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Introduction

The laparoscopic surgical approach, in which there is
less need for the control of severe pain, requires a
broader sensory blockade than does laparotomy, post-
operatively, because of the shoulder pain secondary to
diaphragmatic irritation as a result of CO2 pneumo-
peritoneum, as well as parietal and visceral pain [1]. For
pain management after laparoscopic procedures, there-
fore, the systemic application of opioid analgesics may
be more effective than epidural analgesia, which pro-
vides pain relief in a limited range.

We performed a prospective randomized study in
elderly patients undergoing laparoscopic cholecystec-
tomy to compare the effectiveness of two techniques of
anesthesia and analgesia on postoperative pain, side
effects, and patient satisfaction.

The two techniques were: general anesthesia using
modified neurolept anesthesia (mNLA), followed by
postoperative patient-controlled analgesia (PCA) with
intravenous (i.v.) buprenorphine; and combined gen-
eral anesthesia using sevoflurane and epidural analge-
sia, followed by postoperative epidural PCA, using a
mixture of bupivacaine and buprenorphine.

Methods

Protocol

After obtaining approval from our hospital’s ethics
committee and informed consent from each patient, 30
American Society of Anesthiologists (ASA) physical
status I-II patients, older than 65 years, scheduled for

Abstract
Purpose. We wished to compare the effectiveness of
intravenous-based (IV) and epidural-based (EPI) techniques
for anesthesia and postoperative analgesia in elderly patients
undergoing laparoscopic cholecystectomy. Effectiveness
was compared in terms of reduction of postoperative pain
and adverse events, and achieving a high level of patient
satisfaction.
Methods. Thirty American Society of Anesthesiologists
(ASA) physical status I-II patients aged more than 65 years,
scheduled for laparoscopic cholecystectomy, were enrolled in
this study. The patients in the IV group (n = 15) received
modified neurolept anesthesia with droperidol 0.2mg·kg-1 and
pentazocine 0.15–0.3 mg·kg-1 (maximum dose of 1.0mg·kg-1)
and 60% nitrous oxide in oxygen, followed by postoperative
intravenous infusion of 20mg·ml-1 buprenorphine, provided
with a patient-controlled analgesia pump programmed to de-
liver a bolus of 0.5ml with a lockout interval of 15min and a
background infusion of 0.5 ml·h-1. The patients in the EPI
group (n = 15) had combined epidural analgesia and general
anesthesia with sevoflurane and 60% nitrous oxide in oxygen,
followed by the epidural infusion of a 0.125% bupivacaine and
5mg ·ml-1 buprenorphine mixture by means of an on-demand
analgesic system (bolus of 2 ml, lockout interval of 60min, and
background infusion of 2ml·h-1).
Results. The quality of postoperative analgesia was similar in
the two groups. The incidences of intraoperative hypotension
and bradycardia and postoperative hypotension were
significantly lower in the IV group than in the EPI group (P <
0.05). A significantly higher level of patient satisfaction was
found in the IV group compared with that in the EPI group
(P < 0.05). The major contributor to dissatisfaction in the EPI
group was anxiety or discomfort associated with the epidural
procedures.
Conclusion. Modified neurolept anesthesia with pentazo-
cine and postoperative i.v. analgesia with buprenorphine were
superior to epidural-based techniques, in terms of hemo-
dynamic stability and patient satisfaction, in elderly patients
undergoing laparoscopic cholecystectomy.
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laparoscopic cholecystectomy, were enrolled in this
study. Exclusion criteria were: patients with contrain-
dications for epidural anesthesia, those with previous or
current neurologic disease, and those with preoperative
abnormal mental status, defined by a modified Abbrevi-
ated Mental Test (AMT) score [2] of less than 8. Pa-
tients were randomly assigned, using sealed envelopes
with a blocked random allocation, to receive either
mNLA with droperidol and pentazocine, followed by
PCA with i.v. buprenorphine (IV group) or combined
epidural analgesia and sevoflurane anesthesia, followed
by epidural PCA, using a mixture of bupivacaine and
buprenorphine (EPI group).

