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Introduction

When administering anesthesia for cesarean delivery, 
regional anesthesia is preferred to general anesthesia 
because the latter has higher risks of diffi culty in instru-
menting the maternal airway, leading to maternal 
hypoxia, aspiration pneumonia, and even increased 
maternal mortality [1,2]. However, general anesthesia 
is still frequently utilized for emergent cesarean deliv-
ery due to the shorter induction time associated with 
this modality of anesthetic administration. Furthermore, 
general anesthesia for cesarean delivery has some 
advantages over regional anesthesia, such as less hypo-
tension and cardiovascular instability, and better control 
of ventilation. Because intravenous anesthetics admin-
istered to the mother prior to delivery may produce 
neonatal depression secondary to placental transfer of 
these agents, low to moderate concentrations (0.5–1.0 
minimum alveolar concentration [MAC]) of inhalation 
anesthetics are often used during general anesthesia for 
cesarean delivery.

Fetal surgery, using ex-utero intrapartum treatment 
(EXIT), for some rare, potentially life-threatening fetal 
conditions, is becoming more popular due to rapidly 
advancing prenatal diagnostic techniques. General 
anesthesia with higher concentrations of inhalational 
anesthetic has been recommended for EXIT of the 
fetus, because uterine relaxation is required for this 
procedure [3–6]. Sevofl urane has been widely used as a 
general anesthetic agent because induction and recov-
ery are faster than with halothane or isofl urane [7,8]. 
However, there is little information available regarding 
the effects of sevofl urane on the fetus [9–11].

Although the umbilical venous-to-maternal arterial 
concentration ratio of sevofl urane at birth is higher than 
that for halothane or enfl urane [10], sevofl urane con-
centrations in the umbilical vein do not correlate with 
the newborn’s condition as determined by Apgar score 
[9,10]. However, it is not known whether sevofl urane 
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alters utero-placental blood fl ow, which may then indi-
rectly impact the fetal condition, or whether sevofl urane 
has direct effects on the fetal hemodynamics or acid-
base status.

The aim of this study was to determine the MAC and 
the effects of sevofl urane and isofl urane in the ovine 
maternal-fetal unit, with emphasis on uterine blood fl ow 
and fetal hemodynamics and acid-base status. The prin-
cipal hypothesis tested was that sevofl urane may be 
advantageous for general anesthesia during pregnancy 
and parturition, compared to isofl urane.

Materials and methods

The protocol was approved by the Columbia University 
Animal Care and Use Committee. Twelve near-term 
pregnant sheep with a mean (±SEM) weight of 56.3 ± 
4.2 kg, carrying fetuses of 126 ± 6 days’ gestation (term, 
148 days) were used in these studies. Six of these preg-
nant sheep were repeatedly tested in the MAC study 
prior to being used for the hemodynamic studies. All 12 
animals were used for 46 hemodynamic studies, 25 with 
sevofl urane and 21 with isofl urane. Three nonpregnant 
ewes, weighing 44.2 to 46.3 kg, were also included in the 
MAC studies of sevofl urane to test whether MAC is 
altered during gestation.

Surgical preparation

Animals were deprived of food but not water for a 
period of 24 h prior to surgery. Under halothane anes-
thesia, all ewes had catheters introduced into the carotid 
artery and jugular vein under sterile conditions. Preg-
nant animals also underwent laparotomy and hysterot-
omy for the insertion of catheters into the fetal 
abdominal aorta and inferior vena cava via the femoral 
vessels. After a polyethylene catheter was placed in the 
amniotic cavity, the uterine incision was closed. The 
main ascending branch of the uterine artery perfusing 
the pregnant horn was isolated and fi tted with a 4-mm 
“R” series pulse transit-time ultrasonic transducer fl ow 
meter (Transonic Systems, Ithaca, NY, USA) that was 
anchored to the surrounding tissues. One liter of lac-
tated Ringer’s solution was administered intravenously 
during the operative procedure, and the estimated loss 
of amniotic fl uid was replaced with an equal volume of 
warmed normal saline after the uterine and abdominal 
walls were closed.

