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Simple Summary

In some poisoning cases in dogs and cats, veterinarians use a fat-based intravenous infusion to help
remove toxins that already have been absorbed through the gut. The idea behind fat-based infusion
therapy is that fat can temporarily bind fat-soluble toxins in the bloodstream, potentially reducing
their effect on the nervous system. However, literature that studies this idea in a clinical setting is
limited. In this study, we looked at 34 dogs and cats treated at eight veterinary hospitals. We
measured how much of the toxin was in the fat portion of the blood versus the watery portion. In
most cases, toxins moved into the fat portion. We found that animals whose neurological symptoms
improved within a few hours had higher fat-to-water toxin ratios. However, a standard measure of
how fat-soluble a toxin is (the log n-octanol/water partition coefficient or log P) did not predict
whether animals would improve. This suggests that while fat can bind toxins, predicting which
animals will benefit from this therapy may require more than just fat-solubility data.

Abstract

Intravenous lipid therapy (ILE) is used to treat neurotoxicosis in companion animals, but clinical
evidence for in vivo xenobiotic partitioning and benefit remains limited. This study evaluated
associations between the log n-octanol/water partition coefficient (log P), in vivo plasma partitioning,
and early neurological outcome. In a case series from eight veterinary hospitals, dogs and cats with
suspected neurotoxicosis received ILE; blood collected before and at the end of infusion was
separated into lipid and aqueous fractions and analyzed by gas chromatography-mass spectrometry.
Log P values were retrieved from PubChem. Outcome (improved vs not improved) was the change
from baseline to 4- 6 h after ILE start. Thirty-four cases were analyzed (27 dogs, 7 cats; 17 xenobiotics).
At end of infusion, lipid-phase concentrations exceeded aqueous concentrations in 28/34 cases, and
log P did not correlate with the lipid-to-aqueous ratio. Improvement occurred in 14/34 animals and
was associated with higher lipid-to-aqueous xenobiotic ratios (geometric mean ratio 5.7; 95% CI 1.73—
19.05; P =0.007). Overall, in vivo lipid sequestration was frequent and related to early improvement,
whereas log P alone did not predict partitioning or outcome.
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1. Introduction

Acute neurotoxicosis in companion animals is a common, potentially life-threatening emergency
that can require rapid therapeutic interventions [1-3]. Conventional decontamination and supportive
care suffice in most patients, but severe intoxications often require consideration of adjunctive
therapies such as intravenous lipid emulsion therapy (ILE) early in the clinical course [4-8].
Intravenous lipid emulsion therapy has demonstrated efficacy in local-anesthetic systemic toxicity
(LAST) in both experimental animals and humans, and has been incorporated into guidelines for
severe LAST [9-13]. Its use has since extended to other species and non-LAST poisonings, particularly
those causing neurotoxicosis. However, studies of clinical efficacy remain heterogeneous and
sometimes contradictory, complicating bedside decision-making [5,8,13-25]. There are many
different, often low-incidence, poisonings that could potentially benefit from ILE therapy [4].

Understanding ILE’s mechanisms of action is therefore essential to guide use across different
poisonings. Several mechanisms have been proposed [19]. The lipid sink hypothesis posits an
intravascular lipid phase that sequesters lipophilic xenobiotics from the largely aqueous plasma,
reducing pharmacologically active (“aqueous” or “free”) concentrations and promoting diffusion
away from target tissues such as the central nervous system [10,19]. The lipid shuttle hypothesis
extends this concept by proposing that lipid-bound xenobiotics are subsequently and continuously
transported to organs of metabolism and elimination [26-28]. Clinical studies directly supporting
xenobiotic sequestration and its association with clinical outcomes remain limited and often
contradictory [6-8,19,29].

