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Efficacy and Adverse Effects of Patient-Controlled Epidural or
Intravenous Analgesia after Major Surgery
Yun-Hui Teng, MD; Jenkin S. Hu1, MD; Shen-Kou Tsai1, MD, PhD;
Chinsan Liew2, MD; Ping-Wing Lui, MD, PhD
Background: The purpose of this retrospective study was to determine whether epidural
fentanyl-bupivacaine patient-controlled analgesia (PCA) was more efficacious and had fewer adverse effects than epidural or intravenous morphine
PCA.
Methods:
We retrospectively retrieved data from 859 patients (mean age 64 7 years)
who received continuous epidural medication, either morphine or fentanylbupivacaine PCA, or intravenous morphine PCA for postoperative pain control after major elective surgery from 1999 to 2000. Pain was assessed postoperatively using a verbal analogue pain scale (VAS, 0-10) during rest, mobilization, and coughing. Adverse effects including nausea, vomiting, pruritus,
urinary retention, sedation, motor block, and respiratory depression (< 8
breaths per minute) were recorded. On the third postoperative day, the overall quality of pain control was evaluated using a pain relief scale (PRS, 1-4).
Results:
There were 201 patients who had epidural morphine PCA, 427 patients who
had fentanyl-bupivacaine PCA, and 231 patients who had intravenous morphine PCA. Most patients (> 86%) who received epidural or intravenous
PCA, either morphine or fentanyl combined with bupivacaine, experienced
good pain relief (VAS, 0-3) during rest, mobilization, and coughing.
Nonetheless, patients who received epidural morphine or fentanyl-bupivacaine had greater satisfaction with overall pain relief (PRS = 4) than did
those who received intravenous morphine ( p < 0.05). Nausea and vomiting
were most common in the epidural morphine group ( p < 0.05). Pruritus
occurred least often in patients who received epidural fentanyl-bupivacaine
analgesia ( p < 0.05). There were no differences in other adverse events such
as urinary retention, sedation, and motor block among the three groups. No
respiratory depression was found in any patient.
Conclusions: Patients receiving epidural fentanyl-bupivacaine PCA experienced better
overall pain relief, while morphine PCA, either epidurally or intravenously,
caused more side effects. It is considered safe to use continuous epidural
PCA with fentanyl-bupivacaine in patients receiving major elective surgery.
(Chang Gung Med J 2004;27:877-86)
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T

he implementation of a well-organized program
for acute pain control can improve the quality of
postoperative pain relief in patients undergoing
major elective surgery.(1) The use of intravenous opiates is still limited because of side effects such as
respiratory depression. Epidural opiates in combination with local anesthetics are commonly used for
postoperative analgesia. Several lines of evidence
indicate that opiates administered through the epidural route are safe, with proven benefits such as good
pain relief,(2-5) less pain during movement, (6) better
mental status,(7) fewer cardiopulmonary complications,(8,9) less thromboembolism, and earlier discharge
from the hospital.(10,11) Nonetheless, epidural analgesia
is only an adjuvant during the process of surgical
treatment, and is not primarily expected to alter
patients' outcomes.(12) Comparisons among epidural
opiates, opiate-local anesthetics, and intravenous
opiates have rarely been reported in clinical studies
in Taiwan. In this study, we retrospectively compared
epidural fentanyl-bupivacaine patient-controlled
analgesia (PCA) with epidural or intravenous morphine PCA for postoperative pain relief and adverse
effects following major elective surgery.

