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Postthoracotomy Pain and Pulmonary Function Following

Epidural and Systemic Morphine
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Thirty patients undergoing thoracotomy for lung resection were
entered in a randomized, double-blind trial comparing the effects
of epidural (E) versus intravenous (iv) morphine on postoperative
pain and pulmonary function. Postoperatively the patients were
given repeated doses of either 5.0 mg of morphine epidurally or
0.05-0.07 mg/kg morphine intravenously until there were no
further spontaneous complaints of pain. Two, 8, and 24 h post-
operatively, the following indices were measured: linear analogue
pain score, somnolence score, vital signs, arterial Pag,, Paco, and
pH, forced vital capacity (FVC), forced expiratory volume in the
first second (FEV),), and peak expiratory flow rate (PEFR). Patients
receiving epidural morphine had significantly less pain at 2 h (P
< 0.01) and 8 h (P < 0.004) postoperatively. There was no difference
in vital signs except for significantly slower respiratory rates at 2
h (P < 0.04), 8 h (P < 0.02) and 24 h (P < 0.01) in the epidural
group. No significant differences occurred in the somnolence
scores or blood-gas measurements, which were within normal
limits. The epidural morphine group has significantly less decrease
inboth FVCat2 h(E 1.8 21, iv-25+021, P <0.03),8h
(E-14%021iv—-21+02]P <0.01),and 24 h (E -1.2 £ 0.2
L,iv—-20x021 P <0.02), and FEV, at 2 h (E —-1.3 £ 0.2 ], iv
-1.9+021, P <004),8h (E-1.0+021,iv-17+021] P
<0.01), and 24 h (E —0.8 £ 0.1 ], iv —1.56 % 0.2 1, P < 0.01). In
addition, the epidural morphine group had significantly less de-
crease in PEFR at 24 h (E —134 + 29 I-min- "%, iv —238 *+ 30
1.min~!, P < 0.03). The authors conclude that lumbar epidural
morphine is highly effective in alleviating pain and improving
respiratory function in postthoracotomy patients. (Key words:
Analgesics: morphine. Anesthesia: thoracic. Anesthetic techniques:
epidural, morphine. Lung: pulmonary function. Pain: postopera-
tive.)

PATIENTS UNDERGOING THORACOTOMY experience
severe postoperative pain and marked respiratory im-
pairment.’® Several studies have demonstrated that
epidural morphine produces prolonged analgesia without
sedation, interference with neuromuscular function, or
depression of the sympathetic nervous system.*~’
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However, evidence obtained primarily from nontho-
racic surgery presents conflicting views from both double-
blind®*-'* and noncontrolled studies'*'8 as to whether
epidural narcotics provided better postoperative pain
relief than parenteral narcotics.

Narcotics administered via the lumbar approach in
the epidural space have been shown to provide postop-
erative analgesia'’® and improve respiratory mechanics
after thoracotomy.'*

This study was undertaken to assess which route of
administration of morphine, either epidural or intrave-
nous, produced improved postoperative pain relief and
pulmonary function.

Methods

Thirty patients were chosen for the study, and all
gave informed consent. The protocol was approved by
the Human Experimentation Committee of the Univer-
sity of Toronto. The patients ranged in age from 37 to
73 yr. Patients under 45 kg and over 100 kg were
excluded. The study was randomized with the use of a
table of random numbers. A sealed copy of the master
code for the randomization was available to the investi-
gators in the event of severe respiratory depression.
Personnel taking measurements and personnel injecting
drugs were kept separate.

The epidural morphine was prepared as 5 mg pow-
dered base in 20 ml preservative-free normal saline.
Patient and observer blinding was achieved by injecting
via both the intravenous and epidural routes whenever
the patients required analgesia postoperatively. For the
group receiving intravenous narcotics, 0.05-0.07 mg/
kg morphine was injected intravenously and 20 ml of
normal saline was injected epidurally, whereas the epi-
dural group received 5 mg of morphine in 20 ml normal
saline epidurally and 0.05-0.07 ml/kg of normal saline
intravenously.

