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Effects of intraoperative propofol-based total
intravenous anesthesia on postoperative pain in
spine surgery
Comparison with desflurane anesthesia – a randomised trial
Wei-Lin Lin, MDa, Meei-Shyuan Lee, DrPHb, Chih-Shung Wong, MD, PhDc, Shun-Ming Chan, MDa,
Hou-Chuan Lai, MDa, Zhi-Fu Wu, MDa,d, Chueng-He Lu, MDa,∗

Abstract
Background:As reported, patients experience less postoperative pain after propofol-based total intravenous anesthesia (TIVA). In
the present study, we investigated the postoperative analgesic effects between propofol-based TIVA and desflurane anesthesia after
spine surgery.

Methods: Sixty patients were included who received (surgical time >180 minutes) lumbar spine surgery. Patients were randomly
assigned to receive either TIVA (with target-controlled infusion) with propofol/fentanyl-based anesthesia (TIVA group) or desflurane/
fentanyl-based anesthesia (DES group), titrated to maintain Bispectral Index values between 45 and 55. All patients received patient-
controlled analgesia (PCA) with fentanyl for postoperative pain relief. Numeric pain rating scale (NRS) pain scores, postoperative
fentanyl consumption, postoperative rescue tramadol use, and fentanyl-related side effects were recorded.

Results: The TIVA group patients reported lower NRS pain scores during coughing on postoperative day 1 but not day 2 and 3
(P= .002, P= .133, P= .161, respectively). Less fentanyl consumption was observed on postoperative days 1 and 2, but not on day 3
(375mg vs 485mg, P= .032, 414mg vs 572mg, P= .033, and 421mg vs 479mg, P= .209, respectively), less cumulative fentanyl
consumption at postoperative 48hours (790mg vs 1057mg,P= .004) and 72hours (1210mg vs 1536mg, P= .004), and total fentanyl
consumption (1393mg vs 1704mg, P= .007) when compared with the DES group. No difference was found in rescue tramadol use
and fentanyl-related side effects.

Conclusion: Patients anesthetized with propofol-based TIVA reported less pain during coughing and consumed less daily and
total PCA fentanyl after lumbar spine surgery.

Abbreviations: APS = acute pain service, BIS = bispectral index, DES= desflurane anesthesia, NRS = numeric pain rating scale,
PCA = patient control analgesia, PONV = postoperative nausea and vomiting, TCI = target-controlled infusion, TIVA = total
intravenous anesthesia.
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1. Introduction

Intravenous anesthetic propofol, according to its pharmacoki-
netic profile, is the mainstay for total intravenous anesthesia
(TIVA); it has rapid onset and offset with fewer side effects,
particularly postoperative nausea and vomiting (PONV).[1] In
our previous study, we found that patients recovered quicker
after TIVA via a target-controlled infusion (TCI) system, than
with volatile anesthesia in lumbar spine surgery.[2] Propofol has
long been considered a nonanalgesic intravenous hypnotic.
However, studies have been conducted to explore the possible
anti-nociceptive mechanisms of propofol and its potential role as
an analgesic. In animal studies, propofol has been shown to
directly depress dorsal horn neurons in the spinal cord,[3]

inhibiting the phosphorylation of the N-methyl-D-aspartate
receptor NR1 subunit,[4] and of cannabinoid CB1 and CB2
receptors.[5] In human volunteers, propofol at a hypnotic dose of
3.5mcg/ml decreased pain-related regional blood flow to the
thalamus and anterior cingulate cortex.[6] Propofol was reported
to significantly decrease pain scores by 40% and areas of
hyperalgesia and allodynia in human volunteers.[7] Propofol’s
preferential binding to the HCN1 pacemaker channels further
reinforces its anti-hyperalgesic effect.[8] Moreover, the anti-
inflammatory effects of propofol have been shown both in vitro[9]
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and in human studies ; and they may be responsible for
propofol role in postoperative analgesia. Propofol-based anes-
thesia has been shown to be associated with reduced postopera-
tive pain compared with volatile anesthesia,[11–14] whereas
other studies have reported no evidence of the superiority of
propofol.[15,16] A recent meta-analysis comparing postoperative
pain between inhalational and propofol anesthesia showed no
significant differences (P value of .04) probably due to substantial
heterogeneity among studies.[17]

