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In vitro effects of lipid emulsion on platelet  
function and thromboelastography in canine 

blood samples

Laura R. Tonkin, DVM; Nolie K. Parnell, DVM; Daniel F. Hogan, DVM

Objective—To determine whether soybean oil emulsion has an in vitro effect on platelet 
aggregation and thromboelastography in blood samples obtained from healthy dogs.
Animals—12 healthy adult dogs.
Procedures—Blood samples were collected from each dog into tubes containing EDTA, 
hirudin, or sodium citrate for a CBC, collagen- and ADP-induced impedance aggregometry, 
or thromboelastography, respectively. Whole blood platelet aggregation, determined with 
ADP or collagen agonists, was measured in blood samples containing hirudin and final lipid 
concentrations of 0, 1, 10, and 30 mg/mL. The thromboelastographic variables R (reaction 
time), K (clotting time), α angle, and maximum amplitude were evaluated in blood samples 
containing sodium citrate and final lipid concentrations equivalent to those used for assess-
ment of platelet aggregation.
Results—Median maximum ADP- and collagen-induced platelet aggregation in blood sam-
ples containing 1, 10, or 30 mg of lipid/mL did not differ significantly from the value for 
the respective lipid-free blood sample. Maximum amplitude determined via thromboelas-
tography was significantly reduced in blood samples containing 10 and 30 mg of lipid/mL, 
compared with findings for lipid-free blood samples. Values of other thromboelastographic 
variables did not differ, regardless of lipid concentrations.
Conclusions and Clinical Relevance—Maximum amplitude determined via thromboelas-
tography in canine blood samples was significantly affected by the addition of lipid to final 
concentrations that are several orders of magnitude higher than clinically relevant lipid con-
centrations in dogs. Lipid treatment appears to have no significant effect on hemostatic 
variables in dogs, although clinical studies should be performed to confirm these in vitro 
findings. (Am J Vet Res 2013;74:567–571)
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ABBREVIATIONS
AUC  Area under the aggregation curve
IVLE  IV lipid emulsion
MA  Maximum amplitude

Parenteral nutrition has an important role in the sup-
port of critically ill hospitalized veterinary patients 

that cannot have their nutritional needs met through 
enteral-assisted feeding alone. The administration of par-
enteral nutrition formulations with a moderate to high 
lipid content to critically ill animals has several advan-
tages. Lipid is a concentrated source of energy and pro-
vides more calories per unit volume than does dextrose 
or amino acids, allowing adequate energy to be more 
easily delivered to patients without the development 
of volume overload. Lipid emulsions also decrease the 
overall osmotic load of the parenteral nutrition solution.1 
Finally, lipids are an efficient source of energy for criti-
cally ill animals in which increased protein catabolism 
and peripheral insulin resistance result in an adaptation 
to use lipids efficiently for energy in an effort to spare en-
dogenous proteins and to preserve glucose for glucose-
dependent tissues. This is particularly true after several 

days of inadequate caloric intake, which is common in 
veterinary patients in intensive care.1

Although uncommon, there are isolated case re-
ports2–6 in the human medical literature documenting 
the occurrence of bleeding disorders associated with 
the administration of IVLEs as a component of paren-
teral nutrition. Although the causes for development of 
bleeding disorders are varied and not always definitively 
identified, reduction in platelet numbers2,7 and altered 
platelet function have been cited.4 Clinical reports8,9 of 
IVLE administration–associated bleeding disorders in 
humans have mostly involved immature or low–birth 
weight neonates who have been found to have a dimin-
ished ability to metabolize lipids. In addition, some ad-
verse effects have been related to the administration of 
IVLEs at a high rate.9 However, despite these concerns, 
IVLEs continue to be a component of parenteral nutri-
tion in infants and adults and are clinically well toler-
ated in most cases.10,11
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In veterinary medicine, there is a lack of consensus 
regarding the use of the lipid component of parenteral 
nutrition partly because of the hypothesized possibil-
ity of bleeding complications. Although there are no 
reports of thrombocytopenia or platelet dysfunction re-
sulting from administration of currently manufactured 
IVLEs in dogs, to the authors’ knowledge, the risk of 
bleeding in humans has resulted in a preference of some 
veterinary clinicians to choose low-lipid or lipid-free 
parenteral nutrition formulations for administration to 
patients with thrombocytopenia or other perceived risk 
factors for bleeding.

