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C A S E R E P O R T

Introduction

outpatient pain management is common in
cats, with non-steroidal anti-inflammatory
drugs (NSAids) often being administered in
this setting. due to the potential adverse
effects of NSAids in cats, alternative therapies
may be used, including tramadol. 

There is little data on the efficacy and safety
of tramadol in cats.1 The clinical effects of 
tramadol overdose in people are attributed to
serotonin syndrome.2 development of sero-
tonin syndrome may be caused by tramadol
alone3 or combined with other medica-
tions.2,4–8 To the authors’ knowledge, clinical
tramadol overdose has not been reported 
previously in a cat.

Clinical report

A 19-year-old, female neutered domestic
shorthair cat, weighing 2.5 kg, was adminis-
tered two doses of 80 mg/kg tramadol Po
due to a prescribing error. The intended dose
was 4 mg/kg q12h. A few hours after inges-
tion of the first dose, the owner noted that the
cat was agitated, hypersalivating and was dis-
playing a jerky head movement. The referring
veterinarian described the cat as agitated and
hypertensive. The cat was treated with intra-
venous fluids of unknown type and volume,
which were reported to result in some clinical

improvement. A second dose of tramadol was
administered later that day as the cat
appeared almost normal. 

The following day, 36 h after the first 
tramadol ingestion, the cat was re-presented
to the referring veterinarian. it was dehydrat-
ed, hypertensive and had altered mentation.
Further treatment with intravenous fluids and
0.3 mg/kg acepromazine iV was adminis-
tered. The cat’s mentation deteriorated
throughout the day and it was referred to
Animal Accident and Emergency (AAE). 

on presentation at AAE, the cat was
obtunded, laterally recumbent, tachycardic
(200 beats/min), normotensive (mean arterial
pressure [MAP] 120 mmHg) and normo -
thermic (rectal temperature 37.9°C). Severe
abdominal pain and abdominal distension
were noted.

Work-up and presumptive diagnosis
Haematology, biochemistry, serum electro-
lytes and blood gas analysis revealed
hypochloraemia (115 mmol/l, reference inter-
val [Ri] 117–123 mmol/l), hypokalaemia 
(3.4 mmol/l, Ri 4.0–4.5 mmol/l), hypoalbu-
minaemia (19 g/l, Ri 23–39 g/l), decreased
urea (5.6 mmol/l, Ri 5.7–12.9 mmol/l), hypo -
cholesterolaemia (1.63 mmol/l, Ri 1.68–5.81
mmol/l), hypoproteinaemia (51 g/l, Ri 57–89
g/l), non-regenerative anaemia (4.36 x 1012

red blood cells [RBC]/l, Ri 5–10 x 1012 RBC/l; 
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0.5% reticulocytes) with a packed cell volume
of 22% (Ri 24–45%) and total protein of 64 g/l
(Ri 60–75 g/l). Abdominal radiography
revealed faeces and gas in the colon. Rectal
examination revealed hard, dry faeces.
overall, blood results were unremarkable for
a geriatric cat and did not suggest a definitive
cause for the clinical signs. 

There was no history of access to anticholin-
ergic toxicant, a sympathomimetic agent or
any other medications, so a presumptive diag-
nosis of serotonin toxicity secondary to inges-
tion of a large dose of tramadol was made.
Meningitis or encephalitis could not be ruled
out.

Stabilisation and therapy 
The cat was placed on intravenous fluids
(Hartmann’s solution) at 10 ml/kg/h with
additional potassium chloride (10 mmol/l). 
it was also treated with cyproheptadine
(Periactin; Aspen Pharmacare, Australia, 2 mg
Po q24h), buprenorphine (Temgesic; Reckitt
Benckiser, Australia, 0.01 mg/kg iV q8h) 
and a micro enema (Microlax; Pharmacia,
Australia, 5 ml tube once). The cat defecated
after enema administration, which resulted in
a reduction in abdominal distension and pain. 

