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Aim: This study aimed to assess the correlation of plasma concentration (Cp) and effect-site concentration (Ce) of propofol and
remifentanil with level of consciousness and evaluate their reference values during extubation in patients scheduled day-case operative
hysteroscopy under propofol-remifentanil anesthesia.

Methods: Propofol (Marsh model) and remifentanil (Minto model) were simultaneously administered using a target-controlled
infusion (TCI) pump for the induction and maintenance of anesthesia. The Cp and Ce of propofol (PCp and PCe) and remifentanil
(RCp and RCe) before anesthesia induction, at the end of surgery, and at the time of extubation were respectively recorded. Predictive
performance was assessed using the jackknife method.

Results: At the time of extubation, PCp was 1.17 + 0.168 (95% CI: 1.14-1.20 pg/mL), PCe was 1.7 + 0.212 (95% CI: 1.65-1.74 ng/
mL), RCp was 0.769 = 0.12 (95% CI: 0.75-0.79ug/mL), and RCe was 0.972 + 0.179 (95% CI: 0.94 —1.01 pg/mL). The Py values of
PCp, PCe, RCp and RCe were 0.999, 0.993, 1.00 and 0.995, separately. Postoperative decreases in PCp (r = 0.089, p < 0.001), PCe (r =
0.087, p= 0.001), RCp (r = 0.072, p < 0.000) and RCe (r = 0.077, p < 0.001) were significantly correlated with the recovery time.
Conclusion: PCp, PCe, RCp and RCe, together with OAA/S Scale and the recovery of spontaneous respiration might be potential
reference indicators for extubation in day-surgery hysteroscopy following general anesthesia using TCI.
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Introduction

Operative hysteroscopy is a widely-accepted short and less traumatic practice that cause few complications and can be
used to treat various intrauterine diseases quickly and effectively.! Procedural sedation and analgesia are used to alleviate
pain, stress, anxiety, and discomfort during invasive diagnostic and therapeutic procedures.> Frequent monitoring of the
level of consciousness during procedural sedation and analgesia can improve patient safety and sedation efficacy, and
decrease the risk of adverse events, such as hypoxemia, inadequate ventilation or circulation.®* Processed electroence-
phalogram (EEG) - based anesthetic depth monitoring devices has been extensively applied to monitor the level of
consciousness in anesthesia practice as an adjunct to clinical observation. One such frequently used device is the
bispectral index (BIS),”® which provides numerical values indicative of different levels of depth of anesthesia.
Hysteroscopy surgery requires successful induction of anesthesia, maintenance of adequate analgesia and sedation during
the operation, rapid postoperative wake up and safe extubation to shorten the length of hospital stay and minimize
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relevant adverse events. Though EEG-based depth of anesthesia monitor is feasible for hysteroscopy surgeries, it might
increase surgery time and cost. Therefore, it is necessary to seek a more convenient way to judge the timing for removing
the laryngeal mask.

Accumulating studies using pharmacokinetic-pharmacodynamic models demonstrate that BIS values are inversely
related to the plasma concentration (Cp) and effect-site concentration of propofol.”” Propofol is usually co-administered
with remifentanil, which exhibits a synergistic anesthetic effect.'® Therefore, we hypothesize that Cp and the effect-site
concentration (Ce) of propofol and remifentanil may be correlated with anaesthetic depth. To test this hypothesis, in this
study, we investigated the association of Cp and Ce of propofol and remifentanil with anesthetic depth and extubation
time in patients undergoing day-surgery operative hysteroscopy under general anesthesia using target-controlled infusion
(TCI) of propofol and remifentanil.

Methods

Patients

This study has been registered on Chinese Clinical Trial Registry with accession number of chiCTR2000034837. The
study protocol was approved by the Ethics Committee of International Peace Maternal and Child Health Hospital, School
of Medicine, Shanghai Jiao Tong University (approval number: GKLW2019-49). The study protocol was in accordance
with the Declaration of Helsinki. Written informed consent was obtained from all participants.