None of the patients received preoperative me-
dications. Upon their arrival in the operating room,
standard monitoring, including continuous electro-
cardiography and pulse oximetry, were applied, and sys-
tolic arterial blood pressure (SAP), mean arterial blood
pressure (MAP), heart rate (HR), and peripheral oxy-
gen saturation (SpO2

) were recorded every 5 min intra-
operatively. Preanesthetic hemodynamic variables
(baseline values) were defined as the average of three
independent determinations.

In the IV group, mNLA was induced with droperidol
(0.2mg·kg-1), pentazocine (0.3mg·kg-1) and thiamylal
(2mg·kg-1), and the trachea was intubated orally with
vecuronium (0.1mg·kg-1) i.v. as required. Anesthesia
was maintained with 60% nitrous oxide in oxygen
and with a supplemental bolus dose of pentazocine
(0.15–0.3 mg·kg-1) i.v., given for clinical signs suggesting
inadequate depth of anesthesia such as sweating, tear-
ing, and an increase in MAP exceeding 20% of the
baseline values. Supplemental doses of vecuronium
were also administered to provide satisfactory muscle
relaxation during the surgical procedure. Postoperative
analgesia was obtained by i.v. administration of a
mixture of buprenorphine (20mg·ml-1) and droperidol
provided with a PCA pump (Baxter Patient
Control Module 0.5ml; Baxter, Deerfield, IL, USA)
programmed to deliver a 0.5-ml bolus dose with a lock-
out interval of 15min and a background infusion of
0.5ml·h-1.

In the EPI group, local anesthesia (approximately
5ml 1% lidocaine) was injected about 1min before an
epidural needle was introduced, and an epidural cath-
eter was placed through the epidural needle at the T7-
T9 level. Lidocaine 1.0% solution, containing 1 :200 000
epinephrine, was injected into the epidural space
through the epidural catheter to achieve a bilateral T4
sensory level. General anesthesia was then induced with
thiamylal (2mg·kg-1) i.v. and the trachea was intubated
orally with vecuronium (0.1mg·kg-1) i.v. Maintenance
of anesthesia was done with sevoflurane (0.6%–2.0%
end-tidal) and 60% nitrous oxide in oxygen. During
anesthesia, end-tidal PCO2 was maintained between 35

and 40mmHg, using controlled ventilation. Epidural
analgesia was obtained by the intermittent intraopera-
tive injection of 1.0% lidocaine with epinephrine (4–
8ml at 45- to 60-min intervals), followed by the
postoperative administration of a mixture of 0.125%
bupivacaine, buprenorphine (5mg·ml-1), and droperidol
provided with the PCA pump (Baxter Patient Control
Module 2 ml; Baxter) programmed to deliver a 2-ml
bolus with a lockout interval of 60min and a back-
ground infusion of 2ml·h-1. All patients were supplied
with oxygen at a rate of 3 l·min-1, via a face mask, for
24h after surgery, and they were monitored for 24h
after surgery with continuous pulse oximetry. In both
groups, 50 mg flurbiprofen was intravenously infused on
request when pain relief was inadequate.

Intra- and postoperative hemodynamic and
respiratory assessments

Lactated Ringer’s solution was used as the intraopera-
tive fluid and was run at a rate of 6ml·kg-1 h-1 through-
out surgery. During anesthesia, an MAP increase of
greater than 15% of the baseline value (defined as hy-
pertension), which did not respond to a supplemental
bolus dose of pentazocine (0.15–0.3mg·kg-1, maximum
dose of 1.0mg·kg-1) i.v. in the IV group or to an increase
in the level of inspired sevoflurane concentration in the
EPI group was treated with incremental 1-mg doses of
nicardipine. Hemodynamic responses suggesting hypo-
volemia, such as a decrease in MAP exceeding 15% of
the baseline value (defined as hypotension) and/or HR
more than 20% above the baseline value (defined as
tachycardia) which did not respond to a preload of
4ml ·kg-1 lactated Ringer’s solution and a decrease in
the inspired concentration of sevoflurane (minimum
concentration of 0.6%) were treated with incremental
5-mg doses of i.v. ephedrine and/or 1mg of i.v.
verapamil. Bradycardia (HR < 50bpm) was managed by
0.5mg of i.v. atropine. SAP, MAP, and HR were re-
corded every hour for 24h postoperatively. Clinically
relevant postoperative respiratory depression was
defined as a respiratory rate of 8 breaths or less per
min and/or oxygen desaturation to 92% or less. No
other postoperative sedative or analgesic agents were
permitted.

