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Abstract  

Objective To evaluate the effects of combined infusions of vatinoxan and dexmedetomidine on 

inhalant anesthetic requirement and cardiopulmonary function in dogs.  

Study design Prospective experimental study.  



Methods A total of six Beagle dogs were anesthetized to determine sevoflurane minimum alveolar 

concentration (MAC) prior to and after an intravenous (IV) dose (loading then continuous infusion) 

of dexmedetomidine (4.5 μg kg−1 hour−1) and after two IV doses of vatinoxan in sequence (90 μg kg−1 

hour−1
 and 180 μg kg−1 hour−1). Blood was collected for plasma dexmedetomidine and vatinoxan 

concentrations. During a separate anesthesia, cardiac output (CO) was measured under equivalent 

MAC conditions of sevoflurane and dexmedetomidine, and then with each added dose of vatinoxan. 

For each treatment, cardiovascular variables were measured with spontaneous and controlled 

ventilation. Repeated measures analyses were performed for each response variable, and for all 

analyses, p < 0.05 was considered significant.   

Results Dexmedetomidine reduced sevoflurane MAC by 67% (0.64 ± 0.1%) mean ± standard 

deviation in dogs. The addition of vatinoxan attenuated this to 57% (0.81 ± 0.1%) and 43% (1.1 ± 

0.1%) with low and high doses, respectively, and caused a reduction in plasma dexmedetomidine 

concentrations. Heart rate and CO decreased while systemic vascular resistance increased with 

dexmedetomidine regardless of ventilation mode. The co-administration of vatinoxan dose-

dependently modified these effects such that cardiovascular variables approached baseline.  

Conclusions and clinical relevance IV infusions of 90 and 180 μg kg−1 hour−1 of vatinoxan 

combined with 4.5 μg kg−1 hour−1 dexmedetomidine provides a meaningful reduction in sevoflurane 

requirement in dogs. Although sevoflurane MAC sparing properties of dexmedetomidine in dogs 

are attenuated by vatinoxan, the cardiovascular function is improved. Doses of vatinoxan > 180 μg 

kg−1 hour−1 might improve cardiovascular function further in combination with this dose of 

dexmedetomidine, but beneficial effects on anesthesia plane and recovery quality may be lost.    

   

Keywords α2-adrenoreceptor agonist, α2-adrenoreceptor antagonist, dexmedetomidine, minimum 

alveolar concentration, vatinoxan.  



Introduction  

It is well known that inhalation anesthetics have dose-dependent cardiopulmonary depressant 

effects (Doi & Ikeda 1987; Ebert et al. 1995). Therefore, the use of adjunct drugs that reduce the 

minimum alveolar concentration (MAC) of inhalant agents may improve cardiopulmonary function 

during anesthesia, unless the adjunct drugs have significant cardiopulmonary depressant effects 

(Valverde et al. 2004; Pascoe et al. 2006).  

Dexmedetomidine, an α2-adrenoreceptor agonist (α2-agonist) used in animals and humans, 

provides good sedation and analgesia, has potent inhalant anesthetic sparing properties and 

contributes to a steady anesthetic plane and excellent recovery quality (Aantaa et al. 1997; Murrell 

& Hellebrekers 2005; Pascoe et al. 2006; Hector et al. 2017). The predominant cardiovascular effect 

of dexmedetomidine is a significant reduction in cardiac output (CO) attributable to a biphasic 

pharmacodynamic response. Initially, influenced by the actions of postjunctional peripheral α1- and 

α2-receptors, vascular resistance and arterial blood pressure are increased and as a result, heart rate 

(HR) decreases. As the vasoconstrictive effect wanes, a centrally mediated, prolonged decrease in 

HR and arterial blood pressure ensues and a decrease in sympathetic tone follows (Murrell & 

Hellebrekers 2005). When administered as an infusion, a sustained vasoconstrictive effect and low 

CO state dominates (Ebert et al. 2000; Snapir et al. 2006; Wong et al. 2012; Congdon et al. 2013).  

A peripheral α2-adrenoreceptor antagonist, vatinoxan, attenuates the cardiovascular effects 

of α2-agonists in a dose-dependent manner when administered to sedated dogs (Pagel et al. 1998; 

Honkavaara et al. 2010; Rolfe et al. 2012). Since vatinoxan only minimally crosses the blood-brain 

barrier in rats, marmosets and dogs (Clineschmidt et al. 1988; Honkavaara et al. 2020), the 

expectation is that it would have no effect on the centrally mediated sedative, analgesic and 

anesthetic-sparing properties of dexmedetomidine. However, studies in conscious dogs indicate that 

the addition of vatinoxan shortens the duration of sedation and lessenes the analgesic effect of α2-

agonists, particularly because vatinoxan decreases dexmedetomidine plasma concentrations 



(Bennett et al. 2016; Restitutti et al. 2017; Kallio-Kujala et al. 2018; Huuskonen et al. 2020). A 

recent study evaluating the effects of two doses of vatinoxan (90 μg kg−1 hour−1
 and 180 μg kg−1 

hour−1) on sevoflurane MAC in dogs demonstrated an increase in MAC at the higher vatinoxan 

dose (Hector et al. 2017). However, no studies have evaluated the effects of a combination of 

dexmedetomidine and vatinoxan on MAC and cardiovascular function.  

This study was designed to evaluate the effect of two infusion doses of vatinoxan on the 

sevoflurane-sparing effect of a constant rate infusion (CRI) of dexmedetomidine in dogs, evaluate 

their respective cardiopulmonary effects, and identify a dexmedetomidine–vatinoxan dose 

combination for dogs that would provide good MAC reduction while maintaining stable 

cardiovascular function. We hypothesized that vatinoxan would dose-dependently reduce the 

sevoflurane-sparing effect of dexmedetomidine and would improve cardiovascular function in dogs.  

