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Simple Summary: Sepsis is a widespread concern in human and veterinary medicine. Over the
past several years, numerous strategies have been implemented to try to combat it; however, mor-
tality remains high in all species. The use of dexmedetomidine, an alpha-two agonist drug with
sedative and analgesic properties, is gaining popularity as a synergistic treatment strategy in the
management of sepsis, thanks to its anti-apoptotic and neuroprotective properties and its ability
to preserve hemodynamic function. We therefore hypothesized that a continuous rate infusion of
dexmedetomidine in septic patients, undergoing emergency surgery, could decrease the requirement
for vasopressors. The results of this study show that an infusion of 1 mcg/kg/h of dexmedetomidine
decreases intraoperative vasopressor use and improves 28-day mortality. However, given the small
sample size, a larger prospective study should be undertaken to confirm these findings.

Abstract: The purpose of this study was to determine if a continuous rate infusion (CRI) of dexmedeto-
midine decreases vasopressor requirements in septic dogs undergoing surgery. Vital parameters,
sequential organ failure assessment (SOFA) score, vasopressor requirement, and 28-day mortal-
ity were recorded. Dogs were randomly divided into two groups: a dexmedetomidine (DEX)
(1 mcg/kg/h) group and a control group (NaCl), which received an equivalent CRI of NaCl. Dogs
were premedicated with fentanyl 5 mcg/kg IV, induced with propofol, and maintained with sevoflu-
rane and a variable rate fentanyl infusion. DEX or NaCl infusions were started 10 min prior
to induction. Fluid-responsive hypotensive patients received repeated Ringer’s lactate boluses
(2 mL/kg) until stable or they were no longer fluid-responsive. Patients that remained hypoten-
sive following fluid boluses received norepinephrine at a starting dose of 0.05 mcg/kg/min, with
increases of 0.05 mcg/kg/min. Rescue adrenaline boluses were administered (0.001 mg/kg) if
normotension was not achieved within 30 min of starting norepinephrine. The NaCl group re-
ceived a significantly higher dose of norepinephrine (0.8, 0.4–2 mcg/kg/min) than the DEX group
(0.12, 0–0.86 mcg/kg/min). Mortality was statistically lower in the DEX group (1/10) vs. the NaCl
group (5/6). Results of this study suggest that a 1 mcg/kg/h CRI of dexmedetomidine decreases the
demand for intraoperative vasopressors and may improve survival in septic dogs.

Keywords: dexmedetomidine; dog; sepsis; CRI; SOFA; qSOFA

1. Introduction

Sepsis, defined as life-threatening organ dysfunction caused by a dysregulated host
response to infection [1], is a common emergency in both human and veterinary medicine.
Unfortunately, the mortality rate remains high [2–5]. Recent experimental animal models
and human clinical research suggests a possible protective effect of dexmedetomidine
administration to septic subjects. Studies in rats demonstrate that dexmedetomidine has
an inhibitory effect on the inflammatory response, lung protective effects, and reduces
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mortality rates in experimental sepsis models [6,7]. Furthermore, it has been demonstrated
in human medicine that dexmedetomidine may reduce catecholamine requirements in
patients with septic shock in the ICU setting [8,9]. Furthermore, it has also been shown
that dexmedetomidine administration is associated with improved in-hospital survival in
critically ill human patients with sepsis-associated acute kidney injury [10] and reduces
the length of ICU stay in patients with sepsis on mechanical ventilation [11]. Despite
the potential benefits of dexmedetomidine administration in the human ICU setting, in
veterinary medicine, there is a lack of clinical research regarding its use in patients with
sepsis. The aim of this study was to evaluate vasopressor requirements in septic dogs
receiving a continuous infusion (CRI) of dexmedetomidine. We hypothesize that the
administration of a dexmedetomidine CRI to septic dogs undergoing emergent surgery
will decrease vasopressor requirements compared to a control group receiving normal
saline solution.

