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Abstract

Lipid emulsions are essential components of parenteral nutrition solutions that provide energy and essential fatty acids. The complexity of the formulations of
lipid emulsions may lead to adverse outcomes such as platelet reactivity and changes in platelet aggregation and related coagulation. Platelets are responsible for
haemostasis; they activate and demonstrate morphological changes upon extracellular factors to maintain blood fluidity and vascular integrity. Although
parenteral nutrition lipid emulsions are generally found safe with regard to modulation of platelet activity, studies are still accumulating, Thus, this review aims to
investigate platelet-related changes by parenteral nutrition lipid emulsions in human studies. Studies have pointed out patients at risk of bleeding and increased
platelet aggregation responses due to the administration of lipid emulsions. Lipid emulsions may further benefit patients at high risk of thrombosis due to anti-
thrombotic effects and should be cautiously used in patients with thrombocytopenia. The reported platelet-related changes might be associated with the fatty
acid change in the plasma membranes of platelets following changes in platelet synthesis and plasma levels of eicosanoids. In conclusion, studies investigating
platelets and parenteral nutrition should be supported to minimize the adverse effects and to benefit from the potential protective effects of parenteral nutrition

lipid emulsions.
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Introduction

Lipid emulsions are vital components of parenteral nutrition
(PN) solutions™ and provide about 25-40% PN non-protein
energy™), prevent essential fatty acid deficiency™®®” and may
have anti-inflammatory, or immune-modulating properties(g’()).
The triglyceride (T'G) component of lipid emulsions may be
from different sources, including soybean oil (SO), olive oil
(00), safflower oil, coconut oil, and fish oil (FO)*!?. First
(SO), second (SO + medium-chain triglycetides)/third (OO),
and fourth generation (FO) lipid emulsions can be identified as
pro-inflammatory, inflammatory neutral, and anti-inflamma-
tory, respectively™!?),

Commercially available lipid emulsions contain primarily
long-chain triglycerides (LCT) along with mixes, including
medium-chain triglycerides (MCT), which are referred to as
MCT/LCT®. Soybean oil-based emulsions contain 44-62% of

linoleic acid (LA) (Table 1)V and may have pro-inflammatory
effects via eicosanoids synthesized from n-6 PUFA arachidonic
acid (AA)!V. Olive oil is reported to be more advantageous than
SO because of its higher MUFA and lower n-6 PUFA content
(Table 1)V, Similarly, FO lipid emulsions are used for their
proposed  anti-inflammatory and  immunomodulatory
effects®»712 These lipid emulsions may be used in
combination with other lipid sources (SO, MCT, OO, and
FO-containing lipid emulsions) to lower the amount of SO.
Furthermore, they contain higher n-3 PUFA, a-tocopherol, and
low amounts of plant phytosterols than SO-based lipid
emulsions (Table 1)D.

Parenteral nutrition may influence haemorheological param-
eters and platelet function'?, and it is now well established that
these complications may result from the lipid source of PN
solutions. Lipid emulsions will likely affect platelet function due
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Table 1. Comparison of lipid emulsions in lipid source and fatty acid composition

Lipid Emulsion
SO MCT/LCT FO 00/SO MCT/FO
(100% LCT) (50%/50%) (100%) (80%/20%) (50%/10%) MCT/OO/FO (30%/25%/15%)
Lipid source Soybean oil Soybean oil, MCT? Fish oil Soybean oil, olive oil Soybean oil, MCTP, fish oil Soybean oil, MCTP®, olive oil, fish oil
Fatty Acid Percentage (%)?
Caproic acid (6:0) - 0.5 - - - -
Caprylic acid (8:0) - 26-28.5 - - 30 13-24
Capric acid (10:0) - 10-20 - - 19.5 5-15
Lauric acid (12:0) - 1 - - - -
Myristic acid (14:0) - - 2-7 - 0.5 1
Palmitic acid (16:0) 7-14 7.5 4-12 7.6-19.3 6 7-12
Palmitoleic acid (16:1) - - 4-10 1.5 0.5 15
Stearic acid (18:0) 1.4-55 - - 0.7-5.0 - 1.5-4
Oleic acid (18:1) 19-30 11-14 4-15 44.3-79.5 8 23-35
Linoleic acid (18:2) 44-62 48.0-58.0 1.5-4.5 13.8-22.0 38.4-46.4 14-25
a-Linolenic acid (18:3) 4-11 5.0-11.0 1.1-1.8 0.5-4.2 4.0-8.8 1.5-3.5
Arachidonic acid (20:4) - - 0.2-2.0 - - -
EPA (20:5) - - 13-26 - 3.5 1-3.5
DPA (22:5) - - 2 - 3 -
DHA (22:6) - - 14-27 - 25 1-3.5
SFA 15 58 21 14 49 37
MUFA 24 11 23 64 14 33
PUFA
n-3 8 4 48 3 10 7
n-6 53 27 5 19 27 23
n-6:n-3 ratio® 71 71 1:8 9:1 2.7:1 2.5:1

SO, soybean oil; MCT, medium-chain triglycerides; LCT, long-chain triglycerides; FO, fish oil; OO, olive oil; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid; MUFA, monounsaturated fatty acids; PUFA,

polyunsaturated fatty acids.

—Not detected or not reported (in either situation, there is little or none present).

2Data provided is from the manufacturer data sheets or”: 12,

PMCT lipid sources may be coconut, palm kernel or other tropical nut oils.

°Data taken from(®),
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to the many biological functions (inflammatory and immune
o) >1419) Platelets, the most

abundant cells in the blood, are the vital cells responsible for
(17,18

responses, coagulation, cell signallin:
haemostasis*'9. The functional changes of platelets (adhesion,
activation, spreading, secretion, aggregation, pro-coagulant
activity, microparticle formation, clot retraction) followed by
tissue damage or other pathophysiological conditions (athero-
sclerotic lesion, inflammation) exist to maintain haemosta-
sis%?)), Impaired platelet function and abnormal platelet
number may result in bleeding or thrombus formation*??, A
group of agonists activates platelets in physiological haemostasis
and pathological bleeding or thrombosis, and a cascade of
reactions occuts. It is important to note that increased
responsiveness of platelets to agonists in conditions like
endothelial damage or pro-inflammatory state over-activates
platelets in favour of a thrombotic state®) (Fig, 1).

Platelet function tests to monitor the risk of bleeding or
predict thrombosis are essential in the hospital!**). Traditional
tests such as bleeding time and aggregometry are widely
used %), Partial thromboplastin time (PTT) and prothrombin
time (PT) are basic clotting tests used to exclude coagulation
defects?22, As the gold standard of platelet function®
aggregometry tests that give responses to a panel of
agonists?”) are still used; however, these tests are proposed
not to define responses to weak agonists on a clinical basis!**").
Platelet function tests such as flow cytometry can explore the
assessment of signalling processes and activation propet-
ties(*?"?). Flow cytometry and cell morphology under the
microscope can measure platelet activation, such as integtin
activation, secretion of granule contents, and phosphatidylser-
ine (PS) exposure®, Platelet glycoproteins, activation markers,
and platelet function are investigated'*?”).. Moreover, studies
also investigate the phospholipid composition of platelet plasma

@ and can

membranes that is tightly regulated for haemostasis
also signify platelet activation; for example, PS is exposed highly
on the surface before coagulation® (Fig. 1).
Thrombocytopenia, platelet dysfunction, hypetcoagulation, and
bleeding were reported in patients when lipid emulsions were
introduced in PN solutions. Thromboembolic events, including
thrombosis, thromboembolism®2), major bleeding(3 9 vena cava
syndrome, thrombocytopenia, and heparin complications®, are
seen in many patients due to PN. During hospital stays, patients are
prone to thromboembolic events due to reduced physical
activity®. PN might affect haemostasis and could potentially
increase the risk of bleeding or postoperative thrombosis. Also, PN
is used in patients (ctitically ill, patients on chemotherapy, bone
marrow transplantation) who are likely to develop thrombocyto-

60, Intravenous (IV) fat emulsion infusions have been

penia
associated with bleeding complications, thrombocytopenia, effects
on cholesterol, triglyceride, glucose, insulin and blood pressure®?.

On the other hand, lipid emulsion infusion may be used for
the benefit of patients to prevent preoperative infarction,

@9 and severe

postoperative occlusion of coronary arteties
hypercoagulability cases®”. Potentially, some lipid emulsions
may have anti-atherogenic properties®®?7), and these effects
should be defined to be used in patients with accelerated
atherosclerosis as the inhibition of platelet aggregation could

lead to arrest or regression of atherosclerotic process®®.

The influence of PN lipid emulsions on platelet function and
coagulation is a controversial issue®?. Although ESPEN
defines lipid emulsions as generally safe concerning platelet
activity®®”
PN solution contents on normal platelet functions, as well as in

), there needs to be more knowledge on the effects of

bleeding and thrombotic disease processes. Platelet activation
plays a central role in the pathogenesis of thromboembolic
incidents®?, and platelet dysfunction is a significant cause of
39, Therefore, the PN treatment should not
lead to platelet aggregation, which might lead to atherosclerotic

excessive bleeding

lesions and acute thrombosis®?, or platelet dysfunction and
bleeding(7’4>. In this review, we gathered and summarized studies
investigating parenteral nutrition lipid emulsions and their
effects on platelets in order to provide clinically-relevant
updates on parenteral nutrition and haemostasis.

Methods

This review gathered human studies investigating parenteral
nutrition lipid emulsions and their effects on platelets. PubMed,
Science Direct, Google Scholar, and Scopus databases were
used with the keywords ‘lipid emulsion/ parenteral nutrition and
platelets’. Due to limited research, all studies (1971-2022)
conducted on human subjects (n = 51) were included, and
studies on experimental animals were excluded.

The impact of parenteral nutrition lipid emulsions on platelets
was divided into two headings that are (1) platelet function and
(2) platelet count and coagulation. Further, studies were
investigated by subheadings (1) soybean oil-based, (2) soybean
oil/medium-chain triglycetides-based, (3) fish oil-based, (4) olive
oil/soybean oil-based, (5) medium-chain triglycerides/fish oil-
based, (6) soybean oil/medium-chain triglycerides/olive oil/fish
oil-based. Due to insufficient literature, some subheadings were
evaluated together (Fig; 2).

Impact of PN lipid emulsions on platelet function, platelet
count, and coagulation

Soybean oil-based lipid emulsion

Impact on platelet function. The most studied lipid emulsion in
the literature in the context of platelets is soybean oil-based lipid
emulsion (100% LCT) (Fig. 2). To start with, no change was
reported in platelet aggregation in infants®” and adult
patients®*142 with SO (100% LCT) lipid emulsion adminis-
tration. Interestingly, it is known that SO lipid emulsions contain
the precursor (linoleic acid) of arachidonic acid, which, even in
low concentrations, might activate and induce platelets to
undergo a release reaction and aggregate®”. Despite this, there
was no clinical evidence of bleeding or thrombotic tendency in
these patients receiving SO lipid emulsionV. Further, the lipid
emulsions may also lead to increased plasma levels of non-
esterified fatty acids (NEFA), associated with platelet aggrega-
tion®*). In contrast, decreased platelet aggregation was
reported in familial hypercholesterolaemia patients receiving
SO (100% LCT) infusion®. Since enhanced platelet aggrega-
tion is seen in patients with accelerated atherosclerosis thus,
inhibition of platelet aggregation points to potential anti-
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Fig. 1. a. Signalling mechanisms during platelet activation. A resting platelet owns a discoid shape with « and & granules, and an activated platelet becomes round and
forms pseudopods. Strongly activated platelets have high cytosolic Ca®*. Collagen is exposed from the damaged endothelium and binds to GPVI and GPIb-1X-V with
another ligand VWF. Fibrinogen activates the platelet through the integrin o3 (GPIIb/1lla). Integrin activation leads to platelet aggregation. Agonists ADP and thrombin
take roles through receptors P,Y4, PoY 12, and PAR. Activated platelets express PS on their surface. An adhesive molecule, P-selectin, is expressed on an activated
platelet. b. Scheme of the coagulation cascade. Steps into the coagulation cascade: fibrinogen produces fibrin through thrombin. Fibrin is responsible for forming a tight
thrombus. c. Scheme of the produced lipid mediators via the platelet plasma membrane. Lipid mediators form through the release of platelet membrane phospholipid
fatty acids, which may affect platelet activation/aggregation. 12-HETE may increase or decrease platelet activation. TXA, and TXB, are pro-coagulants and increase
platelet activation. TXA3 reduced platelet activation, whereas endothelial cell-derived PGl inhibits platelet activation. DHA is known to inhibit AA formation in human
platelets. AA, arachidonic acid; ADP, adenosine diphosphate; COX, cyclooxygenase; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; LOX: lipoxygenase;
PG, prostaglandin; PS, phosphatidylserine; TX, thromboxane; vVWF, von Willebrand factor; 12-HETE, 12-hydroxyeicosatetraenoic acid.

atherosclerotic effects of SO (100% LCT) and may be due to
specific diseases and patients®**") (Table 2).

