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ABSTRACT

ARTICLE HISTORY

Background: Intravenous lipid emulsions (ILEs) were initially developed to provide parenteral nutrition.
In recent years, ILE has emerged as a treatment for poisoning by local anesthetics and various other
drugs. The dosing regimen for the clinical toxicology indications differs significantly from those used for
parenteral nutrition. The evidence on the efficacy of ILE to reverse acute toxicity of diverse substances
consists mainly of case reports and animal experiments. Adverse events to ILE are important to consider
when clinicians need to make a risk/benefit analysis for this therapy. Methods: Multiple publication
databases were searched to identify reports of adverse effects associated with acute ILE administration
for either treatment of acute poisoning or parenteral nutrition. Articles were selected based on
pre-defined criteria to reflect acute use of ILE. Experimental studies and reports of adverse effects as a
complication of long-term therapy exceeding 14 days were excluded. Results: The search identified 789
full-text articles, of which 114 met the study criteria. 27 were animal studies, and 87 were human studies. The adverse effects associated with acute ILE administration included acute kidney injury, cardiac
arrest, ventilation perfusion mismatch, acute lung injury, venous thromboembolism, hypersensitivity, fat
embolism, fat overload syndrome, pancreatitis, extracorporeal circulation machine circuit obstruction,
allergic reaction, and increased susceptibility to infection. Conclusion: The emerging use of ILE administration in clinical toxicology warrants careful attention to its potential adverse effects. The dosing regimen and context of administration leading to the adverse events documented in this review are not
generalizable to all clinical toxicology scenarios. Adverse effects seem to be proportional to the rate of
infusion as well as total dose received. Further safety studies in humans and reporting of adverse
events associated with ILE administration at the doses advocated in current clinical toxicology literature
are needed.
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Introduction
Intravenous lipid emulsion (ILE) has recently received much
attention in the treatment of acute local anesthetic toxicity
and a variety of other non-local anesthetic poisonings. Many
clinicians may be unfamiliar with the likely adverse effects of
ILE, particularly regarding its use in toxicological cases. While
at least 90 published cases describe adverse effects associated with antidotal use of ILE for various toxins, reporting
bias (whether bias favoring publication of a novel event or
bias favoring not publishing the complications of therapy)
may result in inconsistent or disproportionate representation
of the clinical effects of ILE as represented by these cases.
The use of ILE in various forms has occurred for decades in
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total parenteral nutrition (TPN), and this longer and broader
clinical experience may indicate likely events that may also
occur with acute antidotal use of ILE.[1]
R
became readily available, reports of
After IntralipidV
adverse reactions associated with its use began to surface,
despite assumptions about its safety compared with previous
ILE preparations. These adverse effects tended to be infrequent and non-life-threatening, but they complicated therapy.
Reactions related directly to ILE can occur within minutes to
hours after infusion, or they can be delayed for weeks to
years with ongoing exposure to ILE, as is necessary with longterm parenteral nutrition.
Both the rate of infusion and the total dose infused are
associated with reactions to ILE. Guidelines for maximum
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doses and rates of infusion have been established for nutrition support and are based on reported adverse events
such as dyspnea, cyanosis, flushing, hypercoagulability,
hypertriglyceridemia and chest pain.[2] In adults, infusion
faster than the estimated maximum oxidation rate of
1.2–1.7 mg/kg/min (for ILE 20%, this is 0.35–0.51 mL/kg/h or
8.6–12.24 mL/kg/day) likely increases the risk of significant
adverse events and is not recommended.[3–5]
Rapid reactions to ILE can transpire with any of the indication for its use (i.e., nutrition, drug carrier, or treatment of poisoning). ILE as an antidote was used initially to counter
cardiac arrest induced by a local anesthetic. An increasing
number of case reports have documented the use of ILE for
less or non-life-threatening indications. Under emergency
conditions, the amount of ILE given in a short period of time
may exceed, by many fold, the daily limit usually given for
TPN. If ILE is being considered for a non-life-threatening condition, the risk/benefit profile should be part of that
consideration.
The purpose of this literature review is to characterize the
adverse effects that have been reported after administration
of ILE, irrespective of the purpose for ILE (i.e., nutrition, drug
carrier, or treatment of poisoning), to assist clinicians in a
risk/benefit assessment when ILE treatment for poisoning is
considered.

the North American Congress of Clinical Toxicology (both
from 2000 to 2014) and abstracts from the Asia Pacific
Association of Medical Toxicology from 2007 to 2014 were
searched. Group members hand-searched previous review
articles. Group members also performed cross-referencing of
full-text articles. No limits were applied for language, and candidate studies in languages not known to any of the authors
were translated.
In summary, the criteria for publication inclusion in the
evaluation of the effect of ILE include studies in humans and
animals who received ILE for any indication. Rapidly occurring
reactions to ILE from the parenteral nutrition literature were
included. These cases are applicable to the evaluation of the
safety profile for ILE used for acute poisonings and are appropriate to include in this review. Articles describing adverse
events associated with long-term use (defined as >14 days)
of ILEs for TPN were excluded. Other exclusion criteria were
non-original data or animal studies with methods and results
that cannot be extrapolated or are uninterpretable. A complete methodology of the larger project of which this systematic review is one part has been previously published and
describes in detail all relevant methodological aspects such as
clinical questions, search strategies, eligibility of publications,
data extraction and summary, and assessment of the risk of
bias.[151] The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology was used
to appraise the quality of the evidence.

Methods
The American Academy of Clinical Toxicology initiated a collaboration among the European Association of Poison Centers
and Clinical Toxicologists, the Asia Pacific Association of
Medical Toxicologist, the Canadian Association of Poison
Control Centers, the American College of Medical Toxicology,
and the American Association of Poison Control Centers to
review the evidence and produce recommendations on the
use of this novel therapy for drug toxicity. A working subgroup (the authors) formed to gather and review the evidence
regarding clinical adverse events associated with short-term
use of ILE. This subgroup comprised clinical experts and various stakeholders involved in the workgroup. It also included
two medical librarians who assisted in conducting the systematic searches and the retrieval of potentially eligible publications, as well as an epidemiologist with specific
methodological expertise in conducting systematic reviews.
Subgroup members divulged all potential conflicts of interests
prior to inclusion in the workgroup. All communication
occurred by email exchanges and by telephone conferences.
Two medical librarians created a systematic search strategy
for Medline (Ovid), which appears in the Appendix. The strategy comprised a combination of Medical Subject Headings,
title/abstract key words, truncations, and Boolean operators,
and included the concepts of ILE. The same search strategy
was used for Embase (via Ovid), CINAHL (via EBSCO), BIOSIS
Previews (via Ovid), Web of Science, Scopus, and the
Cochrane Library/DARE. All databases searches ran from
inception to 15 December 2014.
In addition, conference abstracts from the European
Association for Poison Centers and Clinical Toxicologists, and

Results
The initial search identified 36,903 citations. A total of 36,933
citations were screened for relevance. Full text copies unavailable for five citations. This selection yielded 789 full text
articles, of which 675 full text articles were excluded from
analysis. Figure 1 lists the reasons for exclusion.
One hundred fourteen articles were analyzed for their
report of acute adverse events that followed the therapeutic use of ILE for TPN or for the treatment of poisoning.
The articles were divided into human (87 articles) and animal (27 articles) studies. We assigned each publication to
an adverse event category to facilitate analysis. The final
level of evidence was reported as per the GRADE system.[6–9] Table 1 summarizes the quality of the evidence.
Most studies received low grades because they use animal
models or are case reports of human patients. However,
given the amount of animal data available and the tendency to rely on animal data for guidance in managing
rare events that are difficult to randomize in humans, they
were also included for analysis.

Human studies
The human studies were categorized according to the predominant effect of ILE administration: organ dysfunction
(including cardiovascular, hematological, acute kidney injury
[AKI], and metabolic acidosis); pulmonary effects (including
acute respiratory distress syndrome [ARDS], acute lung
injury [ALI], hypoxia, and ventilation/perfusion [V/Q]
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Records
(n = 36,933)

Records screened
(n = 36,933)

Records excluded
(n = 36,144)

Full-text articles assessed for
eligibility
(n = 789)

Full-text articles excluded, with
reasons. N=675
Adverse effects not related to
ILE (n = 58)
Adverse effect not applicable
to ILE in poisoning (n=39)

Studies included in qualitative
synthesis (n = 114; Human = 87,
Animal =27)

Duplicate data (n=14)
Experimental (n = 38)
Interferences (n = 12)
No adverse effect reported (n= 100)

No relevant data (n = 227)
Opinion: no new data (n = 50)
Review: no new data (n = 137)

Figure 1. Selection of article flow diagram.

mismatch); hypersensitivity and allergic effects; vascular
occlusion including priapism, deep vein thrombosis [DVT],
phlebitis, coagulopathy, fat embolism, continuous veno-venous hemodiafiltration [CVVHF], and extracorporeal membrane oxygenation [ECMO] line interference; infection
susceptibility and inflammatory effects; and fat overload
syndrome, hypertriglyceridemia, lipemia, hyperamylasemia,
pancreatitis, and cholestasis.

prior to ILE administration and the only conclusion that can
be drawn is that there was a temporal relationship between
ILE administration and onset of asystole. Kidney failure and
cardiac arrest were reported in a TPN patient following the
administration of 2580 mL of ILE (10 and 20%) over 24 h.[12]
Abel et al. studied 19 adult patients divided into two
groups following uncomplicated isolated coronary artery
bypass surgery.[10] One treatment group received a constant
60-min infusion of 2 mL/min of soy oil emulsion (20%
IntralipidV) while the second group received 20% Intralipid at
1 mL/min for 1 h followed by an increase to 2 mL/min for an
additional hour. Patients receiving the constant 2 mL/min
infusion (averaging 5.25 mg/kg/min) had lower cardiac output
and higher pulmonary wedge pressure than patients starting
at 1 mL/min. No significant hemodynamic changes or adverse
side effects occurred in the 1 mL/min group.[10] The authors
concluded that the rate should not exceed the maximum
clearance rate of 1 mL/min averaging 2.67 mg/kg/min in the
study population. Marfella et al. studied the effect of 10% ILE
plus heparin (to stimulate lipoprotein lipase activity) on cardiac repolarization in a controlled, crossover study with 32
healthy non-obese subjects.[15] Compared with saline, ILE
plus heparin increased blood pressure, heart rate, QTc dispersion, and plasma concentrations of epinephrine and free fatty
R

Organ failure
Cardiovascular effects
Ten articles describing adverse effects were categorized as
cardiovascular (Table 2).[10–19] Fatal cardiac arrest and death
were reported in neonates receiving IntralipidV at 0.08–0.15 g/
kg/h (0.4–0.75 mL/kg/h for ILE 20%) as part of TPN therapy.[13,20] It is unclear if the ILE administration caused the
cardiac events or was simply associated with them.
Pulmonary fat microemboli were found in the lung of one
infant at autopsy.[13] One report described two adult patients
who received IntralipidV for drug-induced shock in which
asystole immediately followed the ILE bolus in both cases.[11]
Both patients had refractory hypotension and bradycardia
R

R

Population

TM

Healthy volunteers

ILE (n = 32)

LCT/MCT (n = 9)

Pancreatitis with
ARDS

N = 1 [16]

QT-c
N = 1 [15]

Higher infusion rate
(n = 30)

ILE (n = 12)

Liposyn II (n = 10)

Post coronary artery
bypass or critically ill

Post coronary artery
bypass

Post major GI
surgery

Higher infusion rate
(n = 12)

Intervention
(No. of patients)

N = 2 [10,17]

Cardiac output
N = 1 [10]

N = 1 [19]

Organ dysfunction
Cardiovascular events
Post coronary artery
N = 1 [10]
bypass

No. of studies

No ILE (saline) (n = 32)

LCT (n = 9)

Slower infusion rate
(n = 25)

No ILE (saline) (n = 7)

R

IntralipidV (n = 10)

Slower infusion rate
(n = 7)

Comparator
(No. of patients)

Comparison

Estimated MD (95% CI) in Q-Tc dispersion
(ms) = þ27 (NR) (p < 0.01)

Estimated MD (95% CI) in Q-Tc
(ms) = þ40 (NR) (p < 0.01)

MD (95% CI) in cardiac output (L/
min) = þ0.5 (þ0.12; þ0.88)

MD (95% CI) in cardiac output
(L/min) = 1.57 (2.79; 0.35) [10];
Reported comparative cardiac index= lower in sepsis and higher in ARDS
when comparing higher infusion rate
groups to controls. (P = NR) [17]

MD (95% CI) in cardiac output
(L/min) = 1.79 (3.10; 0.48)

No cardiovascular events reported

RD (95% CI) in cardiac
ischemia = þ0.08 (NA)

Interpretation

ILE was significantly associated with longer Q-Tc and QTc dispersion as compared to
saline.

LCT/MCT was significantly
associated with higher cardiac
output as compared to LCT.

Higher infusion rate was significantly associated with
lower cardiac index in coronary artery bypass.
Higher infusion rate was possibly associated with lower
cardiac index in sepsis and
with higher cardiac index in
ARDS.

ILE was significantly associated with lower cardiac index
as compared to saline.

No difference in cardiovascular events between groups.

No difference in cardiac ischemia events between groups.

Summary of finding
Summary estimatea

Table 1. Summary estimates with associated GRADE ratings for controlled studies reporting adverse events.

Quality assessmentb

Quality of evidence

RCT crossover; Downgrade:
Indirectness due to surrogate
marker (1)

Observational study; Downgrade:
Limitation due to potential selection bias (lower cardiac output at
baseline in the ILE group) (1);
Indirectness due to surrogate
marker (1), Imprecision due to
small sample size (1)
RCT crossover and Observational
study; Downgrade: Limitation due
to potential selection bias (lower
cardiac output at baseline in the
higher infusion rate in one study)
(1); Indirectness due to surrogate marker (1), Imprecision
due to small sample size in one
study and indirect comparison
between groups in the other
(1); Upgrade: Dose gradient
response in one study (þ1)
RCT crossover; Downgrade:
Indirectness due to surrogate
marker (1), Imprecision due to
small sample size (1)

Observational study; Downgrade:
Imprecision due to small sample
size (1)
RCT; Downgrade: Imprecision due
to small sample size (1) and
absence of events reported (1)
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Low

Very low

GRADE rating
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Population

Post major GI
surgery

Pulmonary vascular resistance
N = 3 [35,38,43] Various (premature
low birth weight
infants to adults;
with or without
ARDS)

N = 1 [19]

Pulmonary adverse effects
Respiratory events/pneumonia
Polytrauma patients
N = 1 [32]

Acute kidney injury
Premature infants
N = 1 [29]
needing artificial
nutrition

No. of studies

Table 1. Continued

No ILE (n = 19) (19
infusions)

(n = 14) (14 infusions)

ILE (n = 25) (32
infusions)

(n = 17) (24 infusions)

WMD (95% CI) in ratio of RVPEP/ET
(Right ventricular pre-ejection period
to ejection time) = þ0.077 (þ0.053;
þ0.101) [38,43];
Reported comparative pulmonary vascular resistance in ARDS = greater
increase from baseline in ILE group as
compared to no ILE group (p = NR).
[35]
MD (95% CI) in ratio of LVPEP/ET
(Left ventricular pre-ejection period to
ejection time) = 0.041 (0.091;
þ0.009) [38];
Reported NS [43]

No respiratory adverse events
reported

R

IntralipidV (n = 10)

Liposyn II (n = 10)

TM

RD (95% CI) of pneumonia = þ0.25
(þ0.01; þ0.50)

MD (95% CI) in urinary b2 microglobulin (mg/L) = þ6.5 (þ4.35; þ8.65)
MD (95% CI) in gluthatione-S-transferase p (ng/mL) = þ34.3 (þ16.57;
þ52.23)
MD (95% CI) N-acetyl- b-D glucosaminidase (mg/L) = þ2.5 (þ0.31; þ4.69)
MD (95% CI) in BUN (mg/dL) = þ2.6
(0.19; þ5.39)
MD (95% CI) in creatinine (mg/
dL) = 0.05 (0.11; þ0.01)

MD (95% CI) in serum cystatin
C (mg/L) = þ0.3
(þ0.20; þ0.40)

Summary estimatea
Interpretation

ILE was significantly associated with a higher pulmonary
vascular resistance than controls.
No difference in systemic vascular resistance between
groups.

No difference in respiratory
adverse events between the
two types of ILE.

ILE was significantly associated with a higher risk of
pneumonia as compared to
controls.

ILE was significantly associated with higher levels of
glomerular and tubular function biomarkers as compared
to controls.
No difference in renal function between groups.

Summary of finding

No ILE (n = 27)

No ILE (enteral nutrition) (n = 54)

Comparator
(No. of patients)

ILE (n = 30)

ILE (n = 50)

Intervention
(No. of patients)

Comparison
Quality assessmentb

Quality of evidence

Observational studies; Downgrade:
Limitation due to potential selection bias (1), Indirectness due to
surrogate markers (1),
Imprecision due to small sample
size (1)

RCT; Downgrade: Limitation due
to potential reporting bias
(unspecified duration to report
clinical outcomes) (1) and due
to incomplete reporting of potential confounding factors (1);
Imprecision due to small sample
size (1)
RCT; Downgrade: Imprecision due
to small sample size (1) and
absence of events reported (1)

Observational study; Downgrade:
Limitation due to potential selection bias (confounding-by-indication) (1) and absence of
adjustment for potential confounders (1), Indirectness due to
surrogate markers (1)
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Very low
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N = 1 [33]

Very low birth
weight neonates

Patients with or
without ARDS

Preterm infants

N = 1 [49]

Hypoxemia
N = 1 [35]

Preterm infants
either healthy or
with ARDS

Population

N = 1 [43]

No. of studies

Table 1. Continued

Higher dose (n = 12)

ILE (n = 8)

Olive-based emulsion
(n = 5)

Higher dose (n = 11)

Intervention
(No. of patients)

Lower dose (n = 15)

No ILE (n = 5)

Soy-oil based emulsion
(n = 10)

Lower dose (n = 11)

Comparator
(No. of patients)

Comparison

RD (95% CI) of having pH
<7.20 = þ0.02 (0.36; þ0.39)

Reported comparative compliance of
respiratory system in ARDS = greater
decrease from baseline in ILE group
as compared to controls (p = NR)
MD (95% CI) in A-aDO2
(mmHg) = þ4.0 (11.8; þ19.2)

Reported comparative PaO2/FIO2 in
ARDS = greater decrease in ILE group
as compared to controls (p = NR)

MD (95% CI) in ratio of LVPEP/
ET = þ0.011 (0.003; þ0.035)
MD (95% CI) in ratio of TVP/RVET
(ratio of time to peak velocity to right
ventricular ejection time) = þ0.051
(0.045; þ0.147)
Reported comparative pulmonary
arterial pressure = greater decrease
from baseline in the olive-oil based
emulsion group as compared to controls (p = 0.02)

MD (95% CI) in ratio of RVPEP/
ET = þ0.079 (þ0.042; þ0.116);

Summary estimatea
Interpretation

No difference in alveolararteriolar oxygen diffusion
gradient or blood pH between
groups.

ILE was possibly associated
with a greater decrease in
PaO2/FIO2 and compliance of
respiratory system as compared to controls.

No difference in pulmonary
arterial pressure between
groups, but greater decrease
from baseline in olive-based
emulsion as compared to soyoil based emulsion.

Higher dose of ILE was significantly associated with a
higher pulmonary vascular
resistance.
No difference in systemic vascular resistance between
groups.

Summary of finding
Quality assessmentb

Quality of evidence

RCT; Downgrade: Limitation due
to potential selection bias
(important lost to follow-up) (1),
Indirectness due to surrogate
markers (1), Imprecision due to
small sample size (1)

Observational study; Downgrade:
Indirectness due to surrogate
markers (1), Imprecision due to
small sample size (1) and due
to indirect comparison between
groups (1)

Observational study; Downgrade:
Limitation due potential selection
bias (groups not comparable at
baseline) and no adjustment for
potential confounders (1),
Indirectness due to surrogate
markers (1), Imprecision due to
small sample size (1)

Observational study; Downgrade:
Limitation due to potential selection bias (1), Indirectness due to
surrogate markers (1),
Imprecision due to small sample
size (1); Upgrade: Dose response
gradient (þ1)
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Population

Various (very low
birth weight neonates and critically
ill adults)

Septic patients or
with pancreatitis and
ARDS

No. of studies

N = 2 [17,33]

N = 2 [16,45]

Table 1. Continued

LCT/MCT (n = 20)

(n = 11)
(n = 9)

(n = 10)

(n = 9)

(n = 15)

(n = 14)

LCT (n = 19)

Lower infusion rate
(n = 33)

Comparator
(No. of patients)

Higher infusion rate
(n = 32)

Intervention
(No. of patients)

Comparison

WMD (95% CI) in VO2 (ml/min)= 42.1 (50.2; 33.9)
WMD (95% CI) of Qva/Qt (%) = þ9.2
(þ5.4, þ13.0)
MD (95% CI) in pH = 0 (0.78; 0.78)
[45]
MD (95% CI) in VCO2 (ml/min)= 30.0 (43.6; 16.4) [16]
MD (95% CI) in DO2 (ml/min)= þ140.0 (þ43.9; þ236.1) [16]

MD (95% CI) in A-aDO2
(mmHg) = p = NS at different times
(Brans1986)
Reported comparative P/T ratio, pulmonary shunt fraction and
P(A  a)O2/PaO2 = In ARDS with rapid
infusion, greater increase in all
parameters as compared to slow infusion; in sepsis with rapid infusion,
greater decrease in pulmonary shunt
fraction and P(A  a)O2/PaO2 only as
compared to slow infusion (p = NR).
Reported comparative PaO2/FiO2 = in
ARDS with rapid infusion, greater
decrease as compared to slow infusion; in sepsis with rapid infusion,
greater increase as compared to slow
infusion (p = NR). [17]
RD (95% CI) of having pH <7.20 = þ
0.1 (0.26; þ0.46) [33]
WMD (95% CI) in PaO2/FiO2 = 36.5
(54.5; 18.6)

Summary estimatea
Interpretation

LCT was significantly associated with lower PaO2/FiO2,
VO2 and VCO2 as well as
higher pulmonary venous
admixture and DO2 as compared to LCT/MCT.
No difference in pH between
groups.