Preoperative and postoperative pulmonary function
was assessed using a Wright disposable peak flow meter
(Wright Peak Flow Meter®; Ohio Medi-Shield®) to mea-
sure peak expiratory flow rate (PEFR), and a Breon
model 2400 Spirometer® (Breon Laboratories Inc. New
York) to measure forced vital capacity (FVC) and forced
expiratory volume in the first second (FEV;). All pul-
monary function tests were done with the patients sitting
upright in a vertical position with nose clips applied.
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Vital signs and arterial blood gases also were measured
preoperatively. Postoperatively, pain was evaluated using
a horizontal linear analogue score (0 = no pain, 10
= severe pain).2’ Somnolence was graded by using a
modification of a previously determined scale, which
used a five-point rating system®': 1 = oriented and
initiates conversation; 2 = responds to all forms of
stimulation, is well oriented but feels sleepy and does
not initiate conversation; 3 = responds to verbal com-
mand and painful stimulation but is disoriented and
does not initiate clonversation; 4 = responds to painful
stimulation but not to verbal command; 5 = unresponsive
to verbal command or painful (pinprick) stimulation.

Side effects such as pruritis, nausea, and vomiting
were noted. The incidence of urinary retention could
not be determined, because all patients were catheterized
intraoperatively.

Mean arterial pressure (MAP), heart rate (HR), re-
spiratory rate (RR), pulmonary function, arterial blood
gases, pain, and somnolence were measured at 2 h, 8 h,
and 24 h postoperatively. Twenty-two patients (12 in
the epidural group and ten in the intravenous group)
returned at 6 weeks postoperatively for pulmonary
function tests only.

Preoperatively, an epidural catheter was placed in
either the Ly 3 or Ls_4 interspace. Ten milliliters 2%
carbonated lidocaine was injected to test placement of
the epidural catheter. Analgesia levels ranged between
T|o and T4.

Thirty minutes later, each patient was given either
intravenous saline and epidural morphine or intravenous
morphine and epidural saline. The patients did not
receive any other preoperative or intraoperative narcot-
ics. Twenty-two patients did not receive any premedi-
cation, while eight patients were given 5 mg diazepam
iv immediately before catheter insertion to allay anxiety.
No other medications were given preoperatively. General
anesthesia was induced with sodium thiopental, and
either succinylcholine or pancuronium was administered
to facilitate endotracheal intubation. All patients were
intubated with either a Robertshaw® double-lumen tube
or an endotracheal tube and bronchial blocker. All
patients had radial artery catheters placed.

Anesthesia was maintained with nitrous oxide, oxygen,
and enflurane. No intraoperative narcotics were given
other than the single dose of study drug. After reversal
of muscle relaxants, all patients were extubated and
taken to the recovery room. Each time the patient
complained of pain postoperatively, they were given
both epidural and intravenous preparations according
to their group, with a minimum interval of 30 min
between treatments.

All patients were transferred from the recovery room
to an intensive care unit (ICU) 2 hours postoperatively.
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The epidural and intravenous preparations were given
for the first 24 h and then the epidural catheter was
removed. After the epidural catheter was removed, the
patients were given either intravenous or intramuscular
morphine for analgesia. The patients were then kept in
the ICU for at least another 24 h to allow them to
watch for possible delayed onset of respiratory depres-
sion.

Statistical Analysis

All results are presented as the mean = SEM. Un-
paired ¢ tests were used to show that preoperative values
for both randomized groups were comparable. The
change in each variable, at 2 h, 8 h, and 24 h and 6
weeks postoperatively was measured by subtracting the
value for each patient from his own preoperative value.
Unpaired ¢ tests were used to compare the epidural and
intravenous mean changes in the postoperative period.
Analysis of variance (two-way) and Tukey’s test were
used to do paired comparisons for each variable between
times (preoperatively, 2 h, 8 h, and 24 h postoperatively).
This was done separately for each treatment group.
Somnolence scores were compared using a chi-square.
Paired ¢ tests were used to compare the 6-week postop-
erative, and preoperative FVC, FEV,, and PEFR in 22
of the 30 subjects. P <0.05 was taken to indicate
significant differences in all cases.

Results

The intravenous morphine group included 11 men
and five women with an average age of 59.6 yr and an
average weight of 72.9 kg. The epidural morphine
group had 11 men and three women with an average
age of 61.3 yr and an average weight of 73.8 kg. In the
intravenous group there were 11 single lobectomies,
one bi-lobectomy, three wedge resections, and one tho-
racotomy without lung resection, whereas the epidural
group consisted of 12 single lobectomies and two wedge
resections. All preoperative measurements in both ran-
domized groups were comparable and within normal
limits.