Studies investigating healthy subjects have shown different
results. Decreased platelet aggregation responses to agonists
were also shown in healthy male donors®”*) due to SO (100%
LCT) lipid infusion. These studies also indicated anti-
atherogenic properties of SO (100% LCT) lipid emulsion due
to reduced free cholesterol in mononuclear cells®? and
platelets®”, which might decrease platelet aggregation. The
liposomes and triglyceride-phospholipid particles in SO (100%
LCT) were held responsible for the change in platelet cholesterol
content and 7z vitro platelet aggregation®” as they can lead to the
depletion of cholesterol in cells and blood vessel endo-
thelium™. Additionally, reduced platelet adhesion by SO
(100% LCT) lipid emulsion infusion to healthy donors® was
shown; however platelet adhesion increased ex vivo. This study
concludes that a humoral factor can reduce platelet adhesion.

The slight decrease in platelet adhesion concluded that this lipid
emulsion should not be infused in cases with severe hyper-
coagulability. In general, this lipid emulsion is safe to use without
a risk of hypercoagulability® (Table 2).

Other studies on healthy volunteers receiving SO (100%
LCT) lipid infusion showed no change in platelet aggrega-
tion®*9. However, some subjects tended towards an increase
in threshold values of platelet aggregation of some agonists, and
there was a release of platelet-specific peptides such as BTG
(beta-thromboglobulin), PF4 (platelet-activating factor 4), and
5-HT (5-hydroxytryptamine). The release of platelet products in
the plasma and no sign of platelet activation under the electron
microscope indicate different platelet subpopulations. Although
normal platelet morphology was seen under the electron
microscope, the lipid infusion showed internalized small lipid
particles on the surface of platelets. These findings suggests that
platelets are in close contact with lipid emulsion particles, which
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Fig. 2. Heat map of studies investigating parenteral nutrition lipid emulsion on platelets distributed to a. platelet function tests b. type of research. FO, fish oil; LCT, long-
chain triglycerides; MCT, medium-chain triglycerides; OO, olive oil; PN, parenteral nutrition; SO, soybean oil.

may induce changes in platelet surface properties, leading to
electrochemical charge and rapid clearance of platelets from the
circulation®. Additionally, mitochondrial inhibitors used in
one study have led to limited ATP production eventually,
leading to reduced platelet aggregation because platelets do not
have enough energy to undergo shape change and granule
release. However, these inhibitors were less effective post-
infusion of SO (100% LCT), which may indicate promotion of
aggregation at some point. Thus, SO (100% LCT) lipid
emulsion might increase platelet aggregation when mitochon-
dria function is inhibited and can affect the transcript profile of
platelets with up-or down-regulation of genes associated with
cell motility, adhesion, cell cycle progression, and metabolism.
Continuous exposure would significantly solidify these changes
and negatively impact haemostasis by increasing the risk for
thrombosis®? (Table 2).

Accordingly, studies investigated the effects of PN lipid
emulsions on platelet plasma membrane phospholipids. For
instance, SO (100% LCT) lipid emulsion increased platelet LA
and AA levels>*% and conversely decreased oleic acid, caprylic
acid, and docosahexaenoic acid (DHA) levels™®. However,
lauric acid and myristic acids were not detected in platelet
phospholipids“®. These fatty acid changes in platelet mem-
branes may be due to lipid emulsions’ exogenous fatty acid
source). Additionally, the platelet fatty acid profile may change
following differences in the plasma fatty acids. After SO (100%
LCT) lipid emulsion administration, increased plasma of AA®Y,
LA, palmitoleic, and palmitic acid levels, and decreased oleic
acid levels were reported®® (Table 2).

The increased LA (precursor of AA), decreased DHA®),
a-linolenic acid (ALA), along with a decteased ratio of n-3/n-6
PUFA content of the platelet membrane™”, may also lead to
platelet activation via eicosanoid synthesis*’*®). Following the
phospholipid fatty acid change in the platelet plasma membrane,
the lipid mediator profile change is shown in a low TXA3/TXA,
ratio by SO (100% LCT)*”), which may also lead to platelet
activation and aggregation. Additionally, SO (100% LCT)

increased PF4 and BTG in activated platelets>*%

increased platelet activation (Fig. 2b).

, indicating

Impact on platelet count and coagulation. Platelet count is a
common blood test used in many studies investigating PN
(Fig, 2a). Decreased platelet count, defined as thrombocytope-
nia, may increase risk of bleeding®”. Thrombocytopenia was
reported in patients (including children) receiving SO (100%
LCT) along with morphologically abnormal large platelets®?,
decreased platelet survival®V, and cholestatic liver disease®?.
Decteased platelet counts over time, and a higher risk of
bleeding were reported to be associated with children with
intestinal failure-associated liver disease (IFALD) that received
SO (100% 1.CT)®?.

In other studies, SO (100% LCT) administration did not
cause thrombocytopenia®>>%9 in adult patients®”, healthy
donors®), and term and preterm newborns®®. It is important
to note that this may be due to phytosterols in lipid emulsions,
which correlate with high plasma phytosterol levels. Also,
reducing lipid infusion improved platelet count and liver
function tests in some patients®?. Further, high serum lipid
levels may lead to fat overload syndrome with haematologic
symptoms such as prolonged bleeding time and decreased
platelet survival®). Interestingly, SO (100% LCT) administra-
tion may stimulate thrombocytopenia with more extended study
duration periods®® (Table 3).

Coagulation tests are frequently used clinical tests to assess
blood clotting function in patients®”. The steps in the
coagulation cascade are measured by prothrombin time (PT),
partial thromboplastin time (PTT), and thrombin time (TT).
They can be used to provide information about blood clotting
and thrombosis; however, they cannot predict the occurrence of
bleeding®”. A study conducted with paediatric patients
reported that administration of SO (100% LCT) PN
significantly increased PT and PTT after 1 year follow-up.
Nevertheless, coagulation factor V and fibrinogen remained in
their usual range, which was attributed to vitamin K

9,
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Table 2. Summary of the studies measuring the effect of soybean oil-based lipid emulsions on platelet function

Platelet Test Population Duration Main Platelet-Related Outcome Reference
Platelet Critically ill adult patients 7 days 1 LA, | caprylic acid, DHA (45)
Structure (n=12)
Patients with malnutrition 8-10 days 1 LA, | Oleic acid percentage (46)
(n=20) Lauric and myristic acids not detected in the platelet phospholipids
Platelet Infants on PN (n = 10) 16 h infusion = platelet aggregation, before and after SO (100% LCT) (40)
Aggregation Healthy donors (n = 10) (1 g/kg) = platelet aggregation by SO (100% LCT), ex vivo experiments
(healthy donors)
IV nutrition patients (n = 6) app. 9-23 days = platelet aggregation S
Lower concentrations of sodium arachidonate required to induce
platelets to aggregate and to undergo a release reaction
Patients with severe Familial 6 h infusion after 1 (50%) in vitro platelet aggregation by collagen during the infusion (36)
Hypercholesterolaemia 14 h fasting in comparison to pre-infusion values
(n=5)
Control subjects (n = 4)
Patients (inflammatory 8-10 days = platelet aggregation of patient’s pre- and post-PN results (80)
bowel disease) (n = 20) = platelet aggregation post-SO (100% LCT) and post-MCT/LCT
Healthy controls (n = 23) (50%/50%)
= platelet aggregation pre-PN and post-PN.
Critically ill adult patients 7 days = platelet aggregation SO (100% LCT) and MCT/LCT (50%/50%) @2)
(n=23)
Healthy male volunteers > 3 h constant = ex vivo platelet aggregation (44)
(n=8) infusion = platelet morphology
(250 mL) Internalization of small lipid particles in circulating platelets.
Healthy male donors infusion over 4 h | post-infusion in vitro platelet aggregation in response to ADP, the 43)
(n=10) after overnight peak rate by 31%, and the 1 min. rate by 21%. The rates
fasting increased again, reaching the pre-infusion levels 20 hours later.
Healthy donors (n = 20) infusion 5 h after 1 (slightly) post-infusion platelet aggregation in the presence of (83)
overnight fasting TRAP and collagen; however, NS
< TRAP and collagen-induced platelet aggregation pre-infusion but
to a lesser degree post-infusion (mitochondrial inhibitors)
Healthy male donors (n = 5) 6 h infusion after < in vitro platelet aggregation induced by collagen or ADP @7)
overnight fasting < platelet-free cholesterol content during the infusion period
18 h after the end of the infusion, platelet aggregation and
cholesterol content returned to pre-infusion levels.
Platelet Healthy donors (n = 10) 3h < platelet adhesion returns to pre-infusion values after infusion (85)
Activation ex vivo citrated blood > platelet adhesion
Platelet Critically ill adult patients 7 days 1 PF4 (platelet-activating factor 4) and BTG (beta-thromboglobulin) (42)
Activation (n=23) continued to be elevated at 4-7 days of PN
Parameters Healthy male volunteers > 3 h constant 1 plasma BTG (beta-thromboglobulin), PF4 (platelet factor 4), (44)
(n=28) infusion serotonin (5-HT).
(250 mL)
Lipid Septic shock patients 10 days | PAF secretion (49)
Mediator (n = 10) and healthy TXA3/TXA; ratio remained below 1% - SO (100% LCT) and control
Profile controls (n = 8)
Patients with chronic 14 days = 3-series TX (80)
plaque-type psoriasis skin = AA (plasma)
disease (n = 83)
Critically ill adult patients 7 days | 6-keto-PGF4, values after 4-7 days, NS “2)

(n =23)

SO, soybean oil; LCT, long-chain triglycerides; LA, linoleic acid; DHA, docosahexaenoic acid; MCT, medium-chain triglycerides; ADP, adenosine diphosphate; TRAP, thrombin
receptor activator peptide; NS, non-significant; PAF, platelet-activating factor; TX, thromboxane; FO, fish oil; AA, arachidonic acid; PG, prostaglandin.
1, increase; |, decrease; =, no change; <, reduce.

deficiency®®. A case study reported prolonged bleeding time

(PT, PTT) and haematemesis in a patient that received SO
(100% LCT) PN, which was due to the developed fat overload
syndrome of the high lipid dose; however, the exact aetiology of
platelet dysfunction is not known®”.

Platelet engraftment is defined as ‘the independence from
platelet infusion for at least seven days, during which the platelet
count is regularly measured” (more than 20 X 10°/1)? and is
known to be crucial for the success of transplantation®).
Platelet engraftment timing is a valid predictor of possible

complications in transplantation patients““, and PN is used to

quicken engraftment in these patients©>%Y, Studies have shown
that individualized PN compared to conventional PN®? and
SO (100% LCT) total PN compared to partial PN in patients

©2) These results suggest that

with delayed platelet engraftment
SO (100% LCT) may protect against thrombocytopenia in
transplant patients; however, this may be related to
thrombopoiesis.

