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A 12-year-old male neutered Bichon Frise presented to the Emergency Department

for stupor and bradycardia after ingestion of chocolate covered 450mg (90 mg/kg)

tetrahydrocannabinol. The patient was hospitalized for supportive care, IV fluid therapy

and monitoring in the intensive care unit. During hospitalization the patient became

comatose and bradypneic. Treatment with intravenous lipid emulsion (ILE) therapy was

instituted to accelerate toxin elimination, reduce the risk of complications related to

progressive obtundation and shorten hospitalization time. Five hours after infusion,

the patient developed severe respiratory distress and was ultimately euthanized.

Post-mortem histologic evaluation of lung revealed severe pulmonary edema consistent

with acute respiratory distress syndrome. There are infrequent reports of adverse effects

associated with ILE therapy for toxicosis in veterinary medicine despite reports of

complications such as acute respiratory distress syndrome in human literature. The

purpose of this report is to describe the potential for a severe adverse event after

treatment of a toxicosis with ILE therapy.

Keywords: intravenous lipid emulsion toxicity, toxicosis, tetrahydrocannabinol, acute respiratory distress

syndrome, ARDS, adverse drug reaction, canine

BACKGROUND

Intravenous lipid emulsion (ILE) has historically been used in parenteral nutritional as a source
of fatty acids in hospitalized patients. ILE is gaining interest as an antidote in lipophilic drug
intoxications (1, 2). After its establishment as an effective treatment in murine and canine models,
ILE was first used in treatment of acute local anesthetic systemic toxicities (LAST) in people
(3, 4). Subsequently, numerous case reports were published describing the successful use of ILE
therapy in neurologic, cardiac and non-steroidal anti-inflammatory drug toxicities in veterinary
medicine (4–11).

Reported adverse events associated with ILE infusions are sporadic or extrapolated from its
use in parenteral nutrition, there is a case report of suspected acute respiratory distress syndrome
(ARDS) secondary to the use of ILE for verapamil toxicosis (12). The adverse events reported with
ILE infusions include phlebitis, immunosuppression, cardiovascular, lipid-emboli, hemolysis, acute
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kidney injury, metabolic acidosis, pulmonary complications
(acute lung injury, ARDS, hypoxia and ventilation-
perfusion mismatch), pancreatitis or fat overload syndrome,
hypersensitivity or allergic reactions and vomiting, persistent
gross lipemia and suspected corneal lipidosis (2, 7, 9–11, 13–19).
There is a paucity of reports of adverse events or mortality
related to ILE use in veterinary medicine. This case describes the
suspected occurrence of ARDS secondary to ILE administration
in a dog.

CASE PRESENTATION

A 5.16 kg, 12-year-old male neutered Bichon Frise was evaluated
approximately 14 h after ingestion of a dark chocolate bar
containing 450mg tetrahydrocannabinol (THC, 90 mg/kg). The
presenting complaint was profound sedation. No vomiting or
regurgitation was noted at home.

At presentation to the Emergency Department, the patient
was stuporous with a reduced to absent gag reflex, and
globe position was ventromedial bilaterally (OU). Rectal
temperature was 99.0◦F (37.2◦C). Cardiorespiratory auscultation
was unremarkable; however, his respiratory rate was 12
breaths/min with shallow chest excursions and his heart rate was
56 beats/min. Initial venous blood gas demonstrated a respiratory
acidosis with only a mild increase in plasma bicarbonate
concentration suggesting an acute process (Table 1). Doppler
blood pressure was 160–170mmHg. The patient was hospitalized
in intensive care unit (ICU) for monitoring, seizure watch and
fluid therapy (36 mL/h for 8 h and then 18 mL/h for 5 h) after
receiving a single injection of 1 mg/kg maropitant intravenously
(Cerenia; Zoetis, Parsippany, NJ, USA) to decrease the risk of
vomiting and consequent aspiration pneumonia.

During the first 8 h of hospitalization, the patient’s neurologic
status progressed from stuporous to comatose. The respiratory
pattern became shallower (24 breaths/min), while the rectal
temperature decreased to 96.8◦F (36◦C). Due to financial
limitations and inability to hospitalize the patient in ICU for an
extended time, ILE therapy was initiated in an attempt to shorten
hospitalization time (2, 3, 20).

