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Case Report  Rapport de cas

Clinical use of a low-dose medetomidine infusion in healthy dogs 
undergoing ovariohysterectomy

Eva Rioja, Giacomo Gianotti, Alexander Valverde

Abstract — Eight healthy dogs undergoing elective ovariohysterectomy were anesthetized with a standard protocol 
and received a low-dose medetomidine constant rate infusion during surgery. Cardiorespiratory parameters, 
including non-invasive cardiac output, were measured at various times. This protocol resulted in acceptable and 
stable cardiovascular performance, allowed low isoflurane concentrations, and provided smooth recoveries.

Résumé — Utilisation clinique d’une infusion d’une faible dose de médétomidine chez les chiennes en santé 
subissant une ovariohystérectomie. Huit chiennes en santé subissant une ovariohystérectomie non urgente ont 
été anesthésiées à l’aide d’un protocole standard et ont reçu une infusion constante d’une faible dose de 
médétomidine durant la chirurgie. Les paramètres cardiorespiratoires, incluant le débit cardiaque non effractif, 
ont été mesurés à divers moments. Ce protocole a produit un rendement cardiovasculaire acceptable et stable et a 
permis de faibles concentrations d’isoflurane et des réveils sans problème.

(Traduit par Isabelle Vallières)
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B alanced anesthesia consists of the administration of more 
than 1 anesthetic throughout anesthesia. This allows 

administering lower doses of the individual drugs in order to 
achieve an appropriate plane of anesthesia, while minimizing 
the adverse effects associated with each drug (1). Medetomidine 
is an alpha-2 adrenoceptor agonist drug with sedative, analge-
sic, muscle relaxant, and anxiolytic effects (2). Medetomidine 
decreases the requirements of injectable anesthetics (3) as 
well as of inhalant agents (4–6) in a dose-dependent fashion. 
These features make medetomidine an attractive drug to be 
used intraoperatively as part of balanced anesthetic protocols. 
Medetomidine also has the advantage of blunting the stress 
response associated with surgery (7,8). However, despite all 

these potential intraoperative advantages, the use of medeto-
midine seems to be limited to the premedication and recovery 
periods, possibly because of fear of adverse cardiovascular  
effects.

The negative cardiovascular effects associated with medeto-
midine and its active isomer dexmedetomidine are significant, 
characterized by intense bradycardia, with possible atrio-
ventricular blocks, increased systemic vascular resistance, with 
initial hypertension followed by normotension, and pronounced 
decrease in cardiac output (2,5,9–12). These effects are of 
similar magnitude at doses of medetomidine ranging from 5 to 
20  mg/kg body weight (BW) in conscious dogs (10). Lower 
doses (1 and 2 mg/kg BW) induced similar but less pronounced 
adverse cardiovascular effects (10).

The aim of this prospective case series was to describe the 
quality of maintenance of and recovery from anesthesia, as well 
as some cardiovascular variables, including cardiac output (CO) 
using a non-invasive cardiac output (NiCO) monitor, during 
a low-dose constant rate infusion (CRI) of medetomidine in 
healthy dogs undergoing ovariohysterectomy.

Case description
Eight healthy adult dogs, American Society of Anesthesiologists 
classification 1, weighing . 15 kg and scheduled for elective 
ovariohysterectomy were anesthetized with a predefined, routine 
anesthetic protocol commonly used at our institution. Dogs 
were client-owned and determined to be healthy based on 
pre-operative physical examination and blood work, includ-
ing hematocrit (Ht), total serum protein (TP), and blood urea 
nitrogen (BUN). The dogs were maintained in accordance with 
the Canadian Council of Animal Care guidelines.
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The dogs received hydromorphone (Sandoz Canada, 
Boucherville, Quebec), 0.05 mg/kg BW, IM, and aceproma-
zine (Atravet; Boehringer Ingelheim, Burlington, Ontario), 
0.05  mg/kg BW, IM, mixed in the same syringe for pre-
medication. Approximately 20 min later, a 20G cephalic catheter 
was placed and anesthesia was induced with diazepam (Sandoz 
Canada), 0.2  mg/kg BW, IV, and propofol (Novopharm, 
Toronto, Ontario), 2 mg/kg BW, IV. After orotracheal intu-
bation with an appropriate size cuffed tube, the dogs were 
connected to an F-circuit and isoflurane (Aerrane; Baxter, 
Mississauga, Ontario) in oxygen was administered to maintain 
anesthesia. Immediately after induction, a Doppler flowmeter 
probe (Doppler Medical Electronics 811-B; Parks Medical 
Electronics, Aloha, Oregon, USA) for measurement of systolic 
arterial blood pressure (SBP) (13) and electrocardiography leads 
were placed. For CO measurements, a NiCO monitor (NICO; 
Novametrix Medical Systems, Wallingford, Connecticut, 
USA) was used. The flow sensor, mainstream capnograph and 
rebreathing loop from the NiCO monitor were placed between 
the endotracheal tube and the F-circuit and the pulse oximeter, 
also from the NiCO monitor, was placed on the tongue.

