POST-OPERATIVE EPIDURAL ANALGESIA: EFFECTS ON
LUNG VOLUMES

WM. Wanea, H.F. Dox, anp D.B. Craic

FuncrioNaAL REsIDUAL capaciTy (FRC) is reduced following upper abdominal
operations under general anaesthesia. The changes which have been reported(!-%)
are summarized in Table I. A number of factors can be responsible for the
changes observed.

The reduction of FRC which follows induction of general anaesthesia may per-
sist. The cause for this reduction is still undetermined, but the fall is not progres-
sive with time and is related to body size.(*” Loss of lung volume by atelectasis
or cedema will reduce FRC, as will an increase in expiratory muscle activity. Ab-
dominal distension by pneumoperitoneum and bowel distension and incisional
pain can be responsible.

In all probability, all these factors play a role. The present study was under-
taken to determine the role of post-operative pain in reducing FRC and vital
capacity (VC) and the efficacy of epidural analgesia in reversing these changes.

SUBJECT MATERIAL

Eight patients (five females and three males) scheduled for elective upper
abdominal operations were studied. They were clinically free of cardiorespiratory
disease, except for patient No. 5 who had mild chronic bronchitis. The ages
ranged from 34 to 67 years (mean 42.5), height varied from 145 to 183 cm (mean
159 ¢m), and weight from 40.9 to 88 kg (mean 67.9 kg). Consent was obtained
in each case following explanation of the purpose and methods of the study.

ExPERIMENTAL PrOTOCOL

All subjects were studied in the supine position in the Recovery Room. Pre-
operative (control) measurements were made on the day of operation with the
patients fasted overnight and without premedication. Measurements of FRC and
VC were made following the placement of lumbar epidural and intravenous
catheters by standard techniques, without injection of any anaesthetic agent.
During the operation, lidocaine epidural anaesthesia was supplemented with gen-
eral anaesthesia using thiopentone, endotracheal N.O: O;, and meperidine. The

From the Department of Anaesthesia, Royal Victoria Hospital and McGill University, Montreal,
Canada.

Presented at the Annual Meeting, Royal College of Physicians and Surgeons of Canada (Mont-
real, Quebec), 1974.

Supported by M.R.C. (Canada) Grant #MA-2598.

Address communications to: Dr. W.M. Wahba, Department of Anaesthesia, Queen Elizabeth
Hospital of Montreal, 2100 Marlowe Avenue, Montreal, Quebec H4A 3L6.

519
Canad. Anaesth. Soc. J., vol. 22, no. 4, July 1975



>

CANADIAN ANAESTHETISTS SOCIETY JOURNAL

520

vyeq paysijqndun :aaxjureq jeroyduiag — — A —
eyeQ paystyqndup) :321jureg [eutopqy - - - — BQUEM
Apn3g jJudsalg uteg uj jeutuiopqy - — 2% — — eqUem
SUId A 9SODLIBA — — G—

ey ‘Jug — 8— P~

13ppeq|ie) e+ 91— 65—
Awojodep L~ 15— 08— q Jouadg
suaunday olsedjeuy 21102IBN § 1dasjureq jeutopqy 11— 03 ¢— 0%— cg— 0) C7— ¥ 1pUEXI]Y
Jeutwopqe-uou gz/z1 23y BPIO sad4 L 11y — — sl € BINWEIRY
[euiwiopqy — — 16— (4 aquioosuy
S2INpadoid Jo L1auep BIR(Q P[00 |BUTIOPQY — — 7o~ 1 BEYIRTEY o

syIeway A333ang jo adA] (%) ¢ Le(q (%) z &=Q (%) 1 LeQq Y 921n0g

(%) a8uey) parioday

KHEDANG ONIMOTIOH DY NI SEONVHD
1 3714Vl



WAHBA, et al.: POST-OPERATIVE EPIDURAL ANALGESIA AND LUNG VOLUMES 521

dose of meperidine was in the range of 50 to 100 mgm. All subjects were venti-
lated mechanically during the operation.