Twelve hours after presentation to AAE (60 h
post-tramadol ingestion) the cat’s mentation
was improving although still altered. The cat
was obtunded, but with any stimulus would
vocalise and start to paddle uncontrollably.
The cat’s blood pressure had increased since
admission and was persistently high (MAP
190 mmHg), with tachycardia (220 beats/min)
and tachypnoea (60 breaths/min) despite a
normal Spo2 on room air (98%). Repeat 
blood work showed mild hypokalaemia (3.3
mmol/l, Ri 4.0–4.5 mmol/l). The potassium
supplementation was increased to 20 mmol
KCl/l, which normalised the serum potassi-
um level in 24 h. At this time the intravenous
fluid rate was reduced to 5 ml/kg/h. 

Twenty-four hours after presentation (72 h
post-tramadol ingestion) the cat was respon-
sive to voice and would try to right itself to
sternal recumbency, but was still unable to
maintain this position. despite its altered
mentation, the cat had an intact gag reflex 
and tolerated syringe feeding using Hill’s
a/d. Treatment with maintenance intravenous 
fluids, buprenorphine and cyproheptadine
was continued. 

in the first 48 h of hospitalisation, the cat’s
blood pressure was erratic (Figure 1), with 
fluctuations between 120 and 208 mmHg. 
The cat’s heart rate also varied greatly, with
measurements between 180 and 240 beats/min.
Episodes of hypertension were generally
accompanied by tachycardia. After 48 h, the cat
maintained a MAP between 120 and 140 mmHg
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and a heart rate around 180–200 beats/min for
the remainder of its stay in hospital.

Forty-eight hours after presentation (96 h
post-tramadol ingestion) the cat was able to
walk with assistance, although was uncoordi-
nated and weak. Abdominal pain was still
present and treatment with buprenorphine
was continued. Blood pressure had nor-
malised but the cat remained persistently
tachycardic. Treatment with intravenous crys-
talloid fluids and cyproheptadine was contin-
ued. The cat was fed two-thirds of resting
energy requirements using Hill’s a/d.

By day 4 of hospitalisation, the cat’s tachy-
cardia and hypertension had resolved. its
mentation was almost normal and, although
still quiet, it responded normally to stimula-
tion. The cat was able to maintain sternal
recumbency for short periods and was eating
and drinking without assistance. intravenous
fluid therapy was discontinued. The cat was
continued on cyproheptadine.

Discharge and follow-up 
Seven days after presentation, the cat had 
normal mentation and was able to walk a 
few steps unassisted. All medications were 
discontinued at this point and the cat was 
discharged from hospital.

Five days after discharge (14 days post-
tramadol ingestion) a follow-up phone call to
the owner confirmed that the cat was continu-
ing to improve. its mentation and appetite
were normal, and coordination and strength
were improving. The owner felt the cat did
not have any permanent changes secondary to
tramadol toxicity. 

The cat was
administered
two doses of
80 mg/kg

tramadol PO
due to a

prescribing
error. 

The intended
dose was 

4 mg/kg q12h.

Figure 1 Fluctuations in heart rate and blood pressure for the first 48 h of hospitalisation due
to serotonin toxicity causing autonomic hyperactivity. Heart rate and blood pressure stabilised
for the remainder of hospitalisation. The dark pink line shows the heart rate (beats/min) and the
green line shows the mean arterial pressure (mmHg)
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Review of the literature

Mechanism of action of tramadol
Tramadol is supplied as a racemic mixture 
of two enantiomers: (+)-tramadol and 
(–)-tramadol. (+)-Tramadol and the metabolite
(+)-o-desmethyltramadol (M1) are µ opioid
receptor agonists. (+)-Tramadol inhibits 
neuronal serotonin reuptake and (±)-tramadol
inhibits neuronal noradrenaline reuptake,
leading to anti-nociceptive effects by enhanc-
ing inhibitory effects on pain transmission 
in the spinal cord. The complementary and
synergistic actions of the two enantiomers
improve the analgesic efficacy and tolerability
profile of the racemate.9

Tramadol’s affinity for µ opioid receptors is
approximately 10-fold less than that of
codeine and 6000-fold less than that of mor-
phine, and it has no affinity for δ or κ opioid
receptors.10 (+)-Tramadol has a twofold 
higher affinity for the µ opioid receptor than
(–)-tramadol.11 Tramadol’s metabolite (+)-M1
binds with about 700-fold higher affinity than
tramadol, but still with much lower affinity
than morphine.12 Another metabolite with a
higher affinity than (±)-tramadol for the µ opi-
oid receptor is (±)-M5, which due to its polar-
ity does not cross the blood–brain barrier.