Once all monitors had been connected, mechanical ventila-
tion (Multiflow 2002 Anesthesia Ventilator; Hallowell EMC, 
Pittsfield, Massachusetts, USA) was instituted using a tidal vol-
ume of 10 to 20 mL/kg BW and a respiratory frequency of 10 to 
12 breaths per min in order to maintain end-tidal carbon dioxide 
tension (EtCO2) between 35 and 40 mmHg. Five minutes after 
mechanical ventilation was started, an arterial blood sample was 
obtained from the dorsal pedal artery for arterial blood gases, 
lactate and hemoglobin concentration, which were measured 
within 5 min of collection (ABL 700 Series analyzer; Radiometer, 
Copenhagen, Denmark). Values of partial pressure of arterial 
oxygen (PaO2) and carbon dioxide (PaCO2) obtained from the 
arterial blood gas analysis were entered in the NiCO monitor as 
well as values for hemoglobin concentration and inspired oxygen 
fraction. The values for tidal volume, respiratory rate and peak 
airway pressure were recorded from the spirometer included in 
the NiCO monitor. The cardiac index (CI) (mL/kg BW/min) 
was calculated dividing NiCO (L/min) by body weight (kg).

A medetomidine bolus (Domitor; Novartis Animal Health 
Canada, Mississauga, Ontario), 1 mg/kg BW, IV followed by a 
CRI (1 mg/kg BW per hour, IV) was administered after the first 
set of cardiovascular variables was recorded, before the start of 
surgery. The medetomidine CRI was continued until the end of 
surgery, when it was stopped once the last set of cardiovascular 
variables had been recorded.

Cardiovascular variables including NiCO, SBP, and heart rate 
(HR), as well as expired gases (Cardiocap/5; Datex-Ohmeda, 
GE Healthcare Finland Oy, Helsinki, Finland) including EtCO2 
and end-tidal isoflurane concentration (EtIso) were recorded 
at different times during anesthesia: after induction, before 
medetomidine administration (T1), 5 to 10 min after the 
administration of the medetomidine bolus, before start of 
surgery (T2), during skin incision (T3), during removal of 
the first ovary (T4), during removal of the second ovary (T5), 
during closure of the abdominal wall (T6), and immediately 
after the skin was sutured (T7). An arterial blood sample was 

obtained again at the end of surgery (T7) for arterial blood 
gases, lactate, Ht and TP, which were measured within 5 min 
of blood collection.

A balanced electrolyte solution (Plasma-lyte A; Baxter) was 
administered IV for the duration of anesthesia at a rate of 
10  mL/kg BW per hour. Anesthesia was monitored by final 
year veterinary students under the supervision of an experienced 
anesthetist (ER, GG, or AV). The students were aware of the 
anesthetic protocol and kept the dogs at an ideal surgical plane 
of anesthesia (absence of palpebral reflexes, relaxed jaw tone, 
no movement in response to surgery, eyes positioned ventro-
medially, and presence of mild sympathetic responses to surgical 
stimuli), while also recording the EtIso. Surgery was performed 
by final year veterinary students under the supervision of a sur-
gery resident. If the dogs became light during the surgical pro-
cedure a propofol bolus was administered (0.5 mg/kg BW, IV) 
and recorded, and the isoflurane level was increased to achieve 
a surgical plane of anesthesia. Total duration of medetomidine 
CRI, anesthesia time, surgery time, total amount of fluids and 
total amount of propofol administered were recorded. A dose 
of hydromorphone (0.025 mg/kg BW, IV) was administered 
3 h after the premedication dose and a dose of meloxicam 
(Metacam; Boehringer Ingelheim), 0.1 mg/kg BW, IV, was 
administered during the closure of the abdominal wall (T6).

The quality of recovery was scored using a descriptive scale 
from 1 to 5 (1 being excellent and 5 being very poor recovery) 
during the first 15 min after tracheal extubation.

The recovery quality scoring system is as follows:
1.	 Quiet, calm, breathing normally, good analgesia during at 

least 15 min after extubation (no response when the incision 
was palpated).

2.	 Some vocalization but no excitement during the first 15 min 
after extubation, not in pain, relaxes in response to human 
contact, no medetomidine or acepromazine needed.

