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Pharmacokinetics of Intrathecal Morphine

and Meperidine in Humans

Staffan Sjéstrom, M.D.,* Anders Tamsen, M.D., Ph.D.,+ M. Peter Persson, Pharm.D.,} Per Hartvig, Pharm.D., Ph.D§

Two groups of surgical patients each comprising six individuals
reccived an intrathecal injection of morphine 0.3 mg or meperidine
10 mg. Cercbrospinal fluid (CSF) and plasma were sampled fre-
quently during a 6-h period and analyzed for morphine or meperi-
dine. Maximum plasma morphine concentrations were found 5-10
min after injection, and averaged 4.5 = 1.1 ng- ml™! (mean + SEM).
Maximum CSF morphine concentrations were considerably higher
than maximum plasma concentrations, 6410 % 1290 ng-ml™!,
Maximum plasma concentrations of meperidine were also mea-
sured 5 or 10 min after injection and were low (36 + 9 ng-mi™!)
compared with the maximum CST concentrations (364 + 105
uge ml™'), After a rapid initial declinc for about 15 min after injec-
tion, the CSF concentrations decreased with a half-life of 89.8 + 16.1
min for morphine and 68.0 £ 5.1 min for meperidine during the rest
of the study period. The initial volume of distribution in CSF was
similar for both drugs, or 22 & 8 ml for morphine and 18 + 5 ml for
meperidine. After 6 h, 1.6 2 0.9% of the injected morphine dose and
0.41 * 0.09% of the meperidine dose remained in the initial volume
of distribution, Large inter-individual differences in morphine and
meperidine CSF kinetics existed, which may explain some of the
reported individual differences in duration of effects. The disap-
pearance of meperidine from CSF tended to be faster than that of
morphine, which may be explained, in part, by the differences in
lipid solubilities of the drugs. (Key words: Analgesics: meperiding;
morphine. Anesthetic techniques: intrathecal. Pharmacokinetics:
intrathecal meperidine; intrathecal morphine.)

SPINAL ADMINISTRATION of opioids usually results in
long-lasting analgesia without blunting other sensory
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modalities or motor function. It can be achieved with
either epidural or intrathecal administration of the
drugs."* The epidural route allows reinjection via a
catheter according to patient’s needs.

Intrathecal administration of a single dose of opioid,
on the other hand, is technically easy. The resulting
pain relief is long-lasting; for morphine, itis up to 24 h
or more. »#*

Intrathecal meperidine in high doses has been used as
the sole anesthetic for urologic surgery and surgery of
the perineum and lower limbs with ensuing long-lasting
postoperative pain relief.>® The pain relief, lasting 24 h
or more, without moior block, reported after the in-
trathecal administration of 10-30 mg of meperidine,? is
probably due to an action on the endogenous opioid
system in the spinal dorsal horn. The sensory and motor
block created by high doses (about 1 mg-kg™) of in-
trathecal meperidine is, on the other hand, thought to
depend on a iweak local anesthetic action of meperi-
dine.?

The late respiratory depression that occasionally
occurs several hours after spinal opioids is related to
transport of opioids by bulk flow of CSF to supraspinal
respiratory centers.' The fraction of cephalad transport
of significant amounts of drug is thought to be greater
with hydrophilic drugs, such as morphine, than with
lipophilic drugs, such as meperidine or fentanyl, There
is experimental evidence of cephalad spread of spinal
morphine from animal'® and human'"'? studies. In
most cases of late respiratory depression after spinal
opioids, morphine has been used.'*'7 It is noteworthy
that epidural fentanyl did not cause late respiratory de-
pression in volunteers,'® and, until now, there are no
reports of late respiratory depression after epidural
meperidine.

CSF pharmacokinetics after intrathecal morphine
have been studied earlier using a few samples in each
patient or data from a single patient."