All catheters and the transducer cable were tunneled 
subcutaneously to the fl ank of the ewe and secured in a 
pouch attached to the fl ank area. Intravascular cathe-
ters were fl ushed daily with heparinized saline. A tra-
cheostomy was performed in all animals. Antibiotics 
(chloromycetin and penicillin) were administered intra-

venously to the adults and via intra-amniotic injection 
(for the fetuses) until the third postoperative day. The 
experiments were performed no earlier than 4 days 
after the surgery, due to the minimum time required for 
recovery.

Experimental procedures

Minimum alveolar concentration (MAC) study
The MAC study was performed in order to establish the 
appropriate sevofl urane (Maruishi, Osaka, Japan) and 
isofl urane (Anaquest, Liberty Corner, NJ, USA) con-
centrations to be used in the hemodynamic studies. 
With the animal standing in an enclosed study cart, 
the tracheostomy tube was connected to a semiclosed 
circuit, through which sevofl urane or isofl urane in 
oxygen was administered. The MACs of sevofl urane 
and isofl urane were determined repeatedly in six preg-
nant and three nonpregnant ewes. Using a gas analyzer 
(Datex Capnomatic; Datex-Ohmeda, Madison, WI, 
USA), the target expired sevofl urane or isofl urane con-
centration was measured and maintained for at least 
15 min prior to each determination. The total fresh gas 
infl ow rate into the semiclosed circuit was maintained 
at 5 l·min−1 or greater. The animal’s response to gross 
noxious stimulus (earlobe clamping, using a rubber-
covered hemostat for at least 60 s) was observed. If no 
movement was elicited in response to stimulation, the 
exhaled anesthetic concentration was lowered by 10% 
and the clamping was repeated. If the animal did react, 
the inhaled concentration was increased by 10%; 1.0 
MAC was defi ned as the concentration, which pre-
vented movement in 50% of tests.

Hemodynamic study
The awake animals breathed air for a 60-min period, 
during which baseline maternal and fetal blood pres-
sure, heart rate, arterial pH, and blood gases (PaO2

 and 
PaCO2

), as well as uterine blood fl ow measurements were 
obtained. Thereafter, the tracheostomy was connected 
to a semiclosed anesthesia circuit.

The animals were randomized in a nonblinded 
fashion, to receive either sevofl urane or isofl urane. The 
administration of the selected anesthetic was preceded 
by the inhalation of 100% oxygen for 15–30 min. The 
animals were then exposed to sevofl urane or isofl urane 
in oxygen delivered from an agent-specifi c vaporizer 
(Datex-Ohmeda). The inhaled anesthetic concentra-
tion was adjusted incrementally to 0.5, 1.0, 1.5, or 2.0 
MAC, and each concentration was maintained for 
15–20 min after the equilibration of the end expiratory 
and inhaled gas concentrations. Ewes were manually 
ventilated when the animals became unconscious. At 
the end of the 2.0-MAC exposure the animal was dis-
connected from the anesthesia circuit and allowed to 
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breathe room air. Two studies per day were performed 
on each animal, using either sevofl urane or isofl urane. 
Between the studies, the animal was allowed to recover 
completely from anesthesia for a period of at least 
90 min. Maternal and fetal arterial samples were simul-
taneously obtained during the control period (base-
line), prior to and at the end of each MAC period, and 
15 min after discontinuation of anesthesia (recovery) 
for the determination of pH and blood gases.

Physiological measurements

Maternal and fetal arterial pressure and heart rate, as 
well as intra-amniotic pressure, were monitored con-
tinuously with Statham pressure transducers (Statham, 
Oxnard, CA, USA) and recorded on a multichannel 
Gould polygraph recorder (Gould, Valley View, OH, 
USA). Maternal and fetal heart rate was determined 
with a cardiotachometer, using the arterial pulse pres-
sure. Uterine blood fl ow was measured using an ultra-
sonic fl ow meter (Transonic Systems) attached to the 
polygraph recorder.

Data analysis

Within-group comparisons were made with repeated 
measures analysis of variance, and between-group com-
parisons were performed by using Student’s paired 
t-test.

Data are reported as means ±SEM, and a P value of 
less than 0.05 was considered statistically signifi cant.

Results

On the day of the experiment, the pregnant ewes, weigh-
ing 58–71 kg, were at 129–143 days of gestation.

