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Total Intravenous Anesthesia (TIVA) With Propofol
for Acute Postoperative Pain: A Scoping Review of
Randomized Controlled Trials
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Total intravenous anesthesia (TIVA) with propofol may improve acute postoperative pain control
compared to inhalational anesthesia. The objective of this review was to comprehensively update and
evaluate the existing literature on the analgesic efficacy of propofol TIVA. A systemized literature search
for randomized controlled trials in adult patients was conducted in the PubMed and Cochrane CENTRAL
(EMBASE source) databases up to August 2019. Clinical trials included compared propofol TIVA against
inhalational isoflurane, sevoflurane, or desflurane. Only clinical trials that studied acute postoperative pain
scores or analgesic consumption as a primary outcome were included. Sixteen randomized controlled trials
were included. Surgical procedures evaluated included: radical gastrectomy, open vein stripping, breast cancer
surgery, laparoscopic cholecystectomy, inguinal herniotomy, abdominoplasty, bariatric surgery, lumbar spine
surgery, emergency neurosurgical operations, open and laparoscopic gynecological surgeries, and dental
surgery. Propofol TIVA was associated with reduced postoperative pain scores and/or decreased opioid
consumption in 9 out of 16 clinical trials. There was no difference in 5 clinical trials, and propofol TIVA
was associated with worse analgesic outcomes in 2 trials. Propofol TIVA may improve acute postoperative
analgesia after surgery, but different factors such as surgical procedures and anesthetic/analgesic techniques
may influence its effectiveness.
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Introduction

Acute postoperative pain remains an important
unresolved clinical problem. It has been reported that
80% of patients suffer from pain after surgery, and
less than half of them receive adequate pain relief.'
There appears to have been little improvement in
acute postoperative pain control from patient perspec-
tive over the years.” Undesirable outcomes including
reduced patient satisfaction, delayed recovery, devel-
opment of chronic post-surgical pain, and increased
morbidity are associated with poor acute postopera-

tive pain control.” Therefore, techniques to improve
acute postoperative pain management are needed.
Propofol is a commonly used intravenous an-
esthetic drug. Total intravenous anesthesia (TIVA)
with propofol can be used for both induction and
maintenance of general anesthesia. Propofol has been
associated with pain relief both in animal studies and
in human healthy volunteer studies.”” Therefore, the
choice of general anesthetic technique may affect
acute postoperative pain control. While a couple of
meta-analyses comparing the analgesic efficacy of
propofol TIVA versus inhalational anesthesia has
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been done in the past, concrete conclusions could not
be made due to discrepancy between results.'”"" Since
then, numerous additional clinical trials have been
published in this area. A comprehensive review of the
current literature would provide clinical information
that could better inform clinicians about the analgesic
effect of propofol TIVA for postoperative pain. This
may influence the choice of general anesthetic tech-
nique.

In this study, an updated scoping review of ran-
domized controlled trials was performed to evaluate
the analgesic effect of propofol TIVA for acute post-
operative pain. Only clinical trials that evaluated post-
operative pain scores and/or analgesic consumption as
a primary outcome were included.

Methods
Search Strategy

The search methodology was conducted accord-
ing to the guidelines specified by the PRISMA check-
list. A systematic literature search of published trials
up to August 2019 was performed using the PubMed
and Cochrane CENTRAL (EMBASE source) da-
tabase. Only randomized controlled trials were
included. The keywords used for the search were:
(propofol or TIVA or “total intravenous anesthesia” or
“intravenous anesthesia”), (sevoflurane or isoflurane

PubMed
records
N =580

Abstracts removed: not
meeting inclusion/exclusion
criteria, N=470

or desflurane or “inhalational anesthesia” or “inhaled
anesthetics” or “inhalational anesthetic” or “anesthetic
gas”), (pain or “acute pain”), (RCT or randomized or
randomised or “clinical trial” or “clinical study” or
“controlled trial” or “controlled study™).

Study Selection

The total number of abstracts found in the
PubMed database using the above keywords was 580
(Figure 1). Search in the Cochrane CENTRAL data-
base yielded another 555 abstracts. After removing
the abstracts that overlapped with the PubMed data-
base, 279 abstracts from the Cochrane (EMBASE)
database remained. Only trials that compared acute
postoperative pain scores or analgesic consumption as
the primary outcome were included. Two investiga-
tors independently reviewed the abstracts and referred
to the original papers as necessary. Based on the in-
clusion and exclusion criteria, 110 relevant articles
from PubMed, and 16 articles from Cochrane (EM-
BASE) were included for full-text review. Eight full-
text articles were duplicates and were excluded. After
full-text review, 16 articles remained for final review.
Any disagreement was resolved through discussions
between the two investigators.

