1 - ORIGINAL ARTICLE
MODELS, BIOLOGICAL

Hemodynamic changes with high infusion rates of lipid emulsion. Experimental study in
swine'

Artur Udelsmann', Marcos De Simone Melo"

DOI: http://dx.doi.org/10.1590/S0102-865020150110000001

'Associate Professor, Department of Anesthesiology, Laboratory of Experimental Anesthesia, Universidade Estadual de Campinas (UNICAMP),
Brazil. Conception, intellectual and scientific content of the study; manuscript writing; critical revision.

"PhD, Anesthesiologist, UNICAMP Hospital, Laboratory of Experimental Anesthesia, UNICAMP, Campinas-SP, Brazil. Acquisition and interpretation
of data, critical revision.

ABSTRACT

PURPOSE: To evaluate hemodynamic changes caused by sole intravenous infusion of lipid emulsion with doses recommended for
treatment of drug-related toxicity.

METHODS: Large White pigs underwent general anesthesia, tracheal intubation was performed, and mechanical ventilation was
instituted. Hemodynamic variables were recorded using invasive blood pressure and pulmonary artery catheterization. Baseline
hemodynamic measurements were obtained after a 30-minute stabilization period. An intravenous bolus injection of 20% lipid emulsion
at 1.5 ml/kg was administered. Additional hemodynamic measurements were made after 1 minute, followed by a continuous intravenous
lipid infusion of 0.25 ml/kg/min. Further measurements were carried out at 10, 20 and 30 minutes, when the infusion was doubled to 0.5
ml/kg/min. Assessment of hemodynamic changes were then made at 40, 50 and 60 minutes.

RESULTS: Lipid infusion did not influence cardiac output or heart rate, but caused an increase in arterial blood pressure, mainly
pulmonary blood pressure due to increased vascular resistance. Ventricular systolic stroke work consequently increased with greater
repercussions on the right ventricle.

CONCLUSION: In doses used for drug-related toxicity, lipid emulsion cause significant hemodynamic changes with hypertension,
particularly in the pulmonary circulation and increase in vascular resistance, which is a factor to consider prior to use of these solutions.
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Introduction

Lipid therapy for treatment of drug-related toxicity was
first used in 1998 by Weinberg et al'. Those authors successfully
employed lipid emulsion to combat toxicity of the local anesthetic
bupivacaine in animal models. Actually, it is the same lipid used
for years as a parenteral nutrition formulation. It is also the vehicle
used for anesthetic agents such as propofol, a hypnotic widely
used in Anesthesiology®. After local anesthetic overdose, lipid
emulsions were also used to treat toxicity due to other lipophilic
drugs, e.g. tricyclic antidepressants, calcium channel blockers,
B-blockers, barbiturates, among others®. Several studies on the use
of lipid emulsions for local anesthetic toxicity have been published,
with controversial and interesting results. Mirtallo e al.?, Cave and
Harvey* considered the treatment highly efficacious, while Litz et
al’ have differentiated their results according to type of lipids
used. Furthermore, Mazoit ef al.® have failed to find any beneficial
effect! But what draws attention to this therapy is that infusion
regimens recommended in parenteral nutrition range from 700-
1,300 mg of triglycerides/kg/day and serum levels of triglyceride
should be monitored to decrease infusion rates if triglyceride
levels achieve 400 mg/dl. The infusion should be interrupted, if
triglyceride values reach 1,000 mg/dl’. Through a simple arithmetic
calculation, we observed that during a 24-hour period of parenteral
nutrition, as administered in clinical practice, infusion rates ranged
from 0.48 to 0.9 mg/kg/min. In local anesthetic toxicity, medical
societies recommend a bolus injection of 1.5 ml/kg, followed by a
continuous infusion rate of 0.25 ml/kg/min of 20% lipid emulsion.
The infusion rate may be increased to 0.5 ml/kg/min, whenever
necessary. The conversion of these doses into milligrams will result
in a bolus injection of 300 mg/kg, followed by an infusion rate of
50 mg/kg/min. The intravenous infusion rate can be increased up
to 100 mg/kg/min, which is much higher than the dose employed
for parenteral nutrition®. In lipid treatment for local anesthetic
toxicity, hemodynamic studies with various types of solutions
have mainly demonstrated an increase in vascular resistance,
especially pulmonary resistance!®!!. However, the hemodynamic
impact of high rates of lipid emulsion infusions, as recommended
by medical societies, without previous knowledge of drug-related
toxicity has still not been fully elucidated. The aim of this study
was to confirm in our setting the hemodynamic changes in a swine
model caused by sole intravenous infusion of lipid emulsion based
on doses recommended for treatment of drug-related toxicity in

humans.