The aim of this study was to performa detailed analy-
sis of the CSF and plasma pharmacokinetics of the hy-
drophilic? morphine and the more lipophilic®® meperi-
dine after intrathecal administration.

f Katz J, Nelson W: Intrathecal morphine for postoperative pain
relief. Regional Anesthesia 6:1-3, 1981,

** Bengisson M, L&fstrdm |B, Merits H. Postoperative pain relief
with intrathecal morphine after major hip surgery. Regional Anesthe-
sia 8:140-143, 1983,
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TABLE 1. Sex, Age, Body Weight, Body Surface Avea (BSA), Peroperative Blood Loss, Duration of Anesthesia, and Fentanyl Consumption
during Anesthesia (Mean x SEM) for the Groups in the Study

Duration Fentanyl
Sex Weight BSA Bloud Loss Anesthesia Consumption

Group (M:F) Age (kg) () (ml) {min) (mg+h™"
Morphine 2:4 36.7 £ 5.9 63.5+53 1.76 * 0.07 880 + 200 281 + 17 0.15 + 0.01
Meperidine 511 39.5 + 3.1 66.0 = 4.9 1.77 £ 0.08 1590 + 530 276 + 30 0.16 + 0.03

Methods and Material

The study was approved by the Ethics'Committee of
the Medical Faculty at Uppsala University.

PATIENTS

Two groups of patients, each comprising six individ-
uals, scheduled for major abdominal surgery gave in-
formed consent to participate in the study. None of the
patients had any symptoms or signs of hepatic or renal
failure, alcohol or drug abuse, or psychic disease. Pa-
tient data are shown in table |

ANESTHESIA

After an overnight fast, all patients were premedi-
cated with oral diazepam 10-15 mg and intramuscular
atropine sulphate 0.5 mg. Anesthesia was induced with
thiopental q.s. and a single dose of droperidol 5 mg.
Orotracheal intubation was performed after pancuron-
ium bromide 0.1 mg-kg™. The lungs were mechani-
cally ventilated with oxygen and. nitrous oxide 3:7.%!:#2
Additional increments of pancuronium 1-2 mg were
given as required. Intraoperative analgesia was pro-
vided with increments of iv fentanyl in 0.1-0.2-mg
doses as required.

When the surgical procedure was completed and fol-
lowing tracheal extubation, the patients were trans-
ferred to a lecovexy room where they remained over-
night.

Intravenous fluids and blood transfusions were given
in accordance with the clinical requirements in each
case.

PREPARATIONS FOR DRUG ADMINISTRATION AND
SAMPLE COLLECTION

After induction of anesthesia, a central venous cath-
eter was inserted percutaneously via the internal jugu-
lar vein withrits tip located in the superior caval vein just
above the right atrium (position confirmed by x-ray).
This catheter was used for collection of blood sdmples
With the anesthetized patient in the left lateral position,
a 25-gauge spinal needle was placed in the subarachnoid
space at the L2-L3 interspace. This needle was used a
few minutes later for the administration of the opioid
dose.

A dural puncture was then performed with an 18-
gauge epidural Tuohy needle at the L3—L4 interspace.
With the bevel of the needle directed cranially, an 18-
gauge epidural catheter was inserted into the subarach-
noid space and advanced approximately 5 cm beyond
the tip of the needle. The epidural needle was then
removed over the catheter.,

The intrathecal catheter was used for the collection
of CSF samples. It had an internal volume of 0.2 nil.

Baseline samples of central venous blood and CSF
were then collected. Morphine 0.3 mg in saline 1 ml or
meperidine 10 mg in saline 1 ml was thereafter injected
over 30 s. No further doses of morphine or meperidine
were administered during the 6-h study period. The
spinal needle was removed and the patients were turned
on their backs to be prepared for surgery.

BLOOD AND CSF SAMPLING

Samples of 5 ml of blood and 1 ml of CSF were col-
lected in plastic syringes, the plasma was separated by
centrifugation, and the samples were stored in plastic
tubes at —20° C until analyzed.

CSF and plasma samples were collected before the
bolus administration and 5, 10, 15, 30, 60, 90, 120,
180, 240, 300, and 360 min after injection. The in-
trathecal catheter was then removed.