2. Materials and Methods

Animal ethics approval (auth.n.24/2020) and client consent was obtained for all en-
rolled patients. Septic dogs admitted to the Intensive Care Unit (ICU) of the Veterinary
Teaching Hospital University of Pisa that underwent emergency surgery for septic peri-
tonitis were prospectively enrolled in a blind randomized fashion. Sepsis was defined as
positive culture and/or presence of intracellular bacteria, and at least 2 out of 4 SIRS crite-
ria [12]. Blood work (complete blood count, biochemistry panel, and blood gas analysis)
was performed at arrival. Shock index (SI), sequential organ failure assessment (SOFA)
and abbreviated SOFA (qSOFA) scores were calculated upon ICU admission. Vital parame-
ters including heart rate (HR), temperature, respiratory rate, oscillometric arterial blood
pressure (SAP, MAP), (PetTrust, BioCare, Aster Electrical Co., Ltd., Taoyuan, Taiwan), intra-
operative vasopressor requirements, hospital discharge and the 28-day mortality rate were
also recorded. Dogs were randomly divided into two perioperative groups using an online
software program (https://www.random.org, accessed on 4 May 2021): a dexmedeto-
midine (DEX) group that received a constant rate infusion (CRI) of dexmedetomidine at
1 mcg/kg/h (Dextroquillan 0.5 mg/mL, Fatro, Ozzano dell’Emilia, Italy) and a control
group (NaCl) that received an equivalent volume CRI of NaCl. All patients were pre-
medicated with fentanyl 5 mcg/kg IV (Fentadon 50 mcg/mL, Eurovet Animal Health B.V,
Dechra Veterinary Products, Turin, Italy) induced with propofol (Proposure, 10 mg/mL,
Boehringer Ingelheim, Animal Health, Noventana, Italy) to effect and maintained with
sevoflurane (SevoFlo, Zoetis, Zaventem, Belgium) at an end-tidal concentration (FE’Sevo)
of 2.0–2.3% delivered in oxygen–air at an inspired oxygen fraction (FiO2) of 70%. Following
anaesthetic induction, an IV catheter (18 or 20 G—Delta Med, Viadana, Italy) was placed
in one of the two dorsal pedal arteries for continuous arterial blood pressure monitoring.
The infusion (DEX or NaCl) was started 10 min prior to anaesthetic induction. A variable
rate analgesic fentanyl infusion (3–20 mcg/kg/h) and a CRI of fluids (Ringer lactate) at
2 mL/kg/h was provided to all dogs while under general anaesthesia. Following anaes-
thetic induction, any episodes of arterial hypotension (MAP < 60 mmHg) were initially
treated with a bolus of Ringer’s lactate (2 mL/kg IV). Patients that remained hypoten-
sive and failed to respond to fluid bolus therapy, defined as an increase in arterial blood
pressure or decrease in heart rate by at least 10% of pre-bolus values, were started on
a variable rate IV infusion of norepinephrine 0.05 mcg/kg/min with incremental doses
of 0.05 mcg/kg/min until normotension was restored. Patients that showed a response
to fluid bolus therapy but remained hypotensive following two boluses (4 mL/kg total),
were also started on a variable rate norepinephrine CRI with continued fluid boluses, until
normotension was achieved (MAP > 60 mmHg). Fluid boluses were continued if the patient
showed evidence of fluid responsiveness and discontinued if the patient failed to show fluid
responsiveness and/or normotension was achieved. Patients that achieved normotension
(MAP > 60 mmHg) within two IV boluses were not started on norepinephrine. If nor-
motension was not achieved within 30 min of starting norepinephrine, rescue epinephrine
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boluses were administered (0.001 mg/kg). The attending anaesthetist was blinded to the
study CRI protocol administered. Anaesthesia monitoring, as per the standard of care
at the Veterinary Teaching Hospital, included recording of HR, invasive blood pressure,
capillary refill time (CRT), ECG, EtCO2, and end FE’Sevo (Carescape B40, GE Healthcare,
Bensalem, PA, USA) every 5 min. Intra-operative anaesthetic requirements were adjusted
at the discretion of the attending anaesthetist. Dexmedetomidine and NaCl CRI’s were
continued 24 h post-anaesthesia.

Statistical Analysis

Considering a mean dosage of norepinephrine of 0.44 ± 0.19 mcg/kg/h [13] with an
α error of 0.05 and β error of 0.2, in order to assess a decrease of 40% in the mean dosage
of norepinephrine for the DEX group, a minimum requirement of 8 dogs in each group
was calculated.

A D’Agostino and Pearson normality test was used to check data for normalcy. The
two study groups were compared using a Student T or Mann–Witney test for parametric
or non-parametric variables, respectively. Chi square analysis was performed to evaluate
the number of dogs that received norepinephrine and/or epinephrine, and to compare
mortality between the 2 groups. A one-way ANOVA was used to evaluate intraoperative
MAP values at specific time points within each group, while a two-way ANOVA was used
to compare all the MAP values of the 2 groups. p values < 0.05 were considered significant.
GraphPad Prism 9 (GraphPad Software (Prism 10.2), LLC, Boston, MA, USA) was used to
perform statistical analysis.