The first dose of epidural or intravenous morphine
was given within 15 min of starting the anesthetic
induction. Operating time ranged from 3 to 5 h for all
procedures, and thus the time from the first dose of
epidural or intravenous morphine given to each patient
to arrival of the patient in the recovery room was 3-5
h. Of the 30 patients, 28 completed the study. Two
patients requested removal from the study, one at 9 h
and the other at 18 h, because of poor analgesia. Both
subsequently were found to be in the intravenous mor-
phine group. Only seven of 14 patients in the epidural
group required anaigesia within 30 min after reaching
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TABLE 1. Vital Signs
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Epidural Intsuvenous _F-Pi(l“l"ll ll:m\vcm)us

Mcan Arterial Pressure (mmHg) (Rg £ SEM) Xy & SEM) (Ag £ SEM) (4 = SEM)

Preoperative 99 * 3 96 = 3 NS
2h 94 +3 94 + 4 -5+ 4 -2+3 NS
8h 89 + 2% 94 +3 —-10+ 4 -2+3 NS
24 h 90 £+ 3 94 + 2 —-9+5 -2+3 NS

Heart rate (min™')

Preoperative 783 81 %2 NS
2h 79 £ 4 83 +3 +1 +4 +2 + 4 NS
8h 865 85 + 2 +8 + 4 +4 +3 NS
24 h 825 91 3 +4 + 4 +10 £ 4 NS

Respiratory rate (min™')

Preoperative 21 £ 1 20+ 1 NS

2h 19+1 23 %1 -2+ 1 +3 +1 P <0.04
8h 191 21 % 1 —-2+1 +1 £ 1 P <0.02
24 h 19%1 23 + 1 —-2+1 +3 1 P <0.01

X % SEM = mean + SEM for epidural group; X, = SEM = mean
+ SEM for intravenous group; Ay £ SEM = difference between pre-
operative and postoperative means for epidural group; 4, = SEM
= difference between preoperative and postoperative means for in-

the recovery room, whereas in the intravenous group
13 of 16 patients required analgesia within 30 min of
arriving in the recovery room. The epidural morphine
group required on average, four pain treatments in the
24-h period, whereas the intravenous morphine group
required, on the average, seven pain treatments. The
total dose of morphine given the epidural group (19.6
mg * 5.7) was significantly less than the intravenous
morphine group (35 mg + 11.6) (P < 0.001).

MAP was decreased significantly at 8 h in the epidural
group, but no significant changes occurred in the intra-
venous group. There were no significant differences in
MAP between the groups at 2 h, 8 h or 24 h (table 1).
The epidural group had no significant changes in HR

travenous group; NS = not significant between groups; P = significant
differences between groups.

* Significantly different from preoperative value within groups (P
< 0.05).

in the postoperative period, whereas the intravenous
group had significantly increased HR at 24 h postoper-
atively. Between-group analysis revealed no significant
differences at 2 h, 8 h, or 24 h (table 1).

There were no significant within-group changes in
RR in either the epidural or intravenous group in the
postoperative period. However, the epidural group had
a decrease in RR at 2 h, 8 h, and 24 h, whereas the
intravenous group had an increase in RR at 2 h, 8 h,
and 24 h. These between-group differences were signif-
icant at 2 h, 8 h, and 24 h (table 1).

Both the epidural and intravenous groups had signif-
icantly lower arterial pH at 2h and 8 h after the
procedure. There were no significant differences in