The inclusion criteria were as follows: American Society of Anesthesiologists (ASA) physical status I or II;'' age
20—60 years; scheduled day-surgery operative hysteroscopy, limited to those requiring uterine cavity examination for the
diagnosis of unexplained uterine bleeding, causes of habitual miscarriage and assessment of the uterine condition in
infertile patients, as well as those for simple intervention measures, such as removal of endometrial polyps, removal of
intrauterine devices, decomposition of intrauterine adhesions; no history of mental or neurological disorders; no severe
hypertension, no cardiac or endocrine diseases; and normal liver and kidney function. The exclusion criteria were as
follows: known allergy to the drugs used in this study; body mass index < 17 kg/m? or > 30 kg/m?; patients undergoing
uterine cavity electrocision and uterine fibroids electrocision surgeries; chronic tertiary hypertension; severe arrhythmia;
chronic bronchitis, asthma or other respiratory diseases; increased intraocular, intrathoracic, or intracranial pressure, and
hearing impairment; operation time > 30 min; and administration of inhalational anesthetic agents and muscle relaxants
because of surgery. From July 23, 2020 to September 30, 2020, 149 patients scheduled for day-surgery operative
hysteroscopy were enrolled. After excluding unqualified patients, a total of 106 patients were initially included. During
surgery, another 6 patients were excluded because of surgery changed (n =3), operation time > 30 min (n = 2) and
administration of muscle relaxants (n =1). Finally, 100 patients in the day surgery ward of our hospital met the inclusion
and exclusion criteria and were enrolled in the study (Figure 1).

Anesthetic Procedure

All patients received preoperative examinations the day before surgery. Routine visits to the anesthesia clinic were
conducted to rule out contraindications to day surgery anesthesia. The patients fasted for solids and liquids for
8 h preoperatively.

All patients underwent general anesthesia monitoring including mean blood pressure (MBP), respiration rate (RR),
heart rate (HR), electrocardiogram, BIS and oxygen saturation (SpO2). Propofol (Guangdong Jiabo Pharmaceutical Co.,
Ltd, Qingyuan, Guangdong province, China; registration number, H20133248) and remifentanil (Yichang Humanwell,
Pharmaceutical Co., LTD, Yichang, Hubei province, China; registration number, H20054172) were simultaneously
administered using a TCI pump (MED CAPTAIN medical technologies, HP-30 pump, Shenzhen, China). The
Observer’s Assessment of Alertness/Sedation (OAA/S) Scale'*!® and BIS were used to evaluate the depth of anesthesia.

The commenced Ce of propofol (PCe) was 6 pg/mL (Marsh model), while that of remifentanil (RCe) was commenced
at 5 ng/mL (Minto model). Subsequently, the level of sedation was evaluated and recorded using the OAA/S scale and
BIS every 20s until loss of consciousness (OAA/S scale <1, BIS reached to 40-60 and disappearance of the eyelash
reflex). Laryngeal mask airway (LMA) was inserted in all patients. The parameters of mechanical ventilation were set as
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Patients in the period (n=149)

Excluded patients

— unqualified body mass index (n = 12)
— chronic tertiary hypertension (n = 23)
— refuse to participate (n=2)

— ventricular premature beat (n=2)

— bronchitis (n=1)

- Y — take breakfast (n=3)
Patients (n=106)

.| Excluded patients
— Surgery changed (n =3)

A4
Day-surgery patients (n=103)

Excluded patients
— Operation time > 30 min (n=2)
— Muscle relaxants used (n=1)

\ 4

A4
Eligible Patients (n=100)

Figure | The flowchart of patients’ enrollment.

follows: tidal volume (VT), 8 mL-10mL/kg; RR, 12 beats/min; inhalation/expiration ratio, 1:2; end-tidal carbon dioxide
(PetCO,), 3040 mmHg.

