Medicine

ICIinicaI Trial/Experimental Study

Pre-administration of remifentanil in
target-controlled propofol and remifentanil
anesthesia prolongs anesthesia induction
in neurosurgical patients

A double-blind randomized controlled trial

Jin Hee Ahn, MD?®, Doyeon Kim, MD?, Ik Soo Chung, MD, PhD?, Jeong Jin Lee, MD, PhD?,
Eun Kyung Lee, MD?, Ji Seon Jeong, MD, PhD?"

N

Abstract
Background: Pre- and co-administration of remifentanil in target-controlled propofol and remifentanil anesthesia are the most |

common methods in clinical practice. However, anesthesia induction time by timing remifentanil administration was not identified.
Therefore, we investigated the induction time of anesthesia based on type of remifentanil administration in target-controlled
anesthesia.

Methods: A total of 60 patients were randomly assigned to 1 of 2 groups: Pre-administered with remifentanil before propofol
infusion (Group R, n=30) and co-administered with remifentanil with propofol (Group N, n=30). The primary outcome was total
induction time based on the order of remifentanil administration. Secondary outcomes were from start of the propofol infusion time to
loss of consciousness (LOC), rocuronium onset time, time to Bispectral index (BIS) 60, and hemodynamic variables.

Results: The mean + SD of total induction time was 180.5+49.0s in Group N and 246.3 +64.7 s in Group R (mean difference: 65.8
seconds; 95% Cl: 35.0-96.55s, P < .01). Time to BIS 60 and rocuronium onset time were longer in the Group R (P < .01 and P < .01,
respectively). The Aheart rate and Acardiac output values were lower in the Group R (P=.02 and P=.04, respectively). Injection pain
was reported by 11 of 28 (39%) in the Group N and in 2 of 28 (7%) in the Group R (difference in proportion: 32%, 95% Cl: 10-51%,
P=.01).

Conclusion: Pre-administration of remifentanil in target-controlled propofol and remifentanil anesthesia prolongs total induction
time about 35% compared to co-administration of remifentanil and propofol by decreased CO.

Abbreviations: ASA = American Society of Anesthesiologists, BIS = Bispectral index, Ce = target effect-site concentration, Cl =
confidence interval, CO = cardiac output, HR = heart rate, IQR = interquartile range, LOC= loss of consciousness, MAP = mean
arterial pressure, MD = mean difference, mean changes A = mean change, PONV = postoperative nausea vomiting, SV = stroke
volume, SVR = systemic vascular resistance, SVV = stroke volume variation, TCI = target controlled infusion, TOF = train-of-four.
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1. Introduction

Target controlled infusion (TCI) is commonly used in neurosur-
gery because of reduced perioperative stress response, reduced
acute systemic inflammatory response, rapid recovery, and
decreased postoperative nausea vomiting (PONV) compared
with more volatile anesthesia.'=*! Propofol is advantageous in
neurosurgery because it can reduce cerebral blood volume and
intracranial pressure and preserve both autoregulation and
vascular reactivity.*! In addition, remifentanil may have a
neuroprotective effect that suppresses cell death by lowering the
expression of TNF-a and TNFR1 proteins, which is beneficial for
perioperative brain protection.>™!

Generally, pre- and co-administration of remifentanil and
propofol in TCI are the most common methods in clinical
practice.!®! Several studies have assessed timing of remifentanil
administration.”® ! Propofol administration prior to remifenta-
nil suppressed remifentanil induced cough,” whereas pre-
administration of remifentanil reduced the injection pain of
propofol.''% In addition, the administration sequence of propofol


mailto:jiseon78.jeong@samsung.com
http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
http://dx.doi.org/10.1097/MD.0000000000014144

Ahn et al. Medicine (2019) 98:3

and remifentanil does not influence the ED50 and ED95 of
rocuronium,'® but the pre-administration of remifentanil
prolonged the rocuronium onset time, which was due to
decreased cardiac output (CO) by remifentanil.!''! Although
there are many clinical pharmacological approaches depending
on the timing of administration of remifentanil,’®111?! there is no
study on the effect of remifentanil on induction time.