   

Materials and methods  

Animals  

A total of six healthy, adult, purpose-bred Beagle dogs weighing 12.6 ± 0.9 kg (mean ± standard 

deviation) were used in this study approved by the Colorado State University Institutional Animal 

Care and Use Committee (November 18, 2014; no. 14-5455A). Sample size was determined based 

on the results of similar investigations on the effects of dexmedetomidine on canine isoflurane and 

sevoflurane MAC (Pascoe et al. 2006; Moran-Muñoz et al. 2014). Each dog was anesthetized twice, 

once for MAC determination (Phase I) and once for cardiovascular evaluation (Phase II), with a 

minimum 1 week washout period between anesthesia events. At the conclusion of each study phase, 

anesthetics were discontinued, instrumentation was removed and dogs recovered under constant 

supervision. Anesthetic recovery quality was rated by an investigator blinded to the treatments, on a 

5 point scale as poor, fair, good, very good or excellent (Appendix A). Once recovered, dogs were 

administered carprofen (4 mg kg−1; Rimadyl; Zoetis Inc., MI, USA) subcutaneously and IV 



cefazolin (22 mg kg−1; Hikma Farmaceutica, Portugal). All dogs were adopted at the end of the 

study.  

   

Phase I: MAC determination  

   

Anesthesia and instrumentation  

Anesthesia was induced with sevoflurane (Sevoflurane; Akorn Inc., IL, USA) 5% in oxygen (5 L 

minute−1), delivered via mask. After traheal intubation and connection of the cuffed endotracheal 

tube to a standard small animal circle system (DRE Moduflex Optimax; DRE Medical Inc., KY, 

USA), general anesthesia was maintained with sevoflurane (vaporizer setting 2.5–3.5%) in oxygen 

(1 L minute−1). An equilibration period of ≥ 45 minutes from first exposure to the inhalation agent 

was allowed. During this period, the dog was placed in right lateral recumbency and a 20 gauge, 48 

mm catheter (BD Insyte; Becton Dickinson Infusion Therapy Systems Inc., UT, USA) was placed 

in a cephalic vein for drug and fluid administration (2–4 mL kg−1 hour−1; Lactated Ringer’s solution; 

Hospira Inc., IL, USA). A 22 gauge, 25 mm catheter (BD Insyte; Becton Dickinson Infusion 

Therapy Systems Inc.) was placed in a dorsal pedal artery and connected to a pressure transducer 

(Argo Trans – Model 2/Macro; Argon Medical Devices Inc., TX, USA) for continuous invasive 

measurement of systolic (SAP), diastolic (DAP) and mean (MAP) arterial pressures and to allow 

arterial blood sampling for plasma drug concentrations, pH, arterial partial pressures of oxygen 

(PaO2) and carbon dioxide (PaCO2), bicarbonate (HCO3
–), base excess (BE), hemoglobin, packed 

cell volume (PCV), total protein concentration (TP), glucose, lactate and creatinine concentration 

measurements. The calibration of the pressure transducer was verified using a mercury column (0–

200 mmHg; at 50 mmHg increments) and zeroed at midline (approximated level of the right 

atrium). The blood-gas analyzer (800 ABL Flex; Radiometer America Inc., CA, USA) was 

calibrated at 4 hour intervals with standard electrolyte and metabolic solutions and gas mixtures. 



Arterial blood samples were collected using dedicated blood gas syringes (safePICO; Radiometer 

America Inc.). A lead II electrocardiogram (Prism; Medical Data Electronics Inc., CA, USA) and a 

lingual pulse-oximeter probe (Nellcor; Medtronic Inc., MN, USA) were used to continuously 

monitor HR and rhythm and arterial hemoglobin oxygen saturation (SpO2), respectively. External 

heating devices (circulating warm water blanket, heat lamp and forced warm air) were used to 

maintain body temperature within the range 37.5–38.5 °C. Body temperature (T) was measured 

using an esophageal temperature probe placed at the thoracic esophagus (Prism; Medical Data 

Electronics Inc.). The calibration of the temperature probe was verified using a Certified Bureau of 

Standards thermometer.  

 Mechanical ventilation (Bird Mark 7 Respirator; CareFusion Corp., CA, USA) was used to 

maintain PaCO2 at 5.3 ± 0.7 kPa (40 ± 5.0 mmHg). End-tidal partial pressure of carbon dioxide 

(PECO2) and sevoflurane (FESevo) were continuously monitored using a red rubber catheter placed 

into the lumen of the endotracheal tube with the tip positioned within the thoracic trachea. The red 

rubber ctheter was connected to an anesthetic gas analyzer (Datex-Ohmeda Cardiocap 5; GE 

Healthcare, WI, USA) at a sampling rate of 200 ± 20 mL minute−1. Immediately prior to each MAC 

determination, a glass syringe was attached to the red rubber catheter and manual sampling of end-

tidal expired gas (40–60 mL collected over multiple breaths) was performed to verify the accuracy 

of the measurements recorded by the analyzer. The gas analyzer was calibrated every day before 

starting and at the end of the study, with additional verification intermittently throughout the study 

period. Calibration was performed using 5 known sevoflurane concentration standards (compressed 

gas, 1.5, 2.5, 3.0, 3.5, 4.0 and 5.0% sevoflurane, balance nitrogen; Air Liquide Healthcare America 

Corporation, PA, USA). Using a regression line, the FESevo was adjusted to the daily-generated 

calibration curve. These values were then further corrected for local barometric pressure (PB in 

mmHg/760) × (MAC value). PB at the study location was measured daily by the blood-gas machine 

internal barometer and was 632–640 mmHg.    