TABLE 2. Arterial Blood Gases

Epidural Intravenous _Epidural Intravenous
(X, = SEM) (Xy £ SEM) (Ag £ SEM) (A) = SEM)
PH
Preoperative 7.42 = 0.01 7.42 £ 0.01
2 h 7.35 + 0.01* 7.34 £ 0.01% —0.07 = 0.01 —0.08 £ 0.01 NS
8h 7.36 + 0.01* 7.38 £ 0.01* —0.06 £ 0.01 —0.04 + 0.01 NS
24 h 7.40 + 0.01 7.41 £ 0.01 —0.02 + 0.01 -0.01 £+ 0.01 NS
Pag, (mmHg)
Preoperative 79 £ 2 80 %3 +32 %8
2h 111 + 6* 122 + 9% +32 + 8 +42 = 8 NS
8h 106 + 6 109 + 6* +27 £ 7 +29 + 6 NS
24 h 91 + 10 79 = 4 +12 + 11 -1+£5 NS
Pacoz (mmHg)
Preoperative 34£1 331
2h 42 £ 1* 40 + 1* +8 £ 2 +7 +2 NS
8h 40 + 2% 37 + 1% +6 2 +4 £ 2 NS
24 h 371 35+ 1 +3 £ 2 +2+1 NS

Xi + SEM = mean + SEM for epidural group; X, + SEM = mean
+ SEM for intravenous group; 4y £ SEM = difference between pre-
operative and postoperative means for epidural group; 4, £ SEM
= difference between preoperative and postoperative means for in-

travenous group; NS = not significant between groups.
* Significantly different from preoperative value within groups (P
< 0.05).
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TABLE 3. Pulmonary Function Tests

Fpidural Intravenous _E])i(llll‘-ll Intravenous
Ry £ SEM) (Xy = SEM) (8¢ = SEM) (&) % SEM)
FVC (l)
Preoperative 3.4+03 3.6 +0.2 NS
2h 1.6 £ 0.2* 1.1 £ 0.1% ~1.8+£0.2 —2.5 + 0.2 P <0.03
8h 2.0 & 0.2% 1.5 + 0.1* —-1.4 £ 0.2 -2.1 £0.2 P < 0.01
24 h 2.2 & 0.2% 1.6 + 0.1* -1.2 £ 0.2 —2.0 + 0.2 P < 0.02
6 weeks 3.1 £0.3 3.1 £0.3 —-0.3 £ 0.3 —0.5 £ 0.2 NS
FEV, (I-sec™’)
Preoperative 24 %03 2.7 £0.2 NS
2h 1.1 £0.1* 0.8 £ 0.1* —-1.3 £ 0.2 -1.9%+0.2 P < 0.04
8h 1.4 £0,1* 1.0 £ 0.1* —-1.0 £ 0.2 -1.7+0.2 P < 0.01
24 h 1.6 £ 0,2* 1.2 £ 0.1% —-0.8 £ 0.1 ~1.5 % 0.2 P < 0.01
6 weeks 2.1 +£0.3 2.3 £ 0.2 —=0.3 £ 0.1 -0.4 £ 0.2 NS
PEFR (I-min™")
Preoperative 404 £ 44 430 £ 29 NS
2h 175 + 23% 130 £ 11* —229 + 30 -300 + 27 NS
8h 230 + 30%* 188 + 13* —174 = 30 —242 + 22 NS
24 h 270 + 30%* 192 + 15% —134 + 29 —238 + 30 P <0.03
6 weeks 358 + 44 402 + 30 —46 + 27 —28 + 22 NS

Xy + SEM = mean =+ SEM for epidural group; X, = SEM = mean
+ SEM for intravenous group; Ay = SEM = difference between pre-
operative and postoperative means for epidural group; A; + SEM
= difference between preoperative and postoperative means for in-

arterial pH between the groups in the postoperative
period (table 2). Pag, was significantly increased at 2 h
in the epidural group and at 2 h and 8 h in the intra-
venous group. There were no significant Pag, differences
between the two groups at 2 h, 8 h, and 24 h (table 2).
However, Pag, values cannot be compared meaningfully
as the patients were on variable inspired oxygen concen-
trations at the time the arterial blood samples were
drawn. Pacq, was significantly elevated at 2 h and 8 h
within both groups. However, no significant differences
occurred between the two groups at 2 h, 8 hor 24 h
(table 2).

FVC, FEV,, and PEFR were not significantly different
at 6 weeks postoperatively in 22 of the 30 patients when
compared with their preoperative values (table 3). Eight
patients did not complete the six-week follow-up. Because
of this evidence of return to preoperative pulmonary
function within 6 weeks of surgery, all the 2 h, 3 h, and

TABLE 4. Linear Analogue Pain Score

Epidural Intravenous
Pain (cm) (Xe £ SEM) (X1 £ SEM)
2h 4.0 £ .58 6.4 = .65 P <0.01
8h 2.6 & .37 4.8 £.59 P <0.004
24 h 3.1 = .58 4.9 + .69 NS

Xy £ SEM = mean + SEM for epidural group; X; SEM = mean
+ SEM for intravenous group; NS = not significant between groups;
P = significant differences between groups.