METHODS
We retrospectively retrieved data from
American Society of Anesthesiologists (ASA) class
I-II patients in whom epidural (EPI), or intravenous
(IV) PCA was requested postoperatively, following
major thoraco-abdominal or abdominal (upper or
lower) surgery. This was a retrospective study without randomization due to the various kinds of surgeries and the preferences of anesthesiologists for EPI
or IV drug administration. In surgical procedures
where epidural analgesia was contraindicated, or was
not needed, intravenous morphine PCA was started
after surgery. Patients undergoing minor surgical procedures were excluded from this study.
Thoraco-abdominal surgery consisted of lobectomy and esophagectomy, while upper abdominal
surgery included open cholecystectomy, gastrectomy,
liver, and pancreatic resection. Lower abdominal
surgery was defined as rectum or colon surgery, radical prostatectomy, cystectomy, and ventral hernia.
Orthopedic surgery included total hip replacement
and spine surgery. The attending anesthesiologists
decided the choice of premedication and the manage-
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ment of general anesthesia in accordance with the
routines of the department. Induction of anesthesia
was accomplished with propofol or thiopental, and
fentanyl. A non-depolarizing muscle relaxant, either
atracurium or vecuronium bromide, was used to
facilitate endotracheal intubation. General anesthesia
was maintained with isoflurane or sevoflurane in
oxygen/nitrous oxide (1:1). Patients' lungs were
mechanically ventilated using a low-flow (0.5-1.5
L/min) technique.
The placement of the epidural catheter, either in
the thoracic or lumbar region, was determined by the
dermatomal extent of the surgery, and the skill of the
attending anesthesiologists. Thoracic catheterization
was preferred for upper abdominal or thoracic
surgery, while lumbar catheter placement was chosen
for lower abdominal surgery. With the patient lying
in the lateral position, we used the loss-of-resistance
technique to identify the epidural space into which
the catheter was inserted cephalically 4-6 cm. (13)
Before induction of general anesthesia, a test dose of
2% lidocaine (2 mL) with 10 µg of epinephrine was
injected epidurally to rule out possible intrathecal
injection. The catheter was secured by a Tegaderm
(3M Health Care, St. Paul, MN, USA) transparent
dressing for daily inspections of the insertion site.
The catheter was taped along the midline of the back.
All postoperative treatments were begun at the end
of surgery. A Bard Ambulatory PCA (Baxter, Bard
MedSystems division, North Reading. MA, USA)
infusion pump was used for intravenous PCA, while
Abbott (LifeCare PCA Plus II, Abbott Laboratories
Ltd., Illinois, USA) and Graseby (Model 9300/9500,
SIMS Graseby Medical Ltd, Watford, UK) infusion
pumps were used for epidural PCA. Three sizes of
infusion bags were used to avoid medication errors.
For epidural PCA, 300 mL bags (normal saline) with
morphine (0.1 mg/mL) or 500 mL bags with fentanyl-bupivacaine (1 µg/mL-1 mg/mL) were used.
Intravenous morphine (1 mg/mL) was diluted with
normal saline in 250 mL bags.
For the epidural morphine group, the background infusion rate was set at 2-4 mL/h, with PCA
of 1.5-2 mL and a lockout interval of 30 minutes. For
the epidural fentanyl-bupivacaine group, the background infusion rate was set at 5-6 mL/h, with PCA
of 2-4 mL and a lockout interval of 30 minutes. In
the intravenous (IV) morphine group, the drug was
administered at 0.5-2 mL/h, with PCA of 0.5-3 mL
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and a 10-minute lockout interval. Usually one infusion bag was sufficient for the entire treatment period. Based on daily evaluation of the patient, we tried
to lower the preset dosage for PCA maintenance in
all three groups. The Verbal Analogue Scale (VAS)
was used for assessing the degree of pain relief during PCA treatment. The VAS ranged from 0 = no
pain to 10 = unbearable pain. The PCA dose was
adjusted until all patients had pain scores at rest of
less than 4, which was considered adequate analgesia.(14) Supplemental IV ketorolac (30-60 mg) was
administered if the adjustment of the infusion pump
still resulted in insufficient pain alleviation.
Antiemetic (prochlorperazine, 5 mg every 4 hours
intramuscularly or by IV drip) or antipruritic (chlorpheniramine maleate, 5 mg every 4 hours IV) drugs
were prescribed on an "as-required" basis.
In the recovery room, all patients were closely
observed for at least 2 hours and then discharged to
the surgical wards. The ward nurse routinely monitored the blood pressure, respiratory rate, pulse rate,
and sedation of the patients every hour for the first 4
hours, and then every 6 hours until 24 hours after
surgery. Patient monitoring was stopped 6 hours after
the discontinuation of PCA.
Respiratory depression was defined as less than
8 breaths/minute, while sedation was defined as difficulty arousing the patient verbally. Motor blockade
was defined as the inability to walk due to muscular

weakness. A nurse in the acute pain service recorded
the VAS (on rest, mobilization, and coughing) and
adverse effects, which were entered into the database
for further analysis. The total PCA dose administered
was registered at the end of PCA, and the patients'
overall satisfaction with pain relief was assessed
using the Pain Relief Scale (PRS). The PRS was
scored as 1 = not effective at all, 2 = mildly effective,
3 = very effective, or 4 = completely effective.
Ordinal data were compared using the chisquare test. Data for the PCA doses given were analyzed among the three groups using ANOVA with
post hoc comparisons. Data were expressed as mean
SD. Statistical significance was defined as
p < 0.05.