(±)-Tramadol inhibits the neuronal reuptake
of serotonin; the (+)-enantiomer is about four-
fold more potent than the (–)-enantiomer.13 in
addition, (±)-tramadol and its (+)-enantiomer
increase serotonin efflux.14

Tramadol enhances extraneuronal nor -
adrenaline levels by interfering with nor -
adrenaline transporter function.15 The effect
on noradrenaline efflux was smaller than the
effect on noradrenaline uptake.16 (–)-Tramadol
is a more potent blocker of noradrenaline
reuptake than (+)-tramadol or the M1 
metabolite.16,17

Pharmacokinetics of tramadol
Tramadol is metabolised into at least 30
metabolites by o- and N-demethylation and
by conjugation reactions forming glucuronides
and sulfates. M1 to M5 metabolites are the
major metabolites in all species.18–20 The o-
demethylation of tramadol to M1, the main
analgesic effective metabolite, is catalysed by
cytochrome P450 (CYP) 2d6.21,22 in humans,
polymorphism in the CYP 450 enzyme system
affects the metabolism and clearance of tra-
madol.23 As yet, CYP 450 isoforms have not
been well characterised in dogs or cats.24 in one
study, overall CYP activities in cat liver micro-
somes were lower than in those from dogs or
humans, except for CYP2B.25 Animals with
pre-existing renal or hepatic disease may be
more susceptible to the effects of medications
metabolised via the cytochrome P450 path-

ways and more likely to develop clinical signs
following their ingestion.26

Eighty-six percent of absorbed tramadol is
metabolised in the liver and 90% of tramadol
and its metabolites are excreted by the kid-
neys,20 with the residual excreted in faeces.
Less than 1% of tramadol is eliminated by 
biliary excretion.27 The half-life of tramadol is
extended in healthy humans over 75 years of
age, and in those with impaired hepatic and
renal function.28

intravenous tramadol has a longer elimina-
tion half-life in cats than in dogs or humans,29

and the half-life is even longer for orally
administered tramadol.30 The difference was
proposed to be related to prolonged absorption
of tramadol after oral administration and dose
dependency.30,31 The lower clearance of tra-
madol in cats was suspected to indicate a lower
capacity of the liver to methylate tramadol.30

Pharmacokinetic studies in cats show that 
2 h after tramadol administration the concen-
tration of M1 is higher than that of the parent
compound.30 M1 levels are also maintained
for a longer period in cats than dogs. The per-
sistent M1 metabolite found in cats is likely to
be due to slow glucuronidation and conse-
quently slow elimination. 

Signs of tramadol overdose in humans
and other species
Adverse effects of experimental tramadol
overdose in rabbits, dogs, mice and rats
include restlessness, hyperactivity, unsteady
gait, reduced spontaneous activity, exoph -
thalmos, mydriasis, salivation, vomiting,
tremors, convulsions, cyanosis and
dyspnoea.31 Administration of a single 
oral dose of 450 mg/kg was not fatal in dogs
in one experimental study, with dogs recover-
ing completely within an unspecified short
time.31 dogs produce fewer M1 metabolites
and more of the M2 inactive metabolites,
which accounts for their shorter recovery,
even with much higher tramadol doses.29,32–34

The high concentrations of M1 in cats
administered tramadol can result in opioid-
mediated adverse effects in this species.1 A
major adverse effect of opioid analgesics is
respiratory depression, mediated by µ opioid
receptors. in anaesthetised cats, 1–4 mg/kg
tramadol administered intravenously causes
ventilatory depression, which is completely
reversed with naloxone administration.35

other opioid-mediated adverse effects such as
sedation, mydriasis, dysphoria or euphoria,
constipation and vomiting can occur in cats.1

