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Does Ritodrine Worsen Maternal Hypotension during

Epidural Anesthesia in Gravid Ewes?

David H. Chestnut, M.D.,” Kenneth L. Pollack, M.D.,1 Christine S. Thompson, ¥
Craig S. DeBruyn, ¥ Carl P. Weiner, M.D.§

The purpose of this study was to determine whether prior ad-
ministration of ritodrine worsens maternal hypotension during epi-
dural anesthesia in gravid ewes. Twenty-four experiments were per-
formed in nine chronically instrumented animals between 0.8 and
0.9 of timed gestation. The experimental sequence included the fol-
lowing: 1) at time-zero, intravenous (iv) administration of ritodrine,
0.004 mg-kg™"'- min~', or normal saline (NS) for 2 h; 2) at 120 min
discontinuation of ritodrine, and administration of a 500 ml iv bolus
of NS over 15 min; and 3) at 135 min epidural injection of 2% li-
docaine or NS. There were three groups of experiments: 1) iv rito-
drine-epidural lidocaine (n = 9); 2) iv NS-epidural lidocaine (n
= 8); and 3) iv ritodrine-epidural NS (n = 7). Epidural injection of
lidocaine resulted in a median sensory level of T9 in both the rit-
odrine-lidocaine and NS-lidocaine groups. At 165 min (i.e., 30 min
after the epidural injection of lidocaine), maternal mean arterial
pressure was 19 + 3% below baseline (P = 0.0001) in the ritodrine—
lidocaine group and 22 * 7% below baseline (P = 0.0001) in the NS-
lidocaine group (NS between groups). At 120 min ritodrine had in-
creased maternal cardiac output 45 + 6% above baseline (P = 0.0001)
in the ritodrine-lidocaine group and 39 * 6% above baseline (P
= 0.0001) in the ritodrine~NS group. Cardiac output remained above
baseline (P < 0.01) after epidural injection of lidocaine in the rito-
drine-lidocaine group. In contrast, in the NS-lidocaine group car-
diac output was 13 + 5% below baseline (P = 0.005) at 150 min.
Fetal arterial pH did not change significantly in either the ritodrine-
lidocaine or ritodrine-NS group. In contrast, in the NS-lidocaine
group fetal arterial pH was decreased (P < 0.02) at 210 min. Thus,
prior administration of ritodrine did not adversely affect the ma-
ternal hemodynamic response to epidural lidocaine anesthesia in
gravid ewes. (Key words: Anesthesia: obstetric. Anesthetics, local:
lidocaine. Anesthetic techniques: epidural. Pregnancy: preterm labor.
Sympathetic nervous system, 8-sympathomimetic agents: ritodrine.)

OBSTETRICIANS often give a 8-sympathomimetic agent
to treat preterm labor or acute fetal distress. Unfortu-
nately, tocolytic therapy is not uniformly successful, and
parturients often require anesthesia after administration
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of a B-sympathomimetic agent. Shin and KimT suggested
that maternal hypotension is more common when induc-
tion of epidural anesthesia occurs within 30 min of dis-
continuation of ritodrine compared with a delay of greater
than 30 min. Therefore, some anesthesiologists avoid re-
gional anesthesia in patients who have recently received
a B-sympathomimetic agent. The purpose of the present
study was to determine whether ritodrine worsens ma-
ternal hypotension during epidural anesthesia in gravid
ewes,

