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Abstract

INTRODUCTION: No unique technique has proved efficient enough in controlling post cardio-
thoracic surgery pain. A variety of agents and techniques have been used to control pain follow-
ing cardiothoracic surgery; interpleural regional analgesia is one such technique.

OBJECTIVE: There are many nerve endings in the pleural cavity. The local anesthetic action of
meperidine administered interpleurally was evaluated in this study.

METHODS: In a double blind clinical trial, 9o patients undergoing coronary artery bypass graft
surgery were randomized into four groups as intravenous meperidine (G1), interpleural meperi-
dine (G2), interpleural meperidine and bupivacaine (G3) and interpleural bupivacaine (G4)
groups. At the end of surgery, interpleural catheter was placed in all groups and the medication
was prescribed. In the cardiac intensive care unit, narcotic requirements and pain scores were
registered. Collected data were analyzed by appropriate tests including t-test and chi-square
test. P values below 0.05 were considered as significant.

RESULTS: There were no significant differences in age, weight, sex and ASA (American Society
of Anesthesiologists) class between the four groups. At all time periods, the pain levels measured
by the visual analogue score (VAS) were significantly lower in the G3 and G4 groups (P<0.05).
The total narcotic requirements in the first 24 hours of postoperative period were significantly
lower in the G3 and G4 groups (P<0.05).

CONCLUSION: In spite of analgesic effects of subarachnoid meperidine, intraarticular mor-
phine and interpleural bupivacaine, interpleural meperidine does not change pain scores or nar-

cotic requirements postoperatively.
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Introduction

Post-thoracotomy pain is one of the most severe
forms of pain after surgery and can deteriorate post-
operative ventilatory function.! The pain associated
with thoracotomy incisions can be difficult to target
and quantify. Prior studies have evaluated chest tube
pain, incisional pain, visceral pain and pain at rest or
associated with coughing or movement. Due to the
multiplicity of nociceptive inputs from these sites,
postoperative pain may be difficult to control with
single modalities.?

A variety of agents and techniques have been

shown to be effective analgesics with varying degrees
of functional success. These include systemic opioids,
NSAIDs, ketamine, regional analgesia (including epi-
dural, spinal, paravertebral, intercostals and inter-
pleural) and cryoanalgesia.2?

Interpleural regional analgesia has recently been
introduced for the treatment of pain due to a number
of conditions, including rib fractures, pancreatitis and
postoperative pain from mastectomy, cholecystecto-
my and renal operations. In addition, this technique
has been evaluated in patients who have undergone
thoracic procedures.?
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Interpleural analgesia is thought to occur through
various mechanisms including diffusion of local anes-
thetic through the parietal pleura and the innermost
intercostals muscles reaching the intercostals nerves
where blocking occurs, blockage of the intrathoracic
sympathetic chain and direct action of local anesthetic
within the pleura.??

On the other hand, morphine and other opioids
have been injected in the vicinity of practically every
peripheral nerve and many joints to assess theirs anal-
gesic efficacy.* In a meta-analysis intraarticularly ad-
ministered morphine has a definite and mild analgesic
effect.* Also in one study, it was demonstrated that
bilateral interpleural analgesia using a mixture of bu-
pivacaine 0.5% and morphine may offer satisfactory
analgesia for upper abdominal surgery.5

The local anesthetic properties of meperidine ap-
pear to be superior to those of other opioids. The
effects of meperidine appear to be produced by its
actions on two independent pathways: the opioid re-
ceptor pathways which subserve analgesic action, and
the sodium channels which subserve local anesthetic
action.® Interestingly, the effect of meperidine on the
nerve fiber subgroups may vary. The local anesthetic
actions of meperidine appear to be equivalent to those
of lidocaine after subarachnoid administration. -8

This study was designed in view of the multiplicity
of nociceptive inputs in thoracic surgery, the presence
of many nerve endings in the pleura, and analgesic
effect on nerve endings.” The aim of this study was to
evaluate the efficacy of interpleural meperidine with
and without bupivacaine and also to assess the possi-
ble systemic effect of peripherally injected meperidine
on post-sternotomy pain relief.