The logio n-octanol/water partition coefficient (log P) is commonly used to estimate lipophilicity
and predict partitioning behavior [30,31]. A relation between a higher log P and reduction of the
xenobiotic concentration in the aqueous fraction has been demonstrated in vitro [29,32]. Several in
vitro and in vivo studies have measured decreased aqueous-phase concentrations or demonstrated
lipid sequestration for high-log P toxins, typically single local anesthetics [10,27,28,30,33-36].
Consequently, whether log P accurately predicts in vivo sequestration of xenobiotics other than local
anesthetics, and in general, into the lipid plasma phase remains uncertain [8,19,29].

The aim of this study was to evaluate, in companion animals with neurotoxicosis receiving
intravenous lipid emulsion therapy, whether an in vitro measure of lipophilicity (log P), correlates
with in vivo plasma xenobiotic partitioning and clinical outcome, and whether partitioning was
associated with short term neurological outcome.

2. Materials and Methods

2.1. Study Design

Prospective, multicenter case-series conducted at eight European veterinary referral hospitals.
All procedures complied with institutional animal care, use requirements and relevant veterinary
ethics guidance.

2.2. Study Population

All client-owned dogs and cats with acute neurological signs that were presented between June
2020 and November 2021 were screened. Final enrollment required both a history suggestive of
neurotoxin exposure, witnessed or suspected, and a clinical presentation consistent with
neurotoxicosis (e.g., acute tremors, ataxia, seizures, altered mentation). Patients with pre-existing
conditions that contraindicated lipid infusion, e.g., congestive heart failure, known lipid-metabolism
disorders, hypersensitivity to emulsion components, were not enrolled.

2.3. Treatment Protocol

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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A 20% soybeanoil emulsion (Medialipid® 20% [B. Braun, Melsungen, Germany] or Intralipid®
20% [Fresenius Kabi, Bad Homburg, Germany]) was administered as a 1.5 mL/kg intravenous bolus
over 1 min, immedjiately followed by a continuous infusion at 0.25 mL/kg/min for 60 min. Up to two
identical additional cycles were permitted at the clinician’s discretion if clinically indicated and if
post-centrifugation plasma was not macroscopically lipemic [6,7].

Intravenous lipid emulsion was used off-label for treatment of toxicosis in veterinary patients at
participating centers and according to local regulations and institutional policies.

Concomitant care followed standard of care at the attending clinician’s discretion.

2.4. Blood Sampling and Processing

Samples were drawn immediately before initiation of intravenous lipid emulsion (ILE) therapy
(T0), immediately after the infusion ended (T1), and 4 h after completion of the infusion (T5).
Depending on patient size, 2-4 mL of blood was collected by venipuncture or via an indwelling
catheter into ethylenediaminetetraacetic acid (EDTA) tubes. Whole blood was centrifuged as soon as
possible; plasma was separated and stored at —20 °C, then shipped frozen to the laboratory
Interactions Cellules Environnement, VetAgro Sup, Campus Vétérinaire, Marcy-l’étoile, France for
further analysis.

After thawing, post-ILE samples (T1 and T5) were centrifuged at 9,000 x g to separate an upper
lipid layer and an aqueous plasma phase. Aliquots of pre-ILE plasma (T0) and of both the lipid and
aqueous phases (T1 and T5) were subjected to liquid-liquid extraction using ToxiVials type A and B
(Advion Interchim Scientific®, Montlugon, France). When sample volume was insufficient, ultrapure
water was added to reach the minimum extraction volume.

For extraction, samples were transferred to ToxiVials, mixed, and centrifuged at 2,500 x g for 5
min at 20 °C. The organic supernatant was collected into concentration cups, evaporated to dryness
at 37 °C, and reconstituted in 0.5 mL ethanol. Analytical runs included blanks between clinical
specimens and a full calibration/quality-control set for each batch.