The operations were performed or directly supervised by a highly skilled hysteroscopic specialist after placing the
laryngeal mask airway (LMA), Hysteroscopic morcellation was performed using the TruClear™ 5C system (Medtronic,
Minneapolis, MN, USA), with a 0° optic and a 5.7 mm sheath, and a 2.9 mm rotary morcellator. No additional local
anesthetics were given before cervical dilation. The operation time was calculated from the entry of the hysteroscopic
morcellation into the uterine cavity. When all uterine cavity operations were completed and the hysteroscopic morcella-
tion no longer entered the uterine cavity at the end, the operation was considered completed, and the total operation time
was recorded. The anesthesia infusion pump stopped infusing drugs at the end of the uterine cavity operation.

Intraoperatively, PCe and RCe were adjusted according to surgical irritation and hemodynamic changes. PCe and RCe
were set at 2.5 pg/mL and 2.5 ng/mL, respectively, to maintain anesthesia (BIS between 40—60). The shallowness of the
anesthesia depth was evaluated by body movements during surgery. In case of active body movements, PCe was
increased by 0.5ug/L to maintain an adequate depth of anesthesia.

Postoperatively, once the infusions of propofol and remifentanil were discontinued, we primarily employed verbal
stimuli to assess consciousness. Anesthesiologists spoke to patients in a normal tone, giving commands or asking
questions to observe their responses. Additionally, light tactile stimulation was applied as a supplementary measure to
assess responsiveness. Awakening began one a BIS value greater than 80 was recorded, along with an OAA/S scale score
of 5. The LMA was removed when the patient’s spontaneous breathing rate exceeded 12 breaths/min, VT was greater
than 6 mL/kg, and SpO, was above 95%. The interval from the cessation of drug infusion to the removal of the LMA was
noted as the recovery time, and the BIS value at the time of initiating awakening was meticulously recorded to ensure
a detailed and accurate evaluation of recovery dynamics.
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MBP, HR, PCp, PCe, RCp and RCe of the patients were recorded before anesthesia induction (T0), at the end of
surgery (T1), and at the time of extubation (T2). The total propofol or remifentanil dose (TP or TR) during surgery was
also recorded. The duration from dis-continuation of propofol and remifentanil to remove LMA (both OAA/S scale and
respiratory parameters were achieved) was defined as recovery time. Changes in PCp, PCe, RCp, and RCe between T1
and T2 were calculated and analyzed.

Management for Adverse Events

In cases of HR < 50 beats/min, a bonus of atropine (0.5mg) was administered intravenously.'* When blood pressure
decreased by > 30% or was < 80/50mmHg, a bonus of 5-10 mg ephedrine was administered intravenously'> and TCIs of
propofol and remifentanil were sped up. In the case of PetCO, > 50mmHg or < 20mmHg, VT was adjusted, and the
surgery was suspended until PetCO, normalized.

Statistical Analysis

Continuous data were expressed as mean + SD, and statistical analysis was performed using SPSS 22.0. Nonparametric
Spearman correlation and linear regression analyses were used to analyze the correlations of total propofol dose, total
remifentanil dose, operation time, and postoperative changes of PCp, PCe, RCp and RCe with recovery time. To assess
the predictive value of these parameters for the level of consciousness during the awakening period, prediction
probability (Py) values were calculated by the jackknife method proposed by MILLER et al in R software (version
4.0.0)." The Py values ranged from 0 to 1. When Py =1, this suggests that the parameter could 100% correctly predict the
depth of anesthesia. When Py < 0.5, this suggests the predictive accuracy was poor. Sample size was calculated based on
jackknife method using the lowest acceptable Py value of 0.7 as outcome.'” Standard error was set as 0.4, significance
level was set as 0.05, test power was set as 0.9, and at least 18 patients were required.

Results

Day-surgery hysteroscopy was successfully performed in a total of 100 patients. Intra-operatively, the SpO, was
maintained at 98%-100%. The enrolled patients were aged between 23 years old and 59 years old, with an average
age of (41.13 + 8.99) years old. The average operation time was (18.12 + 5.72) min and the recovery time was (5.43 +
3.27) min (Table 1).

