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The effect of postoperative pain relief on cardio-
pulmonary function was examined quantitatively
in 36 patients who underwent upper abdominal
surgery. Postoperative pain relief was obteined
by m!mvenous mependme or by mqnvamme
id E: y d during
e vl iratory rate
and minute volume, especlally in the epidural
group. The reduction of rspxratnry rate and

can cause respiratory depression, but there
have been no data to quantify the action upon
cardiopulmonary function of narcotics used in
minimal effective dosage. The favorable in-
fluence of pain relief upon metabolism and
respiratory activity must be taken into con-
sideration also. Recent advances in the meth-
odology of blood gas analysis have made it

oxy

minute volume did not result in y acido-
sis. A reduction of 7 or 8 per cent in oxygen
consumption was observed in both groups during
analgesia without sxgmﬁumt changes in metabolic
factors. Diff d d Qx/Qr in
the epidural group and increased Qs/Q: in the
meperidine group were smisﬁenlly sxgmﬁmt.
After the establishment of oxy-
gen tension increased in the epidural group and
decreased in the meperidine group. The implica-
tions of these findings for the problems of post.
operative pain relief are discussed.

SEVERAL INVESTIGATORS X+ 2 have reported that
narcotics in doses ordinarily used for postop-
erative pain relief may exert a suppressive ef-
fect upon respiratory function. These studies,
however, have been based mostly upon clas-
sical but now relatively crude measurements
of vital capacity? or estimation of respiratory
pattems ? without precise quantitation. There
is no doubt that excessive doses of narcotics
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tory function by direct measurement of ar-
terial blood gas tensions.

The present study was undertaken to com-
pare the effects on respiratory function of two
methods of postoperative pain relief: intermit-
tent intravenous administration of meperidine
(Demerol) and continuous lumbar epidural

Igesia with mepivacaine (Carbocaine).
Subjects and Methods

Thirty-six adult patients of both sexes sched-
uled for upper abdominal surgery (cholecys-
tectomy for cholelithiasis or gastrectomy for
peptic ulcer) were chosen for this study. They
were divided into two groups, the first con-
sisting of 24 patients (Study I) and the sec-
ond, 12 patients (Study II). No patient had
clinical evidence of cardiac or respiratory dis-
ease preoperatively; all were classified as
physical status I on a five-point scale.

Premedication consisted of atropine, 0.5 mg.
subcutaneously, ane hour prior to induction of
anesthesia. No narcotic drug was given, An-
esthesia was induced with thiamylal (Surital),
followed by succinylcholine, 40 mg., to facili-
tate endotracheal intubatoin with a cuffed
tube. Anesthesia was maintained with nitrous
oxide and halothane, supplemented with suc-
cinylcholine as needed for muscle relaxation.

304

to detect minute changes in respira-
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After recovery from anesthesia, no special
treatments other than routine postoperative
measures were instituted. All patients lay
supine and breathed room air throughout the
period of study. Rectal temperatures were
recorded electrically.

Stupy I: PRELIMINARY STUDY

The 24-patient-group was divided into two
subgroups, 11 “epidural” patients and 13 “me-~
peridine” patients.

Arterial oxygen and carbon dioxide tensions
and pH were measured before analgesia and
30 minutes after analgesia had been obtained.
In the epidural group, a polyethylene catheter
introduced into the epidural space between
the eighth or ninth intervertebral space prior
to induction of general anesthesia was retained
in place for postoperative analgesia with me-
pivacaine 1 per cent solution. In the me-
peridine group, the drug was administered in-
travenously in intermittent doses of 10 mg.
until almost complete analgesia * was obtained.
No other analgesics were used. Pg,, Pgo, and
pH were determined in arterial blood at 37°
C. by means of an LL. Electrode System.
Measurements were made in duplicate. Sta-
tistical significance was determined with Stu-
dent’s ¢ test.

Stupy II: LONG-TERM STUDY

Twelve patients were divided equally into
an epidural group and a meperidine group.
In the epidural group the first series of mea-
surements was performed at an average of 235
(%24.4 S.E.) minutes after the end of opera-
ton, and in the meperidine group at an aver-
age of 231 == 19.9 minutes, when the residual
effects of the general anesthetic had disap-
peared and the patients were beginning to
complain of abdominal incisional pain.