3. Results

Eighteen dogs were enrolled, ten in the DEX group, eight in the NaCl group. Surgical
procedures in the DEX group included: two ovariohysterectomies for pyometra, one
splenectomy, one laparotomy for periprostatic abscess, one gastric foreign body with
perforation, and five intestinal foreign bodies with perforation; for the NaCl group, there
were: two ovariohysterectomies for pyometra, one gastric dilatation volvulus (GDV), three
intestinal foreign bodies with perforation, one intussusception and one volvulus. The
mean age was 7.2 ± 4 years in the DEX group, and 6.2 ± 4 years in the NaCl group. The
mean weight was 18 ± 11 kg in the DEX group, and 25 ± 10 kg in the NaCl group. There
was no statistical difference between the groups for age (p = 0.59) or weight (p = 0.16).
Pre-operatively, there was no statistical difference between the groups for vital signs, SI,
HR, MAP, respiratory rate (RR), temperature, qSOFA, SOFA, lactate, albumin, creatinine,
WBC and C Reactive protein (Table 1).

The mean propofol dosage was not statistically different (p = 0.67) between the two
groups: 2.5 ± 1 mg/kg in the NaCl group and 2.7 ± 0.8 mg/kg in the DEX group.

For the intraoperative period, there were no statistical differences between the two
groups for Ringer lactate administration (p = 0.82, 14 ± 10 mL/kg in the NaCl and
13 ± 6.5 mL/kg in the DEX group). In the DEX group 70% of dogs (7/10) received
norepinephrine, while 100% of dogs (8/8) in the NaCl group received norepinephrine,
which was not statistically different (p = 0.08). The median dosage of norepinephrine was
significantly lower (p = 0.002) in the DEX group [0.12 (0–0.86) mcg/kg/min] compared to
the NaCl group [0.8 (0.4–2) mcg/kg/min] (Figure 1). Two dogs in the DEX group, and four
dogs in the NaCl group required an epinephrine bolus, which was not statistically different
(p = 0.18). The median dose of fentanyl was not significantly different between the two
groups (p = 0.15): 4.1 (3–9.9) mcg/kg/h in the DEX group and 5.5 (3–18.9) mcg/kg/h in the
NaCl group.
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Table 1. Comparison of preoperative clinical parameters between groups.

DEX NaCl p Value

MAP (mmHg) 96 ± 39 90 ± 34 0.7

Heart rate (bpm) 153 ± 37 167 ± 34 0.47

Respiratory rate (apm) 34 ± 17 40 ± 13 0.42

Temperature (◦C) 38 ± 0.9 37.7 ± 1.2 0.50

Shock index 1.36 ± 0.7 1.44 ± 0.6 0.82

SOFA 3.5 (1–13) 4 (0–6) 0.84

qSOFA 1 (0–2) 1 (0–3) 0.9

Lactate (mmol/L) 3 ± 1.8 2.9 ± 1.7 0.86

Albumin (g/dL) 2.7 ± 0.7 2.6 ± 1 0.7

Creatinine (mg/dL) 0.9 (0.5–2.6) 1.1 (0.5–9.8) 0.79

White blood cell count (K/µL) 12.6 (7–42.33) 9.6 (2.7–24.7) 0.15

RCP (mg/dL) 1.4 ± 1.1 1.6 ± 1.3 0.82
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The mean arterial pressure during anaesthesia was not statistically different between
the two groups (p = 0.17) (Figure 2). The 28-day mortality rate was statistically lower
(p = 0.0034) in the DEX group (1/10) vs. the NaCl group (5/8). One dog in the DEX group
and three dogs in the NaCl group were euthanized (all due to poor prognosis), while two
dogs in the NaCl group died spontaneously.

The anaesthesia duration was not statistically different between the two groups:
124 ± 45 in the DEX group and 108 ± 49 min in the NaCl group; no correlation was found
between the duration of anaesthesia and mortality.

The length of hospitalization between the two groups was not statistically different:
7 (4–10) days in the DEX group vs. 7 (2–14) days in the NaCl group (p = 0.14).
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Figure 2. Intraoperative mean values and standard deviations of mean arterial pressure (MAP) in the
2 groups, dexmedetomidine (DEX) and normal saline (NaCl). Baseline, before anaesthesia; T5, five
minutes after induction, T30, thirty minutes after induction, T60, sixty minutes after induction, Tend,
last value before sevoflurane disconnection.

4. Discussion

The results of this study suggest a CRI administration of dexmedetomidine at a dosage
of 1 mcg/kg/h in septic dogs may decrease intraoperative vasopressor use.

The data analyzed also highlight a significant reduction in 28-day mortality between
patients who received dexmedetomidine infusion in comparison to those who did not
receive it. To the authors knowledge, this is the first clinical study in veterinary medicine to
demonstrate a benefit of dexmedetomidine in septic dogs.