Generally, combination of hypnotic-sedative agents such as
propofol and opioid such as remifentanil is known to have a
synergic effect.'"*! However, the induction time of anesthesia
based on the timing of remifentanil administration in target-
controlled propofol and remifentanil anesthesia has not been
identified. We hypothesized that the pre-administration of
remifentanil would maximize synergy effect and reduce the
anesthetic induction time. Therefore, we conducted a prospective,
randomized, double-blinded study to compare the induction time
of anesthesia by pre- and co-administration of remifentanil in
target-controlled propofol and remifentanil anesthesia in neuro-
surgical patients.

2. Materials and methods

This prospective, double-blinded, randomized study was ap-
proved by the Institutional Review Board (Samsung Medical
Center, South Korea, IRB No. 2017-12-091, Jan 12, 2018) and
the study design was registered in the Clinical Trial Registry of
Korea (KCT0002733; Principle Investigator, J.S.J; date of
registration, Jan 17, 2018). All patients participated in the study
after providing written informed consent. This study included
American Society of Anesthesiologists (ASA) I-Il patients
(between 19 years and 75 years of age) scheduled for elective
neurosurgery that were under general anesthesia from January
2018 to April 2018 at the Samsung Medical Center, Seoul, Korea.
Exclusion criteria included age <18 vyears, expected difficult
airway, body mass index >30 or <18.5kg/m?, neuromuscular
disease, mental disorder, metabolic disorder, asthma, chronic
obstructive pulmonary disease, cardiovascular disease (including
hypertension), renal disease, pregnancy, and opioid use before
surgery. The study participants were randomly assigned to 1 of 2
groups using a randomized list designed by the statistics team of
our center: pre-administration of remifentanil before propofol
infusion (Group R) or co-administration of remifentanil with
propofol (Group N).

2.1. Study design and data collection

Three syringe pumps (Injectomat TIVA Agilia, Fresenius KABI,
France) in TCI mode were prepared. For each syringe pump,
propofol (Fresofol 2% inj., S0ml vial, Fresenius Kabi, Ober-
osterreich, Austria) was prepared in a 50ml syringe, 20ml of
remifentanil (Ultiva™ inj., 1mg vial, GlaxoSmithKline, Rix-
ensart, Belgium) was diluted with normal saline at a concentra-
tion of 50 pg/ml, and normal saline in a 20 ml syringe for blinding
was prepared. The 2 syringes not containing propofol were
masked and were labeled with number 1 or 2. Group assignment
was conducted using sequentially numbered, sealed opaque
envelopes opened only after enrollment by one of the authors
who prepared the study drugs, but was not involved in either
anesthetic management or outcome assessment.

Patients did not receive premedication. Standard monitoring
such as electrocardiography, pulse oximetry, noninvasive blood
pressure, and Bispectral index (BIS) monitor was performed on
arrival at the operating room. Before anesthesia induction, the
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patients underwent an awake arterial line cannulation after local
anesthetic (1% lidocaine 0.5ml) infiltration for invasive
continuous arterial pressure monitoring (via FloTrac, version
1.08, Edwards Lifesciences, Irvine, CA, USA). Neuromuscular
monitoring was performed with acceleromyography every 15s
using the TOF-Watch SX (Organon Ltd, Dublin, Ireland) at the
adductor pollicis. Remifentanil (or normal saline) and propofol
were administered by TCI pumps after preoxygenation with
100% O, via a facial mask. The pharmacokinetic sets used to
calculate target effect-site concentrations (Ce) for propofol and
remifentanil were Marsh and Minto models, respectively.!'*1"!
Ce was set to 4 ng/ml for remifentanil and 6 wg/ml for propofol.!”’
After the first syringe (remifentanil or normal saline) reached Ce
4ng/ml, then propofol and the remaining 20cc syringe pump were
administered at 6 g /ml and 4ng/ml, respectively. The drug
administration sequences of both groups are represented in
Figure 1. Loss of consciousness (LOC) was assessed every 5s and
after disappearing eyelash reflex was confirmed, 0.6 mg/kg
rocuronium was injected. Intubation was performed after
confirming muscle relaxation with twice train-of-four (TOF)
count 0. The tracheal intubation was performed using a
Macintosh laryngoscope and Cormack-Lehan grade was
obtained. And, patients who are expected to have difficulty
airway was used a Macintosh or Glidescope video laryngoscope
(GVL; Verathon, Bothell, WA, USA) at the discretion of the
practitioner. After intubation, a syringe pump was adjusted to 2
ng/ml for remifentanil and normal saline, and 4pg/ml for
propofol. Hypotension (mean arterial pressure [MAP] < 55
mmHg) was treated with 5 mg ephedrine, and bradycardia (< 50
beats/min) was treated with 0.5 mg atropine.

