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ABSTRACT.	 Cardiovascular effects of total intravenous anesthesia using ketamine-medetomidine-propofol drug combination (KMP-TIVA) 
were determined in 5 Thoroughbred horses undergoing surgery. The horses were anesthetized with intravenous administration (IV) of ket-
amine (2.5 mg/kg) and midazolam (0.04 mg/kg) following premedication with medetomidne (5 µg/kg, IV) and artificially ventilated. Surgi-
cal anesthesia was maintained by controlling propofol infusion rate (initially 0.20 mg/kg/min following an IV loading dose of 0.5 mg/kg) 
and constant rate infusions of ketamine (1 mg/kg/hr) and medetomidine (1.25 µg/kg/hr). The horses were anesthetized for 175 ± 14 min 
(range from 160 to 197 min). Propofol infusion rates ranged from 0.13 to 0.17 mg/kg/min, and plasma concentration (Cpl) of propofol 
ranged from 11.4 to 13.3 µg/ml during surgery. Cardiovascular measurements during surgery remained within clinically acceptable ranges 
in the horses (heart rate: 33 to 37 beats/min, mean arterial blood pressure: 111 to 119 mmHg, cardiac index: 48 to 53 ml/kg/min, stroke 
volume: 650 to 800 ml/beat and systemic vascular resistance: 311 to 398 dynes/sec/cm5). The propofol Cpl declined rapidly after the cessa-
tion of propofol infusion and was significantly lower at 10 min (4.5 ± 1.5 µg/ml), extubation (4.0 ± 1.2 µg/ml) and standing (2.4 ± 0.9 µg/ml) 
compared with the Cpl at the end of propofol administration (11.4 ± 2.7 µg/ml). All the horses recovered uneventfully and stood at 74 ± 
28 min after the cessation of anesthesia. KMP-TIVA provided satisfactory quality and control of anesthesia with minimum cardiovascular 
depression in horses undergoing surgery.
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General anesthesia for prolonged duration surgical proce-
dures in horses is generally accomplished by administering 
inhalant anesthetics. The inspired concentration of inhalant 
anesthetics required in providing a surgical plane of anes-
thesia frequently contributes to intraoperative hypotension 
and hypoventilation [28]. Some studies have suggested that 
TIVA in horses produces better cardiopulmonary values than 
inhalation anesthesia [1, 2, 19, 31].

A variety of TIVA techniques have been investigated for 
short surgical procedures in horses [34]. The use of TIVA for 
longer surgical procedures has generally included combina-
tions of centrally acting muscle relaxants (guaifenesin and 
midazolam), α2-adrenoceptor agonists or both in conjunction 
with ketamine [12, 19, 29, 35] and medetomidine-propofol 
drug combination with or without ketamine [3, 4, 30].

Propofol’s rapid onset of action and short context-sensitive 
half-life are conductive to rapid recovery from anesthesia 
following short duration procedures [23]. Propofol, howev-

er, can produce marked cardiorespiratory depression and is 
considered unsatisfactory when used by itself for induction 
and maintenance of anesthesia in horses [18, 30]. Combin-
ing propofol with various sedative and analgesic drugs could 
provide an alternative method for improving the quality and 
safety of anesthesia in horses and potentially decrease the 
total dose of drug required [4, 10, 17, 20, 30].

Towards this end, several studies have investigated and 
considered propofol drug combinations suitable for TIVA 
in horses for periods lasting longer than 2 hr [1, 3, 4]. The 
combination of ketamine-medetomidine-propofol for TIVA 
(KMP-TIVA) was demonstrated to provide better mainte-
nance of surgical anesthesia and decreased the requirement 
of propofol compared to propofol infusion alone in horses 
[30]. Another study reported that cardiovascular function 
was preserved within acceptable values during extended 
KMP-TIVA in horses [31]. However, detailed evaluation 
of cardiovascular function has not been reported in horses 
undergoing a surgical procedure. Furthermore, propofol Cpl 
has not been examined in horses anesthetized or recovering 
from KMP-TIVA. The purpose of the study reported here 
was to determine cardiovascular effects of KMP-TIVA dur-
ing surgery in horses.