The aim of this prospective observer-blinded study was to
evaluate the analgesic effect (pain scores at rest and during
coughing, and daily and total fentanyl consumption) of propofol-
based TIVA compared to inhalational anesthesia in lengthy
lumbar spine surgery. Anesthesia-associated side effects were also
assessed.
2. Methods

2.1. Patient recruitment

We obtained written informed consent from the patients and
approval from the Ethics Committee (TSGHIRB No: 097–05–
062) of Tri-Service General Hospital, Taipei, Taiwan and the
study was registered at the Chinese Clinical Trial Registry
(ChiCTR-INR-1800014805). Sixty patients aged between 19
and 79 years, American Society of Anesthesiologists physical
status I–III, undergoing elective lumbar spine surgery (surgical
time >180minutes), including posterolateral fusion and pedicle
screw fixation, were recruited. Study recruitment took place
between July 12, 2008 and December 2, 2009. Patients were
excluded when they had cardiopulmonary, endocrinologic, or
immunologic diseases, malignancies, spine deformity, chronic
pain management, or there was difficulty in the assessment of
postoperative pain (e.g., postoperative mechanical ventilation),
early termination of patient-controlled analgesia (PCA) due to
deterioration of patient condition, or when the patients required a
second operation.
2.2. Randomization and blind-study

Patients were randomly assigned to either a desflurane or
propofol group for general anesthesia maintenance. Randomiza-
tion was performed by 2 independent anesthesiologists using 60
opaque sealed envelopes, 30 for each group, indicating patient
group assignment and describing the anesthetic protocol for this
particular group. The patients and the acute pain service (APS)
team involved in assessing postoperative pain and analgesic
consumption and the anesthesiologists involved in data collection
and analysis of results, were not aware of group assignment (Lu
CH and Lin WL).
2.3. Anesthetic technique

There was no premedication prior to anesthesia induction.
Regular monitoring, including electrocardiography (lead II),
pulse oximetry, noninvasive blood pressure, respiratory rate, and
end-tidal carbon dioxide pressure, was performed.
Anesthesia was inducedwith fentanyl (2mg/kg), lidocaine (2%,

1.5mg/kg), and propofol (2mg/kg). After loss of consciousness,
rocuronium (0.6mg/kg) was administered for tracheal intuba-
tion. Maintenance of anesthesia, in the TIVA group, continuous
infusion of propofol (Fresenius 1%) was initiated using a TCI
system programmed with the Schneider model (Fresenius
2

Orchestra Primea, Fresenius Kabi AG, Bad Homburg, Germany)
at an effective target concentration of 4mg/ml. In the DES group,
desflurane was delivered via pure oxygen at 300ml/min under a
closed system, and the concentration was also monitored (Datex-
Ohmeda S/5 Anesthesia Monitor, Helsinki, Finland). Anesthesia
depth was adjusted according to Bispectral Index (BIS) at a target
of 40 to 60.
To prevent postoperative nausea and vomiting, all patients

received 4mg of IV dexamethasone immediately after induction
of anesthesia. The ventilation rate andmaximum airway pressure
were adjusted tomaintain end-tidal carbon dioxide pressure at 35
to 45 mmHg. Repetitive bolus injections of fentanyl were
prescribed according to hemodynamic response by the anesthe-
siologist in charge throughout the procedure. Rocuronium was
administered as required by the return of neuromuscular
function. At the end of the operation, desflurane or propofol
was discontinued, and the lungs were ventilated with 100%
oxygen at a fresh gas flow of 6L/min. After completion of
surgery, reversal of neuromuscular blockade was achieved with
atropine 0.02mg/kg and neostigmine 0.05mg/kg, followed by
tracheal extubation.
2.4. Postoperative analgesia and assessment of
postoperative pain