The manifestations of tramadol overdose in
people are attributed to serotonin syndrome.2

development of serotonin syndrome may be
caused by tramadol administered alone3 or in
combination with other medications.2,4–8

The
combination 
of serotonin
release and
serotonin
reuptake
inhibition
activity of

tramadol and
its metabolites

results in
serotonin
toxicity.
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Serotonin is a biogenic amine produced from the essential amino
acid tryptophan. It exerts its effects in both the peripheral and the
central nervous system (CNS). The majority of the body’s sero-
tonin is synthesised within the CNS and enterochromaffin cells,
although a small amount can also be produced by platelets.
About 90–95% of serotonin is stored within entero chromaffin cells
and platelets.36 Serotonin that originates from enterochromaffin
cells is released into the portal circulation and it is quickly elimi-
nated from the plasma by uptake into platelets37 and liver metab-
olism.36 The remaining serotonin is metabolised in the lungs.
Serotonin within the CNS is stored in the presynaptic vesicles of

the serotonergic neurons, pineal gland and catecholaminergic
neurons. Upon neuronal depolarisation, serotonin is released into
the synaptic cleft. It can bind to serotonin-specific receptors on the
postsynaptic membrane or to autoreceptors on the presynaptic
membrane, acting as a negative feedback for further serotonin
release.38 Serotonin is removed from the synaptic cleft by bind-
ing to a selective serotonin transporter. This transports the sero-
tonin into the presynaptic cytosol. Once in the cytosol, serotonin
is metabolised by monoamine oxidase or repackaged in vesi-
cles. In the pineal gland, the alternative pathway for serotonin is
conversion into melatonin. The effect at the postsynaptic mem-
brane is determined by the amount of serotonin available to bind
5-hydroxytryptamine (5-HT) receptors.24

Outside of the CNS, serotonin plays a role in platelet aggrega-
tion, maintenance of vascular tone, cardiovascular function,
bladder control and gastrointestinal motility.39

Serotonin toxicity results from an inhibition of serotonin
metabolism (monoamine oxidase inhibition), prevention of sero-

tonin reuptake in the nerve terminal (serotonin reuptake inhi -
bition), an increase in serotonin precursors (tryptophan) or
increased serotonin release. The combination of serotonin
release and serotonin reuptake inhibition activity of tramadol
and its metabolites results in serotonin toxicity.40 Tramadol 
overdose in humans has been reported to result in serotonin
toxicity.2 The current theory of serotonin toxicity involves stimu-
lation of 5-HT1A and 5-HT2A receptors as the main mediators of
clinical signs,41 with severe life-threatening signs of rigidity and
hyperthermia mediated by 5-HT2A.41

Serotonin toxicity is described as a triad of clinical signs 
consisting of autonomic hyperactivity, neuromuscular signs and
altered mental status, along with a history of ingestion of seroton-
ergic agents.42,43 Signs of serotonin toxicity range from very mild
(nausea, low grade fever, tachycardia, sweating, diarrhoea and
agitation) to life-threatening (extreme hyperthermia and rigidity),
but not all clinical signs are present in all patients.42,43 In reported
cases of tramadol toxicity in humans, neurological effects were
the most prominent, with seizure, anxiety and altered level of con-
sciousness being the most common signs exhibited.2,6,7 The risk
of seizures increased with a longer overdose exposure to tra-
madol.8 Nausea and vomiting were the most common gastro -
intestinal signs. Tachycardia and hypertension were the most
common cardiovascular effects noted.2,6 In the majority of human
cases, symptoms of tramadol overdose resolved within 24 h,6

although death has also been reported.5,44,45 

Serotonin toxicity is sometimes called serotonin syndrome,
which is a clinical diagnosis as defined by the Sternbach crite-
ria.46 Newer human criteria, Hunter Serotonin Toxicity Criteria,42

have been developed, with a much higher specificity and 
sensitivity for serotonin toxicity. No specific criteria for serotonin
toxicity have been validated for use in veterinary medicine; 
however, the Sternbach criteria have been used in previous 
veterinary studies.24,26,47,48