No difference in pooled oxygenation parameters between
higher and lower rates of
infusion, but possible opposite
effects when stratifying for
underlying diseases (ARDS
versus sepsis).

Summary of finding
Quality assessmentb

Quality of evidence

RCTs (one being a crossover
study); Downgrade: Indirectness
due to surrogate markers (1),
Imprecision due to small sample
size (1)

RCTs (one being a crossover
study); Downgrade: Limitation
due potential selection bias in
one study (important lost to follow-up) and lack of blinding in
the other study (1), Indirectness
due to surrogate markers in both
studies and due to indirect comparison between groups in the
other (1), Imprecision due to
small sample size (1)
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Population

Intervention
(No. of patients)

ECMO line interference
Neonates on ECMO
N = 1 [73]

Vascular occlusion adverse effects
Coagulation parameters
N = 2 [67,68]
Various (healthy subjects and patients
with different diseases; children and
adults)

Via a separate IV
access (n = 4)

(n = 5)

(n = 5)

Via ECMO circuit
(n = 5)

No ILE (n = 17)

ILE (n = 17)

R

IntralipidV (n = 10)

Comparator
(No. of patients)

Comparison

Hypersensitivity and allergic adverse effects
TM
Post major GI
Liposyn II (n = 10)
N = 1 [19]
surgery

No. of studies

Table 1. Continued

RD (95% CI) of clots in circuit = þ0.5
(NA)

RD (95% CI) of patients needing circuit changes = 0.3 (0.9; þ0.3)

Reported comparative tissue plasminogen activator = decreased with
ILE compared to controls (P = NR)
[67,120] and increased but NS [68]
MD (95% CI) in PFi (nM) = þ1.95
(3.58; þ7.48) [68]
MD (95% CI) in TAT III complexes
(mg/L) = þ26.0 (þ0.25; þ51.75) [68]
Reported comparative PAP (nmol/
L) = NS [68]

WMD (95% CI) in PAI-1 (ng/
mL) = þ84.05 (44.41; 123.71) [67,68]

No allergic adverse events reported

Summary estimatea
Interpretation

No difference in patients
needing circuit changes or
cloths in circuit between
groups.

ILE was associated with higher
PAI-1 and TAT III complexes
as compared to controls.
No differences in PFi or PAP
between groups while opposite effects are reported for
TPA between groups.

No difference in allergic
adverse events between
groups.

Summary of finding
Quality assessmentb

Quality of evidence

RCT; Downgrade: Limitation due
potential selection bias (lack of
comparability between groups at
baseline) (1), Indirectness due
to surrogate marker (1),
Inconsistency between different
measured parameters (1),
Imprecision due to small sample
size (1)

Observational studies; Downgrade:
Indirectness due to surrogate
marker (1), Imprecision due to
small sample size (1)

RCT; Downgrade: Imprecision due
to small sample size (1) and
absence of events reported (1)
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Higher infusion rate
(bolus) (n = 20)

LCT (n = 10)

Various (healthy or
critically ill patients)

Gastric cancers

N = 1 [79]

ILE (n = 30)

Immune system alteration
Polytrauma patients
N = 1 [32]

N = 1 [78]

ILE (n = 30)

Population

LCT/MCT (n = 10)

Slower infusion rate
(n = 8)

No ILE (for the first 10
days only) (n = 27)

No ILE (for the first 10
days only) (n = 27)

Comparator
(No. of patients)

Comparison

Intervention
(No. of patients)

Infection susceptibility
Infections
Polytrauma patients
N = 1 [32]

No. of studies

Table 1. Continued

No change in phagocytosis index,
chemotaxis, spontaneous migration,
or oxidative metabolism.

No change in lymphocytes function.
Reported comparative neutrophil bacterial killing activity = lower in LCT
group as compared to LCT/MCT
group (p < 0.01).

The median ratio of NK activity day
5/day 0 was lower in the ILE group
than in the control group (p = 0.02)
Reported comparative monocyte function (chemotaxis) = similar decrease in
both groups following ILE (p = NR).

The median ratio of LAK activity day
5/day 0 was lower in the ILE group
than in the control group (p = 0.03)

RD (95% CI) of line infections = þ0.25
(þ0.02; þ0.48)
RD (95% CI) of bacteremia = þ0.04
(0.18; þ0.27)
RD (95% CI) of abdominal
abscesses = þ0.02 (0.15; þ0.19)
RD (95% CI) of superficial wound
infections = þ0.12 (0.07; þ0.31)
RD (95% CI) of other
infections = þ0.14 (0.10; þ0.38)

RD (95% CI) of pneumonia = þ0.25
(þ0.01; þ0.50)

Summary estimatea
Interpretation

LCT was associated with a
lower neutrophil bacterial killing activity as compared with
LCT/MCT.
No difference in phagocytosis
index, chemotaxis, spontaneous migration, or oxidative
metabolism between groups.

No difference in monocytes
function decrease or lymphocytes function between two
types of ILE administration.

ILE was significantly associated with a lower LAK and NK
activity as compared to
controls.

ILE was associated with a
higher risk of pneumonia and
line infections. No difference
in other reported infections
between groups.

Summary of finding
Quality assessmentb

Quality of evidence

RCT crossover; Downgrade:
Indirectness due to surrogate
markers (1), Imprecision due to
small sample size (1)

Observational study; Downgrade:
Limitation due potential selection
bias (lack of comparability
between groups at baseline) (1),
Indirectness due to surrogate
markers (1), Imprecision due to
small sample size (1)

RCT; Downgrade: Limitation to
incomplete reporting of potential
confounding factors (1),
Indirectness due to surrogate
markers (1), Imprecision due to
small sample size (1)

RCT; Downgrade: Limitation due
to potential reporting bias
(unspecified duration to report
clinical outcomes) (1) and due
to incomplete reporting of potential confounding factors (1);
Imprecision due to small sample
size (1)
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Population
TM

Liposyn II (n = 10)

R

IntralipidV (n = 10)

Comparator
(No. of patients)

Comparison

Intervention
(No. of patients)

(n = 15)

(n = 14)

Various (infants,
adults post major GI
surgery)

N = 2 [19,84]

Liposyn or Lyposyn II
(n = 28)

IntralipidV (n = 28)
R

Slower infusion rate
(n = 22)

Higher infusion rate
(n = 22)

Very low birth
weight and premature infants

N = 2 [33,94]

TM

Lower dose (n = 15)

Higher dose (n = 12)

Very low birth
weight neonates

N = 1 [33]

Fat overload syndrome/hypertriglyceridemia/lipemia/hyperamylasemia/pancreatitis/cholestasis
Triglycerides/cholesterol/lipemia
N = 1 [15]
Healthy volunteers
ILE (n = 32)
No ILE (saline) (n = 32)

Inflammatory effects
Post major GI
N = 1 [19]
surgery

No. of studies

Table 1. Continued

MD (95% CI) in FFA (mmol/L) = þ0.64
(þ0.15; þ1.13) [94]
MD (95% CI) in cholesterol (mg/
dL) = þ13.6 (15.0; þ42.2) [94]
MD (95% CI) in hepatic lipase (U/
mL) = þ0.21 (0.97; þ1.39) [94]
MD (95% CI) in LPL (U/mL) = þ0.72
(0.22; þ1.66) [94]
RD (95% CI) in severe hyperlipidemia = þ0.07 (NA) [33]
WMD (95% CI) in triglycerides (mg/
dL) = þ39.0 (21.6; þ99.7)

MD (95% CI) in triglycerides (mg/
dL) = þ106.3 (þ17.4; þ195.3) [94]

RD (95% CI) in severe hyperlipidemia = þ0.17 (NA)

MD (95% CI) in FFA (mmol/L) = þ261
(þ211; þ311)

MD (95% CI) in C4 (mg/dL) = þ2.5
(8.8; þ18.0)

MD (95% CI) in CRP (mg/dL) = 1.9
(10.4; 6.6)

Summary estimatea
Interpretation

No difference in triglyceride
levels between groups.

Higher rate of infusion was
significantly associated with
higher levels of triglycerides
and free fatty acids as compared to a slower rate of infusion.
No difference in levels of
cholesterol, HDL and LPL or in
occurrence of severe hyperlipidemia between groups.

ILE was significantly associated with a higher level of
FFA as compared to the control group.
No difference in severe hyperlipidemia between groups.

No difference in CRP or C4
between groups.

Summary of finding
Quality assessmentb

Quality of evidence

RCTs (one being a crossover
study); Downgrade: Indirectness
due to surrogate marker (1),
Imprecision due to small sample
size (1)

RCT; Downgrade: Limitation due
to potential selection bias
(important lost to follow-up) (1),
Indirectness due to surrogate
markers (1), Imprecision due to
small sample size (1)
RCTs (one being a crossover
study); Downgrade: Limitation
due to potential selection bias
(important lost to follow-up in
one study and lack of comparability between groups at baseline in
the other study) (1),
Indirectness due to surrogate
markers (1), Imprecision due to
small sample size (1)

RCT crossover; Downgrade:
Indirectness due to surrogate
marker (1)

RCT; Downgrade: Indirectness due
to surrogate markers (1),
Imprecision due to small sample
size (1)
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Liver abnormalities
N = 1 [87]
Critically ill patients
receiving artificial
nutrition

Cholesterol crystals
Pre-cholecystectomy
N = 1 [95]

Low birth weight
infants who died

Neonates on ECMO

N = 1 [73]

Lipid deposits
N = 1 [89]

Severe acute
pancreatitis

Population

N = 1 [80]

No. of studies

Table 1. Continued

ILE (n = 303)

ILE (n = 8)

ILE (n = 9)

Via ECMO circuit
(n = 5)

MCT/LCT/Omega-3
(fish based) (n = 22)

Intervention
(No. of patients)

No ILE (enteral nutrition) (n = 422)

No ILE (n = 8)

No ILE (human milk)
(n = 12)

Via a separate IV
access (n = 4)

MCT/LCT (n = 22)

Comparator
(No. of patients)

Comparison

Liver dysfunction was associated with
the use of TPN at the univariate
(p < 0.001), but also at the multivariate analysis (OR 1.96, 95% CI
1.3–2.97, p < 0.001), after adjusting
for sepsis, multiple organ dysfunction
score, early use of artificial nutrition,
and energy requirements >25 kcal/
kg/day.

RD (95% CI) in two types of cholesterol crystals = þ0.63 (þ0.25; þ1.00)
and þ0.63 (NA) (p = 0.01)

RD (95% CI) in lipid deposits in macrophages = þ0.19 (0.19; þ0.58)
RD (95% CI) in lipid deposit in alveolar cells = þ0.28 (0.11; þ0.67)
Reported comparative lipid accumulation in brain capillaries = no difference
(p = NR)

ILE was significantly associated with liver dysfunction as
compared to controls

ILE was significantly associated with a higher risk of
cholesterol crystals than the
control group.

ILE was significantly associated with pulmonary artery
lipid deposits as compared to
controls.
No difference in lipid accumulation in brain capillaries, macrophages or alveolar cells
between groups.

No difference in triglyceride
levels between groups.

RD (95% CI) of hypertriglyceridemia = 0.05 (NA)
Reported comparative triglycerides = similar between groups (P NR)

RD (95% CI) in pulmonary artery lipid
deposits = þ0.61 (þ0.27; þ0.96)

No difference in levels of triglycerides and cholesterol, or
in occurrence of hypertriglyceridemia between groups.

Interpretation

Reported comparative triglycerides
and cholesterol levels = slightly lower
in the MCT/LCT/Omega-3 group
(p = NS)

Summary estimatea

Summary of finding
Quality assessmentb

Quality of evidence

Observational study: No serious
limitation

RCT; Downgrade: Limitation due
to a lack of reporting in patients’
baseline characteristics (1),
Indirectness due to surrogate
markers (1), Imprecision due to
small sample size (1)

Observational study; Downgrade:
Limitation due to potential confounders (1); Indirectness due to
surrogate markers (1),
Imprecision due to small sample
size (1)

RCT; Downgrade: Limitation due
potential selection bias (lack of
comparability between groups at
baseline) (1), Indirectness due
to surrogate marker (1),
Imprecision due to small sample
size (1)

RCT; Downgrade: Limitation due
to incomplete methodology
reporting (1), Indirectness due
to surrogate markers (1),
Imprecision due to small sample
size (1)
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Higher infusion rate
(over 15 h) (n = 22)

Various duration (n = 523)

Premature infants
with ARDS

Preterm infants or
neonates who died

Post-hepatectomy

N = 1 [94]

N = 2 [96,98]

N = 1 [97]
Soya (n = 16)

Lower infusion rate
(over 24 h) (n = 22)

MD (95% CI) in direct bilirubin (mmol/
L) = 5.41 (11.53; þ0.71)
MD (95% CI) in ALT (U/L) = 31.0
(110.7; þ48.7)
MD (95% CI) in AST (U/L) = 21.8
(49.5; þ5.9)
MD (95% CI) in ALP (U/L) = þ28. 5
(11.7; þ68.8)

TPN-associated cholestasis was associated with longer duration of TPN, but
also with higher calorie intake, lower
gestational age, lower birth weight,
later enteric feeding and complications of prematurity.[96]
More severe liver abnormalities was
associated not only with a longer
duration of TPN (p = 0.0008), but also
with smaller gestational age, bronchopulmonary dysplasia and direct
hyperbilirubinemia. [98]
MD (95% CI) in total bilirubin (mmol/
L) = 9.79 (21.30; þ1.72)

Summary estimatea
TPN-associated cholestasis was associated with higher calorie intake, but
also with longer duration of TPN,
lower gestational age, lower birth
weight, later enteric feeding and
complications of prematurity (p = NR).
[96]
Linear increase in unbound bilirubin
of 0.62 mg/dL for each increase in 1 g/
kg/d in ILE intake (p = 0.001).
Association still statistically significant
after adjustment for gestational age
and glucose infusion (p = 0.003). [81]
MD (95% CI) in unbound bilirubin (B/
R) = þ0.07 (0.20; 0.34)

No difference in post-operative liver function between
two groups.

Longer duration of ILE was
significantly associated with
higher risk of cholestasis and
liver abnormalities as compared to shorter duration.

No difference in unbound bilirubin between groups.

Interpretation
Higher dose of ILE was significantly associated with higher
unbound bilirubin and cholestasis as compared to lower
dose.

Summary of finding

RCT; Downgrade: Limitation due
potential selection bias (lack of
appropriate allocation) (1),
Indirectness due to surrogate
marker (1), Imprecision due to
small sample size (1)

RCT crossover; Downgrade:
Limitation due to lack of comparability between groups at baseline) (1), Indirectness due to
surrogate markers (1),
Imprecision due to small sample
size (1)
Observational studies; Downgrade:
Limitation due to incomplete
methodology reporting in one
study (1) and due to potential
confounders in both studies (1)

Quality assessmentb
Observational studies; Downgrade:
Limitation due to incomplete
methodology reporting in one
study (1) and due to potential
confounders in both studies (1);
Upgrade: Dose response gradient
in one study (þ1)

Quality of evidence

Very low

Very low

Very low

GRADE rating
Very low

As proposed by GRADE methodology, all other evidence was rated ‘‘very low’’ quality of evidence (this included pre/post intervention studies due to high risk of confounding, uncontrolled studies due to indirectness of
comparisons, case reports/series due to very high likelihood of publication bias and animal studies due to lack of generalizability to humans and thus very serious indirectness).
a
Summary estimate is expressed in difference between the ‘‘group intervention – group comparator’’. Either a risk difference (RD), a mean difference (MD) or weighted mean difference (WMD) was reported with 95% confidence interval (95% CI).
b
Quality assessment according to GRADE methodology. Of note, since few studies were pooled together to answer a specific clinical question, inconsistency and publication bias were not evaluable.

Olive (n = 15)

Various duration (n = 24)

Various doses (n = 26)

Population
Preterm infants

Comparator
(No. of patients)

Comparison

Intervention
(No. of patients)
Various doses (n = 523)

No. of studies
N = 2 [81,96]

Table 1. Continued
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Study type

Rescue

R

LCT 20%
(IntralipidV)

30 s–1 min after ILE
given

100 mL of 20% ILE
and 150 mL of 20%
ILE

Two poisoned patients (1 with
metoprolol þ buproprion and 1
with diltiazem þ propranolol)

Case series

R

LCT 20%
(IntralipidV)

Pre-infusion, 2 and
4 h after start of
infusion

[11]

TPN

500 mL

12 patients (7 critically ill
patients and 5 healthy
volunteers)

Pre-infusion, during
infusion (5, 10, 15,
30, 45 and 60 min
following its initiation) and 2 h after
its termination

Baseline and
240 min after start
of infusion

Pre-infusion and
every 6 h for 24 h

120 mL versus
60 mL þ 120 mL

Observational cohort
(prospective pre-/
post-intervention)

R

LCT 20%
(IntralipidV)

[14]

TPN

Observational cohort
study (prospective)

[10]

R

1.2 g/kg (12 mL/kg)

LCT 10% LiposynTM
II versus IntralipidV

TPN

Randomized controlled trial

[19]
R

1.1–1.3 g/kg in sepsis group and
1.29–1.31 g/kg in
ARDS group

LCT 20%
(Lipovenos)

TPN

18 critically ill patients (stratified
by diseases: 10 severe sepsis
and 8 ARDS) randomized to
either to receiving TPN over 6 h
(n ¼ 18) or 24 h (n ¼ 18),
alternatively
20 patients post major gastrointestinal surgery randomized to
LiposynTM II (n ¼ 10) or
IntralipidV (n ¼ 10)
19 adult patients following an
uncomplicated isolated coronary
artery bypass receiving ILE at a
rate of 2 mL/min (n ¼ 12) versus
1 mL/min followed by 2 mL/min
(n ¼ 7)

Randomized controlled crossover
study

R

Pre-infusion, 30 min
before the end of
infusion and 4 h following the infusion

50% of daily nonprotein caloric
requirement given
over 8 h

[17]

R

LCT 20%
(IntralipidV) & LCT/
MCT 20%
(LipofundinV)

Pre-infusion and at
180 min

Timing of adverse
events

Unknown amount
of infusion given for
180 min.

Total dose/duration
of ILE

TPN

R

LCT 10%
(IntralipidV)

Type of ILE

Nine patients with pancreatitis
and ARDS randomized to either
LCT (n ¼ 9) or LCT/MCT (n ¼ 9),
alternatively for 24 h

TPN

Indication of ILE

Randomized controlled crossover trial

32 healthy subjects randomized
to either ILE (n ¼ 32) or saline
(n ¼ 32), alternatively on 2 separate occasions

Type of population (number)

[16]

Cardiovascular effects
Randomized con[15]
trolled crossover trial

References

Table 2. Organ dysfunction adverse effects reported in human studies.
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Pre-/post-comparison: An 8% decrease in cardiac
index occurred at 30 min in the higher rate infusion (p  0.02). An increase in pulmonary capillary
wedge pressure occurred at 10–15 min in the control group.
Group comparison: A significant decrease in cardiac
output and increase in pulmonary wedge pressure
in the higher rate infusion, while none occurred in
the control group. Also, one case of cardiac ischemia after 30 min of infusion in the higher rate
infusion n group.
Pre-/post-comparison: All patients experienced a
significant rise in cardiac output (from 5.8 to 6.7 L/
min, p ¼ 0.05), HR remained unchanged, increased
in pulmonary vascular resistance (from 64.7 dyne/s
to 131.9 dyne/s, p ¼ 0.05). No adverse effects on
hemodynamics.
Both critically ill patients received lipid rescue
therapy for bradycardia and hypotension refractory
to vasopressors and high-dose insulin. Both suffered brady/asystolic arrest shortly after ILE
administration.
(continued)

Group comparison: No cardiovascular adverse
event.

Pre-/post-comparison: Increase in Q-Tc from 359 to
385 ms in the ILE/propranolol group (p <0.01). No
significant Q-Tc increase in the control groups
(neither propranolol group nor saline group).
Group comparison: Transient higher in mean blood
pressure (p < 0.05), heart rate (p < 0.05), Q-Tc (p
< 0.01), and Q-Tc dispersion (p < 0.01) in the ILE
group.
Pre-/post-comparison: Significant and transient
increase in mean pulmonary artery pressure (from
28 to 35 mmHg) during LCT infusion. Significant
increase in cardiac output (from 8.8 to 9.5 L/min)
during LCT/MCT infusion.
Group comparison: Transient higher mean pulmonary artery pressure during LCT infusion (p < 0.05).
Transient higher cardiac output during LCT/MCT
group (p < 0.05).
Subgroup comparison: In the ARDS group with
rapid infusion, there was an increase in cardiac
index as compared to the sepsis group with rapid
infusion.