The first set of samples was taken at this
time to obtain control values. The second set
was obtained approximately 30 minutes later
when analgesia was almost complete. These
two sets of samples constitute “the first series
of measurements” (tables 3-7). The exami-
nations were repeated early the next momning,
when analgesia was temporarily discontinued
and pain began to return, i.e., 943 % 42.2 min-
utes after the end of operation in the epidural
group; 863 = 12.4 minutes in the meperidine
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group (“the second series of measurements,”
tables 3-7). In each series, the procedures
were almost the same as in the first study ex-
cept that several additional parameters of car-
diopulmonary function were measured.

Since each patient received the minimal
dosage of meperidine required for adequate
and sustained analgesia of Grade 3, the
amount varied from patient to patient. The
average dose was 0.81 mg/kg. Details of
age, body weight, body surface area and dura-
tion of operation are shown in table 3.

In each case, a Cutter “Cathalet” intrave-
nous catheter was inserted via the right basilic
vein into the superior vena cava and another
via the right or left femoral vein into the in-
ferior vena cava.

When the first (control) samples were
taken, heart rate, blood pressure, body tem-
perature (rectal), respiratory volume, carbon
dioxide fraction of end-expired gas, respira-
tory rate and oxygen uptake were measured
also. Arterial blood samples were taken from
a femoral artery, and venous blood samples
were obtained simultaneously from the cathe-
ters in the superior and inferior venae cavae.
The blood samples, withdrawn anaerobically
into 10-ml. syringes whose deadspaces were
filled with heparin solution, were stored in ice
water until analyzed. All blood gas analyses
were completed within three hours after sam-
pling. Arterial oxygen tension was measured
by means of modified Clark electrodes. Car-
bon dioxide temsion was determined using a
Severinghaus electrode at 37° C. The pH,
standard bicarbonate, buffer base and base
excess were measured using the micro-Astrup
electrode for whole blood and the Siggaard-
Andersen nomogram.* No temperature cor-
rection was needed since, in all cases, the shift
of rectal temperature was less than 1° C. dur-
ing the experiment,

Respiratory rate was counted and respira-
tory volume measured by means of a Wright
respirometer which pr ly had been cali-
brated against a Benedict-Roth respirometer.
An infrared carbon dioxide analyzer (Beck-
man Medical Gas Analyzer LB-1) was used
to monitor the end-expiratory carbon dioxide
fraction. The gas emerging from the expira-
tory limb of a nonrebreathing valve was col-
lected in a polyvinyl Douglas bag. The vol-
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TasLe 1. Average Values for Age, Weight and Time of Measurement for
Epidural and Meperidine Groups (Study I)
" Patients
Time of Measurement
Group eich (n:n.) n{ rTen:: Mean Dose
o, A Weight nation of Operati
Number | Males | (o0, &) *

Epidural (+5.E.) 11- 8

Meperidine (£SE) | 13 | 11
P NS

49 =10.8 | 53.8211.8

4892111 | 47.52:10.3

99.5210.3 1<, Mepivacaine

885+ 84
NS NS

ume of the bag was measured by expelling its
contents through the Wright respirometer after
first taking a sample of mixed expired gas for
analysis in a Beckman Medical Gas Analyzer
LB-1. The bag was washed out twice with
expired gas before each measurement. Oxy-
gen uptake was measured with a Benedict-
Roth spirometer. Spirometric measurements
were recorded at S.T.P.D. (standard tempera-
ture pressure dry). During spirometry the
nasal airway was closed by means of a nose
clip and the patient was allowed .to breathe
air via a mouthpiece; he was encouraged to
relax and breathe naturally.

Calculations

Physiological deadspace was calculated from
the following form of the Bohr equation:

Pace, — Peco.

Vp = 1,
D E Paco,

— Vp app.

with subtraction of apparatus deadspace
(Vp app.). Apparatus deadspace was deter-
mined by water displacement. Physiological
deadspace also was expressed as a percentage
of tidal volume (Vp/Vr). Alveolar oxygen ten-
sion (Pao,) during breathing of air was esti-
mated by applying the alveolar air equation®:

: —F
Pao. = Po. — Paco, [Fro, + IT""]

R was measured and Fio, equalled 0.21. -

Paco, was assumed to be equal to Paco,. The
alveolar-arterial oxygen tension difference
(AaDo.) was obtained by subtraction.

