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ABsTRACT. To determine the effects of propofol and sevoflurane on hemodynamics, acid-base balance and uterine activity in pregnant ani-
mals, a prospective experimental study was designed by use of ten pregnant goats. Propofol was intravenously administered at a bolus
dose of 5 mg/kg and then infused a rate of 0.3 mg/kg/min for 5 min. Following the induction, the animals were incrementally inhaled
2.7 and 4.1% of end-tidal concentration of sevoflurane each for 30 min, and then recovered. The maternal and fetal heart rate (HR),
arterial blood pressure (BP) and acid-base balance, the intrauterine pressure (IUP), and the uterine blood flow (UBF) were measured.
Following the pre-anesthetic data, the parameters were measured 7 times throughout the anesthetic and recovering periods. The propofol
infusion induced 1.37 times of HR increase and produced decreasein PO, and a relevant metabolic acidemiain the mother, with no effect
in the fetus. Sevoflurane reduced BP in the fetus from 30 (2.7%) to 60 (4.1%) min of inhalation. The uterine contractions disappeared
throughout sevoflurane inhalation, and then recurred within 15 min after the cessation of sevoflurane. Propofol injection increases HR,
and induces a moderate hypoxemia and metabolic acidemia associated with the suppressed ventilation for pregnant goats, with lesseffect
on the fetal hemodinamics. Sevoflurane causes minima change in materna hemodynamics, but induces significant hypotension in the
fetus and reduction of uterine activity. These data may be useful in making anesthetic choices combined with analgesia for Caesarian

section in goats.
KEY worps: fetus, pregnant goat, propofol, sevoflurane.

Anesthesia used for pregnant small ruminants should be
taken care of the depressed blood volume (in particular, the
placental blood flow) and hypoventilation in the mother.
The higher blood volumethat is 130 to 150% of normal near
term, is meaningful to compensate the increased oxygen
consumption in the developing fetus, placenta, uterus, and
mammary tissue for the pregnant animals[3]. So, decreased
cardiac output and subsequently utero-placental circulation,
subsequent to analgesics, sedatives and anesthetics injec-
tions with cardiac depression [12, 15], would be unfavor-
able. Drug-induced uterine contraction is another factor to
decrease utero-placental perfusion [27]. Hypoxemia and
acidemia secondary to hypoventilation under anesthesiaare
also more serious, because of the decreased functional resid-
ual capacity (FRC, which is oxygen reserve in pulmonary
capillaries between breaths) induced by the anterior dis-
placement of the diaphragm due to the increased abdominal
volume (that is the enlargement of gravid uterus) in the
pregnants. In addition to such unfavorable effects, the pla-
centa-transferred anesthetics could be increasingly compli-
cated the fetal distress, and therefore, quickness of induction
and recovery, and ease of anesthetic controllability are
important in order to adopt in pregnant animals.

Propofol (2, 6-di-isopropylphenol compound), which has
rapid onset and offset of action, is being used commonly as
an induction drug for veterinary patients[4, 6, 19]. Dueto
the rapid emergence and disappearance of the anesthetic
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effect depending on a rapid redistribution of the drug from
the central nervous system [18, 28], propofol can also be
injected either continuously or repeatedly to maintain gen-
eral anesthesia instead of the use of volatile anesthetics[21,
30]. Some reports on propofol in pregnant animal, have
shown that continuous propofol anesthesia would not
adversely affect maternal or fetal heart rate and blood pres-
sure [2, 11], cause less decrease in uterine blood flow [2,
11], or suppress spontaneous uterine contraction [17].
Except for its less anagesic action, propofol could be safer
for pregnant animals as compared with the other induction
agents.

When we maintain the general anesthesia for Caesarean
sections, inhalation anesthetics have been more often used
than intravenous agents, because of the better and easier
control of anesthetic depth. Sevofluraneis a newer volatile
anesthetic in veterinary clinics [1, 7, 14, 23], with smooth
and quick induction and recovery due to a low blood/gas
partition coefficient (0.68) [18] and less accumulation (the
95% expired, and the 5% metabolized) [9]. To our knowl-
edge, the physiological response to sevoflurane in pregnant
animal has not yet been reported, except for analgesic
enhancement related to pregnant hormones. Theaim of this
study was to look at the effects of propofol and sevoflurane
on the hemodynamics and the acid-base balance in pregnant
goat and the fetus.

