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Case Report Rapport de cas

Dexmedetomidine to control signs associated with lisdexamfetamine 
dimesylate toxidrome in a cat

Christopher L. Norkus, Iain Keir, Charlotte Means

Abstract — A 5-month-old intact female domestic shorthaired cat had mydriasis, agitation, and increased 
locomotion after ingestion of lisdexamfetamine, 10.3 mg/kg body weight (BW). Despite treatment with IV fluids, 
IV acepromazine, oral cyproheptadine and intravenous lipid emulsion the patient’s clinical signs worsened. 
Dexmedetomidine administered at 2 mg/kg BW and continued at 0.5 mg/kg BW per hour rapidly controlled the 
patient’s signs. An episode of vomiting and hematuria developed. Follow-up 5 days after discharge revealed that 
the cat appeared normal.

Résumé — Dexmédétomidine pour contrôler les signes associés à la toxidrome à la lisdexamfétamine 
dimesylate chez une chatte. Une chatte domestique intacte âgée de 5 mois présentait de la mydriase, de l’agitation 
et une locomotion accrue après avoir ingéré de la lisdexamfétamine, 10,3 mg/kg poids corporel (PC). Malgré le 
traitement à l’aide de solutions intraveineuses, d’acépromazine intraveineuse, de cyproheptadine orale et d’émulsion 
de lipides intraveineux, les signes cliniques de la patiente s’étaient aggravés. La dexmédétomidine administrée à 
2 mg/kg PC et maintenue à 0,5 mg/kg PC l’heure a rapidement contrôlé les symptômes de la patiente. Un épisode 
de vomissements et d’hématurie s’est développé. Un suivi 5 jours après le congé a révélé que la chatte semblait 
normale.

(Traduit par Isabelle Vallières)
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A mphetamine, dextroamphetamine, and methylphenidate 
are first-line therapies in treating attention-deficit/hyper-

activity disorder (ADHD) in humans and are a potential source 
of toxicity for companion animals. Reports of toxicosis in dogs 
and cats include central nervous system (CNS), cardiovascular, 
gastrointestinal, and hematologic changes including agitation, 
seizures, hyperactivity, hyperthermia, tachycardia, hyperten-
sion, mydriasis, aggression, vomiting, metarubricytosis, and 
death (1–5).

Lisdexamfetamine dimesylate (Vyvanse Shire US; Wayne, 
Pennsylvania, USA) is approved by the United States Food & 
Drug Administration for ADHD and binge eating disorder in 
adults. In humans, lisdexamfetamine is an inactive prodrug 
that converts to l-lysine, an essential amino acid, and active 
dextroamphetamine, which is responsible for lisdexamfetamine’s 

activity. Lisdexamfetamine was developed to provide extended 
duration of action with lower potential for abuse and toxicity. 
Lisdexamfetamine toxidrome and treatment remain to be char-
acterized in the veterinary literature. We report the successful 
treatment of a cat with lisdexamfetamine toxidrome using 
dexmedetomidine in conjunction with traditional therapies for 
amphetamine toxicosis and intravenous lipid emulsion.

Case description
A 5-month-old intact female domestic shorthair cat weighing 
2.9 kg was presented following observed ingestion of a 30-mg 
capsule [10.3 mg/kg body weight (BW)] of lisdexamfetamine 
dimesylate (Vyvanse Shire) 1 h earlier. On triage the patient 
was alert with normal vital signs. The owner reported no past 
medical history. Physical examination findings included patient 
agitation, hyperactivity, and bilateral mydriasis. Muscle tremors 
were not observed. Venous blood gas, electrolyte panel, and 
lactate level were unremarkable.

Ninety minutes following ingestion, acepromazine (VETone, 
Boise, Idaho, USA), 0.03 mg/kg BW, IM, was administered 
to facilitate catheter placement. Intravenous fluids were initi-
ated with lactated ringer’s solution (Lactated Ringers, Abbott 
Laboratories, Abbott Park, Illinois, USA) bolus, 25 mL/kg BW, 
then 110 mL/kg BW per day with 20 mEq/L KCl (Hospira, 
Lake Forest, Illinois, USA). Activated charcoal was not admin-
istered due to the duration of time that had elapsed since 
ingestion and the presence of neurological signs (6). Continued 
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treatment included acepromazine (Phoenix, Clipper Distributing 
Company, St Joseph, Missouri, USA), 0.03 mg/kg BW, IV, q6h, 
cyproheptadine (Merck & Co, Kenilworth, New Jersey, USA), 
2 mg PO, q8h, and hospitalization in a quiet, dark environment, 
based upon recommendations of the ASPCA Animal Poison 
Control Center, Urbana, Illinois, USA.

