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Propofol EC;, for inducing loss of
consciousness in patients under
combined epidural-general
anesthesia or general anesthesia
alone: a randomized double-blind
study

Jiangling Wang'?, Yajian Shen'?, Wenjing Guo?, Wen Zhang?,
Xiaoying Cui?, Shunv Cai? and Xinzhong Chen*

!Department of Anesthesia, Women's Hospital, Zhejiang University School of Medicine, Hangzhou,
China, 2Department of Anesthesiology, Zhejiang Cancer Hospital, Hangzhou, China

Background: Combined epidural-general anesthesia (GA+EA) has been
recommended as a preferred technique for both thoracic and abdominal surgery.
The epidural anesthesia on the general anesthetic (GA) requirements has not
been well investigated. Therefore, we conducted the present study to explore
the predicted effect-site concentration of propofol (Ce,.,) required for achieving
the loss of consciousness (LOC) in 50% of patients (ECso) with or without epidural
anesthesia.

Methods: Sixty patients scheduled for gastrectomy were randomized into the
GA + EA group or GA alone group to receive general anesthesia alone. Ropivacaine
0.375% was used for epidural anesthesia to achieve a sensory level of T4 or above
prior to the induction of general anesthesia. The ECs, of predicted Ce,, for
LOC was determined by the up—down sequential method. The consumption of
anesthetics, emergence time from anesthesia, and postoperative outcomes were
also recorded and compared.

Results: The ECs, of predicted Ce,,, for LOC was lower in the GA + EA group than
inthe GA alone group [2.97 (95% Cl: 2.63-3.31) vs. 3.36 (95% CI: 3.19-3.53) uyg mL2,
(p=0.036)]. The consumption of anesthetics was lower in the GA+EA group
than in the GA alone group (propofol: 0.11+0.02 vs. 0.13+0.02mgkg™*min=,
p=0.014; remifentanil: 0.08+0.03 vs. 0.14+ 0.04 pgkg™*min=, p<0.001). The
emergence time was shorter in the GA+ EA group than in the GA alone group
(16.0 vs. 20.5min, p = 0.013).

Conclusion: Concomitantepiduralanesthesiareduced by 15% the ECs, of predicted
Cepop for LOC, decreased the consumptions of propofol and remifentanil during
maintenance of anesthesia, and fastened recovery from anesthesia.

Clinical trial registration: ClinicalTrials.gov, identifier: NCT05124704.
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Introduction

Combined epidural-general anesthesia (GA +EA) has been well
accepted to be the preferred anesthetic technique for major upper
abdominal and thoracic surgeries (1-3) due to better pain control,
rapid recovery, improved postoperative outcomes, lower morbidity,
and mortality compared to general anesthesia (GA) alone (4-7). In
addition, neuraxial (epidural) anesthesia has been shown to have
direct sedative effects and to decrease the requirements of volatile
anesthetics or opioids for adequate depth of anesthesia and analgesia
during general anesthesia (8, 9).

We hypothesized that the effect-site concentration of propofol
required for loss of consciousness (LOC) could be decreased by
concomitant epidural anesthesia during the induction of
general anesthesia.

Therefore, we conducted this prospective, randomized, and
double-blind trial to investigate the median (50%) effective effect-site
concentration (ECsy) of propofol for inducing LOC in patients
undergoing open gastrectomy under combined epidural-general
anesthesia and general anesthesia alone using the up-down
sequential allocation method. We also investigated and compared the
consumption of anesthetics, hemodynamic status, emergence time,
and postoperative outcomes between combined epidural-general
anesthesia and general anesthesia alone.

Methods
Study population and randomization

This study was approved by the Ethics Committee of Zhejiang
Cancer Hospital prior to patient enrolment (IRB-2021-214, date of
approval: 1 July 2021) and registered at ClinicalTrials.gov (identifier:
NCT05124704, registration date: 11 October 2021, principal
investigator: JW). We followed the consolidated Standards of
Reporting Trials (CONSORT) statement when conducting and
reporting this trial. This study was conducted between 20 November
2021 and 25 May 2022 at the Department of Anesthesiology, Zhejiang
Cancer Hospital.