To conclude, many studies report that SO (100% LCT) lipid
emulsion administration is safe(!3333540415469 " Srudies demon-
strate the potential for increased platelet aggregation®*9, and this

effect may be attributed to the modified fatty acid composition of
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Table 3. Summary of the studies measuring the effect of different lipid emulsions on platelet count and coagulation

Platelet Test  Lipid Emulsion Population Duration Main Platelet-Related Outcome Reference
Platelet SO (100% LCT) Adult patients (n = 6) 3 weeks to Mild thrombocytopenia was (50)
Count (10% or 20%) 3 months occasionally reported
Large morphologically abnormal
platelets
Children, long-term home PN 3-18 months Recurrent thrombocytopenia episodes &1
for short bowel syndrome with low platelet counts
(n=7) | platelet survival
Children (variety of underlying > 2 months Thrombocytopenia (52)
conditions) (n = 29) Resolved thrombocytopenia with
reduced lipid infusion rate (some
patients)
Neonates, infants, children and 1-6 weeks (mean = platelet count (55)
adolescents (wide range of duration 19 days) 10 children with established
clinical diagnoses) (n = 180) thrombocytopenia platelet counts rose
in all of the cases
Premature infants (n = 20) 48 h or 4 weeks = platelet count both in the short (48 h) (54)
and long term (4 weeks)
Newborns (n = 51) 7 days = platelet count (lipid dose up to (56)
3 g/kg/day)
Healthy donors (n = 20) infusion 5 h after = platelet counts pre- and post-infusion. (83)
overnight fasting
Healthy donors (n = 10) 3h = platelet count (during and after the (@5)
infusion)
MCT/LCT Patients (inflammatory bowel 7-10 days = platelet count between pre- and post- (30)
(50%/50%) disease) (n = 20) PN (both lipid groups)
or Healthy controls (n = 23) | platelet count at the end of PN, NS
SO (100% LCT) (both lipid groups)
(20%) Cholestasis onset in children 3-176 months | platelet count (69)
receiving long-term PN Normalization of platelet count occurred
(n=183) in most cases within the first month
after suspension of lipid infusions
MCT/LCT Case report (adult patient) 3 days Thrombocytopenia, resolved after (70)
(50%/50%) (n=1) discontinuation of lipid emulsion
FO (100%) + SO  Patients (gastrointestinal 5 days = platelet count or function (83)
(100% LCT) surgery) (n = 44) (RTG- p-time)
or
SO (100% LCT)
(10%)
MCT/OO/FO Case report (paediatric patient) >30 min Thrombocytopenia, low fibrinogen (©3)
(30%/25%/15%) (n=1) levels and coagulopathy (treated by
(20%) platelet transfusion)
Postoperative liver transplant 30 days 1 platelet counts 7 days after (95)
patients (n = 54) PN - MCT/OO/FO,
= platelet counts days 14 and 30
between lipid groups
MCT/OO/FO Intestinal failure patients 4 weeks Platelet count was stable throughout o4
(30%/25%/15%) (n=73) the study and no significant changes
(20%) between lipid groups
or
SO (100% LCT)
(20%)
Coagulation SO (100% LCT) Paediatric patients (n = 15) Average 35.6 months 1 PT and PTT (58)
Tests (10% or 20%) of PN Coagulation factor V, fibrinogen
(3-101 months) remained in normal range
Case study (7-yr-old patient Infusion over a 14 h Haematemesis reported after 6 weeks (59)
with hollow viscus myopathy) period — of PN
3.3 g fat/kg/day Giant platelets on smear
Prolonged bleeding time PT and PTT
associated with platelet dysfunction
Fat overload syndrome (lipemic)
FO (100%) or Children with IFALD (n = 262) PN > 14-30 days | risk of bleeding in FO (100%) patients (53)
SO (100% LCT) Bleeding was reported in patients with
(10%) higher baseline direct of conjugated
bilirubin
(84)
Continued
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Table 3. Continued

Platelet Test  Lipid Emulsion Population Duration Main Platelet-Related Outcome Reference
FO (100%) + SO  Case study (infant patient with 26 days of FO Bleeding after 26 days of FO (100%)
(100% LCT) intestinal failure) (n = 1) (100%) sole therapy treatment
then, FO (100%) No evidence of clot formation, normal
PTT
Haemorrhage resolved on day 3 with
clot formation at bleeding sites
FO (100%) Patients going under coronary Pre-op IV =PTT (34
artery bypass graft surgery
(n = 40)
MCT/LCT (50%/ Intestinal failure patients and Average 47.9 days of = PT, PTT, fibrinogen, TT 64)
50%) healthy donors (n = 15) PN
(20%) (30-92 days)
MCT/LCT (50%/ Patients (haematologic median of 7 days PT, PTT and fibrinogen levels did not ™)
50%) malignancies, haematopoietic (range, show any difference between lipid
or peripheral blood stem cell 4-12) groups
SO (100% LCT) transplantation) (n = 36)
(20%)
MCT/FO (20%/ Healthy subjects (n = 6) in vitro study =PT and PTT (19
4%) (4, 10 or 25%)
MCT/OO/FO Postoperative liver transplant 30 days = PT and PTT between lipid groups (95)
(30%/25%/15%) patients (n = 54) Improved coagulation profile after PN
(20%)
Platelet SO (100% LCT) Patients with haematologic 2-27 days | time to platelet engraftment in the (63)
Engraftment (10% or 20%) malignancies (n = 30) individualized PN group than in the
conventional PN group
Haematopoietic stem cell app. 12 days Delay in platelet engraftment ©2)
transplantation (n = 61) 1 platelet transfusion requirement
MCT/LCT (50%/ Patients (haematologic median of 7 days = platelet engraftment between the lipid )
50%) malignancies, haematopoietic (range, groups
or peripheral blood stem cell 4-12)

SO (100% LCT)
(20%)

transplantation) (n = 36)

SO, soybean oil; LCT, long-chain triglycerides; AA, arachidonic acid; MCT, medium-chain triglycerides; DGLA, dihomo-gamma-linolenic acid; LA, linoleic acid; PN, parenteral nutrition;
GPIIb/Illa, integrin allbp3; FO, fish oil; GPIb, glycoprotein Ib-V-IX; IV, TRAP, thrombin receptor activator peptide; ADP, adenosine diphosphate; OO, olive oil; IV, intravenous; PFA,
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platelet function analyser; PG, prostaglandin.
1, increase; |, decrease; =, no change; <, reduce.

the platelet plasma membrane®*49_ On the other hand, in other
studies, it has been reported that SO (100% LCT) may reduce
platelet aggregation®"%) which is associated with reduced levels
of free cholesterol in platelets®”. The phytosterols in SO (100%
LCT) were found to be potentially responsible for thrombocyto-
penia, leading to bleeding, However, it is essential to note that the
observed bleeding was primarily associated with other factors,
including PN-related liver disease®>>), developed fat overload
syndrome reported in a case study®”. Moreover, the SO (100%
LCT) lipid emulsion should be applied carefully in paediatric
patients at risk of bleeding®?. In conclusion, the variability of 7 vitro
methods used to test platelet activation®”, as well as differences in
the amounts and durations of the lipid emulsions applied®>*),
makes it hard to compare all studies. Accordingly, given that exact
aetiology of platelet dysfunction remains unknown, sensitive
platelet function tests should be used to investigate SO (100%
LCT) lipid emulsions.

Soybean o0il/MCT-based lipid
emulsions are frequently studied to compate their effects with SO
(100% LCT) lipid emulsions (Fig, 2). A small number of studies
have demonstrated that platelet aggregation did not change in

patients receiving MCT/LCT (50%/50%) emulsions compared
to LCT (SO (100% LCT))®**?). Because the lipid emulsion may
lead to changes in the cell membrane fatty acid composition of
platelets due to the different fatty acid composition, MCT/LCT
(50%/50%0) is theoretically proposed to affect platelets differently
compared to LCT (SO (100% LCT))®**2. However, the length
of the study might be an essential factor for the modification of
platelet membranes, and short study periods might be associated
with similar aggregation responses?. Additionally, the platelet
function analyser system (PFA-100) is a new standard to detect
platelet dysfunction. It reports a closure time of an easily
measured and formed platelet plug under high shear flow
conditions®. A study in healthy male volunteers showed no
difference in platelet function via the PFA-100 system due to the
lipid emulsion MCT/LCT (50%/50%), indicating it is safe to
use® (Table 4).

Flow cytometry is used as a sensitive tool for platelet

©9); however, studies regarding the effects of parenteral

function
lipid emulsions on platelet aggregation and expression of GPIb,
GPIIb/IIIa, and P-selectin ate limited. The upregulation of
platelet membrane glycoproteins may be associated with
coagulopathy induced by PN©Y. In sivo studies have shown
that MCT/LCT (50%/50%) administration did not show any

difference in the expression of platelet receptors GPIIb/
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Table 4. Summary of the studies measuring the effect of soybean oil/medium-chain triglycerides-based lipid emulsions on platelet function

Platelet Test Population Duration Main Platelet-Related Outcome Reference
Platelet Critically ill adult patients 7 days < percentage of palmitoleic acid and AA 5)
Structure (n=12)
Patients with 8-10 days | oleic acid percentage and AA (46)
malnutrition 1 palmitic acid, total SFAs, DGLA
(n = 20) Lauric and myristic acids not detected in the platelet phospholipids
Patients in need of long-  long-term home PN = proportion of n-3 and n-6 fatty acids 72)
term home PN (n = 42) (min 8 weeks)
Normolipidemic subjects 5 h infusion, >4 1 LA concentration (8)
(n=28) days
Platelet Intestinal failure patients ~ Average 47.9 days 1 P-selectin expression — patients 64)
Activation (n = 15), healthy donors  of PN (30-92 days) = GPlIb/llla expression
(control) (n = 15)
Male volunteers (n = 12)  bolus IV injection No adverse effects (platelet reactivity, closure time by ADP or ©7)
(50 mL) epinephrine) by GPlIb/llla, P-selectin, fibrinogen, GPIb expression
Male volunteers (n = 12)  bolus IV injection = GPIb, P-selectin, fibrinogen, GPIIb/llla expression (65)
(50 mL)
Healthy donors (n =20)  ex vivo platelet 1 expression of GPIIb/llla and P-selectin 2)
activation | (slightly) expression of GPIb (TRAP-6 and ADP and no
activation)
Platelet Patients (inflammatory 8-10 days = platelet aggregation of patient’s pre- and post-PN (80)
Aggregation bowel disease) (n = 20) = platelet aggregation post-SO (100% LCT) and post-MCT/LCT
Healthy controls (50%/50%)
(n=23) = platelet aggregation pre-PN and post-PN.
Critically ill adult patients 7 days = platelet aggregation of the groups of PN “2)
(n=23)
PFA-100 Male volunteers (n = 12)  bolus IV injection PFA-100 system: = closure time of ADP and epinephrine tests (85)
System (50 mL)
Platelet Critically ill adult patients 7 days 1 PF4 (platelet-activating factor 4) and BTG (beta-thromboglobulin) “2)
Activation (n =23) continued to be elevated at 4-7 days of PN
Parameters
Lipid Mediator Critically ill adult patients 7 days | 6-keto-PGF4, values after 4-7 days, NS “2)
Profile (n =23)

SO, soybean oil; LCT, long-chain triglycerides; AA, arachidonic acid; MCT, medium-chain triglycerides; DGLA, dihomo-gamma-linolenic acid; LA, linoleic acid; PN, parenteral
nutrition; GPIIb/Illa, integrin allbp3; FO, fish oil; GPIb, glycoprotein Ib-V-IX; IV, TRAP, thrombin receptor activator peptide; ADP, adenosine diphosphate; OO, olive oil; IV, intravenous;

PFA, platelet function analyser; PG, prostaglandin.
1, increase; |, decrease; =, no change.

