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Abstract
Objective – To compare the recovery times, recovery quality, and cardiovascular (CV) effects of 3 anesthetic
protocols during 24 hours of mechanical ventilation (MV) in healthy cats.
Design – Prospective, randomized, crossover study.
Setting – Research laboratory at a veterinary teaching hospital.
Animals – Six healthy intact male purpose-bred cats.
Interventions – Each cat was randomly assigned to receive 3 anesthetic protocols for 24 hours of MV; Protocol
K consisted of ketamine, Protocol P, propofol; and Protocol PK, propofol plus fixed-rate low-dose ketamine.
Each infusion drug dose was adjusted using a sedation scoring system. All protocols included fixed doses of
fentanyl (10 _g/kg/h) and midazolam (0.5 mg/kg/h).

Measurements and Main Results – Drug doses and recovery times were recorded. Recovery quality was
scored. Blood gas results, CV parameters, and frequency of bradycardia or hypotension requiring interventions
were recorded. The mean d dose ± standard error of K was 81.3 ± 3.3 _g/kg/m. The median dose (95%
cardiac index) of propofol (_g/kg/m) in PK was 16.0 (13.1, 19.6) and in P was 48.1 (39.3, 58.9). P necessitated
significantly more propofol than PK (P<0.05). Protocol K (35.6±3.2 hours) had significantly longer times to full
recovery compared to P (18.2 ± 3.2 hours). Protocol K had significantly longer times to head up, crawling, and
standing compared to P and PK. Cats sedated with PK (2.33 ± 0.47) required significantly more interventions
for hypotension than K (0.50 ± 0.47). Protocol P (3.2 ± 0.4) and PK (1.4 ± 0.3) required significantly more
interventions for bradycardia compared to K (0.8 ± 0.3). When comparing protocol K to P and PK, significant
differences in blood pressure, lactate, oxygen delivery, and oxygen consumption were noted.

Conclusions – Cats anesthetized with P had shorter times to full recovery compared to K. Cats anesthetized
with K required fewer interventions for bradycardia or hypotension but had longer recovery times compared
to P or PK. Protocol PK reduced the propofol dose required to maintain optimal anesthesia.
Summary:
Introduction…..
· The main goals of anesthesia for a patient undergoing MV include providing patient comfort, analgesia, anxiolysis, maintaining hemodynamic stability, preventing patient ventilator asynchrony, and facilitating nursing care.
· Many drugs used as a part of TIVA preserve hypoxic pulmonary vasoconstriction (HPV), compared to inhalant anesthesia that may reduce this important physiologic response. TIVA also reduces the environmental pollution associated with inhalant anesthesia, and most ICU mechanical ventilators are not designed for inhalant anesthesia delivery
· The medications used can result in a prolonged ventilation period beyond the resolution of the primary disease that caused ventilation to be necessary. As such, anesthetic medications can contribute to morbidity associated with MV if the time to weaning from MV is prolonged.
· The primary objective of this study was to evaluate the time to recovery and the quality of recovery using 3 different anesthetic protocols to facilitate 24 hours ofMV in healthy cats. 
· The secondary objective was to compare the cardiovascular (CV) effects of each anesthetic protocol.
· The authors hypothesized that when anesthetizing cats for 24 hours, protocols using propofol would improve the recovery time and recovery quality compared to protocols using ketamine; whereas anesthesia protocols using ketamine would improve CV stability compared to anesthesia protocols using propofol. Lastly, a combined protocol of ketamine and propofol was hypothesized to optimize CV stability compared to the protocol with propofol alone, reduce recovery times and improve recovery quality when compared to the protocolwith ketamine alone, and reduce the drug dosages of both propofol and ketamine used for anesthesia for MV.
Materials and methods….