Evaluation of postoperative pain, and delirium,
and patient satisfaction

The intensity of postoperative pain at rest was assessed
by using both a 100-mm visual analog scale (VAS) and
a verbal rating scale (VRS) relief rating [3]. Sleeping
patients were not awakened for pain assessment but
were assigned VAS score and VRS relief ratings of 0.
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Postoperative delirium was evaluated by using the De-
lirium Rating Scale (DRS) scoring system [4,5] at least
two times a day (at 9 a.m. and 9 p.m.) during the first 3
postoperative days, and was considered to have oc-
curred if the total DRS score was over 12 [5]. Patient
satisfaction with the anesthetic technique was evaluated
at 18 h after surgery by using a scoring system of “poor”,
“satisfied”, or “very satisfied”.

Statistical analysis

The VRS relief rating and the DRS scores were ex-
pressed as medians and ranges and were compared by
using the Mann-Whitney U-test. Other data, presented
as means ± SD, were compared by using analysis of
variance.

Results

The EPI and IV groups were comparable with respect
to age, sex, weight, height, ASA physical status (Table
1), duration of anesthesia, and surgery (Table 2), and
AMT score. The highest and lowest levels of sensory

block at the end of surgery in the EPI group were Th4-
Th6 and L1-Th12, respectively.

During surgery, the incidences of hypotension and
bradycardia in the EPI group were significantly higher
than those in the IV group. The EPI group also had
significantly larger i.v. fluid and ephedrine dose require-
ments than those in the IV group (P < 0.01). On the
other hand, the requirement of nicardipine for treating
hypertension was similar in the two groups, although
the incidence of hypertension was higher in the IV
group than in the EPI group (P < 0.05; Table 2). No
patient in either group experienced intraoperative hy-
poxemia with an SpO2

 of less than 92%.
Postoperative hypotension occurred in three patients

in the EPI group. The lowest MAP values in these pa-
tients were 72, 73, and 75mmHg. None of the patients in
the IV group experienced hypotension. Decrease in the
respiratory rate of less than 8 breaths ·min-1 occurred in
only one patient in the IV group, but no postoperative
hypoxemia (SpO2

 < 92%) developed in any patient in
either group (Table 3). The VAS and VRS relief rating
scores for pain at rest and postoperative patient-
controlled analgesic consumption are shown in Fig. 1.
One patient in the IV group and one in the EPI group
required flurbiprofen, at 100 mg and 50mg, respectively,
for rescue analgesic. No difference in postoperative
buprenorphine consumption during 18h after surgery
was found between the IV and EPI groups (Fig. 1A).
Also the quality of postoperative pain relief did not
significantly differ between the two groups, but the EPI
group tended to have higher scores on both the VAS
and VRS relief ratings compared with the IV group
(Fig. 1B,C).

Postoperative delirium developed in five patients
(17%) during 72 h after surgery. The incidences of post-
operative delirium in the two groups were similar

Table 2. Comparison of the two groups during anesthesia

IV group EPI group

Duration of surgery (min) 75.8 ± 20.1 71.1 ± 11.9
Duration of anesthesia (min) 128.3 ± 16.2 126.1 ± 13.2
Intravenous fluid (ml) 662.5 ± 113.9 797.3 ± 199.9*
Intraoperative pentazocine (mg) 45.0 ± 7.5 NA
Droperidol (mg) 10.8 ± 2.5 NA
End-tidal sevoflurane (%) NA 1.0 ± 0.4
Incidence of hypotension (n; %) 0 (0) 4 (27)*
Bradycardia (n; %) 0 (0) 2 (13)*
Hypertension (n; %) 2 (13) 0 (0)*
Tachycardia (n; %) 0 (0) 0 (0)
Ephedrine requirement (mg) 0.8 ± 2.9 13.6 ± 5.5*
Atropine requirement (mg) 0 (0) 0.1 ± 0.2
Nicardipine requirement (mg) 0.3 ± 0.6 0 (0)

