on other medications
may justify lower doses and a shorter duration of infusion.[1]
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Limitations

Despite the fact that our combined search strategies were
exhaustive and not limited by language, it is possible that
some publications were missed; especially abstracts not yet
published as full articles. The literature infrequently reports
the concentration of the toxin, precise timing of interven-
tions with regards to clinical improvement or important
information on the formulation, or total amount of ILE
given. Also, in most case reports, multiple therapies were
administered simultaneously, making the specific efficacy of
lipid emulsion difficult to ascertain. Case reports are known
to be subject to publication bias. We also noticed the
majority of publications failed to mention the presence or
absence of adverse effects and when events occurred there
was a tendency to attribute them to the toxin rather than
the therapy. Our clinical appraisal for the non-LA toxins was
limited because most of the controlled studies occurred in
animals and the majority were not performed with models
bearing any resemblance to clinical poisonings, which usu-
ally involve ingestion of the toxin. The greatest limitation of
these recommendations may be their reliance on published
data which is often of poor quality, may have significant
publication delay of up to several years, and cannot capture
the vast numbers of positive and negative outcomes of ILE
that remain unreported. Additionally, it should be noted
that the Delphi method is itself imperfect, with the greatest
criticism being its tendency to force “middle-of-the-road”
consensus.[31] We feel we have addressed this concern in
three ways: limiting the number of rounds of voting to two,
in order not to artificially force consensus by repeated
regression to the mean, using a disagreement index to
demonstrate the true strength of the recommendations,
and the inclusion of minority opinions in the comments
and rationale when they were provided by the workgroup
members. Also, patients’ views and preferences were not
directly sought in the development of the clinical recom-
mendations due to the highly heterogeneous target popula-
tion under study. Finally, as the study and clinical use of
ILE continues to evolve, we recognize additional information
may emerge to alter this analysis.

Discussion

Despite some early enthusiasm for the use of ILE in the treat-
ment of acute poisoning, the voting panel found an absence
of evidence to recommend its use in most poisonings and
clinical scenarios where its use is previously reported. Thus
the preponderance of neutral votes likely represents the
workgroups’ caution to make recommendations for or
against a therapy where so little moderate- or high-quality
human data exist. Furthermore, it is worth reiterating that
the neutral recommendations result from a balance between
pro and con assessments (rather than a lack of data which
would result in no recommendation at all) but rather; based
on disagreement index, represent a strong consensus around
neutrality.

Moreover, many specific aspects of ILE therapy have not
been validated in the clinical setting. These include the

optimal dose of ILE for clinical efficacy, the threshold dose
for adverse effects, and the minimum or maximum duration
of therapy. It is acknowledged that clinicians may have per-
sonal preferences for indication, dose, and duration of ILE
treatment. Given that there is a lack of evidence to support
any particular approach, the workgroup felt that it reason-
able to comment that the most common formulation
reported was Intralipid® 20%, and that the most common
regimen was a bolus of 1.5mL/kg of ILE 20% followed by
an infusion of 0.25mlL/kg/min, in order to provide some
guidance in situations were favorable recommendations or
suggestions were made. Additionally, the workgroup recog-
nized the lack of data on which to guide the duration of
therapy, and, therefore, some members proposed a max-
imum dose of 10% of blood volume based on safety con-
cerns but this position was not officially voted upon. This is
somewhat in keeping with parenteral nutrition recommen-
dations to limit the maximum dosage of ILE between 10
and 12.5mlL/kg/d of 20% ILE [32] as well reported increased
triglyceride concentrations in excess of 15mmol/L (glycerol-
blanked method) when ILE represented more than 10% of
test tubes volumes,[14] which for a 70kg individual with a
blood volume of 80mL/kg would vyield 8.0mL/kg.
Indications in which it is easier to measure the risk and
benefit of ILE therapy, such as cardiac arrest or systemic
toxicity with no other treatment alternatives, may warrant a
“trial” of ILE therapy. Conversely, ILE should not be consid-
ered in clinical scenarios where the risk of death or organ
damage is small, or when there are other accepted treat-
ments, which have not been used first. Concern was
expressed as to the lack of data regarding the impact of
ILE on the effectiveness of other resuscitative medications
or antidotes, or the ability of ILE to interfere with the bio-
chemical and drug assay testing. In addition, outcome data
from animal models may not be directly translatable to
clinical practice. Notably, the majority of animal studies of
ILE efficacy administered toxins intravenously, whereas the
majority of clinical poisonings (except for local anesthetics)
are the result of oral exposure.

