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Biphasic Depression of Ventilatory Responses to
CO, Following Epidural Morphine

Enid R. Kafer, M.D., F.R.A.C.P., F.F.A.R.C.S.,* J. Tony Brown,t Dianne Scott, M.D.,%
John W. A. Findlay, Ph.D.,§ Robert F. Butz, Ph.D.,1 Edward Teeple, M.D.,** Jawahar N. Ghia, M.D.t+

The authors examined the duration of effects of lumbar epidural
morphine (0.1 mg/kg) on control of ventilation (CO, response), pain
relief, segmental analgesia (loss of pain in response to a painful
stimulus) and loss of temperature discrimination, and plasma mor-
phine concentrations in seven patients with chronic low back pain
at 1, 2, 4, 8, 12, and 24 h postinjection. Maximal depression of the
slope of the minute ventilation response to CO; occurred at one to
two hours postinjection and expressed as per cent reduction from
control (measured day before epidural morphine injection) (xSEM)
was —35 + 7 (P < 0.01); the tidal volume (V1) and average inspi-
ratory flow (Vi) responses were displaced to the right (Vy or V; at
PETco,55), —29 + 3 (P < 0.01) and —37 + 4% (P < 0.001), respec-
tively. At eight hours postinjection, the minute ventilation and av-
erage inspiratory flow were displaced to the right, and as per cent
reduction from control at PET¢o,55 were —52 = 19 (P < 0.05) and
—36 + 13 (P < 0.05), respectively. At 4, 12, and 24 h postinjection,
the CO, responses were not significantly different from control. The
segmental level of analgesia and loss of temperature discrimination,
which was highest at eight hours postinjection, rose in different
patients to high thoracic, cervical, or trigeminal nerve segments.
Plasma concentrations of unconjugated morphine were highest at
0.25 h postinjection and declined polyexponentially with a t 28 of
2.38 * 0.23 h. The authors speculate that epidural morphine causes
biphasic depression of control of ventilation by two mechanisms:
1) an early depression resulting from absorption into the epidural
veins and circulatory redistribution to the brain, and 2) a late phase
associated with a rise in the segmental level of analgesia, which is
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the result of cephalad movement of morphine in the CSF. The rise
in segmental analgesia and loss of temperature discrimination
therefore may be an essential clinical sign of impending late depres-
sion of control of ventilation. (Key words: Analgesics: morphine.
Anesthetic techniques: epidural morphine, Pain, Pharmacokinetics:
morphine. Ventilation: carbon dioxide response.)

THE EFFECTIVE MANAGEMENT of acute and chronic
severe pain remains one of the major challenges in med-
icine. Systemic administration of opiates alters the sen-
sorium, depresses ventilation, and results in drug de-
pendence. Regional analgesia produced by epidural ad-
ministration of a local anesthetic causes autonomic
blockade, impairs neuromoter function, and the contin-
uous administration and monitoring are logistically dif-
ficult. Therefore, lumbar epidural or subarachnoid
morphine analgesia which is selective, prolonged, and
was presumed to be segmental, aroused considerable
interest.!? Although large series with low incidences of
complications have been reported,® case reports of se-
vere depression of ventilation 2-12 h following admin-
istration of epidural or subarachnoid morphine and
other opiates resulted in concern about the safety of
subarachnoid and epidural morphine. The majority of
episodes of severe depression of ventilation followed
subarachnoid morphine, but there are case reports of
depression of ventilation following epidural mor-
phine.*” 4

We propose that the early and continuing pain relief
and the early and late depression of control of venti-
lation following lumbar epidural morphine are the re-
sult of different processes: 1) early pain relief and
depression of ventilation are the result of rapid absorp-
tion of morphine into the epidural veins and circulatory
redistribution to the brain; 2) continuing pain relief is
the result of morphine diffusing through the lumbar
dura and subarachnoid membranes into the cerebro-
spinal fluid (CSF) and to the dorsal horns of the spinal
cord; and 3) late respiratory depression is the result of
cephalad movement of morphine within the CSF to cis-
terna magna where at 4-12 h postinjection the concen-
trations may be sufficient to depress respiratory control.