Serotonin syndrome has been reported in dogs.24,26,49 Clinical
signs of autonomic hyperactivity (diarrhoea, abdominal pain,
vomiting, mydriasis, hyperthermia, tachycardia, tachypnoea),
neuromuscular signs (hyperreflexia, paresis, tremors) and
altered mental status (agitation, hyperaesthesia, disorientation)
have been documented. The most common signs noted are
neurological and gastrointestinal, with death uncommon. Most
dogs were clinically normal within 24 h of discontinuation of
medication with specific selective serotonin reuptake inhibitors
(SSRIs) and institution of supportive care.24,26,49 It appears that
the diagnosis of serotonin syndrome in dogs is consistent with
the Sternbach criteria. 
Serotonin syndrome has been reported in cats after ingestion

of SSRIs in one retrospective study.47 Clinical signs were noted
within 1–6 h of SSRI ingestion. Eight of 33 cats had symptoms
of serotonin toxicity, with sedation the most common sign
observed. Gastrointestinal signs (vomiting, diarrhoea, nausea,
drooling) were seen in 50% of cats, while CNS stimulation 
(agitation, tremors, seizures), cardiovascular signs (tachycardia,
bradycardia, hypertension), and hyperthermia were each
observed in one patient.47 The overall mean hospitalisation was
14.6 h, with no cat requiring hospitalisation for more than 24 h.
No deaths were recorded. None of the cats in this study met the
full criteria for the diagnosis of serotonin syndrome based on the
Sternbach criteria.47

S e r o t o n i n  t o x i c i t y

Serotonin syndrome as defined by the 
Sternbach criteria46
< Recent addition or increase in a known serotonergic agent�
< Absence of other possible aetiologies (infection,

substance abuse, withdrawal, etc) 
< No recent addition or increase of a neuroleptic agent�
< At least three of the following symptoms:

– Mental status changes (confusion, hypomania)
– Agitation
– Myoclonus�
– Hyperreflexia
– Diaphoresis
– Shivering
–Tremor
– Diarrhoea
– Incoordination
– Fever

Hunter Serotonin Toxicity Criteria42
< A history of serotonergic agent ingestion or overdose
< The presence of any of the following:

–Tremor and hyperreflexia
– Spontaneous clonus
– Muscle rigidity, temperature higher than 38°C and 
either ocular clonus or inducible clonus

– Ocular clonus and either agitation or diaphoresis
– Inducible clonus and either agitation or diaphoresis
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Supportive care
Treatment of serotonin toxicity involves supportive care and
cessation of medications that alter serotonin levels, activity or
metabolism.50 Decontamination via emesis or administration 
of activated charcoal may prevent or reduce clinical signs.
Intravenous fluid therapy is mandatory in symptomatic animals,
as 90% of tramadol and its metabolites are excreted in the
urine.27 Monitoring for altered autonomic activity, such as fluc-
tuations in blood pressure and heart rate, is recommended.

5-HT2 antagonists – cyproheptadine and
chlorpromazine
In humans, 5-HT2 antagonists are used in the treatment of 
moderate and severe serotonin toxicity, with apparent success; 
however, no controlled clinical trials have been conducted.41

Non-specific 5-HT2 antagonists and more selective 5-HT2A
antagonists reverse the lethal effects of serotonin toxicity in ani-
mal studies.51 Cyproheptadine and chlorpromazine have been
used most extensively in human serotonin toxicity cases.42,43,50

Cyproheptadine is a first generation histamine-1 receptor
antagonist with non-specific antagonist properties at 5-HT2
receptors. It blocks the 5-HT2A receptor site, preventing or
decreasing the rigidity and hyperthermia associated with severe
serotonin toxicity. An animal study found that cyprohepta-
dine prevented death in a lethal model of serotonin 
toxicity in rats.51 Cyproheptadine is recommended
for treatment of serotonin toxicity in humans,43,50

dogs and cats.24,47–49 The dose recommended for cats is 2–4 mg
total dose q6h, until clinical signs resolve.24