Future research questions

The voting panel is hopeful that randomized controlled tri-
als will be undertaken to enable a more informed evalu-
ation of the role of ILE in select poisonings. Efforts in
animals should be directed at designing controlled studies
evaluating the timing of administration, using orogastric
administration of the toxin. In particular, studying
the dose-response relationship for the loading-dose and
the infusion is important, while clearly reporting on the
presence or absence of adverse effects. Ideally, these stud-
ies would also focus on determining the optimal endpoint
for ILE therapy. In vitro studies may be sufficient to
evaluate the potential interferences of ILE on assays of
common co-ingestants or binding affinity with other medi-
cations. Moreover, the efficacy of commercially available
lipid emulsions should be compared in order to determine



the relative effectiveness of the commercially available
products.

Conclusion

ILE is a recent therapy for which there is an incomplete
understanding of its efficacy, mechanisms of action, safety,
and associated analytical interferences. Clinical recommenda-
tions regarding the use of ILE in poisoning were only pos-
sible in a small number of scenarios based on a very low
quality of evidence, balance of risks and benefits, and
resource use. The workgroup emphasizes that human dose-
finding and randomized controlled studies are required to
advance knowledge of limitations, indications, adverse
effects, effectiveness, and best regimen for ILE treatment.

External review

The American Academy of Clinical Toxicology, the American
College of Medical Toxicology, the American Association of
Poison Control Centers, the Asia Pacific Association of
Medical Toxicology, the European Association of Poison
Centres and Clinical Toxicologists, and the Canadian
Association of Poison Control Centers endorsed these recom-
mendations prior to publication.

Applicability

The recommendations will be circulated to the membership
of each association, published in a participating association’s
sponsored-journal  and presented at  international
conferences.

Planned update

These recommendations are to be updated in 5 years unless
new data warrants an earlier review.
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Appendix 1: Voting statements

General statement

Lipid emulsion is indicated in the treatment of XYZ toxicity.

Specific indications

Lipid emulsion is indicated in the treatment of XYZ toxicity:

In the presence of cardiac arrest, after Standard ACLS (CPR, airways)

has been started

In the presence of LIFE-THREATENING toxicity

e Lipid emulsion should be administered as first line therapy

e Lipid emulsion be administered as part of treatment modalities

e Lipid emulsion should be administered if other therapies fail
(last resort)

In the presence of NON LIFE-THREATENING toxicity

e Lipid emulsion should be administered as first line therapy

e Lipid emulsion be administered as part of treatment modalities

e Lipid emulsion should be administered if other therapies fail
(last resort)

Types of ILE

The type of ILE to be used is ...

Intralipid®10%
Intralipid® 20%
Intralipid® 30%
ClinOleic® 20%
Lipofundin® 20%
Other

If using a bolus of ILE the dose of the bolus indicated is ...

0.25 mL/kg
0.50 mL/kg
0.75 mL/kg
1.0mL/kg
1.25mL/kg
1.5 mL/kg
1.75mL/kg
2.0mL/kg
Other
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If using an infusion of ILE the dose of the infusion indicated is ...

e 0.25mL/kg/min
e 0.5mL/kg/min
e 0.75mL/kg/min
o 1.0mL/kg/min
e Other

Cessation of ILE

The decision to terminate the ILE treatment is indicated based on:

e Total (maximum) duration of the infusion regardless of dose or clin-
ical improvement status

e Total (maximum) dose administered regardless of duration of infusion
or clinical improvement status

e Clinical improvement regardless of dose or duration administered

e Other

In considering the total duration of the infusion as a criterion, lipid emul-
sion cessation is indicated, regardless of other factors such as clinical
improvement or dose after...

e 10-20min
e 21-30min
e 31-40min
e 41-50min
e 51-60min
e Other

In considering the maximum dose of lipid emulsion administered as a
criterion, lipid emulsion cessation is indicated, regardless of clinical
improvement or duration after ...

8mL/kg or less
8.1-10.0 mL/kg
10.1-12.0 mL/kg
12.1-14.0 mL/kg
e 14.1-16.0 mL/kg
e 16.1-18.0mlL/kg
e 18.1-20.0mL/kg
e Other

In considering the clinical improvement as a criterion, lipid emulsion ces-
sation is indicated, regardless of dose or duration after...