Therefore, the goals of our study were to examine
the time course of the effects of lumbar epidural mor-
phine on pain relief, mood, segmental level of analgesia
and impaired temperature discrimination, neuromotor
function of the respiratory system, minute ventilation
and its component responses to CO; and plasma mor-
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phine concentration for 24 h postinjection. Our exper-
imental model consisted of patients with chronic severe
low back pain who were attending the pain clinic. The
advantages of this group of patients were that their pain
was relatively stable and the postinjection period was
not complicated by an evolving postoperative course.

Materials and Methods

SUBJECTS

The effects of lumbar epidural morphine on the min-
ute ventilation and its component responses to COy
(rebreathing method), vital capacity, heart rate and
blood pressure, pain relief, segmental level of analgesia
and temperature sensation, and plasma morphine con-
centrations were examined in seven patients (five men
and two women) with chronic low back pain who were
attending the Pain Clinic of the North Carolina Me-
morial Hospital. Their mean age, height, weight and
vital capacity (£SD) were 39 * 12 years, 171 £ 9 cm,
78 = 17 kg, and 3.8 = 0.7 liters (91 * 14% predicted),
respectively. These patients received one epidural in-
jection of morphine during their program of rehabili-
tation. Except for low back pain the patients were in
their normal state of health and did not have severe
organ system disease, history of drug addiction, serious
psychiatric disorder, bleeding diathesis, or back infec-
tion. The protocol was approved by the Human Rights
Committee of the School of Medicine and informed
consent for the epidural morphine injection and the
experimental protocol were obtained from each patient.

PROCEDURE FOR ADMINISTRATION OF
EPIDURAL MORPHINE

All patients were admitted to the Clinical Research
Unit of the School of Medicine within the North Car-
olina Memorial Hospital the day prior to injection of
morphine sulfate, and were allowed no oral intake for
six hours prior to the epidural injection. With the pa-
tient in the lateral decubitus or sitting position epidural
morphine was administered via an epidural needle (18-
gauge, 9-cm Hustead or Crawford epidural needle)
which was inserted into the 3-4 or 4-5 lumbar inter-
space. After identification of the epidural space by “‘loss
of resistance” and absence of cerebrospinal fluid or
blood, morphine sulfate (0.1 mg/kg) was injected into
the epidural space. The morphine sulfate preparation
was preservative-free (A. H. Robins, Richmond, Vir-
ginia). The composition per milliliter was 0.5 mg mor-
phine sulfate, 9.0 mg sodium chloride, and water for
injection to 1 ml. The mean dose (£SD) administered
was 7.9 + 1.6 mg in a volume of 16.0 + 3.0 ml. During
the first hour postinjection with the patient in the semi-
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recumbent position, the blood pressure and heart rate
were measured every 10 min and hourly from 1 to 24
h using the oscillometric principle (Biochem Interna-
tional, Milwaukee, Wisconsin). Twenty-four hours post-
injection (after completion of the studies) the patients
were discharged from the Clinical Research Unit. The
patients were instructed verbally and in writing not to
take any non-prescribed drugs, and to avoid alcohol or
driving for 24 h following discharge. They were accom-
panied home by a responsible adult.

PAIN RELIEF, ANALGESIA AND MOOD
RESPONSE TO EPIDURAL MORPHINE

The afternoon prior to injectionand at 1, 2, 4, 8, 12,
and 24 h postinjection, the severity of pain, mood, seg-
mental level of analgesia (loss of painful sensation in
response to a painful stimulus), temperature discrimi-
nation, touch, reflex, and motor functions were ex-
amined. The patients were asked to grade their chronic
pain on a categorical scale of intensity which was no
pain = 0; mild pain = 1; moderate pain = 2; and severe
pain = 3. Severe pain prevented the patients from per-
forming their normal occupation. The mean duration
(£SD) of their pain was 4.4 + 5.8 years and the average
severity was 2.6 * 0.5 (range 2-3). Evaluation of pain
relief included latency of onset, quality, and duration.
The quality of pain relief also was evaluated on a cat-
egorical scale of worse = —1; no change = 0; mild im-
provement = 1; moderate improvement = 2; and com-
plete relief = 3. The mood evaluation was based on the
method of Kaiko and consisted of a series of 15 con-
trasting word or phrase pairs: ‘“‘feeling of heaviness/
bouyant;” “I feel sociable/I want to be alone.”® Each
pair was separated by the number —3, -2, —1, 0, 1, 2,
3, and the patients were asked to estimate the direction
and value of the mood for each pair. The segmental
level of loss of painful sensation was determined as the
level at which there was an increased threshold to pain
(“‘sharp” experience). The increased threshold was mea-
sured bilaterally over ten regions of the limbs, trunk,
and face from the pressure gauge of a spring loaded
sharp instrument (Tension Dynamometer Dial Gauge,
Jonard Inc., Tukahoe, New York). Heat (45° C) and
cold (ice) stimuli were applied on similar segments in
random order and the patient was asked to identify the
stimulus as touch, cool, cold, warm, or hot. Loss of tem-
perature discrimination was identified as a response of
touch.

