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ABSTRACT.	 Effects of intermittent positive pressure ventilation (IPPV) on cardiopulmonary function were evaluated in horses anesthetized 
with total intravenous anesthesia using constant rate infusions of medetomidine (3.5 µg/kg/hr), lidocaine (3 mg/kg/hr), butorphanol (24 
µg/kg/hr) and propofol (0.1 mg/kg/min) (MLBP-TIVA). Five horses were anesthetized twice using MLBP-TIVA with or without IPPV 
at 4-week interval (crossover study). In each occasion, the horses breathed 100% oxygen with spontaneous ventilation (SB-group, n=5) 
or with IPPV (CV-group, n=5), and changes in cardiopulmonary parameters were observed for 120 min. In the SB-group, cardiovascular 
parameters were maintained within acceptable ranges (heart rate: 33–35 beats/min, cardiac output: 27–30 l/min, mean arterial blood pres-
sure [MABP]: 114–123 mmHg, mean pulmonary arterial pressure [MPAP]: 28–29 mmHg and mean right atrial pressure [MRAP]: 19–21 
mmHg), but severe hypercapnea and insufficient oxygenation were observed (arterial CO2 pressure [PaCO2]: 84–103 mmHg and arterial 
O2 pressure [PaO2]: 155–172 mmHg). In the CV-group, normocapnea (PaCO2: 42–50 mmHg) and good oxygenation (PaO2: 395–419 
mmHg) were achieved by the IPPV without apparent cardiovascular depression (heart rate: 29–31 beats/min, cardiac output: 17–21 l /min, 
MABP: 111–123 mmHg, MPAP: 27–30 mmHg and MRAP: 15–16 mmHg). MLBP-TIVA preserved cardiovascular function even in horses 
artificially ventilated.
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Morbidity and mortality in clinical equine anesthesia are 
considerably greater than in other domestic species, and this 
is usually caused by hypotension and hypoventilation during 
anesthesia [18]. To improve outcomes of equine anesthesia, 
many researchers have tried to develop anesthetic protocols 
that can provide less cardiopulmonary depression [4, 6, 21, 
25–27]. We earlier reported that total intravenous anesthesia 
using combination of medetomidine, lidocaine, butorphanol 
and propofol (MLBP-TIVA) provides effective general an-
esthesia while preserving cardiovascular function and with 
good recovery in horses, but hypercapnea was observed 
under spontaneous breathing [4].

In the current equine practice, intermittent positive pres-
sure ventilation (IPPV) is widely used to treat hypercapnea 
during general anesthesia. However, it can result in de-
creases in cardiac output (CO), systemic arterial blood pres-
sure and oxygen delivery in horses [19]. The IPPV directly 

increases intrathoracic pressure during inspiration and then 
affects cardiovascular function by reducing venous return [3, 
5, 9, 21]. As mentioned above, cardiovascular function can 
be preserved in horses anesthetized with MLBP-TIVA [4]. 
It is expected that hypercapnea during MLBP-TIVA can be 
effectively treated by IPPV without apparent cardiovascular 
depression.

The purpose of the present study was to evaluate ef-
fects of the IPPV on cardiopulmonary function in horses 
anesthetized with MLBP-TIVA. We hypothesized that the 
combination of MLBP-TIVA and IPPV will produce a good 
cardiopulmonary status in horses.

MATERIALS AND METHODS

Experimental animals: Five healthy horses weighing 406 
to 552 kg (472 ± 55 kg [mean ± standard deviation] at the 
first occasion of a crossover study) and aged 1 to 20 years 
(7.4 ± 8.4 years) were used for this crossover study (Table 
1). Their right carotid arteries had been surgically raised to 
a subcutaneous position at least 1 month prior to the first 
occasion of a crossover study under general anesthesia. The 
horses were anesthetized twice using MLBP-TIVA with 
or without IPPV at 4-week interval. In each occasion, the 
horses breathed 100% oxygen with spontaneous ventila-
tion (SB-group, n=5) or with IPPV (CV-group, n=5). Food 
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but not water, was withheld from horses for 12 hr before 
anesthesia. The horses were owned by Rakuno Gakuen 
University and were cared for according to the principles 
of the “Guide for the Care and Use of Laboratory Animals” 
prepared by Rakuno Gakuen University. The Animal Care 
and Use Committee of Rakuno Gakuen University approved 
the study (approved No. VH21C11).

