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The Effect of Intravenously Administered 2-Chloroprocaine upon

Uterine Artery Blood Flow Velocity in Gravid Guinea Pigs

David H. Chestnut, M.D.,* Carl P. Weiner, M.D.,t James E. Herrig, B.S.}

The purpose of the present study was to assess the effect of intra-
venously administered 2-chloroprocaine upon uterine artery blood
flow velocity (UBFV) in gravid guinea pigs. Ten experiments were
performed in ten chronically instrumented animals between 0.7 and
0.9 of timed gestation. Each animal received four solutions of 2-
chloroprocaine in random order: 1) 0.67 mg/kg; 2) 1.34 mg/kg; 3)
2.0 mg/kg; and 4) 1.34 mg/kg, with epinephrine 0.2 ug/kg. Six an-
imals received a fifth solution, 0.2 ml of saline control. 2-Chloro-
procaine 1.34 mg/kg significantly increased maternal mean arterial
pressure (MMAP) at 30 s after injection, and 2-chloroprocaine 2.0
mg/kg significantly increased MMAP through 2 min. 2-Chloropro-
caine 1.34 mg/kg, with epinephrine 0.2 ug/kg, also significantly in-
creased MMAP through 2 min. No other solution significantly altered
MMAP, 2-Chloroprocaine 2.0 mg/kg significantly decreased UBFV
at 30 s after injection. 2-Chloroprocaine 1.34 mg/kg, with epineph-
rine 0.2 pg/kg, significantly decreased UBFV through 2 min. No
other solution significantly altered UBFV. The authors conclude
that iv administration of 2-chloroprocaine with epinephrine signif-
icantly decreased UBFYV in pregnant guinea pigs. In contrast, only
the largest dose (i.e., 2.0 mg/kg) of 2-chloroprocaine alone transiently
decreased UBFV. These data suggest that, in doses up to 1.34 mg/
kg, 2-chloroprocaine alone may not decrease uterine blood flow when
used as a marker for intravenous injection in obstetric patients. (Key
words: Local anesthetics: 2-chloroprocaine, Measurement techniques:
Doppler flow probe, Sympathetic nervous system, catecholamines:
epinephrine. Uterus: blood flow velocity.)

THE POTENTIAL for unintentional iv or subarachnoid
injection of local anesthetic during induction of epidural
anesthesia mandates the administration of a test dose be-
fore injection of a large therapeutic dose. Moore and
Batra' first suggested that the epidural test dose should
contain 15 ug of epinephrine. A subsequent increase
in heart rate would indicate that iv injection had oc-
curred, but an epinephrine-containing test dose may be
neither sensitive nor specific for iv injection in laboring
women?-® and may decrease uterine blood flow and pre-
cipitate fetal distress.*®7 Grice et al.® reported that iv in-
jection of 100 mg of 2-chloroprocaine without epineph-
rine is 100% sensitive and 100% specific for production
of symptoms of iv injection in male volunteers. The pur-
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pose of this study was to assess the effect of intravenously
administered 2-chloroprocaine upon uterine artery blood
flow velocity (UBFV) in gravid guinea pigs.

Methods

Pulsed Doppler ultrasound was used to continuously
monitor UBFV in chronically instrumented pregnant
guinea pigs. The magnitude of change in the Doppler
shift was measured, and all measurements are reported
as percentage of baseline. We recently reported the val-
idation of this model; the measured flow velocity was both
directly proportional and linear to actual uterine artery
blood flow (R = 0.984).°

The protocol was approved by the University of Iowa
Animal Care Committee. We have previously described
in detail the method of animal instrumentation.”®!!
Briefly, mixed-breed guinea pigs of known mating were
obtained from a commercial breeder at 0.6 of timed ges-
tation (normal term gestation = 65 days) and allowed to
acclimate to the laboratory environment for 2 days. With
the use of sterile technique and general anesthesia (intra-
muscular xylazine 0.8 mg/kg and intraperitoneal keta-
mine 80 mg/kg, supplemented by local infiltration of
1.0% lidocaine), a ventral, midline neck incision was per-
formed. Catheters (polyethylene 50, inside diameter
= 0.58 mm, outside diameter = 0.96 mm) were inserted
into the external jugular vein and carotid artery. The
arterial catheter was advanced into the descending aorta
below the origin of the renal arteries. Through a midline
abdominal incision, a 5—10 mm segment of uterine artery
was dissected free from the mesometrium with micro-
surgical techniques, and a miniaturized Doppler flow
probe (20 mHz crystal, 0.75 mm in diameter, 100 mg in
weight) was fixed to the underside of the vessel with a
cyanoacrylic glue. Care was taken to confine the glue to
the underside and prevent encasement of the artery.
(Proper probe attachment does not result in maternal hy-
pertension or fetal growth retardation, and UBFV in-
creases progressively as expected during the remainder
of the gestation.®) A probe shield was constructed in situ
with the use of a medical grade silicone polymer.
Probe wires and catheters were exteriorized via a stab
wound in the nape of the neck. Catheter patency was
maintained by a daily 1-ml bolus of heparin-saline solution
(300 u/ml).