RESPIRATORY MEASUREMENTS

Respiratory measurements were performed the af-
ternoon prior to the morphine injection (control) and
at1,2,4,8, 12, and 24 h postinjection. All studies were
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performed with the patients in the sitting position. The
patients were at least two hours postprandial and were
requested to empty their urinary bladder prior to each
study. The patients also were requested to avoid alcohol,
smoking, or caffeine-containing beverages prior to and
during the study. The vital capacity (VC) and forced
expiratory volume in one second (FEV,) were measured
on a nine-liter lightweight Godart spirometer (Bil-
thoven, Holland). Control values were expressed in lit-
ers, BTPS, and as percentage predicted,” and the
postinjection values were expressed in liters, BTPS, and
per cent of control.

The minute ventilation, its components, and heart
rate responses to CO; were measured by the Read re-
breathing method.'®!! The patients rebreathed COy in
oxygen from a rebreathing bag (meterological balloon)
which contained initially six liters of 7% COy in oxygen,
for a period of four minutes. We measured airflow by
pneumotachography (Fleisch 2, Dynasciences, New
York; Validyne, Northridge, California), airway pres-
sure (MP 45 Validyne), and obtained tidal volumes by
electronic integration of the airflow signal. The CO,
and O, in the respired gases were measured continu-
ously using a Perkin-Elmer Respiratory/Anesthesia
mass spectrometer (Pomona, California). All of the
above variables and the ECG (lead II) were recorded
continuously on a Honeywell 1912 Visicorder. The
resistance of the breathing circuit was 0.8 cmH,O -
17! +s7! at an average inspiratory flow of 2 157", Each
control study was preceded by a rebreathing test ma-
neuver of four minutes designed to familiarize the pa-
tient with the experience of rebreathing CO,.

After the first 20 s and at 20-s intervals the
PETco,, tidal volume (VTT)’ minute ventilation (V,), av-
erage inspiratory flow (V)), respiratory time cycle (Tr)
and its components inspiratory (Ty) and expiratory time
(TEg), breathing frequency, and heart rate were calcu-
lated. All volumes and flows were corrected to BTPS.
For each rebreathing test the relationships between
PETcq, and the respiratory variables and heart rate were
determined by least-squares linear regression analysis
(HP9845B). We examined both the slope and the po-
sition (y at PETco, 55) of the responses to CO, and
partitioned the minute ventilation response into its com-
ponents as listed above. The mechanical transformation
of the resplratory drive or rate of rise of the neural
efferent signal is the average inspiratory flow, Vi, and
is obtained by dividing V¢ by T;.'? In the absence of
changes in lung volumes or the mechanical propemes
of the resplratory system any change in the V; in re-
sponse to COg is equivalent to a change in respiratory
neural drive. The tidal volume is therefore dependent
on both the V] or drive and the T| component of the
respiratory time cycle.!® The respiratory time cycle
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which was obtained from the flow signal was partitioned
into inspiratory and expiratory time.

PLASMA MORPHINE ANALYSIS

Venous blood was obtained the afternoon prior to
injection (control), and at 15, 30, 45, and 60 min, and
2, 4, 8, 12, and 24 h postinjection. Blood samples were
collected into EDTA-containing Vacutainers® (Becton
Dickinson Co., Rutherford, New Jersey), mixed, and
centrifuged at 4° C. Plasma was harvested and stored
frozen (—15° C) until analyzed. Unconjugated mor-
phine plasma concentrations were determined by a sen-
sitive and specific radioimmunoassay procedure as de-
scribed previously.'!* Total (conjugated plus uncon-
jugated) morphine plasma concentrations were
determined by radioimmunoassay after enzyme hydro-
lysis. Patient plasma (0.1 ml) was incubated with Glu-
sulase® (Endo Laboratories, Garden Gity, New York;
4000 U B-glucuronidase, 700 U sulfatase in 0.025 ml)
and 0.2 M sodium acetate buffer, pH 5.5 (0.1 ml) at 37°
C overnight. Morphine standard solutions (0.78-100
ng/ml) and controls (10, 100, and 1,000 ng/ml) and
a sample of morphine-3-glucuronide (Applied Science
Laboratories, State College, Pennsylvania; 1,000 ng/
ml), prepared in blank human plasma were treated sim-
ilarly with enzyme. Radioimmunoassay of hydrolyzed
samples were performed as described above, except that
0.1 ml of patient plasma and drug standards were re-
placed by 0.025 ml of hydrolyzed samples, suitably di-
luted with enzyme-treated blank human plasma into the
assay range.