Methods

The study was conducted at Laboratory of Experimental
Anesthesia, Division of Experimental Medicine and Surgery,
School of Medicine, Universidade Estadual de Campinas. Study
protocol was approved by the Committee on Animal Research and
Ethics. Twenty Large-White pigs of both sexes and in good general
health status were used, age ranging from 2-4 months, weighing
from 20-25 Kg. Animals were subjected to the following protocol:

1. The animal was fasted on the evening prior to the
procedure and had free access to water.

2. On the morning of the study protocol, the animal was
weighed and cannulation of an ear vein was performed. Anesthesia
was induced with 25 mg/Kg of 2.5% sodium thiopental.

3. The body surface area of the animal (BSA) was
calculated in square meters using the classical formula in the
literature: SC = (9 X weight in grams??) X 10, inserting the value
into the parameters of a multiparametric Engstrom AS/3®monitor.

4. The animal was then intubated, connected to a
pneumatic ventilator through a partial rebreathing system with
CO, absorption. Tidal volume was set at 15 ml/Kg and adequate
respiratory rate was maintained to achieve ETCO, levels between
32 — 34 mmHg, assessed by capnometry. EKG monitoring was
also used in a lead similar to D,

5. Maintenance of anesthesia was performed with 1%
isoflurane using fresh gas flow rates of 1 L/min O,. Hemoglobin
saturation was maintained above 97%, assessed by a probe placed
on the animal tongue.

6. In an animal lower limb, the femoral artery was
dissected and catheterized for continuous arterial blood pressure
measurement. The homolateral femoral vein was dissected and
a double-lumen Swan-Ganz 7F catheter was inserted into a
pulmonary artery branch, confirmed by the morphological aspect of
the pressure curve obtained. Therefore, it was possible to measure
cardiac output by the thermodilution method, heart rate, mean
arterial blood pressure, mean pulmonary arterial blood pressure,
central venous pressure and pulmonary capillary pressure. The
monitor calculated the remaining hemodynamic parameters:
cardiac index, systemic and pulmonary resistance indices, left and
right ventricular stroke work indices.

7. After a 30-minute stabilization period, the first
hemodynamic measurements were considered baseline values
(T,).

8. In a peripheral vein, a bolus injection of 20% long-
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chain triglyceride lipid solution at 1.5 mL/kg was given and
additional hemodynamic measurement was made after 1 minute
(T)). Then an infusion with the same lipid emulsion was set at a
rate of 0.25 ml/kg/min, taking other haemodynamic measurements
at 10, 20 and 30 minutes (T
then increased to 0.5 ml/’kg/min and other measurements were
taken at 40, 50 and 60 minutes (T,, T, and T ).

9. At the end of the procedure, the anesthetized animals

1> T,oand T, ). The infusion rate was

40

were sacrificed with an intravenous injection of 10 ml of 19.1%
potassium chloride.

10. To describe sample profile according to study
variables, descriptive statistics of numerical variables (weight,
BSA), with mean and standard deviation values were performed.
ANOVA for repeated measures was used to compare longitudinal
measures between time periods, followed by the contrast profile
test to analyze progress between evaluations. Variables were rank-
transformed due to the lack of normal distribution. The level of

significance adopted by statistical tests was 5%, i.e., p<0.05.
Results
In the Table 1, the means and standard deviations of the

weights and body surface areas of the animals are shown.

TABLE 1 — Weight and body surface area.

Weight + SD (Kg)
22.75+£1.82

BSA  SD (m?
0.67 + 0.03

Mean arterial blood pressure (MAP)

As shown in Figure 1, bolus intravenous injection of
lipid solution provoked an immediate increase in MAP (T <T)).
Continuous intravenous lipid infusion resulted in further increase
in blood pressure, with T, <T  until T, . At an intravenous infusion
rate of 0.25 ml/kg/min, blood pressure levels continued to rise
until T,, After T,, and at 0.5 ml/kg/min, no additional changes
were observed, with T, <T, =T, until T, (p<0.0001).
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FIGURE 1 — Mean arterial blood pressure.

Heart rate (HR)

As shown in Figure 2, a bolus injection of lipid
emulsion solution and both rates of lipid infusion did not cause
any statistically significant changes in HR, with T =T, until T,
(p=0.0595).
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FIGURE 2 — Heart rate.

Central venous pressure (CVP)

Figure 3 demonstrates that lipid solution provoked an
increase in CVP during the whole experiment (T <T, to T, ). Lipid
emulsion infusion resulted in T <T, until T, and T, <T,>T, and
T,>T,, (0<0.0001). Neither infusion rates resulted in different

values.
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FIGURE 3 - Central venous pressure.

