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performed with intravenous morphine either continuously applied or with a patient-controlled analgesia device.1 Epidural analgesia with local anesthetics or opioids is frequently performed after major surgical
procedures,4,5 and continuous epidural analgesia
through one6 –10 or two11,12 epidural catheters placed by
the surgeon at the end of the procedure has been shown
to provide efficient postoperative pain control after scoliosis correction.
The aim of this prospective unblinded study was to
compare the efficacy of continuous double epidural
catheter technique with plain ropivacaine with continuous intravenous morphine after a dorsal approach for
scoliosis correction. As the appearance of severe neurologic complications occurs during the first 14 –16 postoperative hours,13–15 the beginning of the ropivacaine
infusion was postponed until the next morning to avoid
interfering with the neurologic evaluation.

Materials and Methods
After obtaining institutional approval of the local ethics committee (Gesundheitsdirektion des Kantons
Zürich, Kantonale Ethik-Kommission, Zürich, Switzerland) and written informed consent, 30 patients were
prospectively randomized according to a computer randomization list to either the intravenous morphine
group or the double epidural catheter group.
Inclusion criteria were elective correction of idiopathic scoliosis with a dorsal approach over at least
seven vertebral levels, American Society of Anesthesiology physical status I-III, 10 –30 yr of age, body weight of
30 –90 kg, and body height of 130 –180 cm. Exclusion
criteria were any contraindication for epidural catheter
placement, known allergy to drugs used in the study,
drug abuse, pregnancy, cardiac arrhythmia or myocardial infarction within the previous 6 months, preoperative neurologic deficit, and inability to use a visual analog
scale (VAS) with a scaled ruler for assessing adequately
postoperative pain. Exclusion criteria during the study
were incorrect epidural catheter placement, accidental
perforation of the dura while placing the epidural catheter, or occurrence of postoperative neurologic deficit.
One hour before the beginning of anesthesia all patients
were orally premedicated with midazolam 0.1 mg/kg. After
arrival in the preoperative anesthetic area, standard monitoring (electrocardiography, blood oxygen saturation, and
noninvasive blood pressure measurement) and peripheral
venous access was obtained. Anesthesia was induced and