Chlorpromazine is a phenothiazine derivative that causes
blockade of a large number of receptors including dopaminer-
gic, �beta-adrenergic, histaminergic and serotonergic (5-HT2). 
It has an antiemetic effect and may cause hypotension. Its use
in vomiting or hypertensive patients with serotonin toxicity may
be considered.52

Other medications?
Propranolol is a non-selective beta-adrenergic blocker that also
has some 5-HT1A antagonist properties. Although it may be
used to treat pathological tachycardia and supraventricular
arrhythmia secondary to serotonin syndrome in rodents, there 
is little data to support its utility for treatment of serotonin 
toxicity.41,51

Benzodiazepines may be used for symptomatic treatment of
agitation. They are able to attenuate hyperthermia, but do not
reduce mortality, just increase time to death.53 The use of ben-
zodiazepines to treat hyperthermia in severe serotonin toxicity
is not recommended. 
A new study in a rabbit model has found that due to tramadol’s

lipophilic nature, treatment with intravenous lipid emulsion
increased survival, reduced tramadol-induced tachycardia,

normalised mean arterial and diastolic blood pressure, and
prevented tramadol-related seizures.54 Further studies
are required to determine its use in clinical cases.

Tr e a tm e n t  o f  s e r o t o n i n  t o x i c i t y

Relevant aspects in this case
The cat in this report had constipation and
sedation that may be associated with opioid
toxicity. Buprenorphine was used instead of
naloxone to reverse the potential opioid toxic-
ity but provide some ongoing analgesia.
Buprenorphine has high affinity but low
intrinsic activity at the µ receptors, displacing
other µ opioid agonists from the receptors.55,56

The cat exhibited signs of serotonin syn-
drome as defined by the Sternbach and
Hunter criteria. The autonomic hyperactivity
manifested as tachycardia, fluctuating blood
pressure and abdominal pain; the neuro-
musular signs as hyperreflexia, paresis and
inducible clonus. The cat had altered
mentation, exhibiting agitation and
disorientation. It was treated with
intravenous fluids to enhance tra-
madol excretion, cyproheptadine
as a 5-HT2 receptor antagonist, and
diazepam to reduce agitation. 

The clinical signs associated with
serotonin toxicity in this case were
prolonged. A number of factors may
have contributed to this. There is a
suggestion that the pharmacokinet-
ics of tramadol are dose-dependent,
with a longer half-life recorded with

higher doses.30 Dehydration was noted on pres-
entation to the referring veterinarian, which
may have decreased the rate of drug absorption
from the gastrointestinal system and slowed
elimination via the kidneys. Polymorphism in
the CYP 450 enzyme system affects the metabo-
lism and clearance of tramadol in humans,23

and may also exist in cats.24 The half-life of 
tramadol is extended in healthy humans over
75 years of age28 and this may have been a fac-
tor in this geriatric cat. Although the majority of
toxic signs in human tramadol overdose have
resolved within 24 h,2,6,57 the average admission
period was 2.75 days6 (range 1–25 days2,6,58).
Furthermore, cats have a lower clearance of 

tramadol, which indicates a
lower capacity of the liver to
methylate tramadol,30 likely
causing prolonged duration of
toxicity in this case. 

The cat in this report was
administered a 200 mg tablet 
of tramadol, which may have
been a sustained-release tablet
that could have caused a pro-
tracted duration of serotonin
toxicity.43 Unfortunately we
were unable to confirm or rule
this out.

Figure 2 The cat pictured
close to the time of
publication. At almost 
22 years of age, she is still
going strong, albeit a little
arthritic
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Conclusions

This report describes the severe and pro-
longed clinical signs associated with tramadol
overdose in a cat. With supportive care the cat
made a full recovery and 2.5 years after dis-
charge the now almost 22-year-old cat is con-
tinuing to do well (Figure 2). Tramadol is an
increasingly prescribed medication and clini-
cians must be aware that it has the potential
for severe side effects if administered incor-
rectly or in conjunction with other medica-
tions that alter serotonin metabolism. 
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