Mean pulmonary artery pressure (MPAP)

As shown in Figure 4, a bolus injection of lipid solution
provoked an increase in MPAP, with T <T to T, . Using continuous
intravenous lipid infusion, values continued to rise, with T <T |
until T, and T <T, to T, (p<0.0001). No other differences

between both infusion rates were observed.
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FIGURE 4 — Mean pulmonary arterial pressure.

Pulmonary capillary wedge pressure (PCWP)

Figure 5 shows that a lipid solution provoked a significant
increase in PCWP during the entire experiment (T <T, until T,)).
Lipid infusion caused progressive increase in values until T,
when they declined progressively. After T, values returned to
levels similar to T, in addition to T, <T (p<0.0001).
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FIGURE 5 — Pulmonary capillary wedge pressure.

Cardiac index (CI)

Figure 6 shows that a bolus injection of lipid solution
and continuous intravenous lipid infusion had no statistically
significant impact on CI, and T =T until T, (p=0.2699).
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FIGURE 6 — Cardiac index.

Systemic vascular resistance index (SVRI)

Figure 7 shows that bolus injection of lipid solution had
no repercussions on SVRIin T, However, after starting lipid pump

infusion, and after T, , all values were higher than at T and T , in

20°

addition toT, <T, until T, (p=0.0001). No differences between

infusion rates were noticed.
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FIGURE 9 — Left ventricular stroke work index.
FIGURE 7 — Sistemic vascular resistance index.

Right ventricular stroke work index (RVSWI)

Pulmonary vascular resistance index (PVRI)
Figure 10 shows that bolus injection and both continuous

On Figure 8, it is shown that both the bolus injection and lipid infusion rates increased RVSWI values significantly, with
the two continuous infusion rates increased PVRI, with T,<T <T,, T,<T, until T . Lipid infusion rates at 0.5 ml/kg/min increased
until T, and infusion T, <T, until T, After T, there was no values further, with T <T, <T, until T, in addition to T, <T,

difference between either infusion rates (p<<0.0001). (p<0.0001).
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FIGURE 10 — Right ventricular stroke work index.
FIGURE 8 — Pulmonary vascular resistance index.

Left ventricular stroke work index (LVSWI) Discussion

Figure 9 shows that both the bolus injection and In the literature, hemodynamic changes caused by
continuous lipid infusion caused a significant increase in LVSWI, lipids have contradictory results. The infusion regimens, lipid
with T,<T, to T,,. Lipid infusion of 0.5 ml/kg/min resulted in T, compositions and patients studied were all different, which could

and T, < T and T, (p=0.0002). justify such results. Using 2 types of lipid solutions in parenteral
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nutrition at a dose of 0.12 g/kg/h for 12 h in individuals with
acute respiratory distress syndrome, Sabater et al.'? found no
significant hemodynamic changes with both lipid solutions
used. Experimental animal studies have shown a link between
hypertension and plasma-nonesterified fatty acids. In piglets,
arterial blood pressure and vascular resistance increased at the
time of lipid infusion'. In contrast, Stojilkovic et al.'* in healthy
human volunteers using continuous intravenous lipid infusion at
0.8 ml/m?/min observed an increase in both systolic and diastolic
arterial pressure and heart rate. According to these authors,
plasma nonesterified fatty acids increase vascular response to
a,-agonists and stimulate oxidative stress through protein kinase
C-dependent activation. As a result, fatty acids are closely related
to vascular changes with hypertension. Using a 40 ml/h lipid
emulsion infusion in obese normotensive diabetics, Umpierrez et
al.’® observed an increase in arterial blood pressure, in addition
to endothelial dysfunction. According to those authors, elevated
lipid levels could exacerbate a -adrenoceptor and baroceptor
sensitivity. An increased rate of free fatty acids could damage
endothelium-dependent vasodilation leading to activation of the
sympathetic system, increasing neurovascular tonus and oxidative
stress with vasoconstriction. In healthy adults receiving a lipid
emulsion infusion of 150 mg/min during two hours, Kearney et
al.'® observed an increase in arterial blood pressure. However,
contrary to our findings, those authors failed to notice any change
in vascular resistance. Our results showed a significant increase in
arterial blood pressure, both systemic and pulmonary. However,
there is a particular increase in pulmonary arterial pressure, due
to a significant rise in vascular resistance, since cardiac index and
heart rate had no significant changes. Biventricular work indices
consequently increased. Attention was once again focused on
repercussions on the pulmonary circulation. Lipid therapy proved
to be efficient in several situations for drug-related toxicity in
doses recommended by medical societies. However, the procedure
is not devoid of additional risks and haemodynamic changes can

be clinically relevant.
Conclusion

High infusion rates of long-chain triglyceride lipid
emulsions in pigs provoke significant haemodynamic changes
with hypertension due to increased vascular resistance, mainly
in the pulmonary circulation. In clinical settings, this should be

considered prior to use of these solutions.
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