MATERIALS AND METHODS

Animals: Five healthy Thoroughbred horses (3 mares and 
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2 stallions; mean ± SD weight was 482 ± 53 kg [range, 428 to 
564 kg]; mean age was 11.2 ± 8.4 years [range, 2 to 18 years 
old]) were used for the present study. Food but not water was 
withheld from the horses for 12 hr before anesthesia. Horses 
were cared for according to principles of the Guide for the 
Care and Use of Laboratory Animals prepared by Rakuno 
Gakuen University. The Animal Care and Use Committee of 
School of Veterinary Medicine, Rakuno Gakuen University 
approved the study (Approved No. 3-2003).

Anesthesia and surgical procedure: Each horse was 
premedicated with medetomidine (Domitor; Meiji Seika 
Co., Tokyo, Japan) (5 µg/kg, IV) via a 14-gauge, 13.3-cm 
catheter (BD Angiocath; Becton-Dickinson Sys Inc., Sandy, 
UT, U.S.A.) placed percutaneously into a jugular vein. 
Five minutes later, anesthesia was induced with midazolam 
(Midazolam injection 0.5%; Fuji Seiyaku Co., Tokyo, Japan) 
(0.04 mg/kg, IV) and ketamine (Ketalar 100; Sankyo Co., 
Tokyo, Japan) (2.5 mg/kg, IV). The horses were orotrache-
ally intubated, positioned in left lateral recumbency on an 
inflated airbed surgical table and connected to a large animal 
circle anesthesia system that incorporated a ventilator (Mal-
lard Medical ventilator Rachel Model 2800 L.A.A.V; Mal-
lard Medical Inc., Redding, CA, U.S.A.) and breathed 100% 
oxygen (5 l/min). A loading dose of propofol (Rapinovet; 
Schering-Plough Animal Health Co., Tokyo, Japan) (0.5 mg/
kg, IV) was administered to all the horses, and a constant 
rate infusion (CRI) of ketamine (1 mg/kg/hr) and medetomi-
dine (1.25 µg/kg/hr) and propofol was started (KMP-TIVA); 
the CRI of the ketamine and medetomidine (KM) drug 
combination was administered by use of a syringe infusion 
pump (STC-521; Terumo Co., Tokyo, Japan). Propofol was 
administered with an infusion pump (Subratek 3030; JMS, 
Hiroshima, Japan): the infusion rate adjusted as needed to 
prevent response to surgical stimulation. The initial rate of 
propofol infusion was 0.2 mg/kg/min. The CRI of propo-
fol was increased by 0.025 mg/kg/min when spontaneous 
movement occurred. A bolus of propofol (200 mg, IV) was 
administered when the movement remained uncontrolled by 
increasing the infusion rate of propofol. The rate of propofol 
infusion was decreased by 0.025 mg/kg/min when purpose-
ful movement was not detected during surgery i.e. decreased 
in increments until the lowest effective level was reached.

Lactated Ringer’s solution (Solulact; Terumo Co.) was 
administered IV at a rate of 10 ml/kg/hr to all horses. The 
urinary bladder was catheterized to maintain an empty blad-
der during anesthesia. Breathing was controlled using inter-
mittent positive pressure ventilation (IPPV) after induction 
to anesthesia and adjusted to maintain the partial pressure of 
arterial carbon dioxide (PaCO2) at 40 to 50 mmHg until the 
end of anesthesia. The respiratory rate was set at 6 breaths/
min, tidal volume at 15 ml/kg and peak intra airway pressure 
of 20 to 25 cmH2O.