A standard curve was devised by linear least-squares
analysis of a logit-log transformation of the assay data.
The model-independent pharmacokinetic parameters,
maximum concentration (C,,,) and time at which max-
imum concentration occurred (t,,,), were obtained di-
rectly from individual plasma concentration-time data,
and the area under the curve (AUC) values for the 0
to 24-h period were calculated by the trapezoidal rule.'®
The terminal half-life (t, ) was calculated by least-
squares linear regression of the log plasma concentra-
tion-time data for the terminal phase of morphine dis-
position. The 24-h data were omitted from the analysis
because of the absence of additional data from the 12-
to 24-h period, and because their exclusion produced
only small changes in AUC values.

STATISTICAL ANALYSIS

Standard statistical procedures were used which in-
cluded calculation of mean, SD, or SEM. The relation-
ships between PETcq, and the respiratory and heart rate
variables were determined by least-squares linear
regression analysis. The responses to CO; were ex-
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pressed as the slope *+ SE, the position as the dependent
variable at PETgo,55 *SE and the correlation coeffi-
cient. For each patient comparisons between each con-
trol and postinjection responses to COg, ¢.g., the minute
ventilation response to CO,, the slope and total regres-
sions were compared by analysis of their variance and
an F test. A statistically significant difference in the total
regression in the absence of a significant change in slope
was regarded as equivalent to a displacement of the re-
sponse to COy. For the group of patients, each set of
postinjection variables were compared with the control
values for the same patients and equal sample sizes using
Tukey’s procedure and statistical significance of differ-
ence from control was regarded as P < 0.05.'°

Results

The mean control slopes and positions of the minute
ventilation, and its component responses to CO; in the
chronic pain patients are in table 1. The coefficients of
the variation of the slopes of the tidal volume (68%) and
average inspiratory flow (57%) responses were large;
normalization of the tidal volume response to the vital
capacity did not reduce the variation in slope or posi-
tion. The minute ventilation, tidal volume, and average
inspiratory flow responses were linear in all except one
patient in whom the tidal volume response flattened at
45% of the vital capacity. The mean slope (£SD) of the
frequency response to COy was 0.74 = 0.59 breaths-
min~!+mmHg™' and the breathing frequency at
PET¢0,55 was 20.0 =+ 5.5 breaths/min. The heart rate
responses to CO, were variable and only three of the
seven patients increased their heart rate in response to
COs;. The control blood pressures were systolic and
diastolic, 132 =+ 7 and 86 * 8 mmHg, respectively, and
the heart rate was 94 + 16 beats/min.

ANALGESIC, NEUROLOGIC AND HEMODYNAMIC
RESPONSES TO EPIDURAL MORPHINE

Following epidural injection of morphine the average
onset of pain relief was 23.6 + 3.1 min and in all except
one patient moderate or complete pain relief was
achieved within one hour. In all except one patient in
whom the pain reflief lasted 12 h the relief exceeded
24 h. The time course of mood change was character-
ized by a peak at one to two hours and was statistically
different from control (P < 0.01); subsequent mood lev-
els were not significantly different from control. In all
except two patients there was a linear rise with time in
the segmental level of analgesia and loss of temperature
discrimination. In the majority these levels were highest
at eight hours postinjection and all receded at 12 h. The
highest segmental levels of analgesia (except in the pa-
tient described below) were upper thoracic and cervical

TaBLE 1. Effect of Epidural Morphine (0.1 mg/kg) on the Minute Ventilation, Tidal Volume, and Average Inspiratory Flow Responses to CO;

(Rebreathing Method) in Patients with Chronic Low Back Pain
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F1G. 1. Plasma concentration-time profiles for unconjugated
(@ @) and total (unconjugated plus conjugated; O - - — O) mor-
phine in patients receiving epidural morphine (0.1 mg/kg). Values are
means + SE for seven patients. Unconjugated morphine was deter-
mined by direct radioimmunoassay, and total morphine by radioim-
munoassay after enzyme hydrolysis as described in the Materials and
Methods.

