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Epinephrine Does Not Alter Human Intervillous Blood

Flow during Epidural Anesthesia

George A. Albright, M.D.,* Riitta Jouppila, M.D.,t Arno I. Hollmén, M.D.,} Pentti Jouppila, M.D.,§
Hannu Vierola, M.D.,1 Antero Koivula, M.S.**

The effect of epinephrine given epidurally with local anes-
thetics on uterine blood flow is controversial. Previous work in
pregnant ewes demonstrated a transient but significant (14 per
cent) decrease in uterine blood flow when 2-chloroprocaine with
.epinephrine (10 pg/ml) was used. The authors administered
2-chloroprocaine, 10 ml, with epinephrine (5 ug/ml) to 12 healthy
women during the first stage of labor. By use of intravenously
injected '*Xe, intervillous blood flow was measured before and
15-20 min after epidural anesthesia to a somatic level of at least
T10. Intervillous blood flow did not change significantly despite
a decrease in mean blood pressure of 11 torr. These conflicting re-
sults are probably best explained by methodologic and species
differences. It is postulated that human placental vasculature, un-
like that of the ewe, undergoes vasodilatation when perfusion
pressure is decreased to maintain placental blood flow. (Key
words: Anesthesia, obstetric. Anesthetic techniques, epidural.
Measurement techniques: intervillous blood flow. Placenta: blood
flow. Sympathetic nervous system, catecholamines: epinephrine.)

THE ADDITION OF epinephrine to local anesthetic solu-
tions for epidural anesthesia in obstetrics remains con-
troversial. Epinephrine (5 pg/ml) has been demon-
strated to decrease vascular absorption of local anes-
thetic agents and to improve the quality, intensity, and
duration of the block. However, there is uncertainty
concerning the effect of absorbed epinephrine from
the epidural space on uterine activity and, more im-
portantly, on uterine blood flow (UBF).

Epinephrine infused into the pregnant ewe causes
a marked decrease in UBF and a marked increase in
skeletal muscle blood flow.! In normotensive pregnant
ewes, Wallis et al.? demonstrated a transient 14 per
cent decrease in UBF shortly after the onset of epi-
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dural anesthesia with 2-chloroprocaine containing
epinephrine, whereas uterine blood flow did not
change in ewes receiving 2-chloroprocaine only. These
investigators postulated that the uterine vasculature of
the pregnant ewe may undergo alpha-adrenergic
vasoconstriction as a result of the effects of low con-
centrations of epinephrine, while the vasculatures of
other tissues (skeletal muscle, spleen and fat) undergo
beta-adrenergic vasodilatation, thereby directing
blood How away from the uterus.

Direct calculation of intervillous blood flow (IBF)
from the clearance of intravenously injected '¥*Xe is
feasible for a pregnant woman who has an anterior
placenta.? Using the '*Xe technique, Jouppila et al.*
found no significant change in IBF with lumbar epi-
dural anesthesia for elective cesarean section in nine
patients when 16—-20 ml of 1.5 per cent lidocaine with
epinephrine (5 ug/ml) was used. Similarly, the admin-
istration of epidural anesthesia with bupivacaine, 4 ml,
with and without epinephrine (20 ug) for relief of
labor pain had no deleterious effect on IBF.> This
study evaluates the effects of a larger amount of epi-
nephrine (50 pg) on IBF during epidural anesthesia
with 2-chloroprocaine, 10 ml, for the first stage of
labor.

Materials and Methods

Twelve healthy mothers in labor desiring epidural
anesthesia, whose normal pregnancies (without signs
of uteroplacental insufficiency) ended in vaginal
delivery of normal infants in the 37th to 42nd weeks of
gestation, were studied (table 1).

The placenta was located by ultrasonic B scanning.
Only patients in whom the placenta was on the anterior
wall of the uterus, and who provided informed con-
sent, were included in the study. The protocol for this
study was approved by the Oulu University Ethical
Committee on the use of Human Subjects in Research.
Labor was induced electively by oxytocin infusion in all
but two patients, who had spontaneous labor. The
membranes were artificially ruptured when labor was
established (as evidenced by cervical change) and
direct monitoring of fetal heart ratett and intrauter-

+1 Hewlett-Packard 8030A cardiotocograph, Hewlett-Packard,
Palo Alto, California 94304.
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TasLe 1. Demographic Data of 12 Mothers Given
Epidural Anesthesia with 2-Chloroprocaine
with Epinephrine (5 ug/mi)

Mean *= 8D Runge

Age (years) 25 + 4 20-33
Parity 1.3 = 0.7 1-3
Gestation (weeks) 41> 37-42
Apgar score

1 min 9+0.3 8-9

5 min 9=+0.5 9-10
Birth weight (g) 3,503 + 357 2,760-4,030

ine pressureti were instituted. These variables were
monitored and the oxytocin infusion was maintained
at a constant rate {(mean 11 % 5.4 mU/min) for at least
30 min before and during the measurements of intra-
venous '*Xe.

