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Using an ultrafiltration technique, significantly
less bupivacaine and lidocaine have been shown
to bind, in vitro, in human umbilical plasma than
in corresponding maternal pl Competitive
binding of the agents and the abscnce of signifi-
cant binding in cerebrospinal fluid have also been
demonstrated.  Umbilical/maternal  bupivacaine
concentration ratios at delivery in blood samples
from women receiving the drug for caudal or epi-
dural block were significantly lower than corre-
sponding ratios reported in the literature for lido-
caine and mepivacaine (0.2-0.4 cs. 0.5-0.7).
Differences between the plasma binding of bupiv-
acaine, lidocaine and mepivacaine may explain,
in part, observed differences between their pla-
cental passage. (Key words: Bupivacaine; Mepiv-

- 1

Lidocai Plasma  bindi P tal
fer; Drug i tion; Coudal and epidural

block.)

IN A COMPANION PAPER,' the rank-order of
binding in human plasma for a serics of ani-
lide-type local anesthetics, determined using
ultrafiltration and gas chromatography tech-
niques, was reported as: bupivacaine (Mar-
caine) > mepivacaine (Carbocaine) > lido-
caine (Xylocaine) > the N-dimethyl analog
of lidocaine. These data have been supple-
mented by an investigation of the possibilities
of competitive binding of the drugs, binding
in cerebrospinal fluid, and differential binding
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in maternal and umbilical plasma. Implica-
tions of the binding properties of the agents
are discussed with reference to their distribu-
tion, elimination and placental transfer.

Methods
ULTRAFILTRATION

The following experiments were performed
using the previously described ultrafiltration
procedure *:

1) Plasma-binding of lidocaine and bupiva-
caine, when present together, was compared
with that observed when the drugs were
added singly to plasma. Pooled plasma from
siv subjects was used; the experiment was
carried out in duplicate. The total plasma
concentration of each drug was 5 pg/ml.

2) Binding of bupivacaine and lidocaine at
the 5 pg/ml level was determined in normal
cerebrospinal fluid pooled from six subjects.
Experiments with each drug were carried out
in duplicate.

3) Samples of matemal and umbilical ve-
nous blood were obtained from women at de-
livery under general anesthesia. The binding
(at the 1 and 5 pg/ml levels) of bupivacaine
and the binding of lidocaine in corresponding
maternal and umbilical plasmas were com-
pared.

DETERMINATION OF BUPIVACAINE IN
MATERNAL AND UnBiLican Broop
AND Prasma AT DELIVERY

Subjects of the studies were two groups of
primigravidac to whom bupivacaine was ad-
ministered for caudal or epidural block during
labor. Most patients received a standard pre-
medication of meperidine (50 mg) and pro-
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TabLg 1. Results of Ultmfiltration Experiments
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Experiment: Per cent Binding
Competition* y
(Plasma Pools from Six Subjects) Cendympipal Flud Maternal/Fetalt
i)
.o o Six Suby
Single Druz P o et
Bupivacaine 88.9
S4.1
5 pg/ml 8§42 776 Not significant $6.1
89.0 S2.4 Not significant 93.0
1 pg/ml 96.8
91.0
95.2
Lidocaine 49.0 7.1
5 ug/ml 40.7 244
51.0 Not significant 43.6 10.9
6.2 Not significant 45.7 129
1 pg/ml
57.6

* Differences between binding in single drug and combination were only significant at 2 < 0.2 (bupi-

vaeaine data), and P> < 0.01 (lidoeaine data).

 Differences between maternal and fetal binding were significaut for both drugs at P < 0.001.

methazine (25 mg). As a rule, no further
analgesic was required after inception of the
block.

Group I: Five patients were studied during
vaginal delivery and one during cesarean sec-
tion/hysterectomy.  Bupivacaine hydrochlo-
ride was given in 0.5 per cent concentration
without epinephrine, the total dosage varying
from 135 to 260 mg. Two patients received
two doses each (see table 2). Bupivacaine
concentrations at delivery were determined in
whole blood taken from a maternal antecubital
vein and from the umbilical vein and artery.
In each of four cases a simultancous sample
from a maternal brachial artery was also ana-
lyzed. The ratios of drug concentration in
umbilical vein to the correspending concen-
trations in both maternal vein and umbilical
artery were calculated.