Minimum alveolar concentration (MAC) study

For sevofl urane, the MAC required to prevent move-
ment in response to a painful stimulus was 1.92 ± 0.17% 
in nonpregnant sheep, and 1.52 ± 0.15% in pregnant 
sheep. The MAC of isofl urane was 1.02 ± 0.12% and 
1.42 ± 0.19% in pregnant and nonpregnant ewes, 
respectively.

Hemodynamic study

Uterine blood fl ow and maternal and fetal arterial blood 
pressure and heart rate
Baseline values for uterine blood fl ow and maternal and 
fetal mean arterial pressure, heart rate, arterial pH, and 
blood gases are listed in Table 1. There were no signifi -

cant differences in these measured variables between 
the sevofl urane and isofl urane groups.

Dose-related changes in uterine blood fl ow and 
maternal blood pressure and heart rate over the course 
of the experiment were not signifi cantly different 
between the sevofl urane and isofl urane groups. Uterine 
blood fl ow remained essentially unchanged even at 2.0 
MAC of sevofl urane or isofl urane (Fig. 1). Maternal 
arterial pressure also remained unchanged until the 
animals were exposed to the 2.0-MAC dose of either 
volatile anesthetic (P < 0.02), while the heart rate was 
unaffected throughout. This decrease in blood pressure 
was accompanied by a slight reduction in uterine blood 
fl ow compared to the baseline values (from 346 ± 33 to 
300 ± 49 ml·min−1 for sevofl urane and 368 ± 41 to 329 ± 
44 ml·min−1 for isofl urane); however, this change was 
not statistically signifi cant in either group. All animals 
recovered from anesthesia rapidly, and an adequate 
breathing pattern was reestablished within 5 min after 
the anesthetic was discontinued. Compared to isofl u-
rane, the emergence from anesthesia was more rapid in 
the sevofl urane group; the ewes regained consciousness 
within 2.2 ± 0.9 min after discontinuation of this agent 
compared with 5.7 ± 0.6 min with isofl urane. At the time 
when the recovery values were obtained, all animals 
were alert and their hemodynamic parameters had 
returned completely to the baseline values.

Fetal hemodynamic changes were similar in both the 
sevofl urane and isofl urane groups, However, unlike 
maternal arterial pressure, fetal blood pressure fell from 
a baseline value of 52 ± 4 to 42 ± 2 mmHg (P < 0.05) in 
the sevofl urane group, and from 53 ± 3 to 43 ± 2 mmHg 
(P < 0.05) in the isofl urane group at 1.5 MAC, while 
maternal blood pressure remained unchanged. As illus-
trated in Fig. 1, the decrease in fetal heart rate became 

Table 1. Baseline values for uterine blood fl ow and maternal 
and fetal mean arterial pressure, heart rate, pH, and blood 
gases in sevofl urane and isofl urane groups

Sevofl urane Isofl urane

Uterine blood fl ow (ml·min−1) 346 ± 33 368 ± 41
Mother
Mean arterial pressure (mmHg) 84 ± 2 84 ± 2
Heart rate (bpm) 120 ± 6 114 ± 5
pHa 7.53 ± 0.01 7.53 ± 0.01
PaCO2

 (mmHg) 29 ± 0.6 29 ± 0.8
PaO2

 (mmHg) 107 ± 3 101 ± 4
Fetus
Mean arterial pressure (mmHg) 52 ± 4 53 ± 3
Heart rate (bpm) 162 ± 4 161 ± 5
pHa 7.37 ± 0.01 7.35 ± 0.01
PaCO2

 (mmHg) 42 ± 1.2 43 ± 1.4
PaO2

 (mmHg) 18 ± 0.7 17 ± 1.0

Values are means (± SEM)
Differences between the groups are not statistically signifi cant
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more pronounced at 2.0 MAC with both anesthetics, 
with a signifi cant decrease in heart rate from 162 ± 4.3 
to 142 ± 5.7 beats·min−1 for sevofl urane and 161 ± 5.0 to 
145 ± 5.0 beats·min−1 for isofl urane. These fetal changes 
were readily reversible within 15 min following discon-
tinuation of the anesthetic.

pH and blood gases
Maternal and fetal arterial pH and PaCO2

 values are 
depicted in Figs. 2 and 3, respectively. Based on our 
previous studies, the baseline values were within the 
normal range for sheep [12,13]. Maternal respiration 
became progressively more depressed when the inhaled 
concentration of either sevofl urane or isofl urane 
increased beyond 1.0 MAC. At 2.0 MAC, the pH values 
with sevofl urane and isofl urane were 7.45 ± 0.03 and 
7.46 ± 0.02, respectively, with increased PaCO2

 values. 
However, all changes from the baseline values were 
clinically insignifi cant, because respiration was assisted 
manually to attempt to maintain pH and PaCO2

 values 
within normal ranges during this period of depressed 
spontaneous respiration.