Figure 1.  Mean 6 SD values of cardiac index (CI), systolic 
arterial blood pressure (SBP), and heart rate (HR) obtained 
at various times during anesthesia in dogs undergoing 
ovariohysterectomy that were anesthetized with isoflurane 
and received medetomidine (1 mg/kg BW bolus followed 
by 1 mg/kg BW per hour, IV). T1 — after induction, before 
medetomidine bolus; T2 — 5 to 10 min after medetomidine 
bolus and start of medetomidine CRI; T3 — skin incision; 
T4 and T5 — removal of first and second ovaries, respectively; 
T6 — closure of abdominal wall; T7 — after skin sutures. 
* Value significantly different from T1 (P , 0.05).
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3.	 Some vocalization and/or mild but not painful excitement 
during 15 min after extubation, requires medetomidine or 
acepromazine to relax.

4.	 Vocalizing, thrashing, seems very excited but not painful, at 
some point during the first 15 min after extubation, needs 
medetomidine or acepromazine to calm down.

5.	 Same as 4 but seems to have pain and additional hydromor-
phone top-up is needed to relax.

If the dog showed signs of excitement during recovery, sedation 
was provided with a dose of medetomidine (1 mg/kg BW, IV) 
or acepromazine, 0.01 mg/kg BW, IV, and if it seemed to have 
pain, a dose of hydromorphone (0.025 mg/kg BW, IV) was 
administered.

Commercial statistical software (SAS, version 9.1.3; SAS 
Institute, Cary, North Carolina, USA) was used to analyze the 
data. All variables were tested for normality using a Shapiro-
Wilk test. Normally distributed variables measured over time 
(CI, SBP, HR, EtCO2, and EtIso) were analyzed using an analy-
sis of variance (ANOVA) for repeated measures and when the 
overall effect of time was significant (F test # 0.05), multiple 
pair-wise comparisons were performed using post-hoc Tukey 
adjustments. Normally distributed variables measured only 
twice (Ht, TP, PaO2, PaCO2, and lactate) were analyzed using 
paired t-tests, and non-normally distributed variables (pH) were 
analyzed using Signed Rank Sum test to compare the values 
pre- and post-surgery. Descriptive statistics were performed 
for variables measured only once. Significance level was set at 
P , 0.05.

The mean 6 standard deviation (SD) age and weight of the 
dogs were 2 6 1.7 y and 18.7 6 6.5 kg, respectively. The total 
amount of fluids administered was 31.2 6 10.7 mL/kg BW 
(mean 6 SD). Mean (6 SD) total anesthesia and surgery times 
were 3.2 6 1 h and 2 6 0.8 h, respectively. Three dogs received 
intraoperative propofol (0.8, 1.0, and 1.5 mg/kg BW) in order 
to deepen anesthesia during ovarian pedicle manipulation or 
abdominal closure. Two dogs received the additional dose of 
hydromorphone during abdominal closure and the other 6 
during skin closure. The median (range) recovery score was 1 
(1–3). Only 2 dogs required sedation during recovery (1 received 
acepromazine and the other medetomidine).

Mean 6 SD values of EtIso and EtCO2 did not significantly 
differ over time and were 1.06% 6 0.23% and 37.5 6 5.6 mmHg, 
respectively, during anesthesia. Mean 6 SD tidal volumes used for 
mechanical ventilation were 14 6 2 mL/kg BW.

Results of the cardiovascular variables are summarized in 
Figure 1. Heart rate decreased after the administration of the 

medetomidine bolus (T2) to mean 6 SD values of 47 6 17 
beats/min and these values were significantly different from T1 
(P , 0.001). Immediately after the medetomidine bolus, 1 dog 
developed second-degree atrio-ventricular blocks and 2 other 
dogs had a loss of Doppler signal quality for a few seconds. 
Systolic blood pressure increased significantly at T4 compared 
with T1 (P = 0.016). Cardiac index did not significantly vary 
over time (P = 0.2), with mean 6 SD values of 98 6 26 mL/kg 
BW/min throughout anesthesia.

Results of the blood gases, Ht, TP, and lactate concentra-
tions are summarized in Table 1. The PaO2, pH, and lactate 
did not change significantly after surgery. The PaCO2 increased 
(P = 0.03), whereas Ht and TP decreased (P , 0.001) signifi-
cantly after surgery.