2.5. Xenobiotic Identification and Quantification

Analyses were performed on an Agilent gas chromatography—mass spectrometry (GC-MS) 5973
(Agilent Technologies Inc., Wilmington, Delaware, USA) with a 30 m capillary column and helium
carrier, splitless (3 pL) injection, and the following oven program: 75 °C (0 min), 20 °C min to 200
°C (2 min hold), 8 °C / min to 250 °C (3 min hold), then 25 °C/min to 280 °C (15 min hold; total run-
time 33.7 min). Data were acquired in full-scan and selected ion monitoring (SIM) modes; tentative
full-scan identifications were confirmed against authentic standards or pharmacy-grade products.
Selected ion monitoring quantification used four diagnostic ions per analyte following Lemarchand
et al. (2012) and an in-house protocol adapted for lipid matrices [37]. Routine SIM covered >30
xenobiotics, with supplementary calibrations as needed.

2.6. Physicochemical Data

Log P were retrieved from PubChem (accessed April 2024; see also Data Availability below).
When multiple xenobiotics were detected in a sample, the xenobiotic with the highest concentration
was used for analysis.

2.7. Clinical Outcome

A physical examination focused on neurological signs was conducted by the attending clinicians
from baseline through 4-6 h after ILE continuous-rate infusion was stopped. Findings were recorded
in a dedicated electronic medical record at each center and subsequently transcribed by a designated
clinician onto prespecified data-collection forms. Two experienced reviewers (AV, JCC)
independently evaluated the clinical data and produced concise clinical summaries, blinded to
xenobiotic identifications and all fraction-specific concentrations. Clinical outcome within the 4-6 h
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window was rated as a binary endpoint (“improved” versus “not improved”). Discordant reviewer
ratings were resolved by discussion, comparing the case summaries and referencing similar cases in
the study population to reach a consensus classification for analysis.

2.8. Data Handling and Statistical Analysis

Values for xenobiotic concentrations below the level of quantification (LOQ, 0.01 mg/L) were
displayed in tables as “<LOQ” and assigned 0.005 mg/L (¥2 LOQ) for analyses. Descriptive results are
reported as median (range), unless stated otherwise. Associations between log P and post-ILE
xenobiotic concentrations, and between log P and the end-of-infusion lipid-to-aqueous ratio, were
examined using Spearman’s rank correlation. General linear models were fitted to log10-transformed
outcomes to examine these relationships. Model coefficients (3) were back-transformed so that 10”3
(the geometric mean ratio, GMR) quantifies the multiplicative change in the outcome per +1 unit of
log P or early neurological improvement (improved/not improved). Model validity was assessed by
visual inspection of the residuals.

Association between rounded log P values and early neurological improvement (improved/not
improved) was tested using a two-sided Fisher’s exact test.

Inter-observer agreement for binary and ordinal ratings was summarized as percent agreement
with exact 95% confidence intervals (Cls) and a two-sided exact binomial test versus 50% agreement.
Results are presented as estimates with 95% Cls. A P = .05 was considered significant. Given the small
sample size and sparse strata, no adjustment models for additional covariates were done. Analyses
were prespecified as exploratory to describe patterns and generate hypotheses. All statistical analyses
were performed in R version 4.2.3 [38].

3. Results

3.1. Study Population

Eighty-three animals were enrolled (60 dogs, 23 cats) that received a total of 85 ILE treatments
with one cat undergoing three cycles. After applying post hoc exclusion criteria 34 cases (27 dogs, 7
cats) remained for further analysis (Figure 1).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Enrolled
83 cases
60 dogs, 23 cats

1. Xenobiotic detected? =——=NO=—3» 27 excluded

YES

2. Insuffient plasma  _
volume at T1? YES=»

NO

|

3. Xenobiotic = treatment
drug? YES—>

NO

|

4. Sample mislabeling?  =——YES=J» 2 excluded

NO

|

5. Major deviation of ILE
protocol (dose/time)?

10 excluded

7 excluded

—Y ES == 3 excluded

NO

|

Final study population
34 cases
27 dogs, 7 cats

Figure 1. Stepwise exclusion flow chart for the final study population (27 dogs and 7 cats) with suspected
neurotoxicosis receiving intravenous lipid emulsion therapy. Step 5: A total intravenous lipid emulsion dose of
15-30 mL/kg completed within 70 min (bolus plus short CRI) was sufficient for inclusion; other protocols were

excluded.