A markedly elevated maternal arterial PaO2
 due to the 

administration of 100% oxygen was also refl ected in the 
fetal PaO2

 (Fig. 4); both values returned to baseline levels 
shortly after the mother began to breathe room air.

Fig. 1. Mean (±SEM) values of uterine 
blood fl ow and maternal and fetal mean 
arterial blood pressure (ABP) and heart 
rate prior to and at 0.5, 1.0, 1.5, and 2.0 
minimum alveolar concentration (MAC) 
sevofl urane (fi lled circles) or isofl urane 
(open circles). *P < 0.05, signifi cantly dif-
ferent from baseline value. All values 
were similar in the sevofl urane and isofl u-
rane groups

Fig. 2. Mean (±SEM) values of maternal and fetal arterial pH 
(pHa) prior to and at 0.5, 1.0, 1.5, and 2.0 MAC sevofl urane 
or isofl urane. *P < 0.05, signifi cantly different from baseline 
value. All values were similar in the sevofl urane and isofl u-
rane groups. Symbols, as in Fig. 1
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delivery under general anesthesia. However, higher 
concentrations of these drugs (1.5–2.0 MAC) caused a 
signifi cant decrease in fetal blood pressure as well as 
heart rate.

The MAC of inhalation anesthetics varies between 
species and with age [14,15]. The MAC for sevofl urane 
in the nonpregnant human adult has been reported as 
1.71% [16] and 2.05% [17]. However, the MAC of sevo-
fl urane has not been established in pregnant women, 
but anesthetic requirements are known to be reduced 
during pregnancy. Indeed, in the present study the 
MAC of sevofl urane was 21% lower in the pregnant 
ewes than in the nonpregnant sheep. The same trend 
was observed with isofl urane, as reported previ-
ously [15].

In a clinical study, sevofl urane was administered to 
16 pregnant women undergoing elective cesarean deliv-
ery [9]. Anesthesia was induced with 3%-4% sevofl u-
rane and 60% nitrous oxide in oxygen and maintained 
with a gas mixture containing sevofl urane 0.5%-3%. 
During induction, arterial blood pressure fell by 18.3%. 
Similarly, in the present study, high concentrations of 
sevofl urane or isofl urane (2.0 MAC) resulted in a sig-
nifi cant reduction in both maternal and fetal blood pres-
sure (14% and 17% decreases from the baseline values, 
respectively) without a signifi cant decrease in uterine 
blood fl ow. However, maternal heart rate was not sig-
nifi cantly altered during deeper sevofl urane or isofl u-
rane anesthesia. Observations similar to ours for 
sevofl urane were made in nonpregnant pigs [18]. During 
halothane anesthesia in the pregnant ewe, more pro-
found maternal hypotension, with fetal hypoxemia and 
acidosis, was observed, compared with isofl urane [19]. 

Fig. 3. Mean (±SEM) values of maternal and fetal PaCO2
 prior 

to and at 0.5, 1.0, 1.5, and 2.0 MAC sevofl urane or isofl urane. 
*P < 0.05, signifi cantly different from baseline value. All 
values were similar in the sevofl urane and isofl urane groups. 
Symbols, as in Fig. 1

Fig. 4. Mean (±SEM) values of maternal 
and fetal PaO2

 prior to and at 0.5, 1.0, 1.5, 
and 2.0 MAC sevofl urane or isofl urane. 
*P < 0.05, signifi cantly different from 
baseline value. All values were similar in 
the sevofl urane and isofl urane groups. 
Symbols, as in Fig. 1

Discussion

The present study indicates that, in sheep, the MACs of 
sevofl urane and isofl urane are lowered during preg-
nancy and that the hemodynamic changes induced by 
equally potent doses of sevofl urane and isofl urane are 
similar. No adverse effects were noted in the mother or 
fetus during the administration of low concentrations 
(0.5–1.0 MAC) of either agent, which are clinically rel-
evant concentrations used during standard cesarean 
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In the present study, we noted that fetal blood pressure 
decreased at 1.5 MAC with both isofl urane and sevofl u-
rane, while maternal blood pressure did not change sig-
nifi cantly at the same level of MAC. This was probably 
due to a direct cardiovascular depressant effect of the 
anesthetic only in the fetus. Thus, when either of these 
inhalation anesthetic agents is used in clinical practice 
at the time of delivery, or for intrauterine surgery, one 
should keep in mind that the concentration of these 
agents should be maintained at a minimum.