· Seven specific pathogen free, intact, male, domestic shorthair cats were included in this study.
· Each cat was determined to be healthy based on physical examination, complete blood count, biochemistry profile, and thoracic radiographs.
· Initially, only 6 cats were to be used in the study but due to an illness unrelated to the study, 1 cat was removed after successfully completing only 1 anesthesia protocol and was replaced with another cat that completed the other two protocols.
· This was a prospective, randomized, crossover study.
· Three different anesthesia protocols were used during a 24-hour period of MV. Randomization was implemented for the order and drug protocol assigned to each cat. 
· Each cat underwent each anesthesia protocol once. 
· A minimum washout period of 2 weeks was used for each cat between each protocol

Anesthesia: Following premedication with medetomidinea (15 ug/kg, intramuscularly (IM)), anesthesia was induced with mask isoflurane. The cats were intubated  and anesthesia was maintained with isoflurane. Once intubated, Atipamezole  was administered for reversal of medetomidine. Once anesthetized, a 22-Ga IV cephalic or saphenous catheter  was placed. A balanced electrolyte solution was administered via the peripheral catheter throughout the study. Monitoring: ECG, Doppler, arterial BP, PA catheter, rectal temp. U cath placed in all cats and UOP monitoring.

Anesthesia protocols:
*** All cats were maintained on constant rate infusions of both fentanyl (10 ug/kg/h, IV) and midazolam (0.5 mg/kg/h, IV) in addition to the randomized anesthesia protocol throughout the 24-hour ventilation period.***

1. Anesthesia protocol K consisted of ketamine  initiated at 84 ug/kg/min (5 mg/kg/h), IV.
2. Anesthesia protocol P consisted of propofol initiated at 100 ug/kg/min, IV. 
3. Anesthesia protocol PK was comprised of propofol initiated at 50 ug/kg/min, IV with ketamine at a fixed rate of 42 ug/kg/min (2.5 mg/kg/h), IV.

Drug doses were adjusted to achieve optimal levels of anesthesia (ideal sedation/anesthesia score 4–5) based on a previously published scoring system

Propofol was adjusted in the P and PK protocols, ketamine was adjusted in the K only protocol.
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When the sedation/anesthesia score was <4, a 1 mg/kg bolus of propofol or ketamine was administered based on the protocol under investigation (propofol bolus in P and PK protocols, and ketamine bolus in K protocol). Subsequently, the variable rate drug was increased (propofol by 10–25 ug/kg/min and ketamine by 5–10 ug/kg/min). Similarly, if the sedation/anesthesia score was >5, the variable rate drug under investigation was decreased by 5–10 ug/kg/min
In addition, during the PK protocol, if the propofol infusion was discontinued for longer than 1 hour to achieve optimal sedation, then the ketamine dose was decreased by 50%; otherwise the ketamine dose remained constant.
Mechanical ventilation: Initial ventilator settings were the same for all cats in the study. All cats were initiated on 35% oxygen upon initiation of MV. The mode of ventilation used was pressure control ventilation with pressure support. This mode uses pressure control mandatory breaths and pressure support on spontaneous breaths; essentially a synchronous intermittent mandatory ventilation mode with pressure control breaths.

Monitoring: Cardiac output (CO) and arterial and mixed venous blood gas parameters were measured 30 minutes after
the onset of MV and every 6 hours thereafter during the 24-hour study period until 30 minutes prior to discontinuing the sedation protocol. CO measurements were performed using a TD technique as per the manufacturer recommendations and veterinary literature.

Recovery: Time 0 for recovery was when the anesthesia drugs were discontinued. No medications were reversed in any patient prior to recovery. Both qualitative and quantitative assessments of recovery were recorded. Recovery time (quantitative score) was recorded based on the time to achieving predefined landmarks: discontinuing ventilation, extubation, head up, crawling, standing, and coordinatedwalking. A qualitative recovery score was also recorded every
30–60 minutes following extubation.
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Results…