Additionally, for paired TO-T1 comparisons, one dog was excluded as this TO sample was not
available, resulting in 33 cases (26 dogs, 7 cats) for TO-T1 comparisons. Given the small number of
cats that remained after applying exclusion criteria, statistical analyses were limited to dogs and all
animals combined.
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Of the dogs, 22 of 27 were purebred and 5 mixed bred. Most common breeds were Labrador
Retriever (n = 4) and American Staffordshire Terrier (n = 2). Median age was 2.8 years (0.3-8.8) and
body weight 15.6 (2.040.0) kg; 17 dogs were female (7 spayed, 10 intact) and 10 male (3 neutered, 7
intact). Four of 7 cats were Domestic Shorthair and 3 had no breed recorded. Median age was 0.9
years (0.2-15.2) and body weight 4.3 (1.5-4.9) kg. Three cats were female (1 spayed, 2 intact) and 4
male (1 neutered, 3 intact).

3.2. Treatments

Upon evaluation of the submitted data it was concluded clinicians did not strictly adhere to the
ILE therapy protocol. Twenty-one out of 34 ILE treatments strictly adhered to the treatment protocol.
A post-enrollment adjustment was made and a bolus followed by a continuous-rate infusion in the
range totaling 15-30 mL/kg within 70 minutes was allowed.

Sedatives were most frequently used (16/34), followed by intravenous crystalloids (13/34) and
anti-emetics (10/34), as additional treatments. A single patient could receive more than one treatment
and the same treatment at different time points, either before, during or after ILE therapy. Concurrent
treatments are summarized in Supplementary Table S1.

3.3. Xenobiotic Identification, Quantification and Physicochemistry

Xenobiotics identified at T1, frequency, and their log P are shown in Table 1.

Table 1. Xenobiotics detected in blood plasma following intravenous lipid emulsion therapy, frequency, and log

P2, in 27 dogs and 7 cats with suspected neurotoxicosis.

Xenobiotic D(;)afiz ?::)d D((:);S Cats (n) Log P CAS RN Pul():?gem
Permethrin 9 4 5 6.5 52645-53-1 40326
A9-Tetrahydrocannabinol 6 6 0 7.0 1972-08-3 16078
Diethyl phosphate 2 1 1 -0.2b 598-02-7 654
Alpha-chloralose 2 2 0 1.0 15879-93-3 7057995
Pyrilamine 2 2 0 3.3 91-84-9 4992
Caffeine 2 2 0 -0.1 58-08-2 2519
Menthone 1 1 0 3.0 89-80-5 26447
Baclofen 1 1 0 -1.0 1134-47-0 2284
Amitriptyline 1 1 0 49 50-48-6 2160
Metronidazole 1 1 0 ob 443-48-1 4173
Geraniol 1 1 0 2.9b 106-24-1 637566
Menthol 1 1 0 3.2 89-78-1 16666
2,5-Dimethoxy-p-cymene 1 1 0 3.4b 14753-08-3 6427071
Tramadol 1 1 0 2.6 27203-92-5 33741
Olanzapine 1 1 0 3.0  132539-06-1 4585
3,6-Dimethoxy-9H- 1 1 0 28  57103-01-2 644464
carbazole
Pyriproxyfen 1 0 1 4.8>  95737-68-1 91753
4.1(-1.0 to
Total 34 27 7.0)¢

a Log P =base-10 logarithm of the n-octanol/water partition coefficient; CAS RN: Chemical Abstracts
Service Registry Number; PubChemCID: PubChem Compound Identifier (accessed April 2024, see
also data availability statement). B Computed values (XLogP3 3.0) are shown when measured log P

values were unavailable on PubChem. Median (range).