These findings are in contrast with a recent canine clinical study that failed to show a
mortality benefit or improved microcirculation when using dexmedetomidine compared
with fentanyl in septic dogs with pyometra [14]. However, the prior study did find MAP
was higher in dogs receiving a dexmedetomidine CRI during isoflurane anaesthesia com-
pared to a fentanyl CRI. In the current study, we did not observe higher MAP values
with dexmedetomidine infusion, but dexmedetomidine’s impact on blood pressure is
likely a contributing factor to the lower norepinephrine dosages needed in the DEX group.
However, it is difficult to directly compare the prior and current study given the differ-
ences in study populations (pyometra vs. any cause of septic peritonitis), the different
perioperative anaesthetic regimes (isoflurane vs. sevoflurane and fentanyl compared to
dexmedetomidine vs. saline compared to dexmedetomidine), differences in the study
objectives (comparison of hemodynamic and microcirculatory variables vs. vasopressor
requirements), and different dosages of dexmedetomidine (3 mcg/kg/h vs. 1 mcg/kg/h).
It is unknown if a higher dose of dexmedetomidine in dogs of the current study would
have influenced MAP and vasopressor requirements. The dosage used (1 mcg/kg/h)
was based on prior reports of dogs undergoing surgery, which used dosages of 1 to
3 mcg/kg/h [14–16]. The 1 mcg/kg/h dose was chosen based on a study that suggests
dexmedetomidine can contribute to a balanced and stable plane of postoperative analgesia
for up to 24 h [17]. Further studies are required to determine if titrated dexmedetomidine
dosages have an impact on mortality, MAP, and vasopressor requirements in septic dogs.

The reduction in vasopressor requirements in septic dogs undergoing surgery is similar
to what has been reported in human medicine and experimental animal sepsis models.
A human ICU study showed that replacing propofol with dexmedetomidine provides a
reduction in noradrenaline requirement in human septic patients [8]. In experimental septic
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ovine models in which sepsis is induced by inoculation of Escherichia coli, dexmedetomidine
was found to decrease norepinephrine dosages, alleviate renal medullary hypoperfusion
and hypoxia, and improve creatinine clearance over a 6 h interventional period when
compared to sheep that received only norepinephrine [18]. The mechanism by which
dexmedetomidine decreases the demand for vasoactive drugs in septic patients is likely
multifactorial and not yet fully understood. It has been shown that alpha 2-agonists prevent
downregulation and increase the sensitivity of alpha-1 adrenergic receptors, which may
contribute to a decreased release of endogenous catecholamines in septic patients [19]. It
is hypothesized that, by decreasing the levels of endogenous norepinephrine, the activity
of exogenous norepinephrine on alpha1 receptors is increased. It is also possible that the
presynaptic action of α-2 agonists can lead to an up-regulation of postsynaptic α-1 receptors
by reducing the release of endogenous noradrenaline [20].

Results are mixed regarding mortality in human ICU patients receiving dexmedetomi-
dine. Aso and colleagues report that dexmedetomidine is associated with reduced mortality
in mechanically ventilated septic patients [21], which is similar to the mortality benefits
of dexmedetomidine reported in septic patients by other authors [22,23]. By contrast, a
meta-analysis by Abdelazeem et al., 2022, suggests that dexmedetomidine is not associated
with reduced 28-day mortality, 90-day mortality, delirium-free days, ventilator-free days,
changes in heart rate, or changes in mean arterial blood pressure when compared to the
standard of care sedation in critically ill patients with sepsis [24]. A systematic review
reports that dexmedetomidine may improve outcomes in patients with septic shock [25].

An advantage of dexmedetomidine may be the reduction in noradrenaline consump-
tion: both these molecules cause vasoconstriction and bradycardia; however, dexmedetomi-
dine reduces oxygen demand for the heart, and decreases cardiac output, maintaining renal
microvascular blood flow [26–28]. Furthermore, the analgesic effect of dexmedetomidine
can help reduce intraoperative sevoflurane requirements [29]. Recent in vitro studies have
shown that dexmedetomidine has antioxidant effects and reduces oxidative stress and
apoptosis in LPS-treated tubular epithelial cells [30]. Finally, it is reported that administra-
tion of high dose vasopressors (epinephrine and norepinephrine) during septic shock is
associated with increased mortality rates of over 60% [31,32].