MAJOR spine surgery with a dorsal or ventrodorsal approach for correction of scoliosis deformation with or
without thoracotomy causes severe postoperative pain.1
Patients undergoing these operations are most often
children or adolescents and are known to suffer from
increased pain sensation compared to adults.2,3 Postoperative pain treatment after spinal surgery is usually
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Background: Major spine surgery with a dorsal or ventrodorsal approach causes severe postoperative pain. The use of continuous epidural analgesia through one or two epidural catheters placed intraoperatively by the surgeon has been shown to
provide efficient postoperative pain control. In this prospective
unblinded study, the authors compared the efficacy of continuous intravenous morphine with a continuous double epidural
catheter technique with ropivacaine after scoliosis correction.
Methods: Thirty patients with American Society of Anesthesiology physical status I–III were prospectively randomized to
either the morphine group or the epidural group. At the end of
surgery, patients in the epidural group received two epidural
catheters placed by the surgeon, one directed cephalad and one
caudally. Correct placement was checked radiographically.
Postoperative analgesia until the first postoperative morning
was performed with remifentanil target-control infusion for all
patients. From that time remifentanil was stopped and continuous intravenous analgesia with morphine or double epidural
analgesia with ropivacaine 0.3% was initiated (T0 ⴝ beginning
of study). Pain at rest and pain in motion (using a visual analog
scale from 0 –100), the amount of rescue analgesics, sensory
level, motor blockade, postoperative nausea and vomiting, and
pruritus were assessed every 6 h and bowel function was assessed every 12 h until T72 (end of study). Two days later,
patient satisfaction was assessed.
Results: Pain scores at rest were significantly decreased in the
epidural group at all time points except at T12, T60, and T72. Pain
scores in motion were significantly decreased in the epidural
group at T24, T48, and T72. Bowel activity was significantly better
in the epidural group at T24, T36, T48, and T60. Postoperative
nausea and vomiting and pruritus occurred significantly less
frequently in the epidural group. No complications related to
the epidural catheter occurred.
Conclusions: Both methods provide efficient postoperative
analgesia. However, double epidural catheter technique provides better postoperative analgesia, earlier recovery of bowel
function, fewer side effects, and a higher patient satisfaction.
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ropivacaine 0.3% with 4 – 8 ml boluses according to the
height of the patients through each catheter followed by a
continuous epidural infusion of ropivacaine 0.3% with two
infusion pumps (IVAC P 4000; Welmed, Hampshire, UK).
The epidural infusion rate was maintained between 4 –
10 ml/h in each catheter to obtain a sensory blockade from
T2 to T12. The sensory levels were assessed with pinprick
stimulation, using a safety pin and a cold test to assess
intact, reduced, or abolished perception. Motor block was
evaluated by means of a modified four-grade Bromage
scale18 (0 ⫽ no paralysis; 1 ⫽ inability to lift the thigh (only
able to move knee and feet); 2 ⫽ inability to flex the knee
(only able to move feet); 3 ⫽ inability to move any joint in
the legs) every hour for the first 6 h and then every 6 h until
T72. Within 3 h after T0, remifentanil was gradually reduced
and stopped. All patients received oral rofecoxib once a
day (25 mg when ⬍50 kg or 50 mg when ⬎50 kg) and
intravenous acetaminophen 1 g every 6 h was provided for
patients weighing more than 40 kg and 25 mg/kg every 6 h
for patients weighing less then 40 kg. As a rescue analgesic,
intravenous morphine 0.025 mg/kg was administered if
VAS was greater than 30 and titrated to keep a respiratory
rate greater than 8 breaths/min.
Hypotension was defined as a decrease of mean arterial
pressure of more than 20% compared with the preoperative value. Pulmonary complications were defined as respiratory rate less than 8/min, oxygen saturation less than
92%, or apparent lobar atelectasis on chest radiograph.
Data were assessed by a research nurse not involved
with and not aware of the aim of the study and started at
T0 until T72, in all patients. Postoperative pain at rest was
assessed at 6-h intervals by means of a VAS from 0 –100,
where 0 ⫽ no pain and 100 ⫽ the worst pain imaginable.
Pain in motion (during coughing) was assessed at T24,
T48, and T72. VAS less than 20 was considered as good,
20 –30 was acceptable, and greater than 30 was unacceptable; those patients received supplementary intravenous morphine boluses as rescue analgesia. Pruritus and
postoperative nausea and vomiting were assessed every
6 h. Pruritus was rated as 0 ⫽ no pruritus and 1 ⫽
pruritus. Nausea was defined as an unpleasant feeling in
the stomach with or without retching and vomiting was
defined as expulsion of gastric content. Every episode
of postoperative nausea and vomiting was treated with
1–2 mg intravenous tropisetron. If this therapy was not
successful, propofol TCI with target concentration of
0.5– 0.8 g/ml was initiated.19 We assessed bowel activity every 12 h and used the following scale: 0 ⫽ no
bowel activity, 1 ⫽ bowel sounds, 2 ⫽ first flatus, 3 ⫽
first tolerated meal, 4 ⫽ first bowel movement. At T72
the epidural infusion was stopped and the epidural catheter was removed. Analgesia was then continued with
intravenous morphine. Two days later, patients were
asked to rate their satisfaction with postoperative pain
and analgesia management during the study period on a
scale from 0 (not satisfied at all) to 10 (very satisfied).
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maintained performing target-controlled infusion (TCI)
with propofol TCI (Deltec Graseby 3500, Laubscher Basel,
Basel, Switzerland, and Diprifusor subsystem, AstraZeneca
Ltd., Macclesfield, Cheshire, United Kingdom) and with
remifentanil TCI (Deltec Graseby 3500, Laubscher Basel,
including a commercially unavailable computer program to
calculate the remifentanil target concentration, according
to Minto et al.16). To facilitate tracheal intubation, rocuronium 0.8 mg/kg was given and could be repeated intraoperatively according to surgical needs. After induction of
anesthesia, all patients received a urinary catheter and if
indicated, a central venous catheter or peripheral arterial
catheter. All operations were performed by the same surgeon. The posterior instrumentation of the spine was done
with pedicle screws in the thoracic and lumbar spine using
universal spine system (USS威, Stratec, Oberdorf, Luzern,
Switzerland). The procedures were performed over a minimum of seven or maximum of eleven vertebral levels.
Intraoperative monitoring of posterior spinal cord function
was assessed with somatosensory evoked potentials.17
Blood loss was assessed routinely, and a cell saver (Hemonetics Cell Saver 5威; Hemonetics, Signy, Switzerland) was
used in all patients. At the end of the scoliosis correction,
before wound closure, patients in the epidural group received two multiport (three lateral holed with closed end)
epidural catheters (Perifix威 18-gauge Tuohy needle, 20gauge catheter; B. Braun Melsungen AG, Melsungen, Germany) placed by the surgeon with the loss of resistance
technique. The epidural space was assessed through the
ligamentum flavum at the appropriate level. The upper
catheter was inserted at the cranial end of the wound and
the tip was directed 4 –5 cm cephalad to Th1– 4. The lower
catheter was inserted at the caudal end of the wound and
the tip was directed 4 –5 cm to a position L1– 4. Correct
placement was checked radiographically at the end of the
operation twice with 3 ml contrast medium (Iopamiro威,
Bracco s.p.a.; Milano, Italy) through each catheter to obtain
anteroposterior and lateral chest radiographs. Propofol TCI
was then terminated and remifentanil TCI reduced until
patients fulfilled extubation criteria. The patients were
then transferred to the intensive care unit, where a complete neurologic examination was performed. Patients
showing any neurologic disorders were excluded from the
study.
For all patients, postoperative analgesia was maintained with the ongoing remifentanil TCI device until
the first postoperative morning without activation of the
epidural catheters to allow neurologic assessment. The
catheters were flushed every 8 h with 2 ml saline before
activation. The remifentanil concentration was titrated
to have a patient with VAS less than 20 who could be
readily aroused and had a respiratory frequency of
ⱖ8 breaths/min. On the first postoperative morning at
08:00 AM (T0), study medication was initiated as follows:
continuous intravenous morphine with 0.05 mg·kg⫺1·h⫺1
in the morphine group or, in the epidural group, epidural
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Table 1. Patient characteristics