Group II: Six patients were studied during
vaginal delivery. Bupivacaine hydrochloride
was given in 0.25 per cent concentration with
or without cpinephrine, the total dosage vary-
ing from 35 to 155 mg. Two patients re-
ceived more than one dose each (see table

3). Bupivacaine concentrations at delivery
were determined in whole blood and plasma
from a2 maternal antecubital vein and from
the umbilical vein. Hematocrits were mea-
sured using a microtechnique. The ratio of
drug concentration in the umbilical vein to
that in a maternal vein was calculated. Also,
the percentages of drug in whole blood con-
fined to plasma were determined in both ma-
ternal and umbilical samples.

Results
ULTRAFILTRATION

The results, summarized in table 1, indi-
cate that the binding of bupivacaine and the
binding of lidecaine were reduced by approxi-
mately 7 per cent and 23 per cent, respec-
tively, when these drugs were present concur-
rently in plasma at the same total concen-
trations.

Data in table 1 also indicate that, on the
average, 88 per cent bupivacaine and 45 per
cent lidocaine were bound in maternal plasma,
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Tane 2. Distribution of Bupivacaine in Maternal and Umbilical Whole Blood at Delivery:
Data for Group I
Bupivacaine Concentration (ug/ml)
Bupivacaine " Time to

Axe Time e S e Cuvp Cusd
Geng | Troute |l | i) | PR Nt | Gt | St | O | O

Blood Blood Blood

{Cap) (Ceovt)t (Cav)?
Patient 1| 21 |[Caudal} I.12 0 210 [0.70 (0.72*)| 0.19 0.16 0.27 0.81

II. 12 149
Patient 2{ 23 { Caudal I. 0 215 | 0.80 (0.83%) 0.24 0.17 .33 0.71
II. 145

Patient 3| 22 | Caudal 0 102 | 0.51 (0.51%) 0.08 0.06 0.64 0.75
Patient 4 | 30 [ Caudal 0 93 0.07 0.07 0.36 1.00
Patient 5| 28 | Caudal 0 197 0.06 0.06 0.28 0.75
Patient 6 | 35 | Caudal 0 53 0.15 0.13 0.33 0.87
Meax 0.37 0.82
=8D =0.14 |=0.11

* Simultaneous arterial level.
t Difference between data in columns 7 and 8 signifi

cant at P < 0.001

1 Difference between data in columns 8 and 9 only significant at P < 0.2.

compared with only 51 per cent and 14 per
cent, respectively, in umbilical plasma at the
5 pg/ml level. Corresponding figures at the
1 pg/ml Jevel were 93 per cent and 56 per
cent, compared with 66 per cent and 24 per
cent. There were no marked differences be-
tween the binding data for plasma taken from

women in labor and those for plasma taken
from men and nonpregnant women (mean per-
centage binding at the 5 pg/ml level was 85
per cent for bupivacaine; it was 51 per cent
for lidocaine).?

Significant binding of lidocaine and bupiv-
acaine in cercbrospinal fluid was not observed.

TasLe 3. Distribution of Bupivacaine in Maternal and Umbilical

Bupivacaine
(uz/ml)
Aze oute | Epinephrine | Betiacaine | Type | fimelo
4 very
ears @ | @ | Ty | atemal | atemal
Blood Plasmn
(Cut)® {Ci=p)
Patient 7 23 Epidural Yes 0 170 0.29 0.49
160
Patient 8 22 Epidural No 0 3 0.60
Patient 9 28 Caudal Yes 0 96 0.29
Patient 10 25 Caudal No 0 10 0.56
Patient 11 28 Caudal No 0 215 0.61
95
190
Patient 12 21 Caudal Yes 0 104 0.11 0.20
MEeax
+8D
* Diff between data in S and 10 (also 9 and 11) significant at P < 0.001.

t Difference between data in columns 16 and 17 significant at P <0001,
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TRANSPLACENTAL DISTRIBUTION

OF BUPIVACAINE

Data are summarized in tables 2 and 3.
Maternal complications were not many or se-
vere, and the infants were vigorous at de-
livery.