The current study has several limitations. The severity scores used may not reflect
differences between groups, specifically with regards to sepsis. The qSOFA score for ex-
ample, although associated with length of recovery and mortality in patients with sepsis
undergoing pyometra [33], has been shown to be a poor predictor of mortality and has low
sensitivity in identifying canine patients with severe sepsis and septic shock [34]. Although
there did not appear to be a significant difference between groups regarding the severity of
injury based on the SOFA, qSOFA, and SI, it is possible that a difference in management
between the two groups could have contributed to a difference in the intra-operative re-
quirements of vasopressors and overall mortality. The small sample size is also a limitation,
which may have led to a false negative (type II error) in some of the statistical comparisons
where a difference was not detected between groups, for example the severity of injury
between the two groups. However, given that there was a significant difference detected
in the intraoperative vasopressor use in septic dogs undergoing emergency surgery, and
overall 28-day mortality, these results should be investigated further, controlling for con-
founding factors, as false positives (type I error) are unlikely to occur due to small sample
size, instead being influenced by the selected p value (which accepts a 5% risk of a false
positive result when set at 0.05, as chosen in the current study). Confounding factors that
may have contributed to a type I error (false positive) include the fact that pre-operative
management of patients, including the timing of antibiotics, the type of antibiotic, fluid
volume, fluid type and fluid rates were not standardized or recorded. It is possible that
the DEX group may have received earlier antibiotic administration, or a different fluid
therapy plan, which subsequently decreased the requirement for vasopressor use during
surgery. Hemodynamic optimization prior to induction of anaesthesia is indicated in
septic patients [35]. However, there are no guidelines in veterinary medicine regarding
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the preoperative fluid approach. By contrast, in human medicine, the administration of
30 mL/kg of isotonic crystalloids in the first 3 h of ICU admission is often recommended,
even if a personalized approach to patient management is suggested by others [36]. Moni-
toring for signs of fluid overload, multiple organ disfunction syndrome (MODS), evidence
of acute kidney injury (AKI), or other signs of organ failure in the pre-, intra- and post-
operative periods of the current study may have identified confounding factors which
could influence findings. In the end, heart rate and mean arterial blood pressure were
evaluated as hemodynamic indices, which lack sensitivity and specificity in evaluating
fluid volume and fluid responsiveness; recording dynamic parameters such as cardiac
output, pulse pressure variation and stroke volume variation, may have provided more
precise fluid management intra-operatively, potentially decreasing the overall need for
vasopressors. The dosages of vasopressor administered following surgery, while patients
were hospitalized in the ICU, were not recorded, and this may have affected the 28-day
mortality. However, as this was post-operative, any differences between groups would not
have influenced the vasopressor doses administered intra-operatively.

5. Conclusions

In conclusion, this study suggests that an infusion of dexmedetomidine at a dosage of
1 mcg/kg/h may contribute to a decreased requirement for intraoperative vasopressors in
septic dogs undergoing emergency surgery. Due to uncontrolled confounding factors which
may have influenced the results, claiming that an intraoperative infusion of dexmedeto-
midine reduces mortality in septic dogs at 28-days may be misleading. Nevertheless, the
preliminary results of this study are encouraging and further studies with a larger number
of cases are needed to confirm these findings.

Author Contributions: Conceptualization C.D.F. and A.B.; methodology, C.D.F., A.B., I.V. and S.B.;
software, A.B.; validation, C.D.F. and A.B.; formal analysis, A.B., I.V. and S.B.; investigation, C.D.F.
and A.B.; resources, A.B.; data curation A.B., S.B. and I.V.; writing—original draft preparation C.D.F.;
writing—review and editing, C.D.F., A.B., S.B. and I.V.; visualization, C.D.F., A.B., I.V. and S.B.;
supervision, A.B.; project administration, C.D.F. and A.B.; funding acquisition, A.B. and I.V. All
authors have read and agreed to the published version of the manuscript.

Funding: The study is presented as partial results of a PRA_2020_33 research from University of Pisa.

Institutional Review Board Statement: The study was conducted and approved by the Institutional
Ethics Committee of the University of Pisa (protocol code auth.n.24/2020).

Informed Consent Statement: The owners signed an informed consent statement to enroll their dogs
in this study.

Data Availability Statement: Data supporting the results stated above can be sent to anyone request-
ing them from the authors.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, J.D.;

Coopersmith, C.M.; et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315,
801–810. [CrossRef] [PubMed]

2. Dayer, T.; Howard, J.; Spreng, D. Septic peritonitis from pyloric and non-pyloric gastrointestinal perforation: Prognostic factors in
44 dogs and 11 cats. J. Small Anim. Pract. 2013, 54, 625–629. [CrossRef] [PubMed]

3. Isola, J.; Santana, A.E.; Pereira-Neto, G.B.; Rabelo, R.C. Severe sepsis and septic shock survival in a clinical canine model. Crit.
Care 2013, 17, P110. [CrossRef]

4. Adams, R.J.; Doyle, R.S.; Bray, J.P.; Burton, C.A. Closed suction drainage for treatment of septic peritonitis of confirmed
gastrointestinal origin in 20 dogs. Vet. Surg. 2014, 43, 843–851. [CrossRef] [PubMed]