The investigator recorded from start of the propofol infusion
time to LOC, time to BIS 60, rocuronium onset time, total
induction time and hemodynamic variables such as heart rate
(HR), MAP, CO, stroke volume (SV), stroke volume variation
(SVV), and BIS values from the beginning of anesthesia induction
to five minutes after tracheal intubation at each point, that is,
before starting anesthesia induction (TO0), at propofol adminis-
tration (T1), at LOC and rocuronium injection (T2), at BIS 60
(T3), immediately before and immediately after intubation (T4
and T5), and at 1 min intervals after intubation (T6-T9).
Modified Mallampati classification, Cormack-Lehan’s grade,
intubating condition*®! and complications such as cough,
injection pain, and chest rigidity were also recorded.

Primary outcome was the total induction time, which was
defined from propofol administration (T1) to immediately before
intubation (T4). Secondary outcomes were time to LOC (from T1
to T2), time to BIS 60 (from T1 to T3), rocuronium onset time
(from T2 to T4), complications, remifentanil and propofol dose
during induction (from TO to T4), and were included as variables
related to hemodynamic, anesthesia, and intubation.

2.2. Statistical analysis

Based on an unpublished pilot study, we found that the mean
(SD) duration of total induction time was 195 (18) sec in the
Group N (n=35) and 215 (25) in the Group R (n=35). The sample
size was calculated with a power of 0.9 and an alpha error of
0.01. At least 27 patients per group were required. Assuming a
10% dropout rate, we planned to recruit a total of 60 patients (30
subjects for each group). Continuous variables are presented as
the mean (SD) or median and interquartile range (IQR), as
appropriate, and categorical variables are presented as the
number (percentage). Continuous variables were analyzed using
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Figure 1. Study protocol drug sequence. TO, before starting anesthesia induction; T1, Propofol administration; T2, LOC and rocuronium injection; T3, BIS 60; T4
and T5, Before and immediately after intubation; T6-T9: One-minute intervals after intubation. BIS =Bispectral index.

the Student # test or Mann—-Whitney U test where appropriate.
Normality of continuous variables was assessed by the
Kolmogorov—Smirnov test. Categorical variables were analyzed
using the Pearson chi-square test or Fisher exact test, where
appropriate. Hemodynamic variables, except SVV, were used to
evaluate mean changes (A), relative to the values before starting
induction of anesthesia at each time point. The differences in the
hemodynamic variables between the two groups over time were
analyzed by repeated measures analysis of variance, and the
Student ¢ test or Mann—Whitney U test was used to compare the
values at each time point between the 2 groups. Statistical
analyses were performed using SPSS version 22 (SPSS Inc.,
Chicago, IL). A P-value less than .05 was considered to be
statistically significant.

3. Results

A total of 60 patients were recruited and 56 patients completed
the study (Fig. 2). Four patients were excluded due to technical
error (n=2) and hemodynamic instability after anesthesia
induction (n=2). Patient characteristics were not significantly
different between the 2 groups (Table 1).

The variables for induction time are shown in Table 2. The
total induction time was longer in Group N than in Group R
(P<.01). The time to BIS 60 and rocuronium onset time were
longer in Group N than in Group R (P<.01 and P<.01,
respectively). However, the time to LOC was not significantly
different between the two groups (P=.35). And, the remifentanil
and propofol doses during induction were more in Group R than
in Group N (P<.01 and P < .01, respectively).