As soon as symptoms resolution occurred
After resolution of symptoms for 15-30 min
After resolution of symptoms for 31-45 min
After resolution of symptoms for 46-60 min
Other

Appendix 2
Literature update

Search results for the year 2015 update: 1026 citations were reviewed to
identify studies reporting the use of ILE in poisoning (Figure 2). Of those,
942 were excluded after reviewing abstracts since the ILE administration
was not related to poisoning. Of the 84 remaining articles, 28 were fur-
ther excluded after reviewing complete manuscripts: one was excluded
because ILE was not used for the treatment of poisoning, two were pre-
treatment studies, one was an animal experiment that was not generaliz-
able to humans, 18 were review articles without original data, two only
reported survey information, and four did not present sufficient data for
evaluation. A total of 56 studies were included in the update, from

which eleven were animal reports, two regarding LA and nine non-LA
poisonings.[33-43]. Forty-five human reports, eight regarding LA and 37
non-LA were included.[44-88] A summary of the new included articles is
presented in Appendices 3 and 4.

Local anaesthetics

No new clinical trials were found in humans. Seven case reports and one
case series reported a total of twelve cases.[44-51] The LAs reported
were lidocaine (n=2), levobupivacaine (n=1), bupivacaine (n=3), ropi-
vacaine (n =3), combination of bupivacaine and ropivacaine (n=1), and
ropivacaine and lidocaine (n=2). Patients experienced LA toxicity from
different routes of exposure: nerve block (n=7), intravenous (n =4), epi-
dural (n=1), subcutaneous (n=1), and intrathecal (n=1) use. Two
reports included two routes of LA exposure, intravenous plus epidural
and intravenous plus subcutaneous. The toxic effects from LAs included
a variety of cardiovascular and central nervous system symptoms includ-
ing hypotension, cardiac arrest, agitation and coma. The concentration
of ILE used was reported as 20% (n=5) or not reported (n=7). Dosing
regimens and other treatments received were often not reported. In
eight cases, authors noted that the symptoms resolved following ILE
dosing. Details are provided in Appendix 3.

Two controlled animal experiments in swine assessed the response of
bupivacaine toxicity to ILE. In one trial, 12 swine were administered
4-6 mg/kg of bupivacaine until the QRS complex duration was 150% of
baseline value. Six swine were then given ILE 1.5mL/kg followed by
0.25mL/kg/min and six were given the same volume of 0.9% saline as
controls. All animals survived. QRS duration decreased from 184 +62%
ms to 132+65% ms in the ILE-treated group, while there was no change
in QRS duration (230+56% ms) in the control animals (p =0.03).[34] The
other trial included 30 swine, 10 serving as control, 10 receiving ILE as
long-chain triglycerides (LCT) and 10 receiving ILE as 50% LCT and 50%
medium-chain triglycerides (MCT). All animals were administered 5mg/
kg of bupivacaine followed by the study drug while monitoring hemo-
dynamic parameters. A dose of 4mL/kg of either ILE preparation or
saline was administered to each group one minute after bupivacaine
dosing. Both ILE groups had a similar improvement in the majority of
the hemodynamic parameters compared to control.[33] Details are
reported in Appendix 4.

There were no new LA case reports described in animals.

Non-local anesthetics

No new clinical trials in humans were identified. Thirty-seven case
reports or case series with miscellaneous toxins were found.[52-88] The
summary of human case reports is presented in Appendix 3.

Three animal experiments studied ILE for non-LA toxicity.[35,39,42] In
one trial, 20 cats with 14 additional controls were exposed dermally to
permethrin. ILE was administered to the treatment group at 15mL/kg as
a continuous intravenous infusion over 60 minutes. A grading system for
neurologic effects detected a decrease in the duration and severity of
poisoning in the treatment group reported as a decrease in the duration
and severity of poisoning in the treatment group.[39] Another random-
ized experiment in swine sought to determine a difference in mean
arterial blood pressure (MAP), QRS duration and survival after diphen-
hydramine poisoning. Twenty-four animals were equally divided into two
groups. One group received ILE (7 mL/kg) and the other sodium bicar-
bonate. Diphenhydramine was administered intravenously until MAP fell
by 50%. No differences were found between groups in the measured
parameters.[42] In the third study, rats received intravenous propofol
10mg/kg to achieve a 55%+2% drop in MAP. The rats were not rando-
mised but the study included a control group receiving saline. The
authors reported that propofol-mediated hypotension was completely
reversed by ILE, and the effects on the anaesthetic potency of the drug
were minimal.[35] Of note, propofol was not chosen as a toxin to be
evaluated for clinical recommendations by the workgroup because of
the lack of human data. A summary of the animal case reports is avail-
able in Appendix 4.
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Search dates: December 16, 2014-December 30, 2015