Following aseptic preparation of the operative site and in-
strumentation (mentioned later), the same person (K.Y.) per-
formed the surgical translocations of the right carotid artery 
in all the horses. A 30 cm long skin incision was made im-
mediately dorsal to the right jugular furrow in each horse at 
approximately 60 min after the induction of anesthesia. The 

right carotid artery was identified and surgically relocated to 
a subcutaneous position. The KMP-TIVA, monitoring and 
fluid administration were discontinued shortly after complet-
ing the carotid artery translocation surgery. The horses were 
transported to a 3.5 m × 3.5 m padded recovery stall. The 
endotracheal tube was removed when horses regained the 
swallowing reflex. All horses recovered with assistance us-
ing head and tail ropes. Flunixin meglumine (Banamine 5%; 
Dai Nippon Seiyaku Co., Osaka, Japan) (1 mg/kg, IV) and 
penicillin G procaine (4 × 106 U/horse, IM) combined with 
dihydrostreptomycin sulfate (5 g/horse, IM) (Mycillinsol 
Meiji; Meiji Seika Co., Ltd.) were administered every 12 hr 
for 3 days.

Instrumentations for measuring cardiorespiratory param-
eters: All horses were instrumented with vascular catheters 
for sampling arterial blood and measurement of hemody-
namic data during the first 30 to 60 min of KMP-TIVA. The 
area over the right jugular furrow and the right metatarsal 
were clipped and prepared aseptically. An 18-gauge catheter 
(Supercath; Medikit Co., Tokyo, Japan) was placed in the 
right dorsal third of the metatarsal artery. An 8-french intro-
ducer (Exacta percutaneous sheath introducer 8Fr; Ohmeda, 
Swindon, U. K.) was placed in the right jugular vein, and a 
9-french introducer (Exacta percutaneous sheath introducer 
9Fr; Ohmeda) was placed in the right jugular vein 30 cm 
proximal to the 8-french introducer. A triple-lumen 7-french 
100-cm Swan-Ganz ballooned-tipped thermistor catheter 
(Criti-Cath SP-5107; Ohmeda) was placed in the pulmonary 
artery via an 8-french introducer and advanced into the 
jugular vein and into the pulmonary artery. Catheter posi-
tion was confirmed by the characteristic pressure wave for 
each heart’s chamber. An 8-french 100-cm catheter (Intervec 
super guiding catheter; Fuji Systems Co., Tokyo, Japan) was 
placed in the right atrium via the 9-french introducer. The 
distance between the tip of the Swan-Ganz catheter and the 
8-french catheter was adjusted to 40–50 cm. The proximal 
end of the Swan-Ganz, right atrial and arterial catheters were 
connected to saline (0.9%NaCl) solution-filled extension 
tubing to pressure transducers (CDX-A90; Cobe Laborato-
ries, Tokyo, Japan) and a hemodynamic monitor (DS-5300; 
Fukuda Denshi, Tokyo, Japan). The transducers were posi-
tioned at the level of the heart before calibration.

Cardiorespiratory measurements: Cardiovascular mea-
surements and arterial blood gas data were recorded every 
20 min and during 2.5 to 3.0 hr of anesthesia. Arterial 
blood pressure (ABP; mmHg), pulmonary artery pressure 
(PAP; mmHg) and right atrial pressure (RAP; mmHg) were 
measured by connecting the catheters placed in the dorsal 
metetarsal artery, pulmonary artery and right atrium, respec-
tively, to pressure transducers and a hemodynamic monitor. 
Cardiac output (CO; l/min) was measured by the thermodi-
lution technique [22] using 40 ml of 0°C 5% dextrose in-
jected manually for approximately 2 sec through an 8-french 
catheter placed in the right atrium. The CO was measured at 
least 3 times, and the mean value was calculated. Heart rate 
(HR; beats/min), electrocardiogram (Apex-Base lead), ABP, 
PAP, RAP and CO were recorded at predetermined times. 
Cardiac index (CI; ml/kg/min), stroke volume (SV; ml/beat) 
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and systemic vascular resistance (SVR; dynes/sec/cm5) 
were calculated using standard formulas [27]. Arterial blood 
samples were anaerobically collected from the dorsal meta-
tarsal artery into heparinized syringes for immediate blood 
gas (PaO2 and PaCO2) and pH analysis (Rapidlab 348; Bayer 
Medical Co., Tokyo, Japan).