 To avoid stimulation from a distended bladder, a urinary catheter (8 Fr, 300 mm SurgiVet Foley 

Catheter; Smiths Medical, MN, USA) was aseptically placed and connected to a collection system. 

   

MAC determination  

After anesthetic induction and instrumentation, FESevo was adjusted to the sevoflurane MAC for 

the individual dog determined in a study conducted 2 weeks previously (Hector et al. 2017). An 

anesthetic-dose equilibration period of a constant FESevo was allowed for at least 15 minutes. An 

IV loading dose of dexmedetomidine (4.5 μg kg−1 over 10 minutes; Dexdomitor; Zoetis Inc.) was 

administered followed by a 4.5 μg kg−1 hour−1 CRI (treatment SevoDex). Then, 20 minutes after the 

beginning of the infusion and after at least 15 minutes at a constant FESevo, MAC was determined 

in duplicate for SevoDex. Pressure was applied to the tail by an investigator blinded to the 

treatments, using Carmalt forceps with plastic-covered tips for 60 seconds, or until a positive 

response was observed (purposeful movement of the head, limbs or both). If a positive response 

was obtained, the FESevo was increased by 10–15% and an equilibration period of 15 minutes was 

allowed before applying another tail clamp stimulus. If a negative response was obtained, the 

FESevo was decreased by 10–15%. The average FESevo of a positive and negative response was 

used to determine a MAC point, and MAC points were determined in duplicate and averaged for 

each reported MAC point value. Values were adjusted based on the calibration curve and corrected 

for the PB of the study location.  

MAC determinations were performed again after administration of each vatinoxan 

treatment: 90 μg kg−1 loading dose over 10 minutes; 90 μg kg−1 hour−1 infusion IV (treatment 

SevoDexV90) and 180 μg kg−1 loading dose over 10 minutes; 180 μg kg−1 hour−1 infusion IV 

(treatment SevoDexV180). MAC determinations were started 20 minutes after the beginning of 

each vatinoxan infusion and after at least 15 minutes at a constant FESevo. Measurements recorded 

at 5 minute intervals during each treatment included HR, respiratory rate (fR), invasive SAP, DAP 



and MAP, and T. Arterial blood was collected for pH, PaCO2, PaO2, HCO3
–, BE, hemoglobin, PCV, 

TP, glucose, lactate and creatinine concentrations before and after each MAC determination (4 

samples, 1 mL each) and for determining plasma drug concentrations at the end of each loading 

dose, at 30 and 60 minutes during the continuous infusion of the treatment drugs and at the end of 

each infusion (8 samples, 3 mL each).  

   

Phase II: cardiovascular evaluation  

To minimize the influence of temporal effects from prolonged anesthesia on cardiovascular 

variables, each dog was anesthetized and instrumented a second time as previously described for 

phase I and placed in left lateral recumbency. A 5 Fr, 75 cm Swan-Ganz catheter (132F5 Swan-

Ganz Pediatric Thermodilution Catheter; Edwards Lifesciences Corp., CA, USA) was inserted 

through a 6 Fr introducer (Fast-Cath Hemostasis Introducer; Abbott U.S., IL, USA) in the right 

jugular vein until the tip was in the pulmonary artery. Appropriate positioning of the Swan-Ganz 

catheter was determined by observation of characteristic pressure waveforms measured at the distal 

port of the Swan-Ganz catheter connected to a calibrated pressure transducer (Argo Trans – 

Model2/Macro; Argon Medical Devices Inc.) and a multiparametric monitor (Prism; Medical Data 

Electronics Inc.) zeroed and levelled at the sternum. Mechanical ventilation was used to achieve a 

PaCO2 of 5.3 ± 0.7 kPa (40 ± 5.0 mmHg).  

At the end of instrumentation and equilibration period (≥ 45 minutes) with FESevo 

maintained at 1.2 × MAC for the individual dog determined in a separate experiment 2 weeks 

previously, cardiovascular variables were recorded. CO was measured at the end of exhalation, 

using the thermodilution method with 3 mL of iced saline (0–5 °C) (0.9% sodium chloride injection 

USP; Hospira Inc.) and a cardiac output computer (Explorer Oximetry Computer; Baxter 

Healthcare Corp., Edwards Critical-Care Division, CA, USA). CO was determined in triplicate and 

the mean value reported. Systolic (SPAP), diastolic (DPAP), mean (MPAP) pulmonary artery 



pressures and pulmonary artery occlusion pressure (PAOP) were recorded. The proximal port of the 

Swan-Ganz catheter positioned in the right atrium was used to measure mean right atrial pressure 

(MRAP). Cardiac index (CI), systemic vascular resistance (SVR), oxygen delivery (DO2), oxygen 

consumption (V̇O2), oxygen extraction (O2ER) were calculated using canine-specific considerations 

(Haskins et al. 2005). After these measurements were recorded, controlled ventilation (CV) was 

discontinued and the measurements were repeated with spontaneous ventilation (SV).  

Measurements were repeated for 1.2 × individual animal MAC equivalents of SevoDex, 

SevoDexV90 and SevoDexV180 determined in Phase I. Treatments were the same and were 

administered as described for MAC determination (Phase I). Data collection and cardiovascular 

measurements for each treatment were started 20 minutes after the beginning of each CRI, first with 

CV then followed by SV. Arterial blood was collected for pH and blood-gas analysis during each 

treatment with both modes of ventilation (8 samples; 1 mL each). Additional blood (4 samples; 3 

mL each) was collected for determination of dexmedetomidine and vatinoxan plasma 

concentrations for each treatment.  