After obtaining written informed consent, 60 ASA physical
states II or III patients with gastric cancer aged 18-75years
scheduled for open gastrectomy were enrolled in this study. The
exclusion criteria were as follows: contraindications to epidural
puncture or catheter placement; chronic or acute (within 48h)
intake of psychotropic drugs, benzodiazepines, anticonvulsants, or
opioids; alcoholism; hepatic, renal, neurological, or other organ
dysfunction; allergy to any drugs used in this study; or refusal to
receive epidural puncture.

The eligible patients were randomized to one of the two groups
with different anesthesia protocols: the GA + EA group (combined
epidural-general anesthesia) or the GA alone group (general
anesthesia alone). Randomization was performed by a research
assistant who did not take part in the study using computer-
generated numbers (Microsoft Excel for MAC, Microsoft, Redmond,
WA, United States). The randomization codes were concealed in
numbered, sealed opaque envelopes, one of which was opened for
each patient.
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Before induction of anesthesia

No premedication was given. Upon arrival in the operating
theater, standard monitoring including electrocardiogram (ECG),
pulse oximetry (SpO,), invasive artery blood pressure (IBP) via the left
radial artery, bispectral index (BIS), and end-tidal carbon dioxide
(EtCO,) was applied. A central venous catheter was placed in the right
internal jugular vein and commenced an infusion of 37°C Ringer’s
lactate solution at a rate of 10mLkg™" h™".

Induction of anesthesia

Prior to general anesthesia induction, all patients had an epidural
catheter placed in the left lateral position. Epidural anesthesia was
performed based on the usual procedure in our center and procedures
described before (10). After skin infiltration with lidocaine, epidural
puncture was performed with a 16-gauge Tuohy needle at the
estimated T8-T9 vertebral interspace using a loss-of-resistance to
saline technique and then inserted a nylon multiport catheter 4cm
into the epidural space with the needle orifice oriented cephalad.

An anesthesia nurse who was not involved in the study prepared
the epidural medication (normal saline or 0.375% ropivacaine) in a
20mL syringe. A test dose of 3mL of the epidural medication (normal
saline for the GA group and 0.375% ropivacaine for the GA +EA
group) was given to exclude an intrathecal placement of the epidural
catheter. After 4min, in the absence of significant sensory or motor
blockade, the patient received an extra 5 to 8 mL (depending on the
height and weight) of the epidural medication (normal saline for the
GA alone group and 0.375% ropivacaine for the GA +EA group)
through the epidural catheter. The level of sensory blockade was
assessed bilaterally in the anterior axillary line by pinprick 15 min after
epidural injection. The upper and lower limits of the block level were
recorded. If the upper block level reached T4 or above, but did not
exceed T3, the epidural infusion was then maintained with 0.375%
ropivacaine at an infusion rate of 4-6 mLh™".

General anesthesia was induced with propofol oxycodone and
rocuronium by the fixed attending anesthesiologists (JW, YS, and WG)
who were blinded to the patient grouping and epidural administration.
Propofol was administered via a target-controlled infusion (TCI)
(Base Premea, Ochestraw, Fresenius Company, Brezins France) with
the pharmacokinetic model of Schnider et al. (11).

To explore the EC, of propofol-inducing LOC (defined as the loss
of response to verbal commands) in patients with or without prior
epidural anesthesia, the administration of propofol for each patient
was applied according to that applied in our previous study (12) using
the up—down sequential allocation method (13). The initial TCI Ce,y,
for the first patient of each group was set at 3.5 ugmL™". The initial TCI
Ceyprop for the next patient was determined by the response of the
previous patient to the initial dose of propofol administered. A
positive response was defined as LOC occurring within 4 min of TCI
propofol, and a negative response was defined as no LOC within 4 min
of TCI propofol. If a positive response happened, the initial TCI Ce,q,
was decreased by 0.5ugmL™" for the next patient in the same group.
If a negative response happened, the initial TCI Ce,, was increased
by 0.5pgmL™" for the next patients. The TCI Ce,,,, for the negative
patient would increase by 0.5 pgmL™" stepwise at 4 min intervals until

frontiersin.org


https://doi.org/10.3389/fmed.2023.1194077
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://ClinicalTrials.gov

Wang et al.

the patient showed LOC. After LOC, an intravenous bolus of
0.25mgkg™" oxycodone was administered, and then 0.6 mgkg™
rocuronium was given to facilitate tracheal intubation (14).