age (y)
weight (kg)
height (cm)
female/male (n)
vertebral level fused (n)
operation time (min)
time from extubation to start
of the study (h ⫾ min)

E group
(n ⫽ 15)

M group
(n ⫽ 15)

17 (⫾ 5)
49 (⫾ 8)
156 (⫾ 8)
11/4
9 (⫾ 1)
309 (⫾ 43)
18 ⫾ 31

17 (⫾ 5)
49 (⫾ 9)
158 (⫾ 11)
12/3
9 (⫾ 1)
297 (⫾ 42)
18 ⫾ 19

Statistical Analysis
Based on our experience, pain severity in this surgical
context was unacceptable in 25% of the patients at rest
in the morphine group. A clinical improvement of the
pain scores in the epidural group should include a 30%
reduction of pain to be considered significant. Based on
this data, a power analysis indicated that a sample size of
15 patients per group was sufficient to have 80% power
at the 95% significance level.
Demographic data, rescue morphine consumption and
patient satisfaction were assessed using the Mann–Whitney U test. VAS values and bowel activity were analyzed
using the Mann–Whitney U test with Bonferroni correction for multiple comparisons. Categorical data were
analyzed using the Fisher exact test. For all determinations a P value ⬍ 0.05 was considered significant.

Results
Thirty patients with idiopathic scoliosis were included
over an 18-month period, 15 in the epidural group and
15 in the morphine group. Patient and surgical characteristics are summarized in table 1. No surgical complications occurred. No patient had iliac crest bone harvest.
The intraoperative monitoring of dorsal horn activity
with somatosensory evoked potentials was unremarkable at any time. Intraoperative blood loss was between
950 and 3000 ml. Retransfusion volumes from the cell
saver were between 300 and 960 ml. One patient in each
group received one unit of erythrocytes. Radiologic verification ensured that epidural catheters were placed
correctly, with the cephalad catheter tip positioned at
T4 – 6 and the lower catheter tip positioned at T10-L1.
No technical problem occurred with the epidural catheters during the course of the study. Postoperative clinical neurologic assessment was uneventful. No patient
had to be excluded during the course of the study.
Patients were extubated under remifentanil concentrations of 2.5 to 4.5 ng/ml at the effect site. Remifentanil
concentrations of 1.5 to 3 ng/ml at the effect site were
sufficient for the control of postoperative pain until the
beginning of the study, with awake patients having a
respiratory rate greater than 8 breaths/min. After adminAnesthesiology, V 102, No 1, Jan 2005