One might anticipate that the low concentrations of 
inhalational anesthetic agents utilized during an intra-
uterine surgical procedure may not block the fetal 
response to a painful stimulus. Although the MAC of 
these agents for the fetus has not been established, it 
has been reported that the concentration of inhalational 
anesthetic required to prevent movement in response 
to painful stimuli in the newborn lamb is 50% lower 
than that for adult sheep [20]. Given the need for uterine 
relaxation during intrauterine fetal surgery, other mea-
sures of tocolysis could be considered, e.g., nitroglycerin 
or terbutaline, combined with volatile anesthetic, has 
been recently recommended [6,21,22].

It has been postulated that in the gravid uterus the 
placental vasculature is maximally dilated, so that the 
perfusion pressure is a major determinant of uterine 
blood fl ow [18]. This was contradicted by a study [23] 
reporting that, during 1.0- to 1.5-MAC anesthesia with 
isofl urane, uterine blood fl ow increased slightly or 
remained unchanged, until 2.0 MAC of isofl urane was 
administered. These changes were attributed to the 
relaxing effect of the anesthetic on the myometrium 
[24–27], leading to a reduction in uterine vascular resis-
tance. In the present study, uterine blood fl ow remained 
essentially unchanged. This difference from other 
studies may well be due to differences in experimental 
protocols. During a normal pregnancy, uterine blood 
fl ow fl uctuates within a large range according to the 
circadian rhythm. The normal fetus can tolerate a reduc-
tion of approximately 50% in the utero-placental blood 
fl ow without ill effects [28]. However, an acutely or 
chronically compromised fetus may not be able to toler-
ate even a small decrease in uterine blood fl ow and 
oxygen supply. In our study, the decrease in arterial 
blood pressure at 1.5 MAC of either agent was more 
profound in the fetus than in the mother. This fi nding, 
together with the fact that fetal concentrations of vola-
tile halogenated anesthetics remain lower than mater-
nal concentrations [29,30], in spite of rapid placental 
transfer, suggests that the fetal vasculature state may be 
sensitive to inhalational agents. Although uterine blood 
fl ow in sheep is well maintained even at 2.0 MAC iso-
fl urane or sevofl urane for 15–20 min, the fetal blood 
pressure may decrease further with prolonged exposure 
to inhalational anesthetic agents [29,31]. Therefore, our 

fi nding suggests that, should a high concentration of 
either agent be required in clinical practice, such as for 
intrauterine surgery, the duration of administration 
should be kept to a minimum. Experimental studies of 
the effect of maternally administered inhalational anes-
thetics on fetal hemodynamic and acid-base balance 
have demonstrated inconsistent results [19,23,29,30,32]. 
Fetal acidosis worsens following progressively decreases 
in arterial blood pressure as the anesthetic concentra-
tion increases. The primary purpose of our study was to 
determine whether the fetus maintains normal blood 
gas values with concentrations of anesthetic agents up 
to 2.0 MAC. Because we did not use a ventilator, mild 
maternal respiratory depression, as defi ned by a slow-
ing of the respiratory rate, occurred when MAC was 
increased. However, blood gas values remained within 
the normal range. It should be noted that, in our study, 
the fetus remained well oxygenated. This fi nding is sup-
ported by a previous study, which showed that oxygen-
ation remained constant even as fetal mean arterial 
pressure decreased signifi cantly in both near-term and 
preterm fetal sheep [33,34].

We found that recovery from sevofl urane anesthesia 
was signifi cantly faster compared with recovery from 
isofl urane, indicating that a decrease in the inspired 
concentration of sevofl urane results in a rapid decrease 
in its alveolar concentration. Thus, the present study  
showed that the advantage of sevofl urane, compared to 
isofl urane, is a more rapid emergence.