Experimental protocol: Initially, all horses were instru-
mented with introducers and catheters for measuring cardio-
pulmonary parameters under MLBP-TIVA with spontaneous 
breathing. Baseline values of cardiopulmonary parameters 
were determined in the horses following the instrumentation. 
Then, the horses continued to breathe spontaneously (the SB-
group) or were mechanically ventilated by IPPV (6 breaths/
min, the ratio of expiratory time: inspiratory time=4:1) to 
maintain arterial CO2 pressure (PaCO2) within 40–50 mmHg 
(the CV-group) using a large animal circle anesthetic system 
(Model 2800 Large Animal Anesthesia Ventilator System, 
Mallard Medical, Inc., Redding, CA, U.S.A.). In both 
groups, MLBP-TIVA was maintained for additional 120 min, 
and the cardiopulmonary parameters were determined at 20 
min interval.

MLBP-TIVA: The horses were pre-medicated with an 
intravenous administration (IV) of medetomidine (5 µg/
kg; Domitor, Nippon Zenyaku Kogyo Co., Ltd., Koriyama, 
Japan) and butorphanol (20 µg/kg; Vetorphale, Meiji Seika 
Pharma Co., Ltd., Tokyo, Japan) via a 14-gauge, 13.3-cm 
catheter (BD Angiocath, Becton Dickinson and Co., Sandy, 
UT, U.S.A.) placed in the left jugular vein and restrained in 
a swing-door induction system. Anesthesia was induced by 
co-administration of lidocaine (1 mg/kg, IV; 2% Xylocaine: 
AstraZeneca, Osaka, Japan) and propofol (3 mg/kg, IV; 2% 
Propofol Injection “Maruishi,” Maruishi Pharmaceutical 
Co., Ltd., Osaka, Japan). After the induction of anesthesia, 
the horses were orotracheally intubated and positioned in 
the left lateral recumbency on an inflated airbed surgical 
table (SNELL2000, Snell Veterinary Systems, Castle Cary, 
U.K.). The endotracheal tube was connected to the large 
animal circle anesthetic system that delivered 100% oxy-
gen (5 l/min). Anesthesia was maintained by MLBP-TIVA 
consisting of constant rate infusions of medetomidine (3.5 
µg/kg/hr), lidocaine (3 mg/kg/hr), butorphanol (24 µg/kg/
hr) and propofol (0.1 mg/kg/min). Briefly, a drug mixture 
of medetomidine (17.5 µg/ml), lidocaine (15 mg/ml) and 
butorphanol (120 mg/ml) in saline was infused at a rate of 
0.2 ml/kg/hr using an infusion pump (STC-521, Terumo, 

Tokyo, Japan), and simultaneously 2% propofol was infused 
at a rate of 0.3 ml/kg/hr using a syringe pump (TOP-2200, 
TOP Corporation, Tokyo, Japan). Lactated Ringer’s solution 
(Solulact, Terumo) was administered IV at a rate of 10 ml/
kg/hr to the horses during anesthesia.