Physiological shunt was calculated from the
following equation:

Qs _ Cto, — Cao.
Or Céy,— Cvo,

Aixed venous blood was not sampled but
oxygen content (Cvo,) was assumed by averag-

Tasie 2. Values for Pao,, Paco, and pH During Postoperative Period (Study I)

Epidural Group Meperidine Group
P, Py
(. Fi) (. B »H fiig (e He) PH
Before
Analgesia 83.6 36.5 7.404 814 358 7.389
(Mean)
During
analgesia 8.0 . 364 7412 829 36.6 7.378
(Mean)
Meanof —-0.62 -0.12 0.008 —-1.51* 0.83* —0.01*
Differences
=254 %134 +0.014 . +1.83 +0.61 0,006
P NS NS NS NS NS NS
* No significant intergroup difference.

NS = P > 0.05.
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TaBLe 3. Mean Values for Epidural and Meperidine Groups (Study II)
Patients . ' First Series of .
Duratis ] Second Series of
Group oy | Ot | mim Gyt | Yt N
. Number | Males | Af2 | Weieht Surface Oreration Gf Operation
Epidural 6 4 46.7 542 1.56 140 235 943
(£S.E.) £3.66| £6.1 | k043 %225 =244 | +42.2
Meperidine 6 5 29.2 52.5 1.57 . 2713 231 863
(£S.E.) +25 | £3.7 | =042 +36.0 +19.9 +12.4
P <001| NS NS NS NS NS
0.05 <P <0.1 0.1 <P <02

NS =P > 0.05. S

ing arithmetically the oxygen contents of in-
ferior vena cav and superior vena cav blood.¢
End-pulmonary capillary oxygen -content
(Céo,) was calculated from the following
equation:

Céo, = So,Pa0, X 1.3¢ Hb +- 0.0031 Pao,

where 0.0031 is the solubility coefficient for
dissolved oxygen and end-pulmonary eapillary
blood was assumed to have the same Po, as the
calculated alveolar oxygen tension (Pao,).
Oxygen saturation (So,Pa0,) was calculated
from the nomogram of Severinghaus” after
correcting arterial oxygen tension for pH.

Results
Stupy I
This study was designed to e a rela-

There was no significant difference in Pag,,
Paco, or pH before and during analgesia in
either group, nor did the values in both groups
during analgesia show any significant differ-
ences.

Stupy II

In this study, the first series of measure-
ments of blood gas tension were carried out
approximately four hours after the end of op-
eration (235 % 24.4 minutes in the epidural
group; 231 = 19.9 minutes in the meperidine
group) and the second series of measurements
approximately 15 hours after the end of op-
eration in order to determine the long-term
effects of each method of analgesia (table 3).

The average duration of operation was
longer in the meperidine group (273 = 36.0

i ) than in the epidural group (140 =%

tively short-term effect of postoperative pain
relief upon respiratory function. Therefore,
both methods of analgesia were instituted
early in the postoperative period.

Sex, age and weight of patients and the av-
erage doses of analgesic drugs (meperidine or
mepivacaine) are shown in table 1, together
with the time intervals between the end of op-
eration and the start of the study, 99.5 = 10.3
(S.E.) minutes in the epidural group, and
88.5 * 8.4 minutes in the meperidine group.
The difference between the two time intervals
was not significant. .

Mean values for blood gas analyses in both
groups are presented in table 2, together with
P values representing significance of the differ-
ences between the results obtained before and
during analgesia. .

29,5 minutes), but the difference was not sig-
nificant (table 3). Mean age in the epidural
group was significantly higher than in the me-
peridine group (P <0.01).

Mean values for circulatory signs and res-
piratory volume in both groups before and
during postoperative pain relief are presented
in teble 4. Compared with the preanalgesic
period, the significant changes were: an in-
crease from 297 ml. to 325 ml. (P <0.05) in
expiratory volume {Vy) in the epidural group;
in the meperidine group decreases from 23 to
18 (P <0.03) in respiratory rate and from
7,565 ml. to 6,057 ml in minute volume
(M.V.); in tum, an increase from 331 to 339
ml. (P <0.05) was observed in expiratory
volume in the second series of measurements.
Systolic blood pressure (B.P.) and heart rate
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(P <0.05). Consequently, the intergroup dif-
ference in Pap, was highly significant
(P <0.01) (table6).