The ratio of the concentration of drug in
umbilical venous blood to that in correspond-
ing maternal venous blood was significantly
higher for Group I subjects (mean 0.37) than
for Group II subjects (mean 0.21) (P <
0.001).

Analysis of peripheral venous whole blood,
sampled frequently from Group I patients
prior to delivery, indicated that peak maternal
levels fell in the range of 0.5 to 0.9 pg/ml
and occurred between 15 to 30 minutes after
dosage. Peripheral arterial whole blood sam-
ples showed consistently higher levels of bupiv-
acaine than peripheral venous samples. An
arteriovenous difference, of the order of 20
to 40 per cent at its maximum, persisted for
as long as about an hour after administration.
This observation and analysis of arterial blood
samples from four of the patients at delivery
demonstrated that in Group I subjects there
was very little difference between maternal
arterial and venous drug levels at the time of
birth.

In four of the patients in Group II,
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however, it is possible that maternal arterial
levels were somewhat higher than the mea-
sured maternal venous levels at delivery.

At delivery, the concentration of bupiva-
caine in the umbilical artery was about 20 per
cent lower than that in the umbilical vein
(Group I study). Also, about 25 per cent of
the total drug in umbilical whole blood was
found to be associated with the erythrocytes,
in contrast to the almost complete confinement
of the drug to the plasma in maternal blood
(Group II study).

Discussion

IN Vivo IMPLICATIONS OF THE Prasma-
BINDING OF LocAL ANESTHETICS

Relative Distribution and Elimination: With
the aid of simple medels of the form shown
in figure 1, it is possible to make certain pre-
dictions from the data reported in parts I
and II of this communication concerning the
relative distribution and elimination of local
anesthetic agents. Obviously, some of these
predictions will be more speculative than oth-
ers, depending upon the availability of experi-
mental data relating to other variables, apart
from plasma-binding, that may influence dis-
position of the drugs.

In model a, figure 1, free drug in plasma

Whole Blood and Plasma at Delivery: Data for Group IT

concentration

Per Cent Per Cent

Cu Cen Matermal | Umbilical | Tota] oTotal

. . . =_— t 3 L4

Umbilical | Unbilical Cas Cas mtey | EERS | Mmemal | Umbiica

Blood Plasma Plasmat Plasma

(Cubs (Cop)

9.06 0.09 0.21 0.18 43 50 96.3 75.0

0.06 0.08 0.18 0.13 43 58 100.6 56.0

0.05 0.09 0.29 0.31 43 60 97.2 720

0.05 0.07 0.20 0.13 37 47 160.8 742

0.08 0.16 0.22 0.26 40 al 98.9 . 980

0.02 0.04 0.18 0.20 43 57 103.6 79.5

0.21 0.20 99.6 758

+0.04 +0.08 2.7 =200
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(o) oP_ D

e

Plosma Comportment
Membrane

is in equilibrium with bound drug in plasma
and free drug in an extravascular compart-
ment separated by a semipermeable mem-
brane. Binding is assumed to be freely re-
versible. Clearly, plasma-binding of the drug
will limit its distribution into the extravascular
compartment if only free drug is allowed to
cross the membrane. At equilibdum the
amount transferred will also depend upon the
relative volumes of the plasma and extravas-
cular compartments. In the approach to equi-
librium, the net rate of drug transfer will de-
pend upon the relative values of the rate con-
stants involved in the scheme. Substances
that are very lipid-soluble will tend to equili-
brate at net rates limited only by blood flow
to the exchanging surface. For drugs trans-
ferred at moderate or slow rates, however,
diffusion across the membrane will tend to
become rate-limiting, and plasma binding can
then also influence the rate of equilibration.*
Model a may be used to represent, for exam-