The hemodynamic variables between the two groups, includ-
ing HR, MAP, CO, SV, and SVV over time, are shown in
Figure 3. There were significant differences according to group
interaction for AHR and ACO (P=.02 and P=.04, respectively).
However, the AMAP, ASV, and SVV were not significantly
different (P=.77, P=.67 and P=.80, respectively). The AHR was
significantly decreased in Group R compared to Group N at the
T1, T2, and T3 (P=.01, P<.01 and P=.035; respectively). The

ACO was significantly decreased in Group R compared to Group
N at T1 and T2 (P <.001, P=.01; respectively).

The patient complications are shown in Table 3. Cough and
chest rigidity were not significantly different between the 2
groups. However, injection pain occurred more frequently in
Group N than in Group R (difference in proportion: 32%, 95%
CI: 10 to 51%, P=.01). The variables for intubation are shown in
Table 3. The Modified Mallampatti classification, Cormack—
Lehan grade and intubating condition were not significantly
different between the 2 groups. Rescue ephedrine was adminis-
tered to 5 patients with hypotension, which were administered at
TS, T6, and T9 in Group N and T7 and T9 in Group R.

4. Discussion

This randomized trial demonstrated that pre-administration of
remifentanil prolonged the total induction time of 35% (66 s)
compared to co-administration of remifentanil, and time to BIS
value 60 and rocuronium onset time were prolonged time to BIS
value 60 and rocuronium onset time. In addition, pre-
administration reduces injection pain caused by propofol. In
particular, the prolongation of total induction time is attributed
to decreased CO and HR by pre-administration of remifentanil.

A previous study demonstrated that patients with a high CO
required a large dose of propofol and took a long time to achieve
hypnosis.l'”>!81 Although high CO levels decrease the plasma
concentration of propofol, it allows fast delivery of the drug from
the injection site to the target site.”'”! On the other hand, low CO
will have the opposite effect. In this regard, prolongation of the
total induction time is associated with relatively low CO. In our
study, CO was significantly decreased in Group R compared to
Group N in T1 and T2, which affected onset time of
rocuronium.""?1 A" previous study demonstrated that pre-
administration of remifentanil prolongs the onset of rocuronium
compared to post-administration of remifentanil.'"! The pro-
longation of rocuronium onset time was attributed to a decrease
in CO, and our study also showed similar results. We compared
HR, SV, and SVV, which are factors that can determine CO.
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Figure 2. CONSORT flow diagram.

There were no differences in SV or SVV changes between these 2
groups, however, HR was significantly decreased in pre-
administration of remifentanil. High doses of remifentanil are
known to reduce HR and reduce MAP, due to inhibition of
intraatrial conduction and sinus node automaticity as well as
decrease in peripheral vascular tone.?**"! In our study, MAP

Patient characteristics.
Group N (n=28)

Group R (n=28) P

Gender (F/M) 19/9 (68/32) 12/16 (43/57) .06
Age, years 50.3+12.0 51.8+99 .89
Weight, kg 62.5+10.1 67.4+141 14
Height, cm 162.8+9.8 165.6+10.0 .30
BMI, kg/m? 234426 24.0+3.0 32
ASA class (I/Il) 19/9 (68/32) 17/11 (61/39) .56
Type of Surgery

Aneurysm clipping 8 (29) 5 (18)

Brain tumor resection 5(18) 10 (36)

EDAS 2(7) 1(4)

MVD 11 (39) 7 (25)

TSA 2(7) 5(18)

Data are expressed as the mean+SD or number (%).
ASA =American Society of Anesthesiology; BMI=body mass index; EDAS =Encephalo-duro-arterio-
synangiosis; MVD =Microvascular decompression; TSA = Transsphenoidal approach.

changes were not different between the 2 groups, but the decrease
in HR was evident in the pre-administration remifentanil group.
Therefore, the decrease of CO may be due to the decrease of HR
due to the use of remifentanil.

The analgesic concentration of pretreatment opioids is
generally known to promote propofol-induced LOC.**! We
estimated the onset time of propofol using time to LOC
(achieving hypnosis) and time to BIS 60 (achieving general

Anesthesia duration and administration dose of drug under
induction using TCI.