Epidural anesthesia was provided for pain relief
during the first stage of labor when the cervix was
dilated 3-5 ¢m (mean 3.9). An epidural catheter was
inserted 1-2 c¢m into the epidural space through a
needle positioned at L2-3 or L3-4. The patients
were lying in a 15° left lateral position and had systolic
and diastolic blood pressure values measured every 3
min throughout the study period. After the first meas-
urement of intravenous *Xe, 2-chloroprocaine, 10
ml, with epinephrine (5 ug/ml) was injected slowly be-
tween uterine contractions (3-ml test dose followed in
5 min with 7 ml). The patients received a minimum of
500 ml of lactated Ringer’s solution rapidly to maintain
systolic blood pressure at or above 100 torr. The IBF
was measured again 15—20 min after the onset of anes-
thesia. Measurement was commenced immediately
after cessation of a uterine contraction, as determined
from the intrauterine pressure tracing.

The intravenous **Xe technique for measurement
of IBF has been described in detail by Rekonen et al.?
In brief, approximately 2 mCi of *¥Xe are injected
rapidly and flushed with saline solution, 10 ml, into an
antecubital vein while the patient holds her breath for
about 15—-20 s to diminish the escape of '*¥Xe through
the lungs. The radioisotope enters the systemic circu-
lation and reaches the uterus and placenta, where its
clearance is measured for 5-10 min with a scintillation
detector positioned over the abdomen, above the cen-
ter of the placenta. The diameter of the area at the
level of the placenta used for measurementis about 10
cm. A biexponential clearance curve

Ale—lkll + Aze—lkzl

is obtained, in which the shorter half-life component
(0.56 = 0.16 min) reflects blood flow in the intervillous

11 Hewlett-Packard 1280B/C physiological pressure transducer
and 15137A transducer adapter.
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space and the longer component (6.7 * 3.0 min), myo-
metrial blood flow. The IBF is obtained from the
equation F; = 100-k;. The myometrial blood flow is
calculated from the equation F; = A -k,, where A is the
partition coefficient of xenon between blood and myo-
metrial tissue (70/100 g). The separation of the inter-
villous component from the slower myometrial com-
ponent is readily accomplished, since the peak activity
(500-1,000 counts/5 s) in the placental component is
about three times higher than that of the myometrial
component. The radioisotope reaching the placenta is
not an impulse function but has an exponentially
descending tail with a half-life of about 3 s. This has
no significant effect on the intervillous removal curve,
which usually has a half-time longer than 20 s. Diffu-
sion of xenon from the intervillous blood pool into the
fetal circulation is slow and does not appreciably influ-
ence the results, as demonstrated by Lippert et al.®
using consecutive injections of diffusible '**Xe and
nondiffusible **"Tc-albumin. The dose of radiation to
the mother and fetus is less than 1 mrad, which is only
a tenth of the dose of radiation associated with con-
ventional placental scanning, or one-hundredth the
radiation dosage from annual background radiation
or radiographic pelvimetry (80-100 mrad).

The mean *= SD IBF in normal pregnancy is 135
+49 ml-100 g~''min~'.3 Reproducibility of the
method was +20 ml- 100 g~'-min~!, with a regression
coefficient of 0.88 when two measurements were made
about 30 min apart in 24 patients.* This variation is not
surprising, considering that the method does not
measure total IBF but only the flow per unit volume
over the central area of the placenta. Slight axial rota-
tion of the uterus may alter the area of the placenta
being measured, thereby introducing errors, since IBF
is not uniform throughout the placenta.” Abdominal
wall clearance of ***Xe is slow (adipose tissue half-life
= 230 min,'* A = 1,000/100 g) and slight,®~1°§§ without
appreciable effect on IBF values, but may result in
lower myometrial blood flow values.® The inhalational
133Xe technique requires correction for recircula-
tion,'!? but recirculation is not a significant factor in
the intravenous ¥3Xe technique (fig. 1).