The inclusion criteria were: (1) randomized
controlled trial; (2) compared propofol TIVA ver-
sus inhalational anesthesia (isoflurane, sevoflurane,

Cochrane
(EMBASE)
records
N =555

Abstracts overlapped with
PubMed removed, N =276

Cochrane
(EMBASE)
N =279

Abstracts removed: not

meeting inclusion/exclusion
criteria, N=263

Relevant full-texts
N=110

Relevant full-texts

N=16

Duplicatesof
PubMed
removed, N=8

Trials excluded: Primary

I Total full-texts screened, N=118 |

outcome criterion

not met, N =102

l Studies includedin review, N =16 I

Figure 1. Flow Chart of the Literature Search and Selection of Clinical Trials
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desflurane); (3) acute postoperative pain score or
postoperative analgesic consumption was the primary
outcome; (4) full articles published in English. The
exclusion criteria were as follows: (1) abstract did not
mention postoperative acute pain scores or analgesic
consumption, (2) experimental trials on human volun-
teers, (3) non-randomized controlled trials, (4) studies
on pediatric patients, (5) animal laboratory studies, (6)
conference papers or abstracts without published arti-
cles, (7) postoperative acute pain scores and analgesic
consumption were secondary outcomes, (8) the ac-
companying anesthetic/analgesic regime in the TIVA
and inhalational anesthetic groups were different.

Clinical Trial Characteristics

The clinical trials included were randomized
controlled trials that evaluated postoperative pain
score or postoperative analgesic consumption as a
primary outcome. General anesthetic technique used
was either propofol TIVA or inhalational anesthesia
with sevoflurane, desflurane, or isoflurane (GAS
group). Pain scales used for measuring postoperative
pain scores included the numerical rating scale, visual
analog scale, and numerical analog scale. Sevoflurane
was used in 11 trials; isoflurane was used in 4 trials,
and desflurane was used in 4 trials. Other study vari-
ables recorded were type of surgery, perioperative
analgesic consumption, and adverse events such as
nausea, vomiting, and dizziness.

Results

Sixteen randomized controlled trials were in-
cluded in this review. Seven clinical studies looked
at general surgical procedures, 6 on gynecological
procedures, 2 on orthopedic spine surgeries, and 1
on dental surgery. Seven clinical trials used intraop-
erative remifentanil infusion, 4 used intraoperative
fentanyl (repeated bolus or infusion), 3 used nitrous
oxide, and 1 used dexmedetomidine infusion. Patient
controlled analgesia (PCA) opioid was used in 7 stud-
ies. Perioperative non-opioid analgesics were not used
in 6 of the 11 clinical trials. There were no signifi-
cant differences between TIVA and GAS groups for
average age and sex distribution in the randomized
controlled trials. There were also no reports of differ-
ences in American Society of Anesthesiologists (ASA)
physical status and comorbidities in the clinical trials.

Nine out of the 16 clinical trials found reduced
acute postoperative pain scores with propofol TIVA."***

Analgesic Effect of Propofol for Postoperative Pain

Five of these clinical trials also showed decreased
postoperative analgesic consumption in patients given
propofol TIVA (opioid in 4 studies, and diclofenac in
1 study)."”" Five clinical studies found no difference
in postoperative analgesia.”' > In 2 clinical studies,
propofol TIVA was associated with higher pain scores
and higher opioid consumption.***’

Analgesic Efficacy by Surgical Setting
General Surgery

Seven randomized controlled trials compared
propofol TIVA against inhalational anesthesia for
acute postoperative pain control (Table 1).'>'!2%23252¢
Surgical procedures studied were radical gastrectomy,
laparoscopic sleeve gastrectomy, laparoscopic chole-
cystectomy, cosmetic abdominoplasty, breast cancer
surgery, inguinal herniotomy, and open vein stripping.
Three clinical trials showed better postoperative pain
control with propofol TIVA, 3 studies found no differ-
ence, and 1 study showed worse analgesic outcomes.

