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Abstract

Background: In anesthesia, additive drug interactions are used for reducing dose and dose-dependent side-effects.
The combination of propofol with volatile anesthetics is rather unusual but might have advantages compared to
the single use regarding PONV, time to extubation, movement during surgery and postoperative pain perception.

Methods: We searched PubMed, Scopus, Web of Science, and CENTRAL for relevant studies comparing combined
intravenous volatile anesthesia with total intravenous or balanced anesthesia. The studies identified were
summarized in a meta-analysis with the standardized mean difference or risk ratio as the effect size.

Results: Ten studies provided data. The risk for PONV in the recovery room was significantly reduced for a
combined anesthesia compared to a balanced anesthesia (RR 0.657, Cl 0.502-0.860, p-value 0.002). There was no
significant difference detected either in the time to extubation or in pain perception. Movement during surgery
was significantly reduced for a combined compared to a total intravenous anesthesia (RR 0.241, Cl 0.135-0.428,
p-value 0.000).

Conclusions: The combination of propofol and volatiles may have some advantages in the early occurrence of
PONV compared to a balanced anesthesia. To sufficiently evaluate potential advantages of a combination of
volatiles and propofol further high-quality trials are needed.

Trial registration: PROSPERO CRD42019126627.
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Introduction

Combinations of different drugs, acting synergistically or
in addition to one another, are commonly used in
anesthesia: opioids in combination with hypnotics. Re-
cent strategies of anesthesia mainly use these synergistic
drug-interactions to reduce the dose and dose
dependent side-effect of single substances. Another ex-
ample are benzodiazepines used as premedication with
additive effects on hypnosis induction and maintenance.
The combination of volatile anesthetics like iso-, sevo-
or desflurane with propofol is less common and maybe
underestimated in its benefit although these two drugs
work additively and have different elimination pathways.
These properties might be beneficial compared to the
use of one agent alone. In the following meta-analysis
we compared the combination of intravenous and vola-
tile anesthetics (CIVA) with a total intravenous
anesthesia (TIVA) and a balanced anesthesia (BAL) re-
garding the occurrence of PONV, time to extubation,
movement during surgery and pain perception.

Methods

The study protocol of this meta-analysis was registered
at PROSPERO (International prospective register of sys-
tematic reviews; https://www.crd.york.ac.uk/prospero/;
registration number CRD42019126627).

We searched for trials without any restriction in the
databases PubMed, Scopus, Web of Science, and CENT
RAL. We used the search terms “sevoflurane AND pro-
pofol”, “desflurane AND propofol”, “isoflurane AND
propofol”, “volatile AND propofol”, “inhal AND propo-
fol”, “combined intravenous volatile”, and “CIVA”. Add-
itionally, references of relevant studies were screened as
well as current literature.

Only controlled studies, investigating the effect of
combined intravenous volatile anesthesia (CIVA) versus
balanced (BAL) or total intravenous anesthesia (TIVA)
in English or German language and providing data on
postoperative nausea and vomiting (PONV), time to
extubation, or pain perception were included.

If a study had more than one active drug arm, data
were extracted for each treatment arm and included sep-
arately in the analysis. Duplicate use of the same placebo
group was then automatically factored in by the meta-
analysis software used.

Furthermore, randomized and non-randomized studies
were analyzed and compared separately.

All complete papers reporting trials were rated inde-
pendently by two investigators (M.U. and A.W.). Data
were extracted onto standard simple forms. Any dis-
agreement was discussed with additional reviewers (HS,
HH), and decisions were documented. If necessary, au-
thors of studies were contacted for clarification. The risk
of bias was assessed on a sectoral basis: generation of
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random sequences, concealment of assignments, blind-
ing, incomplete result data, selective reporting.

The primary outcome was PONV in the post
anesthesia care unit (PACU) or recovery room (RR). The
secondary outcome was PONV within 24h, time to
extubation, movement during surgery, pain intensity in
the PACU/RR and pain intensity within 24 h.