MBP, HR, PCp, PCe, RCp and RCe of patients at TO, T1 and T2 time points are shown in Table 2. At the extubation
time (T2), PCp was 1.17 = 0.168 [95% confidence interval (CI): 1.14-1.20 pg/mL], PCe was 1.7 + 0.212 (95% CI:
1.65-1.74 pg/mL), RCp was 0.769 + 0.12 (95% CI: 0.75-0.79 pg/mL), and RCe was 0.972 + 0.179 (95% CI: 0.94
—1.01 pg/mL). The P, values of PCp, PCe, RCp and RCe were 0.999, 0.993, 1, and 1, respectively, which were higher
than the Py values of MBP and HR (0.654 and 0.714, respectively).

Correlations of total propofol dose, total remifentanil dose, operation time, and postoperative decline in PCp, PCe,
RCp, and RCe with recovery time were analyzed. As depicted in Table 3, postoperative declines in PCp (r = 0.089, p <
0.001), PCe (r = 0.087, p = 0.001), RCp (r = 0.072, p < 0.001) and RCe (r = 0.077, p < 0.001) were significantly
correlated with recovery time. However, TP, TR, and operation time were not significantly correlated with recovery time
(p > 0.05).

Two adverse events were reported during the procedure: one case of choking and one case of sinus bradycardia
(Table 4).

Discussion

Given the recent increase in shorter procedures requiring general anesthesia, and the high demand of reducing medical
costs in clinical settings, it is valuable to explore more useful reference indicators to facilitate good recovery. In this
study, we investigated the correlation of PCp, PCe, RCp and RCe with recovery time and evaluated their reference values
during extubation in patients undergoing day-surgery operative hysteroscopy following general anesthesia using TCI.
Our findings indicated that under the Marsh model of propofol (initial concentration of 6ng/mL) and Minto model of
remifentanil (initial concentration of 5ng/mL), the PCp, PCe, RCp and RCe were 1.17 £+ 0.168 (95% CI: 1.14-1.20 pg/
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Table | Characteristics of Patients

Characteristics Value
Age, years, mean + SD 4].13+8.99
Height, cm, mean * SD 160.00+5.32
Body weight, Kg, mean + SD 59.68+8.36
Gravidity, n%

0 5

[ 39

2 32

3 12

4 9

5 2

6 |
Parity, n%

0 12

| 49

2 35

3 3

4 |
Vaginal delivery history, n% 56
Number of prior hysteroscopies, n%

<3 85

>3 15
Operation time, min, mean * SD 18.12 £ 5.72
Recovery time, min, mean * SD 543 + 3.27
BIS at recovery time, mean * SD 8299 £ 5.10
Number of patients with ASAI/ASAII, n 89/11
Number of patients requiring increased PCp, n 13

Abbreviations: ASA, American Society of Anesthesiologists; PCp, plasma
concentration of propofol; SD, standard deviation.

Table 2 MBP, HR, Cp and Ce of Propofol and Remifentanil at Different Time Points

Time Point | MBP (mmHg) | HR (bpm) | PCp (ug/mL) | PCe (pg/mL) | RCp (ng/mL) | RCe (ng/mL)
TO 76.24+9.73 62.84+8.04 | — —_— —_— —_—

Tl 88.8+13.1 67.7£8.3 2.310.272 2.53+0.303 2.11£0.208 2.43+0.102

T2 81.7£10.5 61.7£7.5 1.17+0.168 1.7+0.212 0.769+0.12 0.972+0.179
Py 0.654 0.714 0.999 0.993 | |

Notes: TO, before anesthesia induction, T1, at the end of surgery, T2, at the time of extubation.
Abbreviations: MBP, mean blood pressure; HR, heart rate. PCp, plasma concentration of propofol; RCp, plasma concentration of
remifentanil; PCe, effect-site concentration of propofol; RCe, effect-site concentration of remifentanil.

mL), 1.7+ 0.212 (95% CI: 1.65-1.74 pg/mL), 0.769 + 0.12 (95% CI: 0.75-0.79ug/mL), and 0.972 + 0.179 (95% CI: 0.94
—1.01 pg/mL) at the extubation time. Postoperative declines in PCp (r = 0.089, p < 0.001), PCe (r = 0.087, p = 0.001),
RCp (r = 0.072, p < 0.001) and RCe (r = 0.077, p < 0.001) were significantly correlated with recovery time. The Py
values of PCp, PCe, RCp and RCe were 0.999, 0.993, 1, and 1, respectively. PCp, PCe, RCp and RCe might be potential
reference indicators for predicting the time of extubation, together with OAA/S Scale and the recovery of spontaneous
respiration.