1246567 P-selectin©®>¢7, ﬁbrinogen(“’m), and GPIb®>¢7
against agonists ADP, collagen, and TRAP-6€7 in patients«"‘)
and healthy donors©®>%7), However, platelet P-selectin expres-
sion of the PN group was significantly higher than that of the
control group (healthy donors) following long-term PN with
MCT/LCT (50%/50%)Y. Thus, PN administration longer
than 30 days induced the activation of platelet glycoproteins,
which may be a risk factor for thrombogenesis©?. The fact that
there was no platelet activation in bolus 1V lipid emulsion
injections to healthy donors®*) raises the idea that the
metabolic state of patients and their potential response to PN
lipid emulsion treatment may be an additional factor to keep in
mind. Moreover, Stoetzer et al. demonstrated that MCT/LCT
(50%/50%) lipid emulsion increased the GPIIb/INa and
P-selectin expression while decreasing the GPIb expression in
ex vivo studies involving healthy donors®?. This study
emphasizes that their findings cannot be interpreted into 7
vivo conditions; nonetheless, it highlights the potential for PN to
interact with cellular coagulation processes®? (Table 4).
Similarly, the platelet membrane fatty acids were investigated
in patients receiving lipid emulsions, including MCT/LCT
(50%/50%). The MCT/LCT (50%/50%) lipid emulsion
reduced AA®49 and palmitoleic acid®), whereas it increased
the percentage of linoleic acid®®, palmitic acid, SFAs“, and

dihomo-y-linolenic acid (DGLA)“Y in platelets. Interestingly,
platelet oleic acid content decreased, and lauric acid and myristic
acid were not detected in platelet phospholipids<4(’>. Additionally,
plasma composition alterations were reported in response to
MCT/LCT (50%/50%) lipid emulsion administration. In
particular, there was an increase in the percentage of LA,
palmitoleic, and palmitic acid, while oleic acid decreased
(Table 4). Moreover, low levels of plasma lauric and myristic
acids were reported following the MCT/LCT (50%/50%)
administration®, which is probably in response to the lipid
source coconut oil® (Table 1).

Platelet-related mediators were analysed in patients treated
with lipid emulsions MCT/LCT (50%/50%). A study reported
that the release of prostacyclin (measured by stable metabolite
6-keto-PGF,4) decteased in patients receiving MCT/LCT
(50%/50%), although the difference was not statistically
significant®. Additionally, the administration of MCT/LCT
(50%/50%) to patients resulted in a continuous elevaton of
PF4 and PTG in activated platelets at 4-7 days of PN treatment;
however, no significant difference was observed when
compared to the lipid emulsion SO (100% LCT)*?. These
activation markers may be affected by the oxygen radicals in
critical patients and thus showed no alterations in platelet
function? (Table 4).
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Impact on platelet count and coagulation. A study involving
patients receiving parenteral nuttition lipid emulsions MCT/LCT
(50%/50%) ot SO (100% LCT) revealed no significant difference
in platelet counts between pre- and post-PN administration®”.
Conversely, a study on children receiving long-term PN with
either MCT/LCT (50%/50%) or SO (100% LCT) lipid
emulsions reported a reduction in platelet count. Interestingly,
normalization of platelet count occurred in some cases within the
first month after suspension of lipid infusions. As a result, this
study could not report a protective effect of MCT/LCT (50%/
50%) emulsions against hepatic injury and cholestasis, which may
develop with the long-term infusion of lipid emulsions even
within lipid infusion rate limits©?. While lipid emulsion-induced
thrombocytopenia may be an adverse effect in paediatric patients,
a case study involving an adult patient showed thrombocytopenia
following lipid emulsion MCT/LCT (50%/50%) administration,
which may be because of the pre-existing malnutrition of the
patient’. On the other hand, both healthy donors and patients
who received the lipid emulsion MCT/LCT (50%/50%) showed
no change in the coagulation tests, including PT, PTT, fibrinogen,
TTOY. Furthermore, the comparison of MCT/LCT (50%/50%s)
and SO (100% LCT) lipid emulsions did not differ in coagulation
parameters, including PT, PTT, and fibrinogen levels”" (Table 3).
Similarly, the lipid emulsion MCT/LCT (50%/50%) did not
differ in platelet engraftment in patients with various haemato-
logic malignancies who underwent a haematopoietic petipheral
blood stem cell transplantation”V. Thus, MCT/LCT (50%/50%)
may protect against thrombocytopenia. However, it is also
proposed that engraftment duration is shorter in well-nourished
patients; therefore, PN instead of the lipid emulsion type may be
therapeutic in the context of platelet engraftment®® (Table 3).
In conclusion, MCT /LCT (50%/50%) lipid emulsion showed
no risk of bleeding in patients®**"). Tow platelet count was
reported in children receiving long-term PN©, Additionally,
increased platelet GPIIb/I1a®? and P-selectin®*? expression

©2 were shown. However,

and decreased GPIb expression
platelet aggregation®*?) was not affected by the lipid emulsion
MCT/LCT (50%/50%). The increased platelet activation may be
due to ex vivo results®? or patient status©?, as platelet reactivity
did not change in other studies®*”. The change in platelet
membrane fatty acids as in reduced AA®A): however, increased
SFAs percentage®® and increased LA®® may be a mechanism
leading to platelet activation, however, the following production
of platelet lipid mediators did not show any change in studies.
Moreover, the stable proportion of n-3 and n-6 fatty acids in
platelets’? may represent the underlying mechanism for the
protective effects of MCT/LCT (50%/50%) during platelet
activation. To conclude, although MCT/LCT (50%/50%) lipid
emulsion was reported safe to use towards the risk of thrombosis
and bleeding, its protective effects compared to SO (100% LCT)
lipid emulsion are not cleatly shown in studies.

Fish oil-based lipid emulsion

Impact on platelet function. Pure fish oil-based lipid emulsions
were also investigated in the context of platelets (Fig. 2). It has
been reported that PN consisting of FO (100%) lipid emulsion

decreased the aggregation response of platelets in surgical

G, This result was particularly pronounced with

patients
collagen aggregation, and there was no risk of bleeding in
these patients. Therefore, FO (100%) lipid emulsions may be
used to inhibit platelet aggregation, providing a cardioprotective
effect in patients undergoing open heart surgery. However, the
risk of bleeding should be considered catefully. Moreover, a
remarkable reduction in aggregation was reported in healthy
subjects following administration of FO (100%) lipid emul-
sion?. Following the 24-hour administration of FO (100%)
infusion to healthy subjects, collagen-induced aggregation of
platelets increased even higher than the starting value, whereas
ADP-induced aggregation (20% reduction) remained the
same(?. Thus, FO (100%) infusion may have potential use
in patients with high thrombosis risk??. In contrast, IV ot oral
administration of FO (100%) lipid emulsion to healthy subjects
showed no change in platelet function as in platelet adhesion and
aggregation tested via a PFA-100 system, which may be due to
the short-term study period (15 days) (Table 5).

The anti-thrombotic effects of FO (100%) lipid emulsion are
suggested to be related to the alterations in plasma membrane
phospholipid fatty acid profile and consequent eicosanoid
synthesis®*"3™, In particular, FO (100%) lipid emulsion
showed increased EPA and DHA in platelet phospholipids/
membrane"* %) along with decreased AA and increased n-3
PUFA/AA membrane ratios””. Moreover, a study demon-
strated that patients receiving FO (100%) showed a substantial
increase in EPA levels in both platelet phosphatidylcholine and
phosphatidylethanolamine compared to SO (100% LCT)®V.
Additionally, plasma EPA and DHA levels increased several
folds">79, surpassing AA7®. Conversely, no change was
reported in fatty acids palmitic, stearic, oleic, and linoleic
acid”. Notably, a rapid increase in n-3 PUFA in platelet
phospholipids was reported within 4 hours during haemodial-
ysis (single dose of n-3 PUFA lipid emulsion)’® and within
12 hours perioperative administration of FO (100%)7.
Meanwhile, with n-3 PUFA administration, the increase of n-
3 PUFA in plasma phospholipids occurred within 48 hours(®.
Itis important to note that the rapid increase in platelet EPA and
DHA was attributed to the exchange between plasma NEFA
and platelet fatty acids”® (Table 5).

The potential of lipid mediators has yet to be fully
understood; moreover, their role in platelets in health and
disease states encourage new lipidomic methodologies to scan
and image lipid mediators®?. In a case study, the administration
of IV FO (100%) tesulted in an increase in the TXB;/TXB,
ratio in stimulated platelets during infusion. Various studies
involving patients or healthy subjects have demonstrated
decreased blood TX and TXB, levels and increased blood
and platelet-generated TX A5 levels®*7. Moreover, an increase
in platelet TXB; generation®” and elevated TXA3/TXA, ratio
have been observed®”), while prostaglandin levels remained
stable?. Also, FO (100%) administration increased platelet-
@9, Together, these
findings may indicate the influence of the alternative lipid

activating factors synthesis over time

precursor on central lipoxygenase and cyclooxygenase path-
ways. These findings suggest that some EPA-containing

10
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Table 5. Summary of the studies measuring the effect of fish oil-based lipid emulsions on platelet function

Platelet Test Population Duration Main Platelet-Related Outcome Reference
Platelet Case study (patient with ulcerative 9-29 days 1 EPA, DHA (to a lesser extent) 79)
Structure colitis) (n = 1) 1 AA
1 n-3 fatty acid/AA ratio
=16:0, 18:0, 18:1 and 18:2
Haemodialysis patients (n = 87) 4 hof 1 (slightly) DHA (after 4 hours) (76)
haemodialysis 1 EPA, DHA (after 48 hours)
1 EPA, DHA
Cardiac surgery patients (n = 28) 3timesas2h 1 platelet EPA and DHA @)
infusions 1 atrial tissue EPA concentrations
Healthy male subjects (n = 16) 0.5 g/kg FO twice Basal platelet EPA and DHA phospholipids were low (78)
for48 hor24 h 1 EPA (1.68%) and DHA (3.32%) in platelet
phospholipids
Cystic fibrosis patients (n = 13) 2mlL/kg/wk. FO IV 1 platelet EPA and DHA 79)
emulsion, 12 wks. = AA.
1 n-9
=n-3, n-6, n-9 FA (plasma)
Oesophageal carcinoma patients 7 days 1 EPA in both platelet PC and PE @1
(n=19) 1 EPA/AA ratios (doubled) in both PC and PE
Healthy subjects (n = 8) IV (1 week) or oral 1 platelet membrane EPA, DHA 74
SUP (3 days) Rapid incorporation of EPA than DHA
Platelet Patients going under coronary artery Pre-op IV = post-op platelet aggregation by ADP, AA, TRAP 84
Aggregation bypass graft surgery (n = 40) | post-op platelet aggregation by collagen
= surgical blood loss
Healthy male subjects (n = 13) IV injection >60 min | platelet aggregation induced by collagen and ADP in 73)
60 min, till 6 hours.
PFA-100 Healthy subjects (n = 8) IV (1 week) or oral Platelet function by PFA-100 system: 74
System SUP (3 days) = baseline and 15 days and IV and oral SUP
Lipid Mediator ~ Septic shock patients (n = 10) and 10 days | PAF secretion (49)
Profile healthy controls (n = 8) 1 PAF synthesis over time
1 TXAgz and TXAs/TXA, ratio (17.8%)
Patients with chronic plaque-type 14 days 1 TXBj3 generation (a plateau between days 7 and 15) (80)
psoriasis skin disease (n = 83) | in TXB; (slight)
1 EPA (plasma) (a plateau after the 7™ day of infusion
and dropped to baseline values on day 40)
= AA (plasma)
Case study (patient with ulcerative 9-29 days 1 platelet TXB3 generation progressively 79
colitis) (n = 1) TXB3/TXB, ratio approached 0.2 at the end of the
period
Healthy male subjects (n = 13) IV injection >60 min | TXB content during the infusion (PRP - platelet 73)

stimulation with collagen)
PGE content varied slightly throughout the whole
period

FO, fish oil; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; AA, arachidonic acid; IV, intravenous; FA, fatty acids; SUP, supplementation; PC, phosphatidylcholine; PE,
phosphatidylethanolamine; SO, soybean oil; ADP, adenosine diphosphate; Pre-op, preoperative; Post-op, postoperative; TRAP, thrombin receptor activator peptide PFA, platelet
function analyser; PAF, platelet-activating factor; TX, thromboxane; PRP, platelet rich plasma; PG, prostaglandin.