RESULTS
There were 859 patients (mean age, 64 7
years), 540 men and 319 women, included in this
study. Patient data and types of surgery are presented
in Table 1. Patients receiving epidural fentanyl-bupivacaine outnumbered those in the other two groups.
The VAS score was similar among patients in all
three groups (Fig. 1) because the PCA doses were
adjusted to attain a VAS score < 4 at rest. However,
patients experienced more pain when they moved or
coughed (Fig. 1, middle & lower panels). Patients
with epidural PCA, either morphine or fentanyl-

Table 1. Patient Data and Types of Surgery

Mean age ( SD)
Gender (M/F)
Thoraco-abdominal
Upper-abdominal
Lower abdominal
Orthopedic

Epi-m
group
(n=201)II

Epi-f
group
(n=427)π

IV-m
group
(n=231)**

p*

p†

63 ( 5)
126/75
8
100
52
21

66 ( 7)
279/148
14
350
34
35

62 ( 9)
135/96
5
35
15
110

NS
NS
NS
< 0.0001
< 0.0001
NS

NS
NS
NS
< 0.0001
NS
< 0.0001

p

NS
NS
NS
< 0.0001
< 0.0001
< 0.0001

Abbreviation: SD: standard deviation; M: male; F: female; Epi-m: epidural morphine; Epi-f: epidural fentanyl-bupivacaine; IV-m: intravenous morphine.
*p: Epi-m vs. Epi-f group, significant at less than 0.05 by chi-square test.
†p: Epi-f vs. IV-m group, significant at less than 0.05 by chi-square test.
p: Epi-m vs. IV-m group, significant at less than 0.05 by chi-square test.
II: 20 patients received other surgery.
π: 6 patients received more than one surgery.
**: 66 patients received other surgery.
: by ANOVA test with post hoc Tukey test.
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Fig. 1 The Verbal Analogue Score (VAS) during rest, mobilization and coughing in patients receiving epidural morphine (Epi-m), epidural fentanyl-bupivacaine (Epi-f) or intravenous morphine (IV-m) after major elective surgery. A
significant difference between cough vs. rest, and cough vs. mobilization on the same postoperative day is indicated by
* p < 0.05 in the chi-square test.
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bupivacaine, enjoyed greater overall pain relief (PRS
= 4) than did those who received intravenous morphine (31.1% vs. 28.1% vs. 17.3%, p < 0.05, Fig. 2).
Side effects such as nausea, vomiting and pruri-

tus were more common in the epidural morphine
group than the other two groups (Table 2). Urinary
retention could not be accurately assessed because a
urinary catheter remained in place in the majority of
patients who underwent major surgery. Thoracic
epidural catheter placement resulted in a slightly
higher incidence of motor block in comparison with
lumbar epidural catheterization (1.6% vs. 1.0%).
Neither epidural morphine nor epidural fentanylbupivacaine PCA caused sedation, while 1.5%
patients using IV morphine PCA were sedated. Most
importantly, no respiratory depression was found in
any patient. The Graseby pump had more mechanical
problems (e.g., low battery, false alarm) than the
Abbott and Baxter pumps (18% vs. 4% vs. 6.4%;
p < 0.05).

DISCUSSION

Fig. 2 The overall Pain Relief Score (PRS) at the end of
PCA treatment in patients receiving epidural morphine (Epim), epidural fentanyl-bupivacaine (Epi-f) or intravenous morphine (IV-m) after major elective surgery. Patients who
received Epi-f had higher satisfaction (less PRS < 2) than
those in the other two groups. * p < 0.05 Epi-f group vs. Epim and IV-m groups in the chi-square tests.

The results of the present study demonstrated
that both epidural and intravenous PCA yielded more
than 95% pain relief in patients during rest, but not
during mobilization and coughing. Pruritus was more
frequent with epidural morphine PCA, while the
incidence of sedation was higher in patients receiving IV morphine. It is interesting to note that no respiratory depression was found among patients
receiving epidural or intravenous analgesia.
A lower dose of opioid was used in this study
for IV and epidural background infusion in order to
maintain adequate pain relief. The constant infusion

Table 2. Side Effects and Analgesic Needed

Nausea (vomiting)
Pruritus
Urinary retention
Sedation
Motor block
Respiratory depression
PCA doseII (ml)