Measurements of plasma propofol concentration: Arterial 
blood samples (8 ml) were collected from the catheter placed 
in the dorsal metatarsal artery at selected time intervals for 
determination of plasma propofol concentration. The se-
lected sampling times were: just before skin incision, 30 and 
60 min after beginning surgery, at the end of surgery, at end 
of propofol infusion, 10 min after the cessation of propofol 
infusion, after removal of the endotracheal tube and just after 
the horses regained a standing position.

Plasma concentration (Cpl) of propofol was determined 
by high performance liquid chromatography (HPLC) using 
fluorescence detection [25, 32]. The blood samples were 
mixed with heparine sodium (10 unit per 1 ml of blood) 
and centrifuged (1,580 × g for 15 min) immediately to 
separate plasma. Then, the plasma samples were stored at 
−80°C. Each plasma sample (200 µl) was mixed with 100% 
methanol (400 µl) and the top clear layer (300 µl) extracted 
after centrifugation (1,580 × g for 15 min). Another 100% 
methanol (400 µl) was mixed with the precipitate and the 
top clear layer (300 µl) again separated by centrifugation. 
These extracts were combined, and 200 µl of the extract was 
mixed with purified water (600 µl) and stored at −80°C until 
HPLC analysis.

The instruments using HPLC analysis consisted of dual 
pumps (DP-8020; Tosoh Co.), auto-sampler (AS-8020; 
Tosoh Co.), reversed-phase column (TSK-GEL ODS-80TS; 
Tosoh Co.), integration software (LC8020; Tosoh Co.), de-
gasser (GASTORR 702; Eyela Co.) and intelligent fluores-
cence detector (FP-2020 plus; JASCO Co., Tokyo, Japan). 
Propofol within each extract sample was separated with the 
reversed-phase column using a linear gradient mobile phase 
from methanol-water-ammonium acetate (24: 75.94: 0.06) 
to 100% methanol delivered at 1 ml/min and detected by the 
fluorescence detector set at 276 nm (excitation) and 310 nm 
(emission). The limit of detection for propofol was 0.05 µg/
ml. The apparent elimination half-life (terminal half-life: 
t1/2) was calculated from the terminal log-linear portion of 
the post-infusion propofol plasma decay curve.

Evaluation of quality of anesthesia and recovery: The 
quality of anesthetic induction, transition to TIVA (the first 
20 min of anesthesia), anesthetic maintenance (from the first 
20 min to the end of anesthesia i.e drug infusions stopped) 
and recovery from anesthesia were evaluated using scoring 
system [30] (Table 1). The times from the cessation of an-
esthesia to extubation, first movement, sternal position and 
standing were recorded.

Statistical analysis: Data are expressed as mean ± SD. A 
repeated measures ANOVA was used to compare changes in 
cardiovascular and respiratory data. A Student paired t-test 
was used to determine differences between time points when 
appropriate. Differences were considered significant when 
P<0.05.

Table 1.	 Criteria for scoring the quality of anesthetic induction, transition to infusion, maintenance of anesthesia and recovery from 
anesthesia following TIVA in horses

Score Criteria
Anesthetic induction

0 (Poor) Ataxia and paddling; danger to horse and handler
1 (Fair) Purposeful paddling with or without attempts to regain feet
2 (Satisfactory) Ataxia with or without paddling
3 (Good) Horse takes 1 or 2 steps before falling to ground; no paddling
4 (Excellent) Horse sinks smoothly to the ground

Transition to infusion
0 (Poor) Multiple incremental bolus IV doses (200 mg each) of propofol needed
1 (Fair) One or 2 additional bolus IV doses of propofol needed during first 20 min
2 (Good) Appeared to be in light plane of anesthesia; responded to a bolus IV injection of propofol
3 (Excellent) Smooth transition; additional propofol injection not required

Anesthetic maintenance
0 (Poor) Multiple incremental IV bolus doses (200 mg each) of propofol required to maintain surgical plane of anesthesia
1 (Fair) One or 2 additional bolus IV doses of propofol (within a period of 5 min) to control movement after the first 20 min
2 (Good) Appeared to be in light plane of anesthesia; responded to a bolus IV injection of propofol
3 (Excellent) Smooth anesthetic period; depth of anesthesia responded to increase or decrease in propofol infusion rate