* Significantly different from preoperative value within groups (P
< 0.05).

travenous group; NS = not significant between groups; P = significant
differences between groups.

* Significantly different from preoperative value within groups (P
< 0.05).

24 h measurements of FVC, FEV,, and PEFR were
compared with the preoperative values. Within the
epidural group and the intravenous group, FVC was
decreased significantly at 2 h, 8 h, and 24 h. However,
the decrease in FVC was significantly less in the epidural
group than in the intravenous group at 2 h, 8 h, and
24 h (table 3). Similarly FEV, was significantly decreased
within both groups at 2 h, 8 h, and 24 h. However, the
epidural group again had significantly less decrease in
FEV, at 2 h, 8 h, and 24 h (table 3). PEFR also showed
significant decreases in both groups at 2 h, 8 h, and 24
h postoperatively. The epidural group had significantly
smaller decrease in PEFR at 24 h.

The epidural group had significantly better pain relief
at 2 h and 8 h as determined by the linear analogue
pain score (table 4). There was no significant differences
between pain in the two groups at 24 h, although the P
value was close to the significance limit (P < 0.06). In
addition, the epidural group demonstrated maximum
pain relief 8 h postoperatively, the 8 h measurement
being significantly better than the 2 h value but no
different from the 24-h value (table 4). The intravenous
group had no significant differences in pain at either 2
h, 8 h, or 24 h.

There were no significant differences at 2 h, 8 h, or
24 h in somnolence scores between the two groups (table
5). One patient had a somnolence score of 4 at 2 h, and
another patient had a score of 3 at 8 h. Both patients
were given 1 mg of physostigmine, which totally reversed
their drowsiness. Neither patient had a Paco, greater

20z ludy 01 uo 3sanb Aq ypd°21.000-0001 L #861-Z2¥S0000/1 G9829/695/S/ | 9/4pd-0|o11e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Anesthesiology
V 61, No 5, Nov 1984

than 50 mmHg or a respiratory rate less than 12 min™

at the time. Both patients later were found to be
receiving epidural morphine. Neither patient had re-
ceived valium or any other drug as a premedication.

The length of hospital stay was not significantly
different, being 9.9 days for the epidural group and 9.6
days for the intravenous group.

Four patients had pruritis in the epidural group,
while no patients had pruritis in the intravenous group
(P < 0.05). All patients with pruritis responded to 25—
50 mg diphenhydramine, and naloxone was not required.
Three patients in the epidural group and two patients
in the intravenous group had nausea and vomiting (NS).
One patient in the intravenous group died 48 h post-
operatively. Autopsy later showed a severe narrowing
of the left anterior descending coronary artery and
multiple small pulmonary emboli.

Discussion

Several different methods have been utilized in an
attempt to reduce pain and improve pulmonary me-
chanics postthoracotomy. These include epidural blocks
using local anesthetics®**® and intercostal blocks.?*25
Both have been shown to provide excellent relief with
relative preservation of lung volumes in the postoperative
period, and both have disadvantages. Intercostal blocks
are time consuming, uncomfortable for the patient, and
may cause a pneumothorax.?®?” Epidural local anesthetics
may cause hypotension and motor blockade of lower
extremities.

It has been reported that continuous thoracic epidural
fentanyl and lumbar epidural morphine when compared
with parenteral narcotics lessen the impairment of pul-
monary function during the first 24 h postopera-
tively."*'” Another study at the 24 h postoperative time
showed no significant difference between parenteral and
thoracic epidural morphine in the control of pain or
postoperative pulmonary function in patients who un-
derwent upper-abdominal surgical procedures.'® There
have been no reported double-blind controlled studies
comparing the effects of lumbar or thoracic epidural
morphine with parenteral morphine on postoperative
pain and pulmonary mechanics in patients undergoing
thoracotomy.