Measured values were compared statistically using
Student’s ¢ test for paired data. P < 0.05 was regarded
as significant.

Results

Intervillous blood flow increased in seven patients
(30-255 per cent), was unchanged in two patients

§§ Skin, subcutaneous, and skeletal muscle tissue blood flows in
nonpregnant subjects are 5.7 = 1.3, 2.6 £ 1.7, and 2.5 x 14
ml- 100 g~!-min~!, respectively.
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(0-3 per cent), and decreased in three patients
(21-59 per cent) after epidural anesthesia with
2-chloroprocaine with epinephrine (table 2). These
changes were not statistically significant.

All patients had systolic blood pressures at or above
100 torr during each IBF measurement (table 2). Mean
blood pressure was calculated from systolic and di-

astolic blood pressures (mnBP = DBP + % pulse pres-
sure). The mean blood pressure of 94 x 8 torr and the
diastolic blood pressure of 76 =7 torr before
anesthesia decreased to 83 = 10 and 63 = 10 torr,
respectively. These values are significantly different
(P < 0.01). Two (Patients 2 and 11) of the three pa-
tients who had decreases in IBF had mean blood pres-

TasLE 2. Intervillous Blood Flow (IBF) and Arterial Pressure (BP) before and after Epidural Anesthesia
with 2-Chloroprocaine with Epinephrine, 5 ug/ml

BP (torr)
IBF (nl- 100 g™'-min~!) Before After
Per Cent Systolic/ Systolic/
Before After Change Diastolic Mean Diastolic Mean
Patient 1 269 380 +41 126/82 97 130/55 80
Patient 2 197 137 -30 115/70 85 100/45 63
Patient 3 241 428 +78 125/78 94 120/60 80
Patient 4 94 ’ 232 +146 138/78 98 140/80 100
Patient 5 138 138 0 140/85 103 110/70 83
Patient 6 311 129 -58 140/80 100 136/60 85
Patient 7 366 474 +30 130/80 97 120/70 87
Patient 8 103 366 +255 130/70 90 115/60 78
Patient 9 110 182 +65 135/80 98 110/60 77
Patient 10 99 103 +3 140/75 97 135/75 95
Patient 11 247 195 =21 105/60 75 105/55 72
Patient 12 230 452 +97 130/70 90 140/70 93
MEAN 200 268 +50 130/76* 94* 122/63* 83*
SD +92 +141 +87 +=11/%7 +8 +14/%=10 *10

*P <0.01.
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Tabre 3. Uterine Activity

Intrauterine Tone
Montevideo Units (torr)

Before After Before After

Patient 1 205 140 25 20
Patient 2 66 45 10 10
Patient 3 70 35 35 25
Patient 4 100 90 40 65
Patient 5 100 125 35 35
Patient 6 155 180 35 35
Patient 7 195 125 15 10
Patient 8 105 50 15 15
Patient 9 50 40 30 25
Patient 10 125 75 30 35
Patient 11 170 160 40 35
Patient 12 45 45 15 10
MEAN 115 93 27 27
SD +55 +52 +11 *16

sures of less than 75 torr at the time of the second IBF
measurements even though systolic blood pressures
were 100 torr or higher. The third (Patient 6) had an
adequate blood pressure, but a strong uterine contrac-
tion immediately after the start of the second IBF
measurement may have interfered with the accuracy
of its measurement.

Uterine activity (table 3), as measured in Montevideo
units, did not significantly change after anesthesia.
Values of resting uterine tone before and after anes-
thesia did not differ significantly. Higher than antic-
ipated values for resting uterine tone, observed in the
majority of our patients, were probably the result of
inappropriate zeroing of the pressure-monitoring sys-
tem. These patients did not have obstetric complica-
tions associated with increases in baseline uterine tone;
the rate of oxytocin infusion was low, and uterine
activity, as measured by Montevideo units, was not
excessive,

Relief of labor pain was good or excellent in every
patient. The fetal heart rates were normal in all fetuses
except that of Patient 5, in which variable decelerations
occurred during the end of the second IBF measure-
ment. Subsequently, there was fetal tachycardia with
intermittent late decelerations. Measured fetal scalp
blood pH was 7.33. Three hours later, Patient 5 de-
livered a healthy infant with Apgar scores of 9-9.

Discussion

The mean IBF in our study group was higher than
the values for near-term, non-laboring patients re-
ported by Rekonen et al® and by Husemeyer and

{1 Uterine contraction intensity (torr) times frequency of contrac-
tions over a 10-min period.
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Crowley.!! The higher IBF values for laboring patients
in this study are consistent with the hypothesis of “re-
active hyperemia” following a uterine contraction, as
demonstrated by Lees et al.’® in the term rhesus
monkey.