Ji et al. randomized 60 patients undergoing
radical gastrectomy to receive propofol TIVA or
sevoflurane (both groups had dexmedetomidine in-
fusion).” Patients in the TIVA group had lower pain
scores at rest and with coughing during the first 48
hours after surgery, and they also used fewer opioids
in the first 24 hours postoperatively. Mohaghegh et
al. studied 102 patients undergoing inguinal herni-
otomy, and found reduced pain scores in the first 6
hours after surgery in patients given TIVA compared
to isoflurane.'® In the clinical trial by Shin et al., 214
patients who had breast cancer surgery were random-
ized into 4 groups: (1) propofol TIVA with high dose
intraoperative remifentanil infusion (4 ng/mL), (2)
sevoflurane with high dose remifentanil infusion (4
ng/mL), (3) TIVA with low dose remifentanil infu-
sion (1 ng/mL), and (4) sevoflurane with low dose
remifentanil infusion (1 ng/mL)."> TIVA patients with
high dose remifentanil infusion had significantly
lower morphine consumption and pain scores in the
first 24 hours after surgery compared to patients giv-
en sevoflurane with high dose remifentanil infusion.
However, there were no differences in pain scores
and morphine consumption between TIVA and sevo-
flurane patients when low dose remifentanil infusion
was used.

Aftab et al. found no difference in pain scores in
the first 48 hours after bariatric surgery (laparoscopic
sleeve gastrectomy) in 183 obese patients who re-
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Analgesic Effect of Propofol for Postoperative Pain
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ceived TIVA or desflurane (both groups had remifen-
tanil infusion).” In a study for open vein stripping
surgery, there were no differences in postoperative
pain scores or opioid consumption up to postoperative
day 1 between propofol TIVA and sevoflurane groups
(both groups had remifentanil infusion (0.15-0.4
mcg/kg/min).” Ortiz et al. showed no differences in
postoperative analgesia between TIVA and inhalation-
al anesthetics (isoflurane, sevoflurane, and desflurane)
in 80 patients undergoing laparoscopic cholecystecto-
my.”* Boccara et al. compared propofol TIVA versus
isoflurane (with nitrous oxide in both groups) for
cosmetic abdominoplasty.”® They found that propofol
TIVA was associated with worse postoperative pain
scores (the first 6 hours after surgery) and higher post-
operative opioid consumption.

Gynecological Surgery

Six randomized controlled trials looked at post-
operative acute pain scores or opioid consumption as
the primary outcome in gynecological surgeries (Table
2).1417192022 Bour of the 6 randomized controlled tri-
als found analgesic benefit with propofol TIVA, while
2 clinical trials showed no differences.

Li et al. randomized 90 patients undergoing lap-
aroscopic gynecological surgery to receive propofol
TIVA with remifentanil infusion (0.1 mcg/kg/min)
or sevoflurane with remifentanil (0.1 mcg/kg/min)."”
Propofol TIVA was associated with reduced resting
pain scores at 30 minutes and 1 hour after surgery, but
there were no differences at 24 hours after surgery.
Pokkinen et al. compared the effect of propofol TIVA
versus sevoflurane (both had remifentanil infusion
3-5 ng/mL) for laparoscopic hysterectomy in 148
patients.”* There were no differences in postoperative
oxycodone consumption or pain scores. In a random-
ized controlled trial by Mei et al., 296 patients having
gynecological laparoscopy were randomized into 4
groups using a factorial design to receive propofol
TIVA or sevoflurane with or without tropisetron.'” All
patients had remifentanil infusion intraoperatively (0.1
mcg/kg/min). In patients without tropisetron, propo-
fol TIVA was associated with lower pain scores at 30
minutes and 2 hours after surgery.

In a study comparing propofol TIVA versus
inhalational isoflurane (both groups had fentanyl
infusion 1-2 mcg/kg/hr) for open myomectomy, pa-
tients with TIVA had lower pain scores and used less
postoperative morphine in the first 24 hours after
surgery.'* Tan et al. evaluated the analgesic effects of

Analgesic Effect of Propofol for Postoperative Pain

propofol TIVA versus inhalational sevoflurane in 80
patients undergoing laparoscopic gynecological day
surgery.” Propofol TIVA was associated with lower
pain scores and morphine consumption after surgery.
Fassoulaki et al. performed a randomized controlled
trial that compared propofol TIVA, sevoflurane, and
desflurane for abdominal hysterectomy or myomec-
tomy.”" All patients were given nitrous oxide. There
were no differences in postoperative pain scores and
morphine consumption after surgery.