In the human medical literature, reports on the ef-
fect of IVLEs on platelets have centered on assessment 
of platelet function determined via platelet aggregome-
try methods. Thromboelastography is a method of 
measuring coagulation from initiation of clot formation 
through fibrinolysis in whole blood samples.12 It has 
recently gained popularity in veterinary medicine and 
can be used as another means to evaluate coagulation 
status in dogs.13

The objective of the study reported here was to de-
termine whether a soybean oil emulsion has an in vitro 
effect on platelet aggregation and thromboelastography 
in blood samples obtained from healthy dogs. We hy-
pothesized that there would be a lipid concentration–
dependent reduction in canine platelet function.

Materials and Methods

Dogs—Healthy client-owned dogs were recruited 
for participation in the study. Dogs were considered for 
inclusion if they were between 2 and 6 years of age, had 
a body weight > 5 kg, and had no recent history of sys-
temic illness or major surgery; a physical examination 
was performed to ensure that the dogs were clinically 
normal. Dogs were excluded if they had been admin-
istered any of the following within 1 month prior to 
blood sample collection: medications known to affect 
platelet function, general anesthetic agents, fatty acid 
supplements, or diets enriched with omega-3 fatty ac-
ids. Dogs were also excluded if a platelet count per-
formed on the day of blood sample collection for plate-
let aggregometry and thromboelastography indicated 
that they were thrombocytopenic. The study was ap-
proved by the Purdue Animal Care and Use Committee, 
and informed owner consent for each dog’s participa-
tion was obtained.

Sample collection—Samples of blood (9 mL total) 
were collected from a jugular vein of each dog by atrau-
matic venipuncture with a 23-gauge winged infusion 
catheter directly into 3 tubes containing EDTA, hiru-
din, and sodium citrate in sequential order for a CBC 
(including platelet count), platelet aggregometry, and 
thromboelastography, respectively. All blood samples 
were analyzed within 2 hours after collection.

IVLE—A commercially available lipid emulsiona was 
used for all assays. The IVLE was a 20% soybean oil emul-
sion that contained soybean oil (200 g/L), egg yolk phos-
pholipids (12 g/L), and glycerin in water (22.5 g/L).

Platelet aggregation—Platelet aggregation was mea-
sured with an impedance-based whole blood platelet 

aggregometer.b This aggregometer has been described,14,15 
and the assay was performed on the basis of the manufac-
turer’s recommendations. Blood samples containing hiru-
din were added to the test channels in 300-µL aliquots. 
The undiluted lipid emulsion was added to the test chan-
nels in increasing volumes (0, 1.5, 15.8, and 53 µL) to 
obtain final concentrations of 0 (control), 1, 10, and 30 
mg of soybean oil/mL, respectively. Preheated (37°C) ir-
rigation saline (0.9% NaCl) solution was added to each 
test channel at a volume of 300 µL. Each diluted sample 
was incubated and stirred at 37°C for 5 minutes in the 
single-use test channels, followed by the addition of 20 µL 
of agonist. The resultant total reaction volume for aggrega-
tion was 620 µL for the control samples and 620 µL plus 
the additional lipid volumes for the treated samples. Plate-
let aggregation was assessed in response to both collagen 
(3.2 µg/mL) and ADP (6.5µM) agonists. Platelet aggrega-
tion was measured by recording the change in electrical 
impedance for 15 minutes following the addition of the 
agonist. The magnitude of electrical impedance was ex-
pressed as aggregation units, and the AUC was recorded as 
an expression of the platelet aggregation response over the 