Maintenance of anesthesia

Anesthesia was maintained with propofol and remifentanil. Ce,,,
was adjusted immediately after intubation by increasing or decreasing
in steps of 0.5pgmL™" to keep the BIS value between 40 and 60
throughout the surgery. The lowest Ce,,,, was 2.0 pjgmL™" in order to
prevent intraoperative awareness (12). In the meantime, intravenous
infusion of remifentanil began at a rate of 0.1 pgkg™ min~" and was
then adjusted by increasing or decreasing in steps by 0.05 ugkg™" min™
to keep adequate anesthesia. The criteria of inadequate anesthesia
were as follows (15): (1) hypertension: a mean blood pressure (MAP)
>120% of baseline or >100 mmHg; (2) tachycardia: heart rate >90
beats-min~'; (3) somatic arousal: signs of coughing, chewing, and
grimacing; and (4) somatic response: purposeful movement. The
maximum infusion rate was 0.25 ug kg™ min~". Hypotension, defined
as a MAP <80% of baseline or <60 mmHg, was treated initially by
speeding intravenous infusion and decreasing the remifentanil
infusion rate by 0.05pgkg™ min™' in a stepwise manner until the

minimum rate of 0.05pgkg™ min™

, and finally, ephedrine,
phenylephrine, or metaraminol were given. Bradycardia was treated

with intravenous atropine 0.5 mg.

Recovery period

Both propofol and remifentanil infusions were discontinued when
the final surgical suture was completed. Emergence time from
anesthesia was assessed by measuring the duration between the time
of discontinuation of anesthetics and the time of spontaneous opening
of eyes. Patient-controlled epidural analgesia (PCEA) with 0.175%
ropivacaine mixed with 0.7ugmL™" sufentanil was applied for
postoperative pain for all patients. In the postanesthesia care unit
(PACU), the modified Aldrete-Score, postoperative nausea and
vomiting, pain intensity (visual analog scale of 0-10, 0=no pain,
10 =worst pain imaginable), and other side effects were recorded. All
patients were visited on the 1st day postoperatively to check for
adverse effects of anesthesia, and patient satisfaction with the
anesthesia procedure was assessed using a scale of 0-10 rating
(0=completely dissatisfied and 10=completely satisfied) and the
quality of postoperative analgesia with PCEA using the variables such
as pain VAS and the number of total PCE presses and effective presses.

Statistical analysis

The sample size of 30 patients per group was determined based on
the results of the previous simulation study that suggested that 20 to
40 subjects or six crossovers were sufficient to provide a stable estimate
of the EC;, calculated by using the modified Dixon up-down method
for most realistic scenarios (16).

Continuous variables were tested for normality using the
D’Agostino and Pearson tests. Variables with normal distribution were
presented as the mean+standard deviation (SD), and intergroup
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comparisons were performed using students t-test. Variables with
non-normal distribution were presented as the median and
interquartile range (IQR), and intergroup comparisons were performed
using the Mann-Whitney U-test. Categorical variables were presented
as number (%) and were analyzed using the chi-square test.

The ECs, and ECy; values for EC, of propofol were determined by
calculating the mean of the midpoints of pairs of Ce,, administered
in successive patients in which a positive response was followed by a
negative response or a negative response was followed by a positive
response (turning points) according to the modified up-and-down
allocation method as described previously. At least six pairs of
negative—positive responses were needed in each group for the final
analysis (13, 17). The 95% confidence interval (CI) and SD for the ECs,
values were calculated using the method suggested by Choi (17). Probit
regression analysis was applied as a backup and sensitivity test by
analyzing tallied numbers of positive patient and negative patients for
each dose category for each group; estimates of the ECs, for propofol
in each group were obtained and the difference between the two groups
was quantified by calculating the relative mean potency with 95%
CI. Emergence time was analyzed by using the Kaplan-Meier log-rank
survival analysis to compare the cumulative probability of patients
remaining unconscious after the discontinuation of propofol.