Mean difference
(95% confidence
interval) P

Group N Group R
(n=28) (n=28)

180.5+49.0 246.3+64.7 65.8 (35.0t0 96.5  <.01
Time to LOC, sec 60.5+242 66.6+243 6.1 (—6.9 to 19.1) .35
Time to BIS 60, s 88.1+£29.2 134.6+55.4 46.4 22710 70.2) <.01
Rocuronium onset time, s 120.0+43.7 179.6+61.7  59.7 (31.0 to 88.3) <.01
Remifentanil dose 80.8+10.7 110.6+11.7  29.8 (23.8 t0 35.8) <.01
during induction, wg
Propofol dose during
induction, mg

Period

Total induction time, s

155.3+24.7 189.1+21.5  33.8 (21.4 10 46.2) <.01

Data are expressed as the mean +SD.
BIS =hispectral index, Cl= confidence interval, LOC=loss of consciousness, MD =mean difference.
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Figure 3. Mean changes relative to the values before starting anesthesla induction, Aheart rate (AHR, A), Amean arterial pressure (AMAP, B), Acardiac output
(ACO, C), Astroke volume (ASV, D), and stroke volume variation (SVV, E). P < .05 vs Group N. TO, before starting anesthesia induction; T1, Propofol administration;
T2, LOC and rocuronium injection; T3, BIS 60; T4 and T5, Before and immediately after intubation; T6-T9: One-minute intervals after intubation. BIS =Bispectral
index, CO=cardiac output, HR=heart rate, MAP =mean arterial pressure, SV =stroke volume, SVV =stroke volume variation.

anesthesia). Hypnosis can be measured by performing a clinical
assessment and using the BIS value,?>** but the BIS value is not a
reliable method for determining the LOC.!**! Therefore, we used
a clinical assessment to confirm hypnosis. In our study, time to
LOC and BIS value at LOC were not significantly different and
time to BIS 60 was prolonged by 46.4 s for the pre-administration
of remifentanil. This result suggests that propofol onset time also
increased. Although there are numerous factors involved in

Complication and airway evaluation, and intubation condition
score during anesthesia induction.

Group N (n=28) GroupR (n=28) P
Complication
Cough (29) 5(18) .35
Injection pain 11 (39) 2 (7) .01
Chest rigidity 1) 4 (14) .35
Modified Mallampati classification 19
Class | 8 (29) 3 (10)
Class I 14 (50) 15 (54)
Class |l 6 (21) 10 (36)
Class IV 0(0) 0(0)
Cormack Lehan’s grade .32
Grade | 11 (39) 8 (29)
Grade I 12 (43) 9 (32)
Grade Il 4 (14) 10 (36)
Grade IV 103 103
Intubating condition .60
Excellent 27 (96) 26 (93)
Good 103 10
Inadequate 0(0) 10

Data are expressed as number (%).

human arousal, the mechanism for opioids and consciousness
levels can be explained in relation to the cerebral neurotransmit-
ter acetylcholine.'*>”! In an animal study, acetylcholine release
is inhibited by fentanyl and morphine sulfate, but not in
remifentanil.*®?”! In addition, propofol is associated with
inhibited release of acetylcholine.””! Therefore, the prolongation
of propofol onset time may be due to the reduction of CO rather
than the direct effect of remifentanil.

Intracranial pressure control is essential for rapid sequence
induction in neurosurgical patients with high risk of aspiration
risk. Depolarizing neuromuscular agents with rapid onset time
such as succinylcholine are contraindicated due to increased
intracranial pressure. Therefore, rocuronium is mainly used by
non-depolarizing agents.*®! In addition, remifentanil does not
affect cerebrovascular hemodynamics, such as cerebral perfusion
pressure or intracranial pressure, and is commonly used with
sedative drugs during rapid sequence induction.*”! Although
drug selection is important for rapid sequence induction, it is also
important to shorten the drug onset time and total induction
time. Based on our study, total induction time may be prolonged
in pre-administration of remifentanil, care should be taken in the
order of drug administration during unexpected rapid sequence
intubation in remifentanil and propofol anesthesia.