DRUG ASSAYS

Morphine®** and meperidine®® were assayed using

gas chromatography with electron capture detection,
Concentrations are expressed as morphine and meperi-
dine base. The limits of detection of the methods were 1
ng- ml™! for morphine and 5 ng+ ml™! for meperidine.
The coefficients of variation of the methods were 10%.

DERIVATION OF PHARMACOKINETIC PARAMETERS

Rate constants and half-lives were calculated using
linear regression analysis with the least squares
method.?

The CSF concentration-time curves exhibited two
phases. An initial rapid declining phase during the first
15-30 min was followed by a slower phase. The inter-
cepts with the ordinate of these two phases were ob-
tained from curve-stripping,?® and the sum of the inter-
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cepts was used to define the hypothetical drug concen-
tration in CSF at time 0 (Cggy: o). The half-life of opioid
in GSF from 15 min post-injection and onwards (41 »csr)
was determined.

To estimate the initial volume ofl distribution of
opioid in CSF (Vcgr) the following equation was used:

Vesk = Dose/Cesro

The fraction of the opioid dose remaining in the ini-
tial volume of distribution in the CSF at the end of the
study period (fcgr 6) was calculated as follows:

chp 6= Cesro* Vesr
Dose
where Cegp ' 18 the measured CSF concentration at 6 h
(i.e., end of the study).

The area under the CSF concentration-time curve
(AUC) was calculated using the trapezoidal rule. The
residual area was not calculated. The time to reach
maximum concentrations (t,,,) and the maximum con-
centrations (C,,,) in CSF and plasma were recorded.

STATISTICS

Results are given as mean = SEM in the text and
figures. Student’s 1 test for independent means was used
to compare the groups. P < 0.05 was considered as
statistically significant.

The coefficient of determination (1) in the linear re-
gression indicates the fraction of variance of the Y-
values which is accounted for by the variable X.?

Results

The clinical course was uneventful in all patients dur-
ing the study period. There were no significant differ-
ences in duration of anesthesia or peroperative blood
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TABLE 2. Mean (X = SEM) CSF and Plasma Concentrations
of Morphine and Meperidine

Morphine Group Meperidine Group
Time CSF PLASMA CSF PLASMA
{min) (ng-ml™") (ng-m!™") (g ml™), (ng +ml™?)
5 | 5660+ 1580 | 1.1 £ Q.3 | 361000 £ 107000 | 29 + 11
10 | 5540 £ 1320 | 3.7 + 1.2 | 299000 + 94800 23 £ 6
15 | 4440 % 880 198000 + 70500 207
30 | 3850 755 141000 + 48800 105
60 | 2630 £ 506 76000 + 28000 8 +4

90 | 1820+ 527
120 1 1380+ 370
180 899 x 263
240 623 + 221
300 432 £ 177
360 332 + 137

42700 = 17000
31000 £ 11800
13100 * 3400
6400 £ 2000
4800 + 1300
3200 = 900

loss between the groups (table 1). The time from the
end of operation to the request of pain relief averaged
3.5+ 0.8 h (range 1-6.5 h) in the morphine group and
2.4 = 0.6 h (range 1-5.5 h) in the meperidine group.

PLASMA KINETICS

Plasma concentrations after the intrathecal morphine
bolus were very low, and morphine could only be de-
tected at 5 and 10 min post-injection in five of the pa-
tients, and not at all in one patient (tables 2, 3; fig. 1).
The mean maximum plasma concentration in the re-
maining five patients was 4.5 = 1.1 ng-ml™!, and
plasma concentrations were below the limit of detection
in all patients 15 min post-injection and onwards.
Plasma concentrations after the intrathecal meperidine
bolus were also low (tables 2, 4; fig. 2). The maximum
concentrations were usually measured 5 min post-injec-
tion (in four of the six patients) and averaged 36 + 9
ng+ ml™!. The concentrations of meperidine fell rapidly