* P < 0.05 compared with the IV group
Values are means ± SD or numbers of patients (%)
NA, not applicable

Table 1. Demographic data

IV group EPI group

Number 15 15
Age (years) 71.2 ± 5.3 70.9 ± 6.5
Sex (M/F; n) 8/7 9/6
Weight (kg) 61.4 ± 10.5 55.7 ± 9.7
Height (cm) 155.8 ± 4.2 153.2 ± 6.6
ASA physical status (I/II) 3/12 4/11

* P < 0.05 compared with the IV group
Values are means ± SD or numbers of patients
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(Table 3). As for patient satisfaction, though none of
the patients in either group reported a score of “poor”,
the use of an i.v. route for pain relief was associated with
significantly higher patient satisfaction scores compared
with epidural analgesia (P = 0.024; Table 3).

Discussion

This study demonstrated that in laparoscopic cholecys-
tectomy for elderly patients, mNLA with pentazocine
and postoperative i.v. analgesia with buprenorphine re-

Table 3. Postoperative adverse events and patient satisfaction

IV group EPI group

Postoperative side effects (n; %):
Nausea, vomiting 2 (13) 3 (20)
Headache 1 (7) 0 (0)
Backache 0 (0) 2 (13)*
Shoulder pain 0 (0) 1 (7)
Respiratory depression (n; %);

Hypoxemia (SpO2
 < 92%) 0 (0) 0 (0) 0 (0)

RR £ 8 · min-1 1 (7) 0 (0)
Hypotension (n; %) 0 (0) 3 (20)*
Bradycardia (n; %) 0 (0) 0 (0)
Hypertension (n; %) 1 (7) 0 (0)
Tachycardia (n; %) 0 (0) 0 (0)
DRS score

1st PO day 3 (0–8) 2 (0–6)
2nd PO day 3 (0–13) 3 (0–10)
3rd PO day 3 (2–13) 4 (1–12)

Incidence of POD (n; %)
1st PO day 0 (0) 0 (0)
2nd PO day 1 (7) 0 (0)
3rd PO day 2 (13) 2 (13)
Total 3 (20) 2 (13)

Patient satisfaction (poor-satisfied-very 0 (0)–6 (27)–9 (73) 0 (0)–9 (60)–6 (40)*
satisfied)(n; %):

*P < 0.05 compared with the IV group
Values are numbers (%) or medians (ranges)
RR, respiratory rate; DRS, delirium rating scale; POD, postoperative delirium; 1st, 2nd, and 3rd
PO day, the first, second, and third postoperative day

Fig. 1. Cumulative doses of buprenorphine. B, C Total
pain after laparoscopic cholecystectomy, evaluated at rest us-
ing a 100-mm visual analog scale (VAS; B) and verbal rating
scale (VRS) relief rating (C) in the intravenous-based (IV)
and the epidural-based (EPI) groups. Values for doses of
buprenorphine and VAS are presented as means ± SD. Box

plots are shown of diferent levels of pain relief by the VRS
relief rating (0, none; 1, a little; 2, some; 3, a lot; and 4,
complete). The heavy lines indicate medians, the box bounda-
ries, 25th–75th percentiles, and the whiskers, 10th–90th per-
centiles. Outliers beyond 10%–90% are shown as individual
data points

A,B C
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sulted in significantly higher patient satisfaction and a
lower incidence of perioperative hypotension than did
sevoflurane anesthesia combined with epidural analge-
sia and postoperative epidural analgesia. The incidence
of postoperative complications and quality of pain relief
were similar for the two anesthetic and analgesic
techniques.

