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Pharmacokinetics
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NoTiaing Xopnyoupeva dapuaka
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EKAEKTIKOU VWTIAIOU UNXAVIOUOU Bernards CM et al.
Anesthesiology 2003; 99: 455 — 465
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Bernards CM, ASA Refresh Course Lectures, Seattle, 2002
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Epidural, Cerebrospinal Fluid, and Plasma
Pharmacokinetics of Epidural Opioids (Part 1)

Differences among Opioids
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Epidural, Cerebrospinal Fluid, and Plasma
Pharmacokinetics of Epidural Opioids (Part 2)

Effect of Epinepbrine
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Figure 1. Relationship between opioid mean residence time in the A"TOBIGAUTOTan

epidural space and opioid lipid solubility (octanol: buffer distribu-
tion coefficient)

Mean

residence

ime (min) 290 Méoog Xpovog

Napapovng (MRT)
OTOV ETTIOKANPIOIO
Fontany XWpo

rPAMMIKH
ZYIXETIZH

0 500 1000 1500 2000
Octanol: buffer,, , distribution coefficient

—— y=42+0.058x R=0.98
y + X Bernards CM et al.

Anesthesiology 2003; 99: 455 — 465
Curr Opin Anesthesiol 2003; 17: 441 - 447




Figure 2. Relationship between opioid lipid solubility (octanol : buf-
fer; 4 distribution coefficient) and terminal elimination half-life in the
epidural space
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Figure 3. Relationship between the opioids’ octanol:buffer; ,
distribution coefficients and their dose-normalized concentration
(w:w) in fat taken from the lumbar epidural space at the conclusion
of the experiment
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AinodiaAura Papuaxa

= [lepvouv OoNUAvTIKa PEYAAUTEPO XPOVO OTOV
£NIOKANPIOIO XWPO
= Anairouv onuavTika
LEYAAUTEPO XPOVO anodONNoNG
ano Tov EMoKANPIOI0 Xwpo
= MeyaAuTepn Katavopn oTo eniokANPIdIo Ainoc
m JUvexNnc Apyn AneAeuBepwon aTov eNICKANPIOIO
XWPO

Bernards CM et al.
Anesthesiology 2003; 99: 455 — 465



Figure 4. Dose-normalized area under the curve (AUC) for
morphine, alfentanil, fentanyl and sufentanil in the spinal cere-
brospinal fluid (CSF) opposite the site of epidural administration
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Morphine's AUC exceeds that of all other opioids. Data from Bernards et
al. [10°°].

Bernards CM et al.
Anesthesiology 2003; 99: 455 — 465
Curr Opin Anesthesiol 2003; 17: 441 - 447
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Bernards CM et al.
Anesthesiology 1994, 80: 872 — 878




AIpacikn ZUOCXETION
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Bernards CM et al.
Anesthesiology 1991; 75: 827 - 832
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Bernards CM et al. Curr Opin Anesthesiol 2003; 17: 441 - 447
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Ummerhoffer WC et al. Anesthesiology 1998; 88: 1259 - 1265
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Permeability of morphine through the individual spinal meninges of the monkey
(macaca nemestrina)

Bernards CM & Hill HF. Anesthesiology, 1990; 73: 1214 — 1219
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-0
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Comparative Spinal Distribution and Clearance
Kinetics of Intrathecally Administered Morphine,

Fentanyl, Alfentanil, and Sufentanil

Wolfgang C. Ummenhofer, M.D.,* Rosalin H. Arends, Ph.D., Danny D. Shen, Ph.D.,1
Christopher M. Bernards, M.D.§
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Figure 6. Concentration of morphine (solid line), alfentanil (dashed
line), fentanyl (dotted line) and sufentanil (dots and dashes) Y6 p é (p I)\r]
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L.2-3 site of intrathecal opioid administration and the more rostral T11
spinal cord segment. Morphine achieves much higher concentrations
and persists significantly longer than any of the other opioids at both
levels and morphine. Data from Ummenhofer et al. [14].

Ummenhofer WC et al.
Anesthesiology 2000; 92: 739 — 753



Emoxineiote vs IV Sufentanil

= [lapopola O10pkeIa avaAynaiog
= ATTQITEl TTAPOUOIEC OOTEIC

= [lapopoioc fabuog avaAynaiog

m AVETTIBUUNTEC EVEPYEIEC
= [lapouoia auyvornTa

= AvoAynoia TTOPAyOUEVN OTTO ETTIOKANPIOIO EyXUON=
ATTOTEAET A ETTAVATTPOCANWNG ATIO TTAOCUA
QVOKATOVOUN O€ EYKEPAAO & TTEP. UTTOOOXEIC
Kapia dpaan ato NM

m Kaveva KAIVIKO TTAEOVEKTNUA ETTIOKANPIOIOU EVAVTI IV
EYXUONC O0OUQEVTAVUANG

Miguel R et al.Anesthesiology 1994;81(2) 346-352



Epidural vs IV F entanyl

= Analgesia produced by epidural infusion
result of uptake into plasma
redistribution to brain & peripheral receptors
no action on SC

= Analgesia produced by epidural bolus
selective spinal mechanism

m Short — lived spinally mediated mechanism

= No clinical advantage of epidural fentanyl infusion
over IV infusion

Ginosar Y et et al, Anesth Analg 2003; 97: 1428 - 1438



Epidural vs IV Fentanyl
In Labour

= Analgesia produced by epidural infusion
spinal site of analgesia
= Analgesia produced by epidural bolus
selective spinal mechanism
m Different response to epidural fentanyl in labour
=» Endogenous analgesic systems activated by labour

Decrease the amount of exogenous analgesic necessary to
produce analgesic effect

=» Elevated endogenous opioids in [abour
=» Pregnancy: increased sensitivity to LA

Needs of spinal opioid to produce analgesia
In the presence of LA: less
D’Angelo R et et al, Anesthesiology 1998; 88: 1519 - 1523
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Cerebrospinal Fluid Bioavailability and Pharmacokinetics of
Bupivacaine and Lidocaine after Intrathecal and Epidural
Administrations in Rabbits Using Microdialysis
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Spinal biopharmaceutics of bupivacaine and lidocaine by
microdialysis after their simultaneous administration
in rabbits
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Fig. 5. Schematic representation of the competitive processes
involved in the disposition of drugs administered in the
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Conclusions. The unexpected increase in CSF bioavailability with a
decrease in absorption rate through meninges emphasizes the role of
specific competitive clearance and distribution processes in the epi-
dural space.
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Figure 5. Bupivacaine concentration in anterior and posterior spinal
cord segments
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Concentration measured after 8 h of 0.75% bupivacaine infusion at
21 ul per hour in 12 pigs (18-23 kg). The x-axis is the distance of the
spinal cord segment from the point of bupivacaine infusion (C.M.
Bernards, unpublished data).
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Fig. 3. Average concentration of bupivacaine in samples from
all eight dialysis probes in the 1,000-ul/h infusion group (A4).
Each probe is also designated by a letter in parentheses, and the
letters after the probe location indicate which sampling sites
were significantly different from that site. Error bars omitted
for clarity. B shows the average bupivacaine concentration in
spinal cord specimens from the same group. Bupivacaine con-
centration differed significantly between the anterior and pos-
terior halves of the spinal cord and as a function of distance
from the site of administration.
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