Seventeen different xenobiotics were identified; permethrin (9/34) and A%-THC (6/34)
predominated. Log P showed a wide range of 1-7.0, with a median of 4.1.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Samples from T5 were not analyzed further because the lipid phase was usually absent or too
small for reliable fraction-specific quantification.

In 14/33 cases (42%), the xenobiotic concentration at either T0, the T1 aqueous or lipid phase was
below the lower limit of quantification. The TO plasma concentration exceeded the T1 aqueous
concentration in 12/33 cases (36%), was lower in 11/33 (33%), and equal in 10/33 (30%). Individual
fraction concentrations at TO and T1 are provided in Supplementary Table S2.

At T1, lipid phase concentrations exceeded aqueous in 28/34 cases (82%); the median lipid-to-
aqueous ratio was 5.1 (0.04-978) (Figure 2).

Dog (n = 27) Cat(n=7)
F qF .
10.00 = = *
m R L ] E
3 . -
L ® P
L
— 1.00&= b = e
= = & =
g -3 ® O Ce ¢
— Y . L J [ L ]
o I
‘o L "
S oot
Ce C
- @ -
- ® ; -
001 3
Ce i
7TI||||I| 1 "I”".l 1 "I”".l 1 ||I||||I| 1 7TI||||I| 1 "I”".l 1 ||I||||I| 1 "I”".l 1
0.01 0.10 1.00 10.00 0.01 0.10 1.00 10.00

Aqueous (mg/L)

Figure 2. Xenobiotic plasma concentrations in lipid versus aqueous fraction following intravenous lipid
emulsion therapy in 34 companion animals with suspected neurotoxicosis. The limit of quantification (LOQ)
was 0.01 mg/L; values reported as “<LOQ” were plotted at 0.005 mg/L (Y2 LOQ).

3.4. Log P and Xenobiotic Concentrations

Scatterplots of log P versus T1 lipid concentration, T1 aqueous concentration, and the T1 lipid-
to-aqueous ratio showed wide dispersion (Figure 3).
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Figure 3. Xenobiotic plasma concentrations (lipid, aqueous, lipid-to-aqueous ratio) versus log P following

intravenous lipid therapy in 27 dogs and 7 cats with suspected neurotoxicosis.

e  Log P =Dbase-10 logarithm of the n-octanol/water partition coefficient (derived from PubChem)
e Lipid-to-aqueous ratio = lipid fraction concentration divided by the aqueous fraction

concentration

Spearman’s rank correlations were weak and not statistically significant in dogs and in all
animals combined (Table 2).

Table 2. Spearman correlation between xenobiotic log P?, plasma fraction concentration (lipid, aqueous), and the

lipid-to-aqueous ratio® following intravenous lipid emulsion therapy in 34 companion animals with suspected

neurotoxicosis.
Q¢ p Value
Dogs (n=27)

lipid -0.24 0.22

aqueous -0.31 0.11

lipid-to-aqueous ratio 0.14 0.48

Dogs + Cats (N = 34)

lipid -0.12 0.50

aqueous -0.26 0.14

lipid-to-aqueous ratio 0.16 0.36

a Log P: base-10 logarithm of the n-octanol/water partition coefficient (derived from PubChem;
accessed April 2024). b Lipid-to-aqueous ratio = lipid concentration divided by the aqueous

concentration. ¢ Spearman rank correlation coefficient.

In linear models, each 1-unit increase in log P in dogs was associated with a 29% lower T1
aqueous concentration (GMR 0.71; 95% CI 0.54-0.94; P=.02). The association was weak and was not
statistically significant when cats were included. No significant associations were identified in the
linear models for T1 lipid concentration or for the T1 lipid-to-aqueous ratio in dogs or in all animals
combined (Table 3).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 3. Strength of association xenobiotic log P* on xenobiotic plasma fraction concentration (lipid, aqueous),
and the lipid-to-aqueous ratio following intravenous lipid emulsion therapy in 34 companion animals with

suspected neurotoxicosis.