(four patients). In two patients the segmental level of
analgesia remained at lumbar 1 and thoracic 11. In one
patient three hours after injection a coughing episode
was followed by a rapid rise in the segmental level of
analgesia, and at four hours included the maxillary and
mandibular divisions of the trigeminal nerve. This was
associated with severe depression of ventilation which
was reversed by naloxone. The depression of ventilation
recurred at eight hours and was again reversed by nal-
oxone. The depression of ventilation was associated
with drowsiness but not with hypotension. In all patients
alterations in the sensation of touch, tendon reflexes,
motor control, and coordination were absent.

The side effects included pruritus which was nonseg-
mental, mainly on the trunk and was maximal at 4-12
h (three patients); urinary retention as a result of loss
of sensation of a full bladder (none required catheter-
ization) (three patients); headache (three patients) and
nausea and /or vomiting which was present at 4, 8, and
12 h postinjection (three patients). Inability to measure
the ventilatory responses to COy in all patients at all of
the times together with the patient who developed re-
spiratory depression accounted for the missing data at
4, 8, and 12 h postinjection.

Anesthesiology
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Neither the blood pressure nor the heart rate at 1,
2,4, 8,12, or 24 h were significantly different from the
control values. In the majority of patients during the
first 30 min following epidural administration of mor-
phine there was mild orthostatic hypotension. There
was no orthostatic hypotension during any of the re-
spiratory function tests.

There was no significant change in either the VC or
the FEV, following the epidural administration of mor-
phine.

MORPHINE PLASMA CONCENTRATIONS

Mean unconjugated and conjugated morphine plasma
concentrations following lumbar epidural morphine are
shown in figure 1. Unconjugated morphine plasma con-
centrations peaked at 0.25 h in all except one patient
in whom the peak plasma concentration was at 0.50 h.
The mean plasma concentrations of unconjugated mor-
phine declined polyexponentially. The terminal half-
life, calculated by linear regression analysis of the
terminal disposition phase, was 2.38 = 0.23 h (seven
patients). Throughout the period of observation the
concentrations of morphine glucuronide exceeded the
concentrations of unconjugated morphine. Even at
0.25 h postinjection plasma concentrations of total mor-
phine were 1.7- to 2.8-fold higher than those of uncon-
jugated morphine, and the relative percentage of con-
jugated morphine continued to increase with time. The
mean concentration-time profiles (fig. 1) indicate that
total morphine plasma concentrations peaked later than
did unconjugated morphine levels. The mean area un-
der the total morphine plasma concentration-time curve
for these subjects (670 £+ 51 ng+ml~" «h) was approxi-
mately tenfold greater than that for unconjugated mor-
phine (68.9 = 6.5 ng+-ml™'-h).

ErFeCcT OF EPIDURAL MORPHINE ON THE
VENTILATORY RESPONSES TO CQO»

At one and two hours postinjection the slopes of the
minute ventilation and its component responses were
significantly reduced from control (table 1, figs. 2 and
3). Expressed as the per cent reduction (+SE) from con-
trol the maximal reductions at one or two hours were
minute ventilation AV,/APET¢o, —35 * 7% (P < 0.01),
V, at PETco,55 —42 £ 3% (P < 0.001); average inspi-
ratory flow, AV,/APET¢o, —25 £ 8% (P > 0.05) and
Viat PETgo,55 —37 + 4% (P < 0.001) (fig. 2); tidal vol-
ume, AVy/APETgo, —26 = 11% (P > 0.05) and Vt at
PETco,65 —29 + 3% (P < 0.01); and frequency re-
sponse, Af/APET¢o,, —56 + 46% (P > 0.05) and f at
PETco,00 —15 £ 5% (P < 0.05) (fig. 3). A consistent
pattern in changes in T and its components, T} and
T, were absent and, therefore, the changes were not
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statistically significant. The correlation coefficients be-
tween the control slopes of the minute ventilation v/
PETco,) or the average inspiratory flow (VI/PI:TCO2)
and the maximal decrease in these variables, at one or
two hours were positive and statistically significant,
r = 0.82and 0.93 (n = 7), respectively. The correlation
coefficients between the plasma morphine concentra-
tions and the per cent decrease in the slopes or the
displacement of the minute ventilation, tidal volume, or
the average inspiratory flow responses at one or two
hours were not significant.