Materials and Methods

The protocol was approved by the University of lowa
Animal Care Committee. Mixed breed ewes were ob-
tained from a commercial breeder at approximately 118
days of timed gestation (term, 145 days). Each animal
fasted for 36 h before surgery. At 120 days of gestation
induction of general anesthesia was accomplished with
sodium thiopental (8-12 mg/kg). After tracheal intuba-
tion anesthesia was maintained with 40% nitrous oxide,
60% oxygen, and 1-1.5% halothane. Mechanical venti-
lation was maintained throughout surgery. Using sterile
technique, a laparotomy and hysterotomy were per-
formed, and catheters (polyethylene-90) were inserted
into the fetal descending aorta vie each femoral artery
and into the amniotic cavity. After the hysterotomy and
laparotomy incisions were closed, a left paramedian in-
cision was made. The left uterine artery was isolated via
a retroperitoneal approach, and an electromagnetic flow
probe (Dienco, Los Angeles, California) was placed
around the artery. Catheters (polyethylene-240) were then
inserted into the maternal descending aorta and inferior
vena cava via the left mammary artery and vein, respec-
tively. All catheters were tunneled subcutaneously and
exteriorized through a small incision in the left flank. A
single-orifice, 19-G epidural catheter (Portex, Wilming-
ton, Massachusetts) was inserted percutaneously 5 cm into
the epidural space at the lumbosacral junction, and the
catheter was secured to the back. Finally, an 8.5-Fr in-
troducer (AK09800, Arrow, Reading, Pennsylvania) was
placed percutaneously into the right jugular vein.

1l Shin YK, Kim YD: Anesthetic considerations in patients receiving
ritodrine therapy for preterm labor (abstract). Anesth Analg 65(suppl):
140, 1986.
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After surgery each animal was kept in an approved
cage in a restricted area, fed a balanced diet, and allowed
a recovery period of at least 5 days. Procaine penicillin G
500,000 units and dihydrostreptomycin 625 mg (Com-
biotic®, Pfizer, New York, New York) were given to the
mother intramuscularly before surgery and daily for 3
days after surgery. Gentamicin 80 mg was given to the
mother intravenously on the day of each experiment, and
gentamicin 40 mg was given via the amniotic catheter
during surgery and on the day of each experiment.

Each experiment was performed with the animal
standing, supported by a canvas sling, within an approved
transport cart. The canvas sling allowed the animals to
remain upright despite the occurrence of hindlimb weak-
ness during epidural anesthesia. (We had performed a
pilot study in which the animals were restrained in the
lateral decubitus position, but the animals developed ag-
itation and tachycardia.)

Before the first experiment in each animal, a pulmonary
artery catheter (#93A-131H-7F, American Edwards
Laboratories, Santa Ana, California) was inserted through
the jugular vein introducer. At the end of each experi-
ment, the catheter was withdrawn into the superior vena
cava, and sterility was maintained with an 80-cm sheath.
Maternal arterial blood pressure, central venous pressure,
pulmonary artery pressure, and fetal arterial blood pres-
sure were measured continuously via disposable strain
gauge pressure transducers (#46951-02, Abbott Critical
Care Systems, North Chicago, Illinois). Fetal pressures
were corrected by subtraction of simultaneous intraam-
niotic pressure. Mean arterial blood pressure (MAP) was
computed arithmetically. The maternal heart rate (HR)
and fetal HR were computed from the arterial waveforms.
Uterine artery blood flow (UBF) was measured continu-
ously with a quantitative electromagnetic flowmeter (#RF-
2500, Dienco, Los Angeles, California). Arterial and
venous pressures, HR, and UBF were recorded at 10-s
intervals using a customized data acquisition system
(Coulbourn Instruments, Lehigh Valley, Pennsylvania)
interfaced with a personal computer (PCXT, IBM, Roch-
ester, Minnesota).

Cardiac output measurements were made in triplicate
with 10 ml of iced saline and a thermodilution cardiac
output computer (#9520, Edwards Laboratories, Santa
Ana, California). Maternal and fetal arterial blood gas
and pH values were determined using an Instrumentation
Laboratory (#1302, Leighton, Massachusetts) blood gas
analyzer. All values were corrected for temperature
(39.5° C).

The experimental sequence included the following:

1. One hour for baseline measurements.
2. At time-zero iv administration of ritodrine, 0.004
mg - kg™' +min~!, or normal saline (NS) for 2 h. This dose

Aneslhcsinlogy
V 72, No 2, Feb 1990

of ritodrine was within the range used clinically (i.e., ap-
proximately 0.001-0.005 mg-kg™'-min~'). The total
volume of crystalloid was 100 ml/h in each group.

3. At 120 min the infusion of ritodrine was discontin-
ued. Each animal then received a 500-ml iv bolus of NS
over 15 min. (We gave a bolus of NS in anticipation of
the sympathetic block that occurs during epidural anes-
thesia. Similarly, in clinical practice the anesthesiologist
typically gives a bolus of crystalloid before epidural anes-
thesia.)