In summary, the hemodynamic responses to sevofl u-
rane in pregnant ewes and their fetuses were similar to 
those with isofl urane. We conclude that the anesthetic 
concentrations used in clinical practice (0.5–1.0 MAC) 
are not likely to produce adverse effects in the mother 
or fetus. However, caution should be exercised when 
higher concentrations of volatile anesthetic may be 
required, such as during fetal surgery.

Acknowledgments. The authors thank the members of the 
Obstetric Anesthesia Research Group in Columbia Univer-
sity for their technical participation in this study. This work 
was supported in part by Maruishi Pharmaceutical, Co., Ltd., 
Japan, and the National Institute on Drug Abuse Grant 
(DA 07588).

References

 1. Hawkins JL, Koonin LM, Palmer SK, Gibbs CP. Anesthesia-
related deaths during obstetric delivery in the United States, 
1979–1990. Anesthesiology. 1997;86:277–84.

 2. Hawkins JL. Anesthesia-related maternal mortality. Clin Obstet 
Gynecol. 2003;46:679–87.

 3. Gaiser RR, Cheek TG, Kurth CD. Anesthetic management of 
cesarean delivery complicated by ex utero intrapartum treatment 
of the fetus. Anesth Analg. 1997;84:1150–3.

 4. Schwartz DA, Moriarty KP, Tashjian DB, Wool RS, Parker RK, 
Markenson GR, Rothstein RW, Shah BL, Connelly NR, 



398 T. Okutomi et al.:  Maternal-fetal effects of sevofl urane and isofl urane in sheep

Courtney RA. Anesthetic management of the exit (ex utero intra-
partum treatment) procedure. J Clin Anesth. 2001;13:387–91.

 5. Hirose S, Farmer DL, Lee H, Nobuhara KK, Harrison MR. The 
ex utero intrapartum treatment procedure: looking back at the 
EXIT. J Pediatr Surg. 2004;39:375–80.

 6. Dahlgren G, Törnberg DC, Pregner K, Irestedt L. Four cases of 
the ex utero intrapartum treatment (EXIT) procedure: anesthetic 
implications. Int J Obstet Anesth. 2004;13:178–82.

 7. Naito Y, Tamai S, Shingu K, Fujimori R, Mori K. Comparison 
between sevofl urane and halothane for paediatric ambulatory 
anesthesia. Br J Anaesth. 1991;67:387–9.

 8. Frink EJ, Malan TP, Atlas M, Dominguez LM, DiNardo JA, 
Brown BR. Clinical comparison of sevofl urane and isofl urane in 
healthy patients: Anesth Analg. 1992;74:241–5.

 9. Asada A, Fujimori M, Tomoda S, Hidaka A. Sevofl urane anes-
thesia for elective cesarean section. J Anesth. 1990;4:66–72.

10. Kan K, Shigihara A, Tase C, Okuaki A. Comparison of sevofl u-
rane and other volatile anesthetics for cesarean section. J Anesth. 
1995;9:363–5.

11. Gambling DR, Sharma SK, White PF, Van Beveren T, Bala AS, 
Gouldson R. Use of sevofl urane during elective cesarean birth: a 
comparison with isofl urane and spinal anesthesia. Anesth Analg. 
1995;81:90–5.

12. Morishima HO, Pedersen H, Santos AC, Schapiro HM, Finster 
M, Arthur GR, Covino BG. Adverse effects of maternally admin-
istered lidocaine on the asphyxiated preterm fetal lamb. Anesthe-
siology. 1989;71:110–5.

13. Morishima HO, Finster M, Pedersen H, Fukunaga A, Ronfeld 
RA, Vassallo HG, Covino BG. Pharmacokinetics of lidocaine in 
fetal and neonatal lambs and adult sheep. Anesthesiology. 1979;
50:431–6.

14. Eger EI, II. Anesthetic uptake and action. Baltimore: Williams 
and Wilkins; 1974. p. 1–25.

15. Quasha AL, Eger EI, II, Tinker JH. Determination and applica-
tions of MAC. Anesthesiology. 1980;53:315–34.

16. Katoh T, Ikeda K. The minimum alveolar concentration (MAC) 
of sevofl urane in humans. Anesthesiology. 1987;66:301–3.