Discontinuing TCI of propofol and remifentanil in time according to Cp and Ce of propofol and remifentanil would
shorten the recovery time and accelerate the turnover rate of surgery, thus reducing the requirements for anesthesia
equipment and cutting anesthetic costs. Various processed EEG-based depth of anesthesia monitors have been
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Table 3 Correlation Analysis With Recovery Time

Indicators Value r P value

Total dose of propofol (mg) 246.78+49.38 | 0.113 0.265
Total dose of remifentanil (ug) | 200.24+59.5 | 0.0653 | 0.519

Operation time (min) 18.12+¢5.72 | 0.0144 | 0.887
PCpl- PCp2 (ug/mL) 1.13£0.30 0.089 | <0.00l
PCel- PCe2 (ug/ml) 0.84+0.36 0.087 | 0.001
RCpl- RCp2 (ug/mL) 1.34£0.25 0.072 | <o0.00l
RCel- RCe2 (nug/mL) .46£0.22 0.077 | <o0.00l

Notes: PCpl- PCp2, the difference of plasma propofol concentration at the end of
operation and extubation; PCel- PCe2, the difference of effect-site propofol
concentration at the end of operation and extubation; RCpl- RCp2, the difference
of plasma remifentanil concentration at the end of operation and extubation;
RCel- RCe2, the difference of effect-site remifentanil concentration at the end
of operation and extubation.

Table 4 Summary of Adverse
Events

Adverse Events Number

Choking
Hypertension
Sinus tachycardia
Sinus bradycardia

Delayed awakening

o O — O o —

Hypoxaemia

extensively used to measure the depth of anesthesia intraoperatively and guide the extubation time postoperatively, such

° approximate entropy and sample entropy.’’ Although these

as the BIS,18 narcotrend index, patients state index,’
monitoring indexes are suitable for intraoperative monitoring, they are limited in monitoring the level of consciousness
during the postoperative recovery period and may cause errors without co-administration of muscle relaxants.”' Besides,
the EEG-based anesthetic care will increase about 20% cost of anesthesia and prolong the surgery time of 10%-20%.
Therefore, it is valuable to explore more useful reference indicators to facilitate good recovery to save medical resources
and maintain safety at the same time. Our result proposed using PCp, PCe, RCp and RCe, together with OAA/S Scale
and the recovery of spontaneous respiration, as reference indicators for extubation in patients undergoing hysteroscopic
surgery under general anesthesia using TCIs of propofol and remifentanil. To the best of our knowledge, this is the first
study concerning the value of Cp and Ce of propofol and remifentanil in measuring the depth of anesthesia and guiding
the time of extubation. However, far more research should be conducted before using these indicators in clinic for safety
issues.