Adverse events
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Case report

[18]

Case report

[28]a

[26]

Descriptive cohort
(retrospective)
Case report

[21]

One with Diltiazem OD refractory to standard therapy

Nine patients with cardiovascular
drug toxicity
One with amitriptyline OD

104 premature infants receiving
either TPN (n ¼ 50) or EN
(n ¼ 54)

1 (54 years)

Case report

[24]

Acute kidney injury
[29]
Observational cohort
study (prospective)

1 (30 weeks)

Case report

[23]

Nine adult patients with cardiovascular drug toxicity
1 (34 years)

1

1 (34 weeks)

Case report

[13]

Hematologic effects
Descriptive cohort
[21]
(retrospective)
[22]
Case report

Type of population (number)
1 (70 years)

Study type
Case report

References
[12]

Table 2. Continued

Rescue

Rescue

Rescue

TPN

TPN

TPN

TPN

Rescue

TPN

TPN

Indication of ILE
TPN

R

R

R

R

LCT 20%
(IntralipidV)

R

LCT 20%
(IntralipidV)
LCT 20%
(IntralipidV)

NR

R

LCT 10%
(IntralipidV)

R

LCT 20%
(IntralipidV)

LCT 20%
(IntralipidV)
10% MCT/LCT

NR

ILE 10% (IntralipidV)

R

Type of ILE
LCT 10–20%
(IntralipidV)

NR

NR

NR

Bolus 6 Infusion
250 mL bolus, then
100 mL/h for 24 h,
then 18 mL/h for
17 days
1 mg/kg (5 mL/kg)
bolus then 0.5 mg/
kg/min (2.5 mL/kg/
min) drip

Between third day
and 30th day of life

6 h after receiving
500 mL in 2 h
instead of 8 h
(250 mL/h)

Just after second
dose of ILE on day
2
Starting during the
erroneous infusion

NR

NR

Timing of adverse
events
4 days after ILE
started. ILE was
stopped when the
hemofiltration line
was found to contain milky fluid, but
patient had cardiac
arrest soon after
8 h after ILE started

0.5 g/kg/day
(2.5 mL/kg/day
using 20% ILE or
5 mL/kg/day using
10% ILE) for
unknown duration

500 mL/day for 3
weeks

87 mL over 12 h
(79 mL/kg)

Bolus 6 Infusion
unknown amount
500 mL/day for 2
days

0.08 g/h (8 mL/h
ILE)  8 h ¼ 0.64 g
NR

Total dose/duration
of ILE
2580 mL/24 h for 4
days
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Renal failure no value reported

(continued)

Pre-/post-comparison: Significant increase in serum
cystatin C (from 1.2 to 1.6 mg/L), urinary b2 microglobulin (from 3.8 to 10.6 mg/L), gluthatione-Stransferase p (from 6.7 to 44.3 ng/mL) and N-acetyl-b-D glucosaminidase (from 2.9 to 7.3 lg/L) in
TPN group (Ps all < 0.001), while the levels in the
control group remained comparable.
Group comparison: Significant decreased in glomerular and tubular function at 30th day of life in
TPN group as compared to the EN (higher marker
levels in TPN group, Ps all < 0.05). No statistical
difference in BUN or creatinine.
Three out of nine patients had renal failure
(33.3%). No value reported. All three survived.
Acute renal failure observed, no values reported.

Dosing error in premature infant resulting in persisting hyponatremia (for the following 5 days),
elevated liver enzymes and intraventricular
hemorrhage.
Developed intravascular hemolysis. Abnormal bone
marrow.

Catatonia, thrombocytopenia, leukopenia noted
after two doses of ILE.

1 out of 9 had DIC with fatal outcome (11.1%)

Tamponade from TPN infused into pericardium

Cardiac arrest and death

Adverse events
Death (cardiac arrest)
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Case report

[12]

Nine patients with cardiovascular
drug toxicity
1 (32 weeks old infant)

1 (70 years man with complicated post-operative course after
emergency surgery)

1

Type of population (number)

TPN

Rescue

TPN

TPN

Indication of ILE

R

R

LCT 20%
(IntralipidV)
LCT 20%
(IntralipidV)

R

R

LCT 20%
(IntralipidV)
LCT 10–20%
(IntralipidV)

Type of ILE

250 mL of 20% –
24 g Lipid/kg body
weight

Bolus 6 Infusion

2580 mL/24 h

100 mL of 20%

Total dose/duration
of ILE

On day 5 of life
immediately after
infusion

NR

NR

NR

Timing of adverse
events
Adverse events

One out of nine had metabolic acidosis resulting
in death (11.1%)
Massive OD of TPN: Patient developed metabolic
acidosis, among other effects – Treated with
exchange transfusion, full recovery

Iatrogenic OD in premature infant, elevation in
blood urea nitrogen.
Renal failure required hemofiltration.
BUN 20.4 mmol/L (57 mg/dL),
creatinine 300 mmol/L (3.4 mg/dL.

AE: Adverse events; AKI: acute kidney injury; AMS: altered mental status; ARDS: acute respiratory distress syndrome; BB: beta blocker; BM: bone marrow; CCB: calcium channel blocker; CVC: central venous catheter; CVVHF: continuous veno-venous hemofiltration; DIC: disseminated intravascular coagulation; CO: carbon monoxide; DKA: diabetic ketoacidosis; DLCO: carbon monoxide diffusion capacity; DVT: deep vein thrombosis; ECMO: extracorporeal membrane oxygenation; FiO2: fraction of inspired oxygen; FOBLE: fish oil-based lipid emulsion; GA: gestational age; HPF: high powered field; ICU: intensive care unit; ILE: intravenous lipid emulsion; LCT: long chain triacylglycerols;
LFT: liver function tests; LPL: lipoprotein lipase; MCT: medium chain triacylglycerols; MODS: multiorgan dysfunction syndrome; NA: not available; NICU: neonatal intensive care unit; NR: not reported; OD: overdose/poisoning;
PAP: pulmonary artery pressure; P(A–a)O2: Alveolar Arterial gradient; PaO2: arterial partial pressure of oxygen; PAI-1: plasminogen activator inhibitor type I; Pt: patient; PVR: peripheral vascular resistance; R/Q: respiratory quotient;
SVC: superior vena cava; TAT: thrombin antiothrombin; TCA: tricyclic antidepressants; TG: triacylglycerols; TPN: total parenteral nutrition; Tx: treatment; V/Q: ventilation perfusion; VCO2: carbon dioxide production; VO2: oxygen
consumption.
a
A study available in abstract only.

Metabolic acidosis
[21]
Descriptive cohort
(retrospective)
[30]
Case report

Case report

Study type

[27]a

References

Table 2. Continued
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Study type

18 critically ill patients (stratified
by diseases: 10 severe sepsis
and 8 ARDS) randomized either
to receiving TPN over 6 h
(n ¼ 18) or 24 h (n ¼ 18),
alternatively

Randomized controlled crossover
trial

Randomized controlled crossover
study

Randomized controlled trial

Observational
cohort study
(prospective)

[16]

[17]

[19]

[38]

R

Nine patients with pancreatitis
and ARDS randomized to either
LCT (n ¼ 9) or LCT/MCT (n ¼ 9),
alternatively for 24 h

Randomized controlled trial

[45]

20 patients post major gastrointestinal surgery randomized to
LiposynTM II (n ¼ 10) or
IntralipidV (n ¼ 10)
12 premature low birth weight
infants either receiving ILE
(n ¼ 6 on 13 infusions) versus
not receiving ILE (n ¼ 6)

41 very low birth weight neonates randomized to either 1 g/
kg/day on 24 h with subsequent
increasing dosage (n ¼ 15), or
same intervention on 16 h
(n ¼ 14), or 4 g/kg/day on 24 h
(n ¼ 12)
21 septic patients with ARDS
randomized to either LCT
(n ¼ 10) or LCT/MCT (n ¼ 11)

Randomized controlled trial

60 polytrauma patients randomized to receive 10 days of either
standard TPN with ILE (n ¼ 30)
or TPN without ILE (n ¼ 27)

Type of
population (number)

[33]

ARDS/ALI/Hypoxia/V/Q Mismatch
Randomized con[32]
trolled trial

References

Table 3. Pulmonary adverse effects reported in human studies.

TPN

TPN

TPN

TPN

TPN

TPN

TPN

Indication of ILE

R

LCT 10%
(IntralipidV)

0.2–0.9 g/kg
(2–9 mL/kg) over
2h

1.2 g/kg (12 mL/kg)

LCT 10% LiposynTM
II versus IntralipidV
R

1.1–1.3 g/kg in sepsis group and
1.29–1.31 g/kg to
ARDS group

R

Pre-infusion, 30 min
before the end of
infusion and 4 h following the infusion

50% of daily nonprotein caloric
requirement given
over 8 h

Baseline and 90 min
after start of
infusion

Baseline and
240 min after start
of infusion

Pre-infusion and
every 6 h for 24 h

Pre-infusion, 30 min
before the end of
infusion and 4 h following the infusion

At baseline and
every 12 h for 8
days

Max dose 4 g/kg/
day (40 mL/kg/day)
 8 days

50% of daily nonprotein caloric
requirement given
over 8 h

Duration of
hospitalization

Timing of adverse
events

10 or 20% ILE for
12 h

Total dose/
duration of ILE

LCT 20%
(Lipovenos)

R

R

LCT 20%
(IntralipidV) & LCT/
MCT 20%
(LipofundinV)

R

LCT 20%
(IntralipidV) & LCT/
MCT 20%
(LipofundinV)

R

LCT 10% or 20%
(IntralipidV)

LCT 10 or 20%

Type of ILE

Adverse events

Pre-/post-comparison: In ILE infusion, increase in the
ratio of right ventricular pre-ejection period to ejection
time (from 0.232 to 0.285; p ¼ 0.0001), from which
43% of patients had pulmonary hypertension. No
change in the control group.
Group comparison: ILE infusion was associated with
echocardiographic pulmonary hypertension.
(continued)

Pre-/post-comparison: Significant and transient increase
in pulmonary venous admixture (from 24% to 37%)
and a decrease in PaO2/FiO2 (from 240 to 180) during
LCT infusion. Significant increase in VO2 (from 329 to
396 mL/min) during LCT/MCT infusion.
Group comparison: Transient higher pulmonary venous
admixture and VO2 and lower PaO2/FiO2 during LCT
infusion (p < 0.05).
Pre-/post-comparison: Significant and transient increase
in pulmonary venous admixture (from 26% to 36%)
and a decrease in PaO2/FiO2 (from 210 to 170) during
LCT infusion. Significant increase in VO2 (from 340 to
398 mL/min) and VCO2 (from 247 to 282 mL/min) during LCT/MCT infusion.
Group comparison: Transient higher pulmonary venous
admixture and VO2, and lower PaO2/FiO2 during LCT
infusion (p < 0.05). Transient higher VCO2 during LCT/
MCT infusion (p < 0.05).
Pre/post and group comparison: In the ARDS group
with rapid infusion, there was an increase in P/T ratio,
in pulmonary shunt fraction and in P(A  a)O2/PaO2
while there was a decrease in pulmonary vascular
resistance and PaO2/FiO2. The opposite occurred in the
ARDS group with slow infusion as well as in the sepsis
group with rapid infusion (in which P/T ratio remained
unchanged at either infusion rate).
Group comparison: No respiratory adverse event.

Group comparison: Total number of pneumonia during
hospitalization was 27 in the ILE group as compared
to 14 in the control group (p ¼ 0.05) The ILE group
also experienced a longer course of mechanical ventilation (p ¼ 0.01).
Pre/post and group comparisons: Various regimens and
rates of infusion had no effect on blood pH and alveolar-arteriolar oxygen diffusion gradient.
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Observational
cohort (prospective
pre-/postintervention)
Observational
cohort (prospective
pre-/postintervention)
Observational
cohort (prospective
pre-/postintervention)

[39]

[21]

[48]

[47]

[42]

Observational
cohort (prospective
pre-/postintervention)
Observational
cohort (prospective
pre-/postintervention)
Descriptive cohort
(retrospective)

Seven infants with hyaline membrane disease or bronchopulmonary dysplasia

Observational
cohort (prospective
pre-/postintervention)

[14]

[41]

12 patients (7 critically ill
patients and 5 healthy
volunteers)

Observational
cohort study
(prospective)

[49]

Nine patients with cardiovascular
drug toxicity

Five full term neonates

Eight premature infants

16 premature neonates

Three normal fasting patients

15 preterm infants receiving
either olive-oil based emulsion
(n ¼ 5) or soy-oil based emulsion
(n ¼ 10)

19 preterm infants either with
respiratory distress with 1.5 g/
kg/day for 24 h followed by 3 g/
kg/day for 24 h (n ¼ 11) or
healthy preterm infants (n ¼ 8)

Observational
cohort study
(prospective)

[43]

19 adult patients: 8 with ADRS
and receiving TPN with ILE; 5
with ARDS receiving TPN without ILE; 6 without ARDS receiving TPN with ILE (n ¼ 6)

Type of
population (number)

Observational
cohort study
(prospective)

Study type

[35]

References

Table 3. Continued

Rescue

TPN

TPN

TPN

TPN

TPN

TPN

TPN

TPN

TPN

Indication of ILE

R

R

LCT 20%
(IntralipidV)

NR

R

LCT 10%
(IntralipidV)

R

LCT 10%
(IntralipidV)

R

LCT 20%
(IntralipidV)

R

LCT 20%
(IntralipidV)

R

LCT 20%
(IntralipidV)

LCT 20% (Clinoleic
& IntralipidV)

R

LCT 20%
(IntralipidV)

R

LCT & MCT 20%
(LipofundinV)

Type of ILE

2 g/kg (10 mL/kg
using 20% ILE or
20 mL/kg using 10%
ILE)
Bolus 6 Infusion

NR

Baseline and after
6 h of ILE infusion

Baseline and 15 min
after start of ILE
infusion

Pre-infusion and
after lipid infusion

0.05–0.027 g/kg/h
(0.25–0.135 mL/kg/
h) for 10 h/day

1 g/kg (10 mL/kg)

Pre-infusion, 2 and
4 h after start of
infusion

500 mL

Baseline, at 4 and
8h

At baseline and at
maximum lipid
infusion

1–3 g/kg/day
(5–15 mL/kg/day)

1 g (10 mL) over 4 h

At baseline and
after 24 h of
infusion

1.5–3 g/kg/day
(7.5–15 mL/kg/day)
for 2 days

Before and after
infusion

Pre-infusion and at
the end of the
infusion

0.21 g/kg (1.05 mL/
kg) over 1 h

200 mL over 30 min

Timing of adverse
events

Total dose/
duration of ILE
Adverse events

Pre-/post-comparison: Significant decrease in alveolar
oxygen tension (from 107 to 97 mmHg) and respiratory
quotient (from 1.0 to 0.8), but not in alveolar-arterial
O2 gradient.
Acute Lung Injury reported in three out of nine
patients (33.3%). All three survived
(continued)

Pre-/post-comparison: Decrease in PaO2 (from 80.6 to
59.1 and to 65.3 mmHg). Infants less than a week old
had significant decline in PaO2 after lipid, while those
aged 2–3 weeks did not. Other blood gas parameters
were not altered.
Pre-/post-comparison: Decrease in umbilical artery oxygen tension (from 70.9 to 62.0 mmHg), from which 6
had greater than 10 mmHg drop

Pre-/post-comparison: No significant difference in diffusion of CO

Pre-/post-comparison: Decrease in PaO2/FiO2 (from 129
to 95) and in compliance of respiratory system (from
39.2 to 33.1 mL/cm H2O), and an increase in pulmonary vascular resistance (from 258 to 321 dyne  s 
cm (5)) in the ARDS with ILE group. No significant
change was observed in the two other groups.
Group comparison: ILE bolus in ARDS group resulted in
deterioration in pulmonary gas exchange and
increased pulmonary vascular resistance as compared
with controls.
Pre-/post-comparison: Increased ratio of right ventricular pre-ejection period to ejection time in the 1.5 g/kg/
day infusion group (from 0.225 to 0.287) and in the
3 g/kg/day infusion group (up to 0.326). No significant
change was observed in the controls.
Group comparison: Continuous 24 h ILE infusion caused
significant dose and time dependent increases in pulmonary vascular resistance.
Pre-/post-comparison: Estimated PAP fell in both
groups: olive-oil-based emulsion group (83%) and soyoil based emulsion (12%)
Group comparison: Estimated fall in PAP was greatest
in the olive-oil-based emulsion group than in the soyoil based emulsion (p ¼ 0.02).
Pre-/post-comparison: All patients experienced an
increase in VO2 and in VCO2 (19% and 17% In healthy
volunteers, and 31 and 37% in critically ill patients).
RQ remained constant. No adverse effects on pulmonary gas exchange and blood gases.
Pre-/post-comparison: Significant decrease in transcutaneous PO2 after lipid infusion (mean decrease of 10%).
No change in transcutaneous PCO2
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One patient

Eight premature infants

Consecutivecase
series
Case report

Case report

Case report

Case report

Case series

Case report

[37]

[44]

[31]

[30]

[36]

[46]a
TPN

TPN

TPN

TPN

Rescue

Rescue

Rescue

Rescue

Rescue

Indication of ILE

R

R

LCT 20%
(IntralipidV)

R

LCT 20%
(intralipidV)

R

LCT 10%
(IntralipidV)
LCT 20%
(IntralipidV)

LCT 20%

LCT 20%

LCT 20%

R

LCT 20%
(IntralipidV)

R

LCT 20%
(IntralipidV)

Type of ILE

NR

NR

NR

NR

NR
250 mL of 20% –
24 g Lipid/kg body
weight
Total NR- rate from
0.07 g/kg/h to
0.44 g/kg/h
(0.35–2.2 mL/kg/h)
for 4 h–27 days
14.5 mL over 1.75 h

NR

NR

NR

NR

NR

Timing of adverse
events

100 mL bolus then
0.2 mL/kg/min
170 mL

250 mL bolus, then
100 mL/h for 24 h,
then 18 mL/h for 17
days
Various

500–1000 mL Bolus

Total dose/
duration of ILE
Adverse events

Received an accidental OD of Lipid, was hypoxic for
12 h but returned to normal without sequelae

R

R

ARDS from IntralipidV used for verapamil toxicity.
Survival.
Resuscitated successfully. VQ mismatch noted after
resuscitation
ARDS from IntralipidV. Care withdrawn and patient
expired.
Massive OD of TPN in 32 weeks old infant - respiratory
distress, Treated with exchange transfusion, full
recovery
Autopsies showed fat accumulation in pulmonary vasculature consistent with V/Q mismatch, inconsistent
with fat overload syndrome or embolism.

Three developed ARDS

ARDS and respiratory failure reported no details given.
Survival without sequelae

One case of ARDS in severe verapamil toxicity.
Outcome not reported.

AE: Adverse events; AKI: acute kidney injury; AMS: altered mental status; ARDS: acute respiratory distress syndrome; BB: beta blocker; BM: bone marrow; CCB: calcium channel blocker; CVC: central venous catheter; CVVHF: continuous veno-venous hemofiltration; DIC: disseminated intravascular coagulation; CO: carbon monoxide; DKA: diabetic ketoacidosis; DLCO: carbon monoxide diffusion capacity; DVT: deep vein thrombosis; ECMO: extracorporeal membrane oxygenation; FiO2: fraction of inspired oxygen; FOBLE: fish oil-based lipid emulsion; GA: gestational age; HPF: high powered field; ICU: intensive care unit; ILE: intravenous lipid emulsion; LCT: long chain triacylglycerols;
LFT: liver function tests; LPL: lipoprotein lipase; MCT: medium chain triacylglycerols; MODS: multiorgan dysfunction syndrome; NA: not available; NICU: neonatal intensive care unit; NR: not reported; OD: overdose/poisoning;
PAP: pulmonary artery pressure; P(A–a)O2: Alveolar Arterial gradient; PaO2: arterial partial pressure of oxygen; PAI-1: plasminogen activator inhibitor type I; Pt: patient; PVR: peripheral vascular resistance; R/Q: respiratory quotient;
SVC: superior vena cava; TAT: thrombin antiothrombin; TCA: tricyclic antidepressants; TG: triacylglycerols; TPN: total parenteral nutrition; Tx: treatment; V/Q: ventilation perfusion; VCO2: carbon dioxide production; VO2: oxygen
consumption.
a
A study available in abstract only.