5. Nobre Pacifico Pereira, K.H.; Fuchs, K.D.M.; Hibaru, V.Y.; Cruz Dos Santos Correia, L.E.; Ferreira, J.C.P.; Ferreira de Souza, F.;
Machado, L.H.A.; Chiacchio, S.B.; Gomes Lourenço, M.L. Neonatal sepsis in dogs: Incidence, clinical aspects and mortality.
Theriogenology 2022, 177, 103–115. [CrossRef]

https://doi.org/10.1001/jama.2016.0287
https://www.ncbi.nlm.nih.gov/pubmed/26903338
https://doi.org/10.1111/jsap.12151
https://www.ncbi.nlm.nih.gov/pubmed/24283417
https://doi.org/10.1186/cc13009
https://doi.org/10.1111/j.1532-950X.2014.12258.x
https://www.ncbi.nlm.nih.gov/pubmed/25132380
https://doi.org/10.1016/j.theriogenology.2021.10.015


Animals 2024, 14, 892 8 of 9

6. Taniguchi, T.; Kidani, Y.; Kanakura, H.; Takemoto, Y.; Yamamoto, K. Effects of dexmedetomidine on mortality rate and inflamma-
tory responses to endotoxin-induced shock in rats. Crit. Care Med. 2004, 32, 1322–1326. [CrossRef] [PubMed]

7. Li, M.; Jin, Z.; Zhan, J.; Wang, Y.; Chen, K. Dexmedetomidine improved one-lung ventilation-induced cognitive dysfunction in
rats. BMC Anesthesiol. 2022, 22, 115. [CrossRef]

8. Morelli, A.; Sanfilippo, F.; Arnemann, P.; Hessler, M.; Kampmeier, T.G.; D’Egidio, A.; Orecchioni, A.; Santonocito, C.; Frati, G.;
Greco, E.; et al. The Effect of Propofol and Dexmedetomidine Sedation on Norepinephrine Requirements in Septic Shock Patients:
A Crossover Trial. Crit. Care Med. 2019, 47, e89–e95. [CrossRef]

9. Cioccari, L.; Luethi, N.; Bailey, M.; Shehabi, Y.; Howe, B.; Messmer, A.S.; Proimos, H.K.; Peck, L.; Young, H.; Eastwood, G.M.; et al.
ANZICS Clinical Trials Group and the SPICE III Investigators. The effect of dexmedetomidine on vasopressor requirements in
patients with septic shock: A subgroup analysis of the Sedation Practice in Intensive Care Evaluation [SPICE III] Trial. Crit. Care
2020, 24, 441. [CrossRef]

10. Hu, H.; An, S.; Sha, T.; Wu, F.; Jin, Y.; Li, L.; Zeng, Z.; Wu, J.; Chen, Z. Association between dexmedetomidine administration and
outcomes in critically ill patients with sepsis-associated acute kidney injury. J. Clin. Anesth. 2022, 83, 110960. [CrossRef]

11. Yuan, J.; Lu, S.F.; Xu, P.; Niu, Y.L. The Effect of Dexmedetomidine on the Prognosis of Mechanically Ventilated Patients with
Sepsis: A Meta-Analysis of Randomized Controlled Trials. Iran. J. Public Health 2022, 51, 2171–2180. [CrossRef] [PubMed]

12. Hauptman, J.G.; Walshaw, R.; Olivier, N.B. Evaluation of the sensitivity and specificity of diagnostic criteria for sepsis in dogs.
Vet. Surg. 1997, 26, 393–397. [CrossRef] [PubMed]

13. Henao-Guerrero, N.; Ricco-Pereira, C.H.; Paranjape, V.V. A comparison of dobutamine, norepinephrine, vasopressin, hetastarch
for the treatment of isoflurane-induced hypotention in healthy, normovolemic dogs. Animals 2023, 13, 2674. [CrossRef] [PubMed]

14. Nagashima, J.K.; Gonçalves, L.A.; Pereira, M.A.; Talib, M.S.; de Olveira, C.M.; Ambrósio, A.M.; Fantoni, D.T. Microcirculation
assessment of dexmedetomidine constant rate infusion during anesthesia of dogs with sepsis from pyometra: A randomized
clinical study. Vet. Anaesth. Analg. 2022, 49, 536–545. [CrossRef] [PubMed]

15. Pascoe, P.J.; Raekallio, M.; Kuusela, E.; McKusick, B.; Granholm, M. Changes in the minimum alveolar concentration of isoflurane
and some cardiopulmonary measurements during three continuous infusion rates of dexmedetomidine in dogs. Vet. Anaesth.
Analg. 2006, 33, 97–103. [CrossRef] [PubMed]

16. Uilenreef, J.J.; Murrell, J.C.; McKusick, B.C.; Hellebrekers, L.J. Dexmedetomidine continuous rate infusion during isoflurane
anaesthesia in canine surgical patients. Vet. Anaesth. Analg. 2008, 35, 1–12. [CrossRef] [PubMed]