It is of ‘Interest that no significant changes
in alveolar-arterial Po, difference (AaDo,) or
venous admixture (Qs/Qr) were observed in
association with postoperative analgesia. The
only statistically significant difference noted
was in the intergroup differences of Qs/Qr in
the second series of Study II.

Table 7 shows the values of pH, buffer base,
base excess and standard bicarbonate during
postoperative analgesia. In the first series of
Study I, patients in the epidural group
showed a definite increase in arterial pH
(0.013 £ 0.005, P <0.05), but in the me-
peridine group, pH decreased significantly

- (0.027 = 0.007, P <0.05) and the difference
between the two groups was highly significant
(P <0.01) (table 7). In the second series of
Study II, however, the changes in pH during
analgesia were minimal in both epidural and
meperidine groups. No significant differences
in other metabolic factors were encountered.

Discussion

In analyzing the data obtained, the degree
of significant change seemed higher in the
second series of Study II than in the first se-
ries. Although the reason for this is not clear,
it may have been due to the residual effects of
the general anesthetic (halothane), not yet
completely eliminated at the time of the first
series of measurements.

Fletcher ® reported that respiratory tidal vol-
ume was reduced and arterial carbon dioxide
tension increased within a few minutes after
administration of morphine sulfate 0.1 mg./
kg. to normal subjects. On the other hand,
Egbert * reported that neither respiratory rate

nor volume was greatly affected by morphine.
In the present study, respiratory minute vol-
ume and rate both were reduced significantly
after meperidine administration, but a striking
finding was an increase in expiratory volume
in both groups, especially the epxdura] series.
After 1 lap: Y, P ive 1 pain
is h]\ely to render nspuabun rapid and shal-
low with constant tidal volume, or at least to
diminish effective sighi Such patients are
unwilling to breathe deeply because of inci-

Anesthesiology
Mar~-Apr. 1968

sional pain and fear of rupturing the wound.?
This concept is supported by our findings of
increased expiratory volume during analgesia
in spite of decreased respiratory rate and mi-
nute volume.

The reduction of respiratory rate and mi-
nute volume did not result in respiratory aci-
dosis; the shift of Pago, during analgesia was
minor and mot significant. The absence of
hypercarbia in the postoperative period coin-
cides with the report of Hamilton ez al.,1° and
the suggestion of Bendixen et al* that a pat-
tem of slow, deep breathing may maintain
normal arterial tensions of both oxygen and
carbon dioxide by preventing atelectasis and
shunting. The increased expiratory volume
noted might be a logical explanation for the
lack of change in arterial carbon dioxide ten-
sion despite significant decreases in respira-
tory rate and minute volume during analgesia.

Again, considering the decreases observed
in respiratory rate and minute volume, it is
interesting that decresaes in oxygen uptake
following analgesia were ly observed
in both groups in the second series of mea-
surements of Study II (table 5).

The reasons for the rise in Pag, in the epi-
dural group and the fall in the meperidine
group during analgesia, especially in the sec-
ond series of Study II, are not immediately
apparent. Possible causes under the condi-
tions of this study include hypoventilation, im-
paired diffusing capacity, maldistribution, and
shunting* Since the expiratory volume in
the patients of both groups was increased sig-
nificantly, especially in the epidural group,
while carbon dioxide tensions exhibited no
significant change, the changes in Pag, clearly
were not due to hypoventilation.

It might be that the relatively large increase
in tidal volume in patients of the epidural
group could more effectively prevent alveolar
collapse than would be the case in the me-
peridine group; this might also account for
the increased Pag, in the patients of the epi-
dural group. Moreover, since the alveolar
oxygen tensions (Pa,.) were close to the nor-
mal value of 100 mm. Hg in the second series
of measurements, the decrease in Pay. in the
meperidine group cannot be explained by a
reduction of diffusing capacity.1s
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Tanre 7. Values for pH, Buffer Base, Base Excess and Standard Bicarbonate Before

and During Posfnperahve Pain Relief (Study IT)