One premature infant

One (3 yo) patient with
Bupivacaine toxicity
One patient

Nine patients with lipophilic
drug toxicity
One patient with verapamil OD

Case report

[26]

[40]

Nine patients with cardiovascular
collapse (with poor response to
vasopressors) secondary to liposoluble agents poisoning
One patient with amitriptyline
OD

Type of
population (number)

Descriptive cohort
(prospective)

Study type

[34]a

References

Table 3. Continued
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acids. The authors suggested that the increased plasma catecholamine level could have been the mechanism by which
ILE affected cardiac repolarization. Eighteen critically ill
patients (stratified by disease – 10 with severe sepsis and
with eight with ARDS) were randomized to receive TPN over
either 6 h or 24 h.[17] In the ARDS group with rapid infusion,
a decrease in pulmonary vascular resistance and systemic vascular resistance occurred, while there was an increase in cardiac index. The authors attributed these effects to ILE
administration and concluded that linoleic acid administration, regardless of infusion rate, may be unwanted in patients
with pulmonary organ failure. One patient experienced tamponade from TPN infused into the pericardium.[18] After major
gastrointestinal surgery, 20 patients were randomized to
LiposynTM II or IntralipidV.[19] No cardiovascular events were
noted. Liposyn II is a 50% soy/50% safflower oil emulsion.
Smyrniotis et al. studied nine patients with pancreatitis and
ARDS who were randomized to receive either long-chain triacylglycerols (LCT) or LCT/medium-chain triacylglycerols (MCT)
alternately for 24 h in a crossover trial.[16] An example of LCT
is IntralipidV, while LipofundinV represents a LCT/MCT mixture.
When comparing the two treatment conditions, there was a
transient higher mean pulmonary artery pressure from 28 to
35 mm Hg during LCT infusion (p <0.05) and a transient higher
cardiac output from 8.8 to 9.5 L/min during LCT/MCT infusion
(p <0.05). In an observational cohort, 12 patients (5 volunteers,
7 critically ill) received IntralipidV 2.1 mL/min for 4 h (500 mL
total volume).[14] All of the critically ill patients experienced a
significant rise in cardiac output (5.8–6/7 L/min) and an
increase in pulmonary vascular resistance (64.7–131.9 dyne/sec/
cm5). No adverse effects on hemodynamics were reported.
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Hematological effects
Four articles described hematological effects after administration of TPN containing lipid.[21–24] McGrath and associates
described a patient in whom intravascular hemolysis developed following an infusion of 500 mL of IntralipidV 10% over
2 h.[24] For 3 weeks, the patient had received the same daily
amount infused over 8 h without any symptoms. The reaction
to the faster administration indicated that the reaction was
likely due to the rate of infusion. The authors speculated that
IntralipidV might cause changes in the phospholipid composition of the red cell membrane; or alternatively, a product of
IntralipidV breakdown (e.g., lysolecithin) might have acted as
a direct hemolysin. Two other author groups reported
thrombocytopenia in the setting of lipid administration for
TPN.[22,25] Geib and colleagues described the emergence of
disseminated intravascular coagulation (DIC), which had a
fatal outcome.[21] Low and Ryan determined that a dosing
error in a premature infant resulted in persistent hyponatremia (for 5 days), elevated liver enzymes, and intraventricular
hemorrhage.[23]
R

R
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therapy (CRRT) was noted in a patient who received 20% ILE
for 18 h as treatment for tricyclic antidepressant overdose.[26]
A serum creatinine was not reported. AKI occurred in three of
nine patients receiving various doses of 20% IntralipidV for
overdose of various cardiotoxic medications, though AKI was
not defined and no laboratory markers were reported.[21] AKI
developed in an 47-year-old female after IntralipidV administration in the setting of diltiazem poisoning.[28] A serum creatinine was not reported.
Crook reported AKI in a patient who received 2580 mL of
ILE (combined dose for 10% and 20% ILE) over 24 h.[12] An
elevation in blood urea nitrogen from 7 to 28 mg/dL was
detected in a premature infant after an iatrogenic overdose
of IntralipidV intended for TPN.[27] No change in serum creatinine was observed. In the largest of the reports, reduced
glomerular and tubular function, manifested by increased
urine protein markers, was detected in 50 premature infants
receiving TPN, including 0.5 g/kg/day (equivalent to 2.5 mL/
kg/day of 20% ILE) of a lipid emulsion that was not specifically described.[29] The two groups were significantly different
at baseline in this non-randomized, observational study. 80%
of the neonates in the TPN group were born at 28–30 weeks
gestation; 80% of the enterally-fed infants were older than 30
weeks. Likewise, the mean birth weight for the enteral group
was 30% higher than the mean birth weight of the TPN
group. Mothers of the TPN-fed babies were more likely to
have hypertension or eclampsia.
R

R

R

Metabolic acidosis
Two articles addressed metabolic acidosis after ILE administration.[21,30] One case series reported metabolic acidosis in
one of nine patients being treated with ILE in response to
drug-induced cardiotoxicity.[21] The magnitude of this acidosis and the amount of lipid received were not reported.
Fairchild and associates described the clinical course of a preterm infant who received an overdose of IntralipidV 20%
(24 g/kg or 250 mL) over 60 min.[30] The child had laboratory
values of a pH of 7.25, a PCO2 of 35 mm Hg, and a PaO2 64
of mm Hg, which improved with administration of sodium
bicarbonate, 2 mEq/kg. The patient’s oxygen saturation was
92%, with evidence of ARDS. It is unclear how, or if, ILE
administration and the metabolic acidosis were related.
R

R

Acute kidney injury
Six articles focused on adverse effects classified under
AKI.[12,21,26–29] Three of them involved the use of ILE for
poisoning,[21,26,28] and three described patients receiving
TPN.[12,27,29] AKI requiring continuous renal replacement

Pulmonary adverse effects
26 articles addressed pulmonary adverse effects, including
ARDS, ALI, hypoxia, and V/Q mismatch (Table 3).
[14,16,17,19,21,26,30–49] Six of these cases were reported in
the context of rescue ILE, while the remaining 20 were in the
context of TPN. The articles reporting ARDS after administration of ILE for poisoning describe a total of nine
cases.[26,34,37,40,50] All patients were critically ill prior to
receiving rescue ILE, so the authors could not implicate ILE as
a single direct causative factor in development of ARDS. Four
of the TPN articles cited or speculated a mechanism of
IntralipidV-induced ARDS in which fatty acid precursors to arachidonic acid resulted in inflammatory cascade and prostaglandin production.[16,35,45,51] One patient of particular
R
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interest was a 68-year-old man who developed ARDS and
died after receiving a first dose of lipid for TPN.[31] Another
article described a premature infant who received an unintentional overdose of almost 30 mL/kg of 20% IntralipidV over
1.75 h
and
then
became
dusky
and
hypoxic.
Echocardiography demonstrated pulmonary hypertension.
The effect was transient and self-resolved, so TPN with ILE
was eventually resumed.[46]
Several articles specifically addressed V/Q mismatch as a
complication of ILE.[17,36,44] The earliest one describes eight
preterm infants who died after administration of
IntralipidV.[36] The dose did not exceed 3 g/kg/day (15 mL/kg/
day of 20% ILE). Signs of lipid deposits could be seen as early
as 4 h after the first infusion. At autopsy, the lungs of these
babies were found to have significantly greater lipid deposits
than a matched group of infants who had not received ILE.
One of the eight infants died within 3 days after ILE administration. Another child presented with perfusion mismatch 4 h
after cardiac arrest induced by a local anesthetic.[44] The
dose of ILE given was 3 g/kg/h (15 mL/kg/h of 20% ILE)
instead of 0.125 g/kg/h, as recommended by the American
Society for Parenteral and Enteral Nutrition (ASPEN).
Nonetheless, the causes of this child’s pulmonary dysfunction
are likely multifactorial.[52] A prospective controlled randomized crossover study of 10 ARDS and eight septic adult
patients reported an increased prostaglandin/thromboxane
ratio matching and an increase in pulmonary shunting with
either slow (24 h) or rapid (6 h) ILE infusion given for nutritional support at rates of 0.050–0.054 g/h (0.25–0.27 mL/h for
20% ILE) over 24 h or 0.2–0.217 g/h (1–1.09 mL/h for 20% ILE)
over 6 h.[51] The authors of this study recommended caution
in using ILE in patients with pulmonary disease. In a prospective, observational cohort of 12 patients receiving TPN, all
patients experienced an increase in VO2 (oxygen consumption) and in VCO2 (carbon dioxide excretion) (19% and 17% in
healthy volunteers; 31% and 37% in critically ill patients).[14]
No adverse effects on pulmonary gas exchange or blood
gases were reported. Conversely, three articles cited no
adverse pulmonary effects from lipid used for TPN.[19,33,41]
Forty-one very-low-birth weight neonates were randomized
to either 1 g/kg/day over 24 h with subsequent increasing
doses (n ¼ 15), the same intervention over 16 h (n ¼ 14), or
4 g/kg/day over 24 h (n ¼ 12). The various regimens and rates
of infusion had no effect on blood pH or alveolar-arteriolar
oxygen diffusion gradient.[33] Following major gastrointestinal surgery, Tomassetti and associates randomized 20
patients to receive IntralipidV or LiposynTM II for TPN. No
adverse respiratory events were reported.[19] Partridge and
colleagues found no significant difference in diffusion of carbon monoxide in three normal, fasting volunteers who
received 200 mL of 20% IntralipidV over 30 min.[41]
R
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Hypersensitivity and allergic adverse effects
Eight articles addressed hypersensitivity, a reaction with an
incidence of less than 1% in clinical trials (Table
4).[31,53–58] Published reports of hypersensitivity involve
1–3 cases and include adult and pediatric patients.

Reaction severity includes diffuse pruritus[56]; diffuse urticaria and dyspnea[55]; urticarial rash[54,59]; skin blistering[53]; and diffuse erythema, shortness of breath, and
tachypnea with subsequent development of ARDS and
death.[31] In most cases, the reactions resolved when ILE
was stopped and without treatment with antihistamines
and/or glucocorticoid therapy. One report indicated hypersensitivity to ILE containing LCT in three cancer patients.
Re-exposure to LCT and exposure to marginally different
formulations of MCT solutions without soybean lecithin
were well tolerated.[57] One out of 48 patients receiving
ILE rescue was reported to have bronchospasm after
administration.[60] In the study by Tomassetti et al., mentioned above, no adverse allergic events were reported in
twenty patients who were randomized to receive
IntralipidV or LiposynTM II for TPN after major gastrointestinal surgery.[19]
R

Vascular occlusion
Priapism
Five articles addressed priapism (Table 5).[61–65] Klein and
colleagues reported the development of priapism in two
patients after infusion of 500 mL of IntralipidV 20% or
LiposynTM (a safflower oil emulsion) during long-term TPN
therapy.[63] Hebuterne and associates described their management of a man who experienced priapism as a reaction to
parenteral nutrition, and summarized four other cases from
previously published articles.[64] Chapuis and Stratt reported
priapism in a 70-year-old man who received 1500 mL of
IntralipidV 20% daily following emergency surgery.[62]
Priapism occurred at the end of his daily infusion on the 34th
day of TPN therapy. While this interval exceeded the criterion
for the article selection process, it is reasonably likely that this
adverse effect may be attributable to a single infusion of ILE
and not to the cumulative dosage of the previous 34 days.
The rate of infusion was not reported. Collectively, these five
articles present eight cases of priapism associated with TPN.
Half of them had received heparin in addition to ILE. The
reaction occurred under a range of circumstances: at a wide
range of intervals (45 min to 11 days) and doses (between
500 and 1500 mL daily).
R

R

Deep vein thrombosis/phlebitis/coagulation biomarkers
Four articles addressed DVT in a context that could apply to
the use of ILE in toxicology.[21,66–68] Phlebitis was developed at the site of ILE administration shortly after the onset
of infusion during resuscitation from a diphenhydramine poisoning; DVT was confirmed on a return visit.[66] Geib and colleagues diagnosed DVT in 3 of 9 patients who received ILE
for poisoning. Two of them received a bolus with a subsequent infusion, and one patient received three boluses. The
total doses of ILE were not reported.[21] In a prospective,
observational cohort study in patients receiving TPN,
Altomare and co-workers found that tissue plasminogen activator concentrations were significantly lower in a group
receiving 500 mL ILE over 5–6 h than in a control group.[67]

CLINICAL TOXICOLOGY

385

Table 4. Hypersensitivity and allergic adverse effects reported in human studies.
References

Study type

Type of population
(number)

Indication
of ILE

Timing of adverse
events

Adverse events

LCT 10% LiposynTM
II versus IntralipidV

1.2 g/kg
(12 mL/kg)

Rescue

Multiple
preparations

Variable

NR

Bronchospasm 1/48 cases
(2.1%)

TPN

NR

Unknown

NR

TPN

LCT 20%
(IntralipidV)
LCT 10%
(IntralipidV)

650 mL total

NR

500 mL

NR

LCT 20%
(IntralipidV)

NR

NR

LCT 20%
(IntralipidV)

NR

NR

MCT & LCT? %

NR

NR

Severe skin erythema,
edema, and blistering at
site of infusion. Resolution
after 2 months with steroids and antibiotics.
Urticarial rash, resolution
with diphenhydramine
Prior history of allergy to
legume and bean products developed urticaria
and dyspnea that
responded to
diphenhydramine.
After 19 days of TPN,
developed urticarial rash
that resolved with cessation and recurred with rechallenge. Disparity noted
between skin testing and
intravenous challenge.
Developed allergic reaction, resolved with cessation. Subsequent positive
egg white allergy.
Hypersensitivity to LCT
but not MCT in cancer
patients. Symptoms
resolved with steroids and
termination of infusion.

TPN

[53]

Randomized con- 20 patients post major
trolled trial
gastrointestinal surgery
randomized to
LiposynTM II (n ¼ 10) or
IntralipidV (n ¼ 10)
48 patients with drug
Descriptive
toxicity (online lipid
cohort
registry): 10 with LA,
(prospective)
38 other OD)
Case report
One patient

[54]

Case report

[19]

Total dose/
duration of ILE

Type of ILE
R

Baseline and
240 min after start
of infusion

Group comparison: No
allergic adverse event.

R

[60]

One patient
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R

[55]

Case report

One patient

TPN

R

[59]

Case report

1 (9 years)

TPN

R

[56]a

Case report

1 (2 years)

TPN

R

[57]

Case series

Three patient

TPN

AE: Adverse events; AKI: acute kidney injury; AMS: altered mental status; ARDS: acute respiratory distress syndrome; BB: beta blocker; BM: bone marrow; CCB: calcium
channel blocker; CVC: central venous catheter; CVVHF: continuous veno-venous hemofiltration; DIC: disseminated intravascular coagulation; CO: carbon monoxide;
DKA: diabetic ketoacidosis; DLCO: carbon monoxide diffusion capacity; DVT: deep vein thrombosis; ECMO: extracorporeal membrane oxygenation; FiO2: fraction of
inspired oxygen; FOBLE: fish oil-based lipid emulsion; GA: gestational age; HPF: high powered field; ICU: intensive care unit; ILE: intravenous lipid emulsion; LCT: long
chain triacylglycerols; LFT: liver function tests; LPL: lipoprotein lipase; MCT: medium chain triacylglycerols; MODS: multiorgan dysfunction syndrome; NA: not available;
NICU: neonatal intensive care unit; NR: not reported; OD: overdose/poisoning; PAP: pulmonary artery pressure; P(A–a)O2: Alveolar Arterial gradient; PaO2: arterial partial
pressure of oxygen; PAI-1: plasminogen activator inhibitor type I; Pt: patient; PVR: peripheral vascular resistance; R/Q: respiratory quotient; SVC: superior vena cava;
TAT: thrombin antiothrombin; TCA: tricyclic antidepressants; TG: triacylglycerols; TPN: total parenteral nutrition; Tx: treatment; V/Q: ventilation perfusion; VCO2: carbon
dioxide production; VO2: oxygen consumption.
a
A study available in abstract only.

Fat embolism
Six articles addressed fat embolism in patients receiving
TPN.[13,20,69–72] The majority occurred after at least 7 days
of therapy. No cases were associated with administration of
ILE in the treatment of poisoning. It is unknown if the risk of
fat embolism occurs with each infusion or is a cumulative risk.
CVVHF circuit and ECMO line interference
Three case reports or series described line complications.[40,73,74] Rodriguez et al. described a 26-year-old man
with refractory hypotension and bradycardia following an
intentional overdose of amlodipine, metoprolol, and lisinopril.
He received a bolus of ILE 20% followed by a continuous

infusion after other treatments had failed.[74] He continued
to deteriorate, and he underwent continuous veno-venous
hemofiltration. Lipemic blood appeared immediately in the
CVVHF filter, and the filter become completely obstructed
and unusable. The patient died despite ongoing resuscitation
efforts. Buck and colleagues conducted a prospective study
that identified nine neonates who received ILE for nutrition
and were on simultaneous extracorporeal membrane oxygenation (ECMO). Five patients received ILE through the ECMO
circuit and four patients received ILE through a separate line.
All five patients receiving ILE through the ECMO circuit developed clots in the circuit. Two of the four patients in the IV
access group developed blood clots, though it is not mentioned if clotting in the circuit occurred.[73]
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Table 5. Vascular occlusion adverse effects reported in human studies.
References
Priapism
[62]

Study type
Case report

Population
Indication
(number and type)
of ILE
One patient

TPN

Type of ILE
LCT 20%
(IntralipidV)

1500 mL/day  34
days

LCT (20%
IntralipidV)

500–1000 mL/day

R

[61]

Case series

Three patient

TPN

Total dose of ILE

R
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[64]

Case report

One patient

TPN

LCT 20%

500 mL/12 h
TM

[63]

Case series

Two patient

TPN

LCT (Liposyn )
20%

Unclear within 1 h
of 500 mL infusion
rate not reported

[65]

Case report

One patient

TPN

LCT 20%
(IntralipidV)

500 mL for 5 days
then 1000 mL for
1 day

LCT 10%
(IntralipidV)

500 mL over 5–6 h

LCT 20%
(IntralipidV)

500 mL

R

Deep vein thrombosis/phlebitis/coagulation biomarkers
[67]
24 patients with
Observational
TPN
various diseases
cohort study
receiving ILE
(prospective)
(n ¼ 12) versus no
ILE (n ¼ 12 matched
controls)

[68]

[21]
[66]

R

Timing of adverse
events
At the very end of
1500 mL ILE on the
34th day
One patient developed priapism after
5 days, two patients
after 11 days

Adverse events
Priapism, remained impotent
at 3-year follow up

Priapism developed 5–11
days following TPN. Treated
surgically. One out of three
patients remained impotent
at 6-month follow up.
Within 24 h of the
Priapism, continued impoonset of ILE
tence at 3-year follow up
45 min after start of Two patients with priapism,
ILE infusion
one remained impotent, one
had resolution after treatment. Incidence of 5.7%
(from an 8-year TPN program
including 35 males).
Priapism, treated surgically.
12 h after infusion
No erections at 2 months folon the 6th day of
low up
ILE
Baseline, at the end Pre-/post-comparison: Tissues
of the infusion and plasminogen activator levels
24 h later
were significantly lower at
the end of the infusion and
24 h later (Ps < 0.001 and
<0.05), while they were
increased in the controls at
the end of the infusion only
(p < 0.01).
Group comparison: Tissue
plasminogen activator levels
were significantly lower in
the ILE group than in the
control group, while PAI-1
levels were comparable at all
times between the two
groups.
Pre-infusion and
Pre/post and group comparievery hour for 6 h
son: Peak levels of prothrombin fragment Fi þ 2, TAT
complexes and PAI-1
increased to 6.88 nM,
63.1 lg/L, and 622.3 lg/L in
the ILE group as compared
to 4.93 nM, 37.1 lg/L, and
337.7 lg/L in the control
group, which was statistically
higher in the ILE group (Ps
all < 0.05). Infusion of lipid
emulsion potentiated endotoxin induced coagulation
activation in compared to
controls
NR
Three out of nine had DVT
(33.3%). Two survived.

Observational
cohort study
(prospective)

10 healthy men
received IV endotoxin after either
ILE (n ¼ 5) or dextrose 5% (n ¼ 5)

Descriptive cohort
(retrospective)

Nine patients with Rescue
cardiovascular drug
toxicity
Rescue
One patient
withDiphenhydramine OD

LCT 20%
(IntralipidV)

Bolus 6 Infusion

LCT 20%

8 mL/kg

2 weeks after ILE

Observed phlebitis during
administration. On 2-week
follow-up the patient was
found to have a deep vein
thrombosis in the brachial
vein and a superficial thrombosis in the proximal basilic
vein.

Four infants

LCT 20%
(IntralipidV)

0.08–0.15 g/kg/h
(0.4–0.75 mL/kg/h)
for 11–18 days

No specific timing

Autopsies showed evidence
of fat emboli at autopsy. All
had received prolonged ILE.
(continued)

Case report

Fat embolism
Case series
[20]

TPN

R

TPN

R

R
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Table 5. Continued
References

Study type

Population
Indication
(number and type)
of ILE

Type of ILE

Timing of adverse
events

[69]

Case report

One patient

TPN

LCT? % (IntralipidV)

[13]

Case report

One premature
infant

TPN

ILE 10% (IntralipidV) 0.08 g/h (8 mL/h
ILE)  8 h ¼ 0.64 g

8 h after the beginning of infusion

[70]

Case series

Two patients (aged
22 and 76)

TPN

NR

NR

[71]

Case report

One child

TPN

LCT 20%
(LipofundinV)

60.7 g/kg (303.5 mL/ NR
kg) over 7 weeks

LCT 20%
(IntralipidV)

5.1 mg/kg/day
24 h after infusion
(25.5 mL/kg/day) for
1 day

LCT 20%
(IntralipidV)

3 g/kg (15 mL/kg)
max

LCT 20%
(IntralipidV)

100 mL if ILE with
infusion 0.2 mL/kg
duration unknown

LCT 20%
(IntralipidV)

1.5 mg/kg (7.5 mL/
kg) bolus  2

R

[72]

Case report

One pediatric
patients

CVVHF circuit clot or ECMO line interference
Randomized conNine neonates on
[73]
trolled trial
ECMO randomized
to TPN either by
the ECMO circuit
(n ¼ 5) or separate
IV access (n ¼ 4)
[40]

[74]

Case report

Case report

TPN

Unknown

R

TPN

One patient with
Rescue
Verapamil OD with
ARDS, treated with
VA-ECMO and CVVH
One patient with BB Rescue
and CCB refractory
to standard therapy
treated with CVVHF
for volume overload
and acidosis

500 mL/15 min

R

R
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Total dose of ILE

R

R

R

Immediately after
ILE

Adverse events
Developed fever, Vision Loss,
Seizure and coma after lipid
infusion – Complete resolution by 2 weeks
Pulmonary microemboli
found at autopsy death 12 h
post-ILE
Suspected cerebrovascular fat
emboli due to development
of permanent neurological
deficits while receiving ILE
Autopsy showed fat embolism of pulmonary small
arteries and giant-cell reaction in lumen.
Fat emboli in multiple capillaries and arterioles in organs
including the brain, spleen,
liver, kidney, and lymph
nodes

During the 24 h fol- Group comparison: 100%
lowing the start of developed clots in the ECMO
infusion
circuit versus 50% in the IV
access (p ¼ NR). Clot formation trended to occur more
frequently when ILE is administered by the ECMO circuit.
NR
Filter needed to be changed
three times
NR

CVVHF unsuccessful due to
lipemic blood and filter
obstruction

AE: Adverse events; AKI: acute kidney injury; AMS: altered mental status; ARDS: acute respiratory distress syndrome; BB: beta blocker; BM: bone marrow; CCB: calcium
channel blocker; CVC: central venous catheter; CVVHF: continuous veno-venous hemofiltration; DIC: disseminated intravascular coagulation; CO: carbon monoxide;
DKA: diabetic ketoacidosis; DLCO: carbon monoxide diffusion capacity; DVT: deep vein thrombosis; ECMO: extracorporeal membrane oxygenation; FiO2: fraction of
inspired oxygen; FOBLE: fish oil-based lipid emulsion; GA: gestational age; HPF: high powered field; ICU: intensive care unit; ILE: intravenous lipid emulsion; LCT: long
chain triacylglycerols; LFT: liver function tests; LPL: lipoprotein lipase; MCT: medium chain triacylglycerols; MODS: multiorgan dysfunction syndrome; NA: not available;
NICU: neonatal intensive care unit; NR: not reported; OD: overdose/poisoning; PAP: pulmonary artery pressure; P(A–a)O2: Alveolar Arterial gradient; PaO2: arterial partial
pressure of oxygen; PAI-1: plasminogen activator inhibitor type I; Pt: patient; PVR: peripheral vascular resistance; R/Q: respiratory quotient; SVC: superior vena cava;
TAT: thrombin antiothrombin; TCA: tricyclic antidepressants; TG: triacylglycerols; TPN: total parenteral nutrition; Tx: treatment; V/Q: ventilation perfusion; VCO2: carbon
dioxide production; VO2: oxygen consumption.