4. At 135 min each animal received 8 ml of 2% lido-
caine or NS via the epidural catheter. Each animal con-
tinued to receive NS at 100 mi/h. If hypotension oc-
curred, we did not increase the rate of crystalloid admin-
istration or give a vasopressor agent.

5. At 150 min (i.e., 15 min after the epidural injection
of lidocaine) a curved hemostat was used to determine
the sensory level of anesthesia. (We did not pinch the skin
of the sheep. Rather, we used the hemostat in a manner
similar to the way one would use a needle to assess the
sensory level.)

6. Hemodynamic measurements were continued
through 210 min.

Twenty-four experiments were performed in nine an-
imals. There were three groups of experiments: 1) iv rit-
odrine-epidural lidocaine (n = 9); 2) iv NS-epidural k-
docaine (n = 8); and 3) iv ritodrine-epidural NS (n = 7).
Only one experiment was performed per day, and each
animal rested at least 48 h between experiments. Exper-
iments were performed in random order. (We intended
to perform all three experiments in each animal. However,
catheter occlusion or fetal death precluded the perfor-
mance of all three experiments in two of the animals.)

Statistical analysis was by three-factor analysis of vari-
ance, followed by ¢ tests for individual measurements. P
< 0.05 was considered significant.

Results

The mean (£SEM) weight of the animals was 61.6
+ 2.3 kg. The three groups were similar with regard to
baseline maternal and fetal hemodynamic, acid-base, and
blood gas measurements (table 1).

Epidural injection of lidocaine resulted in a median
sensory level of T9 in both the ritodrine-lidocaine and
NS-lidocaine groups. Epidural injection of NS did not
result in a detectable level of sensory anesthesia.

At 120 min ritodrine had increased maternal HR 47
+ 8% above baseline (P = 0.0001) in the ritodrine-lido-
caine group and 37 *+ 6% above baseline (P = 0.0001) in
the ritodrine-NS group (NS between groups) (fig. 1). At
135 min, just before the epidural injection of lidocaine
or NS, maternal HR remained 30 * 6% above baseline
(P = 0.0001) in the ritodrine-lidocaine group and 22
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TABLE 1. Baseline Maternal and Fetal Hemodynamic, Blood Gas,
and Acid-Base Measurements

EPIDURAL ANESTHESIA AFTER RITODRINE

Ritodrine-Lidocaine | NS-Lidocaine Ritodrine-N§
n=9) (n=18) m=7
Maternal
Heart rate
(beats/min) 123 + 4 115+3 128 +3
Mean arterial
pressure (mmHg) 94 + 3 94 + 1 95 + 2
Cardiac output
(1/min) 9.6 £ 0.6 9.4 £ 0.8 9.7 £ 0.6
Uterine blood flow
(ml/min) 715 £ 123 818 £ 149 | 754 = 117
Pulmonary capillary
wedge pressure
(mmHg) 74%1.9 9.1 +1.7 [10.3+09
Central venous
pressure (mmHg) 1.8+1.8 29+ 14 48+ 1.0
pH 7.45 £ 0.01 7.45 +0.0117.46 = 0.01
Po, (mmHg) 99 + 9 100 + 3 108 + 8
Peo, (mmHg) 36+ 1 37+ 1 35+ 1
Fetal
Heart rate
(beats/min) 165 =3 170 £5 161 £ 9
Mean arterial
pressure (mmkHg) 45 £ 1 43 + | 47 £ 2
tH 7.35 £ 0.01 7.35 £ 0.01(7.35 £ 0.01
Po, (mmHg) 21 + 1 191 21 £ 1
Peo, (mmHg) 48 + 1 49 + 1 50 £ 2

Values are mean + SEM.

+ 4% above baseline (P = 0.0001) in the ritodrine-NS§
group (NS between groups). Maternal HR remained
above baseline (P < 0.05) through 160 min in the rito-
drine-lidocaine group and 165 min in the ritodrine-NS
group. In contrast, in the NS-lidocaine group maternal
HR was below baseline (P < 0.005) at 165 and 210 min.
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Specifically, at 165 min maternal HR was 16 + 8% below
baseline (P < 0.005).