Post-operatively, measurements were repeated during pain and following epi-
dural analgesia. This was achieved by catheter injection of incremental doses of
lidocaine, 1.5 per cent, to achieve analgesia to pin prick and ice up to the fourth
thoracic segment (T,). In a previous study, we reported insignificant changes in
FRC and VC following epidural analgesia in a group of patients prior to sur-
gery.® Patients Nos. 1 to 4 were studied on the day following their operation
at least two hours after the last injection of analgesic, while patients Nos. 5 to 8
were studied not less than two hours post-operatively on the day of the operation.

METHODS

FRC was measured by the helium dilution technique using a Palmer spirometer
with a catherometer in the circuit ( Cambridge Instruments Ltd.)® Nitrous oxide
is known to affect the catherometer reading.('> Although we did not measure ex-
pired nitrous oxide levels, we have assumed that all of the N:O was eliminated
by the time the measurements were made. The assurption is supported by the
fact that there was no difference between the post-operative studies on the day of
operation and those performed on the first post-operative day. Vital Capacity was
measured by standard spirometry. The results were analyzed statistically by Stu-
dent’s test for paired groups using a programme prepared in the Cardio-Respira-
tory Research Laboratory, Royal Victoria Hospital, Montreal.

Resurts

Results are presented in Table II and in Figure 1.
(@) Functional Residual Capacity

The mean percentage change of FRC during pain was —21.7 per cent ( +5.12
per cent) with partial restoration to —15.9 per cent ( 4.1 per cent) following epi-
dural analgesia: this represents a 26.7 per cent restoration. Statistically, the first
change was significant with reference to control levels whereas the pain-free data
were not significantly different from measurements during pain.
(b) Vital Capacity

Vital Capacity showed a mean decrease of —63 per cent ( 3.4 per cent) from
control values with pain. After pain relief, the mean was —44.5 per cent ( *5 per
cent) which represents a 29.4 per cent restoration. Both changes were statistically
significant.

Discussion

The results will be discussed under three headings: the reasons for the incom-
plete restoration; comparison with reports using narcotic analgesic drugs; and
clinical implications.

Incomplete Restoration of FRC
A number of reasons can explain our observation that FRC is only partially
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Ficure 1. Results of Study: Changes + §.E. For explanation see text.

restored to pre-operative values. One or more of the factors listed previously may
be operative. It is possible that abdominal distension and pneumoperitoneum are
principally responsible.(*1") We base this belief on the fact that the return of FRC
to pre-operative values closely follows the time course of the reduction in ab-
dominal distension which accompanies the resumption of normal bowel activity.
Arterial oxygenation also follows this pattern of a gradual return to normal over
the course of two to five days.®12-18)

It is also probable that a variable degree of atelectasis is present. This would
result from a protracted period of “guarded” breathing, central depression from
narcotic analgesics, and the effects of abdominal distension acting from below the
diaphragm. It would be interesting to determine the added effects of a number of
deep breaths and vigorous pulmonary physiotherapy plus epidural analgesia on
arterial blood gases. Such a combination could, quite possibly, result in a more
dramatic improvement in oxygenation than that reported by Hollmen, '™ Mune-
yuki,'® and Spence.®

Recent reports have stated that morphine, fentanyl, Innovar (R), and nitrous
oxide cause an increase in expiratory muscle tone (EMT).(*-21) This could mani-
fest itself as a post-operative reduction in FRC. Meperidine could conceivably do
the same. However, the time interval between operation and our measurements
would in all probability preclude this. The subjects studied on day 1 had received
no meperidine for three hours prior to the study. Another factor contributing to
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the low post-operative FRC may be the persistence of the fall in FRC following
the induction of anaesthesia.(®™ The reasons for this initial fall have not been
fully clarified.

Comparison with Narcotic Analgesic Drugs

The post-operative reduction in FRC (—21.7 per cent) is similar to that re-
ported by other authors. Epidural analgesia was followed by a partial restoration
to —15.9 per cent below control. This is in sharp contrast with the results ob-
tained by Alexander et al.?? They report that FRC was reduced by —25 per cent
to —35 per cent from control in a similar group of patients who received narcotic
analgesic drugs.