GMR (95% CI)® p Value
Dogs (n=27)
lipid 0.80 (0.60-1.07) 0.14
aqueous 0.71 (0.54-0.94) 0.02
lipid-to-aqueous ratio* 1.13 (0.86-1.48) 0.39
Dogs + cats (N = 34)

lipid 0.91 (0.70-1.19) 0.50
aqueous 0.78 (0.61-1.01) 0.07
lipid-to-aqueous ratio 1.17 (0.92-1.48) 0.22

a Log P: base-10 logarithm of the n-octanol/water partition coefficient (derived from PubChem;
accessed April 2024) b GMR: back transformed geometric mean ratio (10" ) on the original-scale
outcome (mg/L) per +1 unit of log P. ¢ Lipid-to-aqueous ratio = lipid fraction concentration divided

by the aqueous fraction concentration.

3.5. Short-Term Neurological Outcome, Xenobiotic Concentrations, and log P

Generalized tremors were most common at presentation (21/34, 62%), followed by ataxia (18/34,
53%), altered consciousness (15/34, 44%), localized tremors (6/34, 18%), and seizures (5/34, 15%). For
early neurological clinical outcome (improved vs not improved), inter-observer agreement was 23/34
(95% CI, 0.50-0.83; P=.058). All discrepancies were resolved satisfactorily by consensus before final
analyses. Improvement was recorded in 14/34 cases. Animals that improved had higher T1 lipid-to-
aqueous ratios than those that did not (dogs: GMR 8.09; 95% CI 2.31-28.38; P=.003, 709% higher; dogs
and cats: GMR 5.75; 95% CI 1.73-19.05; P=.007, 475% higher (Figure 4)).

1000 = ]
o .
2 10— =
© E
[7;] :
= -
3 10.00 =
> E °
y -
2 - £
el -+
o 0 % =
4 =
010+
- .
Not improved (n=14) Improved (n=20)

Early neurological outcome

Figure 4. Xenobiotic lipid-to-aqueous ratio versus early neurological outcome following intravenous lipid

emulsion therapy in 27 dogs and 7 cats with suspected neurotoxicosis.
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e Lipid-to-aqueous ratio = lipid fraction concentration divided by the aqueous fraction
concentration.

e Boxes show median and range from the first to the third quartile; whiskers extend to values
within 1.5 times the interquartile range.

e  Early neurological outcome was defined as the neurological improvement from the start of
intravenous lipid emulsion administration to 4-6 hours afterwards. Outcome was assessed
independently by two observers; disagreements were resolved by consensus.

Analyses of the lipid and aqueous fractions considered separately did not identify significant
between-group differences.
Figure 5 presents the log P versus early neurological outcome. No association was found between
rounded log P values (P = .981).

8 —
o ®
6 —
.
o 47
o *
o o0
2 —
L
0 L
®
Not improved (n=14) Improved (n=20)

Early neurological outcome

Figure 5. Log P versus early neurological outcome following intravenous lipid emulsion therapy in 27 dogs and

7 cats with suspected neurotoxicosis.

e  Log P =Dbase-10 logarithm of the n-octanol/water partition coefficient (derived from PubChem)

e  Boxes show median and range from the first to the third quartile; whiskers extend to values
within 1.5 times the interquartile range.

e  Early neurological outcome was defined as the neurological improvement from the start of
intravenous lipid emulsion administration to 4-6 hours afterwards. Outcome was assessed
independently by two observers; disagreements were resolved by consensus.

4. Discussion

In this multicenter clinical case series, xenobiotic concentrations in ILE treated patients were
generally higher in the plasma lipid phase compared to the aqueous phase suggesting partitioning
to the lipid phase. Moreover, lipid-to-aqueous ratio was positively associated with early neurological
improvement. Lipid-to-aqueous ratio and clinical outcome were not associated with log P.