After surgery, each animal remained in a separate cage
within a restricted area. Guinea pig chow, fresh vegetables,
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TABLE 1. Baseline Maternal Hemodynamic Measurements
2:CP
1.34 mg/kg,
2-CP 2.CP 2-CP with EPI,
0.67 mg/kg 1.34 mg/kg 2.0 mg/kg 0.2 ug/kg Saline Control
(n = 10) (n=10) (n = 10) (n = 10) (n=6)
MHR 202 +9 204 + 10 197 + 14 192 % 12 191 £ 11
MMAP (mmHg) 41 %3 43 £ 3 43+ 3 38+3 45 = 4
UBFV (kHz) 2.21 = 0.36 2.30 = 0.38 2.28 + 0.34 2.20 + 0.33 2.48 + 0.46

2-CP = 2-chloroprocaine; EPI = epinephrine; MHR = maternal
heart rate; MMAP = maternal mean arterial pressure; UBFV = uterine

and water were suppled ad libitum. The room lights were
cycled (12 h on, 12 h off). No experiments were under-
taken until normal weight gain and activity had resumed
and in no case before the eighth postoperative day. All
experiments were performed with the animal in familiar
surroundings, with unimpaired mobility and ready access
to food.

Experiments were performed between 50 and 60 days
gestation. The mean (+SD) animal weight on experiment
days was 873 + 99 g. Maternal heart rate (MHR), maternal
mean arterial pressure (MMAP), and mean UBFV were
recorded continuously on a biomedical strip chart re-
corder (Sensormedics R511A%®, Sensormedics, Anaheim,
California).

Ten experiments were performed in 10 chronically in-
strumented animals. Each animal received four solutions
of 2-chloroprocaine each over 15 s intravenously, in ran-
dom order, 30 min apart: 1) 2-chloroprocaine 0.67 mg/
kg; 2) 2-chloroprocaine 1.34 mg/kg; 3) 2-chloroprocaine
2.0 mg/kg; and 4) 2-chloroprocaine 1.34 mg/kg, with
epinephrine 0.2 ug/kg. Six animals received a fifth so-
lution, which was 0.2 ml of saline control. (When calcu-
lated on a milligram per kilogram basis, 1.34 mg/kg of
2-chloroprocaine and 0.2 ug/kg of epinephrine approx-
imate the recommended test dosages of 2-chloroprocaine
and epinephrine, when administered to a patient weighing
75 kg). Each solution was diluted with normal saline to a
total volume of 0.2 ml.

Changes in MHR, MMAP, and UBFV during the 5
min after administration of a solution were compared with
the preinjection baseline for that solution. Each measure-
ment is expressed as the mean (+SEM) percent of the
baseline for that solution. Statistical analysis was by re-
peated measures analysis of variance, followed by ¢ tests
for individual measurements. Bonferroni adjustment was
used when appropriate. P < 0.05 was considered signif-
icant.

Results

The five treatment groups were similar with regard to
baseline hemodynamic measurements (table 1).

artery blood flow velocity, recorded as the mean velocity signal.
All values are reported as mean + SEM.

2-Chloroprocaine with epinephrine significantly in-
creased MHR at 30 s after injection (fig. 1A). Specifically,
MHR was 105 £ 2% of baseline at 30 s. No other solution
significantly altered MHR. 2-Chloroprocaine 1.34 mg/
kg significantly increased MMAP at 30 s after injection
(fig. 1B). Specifically, MMAP was 107 + 2% of baseline
at 30 s. 2-Chloroprocaine 2.0 mg/kg significantly in-
creased MMAP through 2 min. Specifically, MMAP was
113 + 3% of baseline at 30 s and remained 106 + 3% of
baseline at 2 min. 2-Chloroprocaine 1.34 mg/kg, with
epinephrine 0.2 ug/kg, significantly increased MMAP
through 2 min. Specifically, MMAP was 127 + 6% of
baseline at 30 s and remained 107 *+ 2% of baseline at 2
min. No other solution significantly altered MMAP. 2-
Chloroprocaine 2.0 mg/kg significantly decréased UBFV
at 30 s after injection (fig. 1C). Specifically, UBFV was
89 = 5% of baseline at 30 s. 2-Chloroprocaine 1.34 mg/
kg, with epinephrine 0.2 ug/kg, significantly decreased
UBFYV through 2 min. Specifically, UBFV was 43 + 6%
of baseline at 30 s and remained 86 * 6% of baseline at
2 min. No other solution significantly altered UBFV.