Figure 1—Box-and-whisker plots of AUC values for platelet ag-
gregation in response to addition of ADP (6.5µM; A) or collagen 
(3.2 µg/mL; B) in blood samples collected from 12 healthy adult 
dogs and subsequently exposed to various concentrations of 
soybean oil emulsion. Blood samples were collected from each 
dog into tubes containing hirudin; lipid emulsion was added (final 
concentration, 0 [control], 1, 10, or 30 mg/mL) before sample ali-
quots underwent ADP-induced and collagen-induced impedance 
aggregometry. For each box, the horizontal line represents the 
median value and the upper and lower boundaries represent the 
75th and 25th percentiles, respectively; diamonds represent the 
mean values. Whiskers define the range of values.
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measured period. The AUC values were used for statistical 
comparison among groups because AUC reflects both the 
magnitude of aggregation (in aggregation units) and the 
velocity of aggregation.

Thromboelastography—The lipid emulsion was 
added in increasing volumes (0, 2.5, 26.3, and 88 µL) 
to 0.5 mL of the blood sample containing sodium ci-
trate from each dog to obtain final soybean oil con-
centrations of 0, 1, 10, and 30 mg/mL; lipid-treated 
samples remained in plastic vials for 5 minutes at room 
temperature (approx 20°C). Thromboelastographic as-
saysc were performed by adding 20 µL of calcium chlo-
ride (0.2M) to the reaction cup, followed by 340 µL of 
the citrated blood or blood and lipid sample to result 
in a final reaction volume of 360 µL. Calcium chloride 
was added to recalcify the sample and initiate clotting; 
additional activators to speed clotting were not used. 
The standard thromboelastographic variables R (reac-
tion time), K (clotting time), α angle, and MA were re-
corded for each assay.

Statistical analysis—Data were assessed for nor-
mality via the Shapiro-Wilk test. Parametric data 
(platelet aggregation values) were analyzed via a paired 
t test. Nonparametric data (thromboelastographic vari-
ables) were analyzed via a Wilcoxon signed rank test. A  
Bonferroni correction was performed for multiple com-
parisons. A value of P = 0.05 was adjusted for the num-
ber of tests performed; as a result, values of P ≤ 0.0025 
were considered significant.

Results

Dogs—Twelve dogs met all inclusion require-
ments and were enrolled in the study. The median 
age was 4 years (range, 2 to 6 years), and the median 
body weight was 23 kg (range, 7 to 28 kg). Dogs in-
cluded 1 Golden Retriever, 1 Border Collie, 1 Grey-
hound, 1 Boston Terrier, 1 Cairn Terrier, 1 Beagle, 
and 6 mixed-breed dogs.

Platelet aggregation—The  maximum ADP- 
induced platelet aggregation measured in blood sam-
ples with lipid concentrations of 1, 10, and 30 mg/mL 
did not differ significantly from the maximum ADP- 
induced platelet aggregation measured in the blood 
samples without added lipid (Figure 1). When ADP 
was used as an agonist, the AUC obtained for blood 
samples with 30 mg of lipid/mL was increased relative 
to the AUC for the lipid-free blood samples, but the dif-
ference was not significant (P = 0.027).

For collagen-induced platelet aggregation, the 
AUC obtained for the lipid-free blood samples did not 
differ significantly from findings obtained for blood 
samples containing increasing concentrations of lipid 
(Figure 1). The platelet aggregation data were summa-
rized (Table 1).

 Thromboelastography—The MA was significantly 
(P = 0.0022) decreased in blood samples containing 10 
and 30 mg of lipid/mL, compared with the MA in the lip-
id-free blood samples (Figure 2). For the other thrombo- 
elastographic variables, increasing lipid concentration did 
not result in a significant difference from values for the 
lipid-free control blood samples (Table 2).

Discussion

In the present study, addition of a commonly 
used lipid emulsion at a lipid concentration of 1 mg/
mL to canine blood samples had no effect on plate-
let aggregation or thromboelastographic variables. 
Although the maximal blood concentration of lipid 
attained in veterinary patients receiving parenteral 
nutrition is not known, the concentration of 1 mg/
mL was extrapolated from the human medical litera-
ture.8,16 The lipid concentrations of 10 and 30 mg/mL 

  Lipid concentration (mg/mL)

Agonist 0 1 10 30

ADP  303 (152–448) 313.5 (143–442) 313.5 (142–424) 334 (172–451)
Collagen  315 (168–482) 330 (163–502) 351 (151–486) 398 (183–554)

Blood samples were collected from each dog into tubes containing hirudin; lipid emul-
sion was added before sample aliquots underwent ADP-induced and collagen-induced 
impedance aggregometry.