Anesthetic recovery
0 (Unable to stand) Horse cannot stand for >2 hr after multiple attempts to stand; excitement is evident; injury or high risk of injury
1 (Poor) Multiple attempts to stand; excitement is evident; high risk of injury
2 (Fair) Multiple attempts to stand; substantial ataxia
3 (Satisfactory) Stands after 1 to 3 attempts; prolonged ataxia but no excitement
4 (Good) Stands after 1 or 2 attempts; mild, short-term ataxia
5 (Excellent) Stands after first attempt; no ataxia
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Fig. 1.	 Cardiovascular values during surgery in 5 horses undergoing KMP-TIVA. Plots and error bars showed mean 
value and standard deviation from 5 horses, respectively. HR: heart rate, MABP: mean arterial blood pressure, MPAP: 
mean pulmonary artery pressure, MRAP: mean right atrial pressure, CO: cardiac output, CI: cardiac index, SV: stroke 
volume, SVR: systemic vascular resistance, Before skin incision: just before skin incision, 30 min: 30 min into surgery, 
60 min: 60 min into surgery, Ope-end: at the end of operation.
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RESULTS

Cardiovascular effects: Cardiovascular parameters were 
stable and preserved within normal limits for anesthetized 
horses (Fig. 1). Mean values of HR ranged from 33 to 
37 beats/min, and mean ABP (MABP) ranged from 111 to 
119 mmHg in all horses. CI and SV values ranged from 48 
to 53 ml/kg/min and from 650 to 800 ml/beat during surgery, 
respectively. SVR ranged from 311 to 398 dynes/sec/cm5. 
Mean PAP (MPAP) and mean RAP (MRAP) ranged from 
17 to 21 mmHg and from 12 to 15 mmHg during surgery, 
respectively (Fig. 1).

Respiration and arterial blood gases: The mean time 
after induction of anesthesia to the start of IPPV was 15.8 
± 2.9 min. The PaCO2 and PaO2 were maintained at 49 to 
54 mmHg and 581 to 617 mmHg, throughout anesthesia, 
respectively (Table 2).

Propofol infusion rate and plasma concentration: The 
CRI of propofol ranged from 0.17 ± 0.01 mg/kg/min before 
skin incision to 0.13 ± 0.01 mg/kg/min at the time of ces-
sation of propofol infusion (Fig. 2). Propofol Cpl was 10.6 

± 2.6 µg/ml just before skin incision, 13.3 ± 6.0 µg/ml at 
30 min, 11.1 ± 1.4 µg/ml at 60 min and 11.4 ± 2.7 µg/ml at 
the end of surgery. The propofol Cpl declined rapidly after 
cessation of propofol infusion. The propofol Cpl was sig-
nificantly decreased (P<0.01) at 10 min after the cessation 
of KMP-TIVA (4.5 ± 1.5 µg/ml), extubation (4.0 ± 1.2 µg/
ml) and after standing (2.4 ± 0.9 µg/ml) compared to the end 
of surgery. The t1/2 for propofol was estimated to be 76.6 ± 
18.8 min (Fig. 3).

Quality of anesthesia and anesthetic events: Induction to 
anesthesia was smooth and excitement-free with adequate 
muscle relaxation (score 4) in all horses. All horses became 
recumbent within 1–2 min from the time of ketamine-
midazolam administration. There were no limb movements 
and/or head shaking after becoming recumbent. Transition to 
the KMP-TIVA was uneventful (score 3) in all horses. The 
horses remained anesthetized for 175 ± 14 min (range from 
160 to 197 min). The quality of anesthesia was considered to 
be excellent (score 3) in all horses. The times to extubation, 
first movement and sternal recumbency were 19 ± 5 (ranged 
from 13 to 25) min, 15 ± 8 (ranged from 5 to 24) min and 65 
± 29 (ranged from 38 to 99) min, respectively. The number 