Epidural Meperidine
H B.B. B.E. 8.B. oH B.B. B.E, 8B.
® (mEq./1) | (m.Eq./L) {m.Eq./L) (m.Eq./1) | (mEq./L)]{ (m.Eq. /1)
Before Analgesia 7.391 476 | —38 211 7.385 483 —2.9 217
(Mean)
During
Analgesia 7404 48.6 -32 216 7.358 47.7 ~40 209
(roean)
Mean of 0.013 10 0.6 0.5 —-0.027**| —0.6 —-11 —0.8
Differences
+SE. 0.005 0.6 0.28 0.2 0.007 1.6 0.6 0.6
P <0.05 NS NS NS <0.05 NS NS NS
(0.05<P<0.1)
Before Analgesia 7422 51.8 | —033 3.7 7.381 473 -3.0 21.8
(mean)
During
Analgesia 7.420 50.6 -0.93 232 7.381 50.1 —~1.82 228
(mean)
Mean of
Differences —0.002] —-12 | —0.60 —0.5 =0.0002 2, 118 10
+SE. 0.033 1.6 0.73 0.7 0.008 1.56 0.89 08
P NS N8 NS NS NS NS NS NS

** Highly significant intergroup difference.

B.B = buffer base; B.E. = base excess; S.B. = standard bicarbonate.

Since hypoventilation and impaired diffus-
ing capacity are not responsible for the find-
ings observed, the only remaining possibili-
ties are the existence of shunts and maldis-
tribution within the lungsi%12a¢  Unfortu-
nately, it is not easy to distinguish between
these disturbances in this study; it is difficult
to estimate the degree of contribution of venti-
lation-perfusion abnormalities to the total
shunt without add.itmnal blood gas values ob-
tained while permitting the patients to breathe
a high concentration of oxygen.

The significant difference in Os/Qr between
the mean of differences of the two groups
might account for the significant changes in
Pag, in the second series of Study IL

Generally, values for respiratory exchange
ratio were low, especially in the first series of
measurements in Study II. The reason for this
is not apparent but, as may be seen in table 5,
an increase (as in the epidural group) or a
decrease (as in the meperidine group in the

also may account for the lack of change in
(A-a) oxygen tension difference even though
Pag, increased in the epidural group and de-
creased in the meperidine group in the second
series of Study IL

Larger values in (A-a) difference of oxygen
tension and lower mean values in Pag, were
observed in the epidural group than in the
meperidine group in Study I. This coincides
with the fact that the average age of patients
in the epidural group was higher than in the
meperidine group, which may be regarded as
a cause of low oxygen tension in arterial
blood.15 26

The clinical significance of the postopera-
tive fall of Pay, in the meperidine group is
difficult to assess, but this sort of decrease in
arterial oxygen tension serves to emphasize the
fallacy of relying upon clinical observation to
detect moderate degrees of hypoxemia: no pa-
tient in the present study was suspected of
being hypoxic. No patient in either group de-

second series of ts) in respi y
exchange ratio would cause a corresponding
increase in calculated Pag,. This explanation

veloped serious p y complications, but
it does not seem wholly justified to suggest
that absence of complications in patients in
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the meperidine group indicates that change
in oxygen tension is unimportant. Although
probably of minor significance in most good-
risk patients, under unfavorable circumstances
cardiopulmonary complications may develop.
This possibility in geriatric cases is now un-
der investigation in this laboratory.

Another striking feature appeared in the de-
terminations of metabolic factors (table 7).

Postoperative analgesin with either intrave- .

nous meperidine or epidural block produced
no significant alteration in the nonrespiratory

ts of acid-base bal

'P

Summary

The effect of postoperative pain relief upon
respiratory function was studied in 36 patients
who underwent upper abdominal surgery. The
first 24 patients participated in 2 preliminary
study on short-term effects of intravenously-
administered meperidine or mepivacaine epi-
durally. In the other 12 patients, who re-
ceived long-term postoperative pain relief
(Study II), arterial blood gas tensions and
spirometric measurements were made four and
15 hours postoperatively, and before and dur-
ing the two methods of analgesia, respectively.

During analgesia, arterial oxygen tension
decreased significantly in patients of the me-
peridine group and inereased significantly in
patients of the epidural group, especially in
the second series of measurements 15 hours
after operation.

Hypercapnea did not occur in either the
early or the late series. This was attributed
to increased expiratory volume during anal-

- gesia in spite of decreases in respiratory rate
and minute volume.

The implications of these findings for the
problems of postoperative pain relief were dis-
cussed.
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