1, increase; |, decrease; =, no change.

membrane lipid pool(s), providing precursor fatty acids to the
metabolic pathways of eicosanoid formation, may be rapidly
regulated in exchange with plasma EPA®” (Table 5).

Fish oil-based lipid
emulsions have been investigated concerning the risk of
bleeding (Fig, 2a) and have been reported safe to use, with
no evidence suggesting an increased risk of coagulopathy or
bleeding abnormalities®. However, it is essential to recall that
the studies are limited. Patients receiving PN formulations with
FO (100%) + SO (100% LCT) or SO (100% LCT) were
investigated, and no differences were observed in terms of
platelet counts or platelet function (measured by RTG- p-time)
between groups®). Alternatively, bleeding was reported in a
patient with intestinal failure after 26 days of sole FO (100%)
lipid emulsion administration, following a regimen of FO

(100%) + SO (100% LCT) lipid emulsion. Besides, there was no
evidence of clot formation, PTT was normal, and haemorrhage
resolved on day 3 with clot formation at bleeding sites®?. It has
been reported that preoperative IV FO (100%) did not induce a
change in PTT among surgical patients®¥. Given this data, it
was suggested that the potential for bleeding complications
from sole FO-based therapy in high-risk infants with liver
disease should be reconsidered®? (Table 3).

In contrast, a study showed that FO (100%) lipid emulsion
had a lower risk of bleeding in children with IFALD compared
to SO (100% LCT) lipid emulsion, which was associated with
bleeding. In theory, FO-based lipid emulsions have an increased
risk of bleeding due to their inhibitory effects in platelet
adhesion and platelet-stimulated thrombin generation.
However, this might be a weak effect due to this study.
Nevertheless, due to the lack of data, there should be caution
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when using FO-based lipid emulsions, especially in paediatric
patients at risk of bleeding®?.

In conclusion, the demonstrated anti-inflammatory effects of
fish oil endorse the FO-based lipid emulsions as advantageous
components in PN@71289 The proposed reduction in
platelet aggregation’? after FO (100%) administration may
result from two possible mechanisms. Firstly, the inhibition of
cyclooxygenase by n-3 PUFAs, leading to decreased synthesis of
TXA,; from AA in platelets®*9. Secondly, it could be a result
from the synthesis of TXAj; from EPA or a general reduction in
total TX synthesis“*7?). In the end, leading to elevated levels of
TXB;®) and TXA;, thus elevated ratios of TXB;/TXB,
and TXA3/TXA,*). In addition, this may be supported by the
changes in platelet membrane structure, characterized by an
increase in EPA and DHA>7%78D along with decreased AA in
membrane phospholipids. Moreover, an increase in n-3 PUFA/
AA membrane ratios in the platelet membrane was reported .
Alternatively, a very low AA source may potentially resultin AA
inhibition that has been found to block platelet shape change
and granule secretion, thus decreasing platelet aggregation®?,
However, there might be a temporary inhibition of platelet
aggregation due to FO (100%) lipid emulsion; hence, it may be
favourable in high thrombosis risk patients”?. However, the
acute effects of n-3 PUFAs might not be mediated by platelet
plasma membrane incorporation since there was no change in

platelet function via the PFA-100 system¥, and other

alternative lipid precursor pools are pointed out®”.
Additionally, the reported anti-platelet effects were not shown
to cause bleeding risk in many studies®>, except a case
report® indicating that this lipid emulsion should be carefully
used in paediatric patients®?. Although n-3 fatty acids may likely
affect haemostasis®?, The American Society for Parenteral and
Enteral Nutrition states that there is no evidence to support that
fish oil-containing lipid emulsions increase the risk of

coagulopathy or bleeding abnormalities®.

Olive oil/soybean oil-based lipid emulsion

Impact on platelet function. The evidence in the literature on
the effects of OO/SO (80%/20%) lipid emulsion is limited, with
only one ex vivo study related to the topic found (Fig, 2). Flow
cytometry, a sensitive tool for platelet function®, was used to
examine the effects of OO/SO (80%/20%) lipid emulsion on
platelet function. Previous research indicated that the stimulation
of platelets of healthy donors by OO/SO (80%/20%) incubation
did not influence GPIIb/IIla, P-selectin, and GPIb receptor
expression independent of lipid concentration and stimulation of
ADP and TRAP-6?. A study suggests that olive oil-based lipid
emulsion OO/SO (80%/20%) has supetior anti-inflammatory
effects when compared to the blend lipid emulsion MCT/OO/
FO (30%/25%/15%)®7. Therefore, its effects on platelets
should be further investigated, including whether it may be used
in patients with high thrombosis or bleeding risk (Table 6).

Medium-chain triglycerides/fish oil-based lipid emulsion

Impact on platelet function. Studies investigating the lipid
emulsion MCT/FO (50%/10%) are also limited in the literature
(Fig. 2). In PN solutions, including MCT/FO (20%/4%) that

were added to healthy subjects’ plasma in different concen-
trations of volume (4, 10, 25%), platelet aggregation was
decreased at a concentration of 4%, and the pore closure time
was prolonged, indicating platelet function inhibition?.
Compared to the lipid emulsion MCT/LCT (50%/50%) in
healthy male volunteers, both emulsions showed no difference
in platelet function via the PFA-100 system. Although the
overall closure time was lower than basal values by MCT/FO
(80%/20%) and MCT/LCT (50%/50%), it is indicated that
both lipid emulsions are safe to use in the context of platelet
adhesion and aggregation®® (Table 5).

The platelet functdon after MCT/FO (80%/20%) lipid
emulsion administration was further assessed using flow
cytometry. Since MCT is a substrate for lipoprotein lipase
hydrolysis, the MCT/FO (80%/20%) lipid emulsion is proposed
to serve as a rapid source of released MCT and n-3 fatty acids
from emulsion particles, which subsequently incorporate into
platelet cellmembranes©>¢7). The n-3 fatty acid availability may be
associated with decreased platelet aggregation and increased
bleeding risk, which raises safety concerns regarding using MCT/
FO (80%/20%) lipid emulsion®. A previous report indicated
that MCT/FO (80%/20%) administration to healthy subjects
resulted in a lower P-selectin expression on day two by
coﬂagen((’5>. Nevertheless, after a bolus IV injection of MCT/
FO (80%/20%) to healthy subjects, no significant changes in the
expression of platelet receptors GPIIb/I11a®>7), P-selectin©>¢7,
fibrinogen®", and GPIb®") were observed in response to
agonists ADP, collagen, and TRAP-6C7. These bolus IV studies
have concluded that MCT/FO (80%/20%) lipid emulsions ate
safe to use and may show cardioprotective effects. An exvivo study
using the MCT/FO (50%/10%) (0.6 mg/ml) lipid emulsion on
healthy subjects increased the expression of GPIIb/IIIa and
P-selectin and, by contrast, decreased the expression of GPIb,
indicating platelet activation®?. However, these results indicate
that iz vivo outcomes may differ (Table 7).

The lipid emulsion MCT/FO (50%/10%) compated to
MCT/LCT (50%/50%) emulsion increased EPAC7687288)
DHA(?, and DPA?, whereas decreased AACT8) TAC772),
DGILA"?, y-linolenic acid (GL.A)7? in platelets. Also, other
studies reported no significant effects on the levels of LA,
DHA®®, ALA, and docosapentaenoic acid (DPA)©7 in platelet
phospholipids. In addition, the MCT/FO (50%/10%) emul-
sion was found to have a greater plasma elimination in the
NEFA concentration content compared to MCT/LCT (50%/
50%). Accordingly, platelets are rapidly enriched with n-3
PUFAs after bolus IV MCT/FO (50%/10%) injection®®.
Additionally, MCT/FO (50%/10%) lipid emulsion-treated
patients showed reduced platelet-derived growth factor, along
with medical treatment® (Table 7).

Soybean oil/medium-chain triglycerides/olive oil/fish
oil-based lipid emulsion

Impact on platelet function. The lipid emulsion MCT/OO/
FO (30%/25%/15%) is discussed in the literature due to its
varying lipid sources and different fatty acids (Fig. 2).
However, there is a limited number of studies related to its
effects on platelets. When compared to SO (100% LCT), the
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Table 6. Summary of the studies measuring the effect of olive oil/soybean oil-based lipid emulsions on platelet function

Platelet
Test Lipid Emulsion Population Duration Main Platelet-Related Outcome Reference
Platelet MCT/LCT (50%/50%)  Healthy donors ex vivo platelet = expression of GPlIb/llla, P-selectin, GPIb (TRAP-6 82)
Activation or (n =20) activation and ADP and no activation)
MCT/FO (50%/10%)
or
0OO0/SO (80%/20%)
(20%)
MCT, medium-chain triglycerides; LCT, long-chain triglycerides; OO, olive oil; SO, soybean oil; FO, fish oil.
=, no change.
Table 7. Summary of the studies measuring the effect of medium-chain triglycerides/fish oil-based lipid emulsions on platelet function
Platelet
Test Population Duration Main Platelet-Related Outcome Reference
Platelet Patients in need of long- long-term home 1 EPA, DHA, DPA (platelet, serum) (72)
Structure term home PN (n = 42) PN (min 8 weeks) | LA, DGLA, GLA (platelet)
| LA, AA (serum)
Normolipidemic subjects 5 h infusion, =LA, DHA (68)
(n=28) >4 days | AA concentration (slightly)
1 EPA (day 2)
Male volunteers (n = 12) 5 min bolus IV 1 plasma non-esterified fatty acid concentration (fast plasma (88)
injection (50 mL) elimination of lipid emulsion)
1 content of n-3 PUFAs, EPA (platelet phospholipids) within 60 min
and >24 h
Platelet Male volunteers (n = 12) bolus IV injection No adverse effects (platelet reactivity, closure time by ADP or ©7)
Activation (50 mL) epinephrine) by GPlIb/llla, P-selectin, fibrinogen, GPIb expression
Male volunteers (n = 12) bolus IV injection = GPIb, P-selectin, fibrinogen, GPIIb/llla expression (65)
(50 mL) | p-selectin expression on day 2 MCT/FO by collagen
Healthy donors (n = 20) ex vivo platelet 1 expression of GPlIb/llla and P-selectin — MCT/FO (50%/10%) (82)
activation | expression of GPIb (slightly) (TRAP-6 and ADP and no activation)
Platelet Healthy subjects (n = 6) in vitro study | platelet aggregation already in 4% MCT/FO (20%/4%) 3
Aggregation (4, 10 or 25%) Prolonged pore closure time indicating platelet function inhibition
PFA-100 Male volunteers (n = 12) bolus IV injection PFA-100 system: (65)
System (50 mL) No difference between lipid emulsions
| overall closure time by MCT:FO in response to ADP (lesser than
MCT/LCT)
Lipid Patients with metastatic 3 weeks/1 weeks < cytokine platelet-derived growth factor (PDGF) and fibroblast (89)
Mediator pancreatic cancer (n = 32) rest growth factor (FGF)
Profile

MCT, medium-chain triglycerides; FO, fish oil; LA, linoleic acid; DHA, docosahexaenoic acid; AA, arachidonic acid; LCT, long-chain triglycerides; EPA, eicosapentaenoic acid;
PN, parenteral nutrition; DPA, docosapentaenoic acid; DGLA, dihomo-gamma-linolenic acid; GLA, gamma-linolenic acid; IV, intravenous; ALA, a-Linolenic acid; GPIIb/llla, integrin
allbp3; GPIb, glycoprotein Ib-V-IX; TRAP, thrombin receptor activator peptide; ADP, adenosine diphosphate; OO, olive oil; SO, soybean oil; PFA, platelet function analyser.