   

Dexmedetomidine and vatinoxan analysis  

During both phase I and II of the study, arterial blood samples were collected, processed and plasma 

concentrations of dexmedetomidine and vatinoxan were measured by liquid chromatography 

tandem-mass spectrometry as described previously (Hector et al. 2017), with a limit of quantitation 

of 0.1 ng mL−1 and a limit of detection of 0.02 ng mL−1  

   

Statistical analysis  

Statistical analysis was performed using SAS Version 9.4 (SAS Institute Inc., NC, USA). Residual 

diagnostic plots were used to evaluate normality. For all variables obtained during MAC 

determination (MAC, HR, fR, SAP, DAP, MAP, T, PaCO2, PaO2, BE, HCO3
–, creatinine, lactate, 



glucose, PCV, TP and plasma drug concentrations), a repeated measures analysis was performed for 

each response variable separately using SAS Proc Mixed. Specifically, treatment (SevoDex, 

SevoDexV90, SevoDexV180) was considered a fixed effect. To account for the repeated measures 

design, animal was included in the model as random effect. Bonferroni adjusted p-values for 

treatment were considered for all variables. Only those variables with Bonferroni adjusted p-values 

< 0.05 were investigated with further Tukey adjusted pairwise comparisons.  

For all variables obtained during the cardiovascular evaluation (CO, CI, SPAP, DPAP, 

MPAP, PAOP, MRAP, SVR, DO2, V̇O2, O2ER), a repeated measures analysis was performed for 

each response variable separately using SAS Proc Mixed as above. Treatment (sevoflurane only, 

SevoDex, SevoDexV90, SevoDexV180), ventilation mode (CV or SV) and treatment*ventilation 

mode interaction were treated afixed effects. To account for the repeated measures design, animal 

was included in the model as random effect. Some variables (CI, CO, DO2, SVR, fR and vatinoxan 

plasma concentrations) were log transformed to satisfy model assumptions. Bonferroni adjusted p-

values for main effects and interaction were considered for all variables. Only those variables with 

Bonferroni adjusted p-values < 0.05 were investigated with further pairwise comparisons. For each 

treatment, comparisons were made between ventilation modes. For each ventilation mode, Tukey 

adjusted pairwise comparisons of treatments were considered.  

For dexmedetomidine and vatinoxan plasma concentrations, two analyses were used. For 

both analyses, dog was included as a random effect to account for the repeated measures 

design. First, a model was fit separately for each drug and treatment to compare response across 

time. Second, Tukey’s method was used to calculate pairwise comparisons between time points for 

each drug and treatment. For all analyses, p < 0.05 was considered significant.  

   

Results  

MAC Determination (Phase I)  



The MAC sparing effect measured in treatment SevoDex was attenuated in SevoDexV90 and 

SevoDexV180 in a dose-dependent manner (p < 0.02; Table 1). There was a significant dose-

dependent increase in HR (p < 0.004) and decrease in SAP, DAP and MAP (p < 0.0004, p < 0.0003, 

p < 0.0001, respectively) with the administration of vatinoxan (Table 2). Significant differences 

were also found for BE and PCV with vatinoxan infusions (Table 2).  

Plasma dexmedetomidine concentrations were stable during dexmedetomidine CRI (Table 

3). Plasma dexmedetomidine concentration decreased significantly after the vatinoxan loading dose 

in SevoDexV90 (p = 0.0002), and remained constant through the subsequent vatinoxan infusions in 

SevoDexV180.  

Overall anesthesia duration was 326 ± 30 minutes. All dogs were assigned scores of 

excellent for recovery quality.  

   

Cardiopulmonary evaluation (Phase II)  

Compared with baseline sevoflurane concentrations, HR and CO significantly decreased (by 53–

55% and 61–63%, respectively) in SevoDex in both ventilation modes (p < 0.0001), while SVR (p 

< 0.0001), SAP (p < 0.0001), DAP (p < 0.0001) and MAP (p < 0.0001) increased (Table 4). During 

infusion of vatinoxan, CO returned to a mean of 73–79% and 83–95% of baseline in SevoDexV90 

(p < 0.04) and SevoDexV180 (p > 0.05), respectively, and SVR, SAP, DAP and MAP also returned 

to baseline.  

DO2 decreased in SevoDex (p < 0.0001) and increased toward baseline values with the 

addition of vatinoxan (p < 0.0001). V̇O2 remained unchanged across treatments, but O2ER increased 

significantly in SevoDex (p < 0.0001; Table 4). HCO3
– decreased (p < 0.0006) and hemoglobin (p < 

0.0001) and PCV (p < 0.0001) increased with dexmedetomidine administration and returned to 

baseline values with vatinoxan. Small but statistically significant decreases in creatinine were 

measured during dexmedetomidine administration (p < 0.001; Table 5).  