Discussion
This report describes the use of a low-dose medetomidine CRI 
during ovariohysterectomy in healthy dogs and its associated 
cardiovascular effects, which were considered acceptable. Heart 
rate is the parameter that most markedly decreased following 
administration of medetomidine, but CO was maintained at 
acceptable values, similar to those obtained at baseline, through-
out anesthesia. This report also shows the clinical application of 
a NiCO monitor in dogs undergoing surgery.

A dexmedetomidine CRI of 0.5 mg/kg BW per hour (which 
is equipotent to 1 mg/kg BW per hour of medetomidine) 
decreased the minimum alveolar concentration (MAC) of iso-
flurane by 18% 6 12% in dogs (14). In the present report, the 
isoflurane was maintained at levels approximately 17% below 
the MAC described for dogs (1.28%) (15) throughout the 
procedure. Surgical anesthesia is usually obtained at doses of at 
least 1.5 times the MAC of an inhalant anesthetic used as the 
sole agent, which corresponds to 1.92% of isoflurane. The dogs 
in the present report also received other drugs (acepromazine, 
hydromorphone, and diazepam) in addition to the medeto-
midine CRI, which likely also contributed to the decrease in 
isoflurane requirements during surgery.

The negative cardiovascular effects associated with medeto-
midine and its active isomer dexmedetomidine are significant, 
and limit their clinical use mostly to healthy patients. In 
the dogs of the present report, CO, which is the parameter 
together with the arterial oxygen content that determines the 
adequacy of blood and oxygen supply to the tissues, remained 
constant throughout anesthesia and surgery. Adequate tissue 
oxygenation was supported by the low plasma lactate levels 
after surgery, which has also been observed in dogs undergoing 

Table 1.  Mean 6 SD values of Ht and TP obtained before anesthesia (sample 1) and immediately 
after surgery (sample 2), and of arterial blood gases (pH, PaO2, and PaCO2) and lactate 
concentrations obtained during anesthesia before surgery (sample 1) and after surgery (sample 2), 
in dogs undergoing ovariohysterectomy that were anesthetized with isoflurane and received 
medetomidine (1 mg/kg BW bolus followed by 1 mg/kg BW per hour, IV)

Sample	 PaO2 (mmHg)	 PaCO2 (mmHg)	 pH	 Ht (Vol%)	 TP (g/L)	 Lactate (mmol/L)

1	 506 6 62.2	 36.6 6 4	 7.4 6 0.0	 47.6 6 3.5	 68 6 5	 1.1 6 0.5
2	 451.4 6 55.6	 43.3 6 6.5*	 7.3 6 0.1	 36.9 6 2.2*	 55 6 05*	 0.9 6 0.4

* Value significantly different from sample 1 (P , 0.05). PaO2 — partial pressure of arterial oxygen, PaCO2 — partial pressure 
of arterial carbon dioxide, Ht — hematocrit, TP — total serum protein.
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surgery receiving a CRI of dexmedetomidine at low doses (16). 
In contrast, CO markedly decreased following intravenous 
medetomidine and dexmedetomidine administration in dogs 
in other studies (5,10–12,16–18). The decrease in CO associ-
ated with medetomidine is pronounced and independent of the 
dose at medium to high doses ($ 5 mg/kg BW) (10), but it is 
less severe and dose-dependent at low doses (# 3 mg/kg BW) 
(10,19,20). Administration of low doses of medetomidine 
(# 1 mg/kg BW/h) (20) or dexmedetomidine (0.5 mg/kg BW/h) 
(17), as CRI during isoflurane anesthesia in research dogs 
decreased the CO by 27%, but this decrease was short-lived and 
well-tolerated by the animals (20).

In the present report, CO was determined by a non-invasive 
technique that uses partial re-breathing of CO2 and calculates 
CO by using a differential form of the Fick equation (21). This 
technique only requires measurement of EtCO2 and hemoglo-
bin saturation to derive the CO and has been validated previ-
ously in isoflurane-anesthetized dogs (22). In this technique, a 
re-breathing loop is attached between the endotracheal tube and 
the breathing circuit, which temporarily adds a portion of the 
expired CO2 to the breathing circuit so that the animal inhales 
only a portion of the exhaled gases. The readout is obtained 
intermittently at 3-minute intervals, which allows nearly con-
tinuous monitoring of the CO. This NiCO method is an ideal 
method of CO determination in the clinical setting as it is 
non-invasive and, thus, can be easily applied to clinical cases 
in which small increases in CO2 are not contraindicated. The 
drawbacks of this NiCO method include that the patient needs 
to be mechanically ventilated to ensure constant elimination 
of CO2 and that the required tidal volume is at least 200 mL; 
therefore, limiting its application to medium- to large-sized 
dogs, small equids, and ruminants.