Statistical analysis

We analyzed pooled studies using BAL and pooled stud-
ies using TIVA, as well as the overall effect. In a sensitiv-
ity analysis we excluded non-randomized studies and
considered only randomized controlled trials.

The outcome data were combined in a meta-analysis.
We calculated the risk ratio (RR) for dichotomous data
such as the occurrence of PONV and movement during
surgery. For continuous data like time to extubation and
pain intensity we calculated the standardized mean dif-
ference (SMD) and their 95% confidence interval (CI) as
effect size measure.

We used the model of random effects due to the in-
homogeneity of the studies themselves, such as different
types of surgery (thoracic, laparoscopic, ear/nose/throat)
and study populations (gynecological vs. non-
gynecological) and due to different heterogeneous results
in the studies. Study heterogeneity was assessed by a
Chi-square test and the I-square statistic [1]. The Chi-
square test compares the effect sizes of the individual
trials with the pooled effect size. Significance levels of
p <0.1 were determined a priori in order to assume the
presence of heterogeneity. The I-square statistic provides
an estimate of the percentage of variability due to het-
erogeneity rather than chance alone. We interpreted
values >50% as considerable heterogeneity [1]. If the re-
sults were statistically significantly heterogeneous, rea-
sons for the heterogeneity were searched for by re-
reading the publications, verifying the extracted data and
looking for deviations in the study methodology that ex-
plain the heterogeneity. Small studies with negative re-
sults are less likely to be published than studies with
significant results. The possibility of such a publication
bias was examined using the funnel plot method de-
scribed by Egger et al. [2].

The meta-analytical calculations were performed using
the Comprehensive Meta-analysis version 3. The exact
formulas are reported there [3]. A p-value <0.05 was
considered statistically significant.

Results

Search strategy

We screened 19,036 records, of which 30 were inten-
sively evaluated (see Fig. 1). Ten studies provided data
on the occurrence of PONV in the PACU/RR, PONV
within 24h, time to extubation, movement during
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Fig. 1 PRISMA flow diagram displaying the search and extraction process

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting tems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed 1000097

For more information, visit www.prisma-statement.org.

surgery, pain intensity in the PACU/RR and pain inten-
sity within 24'h. All included studies provided data on
PONV [4-13], five on time to extubation [5, 6, 8, 9, 13],
two on movement during surgery [6, 8] and four on
postoperative pain [4, 6, 7, 10]. Liang et al. [9] and Chen
et al. [4] presented their data on pain only categorized,
whereas Hensel et al. provided data only as median with
confidence interval [6]. The corresponding authors of
these studies were contacted via the email address given
in the publication and were kindly asked to provide us
with the mean values and standard deviations. The only
author who responded was Dr. Hensel [6] whom we
thank.

Included studies and participants

Ten studies with 16 treatment arms and 1960 partici-
pants were included. These studies reached a mean value
of 5.7 points (standard deviation 1.1) and a median of 6
points (range 3-7) in the Delphi list for quality

assessment [14]. For a detailed overview, see supplemen-
tary Table 1. A detailed overview of the included studies
is given in Table 1.

Outcome
Four studies with six treatment arms [4, 7, 9, 11] pro-
vided data on PONV in the PACU/RR (three arms each
CIVA vs. BAL and CIVA vs. TIVA). The overall risk for
PONV in the PACU/RR was significantly reduced for
the CIVA group (RR 0.657, CI 0.502-0.860, p-value
0.002), compared to the BAL group. Thus, CIVA showed
a significant risk reduction for PONV in the PACU/RR
(RR 0.514, CI 0.364-0.725, p-value 0.000). Comparing
CIVA to TIVA no difference between the groups (RR
0.970, CI 0.629-1.497, p-value 0.892) was found. There
was no heterogeneity (Q-value 6.74, df (Q) 5, p-value
0.24, I? 25.86).