Instrumentation and measuring cardiopulmonary 
parameters: Once the horses were positioned in the left 
lateral recumbency on the surgical table, the cervical area 
for placement of introducers and catheters was clipped and 
aseptically prepared. An 18-gauge catheter (Supercath, Me-
dikit Co., Ltd., Tokyo, Japan) was placed in the raised right 
carotid artery. An 8-french introducer (Exacta percutaneous 
sheath introducer, Ohmeda, Swindon, U.K.) was placed in 
the right jugular vein. A 9-french introducer (Exacta per-
cutaneous sheath introducer, Ohmeda) was placed in the 
right jugular vein 30 cm cranial to the 8-french introducer. 
A 7-french thermodilution catheter (Criti-Cath SP-5107, 
Ohmeda) was placed in the pulmonary artery through the 
8-french introducer. An 8-french catheter 100 cm in length 
(Intervec super guiding catheter, Fuji Systems Co., Tokyo, 
Japan) was placed in the right atrium through the 9-french 
introducer. We determined the position of these catheters 
where a typical pressure waveform was recorded constantly 
at the tip of each catheter. Furthermore, the distance between 
the tip of thermodilution catheter and the 8-french catheter 
was adjusted to 40–50 cm.

Arterial blood samples were anaerobically collected 
from the 18-gauge catheter placed in the raised right carotid 
artery into a heparinized syringe, and PaCO2 (mmHg), arte-
rial O2 pressure (PaO2; mmHg) and arterial pH (pHa) were 
determined immediately using a blood gas analyzer (GEM 
Premier 3000, Instrumentation Laboratory, Tokyo, Japan). 
Base-apex electrocardiography, heart rate (HR; beats/min), 
arterial blood pressure (ABP; mmHg), pulmonary artery 
pressure (PAP; mmHg), right atrial pressure (RAP; mmHg) 
and CO were recorded using a computer based data acquisi-
tion system (DS-7210, Fukuda Denshi, Tokyo, Japan). ABP, 
PAP and RAP were measured by connecting catheters placed 
in the right carotid artery, pulmonary artery and right atrium 
to pressure transducers (CDX-A90, Cobe Laboratories, To-
kyo, Japan), respectively. These pressure transducers were 
placed at the level of the sternum.

CO was measured by a thermodilution technique [6, 11, 
21, 25–27]. A volume of 40 ml of a 5% dextrose solution 
at 0°C that was injected manually for approximately 2 sec 
through the 8-french catheter placed in the right atrium. 
CO was measured at least 3 times, and the mean value was 
calculated. Cardiac index (CI) was calculated from the body 
weight and CO; stroke volume (SV) was calculated from the 
HR and CO; and systemic vascular resistance (SVR) was 
determined from the mean ABP (MABP), CO and the mean 
RAP (MRAP). CI, SV and SVR were calculated by inserting 
values into formulas below [6, 21, 25–27].

CI (ml/min/kg) = CO / Body weight × 1,000
SV (ml/beat) = CO / HR × 1,000
SVR (dynes · sec · cm−5) = (MABP−MRAP) × 80 / CO
Statistical analysis: All data are shown as the mean 

and standard deviation (mean ± SD). Repeated-measures 

Table 1.	 Horses used in the present study

Breed Age 
(years old)

Body weight 
(kg) Sex

No.1 Thoroughbred 12 552 Female
No.2 Anglo-Arab 20 456 Gelding
No.3 Thoroughbred 1 406 Female
No.4 Thoroughbred 2 497 Male
No.5 Thoroughbred 2 449 Male

Mean ± Standard deviation 7.4 ± 8.4 472 ± 55



EFFECT OF IPPV IN HORSE UNDER MLBP-TIVA 1579

ANOVA was used to analyze changes in cardiopulmonary 
parameters. When a significant difference was detected in 
the cardiopulmonary parameters between the groups by the 
ANOVA, the data determined at the same time were com-
pared using paired t-test between the groups. The paired 
t-test was also used to compare the times during recovery 
from anesthesia between the groups. P<0.05 was considered 
statistically significant.

RESULTS

All horses were smoothly maintained anesthesia for total 
of 180 min (60 min for instrumentation and additional 120 

min for measuring the cardiopulmonary parameters) with 
MLBP-TIVA. No complication during MLBP-TIVA was ob-
served in the horses following the 2 experimental occasions.