At 120 min ritodrine had decreased maternal MAP 8
+ 3% below baseline (P < 0.05) in the ritodrine-lidocaine
group and 9 + 2% below baseline (P < 0.05) in the rito-
drine—NS group (fig. 2). There was no significant differ-
ence between the ritodrine-lidocaine and the NS-lido-
caine groups in the maternal MAP response to epidural
lidocaine anesthesia. Epidural lidocaine decreased mater-
nal MAP (P = 0.0001) at each measurement between 140
and 210 min in the ritodrine-lidocaine group and be-
tween 145 and 210 min in the NS-lidocaine group. At
165 min (i.e.,, 30 min after the epidural injection of li-
docaine) maternal MAP was 19 = 3% below baseline (P
= 0.0001) in the ritodrine-lidocaine group and 22 = 7%
below baseline (P = 0.0001) in the NS-lidocaine group.
Epidural injection of NS did not change maternal MAP
in the ritodrine-NS group.

At 120 min ritodrine had increased maternal cardiac
output 45 & 6% above baseline (P = 0.0001) in the rit-
odrine-lidocaine group and 39 * 6% above baseline (P
= 0.0001) in the ritodrine-NS group (fig. 3). Cardiac
output remained above baseline (P < 0.01) at each mea-
surement between 120 and 210 min in both the ritodrine-
lidocaine and ritodrine-NS groups. In contrast, at 150
min (i.e., 15 min after the epidural injection of lidocaine)
cardiac output was 13 = 5% below baseline (P = 0.005)
in the NS-lidocaine group. Furthermore, cardiac output
was higher (P < 0.01) in the ritodrine-lidocaine group
than in the NS-lidocaine group at each measurement be-
tween 120 and 210 min.

At 120 min, ritodrine had decreased UBF 15 * 4% (P
< 0.002) in the ritodrine-lidocaine group and 22 + 2%
(P < 0.002) in the ritodrine-NS group (NS between

160 —
140 |~
120 —
F1G. 1. Maternal heart rate (HR) Maternal
responses over time., Maternal HR HR
was above baseline (P < 0.05) at (Percent* 100 !
each measurement between 120 of
and 160 min in the ritodrine-li- Baseline) 80 'ﬁ
docaine group and b.elwefan 120 , 500 mi ® Ritodrine - Lidocaine
and 165 min in the ritodrine-NS V/ bolus ) -
group. In contrast, in the NS-Ii- 1 of NS o N$ ) L.'docame
docaine group maternal HR was ok ' B Ritodrine - NS
below baseline (P < 0.005) at 165 | I ! ] ] ] | ] | ] L! ! |
and 210 min. 0 120 135 140 145 150 155 160 165 210
Ritodrine or  Ritodrine Epidural
NS infusion  infusion Lidocame
begun discontinued or NS
* Mean + SEM Time (minutes)
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FI1G. 2. Maternal mean arterial
pressure (MAP) responses over
time. Ritodrine decreased maternal
MAP (P < 0.05) at 120 min in both
the ritodrine-lidocaine and rito-
drine-N§ groups. Epidural lido-
caine decreased maternal MAP (P
= 0.0001) at each measurement
between 140 and 210 min in the

ritodrine-lidocaine group and be-
tween 145 and 210 min in the NS-

lidocaine group.
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groups) (fig. 4). UBF did not change significantly during
the first 30 min after epidural injection of lidocaine (i.e.,
135-165 min) in either the ritodrine-lidocaine or the
NS-lidocaine group. However, at 210 min UBF was above
baseline (P < 0.001) in both the ritodrine-lidocaine and
ritodrine-NS groups but not in the NS-lidocaine group.

Fetal HR and fetal MAP did not change significantly
from baseline in any group (data not shown).

A small but significant decrease (P < 0.001) in maternal
arterial pH occurred over time in each of the three groups
(fig. b). Maternal arterial Po, and Pgo, did not change
significantly in any group (data not shown).