Lumbar epidural anesthesia during the first stage of
labor with 2-chloroprocaine with epinephrine (50 ug)
did not cause any significant change in IBF. The prin-
cipal reasons for divergent results between our study
and that by Wallis et al. are probably related to meth-
odologic and species differences. In the Wallis
study,? the ewes were highly instrumented, not in
labor, had a 2,000-ml fluid load to maintain normo-
tension, and were exposed to a larger dose of epineph-
rine (60-80 ug) at a stronger concentration (10 ug/
ml). Uterine blood flow, not maternal placental blood
flow, was estimated in the ewe using an electromag-
netic flow probe secured to a branch of the uterine
artery. Using radioactive microspheres, Harbert et
al." made 45 determinations of uterine blood flow dis-
tribution in ten pregnant rhesus monkeys. They found
that measurements of uterine-artery blood flow by use
of an electromagnetic flow probe on a single uterine
artery gave qualitative but not quantitative informa-
tion about the flow changes in the entire uterine vascu-
lar bed. Furthermore, Harbert et al."* found a fairly
constant placental perfusion in spite of circadian varia-
tion in total uterine blood flow. Wallis ¢t al.? utilized
radioactive microspheres to demonstrate that the per-
centage of uterine blood flow distributed to the pla-
centa (84 per cent) was unchanged by epidural anes-
thesia with and without epinephrine in two ewes, but
they did not study the distribution of flow when uter-
ine blood flow was decreased. Therefore, the transient
decrease in uterine blood flow observed in the ewes
receiving 2-chloroprocaine with epinephrine may
have reflected, in part, a decrease in myoendometrial
blood flow.

Uteroplacental vasculature has been considered to
be widely dilated at rest, capable of vasoconstriction
but not further vasodilatation. This conclusion has
been drawn mainly from studies of UBF in sheep.
Greiss' demonstrated that UBF in the pregnant ewe
was directly proportional to perfusion pressure with-
out any apparent autoregulation, and more recently,
that myometrial blood vessels react well to alpha- and
beta-adrenergic stimulation, whereas the placental
vessels are largely insensitive to these stimuli.’® Uter-
ine blood flow distribution in the primate uterus, how-
ever, is modulated by factors in addition to physiologic
pressure—flow relationships.!* Radioangiography has
demonstrated an acceleration of intervillous perfusion
during metaproterenol infusion due to placental
vasodilatation in pregnant rhesus monkeys.!” Results
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of radioisotope clearance studies using indium-113m
to measure the effect of a beta-mimetic drug,
fenoterol, on UBF suggest that human uteroplacental
arteries are indeed sensitive to beta-adrenergic stimu-
lation.'®

Intervillous blood flow was maintained in this study
in spite of a significant decrease in mean blood pres-
sure (MBP) after epidural anesthesia. A decrease in
perfusion pressure will not affect IBF if there is a cor-
responding decrease in extrinsic vascular resistance
(resting uterine tone or uterine contraction) or a de-
crease in intrinsic vascular resistance (placental vaso-
dilatation). Since there was no difference between
values of resting uterine tone before and after anes-
thesia and IBF measurements were initiated immedi-
ately after the cessation of a uterine contraction, it
may be postulated that IBF was maintained because of
placental vasodilatation that decreased uterine vascu-
lar resistance.

The postulated decrease in placental vascular resist-
ance may be due to beta-adrenergic vasodilatation re-
sulting from the systemic absorption of epidural
epinephrine or a decrease in alpha-adrenergic vaso-
constriction from sympathetic blockade with a de-
crease in endogenous catecholamine release secondary
to relief of labor pain, or both. Plasma catecholamines
were not measured in this study; however, significant
increases in plasma epinephrine and norepinephrine
values were demonstrated during labor with epineph-
rine levels below the mean for the group in six of eight
patients who received regional anesthesia.’® The
results of this study, coupled with the previous work by
Jouppilaet al. ,** indicate that epinephrine (5 ug/ml) in
dosages of 40 to 100 ug, added to local anesthetic solu-
tions, properly placed in the epidural space, has no
deleterious effect on IBF so long as significant hypo-
tension is avoided. It is postulated that human pla-
cental vasculature, unlike that of the ewe, undergoes
vasodilatation when perfusion pressure is decreased.
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