The risk for PONV within 24 h postoperatively is
shown in Fig. 2. A significant heterogeneity (Q-value
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Study name Comparison Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit limit Z-Value p-Value
Chi BAL 1,500 0,904 2,488 1,570 0,116
Kawano BAL 0,750 0,354 1,589 -0,751 0,453
Liang BAL 0,667 0,196 2,273 -0,648 0,517
Won BAL 0,605 0,418 0,877 -2,650 0,008 T
Zhang studyarm 1 BAL 0,545 0,315 0,946 -2,159 0,031
Zhang studyarm 2 BAL 0,706 0,389 1,280 -1,147 0,251
0,756 0,538 1,061 -1,616 0,106 ———
Chi TIVA 1,667 0,965 2,879 1,832 0,067
Kawano TIVA 0,346 0,185 0,647 -3,322 0,001
Chen TIVA 0,923 0,06113,953 -0,058 0,954
Hensel TIVA 0,702 0,527 0,936 -2,412 0,016 —
Van den Berg TIVA 1,108 0,686 1,789 0,418 0,676 -1
Won TIVA 1,150 0,713 1,856 0,573 0,567 o
Zhang studyarm 3 TIVA 1,000 0,512 1,953 0,000 1,000
Zhang studyarm 4 TIVA 1,091 0,547 2,177 0,247 0,805 B
0,921 0,663 1,279 -0,493 0,622
Overall 0,837 0,661 1,060 -1,479 0,139
0,1 0,2 0,5 1 2 5 10
Favours CIVA Favours control
Fig. 2 PONV within 24 h

29.86, df (Q) 13, p-value 0.00, I* 56.47) was found. In a
sensitivity analysis we removed the only non-
randomized study [6] which had only TIVA as control.
The subgroup compared to TIVA showed no significant
change (RR 0.980, CI 0667-1.440, p-value 0.916).

Results on time to extubation are shown in Fig. 3.
Here we found a significant heterogeneity (Q-value
126.63, df (Q) 5, p-value 0.00, I*> 96.05). In a sensitivity
analysis the non-randomized study was removed, but the
TIVA subgroup (SMD -0.026, CI -0.319 — 0.267, p-value
0.860) nor the overall results (SMD -0.052, CI -0.342 —
0.239, p-value 0.727) were significantly altered.

Only two studies provided data on movement during
surgery [6, 8]. Both studies used TIVA as a control
group and both studies point in the same direction lead-
ing to a significant overall result in favor of CIVA (RR

0.241, CI 0.135-0.428, p-value 0.000). No heterogeneity
was found (Q-value 0.31, df (Q) 1, p-value 0.57, I? 0.00).
Since only two studies were included in this analysis, we
have omitted the sensitivity analysis.

Two studies with three treatment arms provided data
on pain in the PACU/RR [6, 7]. There was neither a
significant difference between CIVA and balanced
anesthesia (SMD -0.181, CI -0.610 — 0.248, p-value
0.408) nor between CIVA and TIVA (RR 0.071, CI
-0.086 — 0.228, p-value 0.376). The results of the sub-
group reflect the overall effect without significant differ-
ence (SMD 0.041, CI -0.106 — 0.188, p-value 0.585). We
found no heterogeneity (Q-value 1.21, df (Q) 2, p-value
0.55, I? 0.00). The removal of the non-randomized study
did not significantly alter the overall effect (SMD -0.034,
CI -0.337 — 0.269, p-value 0.825).