There are several methods for reducing injection pain
associated with propofol, such as adding lidocaine to propofol,
cooling or warming propofol, diluting the propofol solution, and
pretreatment with an IV injection of lidocaine, ondansetron,
metoclopramide, opioid, or magnesium."'%3%! Among these, the
pre-administration of remifentanil is known to reduce the
injection pain of propofol."®! In our study, pre-administration
of remifentanil confirmed that the incidence of injection pain
associated with propofol was reduced by 32% compared to the
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co-administration of remifentanil and propofol. Therefore, pre-
administration of remifentanil may be more effective for reducing
the injection pain associated with propofol. The mechanism for
injection pain reduction can be explained by two mechanisms,
central and peripheral. Opioid receptors are present at the dorsal
root ganglia, the central terminals of the primary afferent nerve,
and the peripheral sensory nerve fibers and their terminal.l*" The
reduction of injection pain associated with propofol may be due
to the interaction with the central and peripheral p-opioid
receptors of remifentanil. Meanwhile, the remifentanil infusion,
using TCI, is known to cause coughing, chest tightness, and
bronchial spasm.**=* In our study, there was no significant
difference in the incidence of coughing or chest rigidity in either
group. Therefore, the side effects of remifentanil may not be
related to the administration sequence of remifentanil and
propofol.

There were several limitations to our study. First, we did not
measure plasma concentrations of remifentanil and propofol.
The plasma concentrations in TCI varied during anesthesia
induction,”® and could affect the anesthesia induction time.
However, since our study focused on the induction time by the
sequence of drug administration, we assumed that the difference
of plasma concentration on induction time could be excluded.
Second, we cannot assume that the measured value of the CO
using FloTrac was correct or not. In several studies, FloTrac was
significantly correlated with thermodilution via a pulmonary
artery catheter, which is considered to be the gold standard for
measuring CO.1*>*¢! The change in CO due to reduction in the
systemic vascular resistance (SVR) is less accurate in the third-
generation FloTrac. In our study, there is a possibility of CO
measurement error due to rapid decrease of SVR by administra-
tion of remifentanil, and the accuracy of CO measurement can be
improved by using fourth-generation FloTrac, which has been
corrected to account for such errors.2”*8! Third, there was no
statistical significance associated with gender, but the male ratio
was higher in pre-administration of remifentanil (16/28) than in
co-administration of remifentanil and propofol (9/28). Generally,
cardiac variables were higher for males than for females.?**" To
compensate for this, we analyzed changes from baseline values at
each point.

In conclusion, pre-administration of remifentanil in target-
controlled propofol and remifentanil anesthesia prolongs total
induction time about 35% compared to co-administration of
remifentanil and propofol by decreased CO. Therefore, the
anesthesiologist should be aware of prolonged anesthesia
induction time due to reduction of CO on pre-administration
of remifentanil and determine the order of the remifentanil based
on risk and benefit.

Author contributions

Conceptualization: Jin Hee Ahn, Doyeon Kim, and Ji Seon Jeong.

Data curation: Jeong Jin Lee and Ji Seon Jeong.

Formal analysis: Eun Kyung Lee.

Investigation: Jin Hee Ahn, Doyeon Kim, Jeong Jin Lee, and Eun
Kyung Lee.

Methodology: Jin Hee Ahn, Doyeon Kim, Tk Soo Chung, and Ji
Seon Jeong.

Supervision: Tk Soo Chung and Jeong Jin Lee.

Visualization: Ik Soo Chung.

Writing — original draft: Jin Hee Ahn and Ji Seon Jeong.

Writing — review & editing: Ji Seon Jeong.

Ji Seon Jeong orcid: 0000-0001-5396-1030.

Medicine

References

[1] ChenY, Jiang S, Wu Y. Effect of 2 different anesthesia methods on stress
response in neurosurgical patients with hypertension or normal: a
prospective clinical trial. Medicine (Baltimore) 2016;95:e4769.

[2] Hogue CW]r, Bowdle TA, O’Leary C, et al. A multicenter evaluation of
total intravenous anesthesia with remifentanil and propofol for elective
inpatient surgery. Anesth Analg 1996;83:279-85.

[3] Vos JJ, Poterman M, Hannivoort LN, et al. Hemodynamics and tissue
oxygenation during balanced anesthesia with a high antinociceptive
contribution: an observational study. Perioper Med (Lond) 2014;3:9.