Orthopedic Surgery

Two randomized controlled trials compared the
analgesic effect of propofol TIVA versus inhalational
anesthesia as a primary outcome (Table 3)."**” One
study found that propofol TIVA improved postoper-
ative analgesia, while another study did not find any
benefit.

Lin et al. randomized 60 patients undergoing
lumbar spine surgery to receive propofol TIVA or
inhalational desflurane (both groups received intra-
operative fentanyl infusion)."’ Propofol TIVA was
associated with lower pain scores with coughing at
24 hours after surgery and lower postoperative opioid
consumption. Vasigh et al. compared 3 groups of pa-
tients undergoing lumbar disc surgery.”” Seventy-five
patients were randomized to receive (1) thiopentone
induction plus maintenance with sevoflurane and ni-
trous oxide, (2) intravenous anesthesia with propofol
infusion plus nitrous oxide, (3) propofol bolus induc-
tion plus maintenance with sevoflurane and nitrous
oxide. Patients induced with propofol and maintained
with sevoflurane had lower pain scores and morphine
consumption in the first 24 hours after surgery com-
pared to the other 2 groups.

Others

One randomized controlled trial compared the
postoperative analgesic effects of propofol TIVA
versus inhalational anesthetic as a primary outcome
(Table 4).”® Wong et al. randomized 96 patients to
receive either propofol TIVA or sevoflurane (both
groups received remifentanil infusion) for bilater-
al third molar surgery.'® Patients anesthetized with
propofol TIVA had significantly lower pain scores at
rest and with mouth opening during the first 72 hours
after surgery.

Discussion

In this study, we reviewed and updated the cur-
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rent literature on the acute postoperative analgesic
effects of propofol TIVA. More than half (9 out of 16)
of the randomized controlled trials found that propo-
fol TIVA reduced postoperative pain scores compared
to inhalational anesthesia. Five clinical trials also
showed lower postoperative analgesic consumption
with propofol TIVA. Other studies found no differ-
ence, and propofol TIVA was associated with worse
pain control in 2 of the clinical studies.

The results of this review suggest that propofol
TIVA can improve postoperative pain control and
reduce opioid consumption after surgery. However,
there are also a number of negative studies. This may
suggest that the analgesic effect of propofol is prob-
ably not strong. It also raises the question as to what
factors influence the analgesic efficacy of propofol
TIVA. These factors may include the type of surgical
procedure and accompanying perioperative analgesic/
anesthetic regime. Different surgical procedures vary
in postoperative pain intensity, location, and pain
characteristics (nociceptive, neuropathic). Therefore,
the analgesic efficacy of propofol TIVA may be dif-
ferent in different surgical operations, and a “one size
fits all” approach for all surgical procedures may not
be appropriate. Propofol has been shown to have an-
ti-inflammatory effects, which may be one of its key
analgesic mechanisms.””' In the dental pain model,
which is a clinical model of inflammatory pain,”
propofol TIVA was associated with prolonged pain
relief up to 72 hours after surgery." Therefore, the
analgesic efficacy of propofol TIVA may be more
pronounced in surgeries where postoperative inflam-
mation is prominent.

Out of the 6 trials on gynecological surgery, all 3
studies that assessed the effect on less invasive gyne-
cological laparoscopies found analgesic benefit with
propofol TIVA."”'** On the other hand, out of the 3
clinical studies that looked at relatively more invasive
gynecological surgeries (laparoscopic hysterectomy,
open uterine surgery, myomectomy), only 1 showed
benefit with propofol TIVA.'**"** This may be due to
differences in postoperative analgesic technique. PCA
morphine was prescribed in the 3 clinical trials study-
ing the more major gynecological surgeries, while it
was not used in the trials that looked at less invasive
gynecological laparoscopies. It is possible that the
analgesic benefit of propofol TIVA was masked by
PCA morphine. If true, this would suggest that other
advanced analgesic techniques such as epidural an-
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algesia could also attenuate and mask the analgesic
benefit of propofol TIVA.