1, increase; |, decrease; =, no change; <, reduce.

MCT/OO/FO (30%/25%/15%) lipid emulsion increased
total n-3 PUFA, EPA, DHA levels, n-3/n-6 PUFA and EPA/
AA ratios, decreased total n-6 PUFA, and did not change AA
in plasma phospholipids in patients receiving PN for over
five days. This change in plasma fatty acids was also reported
as similar to changes in platelet phospholipid composition®?.
These findings may be attributed to its n-6:n-3 PUFA ratio,
2.5:119 (Table 1). The plasma lipid mediator profile after PN,
including  MCT/OO/FO  (30%/25%/15%), showed
increased leukotriene Bs and not significantly decreased
leukotriene B4 with increased plasma leukotriene Bs/B, ratio
in the plasma, suggesting favourable anti-inflammatory
effects. However, platelet responses to this environment
were not investigated(g()>. Thus, the proposed anti-inflam-
matory environment due to MCT/OO/FO (30%/25%/
15%) lipid emulsion should be investigated in platelets and
thrombus formation.

The blend lipid emulsion MCT/OO/FO (30%)/
25%/15%) has been investigated in the literature and is shown
that it may have benefits over the first-generation lipid emulsion
SO (100% LCT)®M2; however, platelet-related studies are
limited (Fig. 2a). According to a case report, thrombocytopenia
was observed in a paediatric patient, with short bowel syndrome
and IFALD, receiving a very rapid infusion of PN including
MCT/OO/FO (30%/25%/15%) lipid emulsion® (Table 3). It
was reported that the lipid composition is also essential as fish oil-
based lipid emulsions may not lead to the fat overload syndrome
due to an n-6:n-3 PUFA ratio of approximately 2.5:1 in contrast
to soybean oil lipid emulsions, which has a ratio of 7:1 (Table 1).
Thus, this case study confirms the infusion rate’s importance
before the solution’s lipid composition<93>. On the other hand, the
lipid emulsion MCT/OO/FO (30%/25%/15%) did not

increase the risk of thrombocytopenia in long-term patients’*”
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and did not change PT and PTT®; thus, it was reported safe
without increased coagulation risk and bleeding®*?> (Table 3).
Moreover, the lipid emulsion MCT/FO (20%/4%) administered
to healthy subjects at different concentrations of plasma did not
change PT and PTT!? (Table 3), and OO/SO (80%,/20%) lipid
emulsion was not investigated in the literature on platelet count
and coagulation (Fig, 2).

To conclude, the PN lipid emulsion MCT/FO (20-50%/
4-10%) might decrease platelet aggregation, indicating platelet
function inhibition; howevet, there was no change in PT and
PTTU?. In addition, platelet activation was reported by the
increased teceptor expression of GPIIb/IIMa and P-selectin and
decteased GPIb®? ex vivo; however, no change of the expressions
of GPIIb/IIIa, P-selectin, fibtinogen, and GPIb wete shown i
vivo®). The observed increases in the levels of EPAC7087288)
DHA?88 DPAC?, as well as decreases in the levels of AAC®),
LAC2 DGLA, GLA and platelet-derived growth factor®”
may explain the reduction in platelet aggregation in response to
MCT/FO (20-50%/4-10%). Overall, different concentrations of
MCT/FO administration in PN solutions wete teported safe
regarding platelet activation processes®”. However, there are only
limited studies to conclude that it may inhibit/increase platelet
activation and platelet aggregation (Fig; 2a).

Furthermore, the literature lacks data about blend parenteral
nutrition lipid emulsions OO/SO (80%/20%) and MCT/OO/
FO (30%/25%/15%) on platelets. The lipid emulsion OO/SO
(80%/20%) demonstrated no change in platelet activation
assessed by flow cytometry and was reported as a safe formula
to use®?. Moreover, MCT/OO/FO (30%/25%/15%) lipid
emulsion was also reported safe to use without increased
coagulation risk and bleeding”**”; however, platelet activation
and aggregation along with changes in platelet lipids and the
potentially synthesized lipid mediators were not investigated.
According to the limited literature, both fish oil blend lipid
emulsions may be advantageous in patients who have a high risk
of bleeding!*”, yet this subject should be further investigated.
The proposed anti-inflammatory effects of these blend lipid
emulsions should be further investigated in platelets to define
their protocol in patients with high thrombosis or bleeding risk
(Table 0).

Conclusions and future directions

According to guidelines, lipid emulsions that are essential
macronutrient components of parenteral nutrition solutions, are
generally found safe to use in bleeding and thrombotic disease
processes. Potentially, lipid emulsions may be responsible for
platelet-related changes by altering the plasma and cell
membrane fatty acid composition and further eicosanoid
synthesis. This may lead to changes in the platelet plasma
membrane cholesterol/phospholipid ratio, which is an impot-
tant determinant of membrane fluidity. Altered membrane
fluidity might change the permeability and behaviour of
membrane-bound enzymes and the receptor activity of platelets.
The cell membrane structure is reported to be modified by PN
with lipid emulsions.

Further, the plasma levels of NEFA may, in turn, activate
platelets directly, leading to bleeding or thrombotic tendency.

The lipid emulsions may also contain fatty acids (arachidonic
acid), which might activate platelets directly. Additionally, the
development of fat accumulation as the fat overload syndrome
with high serum lipid levels may result in haematologic
symptoms such as prolonged bleeding time and decreased
platelet survival.

The reviewed papers on parenteral nutrition lipid
emulsions and their effects on platelets pointed out patients
atrisk of bleeding and platelet aggregation. A limited number
of studies have mentioned that some lipid emulsions (SO
(100% LCT), FO (100%)) were reported to lead to bleeding
in patients, which may be associated with other parenteral
nutrition or patient-related factors. However, these lipid
emulsions should be used cautiously, especially in paediatric
patients with parenteral nutrition-related liver disease. In this
context, due to the risk of decreased platelet aggregation
response by FO (100%) lipid emulsion, FO blend lipid
emulsions may be advantageous. However, there is only a
limited number of studies investigating their effects on
platelets. The inconsistency of studies is principally due to the
methodological differences of the studies (platelet function
tests, # vivo/ex vivo study design), patient characteristics
(adult/paediatric, age, comorbidities), etc.

Furthermore, the results from patients and healthy subjects
exclude the status of critically ill patients and their affected
haemostasis due to other pathological factors. However, the
investigated studies enhance the assumption that lipid
emulsions affect platelets differently. Studies investigating
platelets and parenteral nutrition should be supported to
minimize the adverse effects and to benefit from the potential
protective effects of parenteral nutrition lipid emulsions on
platelets.

To conclude, it is now well known that the membranes of
platelets that provide substrates for enzymatic conversion, can
change in health and disease states and are responsive to the diet.
Additionally, dietary intake of lipids and fatty acids is an evolving
area of research in many diseases and health. Thus, the 7 vivo
nature of parenteral nutrition therapy benefits future studies to
investigate the effects of dietary lipids and fatty acids on
diseases, health, and human metabolism.

Abbreviations

AA: arachidonic acid; ADP: adenosine diphosphate; ALA: o-
linolenic acid; DGLA: dihomo-y-linolenic acid; DHA: doco-
sahexaenoic acid; DPA: docosapentaenoic acid; EPA: eicosa-
pentaenoic acid; FO: fish oil; GP: glycoprotein; GPIb:
glycoprotein Ib-V-IX; GPIIb/IIIa: integrin ollbf3; IFALD:
intestinal failure-associated liver disease; I'V: intravenous; LA:
linoleic acid; LCT: long-chain triglycerides; MCT: medium-
chain triglycerides; MUFA: monounsaturated fatty acids;
NEFA: non-esterified fatty acids; OO: olive oil; PFA: platelet
function analyser; PN: parenteral nutrition; PS: phosphatidyl-
serine; PT: prothrombin time; PTT: partial thromboplastin
time; PUFA: polyunsaturated fatty acids; SO: soybean oil;
TEG: tromboelastography; TG: triglyceride; TRAP: thrombin
receptor activator peptide; TT: thrombin time; TX:
thromboxane.


https://doi.org/10.1017/jns.2024.11

https://doi.org/10.1017/jns.2024.11 Published online by Cambridge University Press

Funding statement

This research received no specific grant from any funding

agency, commercial or not-for-profit sectors.

Competing interests

The authors declare no competing interest.

Author contributions

B. K. contributed significantly to the design, screening of the
articles, and writing of the manuscript. F T. contributed
significantly to the work’s conception, design, and critical writing
and reviewed the manuscript. Both authors have read and

approved the final manusctipt.

References

1.

10.

11.

12.

13.

14.

Kolaric A, Puksi¢ M, Goricanec D, eds. Solutions preparing for total
parenteral nutrition and influences on their stability. Proceedings of the
7th WSEAS International Conference on Mathematics & Computers
in Biology & Chemistry; Published 2006: Citeseer. [cited 2020 Feb 4].
http:/ /wwwwseas.us/ e-library/ conferences/2006cavtat/ allpapers.htm

. Mahan LK, Escott-Stump S. Krause’s Food, Nutrition, & Diet

Therapy. Saunders Philadelphia; 2004.

. Wanten GJ, Calder PC. Immune modulation by parenteral lipid

emulsions. Aw | Clin Nutr. 2007;85(5):1171-1184.

. Adolph M, Heller AR, Koch T, Koletzko B, Kreymann KG, Krohn K,

Pscheidl E, Senkal M, Working Group for Developing the Guidelines
for Parenteral Nutrition of The German Association for Nutritional
Medicine. Lipid emulsions - guidelines on parenteral nutrition, chapter
6. Ger Med Sci. 2009;7:Doc22.

. Lapillonne A, Fidler Mis N, Goulet O, van den Akker CHP, Wu ]J,

Koletzko B. ESPGHAN/ESPEN/ESPR/CSPEN guidelines on
pediatric parenteral nutrition: lipids. Clin Nuzr. 2018;37(6 Pt
B):2324-2336.

. Fell GL, Nandivada P, Gura KM, Puder M. Intravenous lipid

emulsions in parenteral nutrition. Ady Nutr (Bethesda, Mad).
2015;6(5):600-610.

. Calder PC, Jensen GL, Koletzko BV, Singer P, Wanten G]J. Lipid

emulsions in parenteral nutrition of intensive care patients: current

thinking and future directions. Intensive Care Med. 2010;36(5):735-749.

. Martindale RG, Berlana D, Boullata JI, Cai W, Calder PC, Deshpande

GH, Evans D, Garcia-de-Lorenzo A, Goulet O], Li A, Mayer K.
Summary of proceedings and expert consensus statements from the
international summit “Lipids in Parenteral Nutrition”. JPEN | Parenter
Enteral Nutr. 2020;44(1):S7—s20.

. Boullata JI, Berlana D, Pietka M, Klek S, Martindale R. Use of

intravenous lipid emulsions with patenteral nutrition: practical
handling aspects. [PEN | Parenter Enteral Nutr. 2020; 44(1):S74—s81.
Raman M, Almutairdi A, Mulesa L, Alberda C, Beattie C, Gramlich L.
Parenteral nutrition and lipids. Nutrients. 2017;9(4):388.

Mundi MS, Salonen BR, Bonnes SL, Hurt RT. Parenteral nutrition—
lipid emulsions and potential complications. Pract Gastroenterology.
2017;41(8):32.