[4] Dinsmore J. Anaesthesia for elective neurosurgery. Br ] Anaesth
2007;99:68-74.

[5] Zhang Y, Li YW, Wang YX, et al. Remifentanil preconditioning
alleviating brain damage of cerebral ischemia reperfusion rats by
regulating the JNK signal pathway and TNF-alpha/TNFR1 signal
pathway. Mol Biol Rep 2013;40:6997-7006.

[6] Zhang TZ, Zhou ], Jin Q, et al. Protective effects of remifentanil
preconditioning on cerebral injury during pump-assisted coronary artery
bypass graft. Genet Mol Res 2014;13:7658-635.

[7] Jeong S, Kim SJ, Jeong C, et al. Neuroprotective effects of remifentanil
against transient focal cerebral ischemia in rats. ] Neurosurg Anesthesiol
2012;24:51-7.

[8] Ozcelik M, Guclu C, Bermede O, et al. The administration sequence of
propofol and remifentanil does not affect the ED5S0 and ED9S of
rocuronium in rapid sequence induction of anesthesia: a double-blind
randomized controlled trial. Eur Rev Med Pharmacol Sci 2016;20:1479—
89.

[9] Kim JY, Lee SY, Kim DH, et al. Effect-site concentration of propofol for
reduction of remifentanil-induced cough. Anaesthesia 2010;65:697—
703.

[10] Lee JR, Jung CW, Lee YH. Reduction of pain during induction with
target-controlled propofol and remifentanil. Br ] Anaesth 2007;99:876—
80.

[11] Na HS, Hwang JW, Park SH, et al. Drug-administration sequence of
target-controlled propofol and remifentanil influences the onset of
rocuronium. A double-blind, randomized trial. Acta Anaesthesiol Scand
2012;56:558-64.

[12] Yufune S, Takamatsu I, Masui K, et al. Effect of remifentanil on plasma
propofol concentration and bispectral index during propofol anaesthe-
sia. Br J Anaesth 2011;106:208-14.

[13] Kern SE, Xie G, White JL, et al. A response surface analysis of propofol-
remifentanil pharmacodynamic interaction in volunteers. Anesthesiology
2004;100:1373-81.

[14] Minto CF, Schnider TW, Egan TD, et al. Influence of age and gender on
the pharmacokinetics and pharmacodynamics of remifentanil. I. Model
development. Anesthesiology 1997;86:10-23.

[15] Marsh B, White M, Morton N, et al. Pharmacokinetic model driven
infusion of propofol in children. Br ] Anaesth 1991;67:41-8.

[16] Khalifa OS, Hassanin A. Assessment of intubating conditions with
propofol versus different concentrations of ketofol without muscle
relaxation. Ain-Shams ] Anaesthesiol 2014;7:518-23.

[17] Adachi YU, Watanabe K, Higuchi H, et al. The determinants of propofol
induction of anesthesia dose. Anesth Analg 2001;92:656-61.

[18] Upton RN, Ludbrook GL, Grant C, et al. Cardiac output is a determinant
of the initial concentrations of propofol after short-infusion administra-
tion. Anesth Analg 1999;89:545-52.

[19] Kuipers JA, Boer F, Olofsen E, et al. Recirculatory pharmacokinetics and
pharmacodynamics of rocuronium in patients: the influence of cardiac
output. Anesthesiology 2001;94:47-55.

[20] Fujii K, Iranami H, Nakamura Y, et al. High-dose remifentanil suppresses
sinoatrial conduction and sinus node automaticity in pediatric patients
under propofol-based anesthesia. Anesth Analg 2011;112:1169-73.

[21] Noseir RK, Ficke DJ, Kundu A, et al. Sympathetic and vascular
consequences from remifentanil in humans. Anesth Analg 2003;96:
1645-50. table of contents.

[22] Lysakowski C, Dumont L, Pellegrini M, et al. Effects of fentanyl,
alfentanil, remifentanil and sufentanil on loss of consciousness and
bispectral index during propofol induction of anaesthesia. Br ] Anaesth
2001;86:523-7.