Eight hours after ingestion the patient was agitated, aggres-
sive, and hyperactive. Acepromazine, 0.02 mg/kg BW, IV, 
was administered twice to facilitate patient evaluation and 
partially controlled clinical signs. Twelve hours after exposure 
hypertension was noted via Doppler with a systolic blood 
pressure (SAP) of 250 mmHg [adult reference interval (RI): 
100 to 160 mmHg]. Acepromazine was repeated to a total of 
0.15 mg/kg BW, IV to control the hypertensive crisis, result-
ing in a SAP of 156 mmHg. Despite the increased aceproma-
zine dosage the patient’s agitation and increased locomotion 
remained only partially controlled.

Seventeen hours after ingestion an electrocardiogram revealed 
normal sinus rhythm. Complete blood cell counts were within 
the adult reference intervals. Blood chemistry revealed an ele-
vated alkaline phosphatase at 93 IU/L (RI: 12 to 59 IU/L), ala-
nine transaminase at 284 IU/L (RI: 27 to 158 IU/L), aspartate 
transaminase at 912 IU/L (RI: 16 to 67 IU/L), and hypernatre-
mia of 158 mmol/L (RI: 142 to 155 mmol/L), hyperphosphate-
mia at 7.1 mmol/L (RI: 2.9 to 6.3 mmol/L), hypoproteinemia 
at 60 g/L (RI: 63 to 88 g/L), and hypoglobulinemia at 25 g/L; 
(RI: 30 to 59 g/L). The hypoproteinemia, elevated alkaline 
phosphatase, and hyperphosphatemia were consistent with the 
patient’s age. A urinalysis obtained via cystocentesis revealed 
a specific gravity of 1.015, pH 8, and an inactive sediment. 
Due to worsening agitation, aggressiveness, and hyperactiv-
ity, intravenous lipid emulsion (ILE) therapy (Intralipid Fat 
Emulsion 20%, Fresenius Kabi, Upsala, Sweden) was initiated 
at 1.5 mL/kg BW, IV bolus followed by 0.25 mL/kg BW/min 
continuous rate infusion (CRI) for 60 min until the cat’s plasma 
was noted to be lipemic.

Eighteen hours after ingestion the cat’s condition appeared 
to be worsening with increasing agitation, hyperactivity, and 
episodes of open mouth breathing. Self-mutilation behavior 
was also observed consisting of repeated scratching of the 
neck and face region resulting in bleeding. Acepromazine 
was discontinued due to incomplete effectiveness and the 
perceived need for repeated and escalating dosages that could 
have resulted in adverse effects. Dexmedetomidine (Zoetis, 
Kalamazoo, Michigan, USA), 2 mg/kg BW, IV, was adminis-
tered and continued at 0.5 mg/kg BW per hour. Following the 
dexmedetomdine bolus the patient’s hyperactivity and distress 
immediately resolved and the cat began to eat. A single episode 
of vomiting was noted and was treated with maropitant (Zoetis) 
1 mg/kg BW, SQ. A normal heart rate and SAP of 170 mmHg 
were documented.

Twenty-two hours after ingestion the patient’s clinical signs 
remained fully controlled with dexmedetomdine but hematuria 
was observed. A vaginal examination was unremarkable and SAP 
was 70 mmHg. A focused abdominal ultrasound confirmed no 
abdominal hemorrhage. A packed cell volume (PCV) was 53% 
(RI: 29 to 48%), total protein was 103 g/L (RI: 52 to 88 g/L), 

and the patient’s plasma remained lipemic. A repeat urinalysis 
revealed no new findings aside from the presence of a large 
number of red blood cells. A 20 mL/kg BW bolus of LRS was 
administered resulting in a SAP of 110 mmHg.

Dexmedetomidine was discontinued 27 h after ingestion 
as the patient remained clinically improved and the cat was 
discharged with oral cyproheptadine, 2 mg PO, q8h for con-
tinued serotonin antagonism. Follow-up with the owner 48 h 
after discharge indicated the patient had mild signs of intoxica-
tion for approximately 12 h following discharge but had since 
returned to normal. Repeat blood chemistry 5 d following 
discharge revealed alanine aminotransferase of 207 IU/L (RI: 12 
to 115 IU/L).