Ancsthesiology
Secptember l9 70

Fic. 1. Simple mod-
els representing the in
tito tribution of a
plasma-bound drug be-
tween a and extra-
vascular compartments.
(Where: DP=drug-
plasma complex; P=
plnsm;\-bmdmg compo-
nent D(— gmrec in
plasma; g free
in cxtmvascu]zu' compart-
ment (for partially jon-
ized drugs, concentration
of Dy may difler from
that of D owing to a
pH differential between
lasma and extravascu-
compartment); DT
= drug-tissue complex;
T = tissue-binding com-
ponent; ks represent
rate constants. _Only free
drug is assumed to cross
the biological mem-
brane.)

Extravascular Compartment

ple, the distribution of many drugs between
plasma and cerebrospinal fluid.

On the basis of our plasma-binding data,!
therefore, we could predict, for example, that
since no significant binding of the Jocal anes-
thetics was observed in cerebrospinal fluid
(see table 1), proportionately, much less bupiv-
acaine than lidocaine or mepivacaine would
be able to enter the cerebrospinal fluid in vico.
Conversely, bupivacaine injected into the
cerebrospinal fluid might leave this compart-
ment and enter the plasma more rapidly than
lidocaine or mepivacaine. The possibility of
differential binding to spinal cord and brain
tissue, and the relative pK, and lipid-solubility
values ! of the agents, would tend to compli-
cate the issue, however.

In the situation represented by model b,
figure 1, the rate constant, ks, refers to a proc-
ess causing removal of free drug from the
extravascular compartment without removal
of a corresponding volume of water. Equi-
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Jibrium is upset, and more free drug is con-
tinually produced by dissociation of the
plasma—drug complex. In the extreme case,
where the transfer processes are rapid com-
pared with the rate of passage of blood
through the capillaries of the region con-
cerned, complete removal of drug from plasma
carried into the region may be possible.
Plasma binding will not inhibit drug disposi-
tion under these circumstances. This situ-
ation is most closely approached when active
climination processes such as drug metabolism
in the liver and secretion at the renal tubules
are involved. Extensive plasma binding may
even enhance the metabolism of a drug by
ensuring the delivery of larger amounts to the
liver as a consequence of reduced passive re-
moval of drug from the plasma elsewhere in
the body.?

In common with other basic drugs, the
anilide-type local anesthetics are concentrated
extravascularly, to a large extent. Clearly,
therefore, plasma binding does not inhibit the
overall distribution and elimination of these
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drugs significantly. In fact, in the series,
bupivacaine, mepivacaine, lidocaine, the first
compound appears to be most rapidly elimi-
nated from the blood,* despite its more ex-
tensive plasma binding.

The situation depicted by model ¢, figure
1, is intermediate between those represented
by models a and b. In this case, binding oc-
curs in the extravascular compartment, where
DT represents a complex between drug and
a “tissue” component. Diffusion of drug from
plasma into compartments containing binding
sites which accept it more avidly than plasma
sites will tend not to be limited by plasma
binding, whereas that to a compartment with
fewer binding sites or sites with less affinity
may be reduced. A solubilization process in
the extravascular compartment would produce
effects similar to those of a tissue-binding
process.

The distibution of local anesthetics be-
tween plasma and erythrocytes may be de-
scribed by a scheme analogous to that defined
by model ¢. In this case, plasma binding lim-

(a) Two-compartment, closed model:

Ft S|\
Q
(5]
o
1 >
input_| b 2l g
Fic. 2. Simple com- t
partmental medels illus- Time
trating maternal-fetal (b) Two- compartment, open model
drug glistribub'on. (F
=drug in fetus; M=drug F elimination .
in mother; subscripts t, t o SI\M
and b refer to total, s t
free and bound drug, re- °
spectively. Curves were L. o)
rawn freehand and input elimination 2|Ft,
serve only to indicate -/ My I e
general trend of distri-
bution). A detailed dis-
cussion of compartmental () Four - compartment, closed model time
models of the above e
form may be found, for (assume greater binding
example, in references capacity in the mother).
16 and 17).
P - [\M
Fe Fi, s t
-P| g
38
] g
input s
— - Mg 4: Mp °| Fy

time
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its access and binding to erythrocyte compo-
nents.t In the following discussion, we will
attempt to show how a model similar to model
¢ may also be used to explain, at least in part,
the placental transfer of the local anesthetics.