It has been suggested that the use of remifen-
tanil may affect the efficacy of propofol TIVA. In a
meta-analysis by Peng et al., the analgesic effect of
propofol TIVA was greater in those with remifentan-
il infusion compared to those without." The results
of the randomized controlled trial by Shin et al. for
breast cancer surgery appear to support this. In the
study by Shin et al, patients given propofol TIVA had
lower pain scores than those given inhalational sevo-
flurane when a high dose of intraoperative remifentan-
il infusion was used.'” But there were no differences
when using low dose remifentanil infusion. Remifen-
tanil induced hyperalgesia is mediated via upregula-
tion of N-methyl-D-aspartate (NMDA) receptors.”
Since propofol inhibits NMDA receptor activity,”* it
has been suggested that propofol TIVA may reduce
postoperative pain by reducing remifentanil-induced
hyperalgesia."” In this review, remifentanil-based an-
esthesia was used in 7 clinical studies. Slightly more
than half of these studies (4 out of 7) showed analge-
sic benefit with propofol TIVA. This suggests that the
use of remifentanil infusion may not be a strong fac-
tor affecting the effectiveness of propofol TIVA. This
may be because a relatively high dose of remifentanil
infusion for a sustained period is needed to produce
clinically significant hyperalgesia,** and such a dose
is not always used in clinical practice. Another pos-
sible reason for the lack of analgesic effect in several
remifentanil-based studies was the postoperative
analgesic regime. Strong opioids were prescribed
for postoperative pain control in the 3 studies where
no difference was found (PCA morphine used in 2
studies, and intravenous ketomebedine used in one
study).”” The analgesic efficacy of propofol TIVA
may have been masked by the use of strong opioids in
these 3 studies.

There were only 16 randomized controlled trials
comparing propofol TIVA versus inhalational anes-
thesia using postoperative acute pain scores or opioid
consumption as a primary outcome. Overall, there is
still a relative lack of clinical evidence in this area.
The heterogeneous nature of surgical procedures, an-
esthetic/analgesic regime, and study designs makes it
a challenge to draw concrete conclusions and perform
a meta-analysis. More randomized controlled trials
are needed to produce procedure-specific evidence.
There is also a need to determine which analgesic/



anesthetic regime works best with propofol TIVA.
Opioid sparing multimodal analgesia has been ad-
vocated for optimal pain control and postoperative
outcomes."”* However, opioid analgesics were given
alone in 5 of the 16 randomized controlled trials in
this review, which does not follow the current best
clinical practice. Clinical trials should be performed
within the context of multimodal analgesia,”® so that it
would be more generalizable to real-life clinical prac-
tice.

Patient characteristics such as age and sex can
affect postoperative pain control.’” There were no
differences in patient characteristics including av-
erage age and sex distribution between TIVA and
GAS groups in the clinical trials that were included
in this review. There was also no report of differenc-
es in ASA physical status and patient comorbidities.
Therefore, the patient characteristics mentioned above
should not have significantly affected the results of
the clinical trials.

There are some limitations to this review. Firstly,
we only included randomized controlled trials where
postoperative pain scores or opioid consumption
was a primary outcome. More data would have been
available if we also included randomized controlled
trials where postoperative analgesia was a secondary
outcome as well as other non-randomized controlled
studies. For example, there have been a couple of
retrospective case-controlled studies that showed re-
duced pain scores and/or opioid consumption when
using propofol TIVA for liver surgery and colorectal
surgery.”’ However, these clinical studies were not
included to increase the validity of our review. The
second limitation was that the study sample size of
the individual clinical trials was limited. None of
the clinical trials had a total sample size of over 100
patients, and several trials had less than 30 patients
in each study arm. Therefore, they may not be ade-
quately powered to detect differences in pain relief or
opioid consumption. A third limitation was that many
studies had a short duration of observation. Out of the
16 clinical trials, only 4 trials assessed postoperative
pain scores beyond 24 hours, and in 4 trials the dura-
tion of observation was less than 24 hours. Clinical
trials with a longer study duration would better reflect
the effect on the whole acute postoperative period.
Finally, we only included randomized controlled trials
that were published in English.

In conclusion, propofol TIVA can improve acute

Analgesic Effect of Propofol for Postoperative Pain

postoperative pain scores and reduce opioid con-
sumption after surgery. Analgesic efficacy is probably
small and possibly procedure-specific. However, the
primary purpose of propofol TIVA is the provision of
general anesthesia and acute postoperative pain can
be difficult to control. Therefore, a small additional
analgesic effect could still make it a useful analgesic
adjunct. This should still be taken into account when
choosing between general anesthetic techniques.
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