Baseline values of cardiopulmonary parameters: Changes 
in cardiovascular parameters during MLBP-TIVA are shown 
in Table 2. The baseline values were determined at 60 min 
after the induction of anesthesia in both groups. There was 
no significant difference in the baseline values of cardiopul-
monary parameters between the groups. The baseline values 
of cardiopulmonary parameters were within normal ranges 
[10, 19], except for PaCO2 and pHa. Severe respiratory 
acidosis and hypercapnea developed at the baseline values 
determination in both groups.

Table 2.	 Changes in cardiopulmonary parameters in horses anesthetized with MLBP-TIVA with (CV-group) or without (SB-group) controlled 
positive-pressure ventilation

Variable Baseline
Minutes after induction of anesthesia

20 40 60 80 100 120
HR (beats/min)†

SB-group 36 ± 5 34 ± 4 35 ± 4 35 ± 2 35 ± 2 33 ± 3 33 ± 2
CV-group 36 ± 5 31 ± 4 31 ± 4* 31 ± 4* 31 ± 3* 29 ± 4* 30 ± 4*

MABP (mmHg)
SB-group 108 ± 13 114 ± 11 116 ± 12 122 ± 6 121 ± 6 123 ± 4 120 ± 2
CV-group 98 ± 16 111 ± 17 119 ± 13 123 ± 11 120 ± 12 119 ± 10 119 ± 8

MPAP (mmHg)
SB-group 29 ± 7 29 ± 6 29 ± 6 28 ± 5 28 ± 6 29 ± 6 28 ± 6
CV-group 31 ± 5 30 ± 2 30 ± 6 30 ± 3 29 ± 3 28 ± 2 27 ± 2

MRAP (mmHg)
SB-group 21 ± 11 21 ± 11 20 ± 9 19 ± 6 19 ± 5 20 ± 7 20 ± 10
CV-group 15 ± 4 16 ± 4 17 ± 4 17 ± 4 15 ± 4 15 ± 4 15 ± 4

CO (ml/min)††

SB-group 26 ± 3 29 ± 4 29 ± 6 30 ± 9 27 ± 3 30 ± 7 29 ± 4
CV-group 26 ± 4 21 ± 2* 19 ± 4* 18 ± 3* 17 ± 3* 17 ± 3* 17 ± 2*

CI (ml/min/kg)††

SB-group 56 ± 7 61 ± 8 60 ± 8 62 ± 12 58 ± 5 64 ± 9 61 ± 6
CV-group 56 ± 7 45 ± 4* 40 ± 8* 39 ± 7* 37 ± 6* 37 ± 8* 36 ± 5*

SV (ml/beat)†

SB-group 731 ± 68 764 ± 122 740 ± 132 779 ± 184 732 ± 80 829 ± 154 774 ± 136
CV-group 746 ± 137 693 ± 104 601 ± 96* 593 ± 56* 558 ± 36* 594 ± 43* 561 ± 54*

SVR (dynes · sec · cm–5)††

SB-group 286 ± 56 259 ± 60 264 ± 80 270 ± 70 271 ± 40 247 ± 45 251 ± 56
CV-group 256 ± 58 355 ± 36 443 ± 65* 472 ± 81* 494 ± 65* 486 ± 95* 500 ± 65*

RR (breaths/min)
SB-group 5 ± 4 6 ± 5 7 ± 7 6 ± 5 6 ± 7 5 ± 4 5 ± 4
CV-group 4 ± 4 6 6 6 6 6 6

pHa
SB-group 7.29 ± 0.06 7.28 ± 0.09 7.30 ± 0.07 7.28 ± 0.08 7.25 ± 0.10 7.24 ± 0.08 7.24 ± 0.07
CV-group 7.27 ± 0.10 7.45 ± 0.06 7.49 ± 0.06 7.50 ± 0.05 7.51 ± 0.05 7.52 ± 0.05 7.53 ± 0.05