17. Scheller MS, Saidman LJ, Partridge BL. MAC of sevofl urane in 
humans and the New Zealand white rabbit. Can J Anaesth. 
1988;35:153–6.

18. Manohar M, Parks CM. Porcine systemic and regional blood fl ow 
during 1.0 and 1.5 minimum alveolar concentrations of sevofl u-
rane anesthesia without and with 50% nitrous oxide. J Pharmacol 
Exp Ther. 1984;231:640–8.

19. Palahniuk RJ, Shnider SM. Maternal and fetal cardiovascular and 
acid-base changes during halothane and isofl urane anesthesia in 
the pregnant ewes. Anesthesiology. 1974;41:462–72.

20. Gregory GA, Wade JG, Beihl DR, Ong BY, Sitar DS. Fetal 
anesthetic requirement (MAC) for halothane Anesth Analg. 
1983;62:9–14.

21. Okutomi T, Saito M, Kuczkowski KM. The use of potent inhala-
tional agents for the ex-utero intrapartum treatment (exit) proce-
dures: what concentrations? Acta Anaesthesiol Belg. 2007;58:
97–9.

22. Pullen KM, Riley ET, Waller SA, Taylor L, Caughey AB, Druzin 
ML, El-Sayed YY. Randomized comparison of intravenous ter-
butaline vs nitroglycerin for acute intrapartum fetal resuscitation. 
Am J Obstet Gynecol. 2007;197:414. e1–6.

23. Greiss FC Jr. Pressure-fl ow relationship in the gravid uterine 
vascular bed. Am J Obstet Gynecol. 1966;96:41–7.

24. Munson ES, Maier WR, Caton D. Effects of halothane, cyclopro-
pane and nitrous oxide on isolated human uterine muscle. 
J Obstet Gynaecol Br Commonw. 1969;76:27–33.

25. Munson ES, Embro WJ. Enfl urane, isofl urane, and halothane and 
isolated human uterine muscle. Anesthesiology. 1977;46:11–4.

26. Naftalin NJ, Phear WPC, Goldberg AH. Halothane and isometric 
concentrations of isolated pregnant rat myometrium. Anesthesi-
ology. 1975;42:458–63.

27. Naftalin NJ, McKay DM, Phear WPC, Goldberg AH. The effects 
of halothane on pregnant and nonpregnant myometrium. Anes-
thesiology. 1977;46:15–9.

28. Parer JT, Behrman RE. The infl uence of uterine blood fl ow on 
the acid-base status of the rhesus monkey. Am J Obstet Gynecol. 
1970;107:1241–9.

29. Biehl DR, Cote J, Wade JG, Gregory GA, Sitar D. Uptake of 
halothane by the foetal lamb in utero. Can Anaesth Soc J. 
1983;30:24–7.

30. Biehl DR, Yarnell R, Wade JG, Sitar D. The uptake of isofl urane 
by the foetal lamb in utero: effect on regional blood fl ow. Can 
Anaesth Soc J. 1983;30:581–6.

31. Shinzato T, Misumi K, Fujiki M, Sakamoto H. Effects of propo-
fol-sevofl urane anesthesia on the maternal and fetal hemodynam-
ics blood gases, and uterine activity in pregnant goats. J Vet Med 
Sci. 2003;65:1075–81.

32. Biehl DR, Tweed WA, Cote J, Wade JG, Sitar D. Effect of 
halothane on cardiac output and regional fl ow in the fetal lamb 
in utero. Anesth Analg. 1983;62:489–92.

33. McClaine RJ, Uemura K, de la Fuente SG, Manson RJ, Booth 
JV, White WD, Campbell KA, McClaine DJ, Benni PB, Eubanks 
WS, Reynolds JD. General anesthesia improves fetal cerebral 
oxygenation without evidence of subsequent neuronal injury. 
J Cereb Blood Flow Metab. 2005;25:1060–9.

34. McClaine RJ, Uemura K, McClaine DJ, Shimazutsu K, de la 
Fuente SG, Manson RJ, White WD, Eubanks WS, Benni PB, 
Reynolds JD. A description of the preterm fetal sheep systemic 
and central responses to maternal general anesthesia. Anesth 
Analg. 2007;104:397–406.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