It has been reported that epidural analgesia was supe-
rior to i.v. analgesia with respect to pain relief, patient
satisfaction [6], and incidence of pulmonary complica-
tions [7], and that epidural analgesia was similar to i.v.
analgesia in terms of mortality, incidence of major mor-
bidity, hospital stay, and total costs [7,8]. However,
these studies were all performed for patients scheduled
for major abdominal surgeries, and there have been
few studies in less invasive procedures, such as a
laparoscopic approach. This study was therefore de-
signed to compare the effects of epidural and i.v.
analgesic techniques on pain relief, postoperative com-
plications, and patient satisfaction in elderly patients
undergoing laparoscopic cholecystectomy.

Postoperative buprenorphine and flurbiprofen re-
quirement and postoperative VAS and VRS relief rat-
ing scores did not significantly differ between our two
groups. Laparoscopic procedures using CO2 pneumo-
peritoneum have been reported to be associated with a
high incidence (35% to 60%) of shoulder pain [1,9],
which remains at a relatively high intensity [10] after
laparoscopy, because of residual carbon dioxide inside
the abdominal cavity. In the present study, because few
of the patients in either group complained of shoulder
pain, epidural and i.v. analgesia may have had compa-
rable analgesic efficacy for postoperative pain manage-
ment. However, in the EPI group, pain management
during the early postoperative period appeared to be
poor. The epidural block in the limited range used may
have been insufficient to produce adequate analgesia,
because analgesia after laparoscopy requires a rela-
tively broad sensory blockade. On the other hand,
patients in the IV group seemed to have relatively ad-
equate postoperative analgesia. Pentazocine and
buprenorphine, which were administered intra-, and
postoperatively via the i.v. route, are opioid analgesics
with an agonist-antagonist profile, a k-agonist and a
partial m-agonist, respectively. The results of a previous
study [11] suggesting synergism between the analgesic
actions of morphine (m-agonist) and pentazocine (k-
agonist) may also explain the synergistic effects of pen-
tazocine and buprenorphine in this study. However, the
total number of patients was too small to compare the
efficacy of the epidural and i.v. analgesic approaches. A
large-scale study is needed to confirm these analgesic
effects.

As for adverse events, the incidences of postoperative
delirium and pulmonary complications did not differ

significantly between the two groups. This may have
been to a small effect on mental and respiratory func-
tions, because of the use of smaller cumulative doses of
buprenorphine in the two groups, compared with the
doses used in previous trials [12,13]. On the other hand,
the incidence of intra- and postoperative hypotensive
and bradycardiac episodes was significantly higher in
the EPI group than in the IV group. Hemodynamic
instability during general anesthesia has been reported
to greatly increase the risk of myocardial infarction or
stroke, especially in patients with a labile cardiovascular
system [14]. Special attention should therefore be paid
to perioperative hypotension in elderly patients, who
may have a latent attenuated physiological reserve.

In the present study, the level of patient satisfaction
was significantly higher in the IV group than in the EPI
group. It has been suggested that patient satisfaction is
dependent on the quality of postoperative pain relief
and the incidence of postoperative side effects [15,16].
In this study, the quality of postoperative pain relief did
not differ significantly between the two groups, but the
i.v. analgesia tended to be more effective than epidural
analgesia, especially in the early postoperative period.
In addition, two patients in the EPI group experienced
back pain postoperatively (Table 3), and some patients
in the EPI group, including these two patients, com-
plained of discomfort during insertion of the epidural
catheter when they were asked to rate the anesthetic
experience after surgery. The major contributor to the
suppression of patient satisfaction, therefore, may have
been discomfort or anxiety during the epidural proce-
dures and, probably, the intensity of postoperative
pain. For the future, an adequate depth of sedation for
elderly patients, achieved by premedication, may
have to be considered for the introduction of epidural
procedures.

In conclusion, modified neurolept anesthesia with
pentazocine and postoperative i.v. analgesia with
buprenorphine is superior to sevoflurane anesthesia and
postoperative epidural analgesia with buprenorphine,
in terms of hemodynamic stability and patient satis-
faction, in laparoscopic cholecystectomy for elderly
patients.
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