Fig. 1. Pain at rest was assessed in the epidural group (open
bars) and in the morphine group (filled bars) every 6 h from T6
until T72 using a visual analog scale (VAS) from 0 – 100, where
0 ⴝ no pain and 100 ⴝ worst pain imaginable. Data are presented as mean ⴞ SD.

istration of the two epidural bolus injections through the
epidural catheters, all patients in the epidural group had
a homogenous spread of sensory anesthesia within the
levels Th1 cranially and L2 caudally.
After the initial epidural ropivacaine bolus, four patients showed a transient motor blockade of more than 1
(one patient had Bromage 2, three patients had Bromage 3)
on the modified Bromage scale, which spontaneously resolved within 180 min and did not recur during the continuous epidural infusion until the end of the study (T72).
VAS values were significantly decreased in the epidural
group at rest at T6, T18, T24, T30, T42, T48, T54, and T66
and in motion at T24, T48, and T72 (figs. 1 and 2). At T72,
the mean total intravenous morphine consumption for
rescue analgesia was significantly decreased in the epidural group (6 ⫾ 3 mg versus 12 ⫾ 5 mg in the morphine group; P ⬍ 0.05). The occurrence of postoperative nausea and vomiting and pruritus was significantly
decreased in the epidural group (figs. 3 and 4). Bowel
activity was significantly better in the epidural group
compared with the morphine group at T24–T60 (fig. 5).
First bowel movement was noted at T24 in 13% and 0%,
at T48 in 60% and 6.5%, and at T72 in 66.5% and 40% in
the epidural and morphine groups, respectively. In the
epidural group, patient satisfaction was 8.3 ⫾ 0.9 as compared with 6.8 ⫾ 0.6 in the morphine group (P ⬍ 0.05).

Fig. 2. Pain in motion was assessed in the epidural group (open
bars) and in the morphine group (filled bars) at T24, T48 and at
T72 using a visual analog scale (VAS) from 0 – 100, where 0 ⴝ no
pain and 100 ⴝ worst pain imaginable. Data are presented as
mean ⴞ SD.
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Data are given as mean (⫾ SD).
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Discussion
This study demonstrated that continuous epidural infusion with plain ropivacaine 0.3% through two epidural
catheters after major scoliosis correction is associated
with better pain control, less pruritus and nausea/vomiting, and earlier return of bowel function as compared
with intravenous morphine. To our knowledge this is
the first controlled prospective randomized study demonstrating the efficacy of the double epidural catheter
technique after correction of scoliosis of homogeneous
underlying conditions.
Epidural analgesia with local anesthetics or opioids is
performed routinely after major thoracic, abdominal and
orthopedic surgery, and has proven to be superior to
conventional intravenous analgesia providing equal or
better pain control with less side effects.4,5 The use of
ropivacaine 0.3% was chosen because a preliminary pilot
study showed this concentration to be associated with
better control of pain and without major blockade of the
lower limbs as compared with ropivacaine 0.2%. This
point is important in this surgical context because early
motor block is an issue that has to be recognized quickly.
Turner et al.10 demonstrated in a prospective observational study that surgically placed and radiographically

Fig. 4. Pruritus was assessed in the epidural group (open bars)
and in the morphine group (filled bars) every 6 h from T6 until
T72. Data are presented as mean ⴞ SD.
Anesthesiology, V 102, No 1, Jan 2005