MATERIALS AND METHODS

Experimental animals: This study was approved by
Kagoshima University Institutional Animal Care and Use
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Committee. The experiments were carried out on ten preg-
nant Japanese Saanen goats (26.3 to 39.9 kg; mean weight +
standard deviation, 31.1 *+ 5.6 kg in body weight), between
125 and 135 days of gestation. The animalswere healthy, as
determined by pre-operative examinations, including physi-
cal examination, clinical laboratory evaluation, radiography
of the thorax and abdomen, and ultrasonography of the
fetus. The goats were kept without food or water for at least
24 hr before the operation. The goats were a so fasted for at
least 24 hr before the study. The surgical procedure was
performed under oxygen-air-isoflurane following ketamine
(10 mg/kg intravenoudly) induction. An incision was made
in the peritoneum, and a blood flow meter with an inner
diameter 2 mm (3S, Transonic Systems Inc, NewY ork,
U.S.A.) which was precedently calibrated in static water,
was mounted on the middle uterine artery to evaluate uterine
blood flow (UBF). The gravid uterus wasthen exposed, and
the fetal head was exteriorized through asmall hysterotomy
incision. Three-point-eight French-scale (Fr) polyethylene
catheterswere inserted into the fetal carotid artery and jugu-
lar vein. Electrocardiogram electrodes were attached to the
three subcutaneous points of the bilateral precordia and the
dorsal neck. The fetuswas returned and a4.7-Fr polyethyl-
ene catheter was placed into the amniotic cavity, to measure
intrauterine pressure (IUP), before the uterine incision was
closed. After suturing the abdominal incision, 4.7-Fr poly-
ethylene catheters were inserted into the femoral artery and
vein of the mother. The catheters were filled with heparin
added saline (10 IU/ml of saline) to prevent the obstruction
due to blood coagulation. After the surgery, the animals
were injected appropriate antibiotics and analgesics, and
allowed to recover for at least postoperative 48 hr.
Experimental protocol: On the day of the experiment,
while the animals were allowed to stay quietly in their cage,
the data of maternal and fetal heart rate (HR), arterial blood
pressure (BP), IUP, UBF, respiratory rate (RR) and arterial
blood gas analysis were obtained as the baseline values.
Five min after taking the baseline values, propofol was
administered intravenously at adose of 5 mg/kg [30] within
30 sec, and then infused continuously (0.3 mg/kg/min) for 5
min, according to previous reports [2]. The data were also
obtained at 5 min following the first bolus injection of pro-
pofol. After obtaining the data, the goatswereintubated and
then exposed to oxygen-air-sevoflurane gas for 1 hr by
using a semi-closed circuit system. The end-tidal sevoflu-
rane concentration was set at 2.7% (1 x minimum alveolar
concentration, MAC) for 30 min (MAC was assumed 2.7%)
[7], after taking the 30 min measurements the end-tidal con-
centration wasincreased to 4.1% (1.5x MAC). Theinhaed
sevoflurane (%) was monitored as the end-tidal anesthetics
concentration in the gas mixture sampled at the rate of 200
ml/min, according to the infrared absorption method pro-
grammed in an anesthetic gas anayzer (BP-508, Colin Co.,
Komaki, Japan) which had been aready calibrated by use of
astandard gas. The goatswere ventilated mechanically with
a volume-limited respirator (ACE-3000, ACOMA medical
industry Co., Tokyo, Japan) throughout the anesthesia. The
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tidal volume and respiratory rate were set 15 ml/kg of body
weight and 7 breaths/min, respectively. The oxygen flow
was controlled between 2.5 t0 4.0 |/min depending on their

minute ventilation. Inspiratory oxygen concentration was
monitored by use of an oxygen anayzer (FS-25I1, oxygen
monitor, ACOMA medical industry Co., Tokyo, Japan) and
was at least 0.21. The catheters to measure the maternal and
fetal BP and IUP were connected to sterile pressure trans-

ducers calibrated previously under the atmospheric pres-
sure. Theelectrocardiogram el ectrodes were connected to a
variability polygraph to monitor the fetal HR. UBF was
measured by the flow probe connected to an electromag-

netic blood flow meter (T206, 2 channel small animal blood
flow meter, Transonic Systems Inc., NewYork, U.S.A.).