Materials and Methods

In a clinical trial approved by the Research Ethics
Committee of Isfahan University of Medical Sciences
96 patients with physical status 1I and 111 according to
the classification of the American Society of Anesthe-
siologists (ASA) who were candidates for undergoing
coronary artery bypass graft (CABG) surgery were
selected using the convenience sampling method. In-
formed consent was obtained. Patients were not in-
cluded in the study if they had addiction and/or a his-
tory of drug allergy to local anesthetics or narcotics.
Before induction of anesthesia, visual analogue
score (VAS) was determined for each patient. All pa-
tients underwent the prescribed anesthetic protocol
for preparation, induction and maintenance of anes-
thesia. Following administration of 1.5 mg/kg of
lidocaine and 4 ng/kg of fentanyl, induction of genet-
al anesthesia was accomplished with 5 mg/kg of thi-

opental sodium and 0.1 mg/kg of pancuronium.
Maintenance anesthesia included isoflurane (1-2%)
and oxygen (100%) before cardiopulmonary bypass
(CPB) and continuous infusion of midazolam and
fentanyl during CPB.

At the end of surgery, interpleural catheter was
placed by surgeon through the fifth intercostal space
at the left mid-axillary line and the content of one of
the coded syringes was injected into the interpleural
space. The patients were randomized into four groups
according to computer generated tables to receive
intravenous meperidine (1.5 mg/kg) in groupl (G1),
interpleural meperidine (1.5 mg/kg) in group 2 (G2),
interpleural meperidine (1.5 mg/kg) and bupivacaine
(2 m/kg) in group 3 (G3), and interpleural bupiva-
caine (2 mg/kg) in group 4 (G4). For the purpose of
study blindness, total volume of injected solutions
was increased to 25 ml by adding normal saline. The
chest tubes were blocked for the first 15 minutes after
injection of the solution.

During the first 24 hours in the cardiac intensive
care unit, patients were observed by a blinded investi-
gator in order to record the narcotic requirements,
pain scores according to VAS, homodynamic parame-
ters, and arterial CO» pressure. Vital signs including
heart rate and blood pressure were recorded at 1, 2, 3,
4, 6, 12 and 24 hours after operation. Respiratory rate,
arterial blood gas results and VAS scoring were rec-
orded 6, 12, and 24 hours postoperatively after wean-
ing from mechanical ventilation. Postoperative nar-
cotic requirements during the first 24 hours were also
registered.

At the end of the study the codes given to four
groups were opened and collected data were
processed and analyzed by SPSS statistical package
and appropriate tests including ANOVA, Duncan,
chi-square, Kruskal-Wallis and multiple comparison
tests. To assess for statistically significant differences
in postoperative pain levels between the four groups,
ANOVA and Duncan tests were applied. Results are
expressed as means T standard error of mean (SEM)
and statistical significance is considered at a P value
less than 0.05.

Results

Ninety-two patients (23 in each of 4 groups) com-
pleted the study. Preoperative patients' characteristics
are shown in Table 1. Overall, 83.3 % of the patients
were male.

The groups were well matched according to de-
mographic and operative details. There were no sig-
nificant differences in age, weight, sex and ASA class
between the four groups (Table 1). In addition, there
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were no differences in duration of anesthesia and sur-
gery.

As documented by ANOVA and Duncan tests, at
all time periods, the pain levels measured by VAS
score were significantly lower in the G3 and G4
groups (receiving the interpleural bupivacaine with or
without meperidine) than in the G1 and G2 groups
(receiving intravenous or interpleural meperidine)
(Table 2).

The time of first analgesic requirement was not
significantly different between the four groups. The
need for further analgesia was examined by measuring
the number of patients receiving morphine and the
average dose administered in those who received the
drug. Supplemental morphine was administered if the

TABLE 1. Demographic parameters in the four groups.
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patient had VAS score of mote than "2". The total
narcotic requirements in the first 24 hours of the
postoperative period were significantly lower in the
G3 and G4 groups (Table 2). Pain scores and narcotic
requirements were not different between the G1 and
G2 groups and also between the G3 and G4 groups.
There were no significant differences between the
nausea scores and the number of patients who had
vomiting postoperatively in the four groups. At all
time periods, the postoperative hemodynamic para-
meters including systolic, diastolic and mean arterial
blood pressures and heart rate changes were not dif-
ferent between the groups. The differences of respira-
tory rate and arterial CO, pressures between the
groups were not significant (Table 3).

Study groups Gl G2 G3 G4 Test P value
Sex (female/male) 4/19 4/19 3/20 6/17 x2 >0.05
Age (y/0) 5442 56%1.7 56%2.2 59+1.9 ANOVA >0.05
ASA (I1/111) 5/18 4/19 4/19 5/18 x2 >0.05
Note: Data are presented as meanst standard error of the mean or percentages.

TABLE 2. Postoperative variables in the four groups.