Infection susceptibility and inflammation adverse effects
Nine articles discussed the adverse effect of immune modulation in the context of ILE administration (for rescue therapy in
only one case) (Table 6).[19,21,22,32,75–79] Battistella and
associates conducted a prospective, randomized trial of 57
trauma patients randomized to receive 20% ILE or no ILE as
part of the TPN during the first 10 days of TPN. The group
that received ILE had a higher rate of infectious complications.[32] This scenario may not apply to the short courses of
ILE for acute poisoning. In acute poisoning, treatment with
ILE seldom continues for many days, although Agarwala and

colleagues describe a patient with a massive and severe amitriptyline overdose treated with ILE at 18 mL/h for a total of
19 days with no complication other than lipemia.[26]
In a study of the effect on neutrophil function, CuryBoaventura and colleagues gave volunteers a single infusion
of 500 mL of a 20% soybean oil over 6 h.[76] The obtainedblood sample before, immediately after, and 18 h after infusion, and then cultured lymphocytes and neutrophils for 0,
24, or 48 h after sampling. Compared with samples taken
prior to ILE infusion, samples taken immediately after the end
of ILE infusion had decreased levels of lymphocytes and neutrophils. The authors pointed to mitochondrial membrane
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Table 6. Infection susceptibility/inflammation adverse effects reported in human studies.
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References

Study type

Population
Indication
(number and type)
of ILE

Type of ILE

Total dose of ILE

[32]

Randomized controlled trial

60 polytrauma
patients randomized
to standard TPN
with ILE (n ¼ 30) or
TPN without ILE for
the first 10 days
(n ¼ 27)

TPN

LCT 10 or 20%

[19]

Randomized controlled trial

20 patients post
major gastrointestinal surgery
randomized to
LiposynTM II (n ¼ 10)
or IntralipidV
(n ¼ 10)
10 patients with
gastric cancer
randomized to
either LCT (n ¼ 10)
or MCT/LCT (n ¼ 10)
emulsion, alternatively for 48 h each

TPN

LCT 10% LiposynTM 1.2 g/kg (12 mL/kg)
II versus IntralipidV

10 or 20% ILE for
12 h

R

Timing of adverse
events
Clinical outcomes:
duration of hospitalization. T-cell function: baseline and
day 5

Baseline and
240 min after start
of infusion

Adverse events
Pre-/post-comparison: T-cell function improved in the control
group contrary to the ILE group
which deteriorated by day 5.
Group comparison: Total number
of infectious episodes was 72
(from which 27 pneumonia and
15 line sepsis) in the ILE group
and 39 (from which 14 pneumonia and 6 line sepsis) in the control group. ILE group had more
frequent infectious complications
(pneumonia (p ¼ 0.05) and line
sepsis (p ¼ 0.04)) than the control group.
Pre/post and group comparison:
No change in inflammatory C4
CRP

R

[79]

[78]

Randomized controlled crossover
trial

Observational
cohort study
(prospective)

Seriously ill general
surgery patients
receiving ILE infusion (n ¼ 8) versus
healthy volunteers
receiving ILE bolus
(n ¼ 20)

TPN

LCT 10%
(Lipovenos) & LCT/
MCT 10%
(LipofundinV)

0.8 g/kg/h (8 mL/kg/ Before and after
h) for 48 h
lipid infusion

LCT 20%
(IntralipidV)

In seriously ill
patients: 500 mL
over 8 h versus
healthy volunteers:
bolus

R

TPN

R

Pre-/post-comparison: Neutrophil
bacterial killing was reduced
after LCT emulsion (from 79%
killed bacteria to 67%, p<0.05),
although remaining in normal
range for 80% of the patients.
Group comparison: LCT alone
had decreased neutrophil bacterial killing activity as compared
with LCT/MCT (p<0.01), without
any difference in phagocytosis
index, chemotaxis, spontaneous
migration, or oxidative
metabolism
Baseline and after Pre/post comparison: Decrease in
3 h of infusion on
monocyte chemotaxis from 150
seriously ill patients to 94 cells/hpf in seriously ill
or 15 min after
patients after 3 h of infusion (p
bolus in healthy
< 0.05) versus 96–60 cells/hpf
volunteers
in healthy volunteers 15 min
after bolus (p ¼ 0.0002).
Preserved lymphocytes function.
Group comparison: Similar
decreased monocyte function
(chemotaxis) in both groups following IntralipidV. Also, heparin
prevented the changes in monocytes function.
Baseline, immediPre-/post-comparison: Various
ately post-infusion neutrophils and lymphocytes
and 18 h postbiomarkers showed significant
infusion
alteration immediately post-infusion, with a persistent effect in
many biomarkers 18 h post-infusion. Decrease in lymphocyte
proliferation and enhanced
lymphocyte and neutrophil
apoptosis after infusion
NR
One case of sepsis survived.
R

[76]

Observational
cohort (prospective
pre-/postintervention)

11 healthy
volunteers

[21]

Descriptive cohort
(retrospective)

Nine patients with
cardiovascular drug
toxicity
103 TPN bottles
were collected at
completion of
5–12 h infusions
and 5–10 mL cultured for measurement of bacterial
contamination

[77]

Descriptive cohort
(prospective)

TPN

Rescue

LCT 60% (Soybean
oil emulsion)

500 mL over 6 h

LCT 20%
(IntralipidV)

Bolus 6 Infusion

LCT 10%
(Travalmulsion)

NA

R

TPN

After completion of 7.8% were positive for bacterial
infusion
growth with various bacterial
contaminant. No reported cases
of bacteremia

(continued)
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References

Study type

Population
Indication
(number and type)
of ILE

Type of ILE

Total dose of ILE

Timing of adverse
events

[75]

Case report

One neonate

TPN

(IntralipidV)

NR

Unclear but during
first 6 weeks
unknown when
scalp vein inserted

[22]

Case report

One patient

TPN

MCT/LCT 10%

500 mL/day

Symptoms started
after the 2nd dose
of ILE on the 3rd
hospital day

R

Adverse events
ILE infusion into brain matter
(accidental).
Died 62 days later.
No local immune response on
pathology.
Catatonia, thrombocytopenia,
leukopenia noted after two
doses of lipid.

AE: Adverse events; AKI: acute kidney injury; AMS: altered mental status; ARDS: acute respiratory distress syndrome; BB: beta blocker; BM: bone marrow; CCB: calcium
channel blocker; CVC: central venous catheter; CVVHF: continuous veno-venous hemofiltration; DIC: disseminated intravascular coagulation; CO: carbon monoxide;
DKA: diabetic ketoacidosis; DLCO: carbon monoxide diffusion capacity; DVT: deep vein thrombosis; ECMO: extracorporeal membrane oxygenation; FiO2: fraction of
inspired oxygen; FOBLE: fish oil-based lipid emulsion; GA: gestational age; HPF: high powered field; ICU: intensive care unit; ILE: intravenous lipid emulsion; LCT: long
chain triacylglycerols; LFT: liver function tests; LPL: lipoprotein lipase; MCT: medium chain triacylglycerols; MODS: multiorgan dysfunction syndrome; NA: not available;
NICU: neonatal intensive care unit; NR: not reported; OD: overdose/poisoning; PAP: pulmonary artery pressure; P(A–a)O2: Alveolar Arterial gradient; PaO2: arterial partial
pressure of oxygen; PAI-1: plasminogen activator inhibitor type I; Pt: patient; PVR: peripheral vascular resistance; R/Q: respiratory quotient; SVC: superior vena cava;
TAT: thrombin antiothrombin; TCA: tricyclic antidepressants; TG: triacylglycerols; TPN: total parenteral nutrition; Tx: treatment; V/Q: ventilation perfusion; VCO2: carbon
dioxide production; VO2: oxygen consumption.

depolarization and nucleus lipid accumulation to explain cell
death, which occurred without alteration in reactive oxygen
species (ROS) production. This presumed mechanism might
enhance patients’ susceptibility to infections. The cell death
percentage increased from less than 5% immediately after
infusion to 15% at 24 h. The decrease in lymphocyte proliferation was greater immediately following infusion than at 18 h
afterward.[76]
Liang and colleagues gave a patient 500 mL of an ILE 10%
for 2 days (total dose, 1 L) for nutritional support following
ingestion of a corrosive agent, which caused an esophageal
injury.[22] He experienced an acute catatonia, mutism
episode associated with ecchymosis. Severe thrombocytopenia (platelet count of 11,000 cells/lL) and leukopenia
(1500/cells/lL) were reported. All symptoms and types of
cytopenias resolved within 24 h after discontinuation of the
ILE infusion. The hematology team eliminated other possible
causes such as thrombotic thrombocytopenic purpura, disseminated intravascular coagulation, and hemolysis. The speculative mechanism was N-methyl-D-aspartate (NMDA) receptor
hyperactivity at a high plasma dilution of ILE (1:80 to 1:5).
A dose of 50 mL/h for 10 h (500 mL/day) would yield dilution
of 1:70.
In a randomized crossover trial of patients receiving LCT or
LCT/MCT TPN, Waitzberg and co-workers observed that LCT
alone had decreased neutrophil bacterial killing activity compared with LCT/MCT (p < 0.01), without any difference in
phagocytosis index, chemotaxis, spontaneous migration, or
oxidative metabolism.[79] In a separate observational cohort,
Fraser and associates found decreased monocyte function
(chemotaxis) following administration of IntralipidV.[78]
A patient being treated with ILE for rescue therapy by
Geib and colleagues developed sepsis but survived. The association between ILE and sepsis is not described, and it is
R

unclear whether ILE played a causative role.[21] Tomassetti
and associates reported no infection susceptibility adverse
events in 20 patients who were randomized to receive
IntralipidV or LiposynTM II for TPN following major gastrointestinal surgery.[19]
Ebbert and colleagues collected 103 TPN bottles at the
completion of 5–12 h infusions and 5–10 mL samples and cultured them to measure bacterial contamination.[77] Almost
8% of the samples were positive for various bacterial contaminants. None of the patients who received the contents of
those bottles experienced bacteremia.
R

Fat overload syndrome, hypertriglyceridemia, lipemia,
hyperamylasemia, pancreatitis, cholestasis
Fat overload syndrome, hypertriglyceridemia, lipemia,
hyperamylasemia, pancreatitis, and cholestasis are among the
most commonly reported adverse effects associated
with ILE rescue and TPN therapy (Table 7). Of the 41 articles
that describe these effects, 33 were from TPN
[12,14,15,19,20,23,24,27,30,33,41,47,72,73,80–98] and eight
were
from
ILE
rescue
therapy
for
overdose.[21,26,28,37,60,99–101] IntralipidV 20% was the most
common formulation used in the articles that reported the
type of lipid (27/38). In most cases, the laboratory abnormalities were transient and did not appear to play a role in the
patient’s outcome. Most of the patients who died were neonates or premature infants, or had been on long-term TPN
therapy. It is unclear what role, if any, the laboratory abnormalities contributed to mortality when ILE was used in the
management of a poisoning. Eight articles addressed fat overload syndrome, a constellation of many of the isolated complications reported and generally accompanied by
R

Nine neonates on ECMO
randomized to receiving TPN
either by the ECMO circuit
(n ¼ 5) or separate IV access
(n ¼ 4)
41 very low birth weight neonates randomized to either 1 g/
kg/day on 24 h with subsequent
increasing dosage (n ¼ 15), or
same intervention on 16 h
(n ¼ 14), or 4 g/kg/day on 24 h
(n ¼ 12)
18 infants randomized to either
IntralipidV) (n ¼ 18) or
LiposynTM) (n ¼ 18), alternatively
on 2 consecutive days

22 premature infants with
physiologic jaundice, first
randomized to either low or
high heparin dose, then to a 15h (n ¼ 22) or a 24-h (n ¼ 22)
infusion, alternatively on 2 consecutive days

32 healthy subjects randomized
to either ILE (n ¼ 32) or saline
(n ¼ 32), alternatively on two
separate occasions

Randomized controlled
trial

Randomized controlled
trial

Randomized controlled
crossover trial

Randomized controlled
crossover trial

Randomized controlled
crossover trial

[73]

[33]

[84]

[94]

[15]

R

42 patients with severe acute
pancreatitis randomized to either
fish oil-based lipid emulsion
(FOBLE) (n ¼ 22) or MCT/LCT
(n ¼ 22)

Type of population (number)

Randomized controlled
trial

Study type

[80]a

References

Pre- and postinfusion

Pre-infusion and at
180 min

2 g/kg/day (20 mL/
kg/day) for 2 days

Unknown amount
of infusion given for
180 min.

TPN

TPN

Baseline and at 2, 4,
and 8 h after the
start of the infusion

1 g/kg/day (5 mL/
kg/day if 20% ILE)

R

LCT? % (IntralipidV)
versus LCT? %
(LiposynTM)

TPN

R

LCT 10%
(IntralipidV)

R

10% LCT
(intralipidV)

During the 8 days
of the study

Max dose 4 g/kg/
day (40 mL/kg/day)
 8 days

R

LCT 10% or 20%
(IntralipidV)

3 g/kg (15 mL/kg)
max

Post-infusion triglycerides and random
cholesterol 6–10 h
post-infusion on
days 0, 1, 2, 3, 5,
and 7.
During the ECMO
course

Timing of adverse
events

TPN

R

2 g/dL/kg/day
(10 mL/kg/day)  7
days

Total dose/duration
of ILE

LCT 20%
(IntralipidV)

R

MCT/LCT/Omega 3
20% (Lipidem) or
MCT/LCT 20%
(LipofundinV)

Type of ILE

TPN

TPN

Indication
of ILE

Table 7. Fat overload syndrome/hypertriglyceridemia/lipemia/hyperamylasemia/pancreatitis/cholestasis.

Downloaded by [UPSTATE Medical University Health Sciences Library] at 08:22 03 August 2016

Adverse events

R

R

Pre-/post-comparison: Increase in triglycerides during infusion was from 58 to
208 mg/dL with LyposynTM versus from
53 to 162 mg/dL with IntralipidV (at
8 h compare to baseline).
Group comparison: Higher triglycerides
observed in LyposynTM group as compared with IntralipidV (p < 0.05,
<0.001, and <0.001 at 2, 4, and 8 h of
infusion compared to baseline).
Pre-/post-comparison: Significant
increase in free fatty acids, triglycerides, and cholesterol was from 1.19 to
2.04 lmol/L, 162 to 298 mg/dL and
140 to 169 mg/dL in the 15-h infusion
group as compared to 0.92–1.40 lmol/
L, 104–192 mg/dL and 132 to 156 mg/
dL in the 24-h infusion group.
Group comparison: Significant higher
fatty acids, triglycerides and cholesterol
in the 15-h infusion. Also, a greater
increase in fatty acids during the high
heparin infusion. There was no significant change in unbound bilirubin.
Pre-/post-comparison: Significant
increase in fatty acids in the ILE group
(from 435 to 710 mmol/L, p < 0.01)
versus no significant increase in the
saline group (from 405 to 449 mmol/L).
Group comparison: Higher levels of
fatty acids were observed in the ILE
group as compared controls
(p ¼ 0.0001).
(continued)

Hyperlipidemia: 0% in first group, 7.1%
in the second group (1 patient) and
16.7% in the third group (2 patients).

Group comparison: Post-infusion triglycerides and random cholesterol levels
were slightly higher in the MCT/LCT
group, but not significantly. Also, one
patient developed transient hypertriglyceridemia in the MCT/LCT group.
Group comparison: No difference in TG
between groups receiving ILE via
ECMO or peripheral IV access.
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20 patients post major gastrointestinal surgery randomized to
LiposynTM II (n ¼ 10) or
IntralipidV (n ¼ 10)

16 patients in pre-cholecystectomy randomized to ILE (n ¼ 8)
or saline infusion (n ¼ 8)

31 patients in post-hepatectomy
randomized to olive oil (n ¼ 15)
or soybean oil (n ¼ 16)

26 infants. 32 weeks gestational age with indirect hyperbilirubinemia receiving varying ILE
dosages (generally in gradually
increasing dosages)

725 critically ill patients receiving artificial nutrition either TPN
(n ¼ 303) or EN (n ¼ 422)

21 low birth weight infants who
died and had receiving ILE
(n ¼ 9) or human milk with IV
carbohydrate solution (n ¼ 12)

Randomized controlled
trial

Randomized controlled
trial

Randomized controlled
trial

Observational cohort
study (prospective)

Observational cohort
study (prospective)

Observational cohort
study(retrospective)

[19]

[95]

[97]

[81]

[87]

[89]

R

Type of population (number)

Study type

References

Table 7. Continued

TPN

TPN

TPN

TPN

TPN

TPN

Indication
of ILE
R

R

LCT 20%
(IntralipidV)

MCT/LCT? %

R

LCT 20%
(IntralipidV)

Olive oil versus
Soybean ILE

LCT 10%

LCT 10% LiposynTM
II versus IntralipidV

Type of ILE

Various

Various

2 g/kg (10 mL/kg) 
8 days (avr)

When increasing ILE
from 0.5 to 1, 1.5,
2, 2.5 to 3 g/kg/day

0.5 to 3 g/kg/day
(2.5–15 mL/kg/day)
 7 days (between
the third and tenth
days after birth)

NR

At surgery and 7
days after

After 6 h of infusion

Baseline and
240 min after start
of infusion

Timing of adverse
events

0.85 g/kg/day
(4.25 mL/kg/day
using 20% ILE or
8.5 mL/kg/day using
10% ILE)

1000 mL

1.2 g/kg (12 mL/kg)

Total dose/duration
of ILE
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Adverse events

R

Pre-/post-comparison: Increase in triglycerides with LiposynTM II (from 1.1 to
4.9 mM/L) versus with IntralipidV (from
0.9 to 4.6 mM/L).
Group comparison: No statistical difference in transient rise in triglycerides
between the two groups. No cardiovascular, respiratory, or allergic adverse
event. No change in hematologic or
coagulation parameters.
Two types of cholesterol crystals were
present in 75 and 63% with ILE versus
13 and 0% with saline.
Group comparison: ILE increased the
lithogenicity (supersaturation) of bile
(Ps ¼ 0.04 and 0.03)
Pre-/post-comparison: Levels of ALT,
AST, total bilirubin, and direct bilirubin
significantly decreased in both groups
between surgery and the 7th postoperative day, while ALP levels
remained stable.
Group comparison: Post-operative liver
function were not significantly different
between two groups (all Ps > 0.05)
Pre-/post-comparison: Increase in
unbound bilirubin from 0.49 to 0.82,
0.93, 1.01, 1.98 to 2.11 lg/dL.
Group comparison: Increase in unbound
bilirubin was associated with increase
in ILE dosage (p ¼ 0.02), even after
adjustment for gestational age and
glucose infusion (p ¼ 0.003). In infants
<28 weeks, increase in unbound bilirubin was significantly associated with an
increase in ILE intake, but not in
infants >28 weeks.
Group comparison: Liver dysfunction in
30% of TPN group as compared to
18% in the EN group. Liver dysfunction
was associated with the use of TPN at
the univariate (p < 0.001), but also at
the multivariate analysis (OR 1.96, 95%
CI 1.3 to 2.97, p < 0.001), after adjusting for sepsis, MODS, early use of artificial nutrition, and energy
requirements >25 kcal/kg/day
Lipid accumulation was not found in
brain capillaries, but was visible in pulmonary capillaries, macrophages, and
alveolar cells in 78, 78, and 78% in the
ILE group versus 17, 58, and 50% in
controls Group comparison: Pulmonary
Artery lipid deposits were more frequent in the ILE group. No death was
attributed to ILE.
(continued)
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20 normal subjects
12 patients (7 critically ill
patients and 5 healthy
volunteers)

Observational cohort
(pre-/post-intervention)

Observational cohort
(prospective pre-/postintervention)

Observational cohort
(prospective pre-/postintervention)

Observational cohort
(prospective pre-/postintervention)
Descriptive cohort
(prospective)

Descriptive cohort
(retrospective)

Descriptive
cohort(prospective)
Descriptive cohort
(retrospective)

[88]

[14]

[47]

[41]

[21]

[83]a

[148]

[60]

21 patients mechanically ventilated in ICU after a major
trauma

Observational cohort
(pre-/post-intervention)

[86]

78 patients

105 neonates in ICU

48 patients with drug toxicity
(online lipid registry): 10 with
LA, 38 other OD)
Nine patients with cardiovascular
drug toxicity

Three normal fasting patients

Eight premature infants

24 neonates who died and had
received various duration of TPN
were compared based on the
severity of liver histopathological
abnormalities: normal-to-mild
(n ¼ 16) and moderate-to-severe
(n ¼ 8)

Observational case–control study
(retrospective)

[98]

523 preterm infants who
received various duration of TPN
were compared based on the
presence (n ¼ 46) or absence
(n ¼ 477) of TPN-associated
cholestasis

Type of population (number)

Observational nested
case–control study
(retrospective)

Study type

[96]a

References

Table 7. Continued

TPN

TPN

Rescue

Rescue

TPN

TPN

TPN

TPN

TPN

TPN

TPN

Indication
of ILE

R

LCT 20%
(IntralipidV)
Unknown

R

LCT 20%
(IntralipidV)

Multiple
preparations

R

LCT 20%
(IntralipidV)

R

LCT 10%
(IntralipidV)

R

LCT 20%
(IntralipidV)

R

LCT 20%
(IntralipidV)

LCT 20* Elolipid

NR

NR

Type of ILE

Baseline and after
4 h of ILE infusion
Pre-infusion, 2 and
4 h after start of
infusion

Baseline and at
15 min, 30 min,
60 min, 2 h and 4 h
post-infusion
Before, during and
2 h after infusion

500 mL
500 mL

1 g/kg (10 mL/kg)

Unknown

NR

NR

NR

Bolus 6 Infusion

NR

NR

Variable

200 mL over 30 min

Starting on day 2
and then day 3, 5,
and 7

Various

Various

Timing of adverse
events

0.075–0.15 g/kg
(0.375–0.75 mL/kg)

NR

NR

Total dose/duration
of ILE
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Adverse events