Records identified through Additional records identified
database searching through other sources
(n =3205) (n=10)

Records after duplicates removed

(n =1026)
Records screened Records excluded
(n =1026) (n=942)
Full text assessed for eligibility Articles excluded (n = 28)
(n=84) —| REASONS
ILE not used in poisoning (n=1)
Pre-treatment models (n = 2)
Review/opinion article (no new data)
Articles included in qualitative synthesis (n = 18) .
for local and non-local anesthetics Animal trials could not be extrapolated
(n =56) to humans (n=1)
Survey only (n =2)
Not enough data (n = 4)
11 animal studies 45 human studies
5 RCSs | | 0 RCTs
6 case reports or case 45 case reports
series or series

Figure 2. Selection of articles flow diagram for 2015 update. RCS: randomized controlled studies; RCT: randomized controlled trials; ILE: intravenous lipid emulsion.
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Appendix 5. Vote results

Life-threatening toxicity Non-life-threatening toxicity
As first line As part of treatment If other therapies fail (in As first line As part of treatment I other therapies fail (in

Toxins Cardiac arrest therapy modalities last resort) therapy modalities last resort)
Local anesthetics
Bupivacaine Recommended Neutral Suggested Recommended Neutral Neutral Neutral

(M:7, 1Q:7, DI0.2) (M6, DI:0.5) (M:7, LQ:6, DI:0.2) (M:8, LQ:7, DI:0.2) (M:5, DI:0.5) (M:5, DI:0.5) (M:6, DI:0.5)
All other local anesthetics Neutral Neutral Neutral Suggested Neutral Neutral Neutral

(M:6, DI:0.3) (M:5, DI:0.4) (M:6, DI:0.5) (M:7, LQ:6, DI:0.4) (M:5, DI:0.7) (M:5, DI:1.0) (M:6, DI:0.3)
Non-local anaesthetics
Antidysrhythmics Class 1 Neutral Neutral Neutral Neutral Not suggested Neutral Neutral

(M:5, DI:0.3) (M:4, DI:0.7) (M:5, DI:0) (M:6.5, DI:0.5) (M:3, UQ:5, DI:0.7) (M:5, DI:0.6) (M:5, DI:0.4)
Amitriptyline Neutral Not suggested Neutral Suggested Not recommended Not suggested Neutral

(M:6, DI:0.5) (M:2.5, UQ:4.5, DI:0.3) (M:5, DI:0.5) (M:7, UQ;5, DI:0.4) (M:1, UQ:2, DI:0.1) (M:3, UQ:4, DI:0.5) (M:5, DI:0.8)
Other tricyclic Neutral Not suggested Neutral Neutral Not suggested Not suggested Not suggested
antidepressants (M:5.5, DI:0.3) (M:2, UQ:5, DI:0.8) (M:5, DI:0.9) (M:6, DI:0.6) (M:1, UQ:4, DI:0.3) (M:2, UQ:5, DI:0.8) (M:3, UQ:5, DI:0.8)
Baclofen Neutral Neutral Neutral Neutral Not suggested Neutral Neutral

(M:5, DI:0.1) (M:5, DI:0.7) (M:5, DI:0) (M:5, DI:0.3) (M:2, UQ:5, DI:0.7) (M:4, DI:0.7) (M:5, DI:0.7)
Beta receptor antagonists Neutral Neutral Neutral Neutral Not suggested Neutral Neutral
(lipid-soluble) (M:6, DI:0.3) (M:4, DI:0.4) (M:5, DI:0.3) (M:6, DI:0.3) (M:2, UQ:5, DI:0.8) (M:4, DI:0.7) (M:5, DI:0.6)
Beta receptor antagonists Neutral Not suggested Neutral Neutral Not suggested Not suggested Neutral
(Non lipid-soluble) (M:5, DI:0.5) (M:2, UQ:4, DI:0.5) (M:4, DI:0.7) (M:5, DI:0.3) (M:1, UQ:3.5, DI:0.2) (M:1, UQ:s5, DI:0.8) (M:5, DI:0.8)
Bupropion Neutral Not suggested Neutral Suggested Not suggested Neutral Neutral