Calder PC. Hot topics in patenteral nutrition. Rationale for using new
lipid emulsions in parenteral nutrition and a review of the trials
petformed in adults. Proc Nutr Soc. 2009;68(3):252-260.
Compagnoni SC, Schulzki T, Thoeny S, Reinhart W. Influence of
parenteral nutrition on blood rheology and platelet aggregation in vitro.
Biorbeology. 2014;51(2-3):187-196.

Kelly D, Bremner R, Hartley ], Flynn D. Parenteral Nutrition:
Complications. Practical Approach to Paediatric Gastroenterology, Hepatology
and Nutrition. John Wiley & Sons, Ltd; 2013:230.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

34.

36.

Sobotka I, Camilo ME. Basics in clinical nutrition: Metabolic
complications of parenteral nutrition. Ewur e-] Clin Nutr Metabolism.
2009;4(3):e120—¢2.

Mehanna HM, Moledina J, Travis JJB. Refeeding syndrome: what it is,
and how to prevent and treat it. 2008;336(7659):1495-1498.
Versteeg HH, Heemskerk JW, Levi M, Reitsma PH. New fundamentals
in hemostasis. Physio/ Rev 2013;93(1):327-358.

Vasina E, WM Heemskerk ], Weber C, R Koenen R. Platelets and
platelet-derived microparticles in vascular inflammatory disease.
Inflammation Allergy-Drug Targets (Formerly Current Drug Targets-
Inflammation & Allergy)(Discontinued). 2010;9(5):346-354.
Harrison P. Platelet function analysis. Blood Rev. 2005;19(2):111-123.
Paniccia R, Priora R, Liotta AA, Abbate R. Platelet function tests: a
comparative review. /asc Health Risk Manag. 2015;11:133-148.
Siljander PR-M, Munnix IC, Smethurst PA, Deckmyn H, Lindhout T,
Ouwehand WH, Farndale RW, Heemskerk JW. Platelet receptor
interplay regulates collagen-induced thrombus formation in flowing
human blood. Blwod. 2004;103(4):1333-1341.

Hoffman M, Monroe DM. Coagulation 2006: a modern view of
hemostasis. Hematol/ Oncol Clin N Am. 2007;21(1):1-11.
Cauwenberghs S, van Pampus E, Curvers J, Akkerman J-WN,
Heemskerk JWM. Hemostatic and signaling functions of transfused
platelets. Transfus Med Rev. 2007;21(4):287-294.

Heemskerk JW, Bevers EM, Lindhout T. Platelet activation and blood
coagulation. Thromb Kaemost. 2002;88(08):186—193.

Kakzanov V, Monagle P, Chan AK. Thromboembolism in infants and
children with gastrointestinal failure receiving long-term parenteral
nutrition. | Parenter Enteral Nutr. 2008;32(1):88-93.

Pittiruti M, Hamilton H, Biffi R, MacFie ], Pertkiewicz M. ESPEN
guidelines on parenteral nutrition: central venous catheters (access,
care, diagnosis and therapy of complications). Clhin Nutr.
2009;28(4):365-377.

Barco S, Atema JJ, Coppens M, Serlie MJ, Middeldorp S.
Anticoagulants for the prevention and treatment of catheter-related
thrombosis in adults and children on parenteral nutrition: a
systematic review and critical appraisal.  Blood
2017;15(4):369-377.

Opilla M. Chapter 11 - Catheter-related complications of home
parenteral nutrition. In: Corrigan ML, Roberts K, Steiger E, eds. .Aduit
Short Bowel Syndrome. Academic Press; 2019:147-163.

Harvey KA, Xu Z, Pavlina TM, Zaloga GP, Siddiqui RA. Modulation
of endothelial cell integtity and inflammatory activation by commercial
lipid emulsions. Lipids Health Dis. 2015;14:9.

Ball M, Allington M. The effect of parenteral nutrition with different
lipid emulsions on platelets. Clin Nutr. 1990;9(4):214-219.

Barco S, Heuschen CB, Salman B, Brekelmans MP, Serlie M],
Middeldorp S, Coppens M. Home parenteral nutrition-associated

Transfus.

thromboembolic and bleeding events: results of a cohort study of 236
individuals. | Thromb Haemost. 2016;14(7):1364—1373.

Stoetzer C, Nickel K, WeiBig A, GroBheim M, Scheinichen D, Doll T,
Juttner B. Olive oil-based lipid emulsions do not influence platelet
receptor expression in comparison to medium and long chain
triglycerides in vitro. Ljpids. 2016;51(11):1241-1248.

. Beaulieu LM, Vitseva O, Tanriverdi K, Kucukural A, Mick FE,

Hamburg N, Vita ], Freedman JE. Platelet functional and transcrip-
tional changes induced by intralipid infusion. Thromb Haemost.
2016;115(06):1147-1156.

Veljovi¢ M, Mihajlovi¢ I, Subota V, Antunovi¢ M, Jevdji¢ ], Udovici¢ I,
Popadi¢ A, Vulovi¢ T. Effect of pretreatment with omega-3
polyunsaturated fatty acids (PUfas) on hematological parameters
and platelets aggregation in patients during elective coronary artery
bypass grafting. Igjnosanit Pregl. 2013;70(4):396—402.

. Kapp JP, Duckert F, Hartmann G. Platelet adhesiveness and serum

lipids during and after Intralipid infusions. Nutr Metab.
1971;13(2):92-99.

Hayek T, Fuhrman B, Levy Y, Aviram M, Brook J. Intralipid infusion in
patients with familial hypercholesterolemia Effect of serum and plasma
lipoproteins on platelet aggregation and on macrophage cholesterol

metabolism. Atherosclerosis. 1990;81(1):61-69.

15


http://www.wseas.us/e-library/conferences/2006cavtat/allpapers.htm
https://doi.org/10.1017/jns.2024.11

https://doi.org/10.1017/jns.2024.11 Published online by Cambridge University Press

37.

38.

39.

40.

41.

42.

43.

44,

46.

47.

48.

49.

50.

51.

52.

53.

54.

56.

Aviram M, Deckelbaum R]. Intralipid infusion into humans reduces
in vitro platelet aggregation and alters platelet lipid composition.
Metabolism. 1989;38(4):343-347.

Calder PC, Adolph M, Deutz NE, Grau T, Innes JK, Klek S, Lev S,
Mayer K, Michael-Titus AT, Pradelli L, Puder M. Lipids in the intensive
care unit: recommendations from the ESPEN Expert Group. Clin
Nutr. 2018;37(1):1-18.

Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC, Casaer MP,
Hiesmayr M, Mayer K, Montejo JC, Pichard C, Preiser JC. ESPEN
guideline on clinical nutrition in the intensive care unit. Clin Nutr.
2019;38(1):48-79.

Herson VC, Block C, Eisenfeld I, Maderazo EG, Krause PJ. Effects of
intravenous fat infusion on neonatal neutrophil and platelet function.
] Parenter Enteral Nutr. 1989;13(6):620—622.

Burnham W, Cockbill S, Heptinstall S, Harrison S. Blood platelet
behaviour during infusion of an Intralipid based intravenous feeding
mixture. Postgraduate Med ]. 1982;58(677):152—-155.

Porta I, Planas M, Padro JB, Pico M, Valls M, Schwartz S. Effect of two
lipid emulsions on platelet function. Infusionstherapie Transfusionsmedizin.
1994;21(5):316-321.

Wang WQ, Xu N, Gustafson A. Lipid changes in plasma and blood
cells following intravenous 10% fat infusion in man. Pharmacol Toxicol.
1995;77(6):377-381.

Jarnvig IL, Naesh O, Hindberg I, Behnke O, Bregengaad C, Wilhjelm B.
Platelet responses to intravenous infusion of Intralipid in healthy
volunteers. Aw | Clin Nutr. 1990;52(4):628—631.

. Planas M, Porta I, Sagrista M, Mora M, Padré |, Picé6 M. Fatty acid

composition of platelet membrane lipids after administration of two
different fat emulsions in critically ill patients. Insensive Care Med.
1999;25(4):395-398.

Ball M. Patenteral nutrition using MCT/LCT or LCT: effect on the
fatty acid composition of plasma triglycerides and platelet phospho-
lipids. Clin Nutr. 1992;11(4):216-222.

van der Meijden PE], Heemskerk JWM. Platelet biology and functions:
new concepts and clinical perspectives. Naz Rev  Cardiol.
2019;16(3):166-179.

Mitchell JA, Kirkby NS. Eicosanoids, prostacyclin and cyclo-
oxygenase in the cardiovascular system. Br | Pharmacol
2019;176(8):1038—1050.

Mayer K, Fegbeutel C, Hattar K, Sibelius U, Kramer HJ, Heuer KU,
Temmesfeld-Wollbriick B, Gokorsch S, Grimminger F, Seeger W.
Omega-3 vs. omega-6 lipid emulsions exert differential influence on
neutrophils in septic shock patients: impact on plasma fatty acids
and lipid mediator generation. Intensive Care Med. 2003;29(9):
1472-1481.

Gibson JC, Simons LA, Raik E, Barton L. Haematological and
biochemical abnormalities associated with intralipid hyperalimenta-
tion. Anaesth Intensive Care. 1978;6(4):350-354.

Goulet O, Girot R, Maier-Redelsperger M, Bougle D, Virelizier ],
Ricour C. Hematologic disorders following prolonged use of
intravenous fat emulsions in children. | Parenter Enteral Nutrition.
1986;10(3):284-288.

Clayton PT, Bowron A, Mills KA, Massoud A, Casteels M, Milla PJ.
Phytosterolemia in children with parenteral nutrition—associated
cholestatic liver disease. Gastroenterolggy. 1993;105(6):1806—1813.
Gura KM, Calkins KT, Premkumar MH, Puder M. Use of intravenous
soybean and fish oil emulsions in pediatric intestinal failure-associated
liver disease: a multicenter integrated analysis teport on extrahepatic
adverse events. | Pediatr. 2022;241:173-180.e1.

Spear ML, Spear M, Cohen AR, Pereira GR. Effect of fat infusions on
platelet concentration in premature infants. JPEN | Parenter Enteral
Nutr. 1990;14(2):165-168.

. Cohen IT, Dahms B, Hays DM. Peripheral total patenteral nutrition

employing a lipid emulsion (Intralipid): complications encountered in
pediatric patients. | Pediatr Surgery. 1977;12(6):837—845.

Velasco Benitez CA, Ladino Meléndez I, Luna Medicis AP. Effect of
parenteral nutrition intravenous lipids on platelet blood counting in
term and preterm newborns. Perspectivas en  Nutricion Humana.
2010;12(1):25-32.

57.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Harris NS, Bazydlo LA, Winter WE. Coagulation tests A primer on
hemostasis for clinical chemists. C/in Iab News. 2012;38:8—-10.

. Dahlstrom KA, Goulet OJ, Roberts RL, Ricour C, Ament ME. Lipid

tolerance in children receiving long-term parenteral nutrition: a
biochemical and immunologic study. | Pediatr. 1988;113(6):985-990.
Campbell AN, Freedman MH, Pencharz PB, Zlotkin SH. Bleeding
disorder from the “fat overload” syndrome. JPEN | Parenter Enteral
Nutr. 1984;8(4):447—449.

Hutt D. Engraftment, graft failure, and rejection. In: Kenyon M, Babic
A, (eds). The European Blood and Marrow Transplantation Textbook
for Nurses: Under the Auspices of EBMT. Cham: Springer Copyright
2018, EBMT and the Author(s); 2018:259-270.

Doescher A, Casper ], Kraemer D, Kapels H-H, Petershofen EK,
Miiller TH. Platelet engraftment after allogenic stem cell trans-
plantation is monitored by digital polymerase chain reaction without
interference by platelet support. Exp Hematol 2018;68:21-29.