At the post anesthesia care unit, PCA (Graseby 3300 Syringe
Pump, SmithsMedical, London, UK) was applied at a regimen of
fentanyl at 10mg/bolus with a five-min lockout interval and a
maximum dose of 1 to 1.5mg/kg/h, continuous basal infusion
was disabled, tomaintain the verbal numerical rating scale (NRS,
0 = no pain, 10 = the worst imaginable pain) at less than 3.
Intravenous tramadol injection (50mg) was prescribed as rescue
pain medication. All the patients were visited daily by
anesthesiologists from the APS team. The APS team were
informed if pain control was inadequate and hourly limit
and bolus dose parameters could then be adjusted after
assessment. Postoperative pain intensity, measured with the
NRS, at rest and during coughing on postoperative days 1 to 3,
daily and total PCA fentanyl consumption, the doses of rescue
tramadol use at postoperative 72hours, and side effects were
recorded.
2.5. Statistical analysis

The primary end-point of the study was the NRS pain scores at
rest and during coughing. The secondary end-point was the
postoperative analgesic requirements (cumulative fentanyl con-
sumption during the 72hours after surgery). Sample size
calculation was based on an initial pilot study where the
standard deviation within each group was approximately 1.5. To
achieve 80% power at a = 0.015 level to detect a two-tailed
difference of at least 1.5 NRS points, we required 27 patients in
each group. Then, we enrolled 30 patients in each group. All data
are expressed as mean (standard deviation) or numbers with
percentage unless otherwise indicated. Statistical analyses were
performed using the Statistical Package for Social Sciences 12.0
for Windows (SPSS, Inc., Chicago, IL). Means of the 2 groups
were compared by Student’s t test following conversion of raw
data into a logarithmic scale when appropriate. Categorical
variables were analyzed by the chi-squared test or Fisher exact
test for proportions and continuous variables by 2-tailed
unpaired t tests (Bonferroni t test). P values of less than .05
were considered significant.



Table 1

Patient demographics, duration of surgery, blood loss, and
intraoperative fentanyl use.

TIVA (n=30) DES (n=30) P value

ASA I/II/III 2/20/8 1/19/10
Gender (M/F) 11/19 9/21 .584
Age (yr/o) 59.4±15.4 55.0±18.4 .322
Weight (kg) 66.3±11.6 62.4±9.2 .159
Duration of surgery (min) 193.0±16.7 192.0±15.8 .813
Blood loss (mL) 315.7±149.3 337.0±174.0 .612
Intraoperative fentanyl use (ug) 183.3±46.1 168.3±46.4 .214

Data are shown as mean ± SD or numbers.
DES=desflurane anesthesia, TIVA= total intravenous anesthesia.

Table 2

Daily fentanyl consumption from postoperative day 1 to 3,
cumulative fentanyl consumption at postoperative 48hours and
72hours, total fentanyl consumption (mg), and rescue tramadol use
at postoperative 72hours (mg).

TIVA (n=30) DES (n=30) P value

Day 1 375.4±170.6 485.4±213.1 .032
Day 2 414.1±240.4 571.8±313.1 .033
Day 3 420.5±181.3 478.9±174.5 .209
0–48 h postoperative cumulative

fentanyl consumption
789.5±324.0 1057.2±372.8 .004

0–72 h postoperative cumulative
fentanyl consumption

1210.1±430.0 1536.1±412.8 .004

Total fentanyl consumption 1393.4±442.6 1704.4±425.6 .007
0–72 h rescue tramadol use 25.0±25.4 35.0±23.3 .118

Data are shown as mean±SD.
DES=desflurane anesthesia, TIVA= total intravenous anesthesia, Total fentanyl consumption=72 hrs
postoperative fentanyl cumulation + intraoperative fentanyl use.
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3. Results

All 60 patients completed the study (30 in each group). No
statistically significant differences were observed between the 2
groups in patient demographics (Table 1). NRS pain scores at rest
and during coughing for the first 3 postoperative days are
presented in Figure 1. There were no significant differences in
Figure 1. VAS pain scores at rest (A) and during coughing (B). Coughing VAS
pain scores were significantly lower at day 1 (D1) after surgery in the TIVA group
compared with the DES group (P= .002). DES=desflurane anesthesia, TIVA=
total intravenous anesthesia, VAS=visual analogue pain scores.

