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Opioids and az-adrenoceptor agonists are useful adjunctive drugs for general anesthesia
mainly due to potent analgesic properties, and their combination is known to be potentially
beneficial in enhancing analgesic utility. Dexmedetomidine is a highly selective
az-adrenoceptor agonist with useful sedative and analgesic properties as an anesthetic
adjunct. In recent years, constant rate infusion (CRI) method with dexmedetomidine has
been applied to minimize cardiovascular side effects and to consistently provide its efficacy
through the anesthetic period. Remifentanil is a very-short acting p-opioid analgesic that
are characterized by a rapid onset and elimination from circulation. Remifentanil brings
certain advantages in facilitating rapid adjustments of its analgesic effect and in making
recovery times brief, compared with other opioids. However, no study was found in the
literature that investigated the combined effects of dexmedetomidine and remifentanil in
dogs. To verify the clinical efficacy and adaptability of a concurrent CRI of
dexmedetomidine and remifentanil, this study aimed to reveal both anesthetic potency and
simultaneous influences on cardiovascular side effects with a combination of these two
drugs in anesthetized dogs with sevoflurane.

In chapter 1, we evaluated the effects of CRI of dexmedetomidine and remifentanil
alone and their combination on minimum alveolar concentration (MAC), which is a
standard measure of inhaled anesthetic potency, of sevoflurane in dogs. A total of six
healthy, adult neutered Beagle dogs (three males, three females) were recruited.
Anesthesia was induced with sevoflurane in oxygen until endotracheal intubation was
possible and anesthesia maintained with sevoflurane using positive pressure ventilation.
Each dog was anesthetized five times and was administered each of the following
treatments: saline (1 m/Zkg/hr) or dexmedetomidine at 0.1, 0.5, 1.0 or 5.0 pg/kg loading
dose intravenously over 10 min followed by a CRI at 0.1, 0.5, 1.0 or 5.0 pg/kg/hr,
respectively. Following 60 min of CRI, sevoflurane MAC was determined in duplicate using
an electrical stimulus (50 V, 50 Hz, 10 ms). Then, a CRI of successively increasing doses of

remifentanil (0.15, 0.60 and 2.40 pg/kg/min) was added to each treatment. MAC was also
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determined after 30 min equilibration at each remifentanil dose. Isobolographic analysis
determined interaction from the predicted doses required for a 50% MAC reduction (EDso)
with remifentanil, dexmedetomidine and remifentanil combined with dexmedetomidine,
with the exception of dexmedetomidine 5.0 pg/kg/hr, obtained using log-linear regression
analysis. The sevoflurane MAC decreased dose-dependently with increasing infusion rates
of dexmedetomidine and remifentanil. The remifentanil EDso values were lower when
combined with dexmedetomidine than those obtained during saline—remifentanil.
Synergistic interactions between dexmedetomidine and remifentanil for MAC reduction
occurred with dexmedetomidine at 0.5 and 1.0 pg/kg/hr. Combined CRIs of
dexmedetomidine and remifentanil synergistically resulted in sevoflurane MAC reduction.
The combination of dexmedetomidine and remifentanil effectively reduced the requirement
of sevoflurane during anesthesia in dogs.

In chapter 2, we evaluated changes in cardiovascular and renal functions as well as
arginine vasopressin (AVP) secretion, with remifentanil and dexmedetomidine
administration alone or in combination in sevoflurane-anesthetized dogs. Six healthy adult
Beagle dogs received one of the following four treatments in a randomized crossover study:
saline (C), remifentanil alone at successively increasing doses (R; 0.15, 0.60, and 2.40
pg/kg/min), dexmedetomidine alone (D; 0.5 pg/kg intravenously for initial 10 min followed
by a constant rate infusion at 0.5 pg/kg/hr), and a combination of remifentanil and
dexmedetomidine at the above-mentioned doses (RD). Sevoflurane doses were adjusted to
1.5 times of MAC equivalent according to MAC-sparing effects with remifentanil and
dexmedetomidine as previously reported. Cardiovascular measurements, renal function
data, and plasma AVP concentrations were determined before and every 60 min until 180
min after drug administration as per each treatment. In the R, D and RD, heart rate
significantly decreased and mean arterial pressure significantly increased from baseline or
with C. Cardiac index significantly decreased and systemic vascular resistance index
increased with D and RD. Oxygen extraction ratio, renal blood flow, and glomerular
filtration rate were not affected. The plasma AVP concentrations significantly decreased in
D and RD, but increased in R. Only in D, the natriuresis was elicited. The combination of
remifentanil and dexmedetomidine in sevoflurane-anesthetized dogs was acceptable in
terms of the hemodynamics, oxygenation, and renal function. Remifentanil may interfere
with dexmedetomidine-induced diuresis and inhibition of AVP secretion.

In conclusion, the present study found that the cardiovascular effects with a
combined CRI of dexmedetomidine at 0.5 pg/kg/hr and remifentanil were within acceptable
range while synergistically reducing the anesthetic requirement in healthy dogs
anesthetized with sevoflurane. This study provided the evidence for clinical application of
the combination of dexmedetomidine and remifentanil as an anesthetic adjunct and

contributed to pave the way for its widespread utilization in small animal practice.
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