Table 1—Platelet aggregation (median AUC [range]) in response to addition of ADP 
(6.5µM) or collagen (3.2 µg/mL) in blood samples collected from 12 healthy adult dogs 
and subsequently exposed to various concentrations of soybean oil emulsion (final 
concentration, 0 [control], 1, 10, or 30 mg/mL). 

Figure 2—Box-and-whisker plots of thromboelastographic MA 
values in blood samples collected from 12 healthy adult dogs 
and subsequently exposed to various concentrations of soybean 
oil emulsion. Blood samples were collected from each dog into 
tubes containing sodium citrate; lipid emulsion was added (final 
concentration, 0 [control], 1, 10, or 30 mg/mL) before sample ali-
quots underwent thromboelastography. *Mean value at this lipid 
concentration is significantly (P = 0.0022) different from that of 
the control mean value. See Figure 1 for remainder of key. 
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were considered clinically unattainable on the basis 
of estimations using the blood volume of dogs (nor-
malized to body weight) and assumed a bolus dose 
of lipid; however, we investigated these supraclinical 
concentrations to increase the likelihood of observ-
ing a mechanistic effect of lipid on the function of 
canine platelets.

Although there were no significant differences in 
platelet aggregation with either agonist at any lipid 
concentration, compared with findings for the lipid-
free blood samples, a nonsignificant increase in AUC 
in blood samples containing 30 mg of lipid/mL was de-
tected when ADP was used as the agonist. This result 
was unexpected and was discordant with the thrombo-
elastographic findings, which indicated that there was 
a significant reduction in the MA of blood samples as a 
result of the addition of lipid to a concentration of 30 
mg/mL. It was suspected that the increase in platelet 
aggregation in those blood samples was because of non-
specific platelet-to-platelet binding induced by the high 
concentration of lipid.

Compared with the MA of lipid-free blood samples, 
the MA in blood samples containing either 10 or 30 mg 
of lipid/mL was significantly decreased. The MA repre-
sents the final clot strength and is mainly dependent on 
platelet number and function, including platelet-fibrin 
interactions.12 Given that, for each dog, platelet num-
bers were verified to be within the reference interval 
prior to its inclusion in the study and evaluated blood 
samples were collected during 1 venipuncture proce-
dure, the data suggest that the decrease in MA may have 
been due to decreased platelet function, lipid-induced 
interference with fibrin-platelet interactions, or another 
qualitative defect in fibrin or fibrinogen. However, it is 
also known that soybean oil increases viscosity of por-
cine whole blood samples in a concentration-dependent 
manner in vitro.17 A study18 in clinically normal Grey-
hounds revealed that the whole blood MA in that breed 
is typically lower than values in other breeds; those re-
searchers suggested that because of the relatively high 
whole blood viscosity of this breed, the pin movement 
of the instrument could be restricted. It is also possible 
that the reduced MA in the present study was caused by 
an in vitro phenomenon, such as interference between 
fibrin and the wall of the reaction cup, which resulted 
in reduced torque on the torsion pin and a reduced 
magnitude of the measured MA. Because the platelet 
aggregation and thromboelastographic results were di-
vergent at these supraphysiologic lipid concentrations 

in the present study, the most likely conclusion is that 
there was an in vitro effect on the assay and not a true 
change in platelet function.

Studies16,19–24 investigating the effects of IVLEs on 
human platelets have provided conflicting results. Mul-
tiple studies16,19–21 have demonstrated no effect of lipid 
infusions on platelet aggregation measured ex vivo. In 
contrast, some studies22–24 have found a time- and dose-
dependent decrease in platelet aggregation with admin-
istration of IVLEs. One study16 revealed that high lipid 
concentrations were associated with decreased platelet 
aggregation in vitro but found no similar effect at the 
concentrations used in a clinical setting. Comparison of 
reported data is difficult because of the marked variabil-
ity in subjects, platelet function testing methods, and 
lipid products used.