Table 2.	 Respiratory rate, blood gas values and arterial pH (mean ± SD) in 5 horses on IPPV 
undergoing carotid artery translocation via KMP-TIVA

Variable Pre value Before skin incision 30 min 60 min Ope-end
RR (breaths/min) 15 ± 3 6 ± 0 6 ± 0 6 ± 0 6 ± 0
pHa ND 7.45 ± 0.04 7.46 ± 0.04 7.47 ± 0.04 7.48 ± 0.05
PaCO2 (mmHg) ND 54 ± 5 51 ± 7 51 ± 7 49 ± 6
PaO2 (mmHg) ND 598 ± 127 581 ± 115 589 ± 109 617 ± 111

Data showed mean ± standard deviation from 5 horses. Pre value was measured before any 
medications were administered. ND: Not determined. Before skin incision: Just before skin inci-
sion, 30 min: 30 min into surgery, 60 min: 60 min into surgery, Ope-end: At the end of operation. 
RR: Respiratory rate, pHa: Arterial blood pH, PaCO2: Partial pressure of arterial carbon dioxide. 
PaO2: Partial pressure of arterial oxygen.

Fig. 2.	 Propofol infusion rates and plasma concentration (Cpl) in 
5 horses undergoing KMP-TIVA. Closed circles showed mean 
value of propofol infusion rates from 5 horses. Closed squares and 
error bars showed mean value of Cpl and its standard deviation, 
respectively. Values significantly (**P<0.01) lower than the Cpl of 
propofol at the end of operation. Before skin incision (just before 
skin incision); 30 min (30 min after beginning surgery); 60 min 
(60 min after beginning surgery); Ope-end (at the end of opera-
tion); Prop.-stop (at the end of propofol infusion); 10 min (10 min 
after cessation of propofol administration), Ext (just after extuba-
tion); Stand (just after the horses stood).

Fig. 3.	 Semilogarithmic plots of propofol plasma concentration 
(Cpl) versus time after the cessation of propofol infusion in in-
dividual 5 horses anesthetized with KMP-TIVA for surgery. The 
terminal half-life of propofol (t1/2) was estimated to be 80 min for 
Horse No.1, 68 min for Horse No.2, 85 min for Horse No.3, 50 min 
for Horse No.4 and 100 min for Horse No.5 (mean ± SD: 76.6 ± 
18.8 min).
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of attempts to stand and time to standing after the cessation 
of KMP-TIVA were 1.2 ± 0.4 (ranged from 1 to 2) and 74 
± 28 (ranged from 42 to 105) min, respecively. The quality 
of recovery from anesthesia was judged to be excellent or 
good, and recovery was uneventful. One horse had a recov-
ery score of 5 (excellent), whereas 4 horses had a recovery 
score of 4 (good).

DISCUSSION

The administration of KMP-TIVA produced stable and 
satisfactory anesthesia for surgery in all our horses. Cardio-
vascular function in the horses remained within acceptable 
ranges for healthy resting horses [27], and hypoventilation 
and hypoxia were effectively prevented by IPPV. The re-
covery from KMP-TIVA was uneventful, and its quality was 
excellent to good. However, the longer duration of anesthe-
sia resulted in longer recovery, although the propofol Cpl 
declined rapidly after the cessation of anesthesia.

Nolan and Hall [23] conjectured that the 95% of effective 
dose of propofol to prevent a response to surgical stimulus 
for horses might be greater than 0.28 mg/kg/min when horses 
are anesthetized with propofol alone. The propofol infusion 
rates required to maintain surgical anesthesia ranged from 
0.18 ± 0.04 mg/kg/min to 0.22 ± 0.03 mg/kg/min in horses 
premedicated with α2-adrenoceptor agonists and induced to 
anesthesia with either midazolam (0.04 mg/kg IV) and ket-
amine (2.5 mg/kg IV) or propofol (2 mg/kg IV) [23, 30]. We 
were able to achieve, an excellent surgical plane of anesthe-
sia with a lower infusion rate of propofol (0.13 mg/kg/min) 
in horses anesthetized with KMP-TIVA, and this finding is 
similar to our previous report in horses anesthetized with 
KMP-TIVA for the surgical translocation of their carotid 
artery [30]. The reduction in propofol requirements is most 
likely due to the anesthetic and analgesic interactive effects 
of propofol when combined with ketamine and medeto-
midine. Ketamine, a dissociative anesthetic drug, induces 
analgesia by antagonizing N-methyl-D-aspartate (NMDA) 
receptors [14]. Medetomidine is an α2-adrenoceptor agonist 
that activates α2-receptors located in the spinal cord and 
brain stem, resulting in sedation and analgesia [8].