PaCO2 (mmHg)††

SB-group 79 ± 10 84 ± 20 83 ± 16 87 ± 19 100 ± 28 101 ± 22 103 ± 21
CV-group 83 ± 27 50 ± 6* 46 ± 5* 44 ± 3* 44 ± 5* 43 ± 4* 42 ± 5*

PaO2 (mmHg)††

SB-group 187 ± 105 167 ± 96 172 ± 88 169 ± 89 155 ± 66 161 ± 72 168 ± 66
CV-group 209 ± 123 395 ± 103* 401 ± 104* 407 ± 88* 419 ± 90* 401 ± 79* 403 ± 80*

Data are expressed as mean ± standard deviation. Significant difference in changes between the groups by repeated measures ANOVA: †P<0.05, 
††P<0.01, *: significant difference in the same time data compared to the SB-group by paired t-test (P<0.05). HR: heart rate, MABP: mean arterial 
pressure, MPAP: mean pulmonary artery pressure, MRAP: mean right artial pressure, CO: cardiac output, CI: cardiac index, SV: stroke volume, SVR: 
systemic vascular resistance, RR: respiratory rate, pHa: arterial blood pH, PaCO2: arterial carbon dioxide tension, PaO2: arterial oxygen tension.
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Changes in cardiopulmonary parameters: In the SB-
group, consistent severe respiratory acidosis and hyper-
capnea with insufficient oxygenation were observed (pHa: 
7.236–7.298, PaCO2: 83–103 mmHg and PaO2: 155–172 
mmHg) during the period of additional 120 min anesthesia 
with MLBP-TIVA. In the CV-group, a significant decrease 
in PaCO2 (42–50 mmHg, P=0.001) and increases in PaO2 
(395–419 mmHg, P=0.005) and pHa (7.45–7.53, P=0.001) 
were observed following the start of controlled positive-
pressure ventilation. The cardiovascular parameters were 
maintained within acceptable ranges in both groups. There 
was no significant difference in MABP, MRAP and MPAP 
between the groups. On the other hand, HR, CO, CI and SV 
were significantly lower in the CV-group compared to the 
SB-group (P=0.02, P=0.004, P=0.0004 and P=0.02, respec-
tively). The SVR was significantly higher in the CV-group 
compared to the SB-group (P=0.0007).

Recovery from anesthesia: Recovery from anesthesia was 
smooth and without incident in both groups. The horses were 
extubated at 28 ± 11 min and stood at 51 ± 9 min after the 
cessation of anesthesia in the SB-group. The horses were 
extubated at 34 ± 8 min and stood at 64 ± 10 min in the CV-
group. There was no significant difference in the extubation 
times (P=0.11), but a significant difference was detected in 
the standing times (P=0.02).

DISCUSSION

In the present study, we anesthetized 5 healthy horses in-
cluding young (1 year old) and aged (20 years old) individu-
als. Therefore, it is supposed that a significant difference in 
the individual capacity of cardiopulmonary function would 
arise from large variation in the age of these horses. This 
was the limitation of the present study, and there was a pos-
sibility that the un-uniform aging population of these horses 
would influence the results of cardiopulmonary parameters 
recorded during the MLBP-TIVA. However, our data indi-
cated that the IPPV could provide a marked improvement 
in the status of ventilation and oxygenation without any ap-
parent cardiovascular depression in these horses. Therefore, 
it is expected that MLBP-TIVA can preserve cardiovascular 
function in horses including young and aged horses, even 
when the horses were artificially ventilated.