Mechanical ventilation decreased CI in Sevo (p < 0.001), in SevoDex (p < 0.01) and in 

SevoDexV90 (p < 0.02), and increased SVR in Sevo (p < 0.009), in SevoDex (p < 0.006) and in 

SevoDexV90 (p < 0.04), but not in SevoDexV180. Arterial blood pressures were not significantly 

different between ventilation modes. DO2 significantly decreased during CV in treatments Sevo (p < 

0.009) and SevoDex (p < 0.03). O2ER was increased during CV only in SevoDex (p < 0.007; Table 

4). PaCO2 was decreased by CV in Sevo (p < 0.0001), in SevoDex (p < 0.0007), in SevoDexV180 

(p < 0.01), and arterial pH<="" in="" increased="">Sevo (p < 0.0001), in SevoDex (p < 0.002) and 

in SevoDexV180 (p < 0.01) but not in SevoDexV90. Significant decreases in HCO3
– with CV were 

recorded in treatments Sevo (p < 0.02) and SevoDex (p < 0.002), and in BE in Sevo (p < 0.04; 

Table 5).  

As observed in the results from Phase I study, dexmedetomidine plasma concentrations 

remained constant during infusion dosing in SevoDexV90 and SevoDexV180. The mode of 

ventilation did not affect plasma concentration of either dexmedetomidine or vatinoxan.  

Anesthesia duration was 293 ± 25 minutes. Recovery from anesthesia was rated as excellent 

or very good in five dogs and good in one dog.  

   

Discussion  

Dexmedetomidine reduced the MAC of sevoflurane in dogs by 67% from previously reported 

sevoflurane MAC of 1.9 ± 0.3% in the same dogs (Hector et al. 2017) while causing significant 

cardiovascular depression as evidenced by a substantial decrease in CO and DO2 and increase in 

O2ER. Vatinoxan attenuated the cardiovascular effects of dexmedetomidine, returning these to near 

baseline Sevo values, especially at the higher infusion dose. However, the MAC sparing effects of 

dexmedetomidine were also partially reversed with vatinoxan administration (to 57% and 43% of 

sevoflurane MAC with low and high doses, respectively). Vatinoxan also caused a significant 

reduction in plasma concentrations of dexmedetomidine when administered concurrently. This 



finding is supported by other studies and proposed to be a result of improved CO, increased blood 

flow to elimination organs and higher dexmedetomidine clearance and volume of distribution 

(Honkavaara et al. 2012; Bennett et al. 2016; Huuskonen et al. 2020).    

Dexmedetomidine dose-dependent inhalant anesthetic sparing effects have previously been 

well documented and the SevoDex MAC values obtained in the present study were similar to those 

obtained in a previous study with the same dexmedetomidine dose  (Pascoe et al. 2006; Hector et al. 

2017). The reduction in MAC sparing effect of dexmedetomidine with vatinoxan was expected. 

Vatinoxan has been reported to increase the clearance of various α2-agonists, explained by the 

reversal of the cardiovascular depressant effects associated with α2-gonists, returning CO and 

hepatic blood flow to normal values (Honkavaara et al. 2012; Vainionpää et al. 2013). This finding 

is supported in the present study. In addition, despite vatinoxan being considered a peripherally 

acting α2-antagonist (Honkavaara et al. 2020), a MAC study evaluating vatinoxan alone with 

sevoflurane in dogs reported an average 19% increase in sevoflurane MAC with the same high dose 

vatinoxan infusion dose used in the present study (Hector et al. 2017). As MAC is considered to be 

primarily mediated at the level of the spinal cord (Eger 2005), present data adds further evidence 

that the small degree of spinal cord penetration by vatinoxan (Honkavaara et al. 2020) is sufficient 

to alter anesthetic requirement. Specific studies are needed to verify this hypothesis.    

Although the MAC sparing effects of dexmedetomidine were partially decreased by 

vatinoxan in the present study, the cardiovascular effects were almost completely reversed. This 

latter effect appeared primarily the result of the effect of vatinoxan on the peripheral vasculature 

and decrease in SVR. CO and DO2 significantly improved from dexmedetomidine values after 

administration of vatinoxan, and arterial hypotension was not recorded. Cardiovascular function, 

specifically CO, may be improved further by increasing the dose of vatinoxan with the studied 

dexmedetomidine dose, although clinical hypotension may develop. In addition, in the present study 

doubling the vatinoxan infusion dose altered MAC reduction from 57% to 43%; consequently 



adjusting vatinoxan dose further could negate any clinically beneficial effects of dexmedetomidine 

on anesthesia and recovery, unless the dexmedetomidine dose was also increased.    

As has been shown in previous studies, hemoglobin and PCV were increased with 

dexmedetomidine administration, though not to a degree that could significantly improve DO2 

toward baseline values (Pascoe et al. 2006; Pascoe 2015; Hector et al. 2017). However, despite 

decreases in DO2 and increases in O2ER with dexmedetomidine administration, V̇O2 and lactate 

concentrations remained unchanged throughout treatments. This is probably because during the 

dexmedetomidine infusion, DO2 remained at or above the critical delivery threshold previously 

reported in dogs (Cain 1977). Nonetheless, BE became more negative during the dexmedetomidine 

infusion. Interestingly, this was reversed with the addition of vatinoxan as BE became less negative 

than baseline values. This may suggest a potential tissue perfusion benefit in the face of unchanged 

lactate concentrations or possibly that BE in this case is an indicator of acid accumulation not 

related to cellular oxygenation (Kincaid et al. 1998; Stillion & Fletcher 2012).      