Baseline vital parameters (Table 2) were obtained and then
an ILE protocol derived from human dosing recommendations
was initiated. An initial 20% sterile lipid (INTRALIPID 20% IV
Fat Emulsion; 500mL, Baxter Healthcare, Deerfield, IL, USA)
bolus of 7.5mL (1.4 mL/kg) over 10min was administered
through an in-line 1.2 micron filter intravenously. This was
followed by an intravenous constant rate infusion (CRI) of 0.16
mL/kg/min over 1 h. Serum was assessed at 30 and 60min
after discontinuation of ILE by centrifugation of a heparinized
micro-hematocrit capillary tube (Heparinized micro-hematocrit
capillary tube, Kimble-Chase, Rockwood, TN, USA) with visual
assessment of lipemia. Serum was evaluated to be lipemic at both
time points. Intravenous fluid therapy was resumed after a total
ILE infusion volume of 57 mL.

The patient became alert and responsive to stimuli during
the ILE CRI. Heart rate and temperature increased compared
to baseline [80 beats/min, 98.9◦F (37.1◦C), respectively]. The

TABLE 1 | iStat obtained at presentation, venous blood sample (Abbott Heska

i-STAT Veterinary Clinical Analyzer, Abaxis North America, Union City, CA, USA).

pH 7.198

pCO2 68.5 mmHg

pO2 48 mmHg

HCO3− 26.6 mmol/L

Lac 0.86 mmol/L

AG 2 mmol/L

HCT 49 %

Na 138 mmol/L

K 5.1 mmol/L

Cl 119 mmol/L

iCa 0.9 mg/dL

Glucose 102 mg/dL

BUN 11 mg/dL

Crea 0.6 mg/dL

BE −1 mmol/L

PCV 55%

TP 7.1 g/dL

TABLE 2 | Vital parameter trends noted on the Infusion Monitoring Sheet.

Parameter Before ILE, at the start of

infusion

3h after initiation of ILE

Temperature (◦C) 37.1 39.2

Pulse (beats/min) 80 112

Respiratory rate

(breaths/min)

24 42

Blood pressure

(mmHg, Doppler)

200 220

patient developed frequent episodes of liquid diarrhea 1 h
after finishing the ILE CRI. At 5 h post-ILE infusion, the
patient became acutely tachypneic and developed progressive
respiratory distress. Respiratory rate was 140 breaths/min
with increasing effort that progressed to orthopnea with gray
mucous membranes. Auscultation revealed loud, diffuse crackles
bilaterally. Flow-by supplemental oxygen was provided and a
pulse oximeter reading obtained with oxygen therapy was 90%.
Serum remained markedly lipemic at this time. The patient
developed a severe productive cough, producing increasing
amounts of a white foamy fluid at which point he was
endotracheally intubated. Bedside ultrasound revealed scant
pleural effusion and no left atrial enlargement assessed using
left atrial to aorta ratio (stated as “not enlarged” in the medical
record, considered to be an left atrial to aorta ratio<1.5). Doppler
blood pressure was 50 mmHg. At this point the decision to
euthanize was made due to financial limitations in the face of
progressive decline. A large amount of pink tinged foamy white
fluid was dumped from the endotracheal tube after euthanasia.
Pulmonary fluid was evaluated and total protein (TP) obtained
via refractometer was 5.4 g/dL (resulting in an edema fluid-to-
plasma protein ratio of 0.76). A sterile sample of the 20% IV

Frontiers in Veterinary Science | www.frontiersin.org 2 July 2019 | Volume 6 | Article 225

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Botha et al. ARDS Secondary to ILE

lipid emulsion used in this patient was negative for aerobic and
anaerobic growth at 72 h.

Postmortem exam revealed a scant amount of clear pleural
effusion and foamy fluid throughout the lower airways. The lungs
were heterogeneously wet and heavy, supporting pulmonary
edema. There was no gross evidence of hemorrhage or aspirated
stomach contents.

Six sections from affected areas of lung were examined
histologically by a board-certified veterinary anatomic
pathologist following routine processing and hematoxylin
and eosin staining (Figure 1). A large proportion of the alveoli
contained proteinaceous fluid admixed with small to moderate
amounts of fibrin, moderate numbers of foamy macrophages,
and occasionally small number of neutrophils, consistent with
diffuse alveolar damage. Occasionally, alveolar septa were
distended by discrete, round to tubular, empty spaces that appear
to be intravascular and could represent lipid emboli. However,
at the time of manuscript preparation, unprocessed lung sample
were no longer available to pursue special stains for lipid on
frozen sections. The finding of diffuse alveolar damage correlates
with the clinical diagnosis of ARDS. The potential lipid emboli
may have been additional drivers or contributors to impaired
pulmonary physiology.

DISCUSSION

This case describes an adverse event following chocolate
ingestion and THC intoxication and the use of ILE therapy. After
considering potential causes for the clinical deterioration, the
authors suspect that development of ARDS secondary to ILE
infusion resulted in acute decline of the patient. Diagnosis was
based on the exclusion of other risk factors that have the potential
of inducing acute lung injury.