TABLE 3. Maximum Concentration and Time to Reach Maximum Concentration in CSF and Plasmi (Cinux s tmar)) Extrapolated Concentration
at Time 0 in CSF (Cesro), Initial Volume of Distribution in CSF (Vesy), HalfHife in CSF (t) j2csp), Fraction of Morphine Remaining in the Initial
Volume of Distribution in the CSF at the End of the Study Period (fesgs), and Area Under the CSF Concentration-time Curve (AUC)

Patient
Morphine Group 1 2 3 1 5 6 X £SEM

CSF

Cma (ng° ml_l) 9880 4160 5410 3400 4720 10900 6410 + 1290

Umax (t3in) [ 10 b 5 30 [}

Cesro (ng* ml'l) 12800 — 6030 23900 — 30100 18200 + 5400

Vesy (ml) 22 _ 45 11 — 9 22 + 8

ty sacsk (min) 135 83 89 54 136 42 89.8 £ 16.1

1 (tiy2) 0.91 0.97 0.98 0.99 0.99 0.99

fesrs 0.034 —_ 0.029 0.001 — 0.001 0.016 %= 0.009

AUC (ug - min 'ml_') 774 479 469 121 800 489 524 £ 101
Plasma

Crnax (g e ml™") 7.8 4.4 5.6 3.4 1.2 <l 45 1.1

Unax (miin) 10 10 10 10 5 _
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O

F1G. 1. Mean CSF (open circles) and plasma (filled circles) concentra-
tions of morphine following an intrathecal bolus of 0.3 mg.

and were usually below the limit of detection after
30-60 min. The elimination half-lives from plasma
could not be calculated.

CSF KINETICS

The maximum morphine CSF concentration aver-
aged 6410 £ 1290 ng-ml™" and was obtained at the
first measurement 5 min after the injection in four pa-
tients, at 10 min in one patient, and not until 30 min
post-injection in one patient (no. 5) (table 3).

The maximum meperidine CSF concentrations were
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measured 5 min after the injection in five patients and
10 min post-injection in one patient, and averaged 364
+ 105 pg-ml~! (table 4).

The initial volume of distribution in the CSF (V¢sp)
averaged 22 *+ 8 ml (range 9-45 ml) for morphine and
18 = 5 ml (range 8-36 ml) for meperidine (not signifi-
cant). The volume of distribution could not be deter-
mined in three patients, numbers 2, 5, and 10, in whom
the maximum CSF concentrations were not measured 5
min post-injection,

The half-life in CSF (t, socsr) averaged 89.8 + 39.5
min (range 42-136 min) for morphine and 68.0 + 5.1
min {range 58-83 min) for meperidine (not significant)
(tables 3, 4; figs. 1, 2).

The fraction of the opioid bolus remaining in the

initial volume of distribution in GSF 6 h after injection
(fesr s) averaged 0.016 + 0.009 for morphine and

0.0041 = 0.0009 for meperidine (not significant).

Discussion

METHODOLOGICAL CONSIDERATIONS

Distribution in the subarachnoid space of a drug in-
jected intrathecally is influenced by age, body position,
intra-abdominal pressure, site of injection, pH of the
CSF, specific gravity and volume of the bolus, and speed
of injection.?’**

The volume of the boluses was kept small in the
present study to reduce turbulence and pressure fluctu-
ations in the dural sac.

Any sampling of CSF could disturb the kinetics of
spinally administered drugs, as does leakage from the
dural punctures, It is virtually impossible to bypass these
sources of error if the kinetics are to be studied in vivo
The total sampled volume of CSF in the present study
was 12 ml. This is a significant fraction of the volume of

TABLE 4. Maximum Concentration and Time to Reach Maximal Concentration in CSF and Plasma (Ciax, tmax)s Hypothetical Concentration in
CSF at the Time of Injection (Cesro), Initial Volume of Distribution in CSF (Vcsg), Half-life in CSF (1) /acs¢), Fraction of Meperidine Remaining
in the CSF 6 h Post-injection (fcsrs), and Area Under the CSF Concentration-time Curve (AUC)