Given that the study was designed using a step-up infusion for vatinoxan, it would have 

been more appropriate to reduce the second loading dose to target only the difference in vatinoxan 

concentrations. Hence, while post-loading dose plasma concentrations were higher than anticipated, 

plasma concentrations decreased quickly and steady state was achieved during the infusion period 

for both MAC determination and cardiovascular evaluation. Other limitations of this study include 

the small sample size of six dogs, as well as the potential differences in human versus canine 

vascular responses to dexmedetomidine. In humans, the vascular effect of α2-agonists is short-lived, 

and the central hypotensive effects predominate after a bolus dose. Therefore, the addition of 

vatinoxan to dexmedetomidine has the potential to cause profound hypotension in humans. In dogs, 

the vasoconstrictive effect appears to be longer-lasting. Although higher doses of dexmedetomidine 

are commonly administered to dogs than humans, which could explain this discrepancy, the 

vascular response to the same IV dose of dexmedetomidine differs in humans and dogs (Murrell & 



Hellebrekers 2005). Previous studies in humans have determined that the vasoconstrictive effects of 

dexmedetomidine are maintained with an infusion as dose and plasma concentrations increase 

(Ebert et al. 2000; Wong et al. 2012). These results suggest that co-administration of vatinoxan with 

a dexmedetomidine infusion could achieve beneficial cardiovascular effects in humans, similar to 

effects in dogs. The acid-base modifying effect of vatinoxan must be examined in future studies.  

   

Conclusion    

Infusions of vatinoxan (90 and 180 μg kg−1 hour−1) IV combined with dexmedetomidine (4.5 μg kg−1 

hour−1) provide a meaningful reduction in sevoflurane requirement in dogs. The cardiopulmonary 

depressant effects recorded with dexmedetomidine were attenuated by these combinations, and at 

the higher vatinoxan dose were similar to that of sevoflurane alone were similar to that of 

sevoflurane alone, and the quality of recovery from anesthesia was ideal. . Increasing the dose of 

vatinoxan > 180 μg kg−1 hour−1 with the dose of dexmedetomidine studied may improve 

cardiovascular function further, but the beneficial effects on anesthetic plane and recovery quality 

attributed to dexmedetomidine may be lost.      
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Appendix A Scoring system for recovery quality.  

   

Score  Recovery description  

Excellent  Extubates calmly, 

quiet and smooth with 

normal mentation  

Very 

good  

Predominantly 

smooth with minor 

restlessness resolving 

quickly  

Good  Generally quiet, with 

some restlessness or 

excitement  

Fair  Some paddling, brief 

thrashing or 

disorientation  

Poor  Emergence delirium, 

thrashing and 

vocalizing  

   

Reprinted from Hector et al. (2017) with permission. © Association of Veterinary Anaesthetists and 

American College of Veterinary Anesthesia and Analgesia. Published by Elsevier Ltd.  

 

  



Table 1 – Sevoflurane minimum alveolar concentration (MAC) values from six adult Beagles. 
Dogs were administered a constant intravenous infusion of dexmedetomidine at 4.5 cg kg-1 hr-1 

alone (SevoDex) and in combination with vatinoxan at 90 g kg-1 hr-1 (SevoDexV90) and 180 g 
kg-1 hr-1 (SevoDexV180). Data are presented as mean ± standard deviation.  

abcd Different superscript letters indicate significant difference between treatments (p<0.05).  

 

Treatment MAC (%) MAC Reduction (%)  
   
Sevo1 
SevoDex 
SevoDexV90 
SevoDexV180 

1.9 ± 0.3a 
0.64 ± 0.1b 
0.81 ± 0.1c 
1.1 ± 0.1d 
 

 
67% 
57% 
43% 

 

1 MAC values for sevoflurane alone (Sevo) are reported from a previous study7. 

 

  



Table 2 – Cardiopulmonary, arterial blood gas, and other physiologic and laboratory measurements 
during sevoflurane MAC determination in six spontaneously breathing adult Beagles administered a 
constant intravenous infusion of dexmedetomidine at 4.5 cg kg-1 hr-1 alone (SevoDex) and in 
combination with vatinoxan at 90 g kg-1 hr-1 (SevoDexV90) and 180 g kg-1 hr-1 (SevoDexV180). 
Data are presented as mean ± standard deviation. 

Variable SevoDex  SevoDexV90 SevoDexV180 
    
HR (beats min-1) 47 ± 8a 76 ± 10b 93 ± 11c 
fR (breaths min-1) 8 ± 3 9 ± 3 10 ± 4 
SAP (mmHg) 144 ± 5a 121 ± 8b 102 ± 13c 
MAP (mmHg) 125 ± 5a 103 ± 6b 83 ± 8c 
DAP (mmHg) 112 ± 6a 90 ± 4b 72 ± 9c  
T (⁰C) 37.9 ± 0.3 38.0 ± 0.2 38.0 ± 0.1 
pH 
PaO2 (kPa) 
PaCO2 (kPa) 

7.35 ± 0.02a 
58.5 ± 4.1 
5.0 ± 0.3 

7.40 ± 0.03b 
60.9 ± 1.9 
4.7 ± 0.5 

7.45 ± 0.11b 
55.9 ± 11.2 
4.2 ± 1.1 

HCO3
- (mmol L-1) 20.3 ± 0.7 21.1 ± 1.5 21.0 ± 1.6 

BE (mmol L-1) -4.2 ± 0.5a -2.7 ± 1.3b -1.7 ± 1.3b 
PCV (%) 44 ± 5a 40 ± 6b 36 ± 5c 
TP (g L-1) 51 ± 2 49 ± 3 47 ± 4 
Glucose (mmol L-

1) 
5.9 ± 0.8 6.2 ± 0.9 5.9 ± 0.7 

Lactate (mmol L-

1) 
1.9 ± 0.5 1.7 ± 0.6 1.7 ± 0.8 

Creatinine (μmol 
L-1) 

50.4 ± 6.2 53.9 ± 8.0 56.6 ± 10.6 

     
     

abc Different superscript letters indicate significant difference between treatments (p<0.05). HR 
(heart rate), fR (respiratory rate), SAP (systolic arterial pressure), MAP (mean arterial pressure), 
DAP (diastolic arterial pressure), T (oesophageal body temperature), PaCO2 (arterial partial 
pressure of CO2), PaO2 (arterial partial pressure of O2), HCO3

- (bicarbonate), BE (base excess), 
PCV (packed cell volume), TP (total protein). 