Tetrahydrocannabinol is highly lipophilic (partition
coefficient (P) value >6,000) and is distributed in adipose
tissue, liver, lungs and spleen after absorption from the
gastrointestinal tract. THC is slowly redistributed into plasma
before excretion in feces and urine (21, 22). The lipophilicity
provides a theoretical justification for use of ILE in treatment
of THC toxicosis. In this case, initial improvement was noted
in mentation when the patient became more responsive, but
the patient subsequently developed severe respiratory distress.
Criteria implicating ARDS as the cause of respiratory distress in
this patient include the acute onset of clinical signs, known risk
factor (ILE infusion), proteinaceous fluid in conducting airways
and neutrophilic inflammation in pulmonary parenchyma.
Although not traditionally considered a component of the
definition of VetALI/VetARDS the finding of an edema fluid-to-
plasma protein ratio ≥0.65 (TP edema fluid 5.4 g/dL and plasma
protein 7.1 g/dL, ratio 0.76) makes cardiogenic pulmonary
edema less likely and may indicate increased alveolar capillary
membrane permeability (23, 24).

ILE infusions are used as an antidote for non-local anesthetic
agents (1, 2, 20, 25). Though theoretical, there are two
proposed mechanisms of ILE’s antidotal properties. In the
lipid sink theory the offending agent is partitioned into the
intravascular lipid phase, resulting in compartmentalization

of highly soluble agents, removing lipid soluble toxins from
their sites of action and allowing metabolism and excretion
(2, 3, 20). Furthermore, this partition results in a concentration
gradient exerting a pull of the agent from tissues into the
vascular compartment, accelerating removal from the interstitial
space (20). An alternative theory addresses previously observed
improved cardiac performance after infusion of ILE and suggests
that an increase in fatty acids provides an energy source
for cardiac myocytes, improving cardiac myocyte survival and
counteracting cardio-toxic effects of LAST that may include
inhibition of fatty acid transport into mitochondria (2, 3, 17,
20). Thus, ILE infusions may provide a benefit in toxicosis
with lipophilic agents and in agents that impair mitochondrial
metabolism (25).

Reports of ILE treatment in non-LAST in veterinary medicine
have documented favorable outcomes in treatment of calcium
channel blocker, bromethalin, avermectin parasiticides, baclofen,
bupropion, loperamide, permethrin (cats), and sertraline
toxicities (6, 11, 13–17, 20, 21, 26). The reported adverse
events in these cases are limited to extravasation and increased
toxin levels (11, 14). Case reports are available for use of ILE
therapy for non-LAST in people in toxicosis resulting from
tricyclic-antidepressant, calcium channel blocker, parasiticides,
herbicides, and other psychotropic agents, though controlled
studies are lacking (2, 20).

Unfortunately, when ILE is used as a treatment it can
be difficult to delineate a complication of therapy vs. a
complication from underlying intoxication, which should be
considered in the case described here. Deleterious pulmonary
effects documented in human medicine and animal studies
are predominantly thought to include deposition of lipid in
the vasculature and reticuloendothelial system and an increase
in fatty acids providing a substrate for pro-inflammatory
prostaglandin pathways, which leads to changes in the vascular
tone and disruption of alveolar capillary membranes (13, 17, 27).
These effects were not noted in clinical studies with baseline
healthy lungs but were limited to critically ill or septic animal
models (27, 28). There is evidence to suggest that the incidence of
ARDS secondary to ILE infusion may be associated with CRI rate
and total dose (13). Furthermore, lipid droplets larger than 1µm
in size have the potential to cause obstruction of microcirculation
after phagocytosis by the reticuloendothelial system, initiating an
inflammatory response (25).

The goal of ILE infusion in toxicosis it to achieve a sustained
lipemic plasma phase without inducing fat overload, however,
there are established infusion protocols only for LAST in
people (29). No standardized or optimal dosing protocol has
been studied for treatment of non-LAST (17, 20). Current
recommended protocol for LAST, which is commonly used in
other toxicities, is an initial bolus of 1.5 mL/kg 20% intralipid
solution over 1min followed by a CRI of 0.25–0.5 mL/kg/min
until circulatory stability is achieved (17, 20, 29). Variations of
this protocol have been used in veterinary case reports. While
doses vary, they all use a 20% intralipid loading bolus followed
by a CRI, with monitoring of serum for development of gross
lipemia. The lack of clinical studies in veterinary medicine,
emphasizes the importance of a careful risk-benefit assessment
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FIGURE 1 | Lung from a dog. Alveoli are filled with eosinophilic, proteinaceous, edema fluid (E) with strands of fibrin (F). A few, foamy alveolar macrophages (M) are

present. Several alveolar septa in this field are distended by clear, round, empty spaces (*) that appear to be intravascular and could present extracted lipid emboli.