Placental Transfer: Despite the greater lipid

solubility of bupivacaine compared with lido-
caine and mepivacaine,! umbilical/maternal
bupivacaine ratios found in the clinical studies
(see tables 2 and 3) were lower than corre-
sponding ratios reported in the literature for
the latter drugs. Our general observation of
ratios of the order 0.2 to 0.4 for bupivacaine
is consistent with the findings of Reynolds
and Taylor, and contrasts with umbilical/
maternal concentration ratios for lidocaine and
mepivacaine which have been reported to fall
predominantly in the range 0.5 to 0.7.° %%
30,31 The ratio for prilocaine (Citanest) is
about 1.0.2%3t  In strictly relative terms it is
possible, therefore, that the risk of fetal intoxi-
cation following administration of bupivacaine
to the mother may be reduced compared with
that following administration of other anilide-
type agents.

In order to attempt an explanation of the
above differences some understanding of the
kinetics of matemnal-fetal drug distribution is
necessary. ‘Thus, in figures 22 and b we have
represented the biological system in terms of
the simplest compartmental model. Here, the
mother and fetus are represented by a two-
compartmental system in which the respective
body compartments are considered homogene-
ous. Assuming that no elimination occurs,
ie., the model is closed, after an intravenous
injection of drug into the mother, maternal
and fetal drug levels will approach each other
and become identical when a state of equi-
librum is attained (figure 24). 1If, however,
the maternal blood level is falling sufficiently
rapidly as a result of elimination, ie., the
model is open, it is theoretically possible for
the fetal drug level to exceed the maternal
level, then for net placental transfer to pro-
ceed from fetus to mother? (fgure 2b). If
this occurs, the concentration of drug in the

® It should be pointed out that this range is
based on values obtained using both gas chromato-
graphic and relatively pecific dy plexi
methods of analysis, and measurements of mater-
nal arterial or venous plasma or whole blood.
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umbilical artery would be expected to ex-
cecd that in the umbilical vein.

Plasma-binding will further complicate the

issue. As a gross approximation, the distri-
bution of a drug between matemnal intervil-
lous plasma and fetal intravillous plasma may
be considered a special example of the situ-
ation represented by model ¢ in figure 1.
Plasma-binding sites, in this instance, are
present on both sides of the membrane, i.c.,
placenta. Although the placenta will permit
very slow passage of proteins,*s 1% the time
scale of drug distribution is usually such that
it essentially constitutes a bamier to the pas-
sage of drugs bound to macromolecules. For
those drugs which are transferred at rates
cither completely or partially controlled by
diffusion, therefore, plasma binding can po-
tentially have a delaying effect.® Further-
more, if for some reason fetal plasma is in-
capable of binding as much drug as maternal
plasma, then the total concentration of drug
in the former will be lower than that in the
Iatter, even under the ideal condition of 2
state of equilibrium (see figure 2¢).