(M:6, DI:0.5) (M:2, UQ:5, DI:0.4) (M:5, DI:0.4) (M:7, LQ:5, DI:0.7) (M:2, UQ:5, DI:0.8) (M:4, DI:0.8) (M:5, DI:0.8)
Calcium channel blockers Neutral Not suggested Neutral Neutral Not suggested Neutral Neutral
Diltiazem and verapamil (M:6, DI:0.5) (M:2, UQ:5, DI:0.8) (M:5, DI:0.1) (M:6, DI:0.1) (M:1, UQ:4, DI:0.5) (M:4, DI:0.7) (M:5, DI:0.7)
Calcium channel blockers Neutral Not suggested Neutral Neutral Not suggested Not suggested Not suggested
Dihydropyridines (M:5, DI:0.3) (M:2, UQ:5, DI:0.5) (M:5, DI:0.2) (M:6, DI:0.5) (M:1, UQ:4.5, DI:0.3) (M:2, UQ:5, DI:0.8) (M:2, UQ:5, DI:0.8)
Cocaine Neutral Not suggested Neutral Neutral Not suggested Not suggested Neutral

(M:5, DI:0.3) (M:2, UQ:5, DI:0.5) (M:5, DI:0.7) (M:6, DI:0.4) (M:1, UQ: 3.75, DI:0.3) (M:2, UQ:5, DI:0.8) (M:5, DI:0.8)
Diphenhydramine Neutral Not suggested Neutral Neutral Not recommended Not suggested Not suggested

(M:5, DI:0.3) (M:1, UQ:4, DI:0.2) (M:5, DI:0.4) (M:6, DI:0.6) (M:1, UQ:2, DI:0.1) (M:1, UQ:4, DI:0.2) (M:2, UQ:5, DI:0.8)
Other antihistamines N/A N/A N/A N/A N/A N/A N/A
Ivermectin Neutral Neutral Neutral Neutral Not suggested Neutral Neutral

(M:5, DI:0) (M:4.5, DI.0.7) (M:5, DI:0) (M:5, DI:0.4) (M:2, UQ;5, DI:0.8) (M:5, DI:0.8) (M:5, DI:0.7)
Other insecticides Neutral Not suggested Neutral Neutral Not suggested Neutral Neutral

(M:5, DI:0) (M:3, UQ:5, DI:0.8) (M:5, DI:0.3) (M:5, DI:0.4) (M:2, UQ:5, DI:0.8) (M:4, DI:0.7) (M:5, DI:0.4)
Lamotrigine Neutral Not suggested Neutral Neutral Not suggested Not suggested Neutral

(M:6, DI:0.4) (M:3, UQ: 5, DI:0.8) (M:5, DI:0.4) (M:6.5, DI:0.4) (M:1.5, UQ: 5, DI:0.5) (M:3, UQ:5, DI:0.8) (M:5, DI:0.8)
Malathion Neutral Not suggested Neutral Neutral Not suggested Neutral Neutral

(M:5, DI:0) (M:3, UQ:5, DI:0.7) (M:5, DI:0.1) (M:5, DI:0.2) (M:2, UQ:5, DI:0.8) (M:4, DI:0.6) (M:5, DI:0.3)
Other pesticides Neutral Not suggested Neutral Neutral Not suggested Neutral Neutral

(M:5 DI:0.1) (M:2, UQ:5, DI:0.8) (M:5, DI:0) (M:5, DI:0.3) (M:2, UQ:5, DI:0.5) (M:5, DI:0.8) (M:5, DI:0.5)
Olanzapine Neutral Neutral Neutral Neutral Not suggested Neutral Neutral

(M:5, DI:0.3) (M:5, DI:0.7) (M:5, DI:0.1) (M:5, DI:0.4) (M:2, UQ:5, DI:0.8) (M:5, DI:0.7) (M:5, DI:0.7)
Other antipsychotics Neutral Not suggested Neutral Neutral Not suggested Neutral Neutral

(M:5, DI:0.3) (M:3, UQ:5, DI:0.7) (M:5, DI:0) (M:5, DI:0.4) (M:2, UQ:5, DI:0.8) (M:5, DI:0.7) (M:5, DI:0.6)
Selective Serotonin Neutral Neutral Neutral Neutral Not suggested Neutral Neutral
Reuptake Inhibitors (M:5, DI:0.1) (M:4, DI:0.8) (M:5, DI:0.1) (M:5, DI:0.3) (M:2, UQ:5, DI:0.8) (M:5, DI:0.7) (M:5, DI:0.6)

M: Median; LQ: Lower quartile; UQ: Upper quartile; DI: Disagreement index; N/A: not applicable.
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