Fetal arterial pH did not change significantly in either
the ritodrine-lidocaine or ritodrine-NS group (fig. 6). In

contrast, fetal arterial pH was decreased (P < 0.02) at 210
min in the NS-lidocaine group. Fetal arterial Pg, and
Pco, did not change significantly in any group (data not
shown).

Discussion

Preterm labor and delivery is by far the most common
cause of perinatal morbidity and mortality in the United
States.! Obstetricians often give a B-sympathomimetic
agent (e.g., ritodrine, terbutaline) for tocolysis (i.e., the
treatment of preterm labor by inhibition of uterine muscle
contractions). Ritodrine is the only agent specifically ap-
proved by the U. S. Food and Drug Administration

responses over time. Cardiac output
was above baseline (P < 0.01) at
each measurement between 120
and 210 min in both the ritodrine-
lidocaine and ritodrine-NS groups.
In contrast, in the NS-lidocaine
group cardiac output was below
baseline (P = 0.005) at 150 min.

i F1G. 3. Maternal cardiac output

160 —
140 -
Maternal
Cardiac 120 |~
Output
(Percent® 100 —
of
Baseline)
80 — 500 mi ® Ritodrine - Lidocaine
YA o O NS - Lidocaine
’ B Ritodrine - NS
0
| L [ I I
0 120 135 140 145 155 160 165 210
L S |
RAitodrine or  Ritodrine Epidural
NS infusion  infusion Lidocaine
begun discontinued or NS
* Mean t SEM Time (minutes)
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130 —
120
F1G. 4. Maternal uterine artery 10 =
blood flow (UBF) responses over Maternal 100
time. Ritodrine decreased UBF (P UBF ‘
< 0.002) at 120 min in both the ri-
todrine-lidocaine and ritodrine- (PBYC?N* %0
NS groups. UBF did not change ol
signiﬁcun[ily between 135 and l§5 Baseline) 80 i—
min in either the ritodrine-lido-
caine or the NS-lidocaine group. 70 [~
However, at 210 min UBF was Z
above baseline (P < 0.001) in both 0 E I
the ritodrine-lidocaine and rito-
drine-NS groups but not in the 0
NS-lidocaine group. 4
Ritodrine or
NS infusion
begun
* Mean + SEM

for tocolysis. Although ritodrine and terbutaline are rela-
tively selective for the 8y receptor (e.g., uterine smooth
muscle), B;-receptor stimulation does occur, resulting in
increased maternal HR and systolic arterial pressure,
decreased diastolic arterial pressure, and unchanged or
decreased MAP.*™®

There are at least three situations in which obstetric
patients require anesthesia during or after infusion of a
B-sympathomimetic tocolytic agent. First, despite use of
tocolytic agents, preterm delivery still occurs. These par-
turients may desire epidural analgesia for relief of pain
during labor and vaginal delivery, or they may require
regional or general anesthesia for operative delivery. Sec-
ond, some obstetricians advocate the infusion of ritodrine

EPIDURAL ANESTHESIA AFTER RITODRINE
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or terbutaline before and during performance of cervical
cerclage. Third, obstetricians recently have recommended
bolus injection of a tocolytic agent for treatment of fetal
distress associated with uterine activity.®” The goal is to
improve uteroplacental blood flow by abolishing uterine
contractions and facilitate fetal resuscitation in utero. Al-
though this may allow obstetricians to forego operative
delivery in some patients, the remaining women will re-
quire emergency induction of anesthesia for cesarean sec-
tion.

Unfortunately, the half-lives of the 8-sympathomimetic
tocolytic agents in pregnant women are prolonged.
Kuhnert et al.® noted that distribution phase and equilib-
rium phase half-lives for ritodrine in pregnant women are