In general, therefore, the plasma-binding
data for bupivacaine, mepivacaine and lido-
caine are consistent with the relative umbilical
/maternal ratios observed for the drugs.
Thus, the more extensive binding of bupiva-
caine might be expected to delay passage
across the placenta, compared with lidocaine
and mepivacaine. Caleulations (see Appen-
dix) suggest, however, that the observed fetal-
maternal drug gradients may result largely
from the lower binding of the drugs in um-
bilical plasma compared with maternal plasma
(see table 1), rather than from an effect of
plasma binding on the rate of equilibration.
Less extensive binding of the agents in um-
bilical plasma, compared with maternal
plasma, reflects a reduction in the concentra-
tion of binding macromolecules, in the number
of binding sites per macromolecule, or in the
association constant for the drug-macromole-
cule complex. Alternatively, the above vari-
ables may not be different, and higher levels
of endogenous compounds capable of dis-
placing the drugs from binding sites may be
present in umbilical plasma. (It should be
pointed out that our results are not in accord
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with those of Shnider and Way,® who ob-
served no difference between binding of lido-
caine in umbilical and in matemal plasma.)
If it is assumed that the binding of drug in
plasma prevents its association with erythro-
cytes,t then findings from the transplacental
distribution study, in which plasma/whole
blood drug concentration ratios were com-
pared in mother and infant (see table 3),
support our ultrafiltration data. Thus, more
bupivacaine was associated with erythrocytes
in umbsilical blood than in maternal blood.

Observation of a trend toward higher lev-
els of bupivacaine in the umbilical vein com-
pared with those in the umbilical artery, sam-
pled simultaneously (see table 2), suggests
that net placental transfer of the drug gener-
ally proceeds from mother to fetus. This also
seems to be the case after administration of
lidocaine and mepivacaine when, with a few
exceptions,} concentration ratios of drug in
umbilical artery to drug in umbilical vein simi-
lar to those observed for bupivacaine have
been reported.®:%1%13 Even when lidocaine
was administered by rapid intravenous injec-
tion, the level of drug in the umbilical artery
did not exceed the level in umbilical vein.®
That local anesthetics are capable of passing
rapidly from fetus to mother is indicated by
the studies of Morishima and Adamsons,*®
who injected mepivacaine directly into guinea
pig fetuses in utero. In contrast to findings
with lidocaine, mepivacaine and bupivacaine,
data obtained from a study involving epidural
administration of prilocaine suggested that
net reverse transfer of this drug occurs about
50 minutes after administration, as evidenced
by concentration ratios of drug in umbilical
artery to drug in umbilical vein greater than
unity.®? umbilical levels of prilocaine slightly
in excess of corresponding maternal levels
have also been reported, although differences
were not significant.’®»#*  That prilocaine is
less extensively bound in plasma than lido-
caine ** (and, therefore, less bound than mepiv-
acaine and bupivacaine!) may help to ex-
plain these findings.

$In five of 12 infants found to be depressed
at birth, Morishima et gl.“ pbserved that the dif-
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A further consideration in the interpretation
of umbilical/maternal blood drug levels is the
form of the maternal input function. Thus,
placental transfer may depend upon drug
dosage and concentration and the rate and
route of administration, inasmuch as these
factors will determine maternal plasma drug
levels. If it is assumed that drug disposition
may be described in terms of simple kinetic
models in which distribution and elimination
are represented as apparent first-order proc-
esses, then dose, rate, and route of drug ad-
ministration will not affect the relative amount
of drug ultimately transferred to the fetus.
This situation is implicit in models @ and b
in figure 2. Dose, rate and route of adminis-
tration might be expected to have significant
effects on the amount of drug transferred only
if the kinetics of drug disposition are non-
linear, for example, if a plasma- or tissue-
binding process is involved or drug metabo-
lism or excretion processes tend to become
saturated.} For those drugs bound in plasma,
the proportion of free drug will be less at
lower total plasma drug concentrations.®
Therefore, plasma binding will tend to pro-
duce a dependence of placental drug transfer
on dose, rate and route of drug administration.

Conceivably, the higher umbilical/maternal
bupivacaine ratios in Group I subjects com-
pared with those in Group II subjects may
be related, via a nonlinear distribution process
(such as plasma binding), to the greater do-
sage and/or concentration of drug used in the
former group.