GraphPad Prism software version 5.0 (GraphPad Software Inc.,
San Diego, CA, United States), SPSS version 22.0 (SPSS, Inc., Chicago,
IL, United States), and R package version 0.1.1 were used for statistical
analysis. A p-value of <0.05 was considered to be statistically significant.

Results
Patient characteristics

The consolidated standard of reporting trials (CONSORT) flow
diagram is shown in Figure 1. Sixty-two patients were screened for
eligibility, and two patients did not meet the inclusion criteria. A total
of 60 patients were randomized into one of two groups (n =30 each)
and included in the final analysis. Baseline demographic and surgical
characteristics were comparable between groups (Table 1).

ECso and ECys of propofol for LOC

Individual responses to propofol at corresponding Ce,,, are
shown in Figure 2. Nine pairs of negative—positive responses in each
group were included in this study. The ECs, of propofol for LOC,
determined using Dixons up-down method, was lower in the
GA +EA group [2.97 (95% CI: 2.63-3.31) pgmL™'] compared with the
GA alone group [3.36 (95% CI: 3.19-3.53) pgmL™'] (p=0.036). The
ECs, and ECy; values of propofol calculated using probit regression
analysis were 2.71 (95% CI: 2.32-3.04) pgmL™" and 3.71 (95% CL:
3.31-4.86) pgmL™, respectively, in the GA + EA group, and 3.19 (95%
CL: 2.83-3.54) pgmL™" and 4.19 (95% CIL: 3.76-5.42) pgmL™,
respectively, in the GA alone group. The relative mean potency for
propofol-inducing LOC in the GA alone group versus the GA + EA
group was 0.85. In addition, the predicted Ce,,., at the time of LOC
was significantly lower in the GA + EA group, 1.97 (95% CI: 1.75-2.16)
pgmL™, compared with the GA alone group, 2.63 (95% CI: 2.49-2.76)
pgmL™ (p<0.001).
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FIGURE 1
Consolidated Standards of Reporting Trials (CONSORT) flow diagram defining patient assessment and enrolment numbers in the study.

TABLE 1 Patient characteristics.

GA alone group (n =30) GA+EA group (n Mean difference or RR p-value
(estimate 95% Cl)
Age (year) 59.6+11.0 59.8+11.7 0.96
Male (%) 16 (53.3) 21 (70) 0.49 (0.17-1.41) 0.29
Weight (kg) 57.3+13.6 61.3+8.9 0.18
Height (cm) 163.3+£1.4 164.3+£1.1 0.58
ASA physical status, II/III 22/8 16/14 2.1(0.8-7.1) 0.18
Albumin (g/L) 40.49+4.73 40.25+3.56 0.82
Surgery duration (min) 150.0 (130.0, 163.3) 138.0 (102.8, 169.3) 0.28
Anesthesia duration (min) 160.0 (135.8, 176.0) 143.5 (115.0, 180.0) 0.28
Propofol (mgkg™ min™") 0.13 (0.02) 0.11 (0.02) 0.014
Remifentanil (ugkg™" min™") 0.14 (0.04) 0.08 (0.03) <0.0001

Data are presented as mean + SD or median (IQR). ASA, American Society of Anesthesiologists; SD, standard deviation; IQR, interquartile range.

Consumption of propofol and remifentanil

Both propofol and remifentanil consumptions (average
normalized infusion rate which refers to the total drug used/
duration between induction and discontinuation of the drug/
weight) were significantly lower in the GA + EA group compared
with the GA alone group (propofol: 0.11 + 0.02 mg kg™' min™'
vs. 0.13+£0.02mgkg™" min~', p=0.014;) (remifentanil: 0.08 + 0.03

ug kg™ min' vs. 0.14+0.04 pgkg™ min~ p<0.001).