At eight hours postinjection the Vi at PET¢o,55
(—52 + 19% < 0.05), and the V, at PET¢o,55 (—36 =
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13%, P < 0.05) were significantly less than the control
values (table 1 and figs. 4 and 5). The displacement of
the tidal volume response to COg which was —27 £ 18%
was not statistically significant (P > 0.05). The slopes of
the minute ventilation, tidal volume, and the average
inspiratory flow responses to CO, were not significantly
different from the control values. Therefore, epidural
morphine results in a reduction in the slope of the min-
ute ventilation response to CO; at one and two hours,
and at eight hours postinjection the minute ventilation
was displaced to the right without a significant reduction
in slope (figs. 4 and 5).

At4, 12, and 24 h neither the slopes nor the positions
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F1G. 4. The slope and displacement of the minute ventilation re-
sponse to CO, at eight hours following lumbar epidural morphine (0.1
mg/kg) in five patients with chronic pain. Two patients were not stud-
ied at eight hours (one had received naloxone for respiratory depres-
sion and the other was nauseated).
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to CO, were significantly different from control values
(table 1).

By comparing in individual patients the control and
postinjection values for the minute ventilation and its
component responses to CO; different patterns of re-
sponse to epidural morphine were evident. All patients
demonstrated a reduction in the slope of the minute
ventilation responses to CO, at one and/or two hours,
and in all except one patient the reduction was statis-
tically significant (F test, P value range < 0.001-<0.05)
(fig. 2). Although there was more variation in the effect
of epidural morphine on the slopes of the tidal volume
and the average inspiratory flow responses to COg, in
all patients these responses were displaced to the right
(F test, P value range < 0.001-0.005) (figs. 2 and 3).
The interindividual variation in the response to epidural
morphine at 1-2 hours was most obvious in the effects
on the slope of the frequency response to COx: in five
of the seven patients there was a significant reduction
in the slopes (F test, P value range < 0.005-0.025) and
in two the slope increased (fig. 3).

In four of the five patients studied at 8 hours the
minute ventilation response to CO, was significantly
displaced (F test value range P < 0.001-0.005) without
a statistically significant change in slope (P > 0.05) (fig.
4). The segmental level of analgesia did not rise above
the first lumbar segment in the patient in whom the
minute ventilation response curve was not displaced at
8 hours. Similarly, in all except that patient average
inspiratory flow response to CO, also was displaced to
the right (F test, P value range < 0.001-0.005). There-
fore, in four of the five subjects studied at 8 hours there
was evidence of a biphasic depression of ventilatory con-
trol and in one other patient the late phase of ventilatory

FiG. 5. Biphasic depression of
the minute ventilation responses to
CO, following lumbar epidural
morphine (0.1 mg/kg) in seven
pain patients. The slope (AV,/
APET(,) = closed symbol (®) and
the position (V) at PET¢o,55)
= open symbol (O). Values are
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means + SEM. P values are for sta-
tistical significance of difference
from control data. At four and
eight hours one patient had severe
respiratory depression and at 4, 8,
and/or 12 h three patients were
nauseated and unable to participate
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EPIDURAL MORPHINE, HOURS POST INJECTION
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depression was accelerated by coughing. Because that
patient had received naloxone the subsequent data were
not reported.

Discussion

EFFECTS OF EPIDURAL MORPHINE IN THE
VENTILATORY RESPONSES TO COq

One to two hours following the administration of
epidural morphine the slope of the minute ventilation
was reduced and the component responses to CO, were
displaced to the right. The magnitude of the reduction
of the slope of the minute ventilation was similar to that
produced by similar doses of morphine administered
intramuscularly or subcutaneously.!”"! The variation
between individuals in the reduction of the frequency
response to COg is also similar to the effect of intra-
muscular morphine.'® We propose that this early phase
of depression of control of ventilation is the result of
diffusion of morphine into the blood via the epidural
veins and circulatory redistribution to the central re-
spiratory control system. During these non-steady state
conditions the relationship between plasma and brain
morphine concentration is not predictable and, there-
fore, the correlation coefficient between the peak un-
conjugated plasma morphine concentrations and the
per cent reduction in the slope of the minute ventilation
responses to CO; was not statistically significant. Rigg
and associates also have demonstrated that there is no
relationship between the plasma morphine concentra-
tion and the reduction in the minute ventilation re-
sponse to CO,.2° The rapid onset of pain relief and
elevation of mood at one to two hours are also consistent
with a circulatory redistribution to the brain. The time
course of mood elevation was similar to that described
following intramuscular heroin or morphine sulfate.®