These in vivo observations in a clinical setting suggest lipid-mediated redistribution (lipid
sink/lipid shuttle) as a dominant mechanism of ILE therapy in neurotoxicosis, consistent with
contemporary reviews that consider the lipid sink/shuttle hypothesis the main mechanism, and
cardiometabolic effects as only mainly relevant to the hemodynamically unstable LAST context
[19,20,39,40]. Partitioning has been observed in vitro when paired lipid and aqueous fractions were
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measured in human plasma or serum; xenobiotic concentrations were higher in the lipid fraction than
in the aqueous [34,41,42]. Support for a lipid-mediated redistribution as ILE therapy’s primary
mechanism was also found in vivo in swine. Amiodarone preferentially entered the lipid phase with
lower concentrations in the aqueous (lipid-poor) fraction and was associated with prevention of
hypotension [36].

If lipid capture and redistribution is indeed the operative pathway, clinicians need a way to
predict how much capture will occur for a given xenobiotic in each patient. The log P naturally
suggests itself as the first predictor to test, because it is the standard proposed physicochemical factor
for lipophilicity in toxicology and drug design and is widely available [30,31]. The log P may indeed
be a good predictor of both xenobiotic plasma distribution and clinical efficacy in case of xenobiotics
with an extremely high log P and, under physiological circumstances, are unionized like local
anesthetics and permethrin [21,43].

Current reviews and position statements however, recommend moving beyond log P to the
distribution coefficients at physiological pH 7.4 (logD4) and other descriptors, when estimating
whether a xenobiotic will meaningfully partition into the lipid phase in vivo [19,44]. The dissociation
coefficient at physiological pH (logDr.) takes into account the ionized species in water at a pH 7.4 as
well, making it more physiologically relevant for in vivo lipophilicity assessment [44]. However,
logDyr.4is less available and can yield major method-to-method differences, while computed values
vary across software and training sets [25,44]. Still, an in vitro study that evaluated both log P and
logDyr.4, demonstrated that log P correlated more than logD~.4 with neurotoxic xenobiotic distribution
behavior [29]. This suggests logD~.4 on itself also does not reliably predict xenobiotic distribution and
ILE therapy efficacy, and several different physicochemical factors could be involved in how effective
ILE therapy may be.

Also, in this dataset log P did not associate with the lipid-to-aqueous ratio and clinical outcome,
and only modestly with the aqueous concentration. The measured lipid-to-aqueous was associated
with early neurological improvement, suggesting that phase partitioning is clinically relevant.
However, since log P did not associate with lipid-to-aqueous phase, it does not seem a good in vitro
surrogate for phase partitioning, except perhaps in xenobiotics with extreme lipophilicity. This
contrasts with earlier in vitro support for using log P to anticipate reductions in the aqueous fraction
or lipid sequestration. That support mainly comes from in single-analyte systems and frequently with
local anesthetics with an extremely high, and therefore possibly dominant log P [29,33]. Accordingly,
caution is warranted against relying on log P alone for triage or efficacy prediction, despite its
frequent use in clinical practice [4,32,43,45,46].

The limitations of log P in patients are physicochemically explicable. Log P of a certain toxin
assumes the presence of unionized species of a compound, therefore ignores pKa-dependent
ionization at physiologic pH, as well as plasma-protein binding, lipid-droplet-surface interactions,
the presence of contributing metabolites of a toxin, and several patient-dependent factors
(hemodynamics, co-therapies) [47]. As a result, in vitro lipophilicity can diverge markedly from real-
world partitioning [19,48]. Li et al. quantified lipid emulsion efficacy with two measures: how many
drug molecules each droplet can hold and how quickly molecules move from water into oil. Using
calorimetry and a continuous partitioning assay across several drugs, they derived equations that
predicted and prospectively confirmed lower plasma concentrations and shorter half-life in rats,
outperforming the log P as predictor [49]. Extending such approaches across multiple toxin classes,
across species and into clinical sampling frameworks could refine the understanding of the lipid-
mediated mechanism in ILE therapy and improve clinical decision-making.