Epi-m
group

Epi-f
group

IV-m
group

p*

p†

21% (9%)
21%*
0.5%
0%
1%
0
360 70

8% (3%)
5%
0.6%
0%
1.5%
0
385 68

18% (4%)
13%
0.8%
1.5%
0%
0
175 58

< 0.005
<0.05
NS
NS
NS
NS
NS

< 0.005
< 0.05
NS
< 0.05
NS
NS
< 0.001

p
NS
<< 0.05
NS
< 0.05
NS
NS
< 0.001

Abbreviation: PCA: patient-controlled analgesia; Epi-m: epidural morphine; Epi-f: epidural fentanyl-bupivacaine; IV-m: intravenous
morphine; NS: not significant.
*p: Epi-m vs. Epi-f group, significant at less than 0.05 by chi-square test.
†p: Epi-f vs. IV-m group, significant at less than 0.05 by chi-square test.
p: Epi-m vs. IV-m group, significant at less than 0.05 by chi-square test.
II: by ANOVA test with post hoc Tukey test.
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of lower doses of opiates results in more predicable
analgesic effects than does intermittent injections.(15)
Although low-dose background infusion for postoperative analgesia avoids the risk of overdose resulting in serious complications, (16,17) more adverse
effects are also occasionally reported.(18,19) While the
risks and benefits of using background infusion of
opiates should be taken into consideration, in terms
of safety and efficacy, continuous infusion of opioid
for the maintenance of analgesia is suggested by
most authors.
Dahl et al. reported that the efficacy of postoperative analgesia during coughing and mobilization
was not satisfactory among patients receiving small
doses (0.2 mg/h) of epidural morphine.(20) However,
in the study by Liu et al., significant pruritus
occurred when administering epidural morphine at a
dose of 0.5 mg/h.(21) This adverse effect appears to be
directly associated with the dose of morphine.(22) To
balance the chance of side effects and the efficacy of
epidural morphine, a dose of 0.2 to 0.4 mg/h was
chosen for our study. Although our patients experienced pain during coughing and mobilization than
when resting, most patients (> 86%) experienced
good pain relief (VAS 0-3) during rest, mobilization,
and coughing without serious side effects. Therefore,
epidural morphine analgesia at a dose of 0.2 to 0.4
mg/h is adequate for postoperative pain control.
Our study indicated that patients using epidural
PCA with either morphine or fentanyl-bupivacaine
enjoyed greater overall pain relief (PRS = 4) than
those who used IV morphine PCA. Despite the continuous IV infusion of morphine, pain relief was not
as good as that in the epidural PCA group. Elderly
patients undergoing major surgery received far more
epidural analgesia than younger patients because the
former tended to have pre-existing disorders. Our
current PCA policy reflects this notion in reserving
the epidural technique for high-risk patients of
advanced age.(23) Regardless of the route of administration, continuous infusion of opiates given at fixed
or variable rates is associated with a higher risk of
respiratory depression.(24) There is a higher incidence
of ventilatory depression when patients are given
intravenous morphine, especially continuous IV morphine infusion,(25) compared to continuous epidural
morphine.(26) In a large survey of patients using continuous epidural opiates, the incidence of respiratory
depression ranged from 0.09% to 0.9%,(26) while
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among elderly patients, the incidence may be as high
as 10%-15%.(23) The discrepancy between these two
groups could reflect differences in the doses of
epidural opiates. It is interesting to note that none of
our patients had respiratory depression. The reason is
probably multifactorial. Among patients receiving
morphine, either intravenously or epidurally, the
low-dose infusion technique could be an important
contributing factor. In additon, a continuous infusion
of morphine may result in less apnea than that seen
with intermittent bolus injections. In patients using
epidural fentanyl-bupivacaine, the combined effect
of opiate and local anesthetic also contributed to
fewer respiratory adverse effects than found with
either drug alone. The synergistic interactions
between these two drugs could result in a reduction
in the need for opiates. Our results give further credence to the notion that downward titration of opiates for infusion results in less respiratory depression
secondary to drug accumulation.
In the present study, pruritus was more common
in patients receiving epidural morphine than in those
receiving IV morphine. This is the most common
undesirable effect related to regional analgesia with
opiates. A previous study reported that pruritus could
occur in up to 50% of patients using epidural morphine for postoperative analgesia.(26) It seems apparent that epidural morphine at a dose of 0.2 to 0.4
mg/mL effectively reduces the incidence of pruritus,
compared to that seen in a previous study using higher dosages.(21)
The incidences of nausea and vomiting caused
by IV morphine were similar to that of epidural morphine, but were much higher than that of patients
receiving epidural fentanyl-bupivacaine. This is consistent with other reports.(21,26) In one prospective