We previously reported that MLBP-TIVA provided a sta-
ble anesthesia in 10 horses undergoing experimental surgical 
translocation of carotid artery and mean infusion rate of pro-
pofol required for maintaining surgical depth of anesthesia 
was 0.10 mg/kg/min [4]. Based on this previous report, we 
adopted 0.1 mg/kg/min of propofol infusion rate to mimic a 
surgical plane of anesthesia in the present study. Therefore, 
it could be inferred that our horses were anesthetized at the 
surgical depth of anesthesia for total 180 min (60 min for 
instrumentation and 120 min for the cardiopulmonary mea-
surements) with MLBP-TIVA.

The cardiovascular parameters recorded in the horses 
of SB group were similar to those reported in standing 
conscious healthy resting horses [6, 21, 25–27], except for 
the MRAP. Medetomidine, one of the component drugs of 

MLBP-TIVA, produces a dose-dependent vasoconstriction 
by stimulating α2-adrenoceptors on peripheral vasculatures 
[10, 26], and consequently, medetomidine induced periph-
eral vasoconstriction may be a factor contributing to the well 
maintained ABP and decreases in the CO, CI and SV during 
MLBP-TIVA. It is reported that moderate (PaCO2 60–70 
mmHg) and severe (PaCO2 75–80 mmHg) hypercapnea may 
augment CO via vasodilation and epinephrine release in 
horses [22]. Although we did not measure plasma concentra-
tion of epinephrine, it is supposed that the increases in HR 
(33–35 beats/min), CO (27–30 l/min), CI (57–62 ml/min/kg) 
and SV (732–830 ml/beat) and decrease in the SVR (246–
270 dynes · sec · cm−5) were produced by the hypercapnea 
via vasodilation and epinephrine release in the SB-group. 
The medetomidine-induced vasoconstriction might be offset 
by the hypercapnea-induced vasodilation.

On the other hand, the vasodilation and epinephrine re-
lease induced by the hypercapnea might disappear following 
normalizing PaCO2 (i.e., normocapnea) and the medeto-
midine-induced vasoconstriction that appeared in the CV-
group. Consequently, the ABP was equally well maintained 
in the both groups (114–123 mmHg: SB-group and 111–123 
mmHg: CV-group), although the HR (29–31 beats/min), CO 
(17–21 l/min), CI (36–46 ml/min/kg) and SV (558–693 ml/
beat) decreased significantly in the CV-group, compared 
to the SB-group. However, the CO, CI and SV in the CV-
group were somewhat less or better than those reported in 
artificially ventilated horses under sevoflurane anesthesia 
(CO: 19.2 ± 2.0 l/min and CI: 44.9 ± 4.3 ml/kg/min [23], 
CI: 26–30 ml/kg/min and SV: 407–467 ml/beat [24], CO: 
22–29 l/min, CI: 46–62 ml/kg/min and SV: 594–752 ml/
beat [25]). It is concluded that the cardiovascular function 
during MLBP-TIVA was well maintained in spontaneously 
breathing horses and was preserved within acceptable range 
in artificially ventilated horses.

In the present study, severe hypercapnea (PaCO2: 83–103 
mmHg) was observed with lowered respiratory rate (RR: 
5–7 breaths/min) in the horses of the SB-group, consistent 
with our previous report [4]. Significant decreases in respi-
ratory rate and increase in PaCO2 were similarly observed 
when α2-adrenoceptor agonists, such as xylazine (1 mg/kg, 
IV), detomidine (10–40 µg/kg, IV), medetomidine (3–10 µg/
kg, IV) [26], propofol (8 mg/kg, IV) alone [12], propofol 
(2 mg/kg, IV) following the premedication with xylazine 
(0.5–1.0 mg/kg, IV) or detomidine (10–30 µg/kg, IV) [7], 
and a combination of detomidine (20 µg/kg, IV) and butor-
phanol (25 µg/kg, IV) [15] were administered to horses. On 
the other hand, it is reported that a constant rate infusion of 
lidocaine (3 mg/kg/hr) did not produce respiratory depres-
sion in horses [23]. Therefore, it is supposed that severe 
hypercapnea with lowered respiratory rate was induced by 
the respiratory depressant effect produced by medetomidine, 
butorphanol and propofol in the horses of the SB-group.