 

  



Table 3 – Plasma drug concentrations for dexmedetomidine and vatinoxan measured in six healthy Beagles during sevoflurane MAC determination. 
Dogs were administered an intravenous (IV) loading dose of dexmedetomidine (4.5 cg kg-1) over 10 minutes followed by a constant IV infusion of 
dexmedetomidine at 4.5 cg kg-1 hr-1 (SevoDex). Then, an IV loading dose of vatinoxan (90 cg kg-1) was administered over 10 minutes, and an 
infusion of vatinoxan at 90 g kg-1 hr-1 (SevoDexV90) was initiated in combination. Following this, a second loading dose of vatinoxan (180 cg kg-1) 
was administered prior to increasing the vatonixan infusion rate to 180 g kg-1 hr-1 (SevoDexV180). Data are presented as mean ± standard deviation. 
n=6 except where noted, as not all dogs required 60 minutes for MAC determination. 

Treatment Drug Plasma drug concentrations (ng/ml) 
   End of loading dose 30 minutes 60 minutes End of infusion 
SevoDex Dexmedetomidine 14.5 ± 1.2a 5.4 ± 0.7b 4.8 ± 0.5 (n = 3)b 5.6 ± 0.5b1 
 Vatinoxan N/A N/A N/A N/A 
SevoDexV90 Dexmedetomidine 3.7 ± 0.82 3.6 ± 0.5 3.8 ± 1.1 (n = 3) 3.9 ± 0.9 
 Vatinoxan 935.1 ± 167.2a 704.7 ± 174.6b 801.4 ± 333.1 (n = 3)abc 855.3 ± 292.4ac1 
SevoDexV180 Dexmedetomidine 

Vatinoxan 
3.3 ± 0.6 

2375.2 ± 465.7a2 
3.5 ± 0.5 
1743.8 ± 480.4b 

3.5 ± 0.6 (n = 4) 
1721.7 ± 504.8 (n = 4)b 

3.6 ± 0.5 
1778.2 ± 492.1b 

abcd Different superscript letters indicate significant difference between time points within a treatment(p<0.05). 12 Different superscript numbers indicate 
significant difference between treatments (p<0.05). 

  



Table 4 – Cardiopulmonary variables during controlled (CV) and spontaneous ventilation (SV) in six adult Beagles anaesthetized with sevoflurane 
(Sevo) then administered a constant intravenous infusion of dexmedetomidine at 4.5 cg kg-1 hr-1 alone (SevoDex) and in combination with vatinoxan 
at 90 g kg-1 hr-1 (SevoDexV90) and 180 g kg-1 hr-1 (SevoDexV180). Data are presented as mean ± standard deviation.  

Variable Sevo SevoDex SevoDexV90 SevoDexV180 
 SV CV SV CV SV CV SV CV 
HR  
(beats min-1) 

107 ± 9*a 96 ± 8*a 48 ± 6b 45 ± 7b 77 ± 10*c 67 ± 8*c 86 ± 7c 82 ± 7d 

SAP  
(mmHg) 

96 ± 17a 91 ± 17a 138 ± 8b 142 ± 16b 106 ± 10a 106 ± 12c 100 ± 13a 97 ± 11a 

DAP  
(mmHg) 

58 ± 11a 60 ± 12a 99 ± 8b 106 ± 16b 69 ± 9a 69 ± 6a 55 ± 8a 55 ± 9a 

MAP  
(mmHg) 

70 ± 12a 70 ± 14a 112 ± 6b 118 ± 18b 80 ± 9a 80 ± 7a 69 ± 9a 68 ± 10a 

CO  
(ml min-1) 

1877.67 ± 
399.15*a 

1442.17 ± 
335.6*a 

687.33 ± 
46.02*b 

562.83 ± 
47.94*b 

1372.00 ± 
142.38*c 

1144.00 ± 
119.44*c 

1558.83 ± 
252.24ac 

1367.33 ± 
212.51ac 

SVR  
(mmHg ml-1 min-1) 

0.04 ± 0.01*a 0.05 ± 0.0*a 0.15 ± 0.01*b 0.19 ± 
0.03*b 

0.06 ± 0.01*c 0.07 ± 0.01*c 0.04 ± 0.01a 0.05 ± 0.01a 

DO2  
(ml min-1 kg-1) 

24.66 ± 
8.99*a 

18.86 ± 
6.09*a 

11.67 ± 1.57*b 9.49 ± 
1.05*b 

19.78 ± 3.66a 16.84 ± 3.03a 20.40 ± 2.94a 20.32 ± 2.94a 

VO2  
(ml min-1 kg-1) 

3.26 ± 0.79 2.77 ± 0.74 3.84 ± 0.57 3.51 ± 0.36 3.19 ± 0.39 2.78 ± 0.25 3.04 ± 0.88 3.26 ± 0.44 

EO2  

(%) 
14.04 ± 3.62a 15.11 ± 2.8a 33.17 ± 4.52*b 37.22 ± 

4.74*b 
16.49 ± 2.91a 16.95 ± 3.10a 15.47 ± 4.27a 16.29 ± 3.10a 

SPAP  
(mmHg) 

13 ± 4a 14 ± 4a 18 ± 3b 19 ± 3b 14 ± 4a 15 ± 3a 13 ± 3a 13 ± 4a 

DPAP  
(mmHg) 