Maternal and fetal HR, BP, IUP, and UBF were continu-

ously recorded on the chart of the polygraph at the chart
speed of 25 mm/min. At the given time periods (that isafter
5 min of propofol infusion) at 15, 30, 45 and 60 min after
sevofluraneinhalation, and 15 and 30 min after the cessation
of sevoflurane, the chart was run at 25 mm/sec, and the val-

ues were measured and cal cul ated after the each experiment.
The maternal and fetal arterial blood pH, oxygen partial

pressure (PO,), and carbon dioxide partial pressure (PCO,)

were measured by ablood gas analyzer (Blood gas analyzer,
AVL Scientific Co., U.S.A.), which was auto-calibrated by

the specific standard liquids equipped in the instrument, and
the measurements were corrected with the body tempera-

ture. The base excess was derived by means of the standard

formula. To assess the uterine activity, the montevideo unit
(MU) was calculated as follows [24, 26]: MU = {increased

uterine pressure above baseline tone of a contraction

(mmHg) x frequency}/10 min. Theclinical findingsinclud-
ing eyelid and corneal reflexes and reaction to painful skin

pinch by a forcep were evaluated at the same period of anes-
thesia. The recovery findings were assessed according to a
scoring system proposed by Vatonen et al. [32]: sedation
(2-fully awake, 1-rousable, 0-not responding), ventilation

(2-able to cough, 1-breathing easily, 0-airway require atten-
tion), movement (2-purposefully, 1-involuntarily, 0-not
moving), Recovery scoring = sedation + ventilation + move-

ment (maximum = 6 points). During the recovery, maternal

spontaneous RR was also measured again.

Satigtics:  All values in the figures are expressed as the
mean + 1 standard deviation. The UBF was expressed asthe
percentage change from the baseline value. Statistical dif-
ferences in the all parameters were analyzed by repeated
measures analysis of variance, and Scheffe’'s method was
used for simultaneous multiple comparisons. Differencesin
p value less than 0.05 were considered to be statistically sig-
nificant.

RESULTS

The induction by propofol took 193 sec until the laryn-
geal reflex disappeared. And then, eyelid and corneal
reflexes were lost and no movement for painful skin stimu-
lation by clamp forceps was recorded throughout the anes-
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Tablel. Recovery scoring assessment of sevoflurane anesthesia
in pregnant goats
Time after the anesthesiaoff. 5min 15min 30 min 60 min
Sedation 13 17 20 20
Ventilation 14 20 20 20
Movement 0.6 1.0 14 20
Sum 33 47 54 6.0

The sum of the recovery score = sedation + ventilation + movement
(max; 6 points); awakeness (2- fully awake, 1- rousable, 0- not
responding), ventilation (2- able to cough, 1- breathing easily, O-
airway require attention), movement (2-purposefully, 1-involuntarily,
0-not moving). All data were presented as the averages.
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Fig. 1. Changesinthe maternal and fetal heart rate during propo-
fol-sevoflurane anesthesia in goats. The increased heart rate in
the mother following propofol injection was statistically signifi-
cant (*, p<0.05). Themothers' and fetuses data were expressed
with the open and the closed circles, respectively. The baseline
values were obtained at the time 0, and followed by propofol
injection (black arrowhead) the 5 min later. The shaded area
and the white arrow head indicate the inhalation period and the
cessation of anesthesia, respectively.

thesia. The magjority of goats recovered at 30 min after the
sevoflurane inhalation stopped, as shown in Table 1. Inthis
study, a goat with postoperative leukocytosis was diagnosed
as deglutition pneumonia after the study, and all fetuses
aborted or were born prematurely with a difficult preg-
nancy.