Pre-/post-comparison: Increase in triglycerides (up to 3–4 fold) during infusion
returning to baseline 2 h after.
One patient exhibited hyperamylasemia 1/48 (2.1%) without clinical signs
of pancreatitis. Amylase level NR.
Three patients out of nine developed
lipemia (33.3%), reported to have
potential to cause laboratory interference. Lipid levels NR.
Lipidemia: 18.1% and abnormal LFT/
Hepatitis: 19.0%
35 (44.9%) developed elevated liver
enzymes, not significantly associated
with mortality.
(continued)

TPN-associated cholestasis: 8.8% of the
cohort.
Group comparison: TPN-associated cholestasis was associated with longer duration of TPN, higher calorie intake, but
also with lower gestational age, lower
birth weight, later enteric feeding and
complications of prematurity.
In this cohort with liver histopathological findings: 83% periportal inflammation, 79% cholestasis, 79% bile duct
proliferation, 71% fibrosis, 29% steatosis, 17% necrosis, and 13% cirrhosis.
Group comparison: More severe liver
abnormalities were associated with a
longer duration of TPN (p ¼ 0.0008),
but also with smaller gestational age,
bronchopulmonary dysplasia, and direct hyperbilirubinemia.
Pre-/post-comparison: Significant transient rises in median triglycerides during
the infusion period (from 107 to 191,
to 271, and to 271 mg/dL).
Pre-/post-comparison: Transient hyperlipidemia observed (Increase in triglycerides from 68 to 339 mg/100 mL).
Pre-/post-comparison: During infusion,
plasma triglycerides increased in the
volunteer group (from 1 to 7.3 and
8.5 mmol/L (P <0.01) and in the
patients (from 1.4 to 5.0 and
6.3 mmol/L, p < 0.01).
Pre-/post-comparison: Increase in triglycerides (10 fold) at 15 min postinfusion.
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267 neonates

One with amitriptyline OD

One with Diltiazem OD refractory to standard therapy
Four infants
One patient

1 (43 yo alcoholic patient)

1 (70 yo)
1 (32 week old infant)

Descriptive cohort

Case report

Case report

Case report

Consecutive Case series

Case report

Case report

Case series

Case report

Case report

Case report

Case report

[93]

[26]

[99]a

[100]

[37]

[101]

[28]a

[20]

[27]a

[82]

[12]

[30]

One with Bupivacaine OD

Nine patients with lipophilic
drug toxicity

One with Cocaine OD

One with Bupropion OD

120 infants and children

Type of population (number)

Descriptive cohort
(retrospective)

Study type

[91]

References

Table 7. Continued

TPN

TPN

TPN

TPN

TPN

Rescue

Rescue

Rescue

Rescue

Rescue

Rescue

TPN

TPN

Indication
of ILE

R

R

R

LCT 10–20%
(IntralipidV)
LCT 20%
(IntralipidV)

R

LCT 20%
(IntralipidV)

R

LCT 20%
(IntralipidV)

R

LCT 20%
(IntralipidV)

R

LCT 20%
(IntralipidV)

R

LCT 20%
(IntralipidV)

R

R

LCT 20%
(IntralipidV)
LCT 20%
(IntralipidV)
LCT 20%

LCT 20%
(IntralipidV)

NR

LCT 20% (Clinoleic)

Type of ILE

250 mL of 20% –
24 g Lipid/kg body
weight

2580 mL/24 h

200 mL

Fifth of life, at the
end of ILE infusion

On the fourth day
of ILE right at the
end of infusion of
200 mL
4 days after TPN

NR

NR

NR

NR

500 mL
1 mg/kg (5 mL/kg)
bolus then 0.5 mg/
kg/min (2.5 mL/kg/
min) drip
0.08–0.15 g/kg/h
(0.4–0.75 mL/kg/h)
for 11–18 days
100 mL of 20%

NR

NR

NR

NR

NR

NR

Timing of adverse
events

Various

500 mL total

1–3 g/kg/day, % ILE
NR (5–15 mL/kg/day
using 20% ILE;
10–30 mL/kg/day
using 10% ILE)
250 mL bolus, then
100 mL/h for 24 h,
then 18 mL/h for 17
days
4000 mL

1.9 g/kg (9.5 mL/kg)
 7 days

Total dose/duration
of ILE
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Adverse events

Plasma cholesterol 6.1 mmol/L and triacylglyerol 9.0 mmol/L.
Massive OD of TPN: Patient developed
hypertriglyceridemia, respiratory distress, metabolic acidosis, lethargy,
apnea – Treated with exchange transfusion, full recovery.
(continued)

Autopsies showed evidence of fat
emboli and lipid laden macrophages.
All had received prolonged ILE.
Accidental OD in premature infant
resulting in transient hypertriglyceridemia, and elevation in blood urea
nitrogen.
Relapse of chronic pancreatitis

Survival, asymptomatic pancreatitis,
laboratory interference
Survival, transient hypertriglyceridemia
and hyperamylasemia- resolved in 6 h.
Three developed clinical signs and
symptoms of pancreatitis. For one
patient, the lipase level is NR. One
patient had Lipase peak at 2951 IU/L,
and one at 185 IU/L.
Hyperamylasemia of unknown clinical
significance after successful resuscitation following bupivacaine toxicity.
Dramatic improvement with ILE but
developed lipemia, pancreatitis, transaminitis, and renal failure.

Severe lipemia observed after ILE
administration, acute renal failure
observed.

9 (7.9%) developed subacute onset of
biochemical hepatotoxicity (GGT rise in
7 days).
23 (8.6%) developed cholestatic jaundice and found that patients with less
than 32 weeks’ gestation were more
likely to develop cholestasis.
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One patient

One patient

One pediatric patients

Case report

Case report

Case report

[23]

[24]

[72]

A study available in abstract only.

a

1 (22 yo with Crohn’s disease)

Case report

[92]

One patient

Type of population (number)

Case report

Study type

[90]

References

Table 7. Continued

TPN

TPN

TPN

TPN

TPN

Indication
of ILE

R

LCT 20%
(IntralipidV)

R

LCT 10%
(IntralipidV)

R

LCT 20%
(IntralipidV)

R

LCT/MCT 20%
SMOFlipid (soy oil,
medium-chain triglyceride, olive and
fish oil-based lipid
emulsion)
LCT 20%
(IntralipidV) then rechallenge with 10%

Type of ILE

24 h after infusion
ILE

5.1 mg/kg/day
(25.5 mL/kg/day) for
1 day

NR

87 mL

6 h after
administration

36 h after re challenge with ILE pancreatitis recurred.

500 mL/day

500 mL/day for 3
weeks

One hour after infusion of excessive
dose

Timing of adverse
events

20 g, 3.6 g/kg/h
(18 mL/kg/h)

Total dose/duration
of ILE
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Adverse events

Developed pancreatitis while on TPN
with lipid, re-challenge with 20% after
resolution resulted in recurrence. Rechallenge with 10% was tolerated.
Dosing error in a premature infant
resulting in hyponatremia, elevated
liver enzymes and intraventricular
hemorrhage, unable to measure blood
gas and TG.
ILE given over 2 h instead of 8, 6 h
after the patient experienced abdominal pain. Laboratory investigation
revealed lipemia, hemolysis, and elevated liver function tests.
TG rose to 1575 mg/dL, death within
48 h

Tachypneic, dyspneic, perioral cyanosis,
tachycardia, hypertension, and hyperthermia observed. Survived.
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Table 8. Organ dysfunction adverse effects reported in animal studies.
References

Study design

Type of ILE

Indication

AE group Cardiac effects
Experimental Rabbit
[107]
model

LCT 20%
(IntralipidV)

Hematologic effects
Experimental Rabbit
[108]
model

LCT 10% (IntralipidV
and LipofundinV)

Total dose

Bolus Rescue

3 mL/kg

In asphyxia induced cardiac arrest rabbits who received ILE had lower rate of
ROSC (1/11) than did rabbits receiving
normal saline (7/12). All animals had
received epinephrine in this study.

TPN

1 g/kg/h (10 mL/kg/h)

Infusion of LipofundinV resulted in
thrombocytopenia more so than
IntralipidV. 35/40 animals died of DIC
when co-administered endotoxin
ILE infusion resulted in increased production of tissue factor from phagocytes.
When phagocytes were exposed to
endotoxin this finding was enhanced
Significant decrease in Hgb/Hct after 21
days of ILE infusion in the 9 g/kg/day
group

R

R

Outcome

R

R

R

Experimental Rabbit
model

LCT 10%
(IntralipidV)

TPN

7 mL/kg  2 h

Experimental Canine
model

LCT 15% (FE-S15)

TPN

4–9 g/kg/day
(26.7–60 mL/kg/day)
for 28 days

Fat Overload (Hypertriglyceridemia, Pancreatitis, and Lipemia)
[111]
Experimental
LCT 20%
Murine model
(IntralipidV)

Bolus Rescue

20–80 mL/kg

[112]

[109]
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[110]

R

R

[113]
[149]

Experimental Canine
model

LCT 10%
(IntralipidV)

TPN

Variable

Experimental
Murine modela

LCT 20%
(IntralipidV)

TPN

Pancreatic duct
100 mL versus 5 mL IV

Experimental Rabbit
model

LCT 20%
(IntralipidV)

Bolus Rescue

6, 12, and 18 mL/kg

R

R

R

Hypertriglyceridemia, hyperamylasemia,
hyperphosphatemia, elevated aminotransferases in all ILE treated animals.
Hepatic and pulmonary histologic abnormalities noted. LD50 w/in 48 h is 68 6
10 mL/kg in rats, human equivalent is
10.5 mL/kg. No cause of death noted for
three animals deaths at 48 h after ILE.
Administration of ILE at a rate of 0.8 g/
kg/h resulted in accumulation of triglycerides in circulation
Pancreatitis seen if ILE injected directly
into pancreatic duct. Not observed when
intravenously
ILE rescue bolus after Haloperidol overdose. Reported increased transaminase
levels in the 18 mL/kg group as compared with control. Also reported dose
dependent lung infiltration due to fat
emboli.

ARDS: Acute respiratory distress syndrome; DIC: disseminated intravascular coagulation; GBS: Group B Streptococcus; ILE: intravenous lipid emulsion; IV: intravenous;
LCT: long chain triacylglycerols; LD50: median lethal dosage; LPS: lipopolysaccharide; NEFA: non-esterified fatty acids; MCT: medium chain triacylglycerols; NA: not
available; NR: not reported; RBC: red blood cell; ROSC: return of spontaneous circulation; Rxn: reaction; SVC: superior vena cava; TG: triacylglycerols; TNF: tumor
necrosis factor; TPN: total parenteral nutrition; V/Q: ventilation perfusion.
a
A study available in abstract only.

intravascular lipid deposition in organs such as the liver, kidney, or brain (found at autopsy).[12,72,89,90,102–104]

saline resuscitation had a much lower rate of return of spontaneous circulation (1/11 versus 7/12).[107]

Animal studies

Hematologic effects
Three studies reported hematological effects related to ILE
given as part of TPN.[108–110] A canine model demonstrated
hemoglobin and hematocrit decrease after 21 days of soybean-oil fat emulsion administration.[110] A rabbit model
demonstrated that thrombocytopenia occurred more often
with cottonseed oil than IntralipidV soybean oil.[108] A separate rabbit model found increased production of tissue factor
from phagocytes with IntralipidV infusion.[109]

The animal studies reported in the literature were arranged
into the following categories: organ failure (including cardiac,
hematological, fat overload syndrome, hypertriglyceridemia/
pancreatitis/lipemia); pulmonary (including acute respiratory
distress syndrome [ARDS], hypoxia, and ventilation/perfusion
(V/Q) mismatch); and infection susceptibility (including sepsis
and systemic inflammatory response syndrome [SIRS]).

Organ dysfunction adverse events
Cardiac effects
One study addressed the cardiac and circulatory effects of ILE
(Table 8).[107] In a study of cardiac arrest resulting from hypoxia (not poisoning), rabbits given ILE instead of normal

R

R

Fat overload (hypertriglyceridemia, pancreatitis, and
lipidemia)
Three studies demonstrate a predictable rise in serum triglycerides but minimal organ damage in the pancreas and biliary system after short-term ILE.[111–113] In a dog model,
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Table 9. Pulmonary adverse events reported in animal studies.
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References

Study design

Indication

Total dose

Outcome

Oleic acid alone versus
LCT 20% (IntralipidV)

TPN

Experimental Porcine
model

LCT 20% (IntralipidV)

TPN

0.03 g/kg Oleic Acid
versus 0.5 mL/kg of
20% ILE
N/A

[150]a

Experimental Murine
model

LCT (20% Clinoliec versus 20% Lipoven)

TPN

Unclear

[106]

Experimental Murine
model

LCT 20% (IntralipidV)

TPN

40 mL/kg/day 
1/3/7 days

Experimental Murine
model
Experimental Canine
model
Prospective
Randomized Murine
model

Soybean oil emulsion

TPN

20% Fat Emulsion
Solution
LCT 20% (IntralipidV)

TPN

2.8 g (14 mL of 20%
ILE)
3.6 mL/kg

Oleic acid alone increased shunt
fraction and decreased lobar perfusion. ILE had no side effects
ILE infusion results in more hypoxemia. Endotoxin þ ILE resulted in a
rapid (within 15 min) and sustained
decrease in PaO2 (85.2 versus
76.4 Torr at 0 and 180 min, respectively, p < 0.01), whereas no
change (8l.4 versus 84.4 Torr,
p ¼ NS) was observed in Endotoxin
alone. Suspected to be prostaglandin mediated.
Measurement of inflammatory
markers in an E. Coli LPS model of
Acute Lung Injury following TPN
administration. No significant difference in survival between groups.
Lipoven group had a more pronounced inflammatory response as
measured by higher concentrations
of TNF alpha and Macrophage
inflammatory protein
SVC thrombosis, pancytopenia,
granulomatous lung Inflammatory
reaction on autopsy
Unstable lipid emulsions cause
increased lung oxidative stress
No significant hemodynamic or
respiratory change over 2 h infusion
ILE infusion in rats with normal
lungs produced structural changes
in pulmonary vasculature similar to
those seen in conditions producing
pulmonary hypertension. IntralipidV
administration did not cause additional remodeling to the pulmonary vasculature of rats with
baseline pulmonary vasculature
remodeling.
ILE rescue bolus after Haloperidol
overdose. Reported increased transaminase levels in the 18 mL/kg
group as compared with control.
Also reported dose dependent lung
infiltration due to fat emboli.
Endotoxin challenge in control, propofol infusion, and IntralipidV infusion groups. All groups noted
hypoxia and Increased pulmonary
resistance. Increased Thromboxane
A2 production in high dose
IntralipidV group

AE group ARDS/Acute lung injury/Hypoxia
Experimental Canine
[117]
model
[115]a

[118]
[120]

a

[116]

Type of ILE

R

R

R

R

TPN

6 g/kg/day (30 mL/
kg/day) for 7 days

R

[149]

Experimental Rabbit
model

LCT 20% (IntralipidV)

Bolus Rescue

6, 12, and 18 mL/kg

[119]

Prospective
Randomized Porcine
model

LCT 20% (IntralipidV)

TPN

0.25 g/kg/h
(1.25 mL/kg/h) or
0.8 g/kg/h (4 g/kg/
day)

R

R

R

R

V/Q mismatch
[122]a
[121]

Experimental Porcine
model

LCT 20% (IntralipidV)

TPN

1 g/kg/h (5 mL/kg/
h)  2 h

Experimental Rabbit
model

LCT 10% (IntralipidV)

TPN

4 mL/kg  1 h

R

R

IntralipidV infusions resulted in hypoxia improved by thromboxane A2
receptor antagonist
Rabbits with ARDS induced by oleic
acid were treated with ILE. Hypoxia
after lipid infusion did not correlate
with TG increase. Hypoxia blunted
by indomethacin. Suggested V/Q
mismatch is due to prostaglandin
production
R

ARDS: Acute respiratory distress syndrome; DIC: disseminated intravascular coagulation; GBS: Group B Streptococcus; ILE: intravenous lipid emulsion; IV: intravenous;
LCT: long chain triacylglycerols; LD50: median lethal dosage; LPS: lipopolysaccharide; NEFA: non-esterified fatty acids; MCT: medium chain triacylglycerols; NA: not
available; NR: not reported; RBC: red blood cell; ROSC: return of spontaneous circulation; Rxn: reaction; SVC: superior vena cava; TG: triacylglycerols; TNF: tumor
necrosis factor; TPN: total parenteral nutrition; V/Q: ventilation perfusion.
a
A study available in abstract only.
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Table 10. Immunologic effects reported in animal studies.
References

Study design

AE group Infection risk
Prospective
[124]
Randomized Murine
model
[125]

Experimental Rabbit
model

[127]a

Experimental Murine
model

[128]

Experimental Murine
model

Type of lipid

Indication

Total dose

Outcome

TPN

6.48 mL versus 10.8 mL

LCT 20% (IntralipidV)
versus MCT/LCT 20%
(LipofundinV)
LCT 20% (IntralipidV)
R

TPN

3 g/kg (15 mL/kg)

0.6 mL/h group had
decreased S. aureus clearance, and decreased granulocyte function
Mild impairment of reticuloendothelial function

R

TPN

LCT assumed 20%
(IntralipidV)

TPN

LCT 10% or 20%
(IntralipidV)
R
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R

10 g/kg (50 mL/kg)

R

Experimental Murine
model

TPN

4 g/kg/day (20 mL/kg/
day) for 4 days

[123]

Experimental Murine
model
Experimental Murine
model

LCT 10% (IntralipidV)

TPN

5 mL/kg

LCT 20% (Intralipid )

TPN

40 mL/kg  24 h

[126]

Experimental Murine
model

LCT 20% (IntralipidV)

TPN

70 mg/kg/day
(0.35 mL/kg/day) given
IV versus PO

[129]

Experimental Murine
model

LCT 20% (IntralipidV)
versus MCT/LCT 20%
(LipofundinV) versus
LCT 20% (ClinOleic)
LCT 20% Multiple
types: tallo, Linseed
oil, fish oil emulsions

20% (Nutrilipid)

TPN

13.24 g/kg (66 mL/kg)
total

TPN

0.54 g/kg (2.7 mL/kg)
over 4 h for 4 days

R

R
V

R

R

R

[131]

Experimental Bovine
model

[105]

Experimental Murine
model

Impaired radiolabeled RBC
clearance by reticuloendothelial system, and decreased
neutrophil activity
9/10 deaths from GBS bacteremia in IntralipidV emulsion
group. 3/10 death in control
group. Hypothesized to be
due to impaired neutrophil
chemotaxis
Lipid emulsion decreased
hepatic phagocytosis,
increased pulmonary localization of E. coli.
No Lymphocyte suppression
– primary end point
SVC Thrombosis,
Pancytopenia, Granulomatous
Lung Inflammatory rxn
Increased enteral translocation and decreased lymphocyte activity in ENTERALY fed
group versus Control or IV
group
Decreased bacterial clearance
in LCT, and MCT þ LCT group
compared to controls and
Oleic Acid group
Leukocytes demonstrated
decreased ability to respond
to mitogens after Tallow
derived LCT emulsions as
compared with linseed oil
and fish oil derived LCT
emulsions
Increased endoplasmic reticulum stress. Marker for Insulin
resistance
R

[130]

[106]

N/A

LCT 20% (LiposynTM III)

TPN

2.5 mL

ARDS: Acute respiratory distress syndrome; DIC: disseminated intravascular coagulation; GBS: Group B Streptococcus; ILE: intravenous lipid emulsion; IV: intravenous;
LCT: long chain triacylglycerols; LD50: median lethal dosage; LPS: lipopolysaccharide; NEFA: non-esterified fatty acids; MCT: medium chain triacylglycerols; NA: not
available; NR: not reported; RBC: red blood cell; ROSC: return of spontaneous circulation; Rxn: reaction; SVC: superior vena cava; TG: triacylglycerols; TNF: tumor
necrosis factor; TPN: total parenteral nutrition; V/Q: ventilation perfusion.
a
A study available in abstract only.

triglycerides rose after the administration of 10% lipid emulsion and normalized quickly at a dose of 0.4 mg/kg/h
(0.004 mL/kg/h), reflecting rapid clearance from the circulation. This was not observed at the higher dose of 0.8 mg/
kg/h (0.008 mL/kg/h), which was associated with prolonged
abnormalities in serum triglycerides and fatty acids.[114] In a
murine model of high-dose, rapidly administered ILE 20%
(ranging from 20 to 80 mL/kg over 30 min), all subjects had
elevations in triglycerides, serum amylase, and aspartate aminotransferase; however, histological examination of the pancreas and liver at autopsy was normal.[111] A lower-dose
model in rats demonstrated a similar safety profile of ILE
with respect to pancreatitis, demonstrating no such
effect.[113]

Pulmonary adverse events
ARDS and hypoxia
Seven studies reported pulmonary adverse effects in animal
models, all related to TPN administration (Table 9).[115–120]
A porcine model demonstrated elevated thromboxane B2 levels after ILE, which might be causative in pulmonary hypertension and correlate with the degree of hypoxemia.[119]
Another porcine model demonstrated an association between
ILE and hypoxemia. [115] In a murine model, IntralipidV infusion in rats with normal lungs produced structural changes in
pulmonary vasculature, similar to those seen in conditions
that produce pulmonary hypertension.[116] IntralipidV administration did not cause additional remodeling in the
R
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pulmonary vasculature of guinea pigs. Infusion of unstable
lipid emulsion might cause oxidative stress in the lungs. [118]
Two canines models demonstrated no acute deleterious
effects from 20% fat emulsion on pulmonary gas exchange,
blood flow distribution, or edema.[117,120] After prolonged
infusion (3–7 days), superior vena cava thrombosis and pancytopenia occurred in a murine model, in addition to a granulomatous reaction in alveolar macrophages.[106]