Discussion
This case report is the first description of lisdexamfetamine 
intoxication in the cat. Successful management included 
the use of dexmedetomidine along with standard therapies 
for amphetamine toxicosis and intravenous lipid emulsion. 
Lisdexamfetamine intoxication resulted in agitation, hyper-
reactivity, and self-mutilation, which failed to respond to 
previously published therapies (7). Dextroamphetamine is a 
sympathomimetic that results in CNS excitation by inhibit-
ing reuptake of norepinephrine and dopamine in presynaptic 
neurons while promoting their release extraneuronally (8,9). 
In large doses dextroamphetamine also results in postsynaptic 
5-HT elevation that results in serotonin syndrome and CNS 
excitability (9). Treatment for amphetamine toxidrome is similar 
in humans and veterinary medicine including discontinuation 
of the drug and supportive therapy; no specific antidote exists.

In healthy adult humans the time to reach maximum plasma 
drug concentration (TMax) following ingestion of lisdexamphet-
amine is 1 h, with a rapid elimination half-life (T1/2) of 0.47 h 
(10). These data support our decision to not induce emesis or 
use activate charcoal at the time of the cat’s presentation. The 
plasma half-life for dextroamphetamine, however, is 10.39 h 
in humans, following first-order kinetics, and may vary with 
urine pH (10). The oral LD50 of dextroamphetamine in rats 
is 32 mg/kg BW (11). The LD50 and plasma half-life for lis-
dexamfetamine have not been established in cats. Based upon 
unpublished observation of other cats with lisdexamphetamine 
ingestion and the time course for complete resolution of this 
patient’s signs following discharge, lisdexamphetamine toxi-
drome may last up to 40 h in cats (12).

In a series of 3 independent rat toxicology studies, all rats 
administered . 60 mg/kg BW of lisdexamfetamine exhibited 
increased locomotion lasting beyond 24 h. At higher doses rats 
exhibited self-mutilation leading to death (13). In rats, repeated 
administration of dextroamphetamine can induce hepatic and 
renal changes (14). It remains unclear if the patient’s hepatic 
enzyme elevation was due to pre-existing causes or lisdexamfet-
amine induced hepatocellular injury. The cause of the patient’s 
pigmenturia also remains unclear. Although rhabdomyolysis and 
secondary myoglobinuria would have been consistent with the 
patient’s clinical signs, hematuria was identified on the patient’s 
urinalysis with sediment. The cause of the hematuria may be 
iatrogenic following cystocentesis or secondary to ILE-induced 
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hemolysis. However, the patient’s packed cell volume at the time 
(53%) does not support the diagnosis of hemolysis. Ultimately 
we cannot rule out an effect of lisdexamfetamine. Approximately 
96% of dextroamphetamine is excreted by the urine after a 
single oral dose, with only 0.3% present in the feces (8). To 
encourage renal diuresis intravenous fluid administration was 
continued throughout the patient’s hospital stay at 110 mL/kg 
BW per day.

The American Society for the Prevention of Cruelty to 
Animals Animal Poison Control Center (APCC) electronic 
database was searched for all cases of cats with known or sus-
pected exposure to lisdexamfetamine between January 2008 and 
February 2016. Information obtained included signalment, esti-
mated dose and time of ingestion, onset, severity and duration 
of clinical signs, and treatments administrated. Cases chosen 
for inclusion were limited to single agent ingestions, and cases 
assessed as high or medium suspicion of intoxication. A total 
of 192 cases met the criteria for inclusion, and the dose range 
in the cases (when known) ranged from 1.67 to 77 mg/kg BW. 
The most common clinical sign reported was mydriasis (60% 
of cases); 38.5% of cases reported tachycardia, while hyperten-
sion was only reported 5.2% of the time, but not every case 
had blood pressure monitored. Most cases report 1 or more 
stimulatory central nervous system signs including agitation, 
hyperactivity, disorientation, vocalizing, pacing, ataxia, circling, 
head bobbing, staring, hyperesthesia, as well as various behav-
ior changes. Hyperthermia was reported in 29.6% of cases. 
Tachypnea, panting, and/or mouth breathing were reported 
in 44% of cases. Hypersalivation and/or vomiting occurred in 
29% of cases (12).