Although our horses breathed 100% oxygen, insufficient 
oxygenation (PaO2: 155–171 mmHg) was observed during 
the entire period of MLBP-TIVA in the horses of SB-group. 
Anesthetized horses develop a large alveolar-arterial oxygen 
difference as a result of postural effects in the distribution of 
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blood flow and especially ventilation [2, 13–15]. Ventilation 
of the dependent lung is impeded mechanically, and func-
tional residual capacity (FRC) is reduced when horses are 
anesthetized and become recumbent [13]. The reduction in 
FRC in the recumbent anesthetized horses presumably leads 
to airway closure in dependent regions, which is responsible 
in part for uneven distribution of ventilation, leading to 
ventilation perfusion inequalities and hypoxemia [1, 2, 16]. 
Gas exchange is accomplished by the close approximation 
of air and blood in the peripheral airspaces of the lung, and 
therefore, the matching of ventilation to blood flow (V/Q) 
is the most important determinant of gas exchange [16]. In 
the present study, it is supposed that appropriate blood flows 
were provided in the peripheral airspaces, because cardio-
vascular parameters were maintained within normal ranges 
[17] in the horses of SB-group. On the other hand, decreased 
ventilation was demonstrated by the hypercapnea with 
lowered respiratory rate in the horses, as mentioned above. 
Therefore, it is inferred that the V/Q mismatch induced by 
decreased ventilation may be responsible for the insufficient 
oxygenation observed in the horses of SB-group.

Generally, hypercapnea during anesthesia is widely 
treated with the IPPV in horses [5]. As we expected, the 
IPPV provided a marked improvement in the status of 
ventilation and oxygenation in the horses anesthetized with 
MLBP-TIVA. It is pointed out that the IPPV may contribute 
to decreases in CO and ABP secondary to increases in intra-
thoracic pressure, which can decrease venous return [3, 5, 9, 
19]. In the present study, the cardiovascular parameters (i.e., 
HR, MABP, CO, CI, SV, MRAP and MPAP) were main-
tained within acceptable ranges even in the horses artificially 
ventilated with the IPPV. However, significant decreases in 
the HR, CO, CI and SV were detected in the CV-group, 
compared to those in the SB-group. Therefore, cardiovas-
cular function may be disturbed by the IPPV, but may not 
fall into apparent cardiovascular depression in horses anes-
thetized with MLBP-TIVA. It is observed that MLBP-TIVA 
preserved cardiovascular function even in horses artificially 
ventilated in this study.

In the present study, recovery from anesthesia was some-
what delayed in the CV-group. It is reported that the extrac-
tion of propofol by the lung is not affected by mechanical 
ventilation in cats [8]. On the other hand, it is reported that  
propofol concentrations can be increased by positive end-
expiratory pressure (PEEP) in human patients anesthetized 
with 60% nitrous oxide in oxygen, fentanyl and continuous 
infusion of propofol [20]. In the study, increased plasma 
propofol concentration was accompanied with decreases in 
CO, and effective liver blood flow after PEEP was applied 
[20]. In the present study, the CO was significantly lower in 
the CV-group, compared to the SB-group. It is speculated 
that the delayed recovery in the CV-group might be caused 
by higher plasma propofol concentrations at the cessation of 
anesthesia, although we did not measure the plasma concen-
tration of propofol. Therefore, close attention should be paid 
to the depth of anesthesia in order to avoid overdosing of 
propofol in artificially ventilated horses.

In conclusion, cardiovascular functions were maintained 

within acceptable ranges during MLBP-TIVA in horses, and 
IPPV is useful for improving hypercapnea and oxygenation 
during MLBP-TIVA. MLBP-TIVA preserved cardiovascular 
function even in horses artificially ventilated.
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