Our study design followed the normal ward routine,
in which patients are given postoperative analgesics on
demand for pain relief. Under these circumstances,
epidural morphine produced significantly better pain
relief than intravenous morphine at 2 and 8 h postop-
eratively. In addition, although lung volumes and expi-
ratory flow rates were decreased markedly, the epidural
morphine group had significantly less decrease than the
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TABLE 5. Somnolence Score
Epidural Intravenous
(Xg & SEM) (R £ SEM)
2h 1.4 = 0.51 1.6 + 0.85 NS
8 h 1.4 = 0.50 1.3 + 0.85 NS
24 h 1.0+0 1.0x0 NS

Xy * SEM = mean * SEM for epidural group; X, = SEM = mean
+ SEM for intravenous group; NS = not significant between groups.

intravenous group for the first 24 h postoperative period.
We were able to use preoperative pulmonary function
as a baseline in spite of lung resection in most of the
patients, because pulmonary function had returned to
normal by six weeks postoperatively. This compensatory
hyperinflation after lobectomy has been documented
previously.?8

Small but significant differences in respiratory rate
between the two groups were present, the epidural
group having a slower postoperative rate and the intra-
venous group having a faster postoperative rate. Both
groups showed significant increases in Pago, at 2 h and
8 h, with corresponding decreases in arterial pH. The
increases in Paco,, however, were within the normal
physiologic range, and there were no significant differ-
ences between the two groups.

The potential problem of respiratory depression in
patients receiving epidural narcotics has been a recurring
one.?*-** In our study, we gave no narcotics preopera-
tively or intraoperatively other than the initial single
dose of either parenteral or epidural morphine following
induction. Using this regimen, we had no incidence of
marked respiratory depression. One of the possible
causes for the late onset of respiratory depression may
be the use of combinations of epidural and parenteral
narcotics. In the nationwide Swedish survey of more
than 6,000 patients, only three patients who received
epidural narcotics and no other parenteral narcotics had
any sign of respiratory depression.?® Even without pro-
found respiratory depression, patients in the postoper-
ative period have a variable ventilatory response to
carbon dioxide if they have received only epidural
narcotics.?®®” For this reason and also because some
patients may receive small supplemental doses of par-
enteral narcotics, we feel that all patients receiving
epidural narcotics should be monitored in an intensive
care setting or with an apnea monitor.

Somnolence after the use of narcotics previously has
been reported in association with respiratory depres-
sion.?® The two patients in our study who had somno-
lence scores greater than two showed no evidence of a
decreased respiratory rate or increased Paco,. Both
were reversed completely with physostigmine. Physostig-
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mine was used instead of naloxone because we only
wanted to decrease somnolence. Naloxone has been
reported to diminish analgesia when given to patients
receiving epidural narcotics.'?

We used a large volume of solution (20 ml) epidurally
to obtain a higher segmental level. In a previous study,
it was demonstrated that the initial segmental distribution
of morphine hypalgesia corresponds closely to the spread
of analgesia provided by the local anesthetic dose used
to test the correct placement of the epidural catheter.??
We felt the larger volume would ensure a level up to
the upper thoracic dermatones in all patients. At present,
the optimal volume has not been determined.

A previous study in thoracotomy patients showed that
analgesia with lumbar epidural morphine using 20 ml
of morphine solution was adequate when the dose of
morphine varied from 2 to 6 mg.'® The increased
dosage only provided a longer duration of analgesia. It
appears that the dose of 5 mg of morphine is a good
choice initially in these patients.

The mechanism causing the restrictive ventilatory
defect after upper abdominal and thoracic surgery is
not understood completely.*® It has been shown that
pain relief with the use of epidural local anesthetics*'*?
or intercostal blocks®**?* will not restore vital capacity
to preoperative levels. It is hypothesized that pain and
surgical trauma lead to a decreased postoperative vital
capacity.?” Measures that decrease pain will increase
vital capacity and improve the patient’s ability to cough
and take deep breaths. Deep breathing maneuvers pre-
vent atelectasis and the resulting hypoxemia by helping
to expand airways that have collapsed postoperatively.
In addition, decreased pain aids early mobilization, with
resultant decrease in deep vein thrombosis.

This study has shown that epidural morphine admin-
istered in the lumbar space offers an effective method
of providing analgesia and improving respiratory func-
tion in the postoperative period in thoracotomy patients.
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