[23] Zetterlund EL, Green H, Oscarsson A, et al. Determination of loss of
consciousness: a comparison of clinical assessment, bispectral index and
electroencephalogram: an observational study. Eur ] Anaesthesiol
2016;33:922-8.

[24] Adachi YU, Satomoto M, Higuchi H, et al. The determinants of
propofol induction time in anesthesia. Korean ] Anesthesiol

2013;65:121-6.



Ahn et al. Medicine (2019) 98:3

[25] Celesia GG, Jasper HH. Acetylcholine released from cerebral cortex in
relation to state of activation. Neurology 1966;16:1053-63.

[26] Mortazavi S, Thompson ], Baghdoyan HA, et al. Fentanyl and morphine,
but not remifentanil, inhibit acetylcholine release in pontine regions
modulating arousal. Anesthesiology 1999;90:1070-7.

[27] Nemoto C, Murakawa M, Hakozaki T, et al. Effects of dexmedetomi-
dine, midazolam, and propofol on acetylcholine release in the rat cerebral
cortex in vivo. J Anesth 2013;27:771-4.

[28] Schramm WM, Strasser K, Bartunek A, et al. Effects of rocuronium and
vecuronium on intracranial pressure, mean arterial pressure and heart
rate in neurosurgical patients. Br ] Anaesth 1996;77:607-11.

[29] Engelhard K, Reeker W, Kochs E, et al. Effect of remifentanil on
intracranial pressure and cerebral blood flow velocity in patients with
head trauma. Acta Anaesthesiol Scand 2004;48:396-9.

[30] Singh D, Jagannath S, Priye S, et al. Prevention of propofol injection pain:
comparison between lidocaine and ramosetron. J Anaesthesiol Clin
Pharmacol 2014;30:213-6.

[31] Basaranoglu G, Erden V, Delatioglu H, et al. Reduction of pain on
injection of propofol using meperidine and remifentanil. Eur J
Anaesthesiol 2005;22:890-2.

[32] Bouvet L, Stoian A, Rimmele T, et al. Optimal remifentanil dosage for
providing excellent intubating conditions when co-administered with a
single standard dose of propofol. Anaesthesia 2009;64:719-26.

www.md-journal.com

[33] Joshi GP, Warner DS, Twersky RS, et al. A comparison of the
remifentanil and fentanyl adverse effect profile in a multicenter phase [V
study. J Clin Anesth 2002;14:494-9.

[34] Rogliani P, Calzetta L, Rendina EA, et al. The influence of propofol,
remifentanil and lidocaine on the tone of human bronchial smooth
muscle. Pulm Pharmacol Ther 2013;26:325-31.

[35] Cannesson M, Attof Y, Rosamel P, et al. Comparison of FloTrac cardiac
output monitoring system in patients undergoing coronary artery bypass
grafting with pulmonary artery cardiac output measurements. Eur J
Anaesthesiol 2007;24:832-9.

[36] Critchley LA, Lee A, Ho AM. A critical review of the ability of
continuous cardiac output monitors to measure trends in cardiac output.
Anesth Analg 2010;111:1180-92.

[37] Suehiro K, Tanaka K, Mikawa M, et al. Improved performance of the
fourth-generation FloTrac/Vigileo system for tracking cardiac output
changes. ] Cardiothorac Vasc Anesth 2015;29:656-62.

[38] Elliott P, O’Hare R, Bill KM, et al. Severe cardiovascular depression with
remifentanil. Anesth Analg 2000;91:58-61.

[39] Agostoni P, Vignati C, Gentile P, et al. Reference values for peak exercise
cardiac output in healthy individuals. Chest 2017;151:1329-37.

[40] Ridout SJ, Parker BA, Smithmyer SL, et al. Age and sex influence the
balance between maximal cardiac output and peripheral vascular
reserve. ] Appl Physiol 19852010;108:483-9.


http://www.md-journal.com

	Pre-administration of remifentanil in target-controlled propofol and remifentanil anesthesia prolongs anesthesia induction in neurosurgical patients
	1 Introduction
	2 Materials and methods
	2.1 Study design and data collection
	2.2 Statistical analysis

	3 Results
	4 Discussion
	Author contributions
	References