Fig. 5. Bowel activity was assessed in the epidural group (open
box plots) and in the morphine group (filled box plots) every
12 h: 0 ⴝ no bowel activity; 1 ⴝ bowel sounds; 2 ⴝ first flatus;
3 ⴝ first tolerated meal; 4 ⴝ first bowel movement. Box plots
show median and 25th and 75th percentiles, whiskers denote
10th and 90th percentiles, and circles indicate outliers. *P <
0.05, epidural group compared with the morphine group at the
corresponding time point.

verified single thoracic epidural catheters provided a
successful pain control in only 64% of the children after
posterior spinal fusion. In this study, a mixture of bupivacaine 0.1% with 5 g/ml fentanyl at a rate up to 15 ml/h
was administered through the epidural catheter. Importantly, this trial confirms that clinical experience with a
single epidural catheter in this context emphasizes the
frequent occurrence of pain localization to the upper or
lower parts of the surgical field as a result of incomplete
analgesia administration. The only prospective randomized trial comparing a single epidural catheter for postoperative analgesia with intravenous patient-controlled
morphine analgesia after posterior spinal fusion could
not demonstrate any difference in analgesic efficacy.20 In
this study a mixture of bupivacaine 0.125% with fentanyl
2.5 g/ml was administered at a rate of 0.3 ml/kg per
hour. This lack of analgesic benefit, noted by Cassady et
al.20 may have resulted from the use of the low concentrated bupivacaine with the addition of a low dose of the
lipophilic opioid fentanyl to cover 10 –12 dermatomes.
These results were in contrast with the findings of Tobias et al.,11 Ekatodramis et al.,12 and the current study,
in which double epidural catheter techniques were
used. Tobias et al.11 investigated, in an uncontrolled
study, the efficacy of dual epidural catheter technique to
provide analgesia after posterior spinal fusion in 14 children with mixed underlying conditions. After a bolus
with plain ropivacaine 0.2% in volumes of 0.2 ml/kg and
0.1 ml/kg into the lower and upper catheters, a continuous
infusion of ropivacaine 0.1% plus hydromorphine 10 g/ml
was infused at 0.2 ml·kg⫺1·h⫺1 and 0.1 ml·kg⫺1·h⫺1 into
the lower and upper catheters, respectively. The authors
found that nine of their patients (62%) had episodes of
significant pain, which is much higher than our results.
Compared with the loss of resistance technique with a
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Fig. 3. Postoperative nausea and vomiting (PONV) was assessed
in the epidural group (open bars) and in the morphine group
(filled bars) every 6 h from T6 until T72. Data are presented as
mean ⴞ SD.
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to 1 or 0 on the modified Bromage scale. No patient
showed increasing motor blockade during the 72 h of
ropivacaine infusion, an observation in accordance with
the results of Scott et al.22 The possibility of an early
motor blockade resulting from ropivacaine led us to
continue the infusion of remifentanil until the first postoperative morning for all patients. This allowed a continuous neurologic assessment during the first 14 –18
postoperative hours; this period is the most critical for
the development of early secondary neurologic complications.13–15 The recognition of motor blockade is therefore mandatory because early detection may prevent the
occurrence of irreversible deficits.
This study could be criticized because it was not
blinded. However, to minimize bias in the postoperative
observations, the nurse responsible for collecting the
data were unaware of the aim of the study and not
informed about the potential benefits of risks of the
treatments. Although it was technically difficult to blind
this study, it was possible to reduce the bias in the
postoperative measurements by not informing the nurse
of the hypothesis of the study.
In conclusion, our results demonstrated that continuous epidural plain ropivacaine 0.3% through two epidural catheters provided better postoperative analgesia
at rest and in motion, less side effects, earlier return of
bowel function, and higher patient satisfaction compared with intravenous morphine after scoliosis
correction.
The association of a continuous infusion of remifentanil during the first postoperative day with a double
epidural technique for subsequent days has the following advantage: it allows a close neurologic assessment
during the first postoperative hours, the most likely time
for the occurrence of severe neurologic complications,
and gives the patient the opportunity to take advantage
of good pain control with local anesthetic through epidural catheters without the residual side effects secondary to prolonged opioid infusion.
The authors thank Paul Harpes, Dr. Math., Department of Biostatistics, University of Zurich, Zurich, Switzerland, for his help in performing the statistical
analysis.
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