Emergence time

The emergence time from anesthesia was significantly shorter in
the GA +EA group [16.0 (IQR: 11.0-19.3) min] compared with the
GA alone group [20.5 (IQR: 14.5-25.3) min] using the Kaplan-Meier
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log-rank survival analysis (p=0.013). The cumulative percentages of
patients remaining unconscious after discontinuation of anesthetics
infusion for both groups are shown in Figure 3.

Perioperative side effects and pain control

The incidence of hypotension during the maintenance of anesthesia
was higher in the GA + EA group than in the GA alone group (p=0.29).
The pain score in the PACU was lower in the GA + EA group than that
in the GA alone group (p<0.001). The total numbers and the effective
numbers of PCEA press on the 1st day postoperatively were lower in
the GA+EA group than in the GA alone group (all p<0.05). The
incidence of postoperative side effects, such as hypotension, nausea,
and vomiting, and also patient satisfaction score and time to first flatus
were comparable between groups (all p>0.05) (Table 2).
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FIGURE 2

Individual responses to propofol at corresponding effect-site
concentrations (Ce,.,). Unfilled circles represent a negative response
to the corresponding Ce,,, for achieving loss of consciousness
(LOQ). Fill circles represent a positive response to the corresponding
Ce,op for achieving LOC. Solid lines represent the mean effective
concentration (ECsp) of propofol, and dashed lines represent the 95%
confidence interval.

Discussion

In this prospective, randomized, double-blind study, using the
up-down sequential method, we mainly demonstrated that the
predicted effect-site concentration of propofol (Ce,,) required for
achieving loss of consciousness (LOC) in 50% of patients (ECs,) was
significantly lower in patients with prior thoracic epidural anesthesia
(TEA) with 0.375% ropivacaine (GA +EA group) than in patients
without prior TEA (GA alone group). The magnitude effect of TEA,
the difference between the calculated ECs, of propofol in two groups,
was 15% in the probit regression method and 12% in the up-down
method. In addition, we also demonstrated that the patients in the
GA+EA group had lower consumptions of both propofol and
remifentanil during maintenance of anesthesia, shorter emergence
time from anesthesia, and better postoperative pain control compared
with the patients in the GA alone group.

The mechanisms by which the epidural local anesthetic reduced
the requirements of propofol for LOC are not yet clear. The first
explanation for this sparing effect might be the reduction in afferent
input induced by the epidural block; in other words, neuraxial
anesthesia could result in direct sedative effects (8, 18). The second
explanation might be the direct effect of systemic local anesthetic
absorbed from epidural space. Intravenous lidocaine has sedative or
analgesia effects which was validated by our previous study (19) and
other studies (20, 21). However, the plasma levels of ropivacaine
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Cumulative percentages of patients remaining unconscious after
discontinuation of propofol and remifentanil infusion in the GA + EA
group (brown line, shaded area) and in the GA alone group (black
line, empty area), using the Kaplan—Meier survival analysis.

absorbed from epidural space were found to be very low (22). The
sedative effect of systemic ropivacaine could be limited. On the other
side, Sitsen et al. (23) found that in the presence of an epidural
blockade of 20 segments using ropivacaine, blood propofol
concentrations are elevated by approximately 30% due to a reduced
propofol elimination clearance. Cardiac output and serum albumin
possibly contribute to the effect of propofol. The MAP and heart rate
as well as the albumin level (latest before surgery) fluctuation
were not significantly different between the two groups
(Supplementary material). The measurement of plasma concentration
of ropivacaine needs to be conducted in further studies to confirm the
conclusions. The third explanation might be the alteration of propofol
pharmacokinetics produced by epidural anesthesia. The Ce,,, has not
been measured but calculated according to the pharmacokinetic
model of propofol described by Schnider et al. (11) in the present
study. The real Ce,,, was very likely to be lower than the predicted
Ceyop in the presence of epidural anesthesia. The fourth explanation
might be the effect of the rostral spread of ropivacaine through the
cerebrospinal fluid with direct actions on the brain.