Hematoxylin and eosin stain; bar = 20µm.

before instituting therapy and diligent pharmacovigilance in
reporting of adverse events.

There are reports implicating ARDS as a potential adverse
event associated with ILE infusions in people, however most
of the patients were critically ill, making it hard to discern
whether ARDS resulted from ILE infusion or was a result of
underlying illness (12, 27, 30). The authors do not believe that
this patient had an additional condition predisposing to the
development of ARDS, though this cannot be entirely ruled out.
Respiratory changes noted in prior adverse event reports include
an increase in mean pulmonary arterial pressure, increased
venous admixture, decreased PaO2:FiO2 (ratio of arterial
oxygen partial pressure to fractional inspired oxygen) and an
increased Aa-gradient (Alveolar-arterial oxygen concentration
gradient) (27, 30). These changes resolved in one study after
discontinuation of ILE therapy (27). Unfortunately, this data
was not obtained for the patient in this study, however close
temporal relation to ILE infusion makes it highly likely that
the observed deterioration was related to this intervention. Post
mortem findings were suggestive of ARDS as the cause of
respiratory compromise.

Extrapolation from TPN cases suggests that adverse effects
could occur with use of ILE in the treatment of toxicities.
Potential for significant adverse effects seems to be associated
with higher doses andmore rapid infusion rates (13). The authors
believe there may be a significant publication bias relating to
adverse events associated with use of ILE therapy as an antidote.
Literature in veterinary medicine is limited to case reports,
resulting in a tendency to only report successful outcomes and
an absence of reporting of unfavorable outcomes.

The primary limitation of this case report is common to
all descriptive studies: causal inference is not possible from

uncontrolled observations. Thus, it cannot be excluded that
ARDS was secondary to THC or chocolate intoxication, or an
adverse drug reaction to other treatments administered (i.e.,
maropitant). A literature search using the search engines Google
Scholar, PubMed and Microsoft Academic was performed using
keywords and MeSH terms including chocolate, theobromine,
methylxanthines, maropitant, ARDS, respiratory, edema, dog,
canine, veterinary, THC, tetrahydrocannabinol, respiratory
distress, and pulmonary complications did not reveal any
previous reports indicating a similar causality.

Airway complications secondary to THC inhalation (not
ingestion) in people have been reported in conjunction with
tainted cigarettes or chronic exposure (31, 32). To the
authors knowledge, there are no reports of similar respiratory
complications in dogs secondary to chocolate intoxication
or maropitant use. The pulmonary effects of intravenous
theophylline and a methyxanthine derivative (S9795) in dogs
were decreased arterial partial pressure of oxygen without change
in lung mechanics and decreased compliance, respectively (33).
Thus, the potential for methylxanthine induced changes in lung
function cannot be completely excluded. It is the authors’ opinion
that the lack of other clinical signs indicating methylxanthine
intoxication makes this possibility less likely.

Although a cardiologist did not evaluate this patient
for underlying cardiac disease, history, physical examination
and bedside ultrasound were not consistent with underlying
structural heart disease nor volume overload. In addition, total
fluid rate (352mL, 5.8 mL/kg/h) of crystalloids or total fluid
load including ILE (409mL, 6.6 mL/kg/h) respectively, was
appropriate and not likely to result in fluid overload.

The causality of ILE infusion and development of ARDS
cannot be proven in this case, however, temporal association
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and biological plausibility should bring into question the use
of ILE as a treatment in benign intoxications. To the authors’
knowledge, this is the first report of a case of suspected
ARDS secondary to ILE infusion in veterinary medicine.
Prospective, controlled studies are lacking and are needed
to more accurately assess risks of this therapy option. Until
this time, treatment decisions may need to be reserved for
life-threatening intoxications with lipid-soluble agents, after
exhaustion of traditional established therapeutic protocols. Client
education poses an important aspect in veterinary medicine
and should precede the use of ILE therapy as an antidote for
toxicosis in all instances. Current ILE administration guidelines
are extrapolated from human medicine protocols and are
predominantly empiric. Controlled studies in animals may assist
in determination of safe and effective dosage recommendations,
duration of therapy and threshold for potential complications
but are challenging to accomplish. Furthermore, patients treated

with ILE should be very closely monitored for development
of complications.
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