Effects on maternal and fetal hemodynamics: The
changesin HR and BP are presented in Figs. 1 and 2, respec-
tively. At 5 min of propofol administration, the maternal
HR significantly increased from 95 + 15 (baseline value) to
130 * 33 beats/min. Then, the maternal HR gradually
decreased following sevoflurane inhalation. On the other
hand, the fetal HR did not change significantly following to
propofol infusion and sevoflurane inhalation. Propofol
induced no statistical changes both in the maternal and fetal
BP. Sevoflurane also induced no significant change in
maternal BP, while fetal BP significantly decreased at 30
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Fig.2. Changes in the maternal and fetal arterial blood pressure
9 it} p

during propofol-sevoflurane anesthesia in goats. Following
sevoflurane inhaation, either the blood pressure decreased
dose-dependently both in the mother and fetus. Significant dif-
ferences in the fetus were seen at 2.7 and 4.1% of sevoflurane
inhalation (*, p<0.05). The baseline values were obtained at the
time 0, and then propofol injected (arrowhead) 5 min later. The
shaded area and the white arrow head indicate the inhalation
period and the cessation of anesthesia, respectively.

min (28 + 9 mmHg) after inhaling 2.7% sevoflurane, and at
15 (27 £ 8 mmHg) and 30 min (27 £ 10 mmHg) after 4.1%
inhalation, as compared with the baseline value (38 + 7
mmHg). The depressed feta BP recovered as soon as the
cessation of sevoflurane.

Effects on uterine blood flow and intrauterine pressure:
UBF showed no significant changes during propofol-sevof-
lurane anesthesia (Fig. 3). The IUP variability indicating
uterine contraction, disappeared throughout propofol-sevof-
lurane anesthesia (Fig. 4), and then recurred within 15 min
following the cessation of sevoflurane. The calculated MU
valueswere 18.5, 0, 3.6, and 13.4 for the baseline value, dur-
ing anesthesia, at 15 and 30 min of recovery, respectively.

Effects on maternal and fetal arterial blood pH and
gases. Propofol injection induced significant decrease of
maternal arterial blood PO, and pH, which respectively indi-
cated hypoxemia and metabolic acidemia developing in the
mother (Fig. 5). On the other hand, in the fetus, the
decreased PCO, and base excess were seen at 15 and 45 min
after sevoflurane inhalation (Fig 5). Materna RR signifi-
cantly decreased 5 min after propofol injection (11 + 6.4
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Fig. 3. Changes in the uterine blood flow during propofol -sevof-
lurane anesthesiain goats. The baseline values were obtained at
the time 0, and then propofal injected (arrowhead) 5 min later.
The shaded area and the white arrow head indicate the inhala-
tion period and the cessation of anesthesia, respectively.

breaths/min), as compared with the baseline value (25 + 8.2
breaths/min), and then recovered at 15 (26 * 9.7 breaths/
min) and 30 (28 + 10.2 breaths/min) min after the cessation
of sevoflurane anesthesia.

DISCUSSION
Drug applications for pregnant animals have often been
investigated in ewe, since chronic catheterization and elec-

tronic monitoring techniques have been developed for this
species. This has provided substantial physiologica and

(mmHg) s
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pharmacologica information from both the mother and
fetus. Preliminarily, to determine the effective dose of pro-
pofol for goats, we intravenously injected 2.5 mg/kg of pro-
pofol that is a dose reported for pregnant ewes [32], but this
dose did not alow intubation. Subsequently, 5 mg/kg of
propofol was used. The dosage was associated with rapid
loss of larynged, palperable, and corneal reflexes, and so 5
mg/kg of propofol could be enough for the anesthetic induc-
tion and intubation just like aresult in non-pregnant goats by
Pablo et al. [25]. Meanwhile, we needed a subsequent con-
tinuous infusion (at the rate of 0.3 mg/kg/min in this study)
to take the hemodynamic and blood gas data after 5 min of
propofol anesthesia, because the lost reflexes were recov-
ered within 5 min after the bolus injection. Following this
dose of propofol either 2.7% (1.OMAC) or 4.1% (1.5 MAC)
sevoflurane of inhalation provided sufficient anesthetic
depth for surgery, as shown in this paper. The MAC for the
pregnant animal is normally between 60 and 70% of that for
the non-pregnant animal [3], therefore < 1.0 MAC of sevof-
lurane might still maintain a surgical plane of anesthesia.