Some of the dogs in this report showed immediate and pro-
nounced bradycardia after the administration of the medeto-
midine bolus, with associated atrio-ventricular blocks observed 
in 1 animal and loss of the Doppler signal quality in another 
2 animals. Bradycardia with first and second degree atrio-
ventricular blocks is common following the administration of 
alpha-2 adrenoceptor agonists (2,16,23). The loss of Doppler 
signal quality could have been due to the immediate and pro-
nounced bradycardia and/or intense peripheral vasoconstriction, 
decreasing peripheral blood flow, as a consequence of the rapid 
rise in plasma concentration of medetomidine. It is possible 
that these immediate effects could have been partially blunted 
or avoided by slow intravenous or intramuscular administration 
of medetomidine; therefore, the authors recommend these routes 
over fast intravenous bolus administration. Nonetheless, this 
effect was short-lived and the Doppler signal quality improved 
within a few seconds. The bradycardic effect was also short 
lasting and the HR returned to values similar to baseline once 
surgery commenced, which is in agreement with previous studies 
in dogs using similar low CRI doses of medetomidine (20) or 
dexmedetomidine (16).

Alpha-2 adrenoceptor agonists decrease plasma levels of 
circulating catecholamines and attenuate the stress response 
to surgery (7,8,24). Cardiovascular responses to surgery were 
not totally abolished with the use of a low-dose medetomidine 

CRI in these dogs during ovariohysterectomy since blood 
pressure increased significantly during surgical manipulation 
of the ovarian pedicles. It is possible that the increase in SBP 
and HR in response to surgery would have been more pro-
nounced if no medetomidine had been used. Unfortunately, this 
study did not include a control group (i.e., no medetomidine 
administered), which would have helped answer this question. 
However, in a previous study comparing the use of medetomi-
dine or acepromazine for premedication in dogs undergoing 
ovariohysterectomy, the blood pressure remained higher in the 
medetomidine group throughout surgery, but the increase in 
blood pressure in response to ovarian pedicle manipulation was 
much greater in the dogs that had received acepromazine (7).

In conclusion, the use of a low-dose CRI of medetomidine 
during ovariohysterectomy in healthy dogs induced minimal and 
acceptable changes in CO, as determined with a non-invasive 
monitor, allowed the use of low concentrations of isoflurane 
and provided smooth recoveries when administered as part of 
a balanced anesthetic protocol including acepromazine, hydro-
morphone, and diazepam.
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 1. a)  None of the other techniques can detect pregnancy as 
early as 18 days.

 a)  Aucune autre technique ne peut déceler la gestation à un 
temps aussi précoce que 18 jours.

 2. c)  Metronizadole penetrates the central nervous system well 
and is indicated in the treatment of anaerobic bacterial 
meningitis.

 c)  Le métronidazole pénètre bien le système nerveux 
central et est indiqué dans le traitement de la méningite 
bactérienne anaérobie.

 3. a)  Glucosuria may be seen in the other conditions.
 a)  La glycosurie peut être observée dans les autres conditions.

 4. d)  The usual clinical signs of Lyme disease in dogs is arthritis 
causing lameness that often “migrates” between legs. 
Neurologic signs (changed behavior) are also sometimes 
present.

 d)  Les signes cliniques habituels de la maladie de Lyme chez 
le chien est l’arthrite causant une boiterie qui souvent 
«migre» entre les membres. Les signes neurologiques 
(changement de comportement) sont également souvent 
présents.

 5. e)  Supplementation with copper tends to worsen the toxicity.
 e)  Un supplément de cuivre a tendance à empirer la toxicité.

 6. d)  Excessive calcium fed during the dry period plays the larg-
est role in development of milk fever in multiparous cows.

 d)  Un excès alimentaire de calcium durant le tarissement joue 
un plus grand rôle dans le développement de la fièvre du 
lait chez les vaches multipares.

 7. b)  FIV infection is detected using enzyme-linked immunosor-
bent assay for FIV antibodies.

 b)  L’infection par le virus de l’immunodéficience féline est 
décelée par l’utilisation de la méthode ELISA contre les 
anticorps du virus.

 8. a)  The causative bacterium can be cultured from nasal secre-
tions and abscess drainage.

 a)  La bactérie impliquée peut être cultivée à partir des 
sécrétions nasales et des abcès.

 9. e)  Irrigation and elimination of debris are still required.
 e)  L’irrigation et l’élimination des débris sont encore 

nécessaires.

10. b)  Parenteral administration of thiamine is the usual treat-
ment for polioencephalomalacia.

 b)  L’administration parentérale de thiamine est le traitement 
habituel de la polioencéphalomalacie.
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