Patient
Meperidine Group 7 8 9 10 1 12 X = SEM

CSF

Crnax (g > ml™!) 118 557 129 142 589 648 364 £ 105

tmax (Min) 5 5 5 10 5 5

Cesro (ug *mi™!) 365 1060 247 — 963 798 687 = 162

Vsr (ml) 25 8 36 — 9 11 18 5

m.Q',,csp (min) 70 58 83 83 58 56 68.0 + 5.1

r* (ti2) 0.95 0.93 0.94 0.96 0.97 0.91

feses 0.0028 0.0020 0.0032 — 0.0063 0.0061 0.0041 = 0.0009

AUC (ug+min-ml™") | 3730 17500 3610 10550 32300 29700 16200 + 5130
Plasma

Cumax (ng *ml™") 25 70 20 25 20 55 36 %9

tmax (Min) 15 5 5 5 10 5
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CSF in the spinal canal, which has been reported to be
25-75 ml.*”*® The formation of CSF during the sam-
pling period can be estimated to be about 1 10-140 ml
(0.3-0.4 ml- min™"),*8 or ten times the sampled volume.
The introduction of an intrathecal sampling catheter
probably disturbs the kinetics less than repeated lumbar
punctures, each of which can cause leakage of CSF. Fur-
thermore, our technique permits detailed studies of the
CSF pharmacokinetics of both intrathecally and epi-
durally administered drugs.

PrLAasMA KINETICS

The plasma concentrations ol morphine after the 0.3
myg intrathecal bolus in this study were very low, which
is in agreement with earlier findings.**' The intrathecal
administration of 10 mg of meperidine also resulted in
low plasma concentrations, and the maximal concentra-
tion was usually measured 5 min post-injection.

The rapid plasma peaks probably reflect a rapid ab-
sorption through the arachnoid granulations in close
proximity to the epidural veins. The epidural veins are
mainly drained via the azygos vein into the superior
caval vein, However, both the morphine and meperi-
dine plasma concentrations were low compared to the
CSF concentrations, and the mean CSF concentrations
were 5,000-10,000 times higher than the mean plasma
concentrations 5 min after injection.

Earlier studies have indicated maximum plasma con-
centrations of morphine 3-5 h after injection following
intrathecal administration,™*' but, in those studies,
larger volumes of drug solutions were injected, and this
might have resulted in altered plasma kinetics. The di-
vergent results may also be explained by different
assay-methods. Radioimmunoussays co-determine phar-
macologically inactive morphine glucuronide, and the
amount of morphine glucuronide exceeds that of un-
changed morphine from the second hour after a single
intravenous dose.*® The gas chromatography assay used
here does not co-determine the glucuronide.

Minimum analgesic morphine plasma concentrations
during systemic patient-controlled analgesia have been
stated to be about 20-40 ng - mi~'.*** This is far above
the maximum plasma concentrations seen afier the ad-
ministration of a 0.3-mg intrathecal bolus, and it is not
even plausible that the low plasma concentrations re-
sulting from higher doses of 0.5-1 mg of morphine
could contribute significantly to the prolonged analge-
sic effect.

CSF KINETICS

Intrathecal morphine has been used in widely varying
doses, from less than 0.1 mg*® 10 20 mg.*® Small doses
of 0.25-0.5 mg alone or in combination with local anes-
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FIG. 2. Mean CSF (open circles) and plasma (filled circles) concentra-
tions ol meperidine following an intrathecal bolus of 10 mg.

thetics for spinal ancsthesia have been reported to give
pain relief for 12-24 h or more." ** The question of
optimal dose of intrathecal morphine has recently been
discussed.*® Morphine doses less than 0.1 mg did not
seem to produce satislactory analgesia, and increasing
the dose above 0.2 mg did not prolong the duration of
analgesia. The information in the report is too scarce to
draw. conclusions concerning optimal doses, however.
Adverse effects including respiratory depression seem
to be dose related. There seems to be general agree-
ment that doses of intrathecal morphine should be kept
low, certainly less than 1 mg, and doses of 0.25 mg have
been recommended. *#

The large inter-individual variation in morphine CSF
kinetics in the present study with threcfold variationsin
both maximum CSF concentrations and half-lives may
explain some of the reported individual differences in
the duration of analgesia after nitrathecal morphine. It
also makes it very difficult, or even impossible, to find a
standard dose producing a long duration of pain relief
to the individual patient without exposing the patient to
the risk of an overdose with potential adverse effects.