To determine pharmacokinetic parameters, plasma con-
centrations of drugs are usually measured, because plasma 
is more readily handled and stored than blood. However, 
blood levels of propofol were measured in previous reports 
[10, 24], because the measurement of the drug in plasma is 
reported to yield propofol concentrations lower than in blood, 
indicating that propofol is more intimately associated with 
the red blood cells. On the other hand, plasma concentration 
monitoring is recommended during propofol infusion, but 
immediate centrifugation is needed [9]. In the present study, 
we recorded somewhat higher propofol concentrations (11 to 
13 µg/ml) compared with previous studies that reported the 
blood concentration of propofol ranged from 2.26 to 6.45 µg/
ml [24] and 3.27 to 9.44 µg/ml [10] during 60 min infusion 
of propofol in ponies. The plasma propofol concentrations at 
extubation and standing in the present study were also higher 
than the values obtained in the previous reports [10, 24]. 

Those reports [10, 24] were carried out in ponies, weighing 
85 to 196 kg and 250 to 280 kg, while the study reported 
here was investigated in thoroughbred, weighing 428 to 564 
kg. This difference may influence the pharmacokinetics and 
pharmacodynamics of propofol. Furthermore, it was pointed 
out that the concentration of propofol could be underesti-
mated when whole blood was used during propofol infusion 
because plasma concentrations of propofol remained 30% 
higher than whole blood concentrations [9].

The t1/2 for propofol was reported to be 69.0 ± 8.0 min 
in ponies premedicated with detomidine 20 µg/kg IV, given 
ketamine 2.2 mg/kg IV for induction of anesthesia, fol-
lowed by a bolus injection of propofol 0.5 mg/kg IV and 
maintained with an infusion of propofol at 0.136 mg/kg/min 
for 60 min and ketamine at 3 mg/kg/min for 45 min [24]. 
These ponies stood up at 30.0 ± 20.8 min after the cessation 
of anesthesia [24]. Smooth and satisfactory recovery after 
castration was also reported in ponies premedicated with 
detomidine 20 µg/kg IV, given ketamine 2.2 mg/kg IV for 
induction of anesthesia, followed by a bolus injection of pro-
pofol 0.5 mg/kg IV and maintained with an infusion of pro-
pofol at 0.124 mg/kg/min and ketamine at 2.4 mg/kg/min for 
60 min [10]. These ponies stood up at 14.9 ± 10.1 min after 
the cessation of anesthesia [10]. Compared to these reports 
in ponies, the recovery was longer in our horses anesthetized 
with KMP-TIVA for about 3 hr. On the other hand, the Cpl of 
propofol declined rapidly after the cessation of KMP-TIVA, 
and the estimated t1/2 of propofol in the present study (76.6 
± 18.8 min) is similar to that reported in a previous study in 
ponies [24]. The duration of propofol infusion may not af-
fect the clearance of propofol after the cessation of infusion 
in horses. The longer duration of KMP-TIVA might induce 
larger degrees of accumulation of ketamine and medetomi-
dine, thus influencing rate of recovery from anesthesia in the 
present study.