Several important limitations of this study must be acknowledged. Although the initial sample
size was substantial, post-exclusion numbers were modest, with very small toxin- and species-
specific strata. Precision and power were reduced, the risk of false-negative findings increased, and
opportunities to adjust for clustering, explore dose-response, or conduct reliable subgroup analyses
were limited. Also, numbers across toxins and species were unequal, which limited generalizability
and prevented robust statistical adjustment for clustering.
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Multicenter clinician-selected enrolment may have introduced selection bias through site-
specific case-mix and referral patterns; with the small post-exclusion sample we could not adjust for
site-level clustering. Furthermore, the population was likely enriched for severe intoxications because
clinicians selected these cases for adjunctive therapy. Although this reflects current clinical practice,
this could increase between-patient variability and can obscure true treatment benefits over a short
4-6-hour observation window.

Protocol deviations from ILE administration were common, which may have introduced noise
in associations. The post-enrollment more liberal regimen, i.e., a bolus followed by a continuous-rate
infusion in the range totaling 15-30 mL/kg within 70 minutes, was consistent with published
veterinary large multicenter data that report a wide ranges of doses including our range [50].
Although not optimal, this is probably acceptable because the immediate pharmacologic objective is
to rapidly generate an intravascular lipid phase; guidance and practice therefore use a bolus followed
by a short infusion [19]. Once a circulating lipid phase exists, redistribution is thought to be primarily
driven by major changes in physicochemistry rather than minor dose-related responses
[19,32,40,41,49].

In addition to variability in the ILE treatment itself there was also variability in the concurrent
treatment. This allowed clinicians to adhere to standard of care but heterogeneity in treatments could
have masked or exaggerated the ILE effect. For both the variability in ILE dosing and in concurrent
treatments, numbers were too small to control for possible clustering.

Outcome assessment occurred within a 4-6-hour window after treatment because this was the
expected time-frame in which the lipid-sink would be effective [40]. However, in most of our samples
the lipid fraction at 5 hours after the start of ILE was very small, possibly indicating the beneficial
effect of ILE had largely decreased. Therefore, doing a neurological assessment sooner could have
increased sensitivity of associations. Also, our finding of a minimal lipid fraction at 5 hours after the
start of ILE led us to discard these samples taken at this second, time-point after ILE therapy. It would
have been informative to analyze concentration change over time to see whether for example greater
partitioning to the lipid fraction would lead to a greater reduction in concentration over time and if
also the lipid-to-aqueous ratio would change.

Despite a broad GC-MS panel, many cases initially included cases were excluded because no
xenobiotic was identified, suggesting potential diagnostic error or concentrations below limit of
detection. However, it also must be considered that some cases were “misdiagnosed” and were not
related to an intoxication. A relatively high number of samples had concentrations below the limit of
detection; for analysis these were imputed at half the limit of quantification. These features can bias
the toxin spectrum toward more readily detected agents, distort lipid-to-aqueous ratios, and under-
or overestimate associations between lipid sequestration and clinical outcome.

Neurological recovery scoring was structured and blinded but unvalidated. Dual independent
scoring followed by consensus likely reduced random error but reintroduced subjectivity when
initial agreement was suboptimal.

5. Conclusions

In clinical veterinary patients with suspected neurotoxicant exposure, ILE therapy sequestered
xenobiotics into a plasma lipid phase in vivo and higher sequestration was associated with early
neurological improvement. These findings provide in vivo clinical support for the lipid sink
hypothesis. However, log P did not correlate with in vivo sequestration and clinical outcome. It
suggests log P should not be used as the single predictor of xenobiotic plasma partitioning; additional
physicochemical indicators should be considered, especially when log P is low. Future in vivo clinical
studies should consider a more multifactorial predictive approach that considers the relative
importance of other physicochemical factors to predict ILE efficacy in neurotoxicosis.
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