In pregnant ewes, a continuous propofol infusion did not
have adverse effects on maternal or fetal heart rate and
blood pressure [2]. Another report suggested that the mater-
nal hemodynamics were less depressed with a continuous
propofol infusion than with inhalation of isoflurane [11].
Consistent with these data, there was no finding indicating
the hemodynamic suppression in this study. The maternal
HR increased significantly after the 5 min of propofol
induction in this study. Previously, theincrease of maternal
HR which could be ascribed to a decreased venous return
caused by vascular dilation, has been seen transiently after
propofol injection [5, 10, 30, 32]. Following the injection,
we saw a transient decrease of PO, which could be associ-
ated with FRC and RR reduction due to the suppressive
effect on the maternal breath. The decreased PO, might also
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Fig.4. A record of the maternal and fetal arterial pressure (BP, mmHg) and intra-uterine pressure (IlUP, mmHg).
The IUP variability disappeared throughout sevoflurane anesthesia, and then recurred after the cessation of anes-
thesia Theincreased |UP was accompanied with the rise of FAP.
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Changes in the arterial blood pH and gases during propofol-sevoflurane anesthesiain goats. The maternal

and fetal data were presented as the open (the left row of graphs) and closed circles (the right row of graphs),
respectively. Decrease of arterial blood pH and PO,, was induced following propofol injection in the mother,
while the fetal PCO, and base excess decreased during sevoflurane inhalation. The baseline values were obtained
at the time 0, and then propofol injected (arrowhead) 5 min later. The shaded area and the white arrow head indi-
cate the inhalation period and the cessation of anesthesia, respectively.

contribute to decrease of pH via a mechanism of metabolic
acidemia indicated by decreased base excess.

Generally, volatile anesthetics are negative chronotropes
and inotoropes. Meanwhile, it has been suggested that
sevoflurane has less affects on heart rate as compared with
the earlier anesthetics [8]. According to previous studies on

sevoflurane anesthesia for pig or sheep, during the inhala-
tion, the heart rate was in the normal range with no signifi-
cant depression [13, 16, 22, 31] and also arterial blood
pressure less decreased [1, 22, 31]. Our result that the
changes of heart rate and blood pressure during sevoflurane
inhalation were not statistically significant in the mother,
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was consistent with the previous studies. In the fetus, the
decrease of heart rate and arterial blood pressure during
sevoflurane anesthesia were greater than in the mother.
Since no significant change in the uterine blood flow was
shown here, the depressed fetal hemodynamics could be
predominantly due to placenta transfer sevoflurane. Inhal-
ant anesthetics are mainly eliminated from the lung with a
minor amount of hepatic metabolism [7, 9]. In the fetus,
which is unable to eliminate sevoflurane via the lung, the
elimination of the inhalant anesthetic is mainly dependent
on placental removal since hepatic enzyme are also imma-
ture in the fetus [20]. Thus, if the cumulative effects of
inha ants could be more manifested in the fetus than adults,
the decreased fetal HR as shown in this report could result
from the depressed cardiac cycle due to the cumulated anes-
thetic.

In this study, propofol-sevoflurane anesthesia depressed
uterine activity without changing uterine blood flow. It has
been shown that propofol relaxes smooth muscle strain in
the gravid uterus [29]. The effect of sevoflurane on sponta-
neous (naturally-occurring) contraction in the gravid uterus
has not been studied athough there are some data on the
experimentally-induced contraction in vivo or vitro. Most
of the inhaled anesthetics have a suppressive effect on
gravid myometrium contractions. |soflurane has a compar-
atively weak effect on uterine activity [26]. In present
study, the IUP variability (an indicator of uterine contrac-
tions) completely disappeared throughout sevoflurane anes-
thesia; and then the activity recurred within 15 min after
anesthesia. Despite of this muscle relaxation, there was no
decrease in uterine blood flow. The quick reappearance of
uterine contraction in the recovery phase would be an
important advantage of this combination for obstetric anes-
thesia

Based on the results shown here, we conclude as follows;
1) propofol injection can induce a transient tachicardia,
decrease in PO, and pH in the mother, with minimal affects
on either fetal heart rate or blood pressure, 2) oxygen-sevof-
lurane inhalation has minimal effects on maternal hemody-
namics, and 3) the uterine relaxation occurs under
sevoflurane anesthesia but activity reappeared quickly in the
recovery phase. This data may be useful for choosing an
anesthetic for obstetric surgery in goats.
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