17. Valtolina, C.; Robben, J.H.; Uilenreef, J.; Murrell, J.C.; Aspegrén, J.; McKusick, B.C.; Hellebrekers, L.J. Clinical evaluation of the
efficacy and safety of a constant rate infusion of dexmedetomidine for postoperative pain management in dogs. Vet. Anaesth.
Analg. 2009, 36, 369–383. [CrossRef]

18. Lankadeva, Y.R.; Ma, S.; Iguchi, N.; Evans, R.G.; Hood, S.G.; Farmer, D.G.S.; Bailey, S.R.; Bellomo, R.; May, C.N. Dexmedetomidine
reduces norepinephrine requirements and preserves renal oxygenation and function in ovine septic acute kidney injury. Kidney
Int. 2019, 96, 1150–1161. [CrossRef]

19. Pichot, C.; Géloën, A.; Ghignone, M.; Quintin, L. Alpha-2 agonists to reduce vasopressor requirements in septic shock? Med.
Hypotheses 2010, 75, 652–656. [CrossRef]

20. Geloen, A.; Chapelier, K.; Cividjian, A.; Dantony, E.; Rabilloud, M.; May, C.N.; Quintin, L. Clonidine and dexmedetomidine
increase the pressor response to norepinephrine in experimental sepsis: A pilot study. Crit. Care Med. 2013, 41, e431–e438.
[CrossRef]

21. Aso, S.; Matsui, H.; Fushimi, K.; Yasunaga, H. Dexmedetomidine and Mortality From Sepsis Requiring Mechanical Ventilation: A
Japanese Nationwide Retrospective Cohort Study. J. Intensive Care Med. 2021, 36, 1036–1043. [CrossRef]

22. Zhang, J.; Wang, Z.; Wang, Y.; Zhou, G.; Li, H. The effect of dexmedetomidine on inflammatory response of septic rats. BMC
Anesthesiol. 2015, 15, 68. [CrossRef] [PubMed]

23. Chen, P.; Jiang, J.; Zhang, Y.; Li, G.; Qiu, Z.; Levy, M.M.; Hu, B. Effect of Dexmedetomidine on duration of mechanical ventilation
in septic patients: A systematic review and meta-analysis. BMC Pulm. Med. 2020, 20, 42. [CrossRef]

24. Abdelazeem, B.; Malik, B.; Mohamed, M.M.G.; Savarapu, P.; Isa, S.; Kheiri, B.; Hassan, M. Meta-analysis comparing dexmedeto-
midine versus standard of care for sedation in patients with sepsis. Proc. (Bayl. Univ. Med. Cent.) 2021, 35, 184–189. [CrossRef]
[PubMed]

25. Huang, X.; He, C. The efficacy of dexmedetomidine for septic shock: A meta-analysis of randomized controlled trials. Medicine
2023, 102, e34414. [CrossRef] [PubMed]

26. Lin, G.Y.; Robben, J.H.; Murrell, J.C.; Aspegrén, J.; McKusick, B.C.; Hellebrekers, L.J. Dexmedetomidine constant rate infusion for
24 hours during and after propofol or isoflurane anaesthesia in dogs. Vet. Anaesth. Analg. 2008, 35, 141–153. [CrossRef] [PubMed]

27. Congdon, J.M.; Marquez, M.; Niyom, S.; Boscan, P. Evaluation of the sedative and cardiovascular effects of intramuscular
administration of dexmedetomidine with and without concurrent atropine administration in dogs. J. Am. Vet. Med. Assoc. 2011,
239, 81–89. [CrossRef] [PubMed]

28. Pascoe, P.J. The cardiopulmonary effects of dexmedetomidine infusions in dogs during isoflurane anesthesia. Vet. Anaesth. Analg.
2015, 42, 360–368. [CrossRef]

29. Hector, R.C.; Rezende, M.L.; Mama, K.R.; Steffey, E.P.; Knych, H.K.; Hess, A.M.; Honkavaara, J.M.; Raekallio, M.R.; Vainio, O.M.
Effects of constant rate infusions of dexmedetomidine or MK-467 on the minimum alveolar concentration of sevoflurane in dogs.
Vet. Anaesth. Analg. 2017, 44, 755–765. [CrossRef]