Drug doses:
· The mean dose of ketamine administered to cats receiving ketamine alone (protocol K) was 81.3 ± 3.3 ug/kg/min
· The mean dose of ketamine was 36.8 ± 3.3 ug/kg/min for cats receiving ketamine and propofol (protocol PK). 
· The median dose (confidence interval) of propofol administered to cats receiving sedation with propofol alone (protocol P) was 48.1 (39.3, 58.9) ug/kg/min 
· The median dose (confidence interval) of propofol was 16.0 (13.1, 19.6) ug/kg/min for cats who received protocol PK. 
· Therewas a significant reduction in the dose of propofol required for sedation of cats during protocol PK compared to cats during protocol P (P < 0.0001). 
· There was also a significant reduction in the dose of ketamine required for sedation of cats during protocol PK compared to cats during protocol K (P < 0.0001).

Recovery scores:
· Time to extubation, head up, crawling, standing , and walking were significantly longer in cats anesthetized with
· protocol K compared to cats anesthetized with protocol P 
· Time to head up, crawling, standing , and walking were significantly longer in cats anesthetized with protocol K compared to cats sedated with protocol PK
· When qualitative recovery scores were compared between cats receiving different sedation protocols, no statistically significant differences were found

Interventions
· Interventions for bradycardia were significantly more frequent for cats anesthetized with propofol alone compared to both protocols with ketamine
· In addition, more interventions for bradycardia were required for protocol PK than protocol K 
· Interventions for hypotension were more frequently required for cats anesthetized with protocol PK compared to cats anesthetized with protocol K 

CV and ventilation parameters
· Cats anesthetized with protocol K showed significant increases in several CV variables compared to results with
· protocol P including, HR , MAP, diastolic arterial blood pressure (DAP; P = 0.004), systolic PAP , diastolic PAP, and mean PAP. Additionally, MAP, systolic arterial blood pressure, and DAP were significantly higher in cats anesthetized with protocol K, compared to those with PK.
· Cats anesthetized with protocol K showed significantly higher DO2 and VO2 values compared to cats anesthetized with protocol P, whereas only VO2  was significantly higher in cats anesthetized with protocol PK compared to cats
· anesthetized with protocol P . 
· Median lactate was significantly higher in cats anesthetized with protocol K compared to cats anesthetized with protocols PK
· CV parameters including CO, CI, SVI, ERO2, CaO2, CvO2, BE, and SvO2 were not statistically different over time or among treatment groups of cats receiving the different protocols.
· There was no significant difference in urine output over 24 hours between each protocol

Sedation/anesthesia scores
· Cats were maintained in the target sedation/anesthesia score (4–5) 30% of the time during protocol K, 43% during protocol PK, and 50% of the time during protocol P; however, the difference between these values was not statisticallysignificant. 

Conclusions/key points:

· The mean doses of both propofol and ketamine required to facilitate anesthesia were markedly reduced when the drugs were combined, compared to when they were used alone. 
· Recovery times for cats anesthetized with ketamine alone were longer than for cats anesthetized with protocols using propofol alone or in combination with ketamine. 
· [bookmark: _GoBack]Cats anesthetized with ketamine alone required fewer interventions for bradycardia or hypotension compared to anesthesia with propofol alone or, propofol and ketamine combined.
· The combination protocol required the most interventions for hypotension compared to the other 2 protocols but overall had improved CV stability compared to propofol alone and had shorter recovery times compared to ketamine alone.
· The only parameter that was not significantly reduced with any of the protocols was time to discontinuation of MV.
· When evaluating recovery scores in the present study, no significant differences among anesthetic protocols were noted.
· Interestingly, more interventions for hypotension were required in cats receiving the protocol combining propofol and ketamine when compared to the other two protocols
· DO2  and VO2 were significantly increased in the cats receiving anesthesia with ketamine compared to propofol in the present study.
· The lactate was also significantly higher in cats anesthetized with ketamine compared to propofol alone
· There was a statistically significant decrease in SVRI, MAP, and CVP from baseline over time in cats during the present study, independent of the different anesthetic protocols utilized
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