Study name Comparison Statistics for each study Std diff in means and 95% CI
Std diff ~ Standard Lower  Upper
in means error Variance limit limit Z-Value p-Value
Chi BAL -0,448 0,320 0,103 -1,075 0,180 -1,399 0,162 —
Liang BAL -2,819 0,223 0,050 -3,256 -2,381 -12,627 0,000 ——
-1,644 1,185 1,405 -3,968 0,679 -1,387 0,165
Chi TIVA 0,000 0,316 0,100 -0,620 0,620 0,000 1,000 ——
Hensel TIVA -0,272 0,086 0,007 -0,441 -0,102 -3,141 0,002 -
Lai 2018 TIVA -0,205 0,211 0,045 -0,619 0,210 -0,969 0,333 —r
Lai 2017 TIVA 0,275 0,284 0,081 -0,282 0,832 0,967 0,334 ——
-0,166 0,105 0,011 -0,372 0,041 -1,571 0,116 -
Overall -0,177 0,105 0,011 -0,383 0,029 -1,687 0,092 -
-4,00 -2,00 0,00 2,00 4,00
Favours CIVA Favours control
Fig. 3 Time to extubation
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The results for pain in a period of 24 h after surgery
are shown in Fig. 4. We found no heterogeneity (Q-value
3.16, df (Q) 3, p-value 0.37, I> 5.17). The removal of the
only non-randomized study had no significant impact on
the overall results (SMD -0.072, CI -0.290 — 0.146, p-
value 0.519).

Discussion

The combination of two different hypnotics, namely
volatile anesthetics and propofol to maintain anesthesia,
is rather unusual. Nevertheless, from a pharmacological
and practical point of view the combination of these two
agents might be useful.

Even in subhypnotic doses propofol is known to have
antiemetic properties [15]. Further there is a degree of
exposure dependent effect of volatiles on PONV occur-
rence [16]. However, this may explain the significantly
lower PONV rates in patients with CIVA compared to
balanced anesthesia in the RR. An analysis comparing
CIVA with BAL within 24h shows only a non-
significant result. Interestingly, CIVA is comparable to
TIVA in regards of risk for PONV. These results have to
be interpreted cautiously, as a significant heterogeneity
was evident. Apart from statistical heterogeneity there
are variable factors which may influence the occurrence
of PONV due to non-standardized anesthetic practice.
The choice of opioid for anesthesia induction, mainten-
ance and postoperative pain therapy might have influ-
enced the occurrence of PONV [17, 18]. Some of the
included studies applied different opioids for the differ-
ent treatment groups like fentanyl and remifentanil for
anesthesia induction and maintenance [5]. The postop-
erative pain therapy strategy varied in the choice of sub-
stances and was inconsistently reported. Another factor
to consider was the induction agent used for anesthesia.
Two studies used barbiturates in the BAL group [7, 11]
with a greater likelihood of PONV [19, 20] and a pos-
sible overestimation of the PONV reducing effect of
CIVA compared to BAL. However, the risk for
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postoperative vomiting due to volatiles is restricted to
the early postoperative hours [16] suggesting a PONV
preventive effect by adding propofol to volatiles in the
early postoperative period. This PONV preventing effect
diminishes within 24 h. It remains unclear if this is due
to the propofol clearance under a certain plasma level
threshold and prolonged effect of volatiles on the area
postrema, or if there are other factors influencing the
occurrence of PONV. Not all included studies reported
on established risk-factors of PONV like e.g., smoking or
proportion of female patients, so that there might be a
disbalance between the groups especially in those studies
with small group sizes although a randomization has
been performed.

Propofol and volatile anesthetics such as sevoflurane
act additively [21, 22], and the primary organ of elimin-
ation for propofol is the liver, whereas volatiles are elim-
inated through the lungs. Theoretically the use of lower
doses of two additive hypnotics with different elimin-
ation pathways should result in a shorter postanesthetic
recovery time, which is reflected by the time to extuba-
tion. In this meta-analysis we found no difference be-
tween the combination of intravenous and volatiles
anesthetics. However, some studies (Liang and Hensel)
indicate a positive effect for CIVA. The overall effect
might be diminished due to the fact that all included
studies used a processed intraoperative electroenceph-
alogram to measure the depth of hypnosis. In addition,
Propofol TCI was frequently used, resulting in a very
precise control of hypnosis depth and regain of con-
sciousness in the TIVA group. This could be one reason
why there is only a small positive effect evident for the
CIVA regime. Thus, the advantage could be greater
compared to anesthesia without measuring the depth of
hypnosis and with a conventional propofol infusion
pump. It is striking, however, that the study with great-
est benefit for the CIVA group focused on patients
undergoing major abdominal operations, namely intes-
tinal and gastric surgery, which result in a longer