Our study also has demonstrated a usually late dis-
placement of the minute ventilation response to COq
which coincides with the maximal rise in the segmental
level of analgesia and loss of skin temperature discrim-
ination. Both the maximal rise in segmental analgesia
and the magnitude of late displacement of the minute
ventilation response to CO; exhibited substantial vari-
ation between individuals (fig. 4). In the majority of
patients the effect on the minute ventilation response
to COy was less marked than the early phase of depres-
sion. Therefore, in the absence of any physical pertur-
bation of the CSF the concentration of morphine in the
cisterna magna or fourth ventrice which is the result of
diffusion along a concentration gradient and possibly
also facilitated by transmitted respiratory and cardio-
vascular motion and reabsorptive process of CSF is low.
However, we also observed in a single patient that if the
process of upward movement of morphine could be
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accelerated, particularly early when the concentration
of morphine in the lumbar CSF was high, then a suf-
ficiently high morphine concentration in the CSF bath-
ing the brainstem resuited in severe and prolonged
depression of ventilation. Although this depression was
reversed by naloxone, it recurred and was again re-
versed by naloxone. These features of prolonged
depression of ventilation by morphine and short dura-
tion of reversal by naloxone are consistent with the
known pharmacokinetics of morphine and naloxone.?!

Previous studies on the respiratory effect of epidural
morphine???® or other opiates® have only examined the
early phase of depression of control of ventilation. Fol-
lowing lumbar epidural morphine (10 mg) at one hour
postinjection the reduction in the slope of the minute
ventilation and the occlusion pressure responses were
statistically significant, and at six hours postinjection
only the reduction of the slope of the occlusion pressure
response was significant.?® There were no data on the
segmental level of analgesia. Bromage and associates
noted that after the second dose of thoracic epidural
opiates (methadone or hydromorphone) the respiratory
depression was greater than after the first dose and was
equivalent to the respiratory depression produced by
intravenous route of administration.?* Bromage and
associates also have reported a rise with time in the
segmental level of analgesia following lumbar epidural
opiates.?

PLASMA MORPHINE AND PHARMACOKINETICS

Our data show that morphine is absorbed rapidly
from the epidural space into the systemic circulation,
with a peak plasma morphine (unconjugated) concen-
tration at 15 min postinjection. The plasma morphine
concentrations at one hour were similar to those re-
ported by Doblar and associates and Weddel and Ritter,
following epidural morphine (10 mg).?*?® The latter
used a sensitive and specific method of liquid chroma-
tography with electrochemical detection, but their coef-
ficients of variation were large. Our data on the plasma
morphine concentrations following epidural morphine,
however, do differ from those of Chauvin and associ-
ates.?” Following 0.2 mg/kg epidural morphine the rise
in plasma morphine concentration was slow, peaked at
1-3 h (>60 ng/ml), and was still greater than 40 ng/
ml at 12 h postinjection. We believe that because of the
lack of specificity of their radioimmunoassay tech-
nique,*®?® a substantial amount of morphine glucuro-
nide was measured as morphine. This hypothesis is sup-
ported by the similarity of our total plasma morphine
curves (morphine plus morphine glucuronide) with
their data (fig. 1). The rapid in vivo conjugation of mor-
phine with glucuronic acid has been confirmed by sev-
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eral previous studies.?*** The plasma concentrations of
unconjugated morphine following epidural morphine
were similar to the plasma concentrations following sim-
ilar doses administered intramuscularly’®?®! and from
0.25 h postinjection similar to 0.14 mg/kg administered
intravenously.?* The morphine plasma half life of 2.38
h determined in this study is also similar to that of un-
conjugated plasma morphine following intramuscular
morphine®®?! but longer than the plasma half-life for
unconjugated morphine following intravenous admin-
istration.?*3?