Lung ventilation–perfusion (V/Q) mismatch
Two studies reported V/Q mismatch related to lipid administration as a component of TPN. A porcine model and a rabbit
model both demonstrated a decrease in pO2 and paO2,
respectively, following lipid infusions.[121,122] Both were
thought to be related to prostaglandin mediation.
Immunologic effects
Infection susceptibility
Ten studies in primarily murine and rabbit models examined
the effects of short-term TPN (24 h to 4 days) on cell-mediated immune function and survival in response to a bacteremia challenge (Table 10).[106,123–131] IntralipidV 10–20%
was the primary source of ILE used; however, total doses,
rates of infusion, and duration of treatment varied significantly between the studies. These studies did demonstrate
mild to moderate impairments of reticuloendothelial cellmediated function as well as somewhat higher rates of bacteremia in the TPN groups.[124,125,127,128,130] Similar
effects on insulin resistance, measured by endoplasmic reticulum stress, occurred with the administration of glucose and
ILE to rats.[105]
R

Special populations
The administration of lipid emulsion to children warrants special mention. Several reports of children receiving TPN were
found, in whom fat overload syndrome developed (headaches,
fever, jaundice, hepatosplenomegaly, respiratory distress, and
spontaneous hemorrhage), particularly neonates. One report
described a 3-year-old child who experienced pulmonary
insufficiency, fever, lethargy, and tachycardia after the administration of an excess of ILE (170 mL or 15 mL/kg total) for
bupivacaine toxicity.[44] Another report described an acute
overdose of ILE in a 5-day-old infant after 32 weeks of gestation, who received 250 mL of 20% ILE and experienced respiratory distress, metabolic acidosis, lethargy, and apnea;
treatment was successful with double-volume exchange transfusion.[30] Hojsak and colleagues reported their management
of a 2-year-old child with short gut, who was given a novel
lipid formulation, SMOFlipids (20% soy, MCT, olive oil, and fish
oil), in whom fat overload developed after ultra-rapid infusion
(100 mL over 30 min [total 20 g, 1.75 g/kg/day, 3.6 g/kg/h]).[90]

Discussion
The first ‘‘safe’’ ILE was developed over 50 years ago as a
nutritional therapy, then later as a carrier for lipid-soluble

drugs.[1] Subsequently, ILE has been employed as a treatment in toxicology, often as a last resort for the most critically ill poisoned patients. However, this therapy is not
without adverse effects. Although lipid emulsions vary in
composition, the majority of case reports found in this
review used 10 or 20% soybean oil emulsion, such as
LiposynTM III, IntralipidV, and NutrilipidV. It is unclear if all
ILEs are associated with the same adverse effects. Newer
lipid emulsions, which do not contain high omega-6 fatty
acid oils, could have other adverse effects that are not well
represented in the literature.
Much of the published evidence about the adverse effects
of ILE comes from the early years of its use in nutrition therapy, when adverse effects were not uncommon. Adverse
effects are rare when the current nutritional guidelines for ILE
use are followed. The guidelines include a general limit of
2 g/kg body weight/day (10 mL/kg/day of 20% ILE) and a
maximum of 3g/kg (15 mL/kg/day of 20% ILE) without special
precautions in adults. The rate of infusion typically should not
exceed 0.11 g/kg/h (0.55 mL/kg/h of 20% ILE) with a maximum of 0.125 g/kg/h (0.625 mL/kg/h of 20% ILE).[58] For neonates and infants, the dose should not exceed 4 g/kg/day
(20 mL/kg/day of 20% ILE) and the rate not more than
0.17 g/kg/h (0.85 mL/kg/h of 20% ILE). Relatively few adverse
effects associated with the treatment of various drug toxicities are reported in the clinical toxicology literature. However,
given that the doses and infusion rates used in the toxicology
setting often exceed those used for nutritional therapy, the
dearth of reported adverse effects may represent a reporting
bias or inadequate follow-up.[1]
Adverse effects of ILE fall into two major categories based
on the duration of therapy. Immediate or short-term effects
occur quickly, often within minutes to a few days (48 h), while
delayed effects typically require much longer exposure to ILE
therapy, as occurs with outpatient parenteral nutrition therapy. With the exception of hypersensitivity/allergic reactions,
immediate or short-term effects tend to be associated with
the dose and/or infusion rate of the ILE.
Some adverse effects of lipid emulsion appear to arise primarily in the setting of TPN and have not been reported with
the use of high-dose, short-term ILE. These include cholestasis, catheter-related complications (infection, phlebitis, and
thrombosis), predisposition to sepsis and immune deficiency,
and catatonia.[22,63,64,132] Although there are at least four
reports in the nutrition literature, no reports of these sequelae
attributed to ILE therapy for poisoning were found.
Comparing different lipid emulsions for TPN in surgical
patients, a systematic review and meta-analysis of randomized controlled trials found no difference in adverse effects or
hospital length of stay among SMOFlipidV 20% and Lipoven
20%, ClinOleic 20%, or MCT/LCT 20%.[133]
Adverse effects of ILE which have occurred either in the
treatment of poisoning, or in the TPN setting at faster infusion rates similar to those administered in poisoning, include
hypoxia, ARDS, priapism, fat overload syndrome, and fat
emboli. The spectrum of respiratory complications, ranging
from simple hypoxia to ventilator-dependent respiratory failure, has been repeatedly described in both settings. The
potential for lipid administration to interfere with gas
R
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exchange and create a ventilation–perfusion mismatch is supported by a controlled study in ICU patients, which demonstrated a detrimental effect on bronchial inflammatory
markers in patients with ARDS receiving ILE.[134] Critically illpoisoned patients, especially those suffering cardiac arrest,
often develop ARDS as an evolution of illness. It is impossible
to determine which of these reported effects is directly due
to ILE without a more controlled study design.
AKI as a result of ILE administration is controversial, and
the clinical relevance is unknown.[135] In a critically ill poisoned patient, AKI can develop for a number of reasons,
including decreased renal perfusion in the setting of a shock
state. When the origin of AKI is likely multifactorial, it is
impossible to determine what role, if any, ILE played in its
development. In addition, a transient rise in creatinine often
does not translate into a true negative outcome, such as the
need for CRRT. In the observational study by Tabel et al.,
treated with TPN tended to be younger, smaller, sicker, and
at higher risk of complications.[29] Because the infants only
had laboratory comparisons at 3 and 30 days, it was impossible to determine if the AKI began prior to the 14th day.
However, it seems more likely than not that the modest
changes in biomarkers of renal function developed gradually
throughout the 30-day study period.
Differentiating adverse effects of TPN from those specific to
lipid emulsion is challenging. Phlebitis is a problem with TPN
due to its very high osmolarity (>1100 mOsm).[136] ILE has a
lower risk from the osmolarity standpoint, as its osmolarity is
about 300 mOsm, compared with a maximum of 900 mOsm
for peripheral parenteral nutrition and >1500 mOsm for most
TPN products. An ex vivo study using six simulated real-life
ECMO circuits utilized a 3 mL/min infusion of IntralipidV 20%
with a constant flow rate of 200 mL/min and heparin doses to
maintain a clotting time greater than 200 seconds.[137]
Agglutinations and layering occurred in all six circuits, and
clotting occurred in five of them, especially at areas of stasis
(ports), within 30 min after ILE infusion. In addition, increased
circuit pressure caused the tubing to crack. The authors recommended that ILE be administered via its own line during
ECMO treatment of a neonate. This article was actually
excluded by the search criteria, but it is mentioned here
because the model circuit mimicked real-life conditions.
The fat overload syndrome is a constellation of many of
the isolated complications; the sudden onset of hypoxia,
respiratory insufficiency, fever, lethargy, hepatosplenomegaly,
jaundice, coagulopathy, and neurologic compromise, including altered mental status and seizures. Fat embolic complications, both pulmonary and cerebral, are more commonly
reported in association with TPN than with rescue therapy for
poisoning (perhaps because rescue therapy is in its relative
infancy). Complications which appear to be unique to highdose, rapidly administered ILE continue to emerge. They have
been reported in the context of inadvertent TPN error leading
to rapid infusion of a high dose, defined as exceeding the
estimated maximum oxidation rate of 1.2–1.7 mg/kg/min (for
ILE 20%, this is 0.35–0.51 mL/kg/h or 8.6–12.24 mL/kg/day).
The physiologic consequences of such doses can be expected
to be similar to those of rescue therapy. However, the paucity
of human toxicological literature and the lack of necropsy
R
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and lung examination in the animal studies on the use of ILE
in poisoning make it impossible to evaluate the true risk of
fat emboli with ILE administration.
The risk of infection in patients receiving ILE is difficult to
anticipate. Neutrophil and lymphocyte counts decrease
almost immediately after an ILE bolus, but it is unclear how
this effect translates to meaningful outcomes when treating
poisoned patients.[76] Measurement of counts could also be
affected by dilution after bolus administration. Most of the
human research on immunologic function as it relates to ILE
comes from studies that evaluated long-term effects, that is,
from 4 to 14 days of therapy.[138] For most cases of poisoning, treatment lasted less than 4 days, although at least one
poisoned patient received ILE for 19 days.[26] Overall,
immune function seems to be most affected by the duration
of ILE therapy, but the applicability of this observation to toxicological use is uncertain because the length of therapy is
not standard.
Patients at the extremes of age present challenges with
drug therapy, as do pregnant women. Prescribing information
for ILE from the US Food and Drug Administration includes a
warning of death reported in preterm infants following ILE
administration, with pulmonary intravascular fat accumulation
noted at autopsy.[58] One report indicated development of
hypertriglyceridemia without hypoxia in low-birth-weight
infants receiving 10% or 20% ILE at a maximum of 4 g/kg/day
(20 mL/kg/day using 20% ILE) for 8 days [33]; however, most
reports involving neonates describe adverse pulmonary
events.[30,39,42,43,46–49] Preterm infants appear to be particularly susceptible to hypoxia associated with ILE-induced
hypertriglyceridemia during their first week of life.[42] The
cause of ILE-associated hypoxia might be a dose- and timedependent increase in pulmonary vascular resistance in
response to increased prostaglandin synthesis from higher
free fatty acid concentrations following ILE infusion, rather
than hypertriglyceridemia itself.[43] Alterations in pulmonary
vascular resistance occur with short-term ILE doses of 1.5–3 g/
kg/day (7.5–15 mL/kg/day of 20% ILE). Doses as low as 1 g/kg/
day (5 mL/kg/day using 20% ILE) in premature infants
reduced arterial oxygen tension in a high percentage of
patients.[47] Alveolar oxygen tension is reduced in full-term
infants receiving ILE 2 g/kg/day (10 mL/kg/day of 20% ILE).[48]
Reduced transcutaneous PO2 also appears to be prominent
following ILE doses as small as 0.5 g/kg/day (2.5 mL/kg/day of
20% ILE) given over 10 h (0.05 g/kg/h; 0.25 mL/kg/h with 20%
ILE) in infants with underlying pulmonary disease.[39]
Disturbances of fat metabolism in elderly patients, including reduced skeletal muscle fat oxidation, may occur due to
lower oxidative enzyme concentrations, inhibited fatty acid
transport into the mitochondria, or reduced activation of fatty
acid transport.[139] Lipid oxidation during TPN, however,
appears to be higher in elderly patients compared with middle-aged people.[140] Capacity for fat oxidation and plasma
removal of ILE appears to be as good in elderly men as in
young men.[141] This suggests that elderly patients are no
more likely to develop hypertriglyceridemia or other problems
related to ILE clearance than younger patients. One case
report of ILE use for local anesthetic poisoning in a 91-yearold man indicated successful reversal of central nervous
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system and cardiac toxicity without any indication of adverse
events with the ILE.[142] None of the adverse events in this
literature review showed an increased incidence among elderly patients.
All ILE products are listed as pregnancy category C, except
10% Soyacal, which is category B. Concerns about the use of
ILE during pregnancy come primarily from adverse events
associated with a cottonseed oil emulsion that was removed
from the market in 1965, but there are still at least two
remaining concerns.[143] ILE is used routinely at recommended doses and infusion rates for pregnant women requiring TPN. However, high ILE infusion rates (actual rates are not
reported) may induce uterine contractions.[144] In addition, a
study evaluating the effect of TPN on the placenta reported
one case out of the 20 evaluated with placental fat deposits
evident before fetal death occurred at 22 weeks’ gestation.[145] Successful rescue ILE occurred in an 18-year-old
primigravida patient at 38 weeks gestation with no reported
adverse effect.[146] Pregnant women are at increased risk of
local anesthetic toxicity; thus there is potentially an increased
need for ILE in pregnancy.[147]

unknown. Extrapolation from TPN cases suggests that adverse
effects might occur with the use of ILE for poisoning. The
potential for significant adverse effects seems to be associated with higher doses and rapid infusion rates. Therefore,
the suggestions in many case reports and review articles that
large doses of ILE are safe for the purpose of reversal of drug
toxicity and may not pose a risk of immediate adverse events
seems to be inaccurate or at the very least unproven. Further
studies in both the TPN setting and the poisoned patient will
hopefully shed additional light on the risks of this therapy.

Limitations

Drs Lavergne and Turgeon are recipients of salary support awards from
the Fonds de la Recherche du Quebec – Sante (FRQS). All members completed a conflict of interest form for AACT and received no honoraria.
Webcast conference and rooms for meeting were provided by AACT. No
member has a financial or an academic conflict of interest that prevented
his/her neutral assessment of the articles reviewed in this study (i.e., no
committee member’s livelihood or academic career depends on grant
funding the study of lipid emulsion in poisoning).

The search criteria and citation screening were designed to
be as inclusive as possible in order to estimate the clinical
adverse effects associated with ILE given in doses typically
used to treat acute poisonings, but the studies included in
this systematic review were consistently of low or very low
quality according to GRADE criteria. Furthermore, included
studies could have suffered from reporting bias, in that not
all adverse effects reported were related to the use of ILE and
those that do occur were not always reported. Neonates and
small children seem to be at higher risk of adverse events as
reported in the TPN literature, however as the care of neonates has significantly changed in the last three decades
since these reports were published, it is unclear if the adverse
events reported are only associated with the administration
of ILE. The patient populations were also quite heterogeneous
in terms of age and medical comorbidities, which limits generalizability of the incidence and nature of adverse events
associated with the administration of ILE in the management
of poisonings. For example, gut malabsorption would be of
little consequence to the use of ILE for TPN, but it could be a
major issue when treating patients who have been poisoned.
Nonetheless, cohort and observational studies on adverse
events in the TPN setting that are applicable to clinical toxicology may answer the many questions which have arisen on
the risks of this therapy at various dosages and infusion
rates.[76,138]

Acknowledgements
Ahmed Al-Sakha, Saad Al-Juma, Daniel Morris, Tudor Botnaru, Aftab Azad,
Anne-Ericka Vermette-Marcotte, and the other members of the Lipid
Emulsion Workgroup retrieved the full text of the articles used in this
review. Sarah Shiffert and Ellen Pak from AACT arranged meetings and
conference calls. The manuscript was copyedited by Linda J. Kesselring,
MS, ELS, the technical editor/writer in the Department of Emergency
Medicine at the University of Maryland School of Medicine.

Disclosure statement

References
[1]
[2]
[3]
[4]
[5]

[6]
[7]

[8]

[9]

[10]

Conclusion
This systematic review reported adverse effects from ILE
administration, as reported from clinical settings and animal
studies, with a focus on those most generalizable to clinical
toxicology. Because few publications describe adverse events
following antidotal use of ILE, the true incidence remains

[11]

[12]

Wretlind A. Development of fat emulsions. J Parenter Enteral
Nutr. 1981;5:230–235.
Mirtallo J, Canada T, Johnson D, et al. Safe practices for parenteral nutrition. J Parenter Enteral Nutr. 2004;28:S39–S70.
Kinsella J, Lokesh B. Dietary lipids, eicosanoids, and the immune
system. Crit Care Med. 1990;18:S94–113.
Palmblad J. Intravenous lipid emulsions and host defense – a
critical review. Clin Nutr. 1991;10:303–308.
Suchner U, Katz D, Furst P, et al. Impact of sepsis, lung injury,
and the role of lipid infusion on circulating prostacyclin and
thromboxane A(2). Intens Care Med. 2002;28:122–129.
Atkins D, Best D, Briss PA, et al. Grading quality of evidence and
strength of recommendations. Br Med J. 2004;328:1490.
Guyatt GH, Oxman AD, Kunz R, et al. Incorporating considerations
of resources use into grading recommendations. Br Med J.
2008;336:1170–1173.
Guyatt GH, Oxman AD, Kunz R, et al. What is ‘‘quality of evidence’’ and why is it important to clinicians? Br Med J.
2008;336:995–998.
Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of evidence and strength of recommendations. Br Med J. 2008;336:924–926.
Abel RM, Fisch D, Grossman ML. Hemodynamic effects of intravenous 20% soy oil emulsion following coronary bypass surgery.
J Parenter Enteral Nutr. 1983;7:534–540.
Cole JB, Stellpflug SJ, Engebretsen KM. Asystole immediately following intravenous fat emulsion for overdose. J Med Toxicol.
2014;10:307–310.
Crook MA. Lipid clearance and total parenteral nutrition: the
importance
of
monitoring
plasma
lipids.
Nutrition.
2000;16:774–775.

CLINICAL TOXICOLOGY

[13]
[14]

[15]

[16]

[17]

Downloaded by [UPSTATE Medical University Health Sciences Library] at 08:22 03 August 2016

[18]
[19]

[20]
[21]

[22]

[23]
[24]
[25]
[26]

[27]
[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

Hulman G, Levene M. Intralipid microemboli. Arch Dis Child.
1986;61:702–703.
J€arnberg PO, Lindholm M, Eklund J. Lipid infusion in critically ill
patients. Acute effects on hemodynamics and pulmonary gas
exchange. Crit Care Med. 1981;9:27–31.
Marfella R, De Angelis L, Nappo F, et al. Elevated plasma fatty
acid concentrations prolong cardiac repolarization in healthy subjects. Am J Clin Nutr. 2001;73:27–30.
Smyrniotis VE, Kostopanagiotou GG, Arkadopoulos NF, et al.
Long-chain versus medium-chain lipids in acute pancreatitis complicated by acute respiratory distress syndrome: effects on pulmonary hemodynamics and gas exchange. Clin Nutr.
2001;20:139–143.
Suchner U, Katz DP, F€
urst P, et al. Effects of intravenous fat emulsions on lung function in patients with acute respiratory distress
syndrome or sepsis. Crit Care Med. 2001;29:1569–1574.
Sutcliffe AG. Total parenteral nutrition tamponade. J Royal Soc
Med. 1995;88:173P–174P.
Tomassetti M, Celleno D, Capogna G, et al. Acute effects of a
new type of lipidic emulsion in critical patients. Minerva
Anestesiol. 1989;55:39–42. [Italian].
Barson AJ, Chistwick ML, Doig CM. Fat embolism in infancy after
intravenous fat infusions. Arch Dis Child. 1978;53:218–223.
Geib AJ, Liebelt E, Manini AF, et al. Clinical experience with intravenous lipid emulsion for drug-induced cardiovascular collapse. J
Med Toxicol. 2012;8:10–14.
Liang CS, Yang FW, Ho PS. Intravenous lipid emulsion-associated
catatonia, thrombocytopenia, and leukopenia: a case report and
the role of NMDA receptor. Psychosomatics. 2012;53:193–195.
Low E, Ryan CA. Overdose of intravenous intralipid in a premature neonate. Jt Comm J Qual Patient Saf. 2007;33:588–589.
McGrath KM, Zalcberg JR, Slonim J, et al. Intralipid Induced
haemolysis. Br J Haematol. 1982;50:376–378.
Reeves JD, Hathaway WE, Lilly JJ. Hematologic abnormalities during intralipid therapy. Pediatr Res. 1979;13:439.
Agarwala R, Ahmed SZ, Wiegand TJ. Prolonged use of intravenous lipid emulsion in a severe tricyclic antidepressant overdose. J
Med Toxicol. 2014;10:210–214.
Bora KM, Hedge MW. Neonatal triglyceride levels after massive
lipid bolus – implications for lipid rescue. Clin Toxicol. 2009;47:760.
Oakes JAPC, Barthold CL. Successful use of intravenous lipid as
adjunctive therapy in a severe calcium channel antagonist poisoning. Clin Toxicol. 2009;47:702–765.
Tabel Y, Oncul M, Akin IM, et al. Effects of total parenteral nutrition on renal function in preterm neonate. Turk Pediatri Arsivi.
2012;47:247–252. [English, Turkish].
Fairchild KD, Patterson A, Gumpper KF. Overdose of intravenous
fat emulsion in a preterm infant: case report. Nutr Clin Pract.
1999;14:116–119.
Bass J, Jr, Friedl W, Jeranek W. Intralipid causing adult respiratory
distress syndrome. J Natl Med Assoc. 1984;76:401–407.
Battistella FD, Widergren JT, Anderson JT, et al. A prospective,
randomized trial of intravenous fat emulsion administration in
trauma victims requiring total parenteral nutrition. J Trauma.
1997;43:52–58. discussion 8-60.
Brans YW, Dutton EB, Andrew DS, et al. Fat emulsion tolerance in
very low birth weight neonates: effect on diffusion of oxygen in
the lungs and on blood pH. Pediatrics. 1986;78:79–84.
Jovic-Stosik J, Putic V, Djordjevic S, et al. Lipid emulsion in treatment of cardiovascular collapse in acute poisoning. Clin Toxicol.
2013;51:288–289.
Lekka ME, Liokatis S, Nathanail C, et al. The impact of intravenous
fat emulsion administration in acute lung injury. Am J Respir Crit
Care Med. 2004;169:638–644.
Levene MI, Wigglesworth JS, Desai R. Pulmonary fat accumulation
after intralipid infusion in the preterm infant. Lancet.
1980;2:815–818.
Levine M, Skolnik AB, Ruha AM, et al. Complications following
antidotal use of intravenous lipid emulsion therapy. J Med
Toxicol. 2013;10:10–14.