Large individual differences also existed in the me-
peridine CST kinetics, especially in maximum CSF con-
centrations, but also in half-lives. The maximum con-
centrations varied fivefold between 118 and 648
pg-ml™!, and the half-lives in CSF varied between 58
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and 83 min. Such differences correspond to individual
differences in effects alter intrathecal meperidine.”

Meperidine has been used intrathecally as the sole
anesthetic for low abdominal, perineal, and lower-limb
surgery. Large doses of 0.8-1.1 mg kg™ were used by
Mircea ¢f al.,” and this resulted in profound sensory and
motor biock, allowing surgery to be performed duringa
period of 100-110 min, and long-lasting postoperative
pain reliel was seen. No cases of respiratory depression
or neurological damage were seen, but a few patients
developed signs of hypotension, bradycardia, and hyp-
oxemia 20-30 minafter the injection, probably asa sign
of a high sympathetic block. Similar experiences are
reported by others.5® The motor blockade is thought
to be due to the local anesthetic properties of meperi-
dine.” Assuming linear CSF kinetics, the data in the
present study can-be used to calculate the probable in-
trathecal meperidine concentrations after different
doses. An intrathecal meperidine dose of 70 mg, as used
by Mircea et al., should result in enormously high CSF
concentrations, of about 2.5 mg-ml‘l after 5 min. As
the motor block disappeared alter 90-120 min,® the
calculated CSF concentrations are 0.2-0.4 mg-ml™".
Motor and sensory blocks thus scem to require very
high CSF concentrations,

The initial volumes of distribution in CSF of intrath-
ecal morphine and meperidine in the present study
averaged 22 and 18 ml, respectively. This corresponds
to the volume of spinal CSF of 25-75 ml,*”*8 but there
is no evidence that opioids diffuse uniformly and imme-
diately throughout the spinal CSF. The initial volume
of distribution might represent not only opioid dilution
in CSF, but also its uptake by surrounding nervous
tissue.

The disposition in CSF of morphine and meperidine
from 15 -min post-injection and throughout the 6-h
stucly period probably represents a distribution phase
and an elimination phase. Nordberg et al. studied the
CSF kinetics during a period of 18 h after intrathecal
morphine.! They reported a mean CSF half-life of
about 3 h, but their data suggested an early distribution
phase and a late elimination phase. Owing to the limited
number of samples (about four), they were not able to
describe the kinetics in any detail. The existence of a
slow elimination phase starting several hours after the
injection of intrathecal morphine has been demon-
strated by others,'? and is likely to exist for meperidine
as well, although it is not apparent during the first 6 h
after injection.

The half-life in CSF tended to be shorter for meperi-
dine than for morphine. Only 0.4% of the intrathecal
meperidine bolus remained in lumbar CSF 6 h after
injection in the present study, while the corresponding
fraction of morphine was 1.6%.

Anesthesiology
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The clinical implications of this study are that the
faster elimination from CSF of meperidine is in accord
with the belief that morphine carries a higher risk of
cephalad spread after intrathecal administration. Fur-
thermore, the large inter-individual difference in CSF
kinetics of both morphine and meperidine makes it dif-
ficult to predict the effects of the drugs, which is a dis-
advantage when the invathecal route of administration
is used.

The authors wish to thank Christina Fagerlund, B.Sc., Karin Wing-
strand, Pharm.D,, and Inger Jansson, Pharm.D., for their skillful
technical assistance.
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