Following lumbar epidural administration of mor-
phine, the concentration of morphine in the lumbar
CSF peaks with very high concentrations at two hours
(3,550 ng/ml) and falls to 490 ng/ml by 12 h postin-
jection.** Morphine, because of its low fat solubility,
diffuses slowly into the spinal cord and therefore high
concentrations remain in the CSF and diffuse along a
concentration gradient cephalad to result in depression
of control of ventilation. Other processes which may
facilitate the cephalad movement of morphine include
transmitted respiratory and cardiovascular motion and
the absorptive processes of CSF. Therefore, any per-
turbation of the CSF which would accelerate cephalad
movement such as coughing particularly two to four
hours postinjection would result in high concentrations
in the cisterna magna. Furthermore, the concentration
of morphine administered directly into the cisterna
magna which results in depression of the ventilatory
response to CO, is lower than that administered intra-
venously.”® In comparison with morphine, fentanyl, a
more fat-soluble synthetic opiate, diffuses more rapidly
into the spinal cord. The duration of analgesia is short
and respiratory depression following epidural fentanyl
has not been reported.

PAIN RELIEF, MOOD RESPONSE,
AND NON-RESPIRATORY COMPLICATIONS
OF EPIDURAL MORPHINE

As has been demonstrated previously, epidural mor-
phine results in prolonged effective pain relief.? The
incidences of urinary retention, pruritus, nausea, and
vomiting are similar to that reported in other series.>*
Because there was no difficulty with the neuromotor
performance of micturition, we conclude that urinary
retention results from an absence of awareness of dis-
tention of the bladder. The incidence of nausea and
vomiting is lower with epidural morphine than the same
dose administered intravenously.* However, because of
the late onset of nausea in our patients, we considered
that it also may have been a manifestation of the ceph-
alad movement of morphine in the CSF to the brain-
stem. The incidence of pruritus was high, but in the
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majority of patients it was not sufficiently severe to in-
terfere with activity or sleep. It is currently thought that
epidural morphine causes pruritis as a result of action
within the central nervous system possibly because it
alters the pattern of sensory signals.*®*’

OPIATE ANALGESIA AND RESPIRATORY FUNCTION

Pain relief has always been bought at a price. Par-
enteral narcotic analgesics depress ventilation, inhibit
sighs, and impair both the chemical regulation of ven-
tilation and the neural reflex increase in respiratory
drive in response to mechanical loads. Regional anal-
gesia, such as epidural analgesia using local anesthetics,
does not impair central respiratory control system but
blocks the autonomic efferent system and may impair
respiratory neuromotor function. However, due to the
complexity of administration and the requirements of
monitoring, epidural local anaigesia has not been uti-
lized extensively in the management of severe pain such
as postoperative pain. Therefore, the demonstration of
opiate receptors in the dorsal horn pain pathways,?®
analgesia in experimental animals following subarach-
noid morphine,* and that subarachnoid or epidural
morphine in humans resulted in prolonged selective
analgesia with apparent freedom from serious side ef-
fects foreshadowed a major advance in pain manage-
ment."? The administration of opiates into the sub-
arachnoid or epidural space is an innovative and poten-
tially very important approach to the management of
severe pain. However, optimal application, mode of ad-
ministration, and opiates of choice are yet to be deter-
mined. Our study has demonstrated that lumbar epi-
dural morphine may result in a biphasic depression of
the minute ventilation response to CO,. We postulate
that the early phase of respiratory depression is the re-
sult of absorption of morphine into the epidural veins
and circulatory redistribution to the brain while a usu-
ally occurring late phase is the result of cephalad move-
ment of morphine in the CSF to the brainstem. The
latter may be predicted from the rise in the segmental
level of analgesia and loss of cutaneous temperature
discrimination. An acceleration of this phase results in
severe and possibly prolonged depression of control of
ventilation because of the relatively high concentration
of morphine in the CSF,** the absence of a blood-brain
barrier to diffusion from CSF into the bulbar and pon-
tine respiratory nuclei, and the prolonged retention of
morphine in brain tissue.?!

The authors thank the physicians of North Carolina for referring
their patients to North Carolina Memorial Hospital Pain Clinic, Toni
Sugg and Clarice Page for technical assistance, and Martha Clark and
the nursing staff of the Clinical Research Unit.
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