3

NRS pain scores at rest between the 2 groups. The patients that
received TIVA reported a lower NRS pain score during coughing
with amean of 4.1 (vs 4.7 in the DES group) on postoperative day
1 (P= .002), but no differences between the 2 groups were
observed on days 2 and 3.
Daily fentanyl consumption on postoperative days 1 to 3,

cumulative fentanyl consumption at postoperative 48hours and
72hours, and total fentanyl consumption are shown in Table 2.
There was lower daily PCA fentanyl consumption in the TIVA
group on postoperative days 1 and 2 (375mg vs 485mg, P= .032
on day 1 and 414mg vs 572mg, P= .033 on day 2) than in the
DES group, and no difference was observed on day 3 (421mg vs
479mg, P= .209). Mean cumulative fentanyl consumption at
postoperative 48hours and 72hours was significantly lower in
the TIVA than in DES group (790mg vs 1057mg, P= .004 at
postoperative 48hours and 1210mg vs 1536mg, P= .004 at
postoperative 72hours). Total fentanyl consumption was also
lower in the TIVA than in the DES group (1393mg vs 1704mg,
P= .007). There was no significant differences in the doses of
rescue tramadol use at postoperative 72hours (Table 2) between
the 2 groups (TIVA, 25mg vs DES, 35mg, P= .118). No
difference in side effects, such as PONV and dizziness, was
observed between the 2 groups (Table 3).
4. Discussion

Our study showed that patients receiving propofol for mainte-
nance of general anesthesia in lumbar spine surgery reported
significantly less pain than patients receiving desflurane/fentanyl-
based anesthesia, reflected by lower mean NRS pain scores
during coughing at day 1 and less fentanyl consumption up to
postoperative day 2. It is important to achieve good acute pain
control to prevent progression to chronic pain and facilitate early
mobilization, and high postoperative morphine consumption at
Table 3

Postoperative side effects.

TIVA (n=30) DES (n=30) P value

PONV 1 (3.3%) 5 (16.7%) .195
Dizziness 1 (3.3%) 3 (10.0%) .612

Data are shown as numbers (%).
DES=desflurane anesthesia, PONV=postoperative nausea and vomiting, TIVA= total intravenous
anesthesia.
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the first 24hours is predictive of the development and severity of
chronic pain.[18] This study showed that TIVA-propofol
anesthesia provided better pain relief with less opioid consump-
tion during the first 2 days after surgery.
Propofol was originally developed as an anesthetic and

sedative drug; however, its potential analgesic effect was an
interesting and serendipitous discovery.[12] The effect of propofol
on noxious stimuli remains controversial; animal studies have
reported systemic propofol to have either no effect[19,20] or
antinociceptive and/or antihyperalgesic effects.[21,22] Moreover,
systemic administration of propofol depressed noxious stimulus–
evoked responses of neurons in the spinal cord dorsal[3,23–25] and
ventral[26,27] horns and either reduced[28] or had no effect[19] on
formalin-evoked spinal neuronal expression of c-fos, a marker of
neuronal activity. In contrast, several studies of experimental
pain in humans have reported the analgesic effects of subhypnotic
doses of propofol.[7,29–31] Some recent clinical studies have
reported that surgical patients receiving propofol anesthesia
reported less postoperative pain.[11–14] Regarding acute pain,
Chan et al. found that patients anesthetized with propofol TIVA
reported less pain during coughing and consumed less daily,
cumulative, and total morphine after liver surgery than patients
anesthetized with sevoflurane.[11] A study by Cheng and
colleagues showed that propofol was associated with less
postoperative pain and less PCA morphine when compared
with isoflurane on the first day after open uterine surgery.[12] Two
more studies found that patients undergoing laparoscopic
gynecological surgery reported less pain during the immediate
postoperative period with propofol than with sevoflurane
anesthesia. Li and colleagues studied the pain scores of 90
patients at rest at 0.5hour and 1hour postoperatively and found
that they were significantly lower in the propofol group than in
the sevoflurane group.[13] Tan et al found that pain scores were
higher in the sevoflurane group than in the propofol group at
postoperative first 4hours.[14] In contrast to previous studies that
measured pain scores from 0.5 to 24hours postoperatively,[12–14]

our study revealed a reduction in pain scores during coughing on
day 1, with less daily fentanyl consumption extending to
postoperative day 2. This is consistent with Chan et al findings
that lower pain scores extended to postoperative day 2 with less
daily morphine consumption up to day 3 in propofol-anesthe-
tized patients.[14] This signifies that the reduction in pain scores
andmorphine consumption within the first 24hour was probably
not due to a sedative effect from residual anesthetics; propofol
has a very fast recovery profile.
There are also some controversial reports. A study comparing