Dexmedetomidine is an alpha-2 adrenergic agonist that pos-
sesses anxiolytic, sedative, analgesic, and muscle relaxant quali-
ties. Dexmedetomidine provides effective sedation with minimal 
respiratory depression or the need for endotracheal intubation 
and, unlike benzodiazepines, does not commonly result in 
paradoxical reactions (15,16). Dexmedetomidine may effectively 
treat amphetamine toxidrome because presynaptic activation of 
alpha-2 adrenoceptors inhibits the release of norepinephrine and 
stimulation of postsynaptic alpha-2 adrenoreceptors can decrease 
hyperlocomotion, hypertension, and tachycardia in patients with 
serotonin syndrome (17). Literature on rodents and humans 
suggests that dexmedetomidine may be more effective than other 
agents such as benzodiazepines and propofol in controlling signs 
associated with serotonin syndrome and should be considered as 
a treatment option (18–20). Dexmedetomidine has been used 
successfully to specifically treat lisdexamfetamine overdose and 
serotonin syndrome in a child (21). Bradycardia and hypoten-
sion are possible complications, but may be ameliorated by 
decreasing infusion rates and augmenting intravascular volume 
as described in this case. The cat herein showed immediate 
improvement in its clinical signs following dexmedetomidine 
administration. Although we cannot rule out spontaneous 
resolution of the toxidrome at 18 h after ingestion, this would 
be inconsistent with the reported time course of the drug in 
humans (based upon expected plasma concentrations at not 
yet 2 plasma half-lives) and the history that the cat continued 
to show mild clinical signs up to 40 h following ingestion (10).

We cannot exclude a potential role of cyproheptadine in the 
management of this patient. Cyproheptadine is a histamine-1 
receptor antagonist with nonspecific 5-HT1A and 5-HT2A 
antagonistic properties that has been suggested to control sero-
tonin syndrome (22,23). It is worth noting, however, that the 
cat in this case received several doses of cyproheptadine and had 
poorly controlled and worsening clinical signs until dexmedeto-
midine was initiated.

Injectable lipid emulsions consist of soy oil, glycerol, and 
egg phospholipids and are a major component for parenteral 
nutrition. One theory for the mechanism is that ILE expands 
the intravascular lipid phase which acts to sequester lipophilic 
toxins within it, thus reducing the effect site concentration 
and toxicity until the compound is metabolized and excreted 
(24). Other theories for ILE’s mechanism of action include 
providing myocytes with energy substrates thereby augment-
ing cardiac performance, restoring myocardial function by 
increasing intracellular calcium concentration, and by increas-
ing the overall fatty acid pool thus overcoming inhibition of 
mitochondrial fatty acid metabolism (25). A drug is deemed 
lipophilic if its octanol/water partition coefficient (log P) value 
is . 1.0 (26). Log P is the partition coefficient of a drug in a 
solvent and theorizes how quickly a drug will dissolve into the 
tissues. Dextroamphetamine, which is responsible for lisdexam-
fetamine’s activity, has a log P of 1.76 (27). Intravenous lipid 
emulsion has been used in humans to treat amphetamine and 
methamphetamine overdoses with both drugs having similar log 
P-values similar to lisdexamfetamine, 1.76 and 2.07, respectively 
(28,29). Injectable lipid emulsion therapy was administered 
with speculation that it may bind free lisdexamfetamine in the 
lipid phase, preventing CNS binding, and thus improving the 
patient’s clinical signs.

Potential side effects of lipid therapy include hypersensitiv-
ity reactions, phlebitis, fat embolism, fat overload syndrome, 
pancreatitis, worsening of acute respiratory distress syndrome, 
hemolysis, alteration to laboratory values, and coagulopathy 
(25). Because plasma concentrations were not measured in 
this patient, it remains unclear what effect the ILE had on the 
progression of this cat’s toxidrome and ILE’s contribution to the 
resolution of this patient’s clinical signs remains speculative. It 
is worth noting that ILE could also potentially interfere with 
other medications administered to this patient including the 
dexmedetomidine and cyproheptadine.

To the authors’ knowledge this is the first report of lisdexam-
phetamine toxidrome in the cat. Lisdexamphetamine toxidrome 
appears to be similar to toxicosis from other amphetamines in 
the feline species. This case report supports the use of dexme-
detomidine as a novel treatment modality in conjunction with 
standard therapies for amphetamine toxicosis in the cat. The 
potential benefit of intravenous lipid emulsion in this case 
remains speculative. Evaluation of hepatic enzymes in cats with 
lisdexamphetamine toxidrome is recommended. CVJ
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