The benefits of epidural anesthesia have persisted since its first
application. Risks and side effects were rare and have gradually decreased
with the development of technology and medicine. Epidural anesthesia
with local anesthetics was demonstrated to reduce the sevoflurane
requirements for adequate depth of anesthesia during induction or
maintenance of general anesthesia with a reduction magnitude of over
30% (9, 24, 25). However, the effects of epidural anesthesia on the
propofol requirements for achieving LOC have not been well
investigated. Our results showed that epidural ropivacaine significantly
reduced propofol ECs, for LOC, propofol, and remifentanil
consumptions during maintenance, which may contribute to shorter
emergence time. Results are consistent with previous studies (26, 27);
epidural anesthesia enhances the intraoperative quality, provides further
evidence of the synergic effects on sedation, facilitates early recovery after
surgery, is more likely to avoid nausea and/or vomiting, and relieves the
pain and promotes early activity postoperatively; these benefits may be a
reference for clinical management when this procedure was applied.

Side effects, such as postoperative pain, nausea, and vomiting, can
delay wound healing, prolong eating time, and affect recovery after
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TABLE 2 Side effects, patient satisfaction, and postoperative pain.

GA alone group

(n = 30)

GA + EA group

10.3389/fmed.2023.1194077

Mean difference or RR
(estimate 95% CI)

p-value
(n =30)

Intraoperative period

Hypotension [ (%)] 16 (53.3) 21 (70.0) 2.04 (0.71-5.90) 0.29
Postoperative period

Nausea [1 (%)] 5(16.7) 3(10.0) 0.56 (0.12-2.57) 0.71
Vomiting [1 (%)] 1(3.3) 0 (0) 0.97 (0.91-1.03) 1.00
Hypotension [# (%)] 1(3.3) 2(6.7) 2.07 (0.18-24.15) 1.00
Pain score (VAS) in PACU 3.0(1.0,4.0) 0.0 (0.0, 1.0) <0.001
Total number of PCEA press 6.2(3.9,8.5) 3.7(2.1,5.4) 0.04
Effective number of PCEA press 6.0 (3.8,8.1) 3.7 (2.0,5.3) 0.03
Patient satisfaction score 9.0 (9.0, 9.0) 9.0 (9.0,9.0) 0.66
Modified aldrete score 9.0 (8.0,9.0) 9.0 (9.0, 9.0) 0.59

Data are presented as 1 (%), mean + SD or median (IQR). VAS, visual analog score; SD, standard deviation; IQR, interquartile range.

surgery (27, 28). The use of large-dose opioids increases the incidence
of nausea and vomiting postoperatively (29-31). In our study, the
dosage of opioids was significantly lower, emergence time was
significantly shorter, and patients experienced lower pain intensity
postoperatively in the GA + EA group, which may contribute to the
lower incidence of nausea and vomiting as well as better recovery after
surgery in these patients. These findings further provide evidence of
the first choice of combined epidural to general anesthesia in open
abdominal surgery.

Our study has several limitations. First, we did not measure the
plasma concentrations of propofol (Cp,.,) and detect the ECys of
propofol for LOC. Considering the fact that the administration of
propofol using the TCI technique is very popular, the results of
predicted Ce,,, required for LOC found in the present study could
be a reference for clinical practice. Consequently, we assessed the
sensory block level 15 min after epidural infusion. This time may not
be long enough for the local anesthetics to cease its maximal rostral
spread after epidural infusion; thus, the actual sensory level during
induction of anesthesia might be higher than we recorded. Next,
epidural anesthesia is an invasive procedure that may have some risks
and side effects such as low blood pressure, back pain, sympathetic
nerve blockade, damage to nerves at the injection site, discitis,
osteomyelitis, or meningitis. Finally, we measured the BIS value but
did not record and analyze this variable. Further studies are needed to
be conducted to minimize these limitations.

Conclusion

Under the conditions of the present study, concomitant epidural
anesthesia with ropivacaine achieving a sensory block level of T4 or
above could reduce 15% of the ECs, of predicted effect-site
concentration of propofol required for achieving LOC during
induction of general anesthesia in patients with gastric cancer. In
addition, patients in the GA + EA group had lower consumptions of
propofol and remifentanil during maintenance of anesthesia, faster
recovery from anesthesia, and improved postoperative pain control
compared with the patients in the GA alone group.
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