Systemic hypotension and hypotensive events, MABP 
<50 to 60 mmHg, are responsible for most drug-related 
complications in anesthetized horses [7, 11, 15, 21, 36]. 
Marked reductions in MABP and tissue blood flow (CO) 
are responsible for the development of myopathy, myositis, 
rhabdomyolysis, spinal cord ischemia and degeneration, spi-
nal cord malacia, cerebral necrosis, transient or permanent 
blindness, acute cardiac collapse and prolonged recovery 
from anesthesia [7, 11, 15, 21, 36]. Alternatively, MABP val-
ues in excess of 70 mmHg during anesthesia are considered 
to be important for preventing post-operative myopathy in 
horses [7, 11, 15, 21, 36]. In the present study, the MABP 
ranged from 111 to 118 mmHg during surgery and other car-
diovascular parameters, except for the SVR remained within 
acceptable ranges for healthy resting horses [27]. Mean ± 
standard deviation of SVR in standing, conscious, unsedated 
healthy resting horses are 262.4 ± 63.4 and 265 ± 81 dynes/
sec/cm5 [27]. The SVR during KMP-TIVA mildly increased 
and was ranged around its upper limit for the healthy resting 
horses [27]. This mild increase in SVR and preserved CO 
within the acceptable range contributed to the good ABP in 
the horses anesthetized with KMP-TIVA for surgery. KMP-
TIVA provided a minimum cardiovascular depression in 
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horses undergoing surgery.
Surgical stimulation causes stress and adrenergic re-

sponses resulting increases in HR and ABP when anesthetic 
and/or analgesic level is insufficient in patients. In the pres-
ent study, the cardiovascular changes throughout anesthesia 
were similar to our previous report in horses anesthetized 
with KMP-TIVA for 4 hr without surgical stimulation [31]. 
Therefore, the adrenergic response to surgical stimulation 
seemed to be completely controlled in our horses. It has been 
demonstrated that TIVA using a combination of detomidine, 
an α2-adrenoceptor agonist, ketamine and guaifenesin caused 
less cardiorespiratory depression than halothane anesthesia 
and reduced stress as suggested by decreases in plasma 
arginine vasopressin, β-endorphin, ACTH, cortisol and 
catecholamine concentrations during anesthesia [16, 29]. 
Medetomidine has a greater selectivity of α2-adrenoceptors 
and comparative behavioral and neurochemical effects that 
suggest less endocrine changes during prolonged anesthesia 
in horses [5, 8, 33]. Ketamine produces an apparent analge-
sia by antagonizing NMDA receptors [14]. We inferred that 
KMP-TIVA provided sufficient anesthesia and analgesia and 
produced reduction of the stress induced by surgical stimula-
tion.

Most spontaneously breathing horses hypoventilate dur-
ing anesthesia. Drug-induced decreases in respiratory rate or 
tidal volume produce hypercarbia, which can result in respi-
ratory acidosis and, when severe, can produce hypoxemia 
and lactic acidosis [21]. The maximum value that the PaCO2 
should be allowed to increase before instituting controlled 
ventilation remains controversial [26]. PaCO2 values greater 
than 70 mmHg may activate the central nervous system, 
making it more difficult to maintain a stable plane of an-
esthesia [21]. Initiating controlled ventilation early during 
the maintenance phase of anesthesia provides the best op-
portunity to prevent hypercarbia and maximize PaO2 [6, 21]. 
However, controlling ventilation may decrease CO and ABP 
secondary to increases in intrathoracic pressure, which can 
decrease venous return [13, 21]. Our previous study demon-
strated that horses administered KMP-TIVA and spontane-
ously breathing room air (21% O2) developed hypercarbia 
(PaCO2 range, 47 to 77 mmHg) and hyoxemia (PaO2 range, 
27 to 77 mmHg) shortly after induction of anesthesia [30]. 
That study and data from the current study suggest that 
hypoventilation may be a consequence of KMP-TIVA that 
hypercarbia and hypoxemia can be effectively prevented 
by IPPV and that cardiovascular function is maintained 
within acceptable limits for horses. Importantly, KMP-TIVA 
preserved cardiovascular function in horses even with con-
trolled ventilation.

Our data demonstrated that induction of anesthesia with 
medetomidine-ketamine-midazolam and maintenance of 
anesthesia with KMP-TIVA provided satisfactory quality 
and control of anesthesia with minimum cardiovascular de-
pression in horses undergoing surgery. However, the longer 
duration of KMP-TIVA may result in longer recovery.
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