study of morphine analgesia, the incidences of nausea and vomiting were similar regardless of the route
of administration., No relationship has been found
between the dose of epidural morphine and the incidence of nausea and vomiting.(21,22) Thus, the incidence of these adverse effects is not expected to
decrease when epidural opiates are combined with
local anesthetics. In our study, epidural infusion of
fentanyl-bupivacaine yielded a lower incidence of
adverse effects such as nausea, vomiting and pruritus
than did IV or epidural morphine. These side effects
were mainly due to the systemic action of morphine
after IV infusion or epidural administration. Infusion
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leads to cephalic spread of morphine via the cerebrospinal fluid (CSF). The mdication then reaches
the respiratory center in the medulla oblongata. On
the contrary, epidural infusion of more lipophilic opiates such as fentanyl, especially when combined with
bupivacaine, could provide more complete segmental
analgesia.(27) Our results are in line with other studies
in which nausea (3.1%-20%), vomiting (0%-30%),
and pruritus (10.2%-30%) occurred among patients
receiving IV or epidural morphine PCA.
A high incidence of orthostatic hypotension has
been reported when epidural bupivacaine is given
solely, while pruritus frequently occurs when epidural morphine is used alone.(21) The combination of opiate and local anesthetic appears to enhance the
effects of the opiate when given epidurally. (28)
Infusing the mixture of local anesthetic and opiate
into the epidural space can reduce the total amount
of each drug needed, resulting in fewer unwanted
side effects. Thus, better postoperative analgesia and
respiratory function can be achieved, especially in
older patients. There was no severe hypotension
(systolic blood pressure < 80 mmHg) directly related
to PCA in any of our patients.
Fentanyl, a high lipophilic opiate, is rapidly
absorbed into the spinal cord and blood stream, causing a more rapid decrease in the CSF concentration
as compared to morphine. This property reduces the
risk of cephalic spread of fentanyl in the CSF. The
epidural administration of fentanyl usually results in
segmental spinal analgesia.(29) Analgesia and adverse
effects exerted by epidural fentanyl are closely related to the site of epidural catheterization.(27) Exact
positioning of the epidural catheter can reduce the
dose of analgesic and also the incidence of its side
effects. As such, epidural fentanyl-bupivacaine provides better postoperative analgesia in patients
undergoing surgery of the upper extremities, thorax,
and upper abdomen.
Some evidence demonstrates that adequate pain
relief among patients after surgery can be obtained
using different concentrations of fentanyl, from 2 to
10 µg/mL.(30-34) In general, the concentration of fentanyl rarely exceeds 10 µg/mL in the infusion mixture. In the present study, 1.0 µg/mL of fentanyl in
addition to 0.1% bupivacaine provided satisfactory
pain relief among our patients after surgery. Komatsu
et al. reported that a background infusion of epidural
PCA using a mixture of 10 µg/mL fentanyl and 0.2%
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bupivacaine reduced pain on coughing without causing serious side effects in patients undergoing gastrectomy.(35) During the past decade, there has been a
trend toward using a lower concentration of drug
mixtures in the epidural space. Mahon et al. demonstrated that 0.1% bupivacaine improved epidural
analgesia when combined with fentanyl in patients
undergoing lung resection, and this dose was not
associated with the disadvantages encountered with
0.2% bupivacaine.(36) The incidence of transient neurological complications was higher in patients
receiving bupivacaine in doses over 0.2%. (36,37)
Reports showed that epidural mixtures of 0.05%,
0.0625% and 0.1% bupivacaine and fentanyl gave
adequate postoperative pain relief.(31-33)
It is interesting to note that the Graseby infusion
pump had more mechanical problems such as low
battery and false alarms than the other two brands
used in our study. This is the first report of mechanical problems with pumps used for PCA. We also
found that the Graseby pump was very sensitive to
air bubbles which readily triggered the alarms during
intravenous or epidural infusion. The alarm setting
cannot be altered in the present version, but this
problem should be solved with next generation
pumps. There were no medication errors or incorrect
settings of infusion rates for these pumps during the
study period.
In conclusion, better pain relief can be achieved
in patients receiving epidural PCA with fentanylbupivacaine than with IV or epidural morphine PCA.
Morphine, administered either epidurally or intravenously, caused more common adverse effects. It is
considered safe to use continuous epidural PCA with
fentanyl-bupivacaine in patients receiving major
elective surgery.
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