Discussion

In an earlier study using this model, we” observed that
bolus iv administration of epinephrine (0.2, 0.5, and 1.0
ng/kg) resulted in significant, dose-related reductions in
UBFV. (We® had earlier reported that changes in UBFV
are directly proportional and linear to changes in actual
uterine artery blood flow.) Others have observed similar,
dose-related decreases in uterine blood flow after bolus
and continuous iv infusion of epinephrine in gravid
ewes.5!213 We' and others*® have therefore criticized the
epinephrine-containing test dose for its potential to pre-
cipitate fetal distress. Rebuttal of this criticism includes
the following arguments. First, the decreases in UBFV
and uterine blood flow after bolus iv epinephrine in preg-
nant guinea pigs and sheep were transient. Similar tran-
sient declines in perfusion occur during normal uterine
contractions. Brar et al.'® recently observed transient re-
ductions in uteroplacental perfusion during uterine con-
tractions in healthy pregnant women. Second, the adverse
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F1G. 1. A (upper, left). Responses over time of maternal heart rate
(MHR). 2-Chloroprocaine (2-CP) with epinephrine (EPI) significantly
increased MHR at 30 s. No other solution significantly altered MHR.
B (upper, right). Responses over time of maternal mean arterial pressure
(MMAP). 2-CP 1.34 mg/kg significantly increased MMAP at 30 safter
injection, and 2-CP 2.0 mg/kg significantly increased MMAP through
2 min. 2-CP 1.34 mg/kg, with EPI 0.2 ug/kg, also significantly in-
creased MMAP through 2 min. No other solution significantly altered
MMAP. C (lower). Responses over time of uterine artery blood flow
velocity (UBFV). 2-CP 2.0 mg/kg significantly decreased UBFV at 30
s after injection. 2-CP 1.34 mg/kg, with EPI 0.2 ug/kg, significantly
decreased UBFV through 2 min after injection. No other solution
significantly altered UBFV. Each value is expressed as the mean
(+SEM)% of the preinjection baseline for that solution

consequences to mother and fetus of unrecognized iv in-
jection of a large therapeutic dose of local anesthetic
would likely be more severe. Third, there has been no
published report of adverse neonatal outcome after iv
injection of an epinephrine-containing test dose. None-
theless, it would seem advantageous to administer a test
dose that does not decrease uterine blood flow.

Wallis et al.'® observed that epidural administration of
2-chloroprocaine 90-120 mg, with epinephrine 60-80
g, resulted in a transient 14% decrease in uterine blood
flow in gravid ewes. However, epidural administration of
90-120 mg of 2-chloroprocaine alone did not alter uterine
blood flow. To our knowledge, there are no published
data on the effect of intravenously administered 2-chlo-
roprocaine on uterine blood flow in pregnant patients or
animals. Fishburne et al.'® noted dose-related decreases
in uterine blood flow after intraarterial injection of bu-
pivacaine, 2-chloroprocaine, and lidocaine in gravid ewes.
We note two limitations to that study. First, the local an-
esthetic agents were injected directly into the uterine ar-
tery to mimic the “high, sustained uterine arterial con-
centrations” that occur after paracervical block. They
noted that ‘“‘the uterine arterial concentrations of anes-
thetic drugs that caused pronounced effects on UBF and
myometrial tonus in this study are well above blood levels
observed during epidural anesthesia. Even when an in-
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travenous bolus injection complicates epidural anesthesia,
the concentration of anesthetic drug is significantly diluted
before the uterine vasculature is reached.”*® Second, the
activity of plasma pseudocholinesterase in sheep is less
than 10% of that in humans. In contrast, plasma pseu-
docholinesterase activity in guinea pigs is similar to that
in humans.!”!® In the present study, intravenous admin-
istration of 0.67 and 1.34 mg/kg of 2-chloroprocaine
alone did not significantly decrease UBFV, and intrave-
nous administration of 2.0 mg/kg of 2-chloroprocaine
transiently decreased UBFV 11 * 5%. Therefore, if given
a sufficiently large dose, the guinea pig uterine artery
does constrict after intravenous administration of 2-chlo-
roprocaine.

The reliability of a 2-chloroprocaine test dose depends
upon consistent recognition of subjective symptoms of iv
injection. Grice et al.® reported that iv injection of 100
mg of 2-chloroprocaine was 100% sensitive and 100%
specific for production of symptoms of iv injection in male
volunteers. The sensitivity and specificity of a 2-chloro-
procaine test dose have yet to be established in pregnant
women.

We conclude that iv administration of 2-chloroprocaine
1.34 mg/kg, with epmephrme 0.2 pg/ kg, significantly
decreased UBFV in gravid guinea pigs. In contrast, only
the largest dose (i.e., 2.0 mg/kg) of 2-chloroprocaine alone
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transiently decreased UBFV. These data suggest that, in
doses up to 1.34 mg/kg, 2-chloroprocaine alone may not
decrease uterine blood flow when used as a marker for
intravenous injection in obstetric patients.
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