Study groups Gl G2 G3 G4 Test P value
VAS (6h) 4.8+ 0.2 4.91£0.2 2.6x0.1 32+0.2 Kruskal-Wallis <0.001*
VAS (12h) 39401  3.8%0.1  1.6£0.1  2.1%0.1 Kruskal-Wallis <0.001*
VAS (24h) 2.5%0.1 2.8%0.1 120.1 1.2+0.1 Kruskal-Wallis <0.001*
24h-motphine (mg/kg) 0.2+0.07  0.2£0.07 0.1x0.1  0.1£0.03 ANOVA, Duncan <0.05*

Note: Data are presented as meanst standard error of the mean
*The differences were significant between G1 and G2 compared

ot percentages.
with G3 and G4 according to multiple comparison tests.

TABLE 3. Respiratory rate (RR) and arterial PCO; changes during the postoperative period.

Study groups Gl G2 G3 G4 P value
RR (Oh) 17.9% 3 173 18%2 18%3 >0.05
RR (6h) 19£3 19 +3 2042 20%3 >0.05
RR (12h) 20+ 3 20%3 20%3 19.5%2 >0.05
RR (24h) 20+ 3 2012 19£3 20%2 >0.05
PCO; (Oh) 38+ 1.6 3742 37.8+2 38+1.8 >0.05
PCO; (6h) 36+ 5 34%3 36.8+4 3748 >0.05
PCO, (12h) 37.5% 4.5 36.4%3 3714 39+4.7 >0.05
PCO, (24h) 37.7£ 3.4 36.8%5 37+3 37135 >0.05

Note: Data are presented as meanst standard deviation.
Arterial PCO2 numbers are presented as mmHg,.

Discussion

This study used a multimodal analgesic approach by
using interpleural meperidine or bupivacaine or both.
The interpleural administration of meperidine had not
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been previously studied, but the local anesthetic
properties, as well as the opioid analgesic effects of
meperidine made it an ideal drug for the present
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study. In this study, the administration of interpleural
bupivacaine resulted in significantly lower pain scores
than interpleural meperidine. Postoperatively, the pain
scores were not significantly reduced by equivalent
doses of either interpleural or intravenous meperi-
dine.

Schulte-Steinberg et al. examined pain after lapa-
roscopic cholecystectomy in patients receiving intra-
peritoneal morphine and found no analgesic effects.
In their study, neither intraperitoneal nor interpleural
morphine produced significant analgesia after lapa-
roscopic cholecystectomy, whereas interpleural bupi-
vacaine was effective but not intraperitoneal bupiva-
caine.!0

The opioid chosen for this study was meperidine
rather than morphine or fentanyl, because of its dual
local anesthetic and analgesic properties. Aside from
producing a local anesthetic effect, meperidine has
also been shown to potentiate the degree of block
produced by other established local anesthetics.”!1
There is no evidence to prove this additive effect in
this study.

The effects of interpleural meperidine in this study
may result from systemic activity, because the results
are the same in the G1 and G2 groups. It is absorbed
from the pleural cavity and has a central analgesic
action.

An important aspect of this investigation is that
we studied patients undergoing sternotomy who
might have lost the drug through the chest drains, but
the chest tubes were blocked for the first 15 minutes
after injection of the solution.

An additional issue that has to be considered is
that meperidine's access to opioid teceptors may be
restricted in the pleural cavity. Peripheral antinocicep-
tive effects of opioid agonists are brought about by an
interaction with opioid receptors located on peripher-
al sensory nerves.!h12 Accordingly, we hypothesized
that interpleural meperidine may activate opioid re-
ceptors on intercostal nerves. However, in the ab-
sence of inflaimmation, such neuronal receptors are
not easily accessible because the intact perineurium
significantly impedes the penetration of macromole-
cules.?3 Thus, in the non-inflamed pleural cavity, the
transperineurial passage may be difficult for hydro-
philic meperidine but not for lipophilic bupiva-
caine.!415

In conclusion, we found that interpleural meperi-
dine did not produce any respiratory depression or
rise in arterial COz in patients and also did not change
pain scores or narcotic requirements in the cardiac
ICU after open-heart surgery; that may be attributable

to an  insufficient dose and a  rapid
dilution of the drug within the pleural cavity and rapid
absorption into the systemic circulation. Interpleural
bupivacaine, but not meperidine produces analgesia
after this type of surgery and is recommended for
future operations and even for chest trauma patients
and pain relief in advanced cancer.16.17

For further studies, we recommend the addition of
epinephrine to delay the absorption of meperidine
and also the use of multiple doses of meperidine for
injection into the interpleural space.
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