Comparison Statistics for each study

Std diff Standard Lower Upper

inmeans error Variance limit limit

Kawano BAL -0,128 0,218 0,048 -0,556 0,301
-0,128 0,218 0,048 -0,556 0,301

Kawano TIVA 0,046 0,218 0,048 -0,382 0,474
Hensel TIVA 0,162 0,086 0,007 -0,007 0,331
Van denBerg  TIVA -0,105 0,160 0,026 -0,419 0,209
0,087 0,080 0,006 -0,069 0,243

Overall 0,062 0,075 0,006 -0,085 0,208

Fig. 4 Pain within 24 h post surgery
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duration of anesthesia. The average duration of surgery
was approximately 60—70 min longer than in the study
by Chi and Hensel et al. and 90 min longer than in the
study of Lai et al. Thus, if only one hypnotic drug is
used, a prolonged surgery or anesthesia can lead to a
higher accumulation in the body, resulting in a longer
elimination time. Here an advantage for combined intra-
venous volatile anesthesia could therefore arise. To
prove this, we performed a meta-regression, which
showed a strong correlation between duration of surgery
and time to extubation with a R* =0.89 (p =0.000) (see
supplementary Fig. 1). The combination of two hyp-
notics could have a positive effect on postanesthetic re-
covery time and time to extubation depending on the
duration of anesthesia. However, there are inconsistent
conditions about termination of the administration of
anesthetics among the included studies. Chi et al. did
not state the conditions of termination [5]. Hensel et al.
defined the time to extubation as the time point from
which the anesthetic administration was completely ter-
minated [6]. We assume that the administered amount
of sevoflurane and/or propofol may have been reduced
when the end of surgery has been anticipated. Liang
et al. defined the starting timepoint as the turn-off of an-
esthetics administration after surgery was complete [9].
Extubation was performed with a BIS value above 70
and spontaneous breathing. Lai et al. stopped anesthetic
administration at the end of procedure and extubated
after consciousness was regained [8, 13]. These unequal
conditions restrict the findings in the regression analysis.

When comparing CIVA to TIVA, we found less move-
ment during surgery in the CIVA group. Volatile anes-
thetics act inter alia on the spinal cord and suppress
movement [23]. This effect is significantly more pro-
nounced for volatiles than for propofol [24, 25], which
may lead to a more favorable outcome when sevoflurane
or isoflurane is added to propofol. Movement during
surgery might further depend on muscle relaxation and
intraoperative pain control. Only two studies delivered
data on movement during surgery. The study by Hensel
and colleagues included 270 patients per group in vari-
ous surgical procedures. They only used 0.3-0.5 mg of
rocuronium once with anesthesia induction and they re-
ported no significant difference for the intraoperative
remifentanil consumption between the CIVA and TIVA
group. But they observed movements during surgery in
3% vs. 14% (CIVA vs. TIVA) of the patients. The study
by Lai and colleagues investigated CIVA vs. TIVA in
non-intubated video-assisted thoracoscopic surgery
(VATS) [8]. They used laryngeal mask airway while
muscle relaxants were not used. For pain management
all patients received a thoracic epidural anesthesia with
additional surgical intercostal blocks. The TIVA group
showed a significantly higher intraoperative fentanyl
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consumption than the CIVA group (145 vs. 128 pg). The
patients with TIVA had significantly higher rates of
movement compared to the CIVA group (17 vs. 5). This
limited data suggests a possible benefit for adding vola-
tiles to suppress movements during surgery. However,
more high-quality studies are needed to draw further
conclusions.