[38]
[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]
[55]

[56]

[57]

[58]
[59]
[60]

[61]
[62]

401

Lloyd TR, Boucek MM. Effect of intralipid on the neonatal pulmonary bed: an echographic study. J Pediatr. 1986;108:130–133.
Marks KH, Turner MJ, Rothberg AD. Effect of Intralipid infusion
on transcutaneous oxygen and carbon dioxide tension in sick
neonates. S Afr Med J. 1987;72:389–391.
Martin C, Gonzalez H, Ruiz S, et al. Acute respiratory distress syndrome following verapamil overdose treated with intravenous
lipid emulsion: a rare life-threatening complication. Ann Fr
Anesth Reanim. 2014;33:e101–e102.
Partridge MR, Hughes JMB, Thompson GR. Effect of hyperlipidaemia on pulmonary diffusing capacity for carbon monoxide.
Thorax. 1979;34:265–268.
Pereira GR, Fox WW, Stanley CA. The effect of Intralipid on pulmonary function and triglyceride metabolism in premature
infants. Acta Chir Scand. 1979;145:207–209.
Prasertsom W, Phillipos EZ, Van Aerde JE, et al. Pulmonary vascular resistance during lipid infusion in neonates. Arch Dis Child
Fetal Neonatal Ed. 1996;74:F95–F98.
Shenoy U, Paul J, Antony D. Lipid resuscitation in pediatric
patients – need for caution? Paediatr Anaesth. 2014;24:332–334.
Smirniotis V, Kostopanagiotou G, Vassiliou J, et al. Long chain
versus medium chain lipids in patients with ARDS: effects on pulmonary haemodynamics and gas exchange. Intensive Care Med.
1998;24:1029–1033.
Stolee B, Purssell R, Ashbourne JF, Vicas IMO. Intralipid overdose
in a neonate. Vet Hum Toxicol. 1994;36.
Sun SC, Ventura C, Verasestakul S. Effect of Intralipid-induced lipaemia on the arterial oxygen tension in preterm infants.
Resuscitation. 1978;6:265–270.
Tay-Uyboco J, Belik J. The reported hypoxemia during lipid infusion in neonates is likely due to a decrease in alveolar oxygen
tension. Pediatr Res. 1987;21:45–51.
Vasudevan C, Johnson K, Miall LS, et al. The effect of parenteral
lipid emulsions on pulmonary hemodynamics and eicosanoid
metabolites in preterm infants: a pilot study. Nutr Clin Pract.
2013;28:753–757.
Cocchio C, Geib AJ, Rynn KO. Physiochemical stability of intravenous fat emulsion in combination with medications used during
resuscitation. Clin Toxicol. 2011;49:532–533.
Suchner U, Katz DP, Furst P, et al. Impact of sepsis, lung injury,
and the role of lipid infusion on circulating prostacyclin and
thromboxane A(2). Intensive Care Med. 2002;28:122–129.
Vanek VW, Seidner DL, Allen P, et al. ASPEN position paper: clinical role for alternative intravenous fat emulsions. Nutr Clin Pract.
2012;27:150–192.
Belloni B, Andres C. Images in clinical medicine: extravasation of
peripherally administered parenteral nutrition. N Engl J Med.
2011;364:e20.
Buchman AL, Ament ME. Comparative hypersensitivity in intravenous lipid emulsions. J Parenter Enteral Nutr. 1991;15:345–346.
Hiyama DT, Griggs B, Mittman RJ, Lacy JA, Benson DW, Bower
RH. Hypersensitivity following lipid emulsion infusion in an adult
patient. J Parenter Enteral Nutr. 1989;13:318–320.
Lunn M, Fausnight T. Hypersensitivity to the intralipid component
of total parenteral nutrition in a child with egg allergy: a review
of the literature. Ann Allergy Asthma Immunol. 2010;105:A106.
Weidmann B, Lepique C, Heider A, et al. Hypersensitivity reactions to parenteral lipid solutions. Support Care Cancer.
1997;5:504–505.
Intralipid [package insert]. Missisauga, ON: Fresenius Kabi; 2013.
Kamath KR, Berry A, Cummins G. Acute hypersensitivity reaction
to Intralipid. N Engl J Med. 1981;304:360.
Cave G, Harvey M, Willers J, et al. LIPAEMIC report: results of clinical use of intravenous lipid emulsion in drug toxicity reported to
an online lipid registry. J Med Toxicol. 2014;10:133–142.
Ekstom B, Olsson A. Priapism in patients treated with total parenteral nutrition. Br J Urol. 1987;59:170–171.
Chapuis PH, Splatt AJ. Priapism as a complication of long-term
intravenous nutrition. Scott Med J. 1979;24:166–167.

402

[63]

[64]

[65]
[66]

[67]

Downloaded by [UPSTATE Medical University Health Sciences Library] at 08:22 03 August 2016

[68]

[69]
[70]
[71]
[72]
[73]

[74]
[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]
[84]

[85]

[86]

B. D. HAYES ET AL.

Klein EA, Montague DK, Steiger E. Priapism associated with the
use of intravenous fat emulsion: case reports and postulated
pathogenesis. J Urol. 1985;133:857–859.
Hebuterne X, Frere AM, Bayle J, Rampal P. Priapism in a patient
treated with total parenteral nutrition. J Parenter Enteral Nutr.
1992;16:171–174.
Nally CV, Burke TE, Murphy JJ, Duff FA. Priapism as a complication of intravenous feeding. Ir J Med Sci. 1981;150:45–46.
Abdelmalek D, Schwarz ES, Sampson C, et al. Life-threatening
diphenhydramine toxicity presenting with seizures and a wide
complex tachycardia improved with intravenous fat emulsion.
Am J Ther. 2014;21:542–544.
Altomare DF, Semeraro N, Colucci M. Reduction of the plasma
levels of tissue plasminogen activator after infusion of a lipid
emulsion in humans. J Parenter Enteral Nutr. 1993;17:274–276.
van der Poll T, Coyle SM, Levi M, et al. Fat emulsion infusion
potentiates coagulation activation during human endotoxemia.
Thromb Haemost. 1996;75:83–86.
Estebe JP, Malledant Y. Fat embolism after lipid emulsion infusion. Lancet. 1991;337:673
Jellinek EH. Dangers of intravenous fat infusions. Lancet.
1976;2:967
Nikiforov IE. A rare complication of parenteral fat nutrition in a
child. Arkhiv Patologii. 1990;52:56–59. [Russian].
Schulz PE, Weiner SP, Haber LM, et al. Neurological complications
from fat emulsion therapy. Ann Neurol. 1994;35:628–630.
Buck ML, Wooldridge P, Ksenich RA. Comparison of methods for
intravenous infusion of fat emulsion during extracorporeal membrane oxygenation. Pharmacotherapy 2005;25:1536–1540.
Rodrıguez B, Wilhelm A, Kokko K. Lipid emulsion use precluding
renal replacement therapy. J Emerg Med. 2014;47:635–637.
Black VD, Little GA, Marin-Padilla M. Failure of inflammatory
response to accidental intracranial lipid infusion. Pediatrics.
1978;62:839–842.
Cury-Boaventura MF, Gorjao R, de Lima TM, et al. Toxicity of a
soybean oil emulsion on human lymphocytes and neutrophils.
J Parenter Enteral Nutr. 2006;30:115–123.
Ebbert ML, Farraj M, Hwang LT. The incidence and clinical significance of intravenous fat emulsion contamination during infusion.
J Parenter Enteral Nutr. 1987;11:42–45.
Fraser I, Neoptolemos J, Darby H, et al. The effects of intralipid
and heparin on human monocyte and lymphocyte function. J
Parenter Enteral Nutr. 1984;8:381–384.
Waitzberg DL, Bellinati-Pires R, Salgado MM, et al. Effect of total
parenteral nutrition with different lipid emulsions of human
monocyte and neutrophil functions. Nutrition. 1997;13:128–132.
Al-Leswas D, Eltweri A, Hall T, et al. Pp075-sun safety and tolerability of two parenteral lipid emulsions in patients with severe
acute pancreatitis as measured by serum triglyceride and cholesterol levels: a randomised controlled trial. Clin Nutr.
2013;32:S49–S50.
Amin SB. Effect of free fatty acids on bilirubin–albumin binding
affinity and unbound bilirubin in premature infants. J Parenter
Enteral Nutr. 2010;34:414–420.
Buckspan R, Woltering E, Waterhouse G. Pancreatitis induced by
intravenous infusion of a fat emulsion in an alcoholic patient.
South Med J. 1984;77:251–252.
Collinge JM, Seliske P, Aranda JV. Epidemiology of adverse reactions to total parenteral nutrition. Pediatr Res. 1981;15:655.
Cooke RJ, Burckhart GJ. Hypertriglyceridemia during the intravenous infusion of a safflower oil-based fat emulsion. J Pediatr.
1983;103:959–961.
Gonzalez Santos A, Tamez Perez HE, Gutierrez Hermosillo H, et al.
Significant liver function tests abnormalities related to parenteral
nutrition and its association with mortality. Nutr Hosp.
2011;26:243. [Spanish].
Gottardis M, Hackl JM, Gruber E, et al. Effects of fat infusion in
patients after multiple trauma. Infusionsther Transfusionsmed.
1994;21:150–158.[ German].

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]
[97]

[98]

[99]

[100]
[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

Grau T, Bonet A, Rubio M, et al. Liver dysfunction associated with
artificial nutrition in critically ill patients. Crit Care (London,
England). 2007;11:R10.
Greene HL, Hazlett D, Demaree R. Relationship between
Intralipid-induced hyperlipemia and pulmonary function. Am J
Clin Nutr. 1976;29:127–135.
Hertel J, Tygstrup I, Andersen GE. Intravascular fat accumulation
after Intralipid infusion in the very low-birth-weight infant.
J Pediatr. 1982;100:975–976.
Hojsak I, Kolacek S. Fat overload syndrome after the rapid infusion of SMOF lipid emulsion. J Parenter Enteral Nutr.
2014;38:119–121.
Izquierdo-Garcia E, Fernandez-Ferreiro A, Gomis-Munoz P, et al.
Liver disease associated with short-term total parenteral nutrition
in a pediatric hospital through the course of the year 2008. Nutr
Ther Metab. 2011;29:134–138.
Lashner BA, Kirsner JB, Hanauer SB. Acute pancreatitis associated
with high-concentration lipid emulsion during total parenteral
nutrition therapy for Crohn’s disease. Gastroenterology.
1986;90:1039–1041.
Pereira GR, Sherman MS, Digiacomo J, Ziegler M, Roth K,
Jacobowski D. Hyperalimentation-induced cholestasis. Increased
incidence and severity in premature infants. Am J Dis Child.
1981;135:842–845.
Spear ML, Stahl GE, Hamosh M, et al. Effect of heparin dose and
infusion rate on lipid clearance and bilirubin binding in premature infants receiving intravenous fat emulsions. J Pediatr.
1988;112:94–98.
Van Der Linden W, Nakayama F. Effect of intravenous fat emulsion on hepatic bile. Increased lithogenicity and crystal formation. Acta Chir Scand. 1976;142:401–406.
Wang J, Yu LS. Risk factors of parenteral nutrition-associated cholestasis in preterm infants. Clin Nutr Suppl. 2012;7:135–136.
Yang J, Zhang JX, Zheng QC. Olive oil-based lipid emulsion for
parenteral nutrition in patients after hepatectomy. Chinese J Clin
Nutr. 2011;19:79–83. [Chinese].
Zambrano E, El-Hennawy M, Ehrenkranz R, et al. Total parenteral
nutrition (TPN)-induced liver pathology. An autopsy series of 22
newborn cases. Modern Pathol. 2001;14:3P.
Bucklin MH, Gorodetsky RM, Wiegand TJ. Prolonged lipemia and
pancreatitis due to extended infusion of lipid emulsion in bupropion overdose. Clin Toxicol. 2013;51:7651–7652.
Jakkala-Saibaba R, Morgan PG, Morton GL. Treatment of cocaine
overdose with lipid emulsion. Anaesthesia. 2011;66:1168–1170.
Marwick PC, Levin AI, Coetzee AR. Recurrence of cardiotoxicity
after lipid rescue from bupivacaine-induced cardiac arrest.
Anesth Analg. 2009;108:1344–1346.
Dahms BB, Halpin TC Jr. Pulmonary arterial lipid deposit in newborn infants receiving intravenous lipid infusion. J Pediatr.
1980;97:800–805.
Monnens L, Smulders Y, Dekker W. Lipid overloading syndrome
due to intralipid infusion in an infant with intractable diarrhea. Z
Kinderchir. 1976;19:1–5.
Freund U, Krausz Y, Levij IS, et al. Latrogenic lipidosis following
prolonged intravenous hyperalimentation. Am J Clin Nutr.
1975;28:1156–1160.
Boden G, Song W, Duan X, et al. Infusion of glucose and lipids at
physiological rates causes acute endoplasmic reticulum stress in
rat liver. Obesity. 2011;19:1366–1373. (Silver Spring).
Dahl PE, Osterud B, Kjaeve JC. Haematological disorders and lung
alveolar macrophage function following total parenteral nutrition
in rats. Clin Nutr. 1992;11:269–276.
Harvey M, Cave G, Kazemi A. Intralipid infusion diminishes return
of spontaneous circulation after hypoxic cardiac arrest in rabbits.
Anesth Analg. 2009;108:1163–1168.
Huth K. Discussion a new method for testing toxic effects of fat
emulsions for intra venous administration. In: Meng HC, Law DH,
editors. Parenteral Nutrition Proceedings of an International
Symposium, Vanderbilt University School of Medicine, Nashville,

CLINICAL TOXICOLOGY

[109]

[110]

[111]

[112]

Downloaded by [UPSTATE Medical University Health Sciences Library] at 08:22 03 August 2016

[113]

[114]
[115]

[116]

[117]
[118]

[119]

[120]

[121]

[122]
[123]

[124]

[125]

[126]

[127]

[128]
[129]

Tennessee. Springfield (IL): Illus Charles C Thomas; 1970. p.
457–459.
Montemurro P, Lattanzio A, Chetta G, et al. Increased in-vitro and
in-vivo generation of procoagulant activity tissue factor by mononuclear phagocytes after intralipid infusion in rabbits. Blood.
1985;65:1391–1395.
Reimold EW. Studies of the toxicity of an intravenous fat emulsion. I. Hematologic changes and survival after administration of
a soybean oil (FE-S15) in beagles. J Parenter Enteral Nutr.
1979;3:328–334.
Hiller DB, Di Gregorio G, Kelly K, et al. Safety of high volume lipid
emulsion infusion: a first approximation of LD50 in rats. Reg
Anesth Pain Med. 2010;35:140–144.
Koga Y, Ikeda K, Inokuchi K. Effect of single infusion of fat emulsion on plasma lipid. Surg Gynecol Obstet. 1975;141:743–746.
Morita Y, Yoshikawa T, Takahashi S, et al. Clinically used lipid
emulsion is potentially toxic to pancreas but its intravenous
administration is not harmful to pancreatitis in rats.
Gastroenterology. 1998;114:A484–A485.
Koga Y, Ikeda K, Inokuchi K. Effect of complete parenteral nutrition using fat emulsion on liver. Ann Surg. 1975;181:186–190.
Beers TR, Murray MJ, Miles JM. Intralipid induces prostaglandin
synthesis and sustained hypoxemia in the endotoxemic pig. J
Parenter Enteral Nutr. 1990;14:13s.
Ilkiw R, Maruyama K, Rabinovitch M. Intralipid effect on normal
and hypoxic remodeled rat pulmonary vasculature. Am J Physiol.
1988;255:H1499–H1508.
Ali J, Wood LD. The acute effects of intralipid on lung function. J
Surg Res. 1985;38:599–605.
Driscoll DF, Ling PR, Quist WC, et al. Pathological consequences
from the infusion of unstable lipid emulsion admixtures in
guinea pigs. Clin Nutr. 2005;24:105–113.
Ziser A, Strickland RA, Murray MJ. Propofol does not induce pulmonary dysfunction in stressed endotoxic pigs receiving intralipid. Crit Care Med. 2003;31:2029–2033.
Gallagher RC, Mehta J, Adkins R, et al. The effects of fat emulsion
on hemodynamics gas exchange and extravascular lung water in
adult
respiratory
distress
syndrome.
Anesthesiology.
1984;61:A116.
Hunt CE, Gora P, Inwood RJ. Pulmonary effects of intralipid: the
role of Intralipid as a prostaglandin precursor. Prog Lipid Res.
1981;20:199–204.
Hammerman C, Aramburo M, Hill V. Intralipid infusion compromises oxygen transport in piglets. Pediatr Res. 1988;23.
Chen WJ, Mo ST, Yu LJ, et al. Effects of exogenous fat emulsion
on lymphocyte function in septic rats. Zhonghua Min Guo Wei
Sheng Wu Ji Mian Yi Xue Za Zhi. 1987;20:198–203.
Chu RC, Barkowski SM. The effects of rate and dose of intralipid
infusion on bacterial clearance and granulocytic activity of the
rat. Nutr Res. 1989;9:513–522.
Davis SS, Illum L, Muller R, et al. The effect of infused fat emulsions on reticuloendothelial function in the rabbit. Clin Nutr.
1990;9:260–265.
De Chalain TMB, Michell WL, Bracher M, et al. The effect of intravenous versus enteral infusions of lipid emulsions (Intralipid) on
bacterial translocation and immune function in a rat model of
resuscitated haemorrhagic shock and trauma. Nutr Res.
1994;14:423–431.
Fischer GW, Hunter KW, Wilson SR, et al. Inhibitory effect of intralipid on res function and neutrophil bactericidal activity. Pediatr
Res. 1979;13:494.
Fischer GW, Hunter KW, Wilson SR, Mease AD. Diminished
Bacterial defences with intralipid. Lancet. 1980;2:819–820.
Garnacho-Montero J, Ortiz-Leyba C, Garnacho-Montero MC, et al.
Effects of three intravenous lipid emulsions on the survival and
mononuclear phagocyte function of septic rats. Nutrition.
2002;18:751–754.

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]
[140]

[141]

[142]

[143]

[144]
[145]

[146]
[147]
[148]
[149]

[150]

[151]

403

Katz S, Plaisier BR, Folkening WJ, et al. Intralipid adversely
affects reticuloendothelial bacterial clearance. J Pediatr Surg.
1991;26:921–924.
Lacetera N, Scalia D, Mashek DG, et al. Effects of intravenous triacylglycerol emulsions on lymphocyte responses to mitogens in
fasted dairy cows undergoing intense lipomobilization. J Dairy
Res. 2007;74:323–328.
Levecq H, Lageron A, Gotheil C, et al. A study of hepatic
lipid overload in two patients with parenteral nutrition-associated cholestasis. Gastroenterol Clin Biol. 1988;12:691–696.
[French].
Tian H, Yao X, Zeng R, et al. Safety and efficacy of a new parenteral lipid emulsion (SMOF) for surgical patients: a systematic
review and meta-analysis of randomized controlled trials. Nutr
Rev. 2013;71:815–821.
Lekka ME, Liokatis S, Nathanail C, et al. The impact of IV fat emulsion administration in acute lung injury. Nutr Clin Pract.
2004;19:531–532.
Celleno D, Capogna G, Tomassetti M, et al. Lipid clearance and
platelet aggregation after liposyn infusion. Riv Ital Nutr Parenter
Enter. 1989;7:61–68. [Italian].
Herranz Antolin S, Alvarez De Frutos V, Blasco Guerrero M, et al.
Nutritional support with parenteral nutrition. Course and associated complications. Endocrinol Nutr. 2013;60:287–293. [Spanish].
Buck ML, Ksenich RA, Wooldridge P. Effect of infusing fat emulsion into extracorporeal membrane oxygenation circuits.
Pharmacotherapy. 1997;17:1292–1295.
Wirtitsch M, Wessner B, Spittler A, et al. Effect of different lipid
emulsions on the immunological function in humans: a systematic review with meta-analysis. Clin Nutr. 2007;26:302–313.
Blaak EE. Adrenergically stimulated fat utilization and ageing.
Ann Med. 2000;32:380–382.
Al-Jaouni R, Schneider SM, Rampal P, et al. Effect of age on substrate oxidation during total parenteral nutrition. Nutrition.
2002;18:20–25.
Aberg W, Thorne A, Olivecrona T, et al. Fat oxidation and plasma
removal capacity of an intravenous fat emulsion in elderly and
young men. Nutrition. 2006;22:738–743.
Litz RJ, Roessel T, Heller AR, et al. Reversal of central nervous system and cardiac toxicity after local anesthetic intoxication by
lipid emulsion injection. Anesth Analg. 2008;106:1575–1577.
Amato P, Quercia RA. A historical perspective and review of the
safety of lipid emulsion in pregnancy. Nutr Clin Pract.
1991;6:189–192.
Wolk R, Rayburn WF. Parenteral nutrition in obstetric patients.
Nutr Clin Pract. 1990;5:139–152.
Jasnosz KM, Pickeral JJ, Graner S. Fat deposits in the placenta following maternal total parenteral nutrition with intravenous lipid
emulsion. Arch Pathol Lab Med. 1995;119:555–557.
Spence AG. Lipid reversal of central nervous system symptoms of
bupivacaine toxicity. Anesthesiology. 2007;107:516–517.
Bern S, Weinberg G. Local anesthetic toxicity and lipid resuscitation in pregnancy. Curr Opin Anaesthesiol. 2011;24:262–267.
Gonzales J, Meaney C, Sareh H, et al. Intravenous lipid emulsion
for amlodipine overdose. Crit Care Med. 2012;1:309–310.
Moshiri M, Mohammadpour AH, Vahabzadeh M, et al. Evaluating
the effects and safety of intravenous lipid emulsion on haloperidol-induced neurotoxicity in rabbit. BioMed Res Int.
2014;2014:949262.
Bi MH, Wang BE, Schafer M, et al. Effect of different fat emulsions
on acute lung injury induced by endotoxin. Zhongguo Wei
Zhong Bing Ji Jiu Yi Xue. 2006;18:711–715. [Chinese].
Gosselin S, Morris M, Miller-Nesbitt A, et al. Methodology for
AACT evidence-based recommendations on the use of intravenous lipid emulsion therapy for poisoning. Clin Toxicol.
2015;53:557-564

404

B. D. HAYES ET AL.

Appendix

Downloaded by [UPSTATE Medical University Health Sciences Library] at 08:22 03 August 2016

Medline (Ovid) search strategy for adverse effects
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exp Parenteral Nutrition/
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