https://doi.org/10.1097/01.CCM.0000128579.84228.2A
https://www.ncbi.nlm.nih.gov/pubmed/15187514
https://doi.org/10.1186/s12871-022-01658-w
https://doi.org/10.1097/CCM.0000000000003520
https://doi.org/10.1186/s13054-020-03115-x
https://doi.org/10.1016/j.jclinane.2022.110960
https://doi.org/10.18502/ijph.v51i10.10976
https://www.ncbi.nlm.nih.gov/pubmed/36415793
https://doi.org/10.1111/j.1532-950X.1997.tb01699.x
https://www.ncbi.nlm.nih.gov/pubmed/9381665
https://doi.org/10.3390/ani13162674
https://www.ncbi.nlm.nih.gov/pubmed/37627465
https://doi.org/10.1016/j.vaa.2022.07.005
https://www.ncbi.nlm.nih.gov/pubmed/36031557
https://doi.org/10.1111/j.1467-2995.2005.00236.x
https://www.ncbi.nlm.nih.gov/pubmed/16475999
https://doi.org/10.1111/j.1467-2995.2007.00344.x
https://www.ncbi.nlm.nih.gov/pubmed/18211626
https://doi.org/10.1111/j.1467-2995.2009.00461.x
https://doi.org/10.1016/j.kint.2019.06.013
https://doi.org/10.1016/j.mehy.2010.08.010
https://doi.org/10.1097/CCM.0b013e3182986248
https://doi.org/10.1177/0885066620942154
https://doi.org/10.1186/s12871-015-0042-8
https://www.ncbi.nlm.nih.gov/pubmed/25929655
https://doi.org/10.1186/s12890-020-1065-6
https://doi.org/10.1080/08998280.2021.1997063
https://www.ncbi.nlm.nih.gov/pubmed/35261447
https://doi.org/10.1097/MD.0000000000034414
https://www.ncbi.nlm.nih.gov/pubmed/37657031
https://doi.org/10.1111/j.1467-2995.2007.00365.x
https://www.ncbi.nlm.nih.gov/pubmed/18179652
https://doi.org/10.2460/javma.239.1.81
https://www.ncbi.nlm.nih.gov/pubmed/21718200
https://doi.org/10.1111/vaa.12220
https://doi.org/10.1016/j.vaa.2016.12.058


Animals 2024, 14, 892 9 of 9

30. Wang, Z.; Wu, J.; Hu, Z.; Luo, C.; Wang, P.; Zhang, Y.; Li, H. Dexmedetomidine Alleviates Lipopolysaccharide-Induced Acute
Kidney Injury by Inhibiting p75NTR-Mediated Oxidative Stress and Apoptosis. Oxid. Med. Cell. Longev. 2020, 2020, 5454210.
[CrossRef]

31. Jenkins, C.R.; Gomersall, C.D.; Leung, P.; Joynt, G.M. Outcome of patients receiving high dose vasopressor therapy: A retrospective
cohort study. Anaesth. Intensive Care 2009, 37, 286–289. [CrossRef] [PubMed]

32. Auchet, T.; Regnier, M.A.; Girerd, N.; Levy, B. Outcome of patients with septic shock and high-dose vasopressor therapy. Ann.
Intensive Care. 2017, 7, 43. [CrossRef]

33. Donati, P.; Londoño, L.A.; Tunes, M.; Villalta, C.; Guillemi, E.C. Retrospective evaluation of the use of quick Sepsis-related Organ
Failure Assessment (qSOFA) as predictor of mortality and length of hospitalization in dogs with pyometra (2013–2019): 52 cases.
J. Vet. Emerg. Crit. Care 2022, 32, 223–228. [CrossRef] [PubMed]

34. Osgood, A.M.; Hollenbeck, D.; Yankin, I. Evaluation of quick sequential organ failure scores in dogs with severe sepsis and septic
shock. J. Small Anim. Pract. 2022, 63, 739–746. [CrossRef] [PubMed]

35. Carsetti, A.; Vitali, E.; Pesaresi, L.; Antolini, R.; Casarotta, E.; Damiani, E.; Adrario, E.; Donati, A. Anesthetic management of
patients with sepsis/septic shock. Front. Med. 2023, 10, 1150124. [CrossRef] [PubMed]

36. Evans, L.; Rhodes, A.; Alhazzani, W.; Antonelli, M.; Coopersmith, C.M.; French, C.; Machado, F.R.; Mcintyre, L.; Ostermann, M.;
Prescott, H.C.; et al. Executive Summary: Surviving Sepsis Campaign: International Guidelines for the Management of Sepsis
and Septic Shock. Crit. Care Med. 2021, 20249, 1974–1982. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1155/2020/5454210
https://doi.org/10.1177/0310057X0903700212
https://www.ncbi.nlm.nih.gov/pubmed/19400494
https://doi.org/10.1186/s13613-017-0261-x
https://doi.org/10.1111/vec.13103
https://www.ncbi.nlm.nih.gov/pubmed/35166423
https://doi.org/10.1111/jsap.13522
https://www.ncbi.nlm.nih.gov/pubmed/35808968
https://doi.org/10.3389/fmed.2023.1150124
https://www.ncbi.nlm.nih.gov/pubmed/37035341
https://doi.org/10.1097/CCM.0000000000005357

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