Competition for Binding. Although the
clinical use of mixtures of anilide-type agents
is not common, some anesthesiologists may
substitute one agent for another during con-
tinuous epidural block in an attempt to offset

t Crawford 23, 74 agrees that, in a_closed sys-
tem, the same proportion of drug will be passed
from mother to fetus irrespective of the method
of administration. He suggests, however, that in
an open system, when the drug enters the mater-
nal circulation in very dilute form or very slowly
{e.g., following slow iv infusion or im injection),
“ . . the attrition of the maternal supply of druc
by the processes of metabolism and excretion will
diminisk iderably the total t which i<
finally able to make its wav across the placenta,”
compared with that which passes across after
rapid iv injection. The general validity of this

rations in

appears to depend on the nature of

etween i
umbilical vein and artery were small or reversed.

ar t ap)
the kinetics of drug metabolism and excretion.
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the development of tachyphylaxs. More
commonly, mixtures of an anilide-type agent
(lidocaine or mepivacaine) with tetracaine
(Pontocaine), an ester-type agent, are cm-
ployed in order to take advantage of the rapid
onset of the former and the prolonged dura-
tion of the latter.26:3? Therefore, competition
between the agents for plasma-binding sites
(table 1) or tissue-binding sites may affect
the course of drug disposition and incidence
of toxic reactions. Similarly, coadministra-
tion of other drugs reacting with common
binding sites may also have clinical implica-
tions.>s Gillette  has indicated, however,
that such displacement reactions should be
interpreted with caution.
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APPENDIX

Calculation of Theorctical Umbilical/Maternal
Plasma Drug Concentration Ratios from
Plasma-binding Data

If we (naively) assume a simple model for
transplacental drug distribution of the form of
model ¢ in figure 1, the relationship between
the plasma-binding data and observed umbili-
cal/maternal drug ratios may be investigated
in a more quantitative manner. In order to
do this, however, it is first necessary to estab-
lish several assumptions. These include:

1) The placental interface functions as a
simple, inert, semipermeable membrane with
respect to transfer of the Jocal anesthetics, i.c.,
transfer proceeds by passive diffusion of un-
bound drug. There is no evidence to sug-
gest either way that other processes involving
active transport, facilitated diffusion, “solvent
drag” effects, membrane charges, etc., may
be important or not in the case of these drugs.

2) Plasma binding determined in vitro is
the same as in vivo (intravascular) binding.
(N.b., All binding data were determined at
25 C and not at body temperature.)
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3) Plasma drug levels and binding in um-
bilical and peripheral maternal blood vessels
accurately reflect the situation on respective
sides of the placental “barrier.” (Homogene-
ous blood samples are difficult to obtain from
the intervillous space and blood from the in-
travillous space cannot be sampled readily.®)

4) Distribution and redistribution of local
anesthetic within the tissue mass of the pla-
centa does not rate-limit the equilibration of
drug between maternal and fetal plasma.

5) The local anesthetics are not metabo-
lized by placental enzyme systems. (Shnider
and Way ¢ have shown that lidocaine is not
metabolized by homogenates of human pla-
cental tissue.)

If the above assumptions are valid, it should
be possible to predict equilibrium umbilical
/maternal plasma drug ratios (R) from rela-
tive plasma-binding data. The necessary cal-
culations may be carried out as follows:

1) Let total drug concentration in umbili-
cal plasma =C,, [We took values of 0.1, 1
and 3 pg/ml. This range covers experimental
values of C,, reported in the literature for
lidocaine >11; corresponding values for bupiv-
acaine are generally of the order 0.1 ug/ml
and below (see tables 2 and 3 and reference
5)1.

2) The percentage drug binding at C,, is
taken from data in table 1 (binding at C,,
= 0.1 gg/ml was estimated by extrapolation).

3) Therefore, the concentrations of free
drug in umbilical plasma (C,,,) may be esti-
mated for various values of C,,

4. Assume cquilibrivm distribution of free
drug between maternal and umbilical plasma,
i.e. Gype=Cpp (free drug concentration in
maternal plasma).

3) Determine total maternal drug concen-
trations (Cp,) at which free drug concentra-
tions are Cpy. Approximate values can be
obtained by extrapolation of data in table 1
and from previously reported binding vs. con-
centration data.?