Postoperative pain differed neither between CIVA and
BAL nor between CIVA and TIVA. However, some
studies, which investigated postoperative pain comparing
TIVA to BAL, showed a beneficial effect on postopera-
tive pain and opioid intake in TIVA. A meta-analysis by
Peng and colleagues addressed this topic and found a
statistically significant benefit for propofol with ques-
tionable clinical relevance. This result was accompanied
by a significant heterogeneity [26]. A recent study inves-
tigating the effect of propofol on post-sternotomy pain
found no effect on acute or chronic pain [27]. Postoper-
ative pain perception is more likely to be influenced by
the use of a multi-modal pain management. Dexametha-
sone has a strong anti-inflammatory potential and is a
useful co-analgetic [28]. The purpose for using dexa-
methasone in the included studies was PONV preven-
tion. Only two studies provided data on postoperative
pain [6, 7] of which only one used dexamethasone risk
stratified in according to the PONYV risk [6]. The use of
dexamethason might have influenced postoperative pain
perception, but as there was no significant difference in
PONV risk score between the groups, the effect of dexa-
methasone should be equally adjusted. Barbiturates have
been associated with hyperalgesia [29]. The study by
Kawano et al. used the barbiturate thiamylal for
anesthesia induction only for the BAL group. Recent re-
search could not find evidence supporting the associ-
ation between barbiturates and hyperalgesia [30]. So, an
influence of barbiturates on measured pain is rather
unlikely.

The strength of this study is to be the first meta-
analysis to address this topic. We included 10 studies
with 1960 patients. However, the studies included are of
moderate to low quality with significant heterogeneity,
which limits the significance of our results. Apart from
statistical heterogeneity there is also a relevant hetero-
geneity from a clinical point of view. Besides the differ-
ent surgical interventions, there is a huge variability in
anesthetic management between the studies. Solely a
small number of studies used premedication, PONV risk
was inconsequently reported and PONV prophylaxis was
carried out by some, while others prescribed dexametha-
sone to all patients. All TIVA and CIVA patients re-
ceived propofol for induction of anesthesia. The BAL
patients received among propofol also barbiturates. The
intraoperative analgesia concepts contained lidocaine,
fentanyl, remifentanil, nalbuphine and regional
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anesthesia and the procedure at the end of surgery with
regard to turning off the anesthetic agents differed be-
tween the studies. The lack of standardization limits the
comparability and explanatory power of the CIVA
concept.

However, an anesthetic regimen with a comparable
PONV incidence to TIVA, with less intraoperative
movements and with a shorter time to extubation would
be desirable from a patient, surgical and economic view.
Therefore, we suggest a thoroughly planned multi-center
randomized controlled trial to compare the different
concepts. This study should include three treatment
arms: CIVA, TIVA and BAL for standardized surgical
procedures. Also a standardized anesthetic concept (in-
cluding standardized risk adapted PONV prophylaxis
and standardized pain control) using a processed elec-
troencephalogram with a predefined anesthesia depth
and remifentanil as sole opioid should be implemented.
The CIVA concept uses two different anesthetics to re-
duce the overall dose and dose dependent side-effect of
single substances use. Nevertheless, side effects could be
relevant and should be monitored as well as its cost
effectiveness.

Conclusions

CIVA showed a similar risk for PONV in the recovery
room compared to a TIVA and in the early postopera-
tive period a reduced risk compared to a BAL. However,
this effect was not consistent for the first 24 postopera-
tive hours with no difference between CIVA and BAL.
The CIVA showed lower rates of intraoperative move-
ments compared to a TIVA with the major limitation of
only two studies providing data. These results must be
seen in the context of moderate to low study quality
with significant heterogeneity. We suggest carrying out a
sufficiently powered multi-center randomized controlled
trial to evaluate reasonable benefits for a combination of
propofol and volatile anesthetics.
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