10 ± 5a 10 ± 3a 12 ± 3*b 14 ± 4*b 8 ± 4a 8 ± 3a 8 ± 4a 8 ± 3a 

MPAP  
(mmHg) 

12 ± 4a 12 ± 3a 15 ± 4b 16 ± 4b 11 ± 4a 11 ± 4a 10 ± 3a 11 ± 4a 

PAWP  
(mmHg) 

5 ± 3a 6 ± 2a 13 ± 3b 13 ± 3b 6 ± 4a 6 ± 3a 4 ± 2a 4 ± 3a 

MRAP  
(mmHg) 

4 ± 4a 4 ± 4a 11 ± 6b 10 ± 3b 4 ± 2a 4 ± 3a 2 ± 3a 3 ± 3a 

*Indicates a significant difference between modes of ventilation within a treatment. abcdDifferent superscript letters indicate a significant difference between 
treatments within a ventilation mode (p < 0.05). HR (heart rate), SAP (systolic arterial pressure), DAP (diastolic arterial pressure), MAP (mean arterial pressure), CO 
(cardiac output), SVR (systemic vascular resistance), DO2 (oxygen delivery), VO2 (oxygen consumption), EO2 (oxygen extraction), SPAP (systolic pulmonary 
arterial pressure), DPAP (diastolic pulmonary arterial pressure), MPAP (mean pulmonary arterial pressure), PAWP (pulmonary arterial wedge pressure), MRAP 
(mean right atrial pressure).  



Table 5 – Arterial blood gas and selected physiologic and laboratory parameters during spontaneous ventilation (SV) and controlled ventilation (CV) in 
six adult Beagles anaesthetized with sevoflurane (Sevo) then administered a constant intravenous infusion of dexmedetomidine at 4.5 cg kg-1 hr-1 

alone (SevoDex) and in combination with vatinoxan at 90 g kg-1 hr-1 (SevoDexV90) and 180 g kg-1 hr-1 (SevoDexV180). Data are presented as mean 
± standard deviation. 

Variable Sevo SevoDex SevoDexV90 SevoDexV180 
 SV CV SV CV SV CV SV CV 
pH 7.26 ± 0.05*a 7.32 ± 0.06* 7.26 ± 0.04*a 7.30 ± 0.06*a 7.30 ± 0.05b 7.31 ± 0.04 7.30 ± 0.05*b 7.33 ± 0.05*b 

PaCO2 (kPa) 5.7 ± 0.9* 4.8 ± 0.7* 5.5 ± 0.7* 4.7 ± 0.8* 5.3 ± 0.8 4.9 ± 0.5 5.3 ± 0.8* 4.8 ± 0.7* 

PaO2 (kPa) 58.4 ± 4.1 57.3 ± 6.3 57.6 ± 5.5 59.3 ± 3.9 57.2 ± 7.1 58.5 ± 3.9 49.7 ± 15.2 56.5 ± 6.3 
HCO3

- (mmol L-1) 18.7 ± 1.6*a 18.0 ± 1.2*a 17.7 ± 1.1*b 16.7 ± 0.9*b 18.8 ± 1.3a 18.3 ± 1.1a 19.0 ± 1.2a 18.4 ± 0.8a 

BE (mmol L-1) -7.4 ± 1.4*a -7.0 ± 1.5*a -8.5 ± 1.2b -8.3 ± 1.4b -6.7 ± 1.1a -6.7 ± 1.1bc -6.3 ± 1.4cd -6.1 ± 1.3ac 

Glucose (mmol L-1) 5.7 ± 0.8 5.4 ± 0.5 5.8 ± 0.2 5.8 ± 0.3 5.6 ± 0.4 5.5 ± 0.4 5.5 ± 0.4 5.4 ± 0.4 
Lactate (mmol L-1) 1.95 ± 0.49 1.98 ± 0.41 1.92 ± 0.39 2.08 ± 0.44 1.75 ± 0.63 1.88 ± 0.58 1.55 ± 0.55 1.68 ± 0.56 
Creatinine (μmol L-1) 50.4 ± 10.6a 52.2 ± 11.5a 45.1 ± 9.7b 45.1 ± 9.7b 48.6 ± 9.7a 48.6 ± 8.8ab 48.6 ± 10.6a 50.4 ± 11.5a 

PCV (%) 34 ± 6a 35 ± 5a 46 ± 5b 46 ± 5b 39 ± 5c 39 ± 5b 35 ± 4ad 35 ± 4ad 

Hemoglobin (g L-1) 112 ± 19a 114 ± 19a 153 ± 17b 152 ± 17b 128 ± 20c 131 ± 19c 115 ± 19ad 119 ± 17ad 

TP (g L-1) 46 ± 4 46 ± 3 48 ± 3a 47 ± 4a 47 ± 3 47 ± 3b 43 ± 4b 43 ± 4c 

T (⁰C) 37.0 ± 0.8a 37.0 ± 0.8a 38 ± 0.7b 37.5 ± 0.7b 37.3 ± 0.3 37.4 ± 0.4 37.4 ± 0.2 37.4 ± 0.2 

* Indicates significant differences between modes of ventilation within a treatment. abcdDifferent superscript letters indicate a significant difference between 
treatments within a ventilation mode (p<0.05). PaCO2 (arterial partial pressure of CO2), PaO2 (arterial partial pressure of O2), HCO3

- (bicarbonate), BE 
(base excess), PCV (packed cell volume), TP (total protein), T (oesophageal body temperature).  

 

 

 

 

 