Several mechanisms have been proposed to account 
for the platelet dysfunction in humans with bleeding-
related adverse effects following the administration 
of lipid-containing parenteral nutrition. Lipid-laden 
platelets with accompanying morphological changes 
and impaired platelet aggregation were detected in a 
human who developed a bleeding disorder following 
the administration of an IVLE for 6 weeks.4 Phagocyto-
sis of lipid by platelets after short-term administration 
of IVLEs has also been detected.20,25 In those studies,20,25 
the IVLEs were administered over periods of hours to 
days to either healthy adults or adults with noncritical 
illnesses and were not associated with the development 
of any adverse effects. Another possible mechanism is 
a change in the fatty acid composition of the platelet 
membrane phospholipids. Some studies26,27 have re-
vealed changes in the platelet membrane fatty acid pro-
file that mirrors the fatty acid profile of the IVLE. In 1 
such study,22 a reduction in platelet function paralleled 
a transient increase in the proportion of linoleic acid 
(C18:n2-6) in the platelet membrane following a single 
6-hour infusion of a soybean oil emulsion in healthy 
adult volunteers. Results of the present in vitro study 
are in contradistinction to findings of those studies be-
cause canine platelet function was not reduced even at 
excessive supraclinical lipid concentrations.

There were limitations associated with the present 
study. First, it was conducted in vitro, which precludes 
potentially confounding physiologic interactions such 
as platelet-endothelial signaling. Additionally, the con-
tact time between the lipid emulsion and the blood 
components was limited to 5 minutes. Some proposed 
mechanisms behind lipid-induced platelet dysfunction 

  Lipid concentration (mg/mL)

Variable 0 1 10 30

R (min) 3 (1.3–12.2) 3.5 (1.6–9.1) 3.4 (1.8–6) 3.8 (2.6–6.5)
K (min) 1.8 (1.2–6.1) 1.9 (1.1–4.6) 2.3 (1.2–6.9) 2.6 (1.6–8.2)
α Angle (°) 60.6 (32–72.9) 63.4 (37.3–73.9) 61 (37.2–73) 58.1 (36.7–69)
MA (mm) 56.9 (40.9–60.8) 53 (24.6–62.1) 43.8 (31.1–52.3) 44.4 (26.1–57.3)

Blood samples were collected from each dog into tubes containing sodium citrate; lipid 
emulsion was added before sample aliquots underwent thromboelastography.

Table 2—Median (range) values of thromboelastographic variables R (reaction time), 
K (clotting time), α angle, and MA in blood samples collected from 12 healthy adult 
dogs and subsequently exposed to various concentrations of soybean oil emulsion 
(final concentration, 0 [control], 1, 10, or 30 mg/mL). 
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involve a longer exposure time, so it is possible that 
in vivo effects of lipid on platelet function may not be 
identified via this experimental method.

Results of the present study have suggested that, 
although there may be potential for the development of 
hypocoagulability following administration of IVLEs at 
excessive doses in dogs, there appears to be no effect on 
platelets at lipid concentrations likely to be attained in 
clinical settings. Whereas platelet effects in humans ap-
pear to be most relevant with prolonged lipid adminis-
tration, which is not a commonly performed procedure 
in veterinary medicine,2,4,7 alterations in platelet struc-
ture and function in humans have been demonstrated 
with short-term infusion of IVLEs, which is a more typ-
ical procedure in veterinary medicine.23–25 Follow-up ex 
vivo studies are needed to determine whether lipid ad-
ministration at a clinically relevant dose and duration 
has the potential to result in changes to canine platelet 
number or function.

a.  Intralipid, Fresenius Kabi, Uppsala, Sweden.
b.  Multiplate, Dynabyte, Munich, Germany.
c.  Thromboelastograph Analyzer Model 5000, Haemoscope, Niles, 

Ill.
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