desflurane, sevoflurane, and propofol found no difference in
cumulative opioid consumption and pain scores at rest or after
coughing at postoperative 2, 4, 8, and 24hours after abdominal
hysterectomy or myomectomy.[15] A recent meta-analysis[17]

reported that the current results are affected by substantial
heterogeneity, which precludes any investigation for significant
differences (P value of <.01, such as in highly heterogeneous
samples among groups or numerous combinations of groups
with small sample sizes). However, this meta-analysis showed a
possible superiority of propofol anesthesia over inhalational
anesthesia with respect to the analgesic effect; propofol use was
associated with reduced postoperative pain intensity at rest at 30
minutes, 1hour, and 12hours (P= .04) and reduced morphine-
equivalent consumption 0 to 24hours postoperatively (P
= .05).[17] Although the effect of propofol on postoperative pain
is controversial, and we could not ascertain whether our finding
was attributable to the analgesic properties of propofol, the
4

reduction in pain scores during coughing and the decrease in total
fentanyl consumption by 18% in our study are both statistically
and clinically significant. TIVA-propofol anesthesia potentially
provides better postoperative pain relief with less opioid
consumption, and it may be considered a good option for
reducing postoperative pain and chronic pain development.
Several possible mechanisms may explain the effects of

propofol and of volatile agents on acute postoperative pain.
Volatile agents are known to suppress the propagation of sensory
afferent stimuli to the nervous system at anesthetic concen-
trations.[32,33] It is worth noting that inhalational anesthetics tend
to cause hyperalgesia at 0.1 minimum alveolar concentrations,
which may increase pain perception during emergence from
anesthesia.[34] This increased sensitivity to pain is mediated by
modulation of central adrenergic and cholinergic transmission, as
well as by 5-HT3 receptor–mediated currents.[35,36] In contrast,
propofol exhibits short-lasting analgesic properties with a trend
toward reduced hyperalgesia and allodynia in healthy volun-
teers.[7] The exact mechanism of propofol action remains
unknown, evidence from cell cultures and animal studies suggests
that propofol may interact with GABA receptors and exert its
anesthetic as well as analgesic effects.[8,12,22] Animal studies
employing the delta-opioid antagonist naltrindole have suggested
that propofol antinociception is mediated through spinal delta-
opioid receptors and through GABA receptors.[22] Other
potential mechanisms involved in propofol’s analgesic effects[30]

may be its anti-inflammatory[37] and antioxidant[38] actions.
With regard to side effect profiles, our results showed no

difference in the incidence of PONV or dizziness between the DES
and TIVA-propofol groups. However, in our previous retrospec-
tive study, the incidence of PONV was significantly reduced in
patients receiving TIVA than in patients receivingDES undergoing
ophthalmic surgery.[1] This study may not have been powered to
detect side effects with a low incidence and the preventive effect of
dexamethasone, and it is to be noted that the raw data showed that
16.7% of the DES group vs 3.3% of the TIVA group had PONV.
There are several limitations to our study. First, although we

did not measure postoperative sedation scores. There is a
possibility that patients may had become more sedated, and
hence have consumed less fentanyl; however, residual analgesia
was unlikely, as our results showed that the decrease in NRS pain
scores during coughing was still apparent on postoperative day 1,
and daily fentanyl consumption was also lower, outlasting the
therapeutic duration of both desflurane and propofol. Second,
pain ratings provided by patients are not objective. However, the
best assessment of pain is performed by the patients; our
approach is realistic and represents a daily clinical routine.
Finally, we did not perform blood sample analysis of the plasma
levels of propofol in our patients; we adjusted propofol targets
according to target BIS and previous pharmacokinetic data of
propofol to derive our pharmacodynamic model.
In conclusion, the patients that underwent lumbar spine surgery

using propofol for induction and maintenance of anesthesia had
better pain relief with less fentanyl consumption during the first 2
days after surgery than the patients who received desflurane. This
anesthetic techniqueof propofol-basedTIVA should be considered
as a viable option for reducing postoperative pain.
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