Propofol is a commonly used short-acting sedative agent characterized by rapid onset and offset for the induction and
maintenance of anesthesia.’>** Co-administration of remifentanil and propofol can achieve effective and safe anesthesia
and has been widely used for general anesthesia.”*2® TCI has become a mature technology for the administration of
propofol and opioids for general anesthesia in clinical practice.”’*® Our study used intravenous TCI of propofol and
remifentanil to induce and maintain anesthesia in patients undergoing hysteroscopic surgery without administration of
muscle relaxants. The predictive value of Cp and Ce of propofol and remifentanil for anesthetic depth was evaluated by
calculating Py values.!” In the present study, P, values of PCp, PCe, RCp, and RCe were equal to or close to 1,
suggesting a good predictive capability of PCp, PCe, RCp, and RCe for patients’ depth of anesthesia. This result
indicates that TCI of propofol and remifentanil without administration of muscle relaxants might be sufficient for
induction and maintenance of anesthesia in patients undergoing daytime surgery, such as operative hysteroscopy.
Moreover, our study found that postoperative decreases in PCp, PCe, RCp and RCe were significantly related to recovery
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time. Our study suggests that, together with OAA/S Scale and the recovery of spontaneous respiration, it might be a safe
way to remove LMA from patients or wake up patients when PCp is within the range of 1.14 —1.20 pg/mL, PCe is within
the range of 1.65-1.74 pg/mL, RCp is within the range of 0.75-0.79 pg/mL, and RCe is within the range of
0.94-1.01 pg/mL. To the best of our knowledge, we are the first to propose the possibility of PCp, PCe, RCp and
RCe to be used as potential reference indicators. Nevertheless, our study has some limitations. First, infusion of propofol
and remifentanil was started and stopped simultaneously during the surgery, and then the concentrations of these two
drugs were monitored. The drug concentration in this paper was the result of the interaction of the two drugs, and
therefore, the Cp and Ce suggested was not suitable for the recovery prediction of a single drug. We found that the
recovery of patients was satisfied when removed the LMA at the suggested Cp and Ce of the two drugs. Future
prospective studies are required to validate the predictive capability of Cp and Ce values for the level of consciousness
during the recovery period. Dedicated efforts to develop novel pharmacokinetic-pharmacodynamic models of drugs to
predict depth of anesthesia and improve the TCI pump can lead to the determination of more accurate concentrations of
propofol and remifentanil to guide postoperative extubation in patients undergoing day-surgery.?’ Second, the study was
a preliminary study conducted in a small population of non-elderly, non- obesity, and non-frail women. TCI anesthesia of
propofol and remifentanil are suitable for most day hysteroscopic surgeries. Third, we only accessed the Marsh model
and Minto model for TCI in this study. These models mainly adjust the drug concentration based on body weight and fail
to fully consider the influence of factors such as age, gender, genes, and physiological state on drug metabolism. These
factors can all lead to significant differences in an individual’s response to drugs. The effect-site concentration at
recovery of consciousness is not only affected by the concentration of the effect-site when consciousness is lost, but
also related to other factors. Studies have shown that the effect-site concentration at the time of recovery is negatively
correlated with age.>*>" Therefore, the effect-site concentration at recovery of consciousness in the elderly is lower than
that in the young. In Marsh model, age and body weight of patients are used as basic information to enter the system, but
when adjusting plasma target concentration, only body weight is used as a variable and age is ignored. Schnider’s model
takes age, height, and net weight as variables. Compared with Marsh model, the propofol dose calculated by Schnider
model is smaller and the infusion time is longer when setting the same plasma target concentration®? and more suitable
for elderly, frail or obese patients. Further research is still needed to investigate the other situations, such as in the elderly,
obesity, and men. Additionally, this study does not propose specific cut-off values when using PCp, PCe, RCp, and RCe
as extubation criteria.

In conclusion, the Cp and Ce of propofol and remifentanil partly reflected the recovery condition and they might be
potential reference indicators, along with OAA/Scale and the recovery of spontaneous respiration, to guide the timing of
extubation in patients undergoing operative hysteroscopy under general anesthesia via TCIs of propofol and remifentanil.
At such might be suitable for predicting recovery time in non-elderly and non-frail women for the day surgery with fast
turnover and high requirement of sobriety.

However, this study was limited to the prediction reference value of propofol and remifentanil concentrations for
extubation. In future studies, we will directly measure and monitor drug concentrations through blood sample analysis to
evaluate the pharmacokinetic and pharmacodynamic parameters more precisely. Besides, more advanced pharmacoki-
netic models, such as the Schnider model with increased sample diversity, including patients of different ages, weights,
and health conditions will be considered. We believe that although this study has limitations, the obtained data still
provide valuable insights into the application of TCI of propofol-remifentanil in daytime surgeries.
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