6) If C,;, and C,;, can be estimated, then
the theoretical distribution of drug between
maternal and fetal plasma at equilibrium,
R=C,/Cqy can be calculated and com-
pared with experimental values.
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TanLe 4. Theoretical Equilibrium Umbilical/Maternal Drug Concentration Ratios (R)
Caleulated Using Plasma-binding Data®

Lidocaine Bupivacains

Total drug cuncentration in umbilical plasma (Cup, s/ ml) 3 3 0.
IR (assuming no pll difference between maternal and fetal plasma) | 0.7 [ 0.6 [ 0.5 ] 0.5 { 03 [ O.
R (assuming maternal plasma pH, 7.4; fetal plasma pH, 7.2) 0908|0706 | 03| 0.

1 01|35 1

(SRR

* Asexplained in the text, experimental R values for lidoeaine are mostly of the order 0.5-0.7 (Cyp = 0.1-5
pez/ml) and for bupivacaine of the order 0.2-0.4 (Cop = 0.1 pg/ml).

Theoretical R values obtained in this man-
ner are shown in table 4 (mean values of per-
centage binding at each C,, value were taken
or extrapolated from data in table 1 and used
in the calculation). Since fetal blood is rela-
tively more acidic than maternal blood at de-
livery,** an ion-trapping effect will tend to
produce a maternal-fetal drug equilibrium in
favor of the fetus. Therefore, also shown in
table « are theoretical R values calculated as-
suming a pH difference (7.4-7.2) between
maternal and fetal plasma and using a modi-
fied form of the Henderson-Hasselbalch equa-
tion® (i.e, Cyp > Cumpe at equilibrium). The
latter calculation assumes, however, that bind-
ing does not vary over the pH range consid-
ered. We also emphasize that the values
quoted in table 4 are approximate, since they
largely depend upon extrapolation of available
data. Bearing in mind this qualification, a
reasonable similarity appears to exist between
theoretical ratios and the experimental values
noted for lidocaine. Experimental ratios for
bupivacaine obtained with Group II subjects

thetics between maternal and fetal plasma is
essentially achieved. Furthermore, the well-
documented observation that appreciable um-
bilical levels of the drugs are quickly estab-
lished and that, thereafter, umbilical/maternal
ratios show relatively little change with time
(sce references 3, 6, 8, 9, 10, 13, 14, and
tables 2 and 3), suggests that equilibration is
rapid. This conclusion appears to apply irre-
spective of the extent of plasma binding of
the different agents, implying, therefore, that
although plasma binding may influence equi-
Iibrium distribution of the drugs between ma-
ternal and fetal plasma, owing to differential
fetal-maternal binding capacities, it has less
influence on the rate of approach to equi-
librium. Perhaps any retarding effect of the
extensive binding of bupivacaine on the speed
of transplacental equilibration is offset by the
relatively high lipid solubility of the drug.
Any discrepancy between calculated and
experimental R values must be related to the
assumptions upon which the calculations are
based. However, we submit that the relative

(sce table 3) are also fairly consistent with
the corresponding theoretical ratios, although
results with Group I subjects are significantly
higher (see table 2}.

In general, the results of the preceding cal-
culations would seem to lead to the conclusion
that equilibrium distribution of the local anes-

pl -binding properties of the local anes-
thetics considered herein account, in part, for
their transplacental distribution.  Undoubt-
edly, the complexities of the fetoplacental cir-
culation also contribute to observed variations
in the umbilical/maternal concentration raties
of these drugs.®

Drugs

THIOPENTAL Elderdly patients (average age 65 years) slept considerably
Tonger than younger patients (average age 32 years) following a standardized dose
of thiopental (4.5 mg/kg). The elderly patients also had lower plasma concentra-
tions of thiopental at the moment of awakening. No relationship between duration

cf sleep and body weight could be demonstrated.

(Oduah, M.: Potency and Dura-

tion of Action of Thiopental in Man in Relation to Age, Der Anaesthesist 18: 308

(Sept.) 1969.)

20z Iudy 0 uo 3sanb Aq jpd°90000-000600.6 1-Z¥S0000/8%L062/70€/€/EE/HPd-01011e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:dY WOI) papeojumoq