Clinical Implications

The significance of FRC lies in its relationship to compliance and “Closing Vol-
ume” (CV). A number of recent reports dealt with the clinical aspects of this
latter relationship.2*-2%) Two recent studies report measurements of both FRC
and CV in the post-operative period.

Alexander et al. report that CV is “more stable” than FRC since FRC showed a
relatively bigger fall. 1" This might then place tidal breathing within closing
volume. A restoration of FRC, as by epidural analgesia, would be beneficial for
gas exchange by moving the end tidal position above closing volume. Such a
situation is graphically illustrated in Figure 2.

We do not mean to imply that all subjects will show a dramatic improvement
in oxygenation following epidural analgesia, but rather that this technique would
be beneficial in the patient liable to develop severe post-operative pulmonary de-
rangement.

We have reported that subjective pain relief resulted in a 26.7 per cent restora-
tion in FRC and a 29.4 per cent restoration in VC. These figures indicate the
“pain-component” in the post-operative reduction in these two lung capacities.

Deep breathing, opening up of atelectatic areas (with reversal of pulmonary
shunting), and removal of expectorations can be accomplished more effectively
because of the increase in Vital Capacity®*29 in a pain-free situation. This would
make chest physiotherapy and other measures more acceptable and beneficial to
the patient. The purpose behind all this is to decrease the still relatively high in-
cidence of post-operative pulmonary complications. In a recent report, Plug
et al.® report that X-ray evidence of atelectasis was lower in their epidural than
in the morphine group and that convalescence was three days shorter in the

epidural group.
CONCLUSIONS

Post-operative epidural analgesia is followed by partial restoration of FRC and
VC towards preoperative values. This would be of value in subjects likely to
develop post-operative pulmonary complications by avoiding closure of small air-
ways during tidal breathing. Deep breathing and coughing can be performed
more effectively with more satisfactory removal of secretion and reversal of
atelectasis.
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CHANGES in FRC and AIRWAY CLOSURE
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F1curk 2. Changes in FRC and their role in Hypoxaemia. For explanation see text.

SUMMARY

A study was undertaken to assess the role of post-operative pain in reducing
Functional Residual Capacity (FRC) and Vital Capacity (VC). The efficacy of
post-operative epidural analgesia in reversing these changes was measured in
eight subjects after upper abdominal operations.

With pain, FRC and VC were 78 per cent and 37 per cent of control respec-
tively. Following epidural analgesia, the values were 84 per cent and 55 per cent.
These figures indicate the pain component in the post-operative reduction of
these two lung capacities. This partial restoration may be of value in the preven-
tion of post-operative pulmonary complications by avoiding closure of small air-
ways during tidal breathing and by increasing the effectiveness of deep breathing
and coughing in the removal of secretions and the reversal of atelectasis.

RésumE

Les auteurs ont entrepris une étude pour déterminer le réle de la douleur dans
la diminution de la Capacité Residuelle Fonctionnelle (CRF) et la Capacité Vi-
tale (CV) dans la periode postopératoire. Cela ainsi que I'efficacité de I'analgesie
peridurale postopératoire pour rétablir les valeurs de ces deux capacités vers la
valeur de contrdle fut determiné chez huit malades ayant subi des interventions
intra-abdominales majeures. Les deux capacités étaient de 78 pour cent et 37 pour
cent CRF et CV respectivement pendant la douleur; suivant I'analgesie peridu-
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rale ces deux capacités étaient a 84 pour cent et 55 pour cent. La différence in-
dique la composante “douleur” dans la réduction universellement observée dans
ces deux fonctions pulmonaires. Cette restoration incompléte pourrait quand
méme étre utile dans la prévention des complications pulmonaires durant la
phase postopératoire. Ceci ce ferait en empéchant la fermeture prématurée des
petites voies aériennes pendant la ventilation normale et aussi en augmentant
Tefficacité des manceuvres habituelles pour degager les secretions et re-ouvrir les
alvéoles.
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