Cetin T, Arpaci F, Dere Y, Turan M, Oztiirk B, Komiircii S, Ozet A,
Beyzadeoglu M, Kaptan K, Beyan C, Yalgin A. Total parenteral
nutrition delays platelet engraftment in patients who undergo
autologous hematopoietic stem cell transplantation.  Nutrition.
2002;18(7-8):599—-603.

Tavakoli-Ardakani M, Neman B, Mehdizadeh M, Hajifathali A,
Salamzadeh J, Tabarraee M. Clinical effect of individualized parenteral
nutrition vs conventional method in patients undergoing autologous
hematopoietic SCT. Bone Marrow Transplant. 2013;48(7):958-962.
LiY, Li Z, Wan M, Xia X, Wang J, Li J. Activation of platelet membrane
glycoprotein induced by parenteral nutrition: a preliminary report.
| Parenter Enteral Nutr. 2011;35(4):511-515.

Pradier O, Portois L, Malaisse WJ, Carpentier YA. Hemostatic safety of
the bolus intravenous injection of a novel medium-chain triglyceride:
fish oil emulsion. Inz | Mo/ Med. 2008;22(3):301-307.

Schmitz G, Rothe G, Ruf A, Batlage S, Tschope D, Clemetson KJ, Goodall
AH, Michelson AD, Nurden AT, Shankey VT, European Working Group
on Clinical Cell Analysis. European Working Group on Clinical Cell
Analysis: Consensus protocol for the flow cytometric characterisation of
platelet function. Thromb Haemost. 1998;79(5):885-896.

Carpentier YA, Portois I, Malaisse WJ. Rapid enrichment of cell
phospholipids in long-chain polyunsaturated omega-3 fatty acids after
a bolus intravenous injection of a medium-chain triacylglycerol: fish oil
emulsion in humans. JPEN [ Parenter Enteral Nutr. 2012;36(6):671-676.
Simoens CM, Deckelbaum R], Massaut ], Carpentier YA. Inclusion of
10% fish oil in mixed medium-chain triacylglycerol-long-chain
triacylglycerol emulsions increases plasma triacylglycerol clearance
and induces rapid eicosapentaenoic acid (20: 5n— 3) incorporation into
blood cell phospholipids. A» | Clin Nutr 2008;88(2):282—288.
Colomb V, Jobert-Giraud A, Lacaille F, Goulet O, Fournet JC, Ricour C.
Role of lipid emulsions in cholestasis associated with long-term parenteral
nutrition in children. | Parenter Enteral Nutr. 2000;24(6):345-350.

Liang C-S, Yang F-W, Ho P-S. Intravenous lipid emulsion-associated
catatonia, thrombocytopenia, and leukopenia: a case report and the role
of NMDA receptor. Psychosomatics. 2012;53(2):193-195.

Demirer S, Aydintug S, Ustun C, Turkmen E, Tuzun A, Simsek S,
Basaran O, Celebi H, Demirer T. Comparison of the efficacy of
medium chain triglycerides with long chain triglycerides in total
parenteral nutrition in patients with hematologic malignancies under-
going peripheral blood stem cell transplantation. Clin  Nutr.
2000;19(4):253-258.

Bohnert H, Maurer M, Calder PC, Pratschke J, Thul P, Muller V.
Efficacy of a long-term home parenteral nutrition regimen containing
fish oil-derived n-3 polyunsaturated fatty acids: a single-centre,
randomized, double blind study. Nz J. 2018;17(1):113.

Elmadfa I, Stroh S, Brandt K, Schlotzer E. Influence of a single
parenteral application of a 10% fish oil emulsion on plasma fatty acid
pattern and the function of thrombocytes in young adult men. Ann
Nutr Metab. 1993;37(1):8-13.

Delodder F, Tappy L, Liaudet L, Schneiter P, Perrudet C, Berger MM.
Incorporation and washout of n-3 PUFA after high dose intravenous
and oral supplementation in healthy volunteers. Chn  Nutr.
2015;34(3):400-408.

16


https://doi.org/10.1017/jns.2024.11

https://doi.org/10.1017/jns.2024.11 Published online by Cambridge University Press

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Grimminger F, Fuhrer D, Papavassilis C, Schlotzer E, Mayer K, Heuer
KU, Kiss I, Walmrath D, Piberhofer S, Liibbecke F, Krimer HJ.
Influence of intravenous n-3 lipid supplementation on fatty acid
profiles and lipid mediator generation in a patient with severe ulcerative
colitis. Eur | Clin Invest. 1993;23(11):706-715.

Madsen T, Christensen JH, Toft E, Aardestrup I, Lundbye-Christensen
S, Schmidt EB. Effect of intravenous omega-3 fatty acid infusion and
hemodialysis on fatty acid composition of free fatty acids and
phospholipids in patients with end-stage renal disease. JPEN | Parenter
Enteral Nutr. 2011;35(1):97-106.

Berger MM, Delodder F, Liaudet L, Tozzi P, Schlaepfer J, Chiolero
RL, Tappy L. Three short perioperative infusions of n-3 PUFAs
reduce systemic inflammation induced by cardiopulmonary bypass
surgery: a randomized controlled trial. Aw | Clin Nutr
2013;97(2):246-254.

Pluess T-T, Hayoz D, Berger MM, Tappy L, Revelly J-P, Michaeli B,
Carpentier YA, Chioléro RL. Intravenous fish oil blunts the
physiological response to endotoxin in healthy subjects. Intensive Care
Med. 2007;33(5):789-797.

Durieu I, Vericel E, Guichardant D, Roth H, Steghens JP, Drai ],
Josserand RN, Fontaine E, Lagarde M, Bellon G. Fatty acids platelets
and oxidative markers following intravenous n-3 fatty acids
administration in cystic fibrosis: an open pilot observational study.
] Cyst Fibros. 2007;6(5):320-326.

Mayser P, Mrowietz U, Arenberger P, Bartak P, Buchvald J, Christophers
E, Jablonska S, Salmhofer W, Schill WB, Krimer HJ, Schlotzer E.
Omega-3 fatty acid-based lipid infusion in patients with chronic plaque
psoriasis: results of a double-blind, randomized, placebo-controlled,
multicenter trial. | Am Acad Dermatol. 1998;38(4):539-547.

Roulet M, Frascarolo P, Pilet M, Chapuis G. Effects of intravenously
infused fish oil on platelet fatty acid phospholipid composition and on
platelet function in postoperative trauma. | Parenter Enteral Nutr.
1997;21(5):296-301.

O’Donnell VB, Murphy RC, Watson SP. Platelet lipidomics: modern
day perspective on lipid discovery and characterization in platelets. Cire
Res. 2014;114(7):1185-1203.

Heller A, Fischer S, Réssel T, Geiger S, Siegert G, Ragaller M,
Zimmermann T, Koch T. Impact of n-3 fatty acid supplemented
parenteral nutrition on haemostasis patterns after major abdominal
surgery. Br J Nutr 2002;87(S1):595-S101.

Dicken BJ, Bruce A, Samuel TM, Wales PW, Nahirniak S, Turner JM.
Bedside to bench: The risk of bleeding with patenteral omega-3 lipid
emulsion therapy. | Pediatr. 2014;164(3):652—654.

Ren T, Cong L, Wang Y, Tang Y, Tian B, Lin X, Zhang Y, Tang X.
Lipid emulsions in parenteral nutrition: current applications and
future developments. Experr Opin Drug Deliv. 2013;10(11):
1533-1549.

86.

87.

88.

89.

90.

91.

Wachira JK, Larson MK, Harris WS. n-3 Fatty acids affect haemostasis
but do not increase the risk of bleeding: clinical observations and
mechanistic insights. Br | Nuzr. 2014;111(9):1652-1662.

Buschmann K, Poeschl J, Braach N, Hudalla H, Kuss N, Frommhold
D. The olive oil-based lipid clinoleic blocks leukocyte recruitment and
improves survival during systemic inflaimmation: a comparative in vivo
study of different parenteral lipid emulsions. Mediators Inflamm.
2015;2015:757059.

Carpentier YA, Hacquebard M, Portois L, Dupont IE, Deckelbaum R],
Malaisse WJ. Rapid cellular enrichment of eicosapentaenoate after a
single intravenous injection of a novel medium-chain triacylglycerol:
fish-oil emulsion in humans. Aw | Clin Nutr 2010;91(4):875-882.
Arshad A, Chung WY, Steward W, Metcalfe MS, Dennison AR.
Reduction in circulating pro-angiogenic and pro-inflammatory factors
is related to improved outcomes in patients with advanced pancreatic
cancer treated with gemcitabine and intravenous omega-3 fish oil. HPB
(Oxford). 2013;15(6):428—432.

Grimm H, Mertes N, Goeters C, Schlotzer E, Mayer K, Grimminger I,
Furst P. Improved fatty acid and leukotriene pattern with a novel lipid
emulsion in surgical patients. Eur ] Nutr. 2006;45(1):55-60.

Dai Y-, Sun L-L, Li M-Y, Ding C-L, Su Y-C, Sun L-J, Xue SH, Yan I},
Zhao CH, Wang W. Comparison of formulas based on lipid emulsions
of olive oil, soybean oil, or several oils for parenteral nutrition: a
systematic teview and meta-analysis. Ady Nutr (Bethesda, Md).
2016;7(2):279-286.

92. Jackson RL, White PZ, Zalla J. SMOFlipid vs Intralipid 20%: effect of

93.

94.

95.

96.

mixed-oil vs soybean-oil emulsion on parenteral nutrition-associated
cholestasis in the neonatal population. JPEN | Parenter Enteral Nutr.
2021;45(2):339-346.

Hojsak I, Kolacek S. Fat overload syndrome after the rapid infusion
of SMOFlipid emulsion. JPEN | Parenter Enteral Nutr.
2014;38(1):119-121.

Klek S, Chambrier C, Singer P, Rubin M, Bowling T, Staun M, Joly F,
Rasmussen H, Strauss BJ, Wanten G, Smith R. Four-week parenteral
nutrition using a third generation lipid emulsion (SMOFlipid)—a
double-blind, randomised, multicentre study in adults. Clin Nutr.
2013;32(2):224-231.

Wu MY, Kuo SC, Chuang SF, Yeh CH, Yin SM, Li WE, Wang HJ, Chen
CL, Wang CC, Lin CC. Comparative study of the safety and efficacy of
SMOFlipid vs non SMOFlipid as TPN for liver transplantation. Ann
Med Surg (Lond). 2021;63:102094.

Vanek VW, Seidner DL, Allen P, Bistrian B, Collier S, Gura K, Miles JM,
Valentine CJ, Kochevar M, Novel Nutrient Task Force, Intravenous
Fat Emulsions Workgroup, American Society for Parenteral and
Enteral Nutrition (ASPEN) Board of Directors. ASPEN position
paper: clinical role for alternative intravenous fat emulsions. Nutr Clin
Pract 2012;27(2):150-192.

17


https://doi.org/10.1017/jns.2024.11

	Review
	Impact of lipid emulsions in parenteral nutrition on platelets: a literature review
	Introduction
	Methods
	Impact of PN lipid emulsions on platelet function, platelet count, and coagulation
	Soybean oil-based lipid emulsion
	Impact on platelet function
	Impact on platelet count and coagulation

	Soybean oil/medium-chain triglycerides-based lipid emulsion
	Impact on platelet function
	Impact on platelet count and coagulation

	Fish oil-based lipid emulsion
	Impact on platelet function
	Impact on platelet count and coagulation

	Olive oil/soybean oil-based lipid emulsion
	Impact on platelet function

	Medium-chain triglycerides/fish oil-based lipid emulsion
	Impact on platelet function

	Soybean oil/medium-chain triglycerides/olive oil/fish oil-based lipid emulsion
	Impact on platelet function
	Impact of blend lipid emulsions on platelet count and coagulation

	Conclusions and future directions

	References