7.48 —
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7.44 |— I
Maternal 742 |- 1—
pH*
FIG. 5. Maternal arterial pH
i . 7.40 —
measurements over time. A small
but significant decrease (P < 0.001) @ Ritodrine - Lidocaine
occurred over time in each of the 738 — "’b‘ﬁ’,u’;" . .
- N O NS - Lidocaine
three groups. ot NS oo
V B Ritodrine - NS
7.36 |-
L| I N N SN N N N
0 120 135 140 145 150 155 160 165 210
Ritodrine or  Ritodrine Epidural
NS infusion  infusion Lidocaine
begun discontinued or NS
* Mean = SEM Time (minutes)
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FiG. 6. Fetal arterial pH mea-
surements over time. Fetal pH was
decreased (P < 0.02) at 210 min in
the NS-lidocaine group.
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32 + 2] min and 17 =+ 10 h, respectively. The cardio-
vascular effects of ritodrine and other -sympathomimetic
agents also persist after their discontinuation.**Y There
are no prospective studies regarding anesthetic manage-
ment after administration of a 8-sympathomimetic tocol-
ytic agent. The literature is limited to case reports,®~'*
retrospective studies published in abstract and letter
form,'>Y and review articles and textbook chapters. Shin
and KimT observed that maternal hypotension occurred
in two of three women who received epidural anesthesia
within 30 min of discontinuation of ritodrine versus one
of eight women in whom there was a delay of more than
30 min (P = 0.15). They recommended “that anesthesia
be deferred at least 30 min following discontinuation of
ritodrine . . . provided that such a delay does not jeop-
ardize the fetus.”T Abouleish'® stated that regional anes-
thesia may be administered if the B-sympathomimetic
agent has been discontinued for at least 2 h before cesar-
ean section.

The aforementioned contentions notwithstanding,
women with failed tocolysis typically require induction of
anesthesia on an emergency basis. A delay may compro-
mise fetal well-being. A proscription against regional
anesthesia deprives the parturient of enjoying the emo-
tional experience associated with birth and subjects her
to the risks of general anesthesia. The majority of anes-
thetic deaths in obstetric patients occur with general, not
regional, anesthesia and result primarily from failure to
intubate the trachea and/or aspiration of gastric con-
tents.'” Thus, there should be careful scrutiny of admo-
nitions to avoid regional anesthesia in patients with failed
tocolysis. Heretofore there has been no controlled study
of hemodynamic responses to epidural, spinal, or general

anesthesia after infusion of a 8-sympathomimetic tocolytic
agent.

We recently reported that administration of ritodrine
did not worsen maternal hypotension during hemorrhage
in gravid ewes.'® In that study we speculated that rito-
drine’s inotropic and chronotropic activity*™ helped
maintain maternal cardiac output and MAP during hem-
orrhage. In the present study prior administration of rit-
odrine did not worsen maternal hypotension during epi-
dural lidocaine anesthesia in gravid ewes. One should be
cautious before extrapolating data from animals to clinical
practice. First, we acknowledge the difference in species.
Second, the animals in this study were standing, not re-
cumbent, during epidural anesthesia. Third, the animals
were not in labor. Fourth, although the thoracic sensory
level in this study approximated that which is achieved
clinically for labor analgesia, it represented a less extensive
block than that which is achieved for cesarean section.
However, we have successfully administered epidural
anesthesia to patients who recently received a §-sympa-
thomimetic agent, provided that tachycardia was not ex-
cessive. In the present study maternal HR remained 30%
above baseline at the time that epidural lidocaine was
given in the ritodrine-lidocaine group. Nonetheless, there
was no significant difference in the maternal MAP re-
sponse to epidural lidocaine between the ritodrine-lido-
caine and NS-lidocaine groups. Furthermore, maternal
cardiac output was consistently greater in the ritodrine—
lidocaine group than in the NS-lidocaine group, and fetal
arterial pH was decreased only in the NS-lidocaine group.

We conclude that prior administration of ritodrine did
not worsen maternal hypotension during epidural lido-
caine anesthesia in gravid ewes. Rather, the present study
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suggests that the inotropic and chronotropic activity of
ritodrine helped maintain maternal cardiac output and
UBF during epidural anesthesia. We suggest that there
should be reevaluation of admonitions against the use of
epidural anesthesia in patients who have recently received
a B-sympathomimetic agent.

The authors wish to thank the Astra Pharmaceutical Products
(Westboro, Massachusetts) for the generous supply of ritodrine (Yu-
topar®) and Carl K. Brown, M.S., Consultant, Department of Preventive
Medicine and Environmental Health, for his assistance.
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