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Abstract

Administration of a single propofol bolus dose for anesthesia induction causes hypotension.
We included 160 patients (74 males and 86 females; mean age, 42.4 + 10.7 [range: |18-60] years)
with the American Society of Anesthesiologists status |-Il undergoing elective surgery under
general anesthesia. Using simple randomization, the patients were divided into a conventional
group (n=80; received 2 mg/kg propofol at a rate of 250 mg/min) and titrated group (n=80;
received propofol at a rate of | mg/kg/min until the Observer’s Assessment of Alertness/
Sedation scale score reached | point). Fentanyl (4 pg/kg) and cisatracurium (0.2 mg/kg) were
administered, as appropriate. Systolic blood pressure, diastolic blood pressure, mean blood pres-
sure, and heart rate were recorded at different time points. Propofol consumption, hypotension,
and other adverse events were recorded. All the patients were intubated without awareness.
Compared with the conventional group, the titrated group showed more stable blood pressure
(p <0.05), as well as a lower decrease in systolic blood pressure, mean blood pressure at | and
3 min, and diastolic blood pressure at | min after propofol administration (p <0.01). Moreover,
compared with the conventional group, the titrated group showed a lower post-intubation hypo-
tension incidence (9 vs. 19 cases; p =0.04), as well as lower total propofol dosage and propofol
dose per kilogram of body weight (93.57 + 14.40 mg vs. 116.80 +22.37 mg and 1.73 +0.27 mg/kg
vs. 2.02 +0.08 mg/kg, respectively, p <0.01). Compared with conventional propofol usage, titrated
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propofol administration can reduce the incidence of hypotension and propofol consumption dur-
ing anesthesia induction.

Keywords
Propofol, general anesthesia, rapid sequence induction and intubation, individuation, administration
and dosage, hypotension

Introduction

Propofol is widely used for anesthesia induction given its rapid onset (approximately
40s) and short elimination half-life. It can reduce the cardiovascular sympathetic
response to intubation.'” The conventional single propofol dose (2-2.5 mg/kg) usually
causes sharp hemodynamic fluctuations, with a significant decrease in blood pressure
of > 40%,>* especially in elderly individuals.>® Hypotension adversely affects patients
with cerebrovascular disease, hypertension, and coronary heart disease due to the sus-
ceptibility to low perfusion in these patients.””® Studies have shown severe hypotension
during the induction period is associated with prolonged postoperative residence time in
the operation room or even death;lo’11 moreover, it increases mortality in patients with
serious cardiovascular disease.'”> Hemodynamic profile changes are influenced by both
the rate and total dose of propofol administration.'*'* Recent guidelines recommend
initiating propofol administration as a continuous infusion with gradual changes in the
administration rate (>5-minute intervals) to minimize hypotension and avoid acute over-
dosage in intensive care unit patients’ sedation. However, propofol administration at
2-2.5 mg/kg with a rate of 40 mg/10s is recommended for anesthesia induction.'’
Therefore, it is necessary to investigate the appropriate dose and its infusion speed of pro-
pofol during anesthesia induction.

Given the individual differences in constitution, airway status, and laryngoscopic
grade, the anesthetic depth required for intubation and sensitivity to propofol vary
across individuals.>'® Previous studies have indicated that excessive and insufficient
doses of propofol cause cardiovascular depression and intraoperative awareness,
respectively.'”~'? It is difficult to confirm the titration endpoint of propofol for anesthe-
sia induction without a predetermined gold standard. Bispectral index (BIS) is a
measure of cortical activity that reflects anesthesia depth. Although numerous studies
have employed BIS to guide propofol administration,”* Avidan reported that BIS
monitoring did not decrease the incidence of anesthesia awareness and anesthetic
drug administration.”> A recent study showed that BIS has a processing time delay
(30.09 + 18.73 s) between the predicted and real BIS.** As a clinical measure, the
Observer’s Assessment of Alertness/Sedation (OAA/S) scale® is more widely avail-
able and easily accessible for experienced anesthesiologists during the induction time
and is well correlated with the BIS value.”*® A recent study reported that BIS
values are insufficiently sensitive for accurately reflecting the sedation depth during
anesthesia induction.?’ Target-controlled infusion (TCI) system is theoretically ideal mode
to administer propofol according to the predetermined effect site concentration or plasma con-
centration; however, the predicted concentration of TCI is inconsistent with the patient’s
organ actual concentration due to individual differences in pharmacokinetics.?®%
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Consequently, the endpoint for titrated induction remains unclear. Therefore, there is a
need to explore whether it is feasible to use an OAA/S score of 1 point as the induction
endpoint during titrated propofol induction.

We hypothesized that titrated propofol administration at 1 mg/kg/min with an OAA/S
score of 1 point as the induction endpoint may reduce the hypotension incidence and pro-
pofol consumption compared with the conventional propofol usage with a single bolus
dose. This study aimed to test this hypothesis and investigate the factors influencing
the dose requirement of propofol during induction.

Methods
Ethics

This study was approved by the Ethics Committee of the Sixth Affiliated Hospital of Sun
Yat-Sen University (No. 2012017) and registered at ClinicalTrials.gov (NCT02199522,
Date of registration: 24 July 2014). All the patients provided written informed consent.

Sample size

Based on the findings of the pilot study, we used the mean arterial pressure (MAP) of the
two groups at four time points (before propofol administration, as well as 1, 3, and 5 min
after propofol administration) to calculate the sample size using PASS software (NCSS,
LLC, USA). We found that 80 participants would be required per group (assuming two-
sided testing with a significance level of 0.05 and a power of 85%, as well as a 10%
dropout rate).

Patient enrollment

We enrolled 160 patients (age range: 18-60 years) with the American Society of
Anesthesiologists (ASA) status [-II undergoing elective surgery under general anesthe-
sia. The exclusion criteria were as follows: hypertension; diabetes; organ dysfunction,
including heart, pulmonary, brain, liver, and renal dysfunction; obesity (body mass
index [BMI] > 30 kg/m?); predicted difficult intubation or known allergy to propofol
and its fat emulsion; chronic alcohol abuse; and use of drugs or psychotropic agents.

Grouping

As shown in Consolidated Standards of Reporting Trials (CONSORT) flowchart
(Figure 1), the patients were randomly assigned into two groups using SPSS random
number generator as follows: the conventional group (Group C, who underwent conven-
tional administration of propofol [KR093, AstraZeneca, United Kingdom]) and the
titrated group (Group T, who underwent titrated administration of propofol). Patients
in the conventional group received propofol at a bolus dose of 2 mg/kg using a
Fresenius pump (Pilote Anesthesis 2/S, Fresenius, France) at a 250 mg/min rate following
the drug manufacturer’s instruction (approximately 40 mg per 10 s). For patients in the
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Figure 1. CONSORT diagram of the study. Group C: conventional group, propofol was
conventionally administered as a single bolus dose calculated based on the body weight. Group T:
titrated group, propofol was administered at a rate of | mg/kg/min until the OAA/S score reached
| point. OAA/S: Observer’s Assessment of Alertness/Sedation.

titrated group, a doctor not involved in sedation scale evaluation delivered propofol at a
speed of 1 mg/kg/min by a Fresenius pump until the investigator evaluated the OAA/S
score reached 1 point and told the drug administrator. Then propofol was administered
at a speed of 0—1 mg/kg/h, which was adjusted to maintain the blood pressure stable and
avoid the occurrence of hypertension and hypotension. We chose the titrated propofol infu-
sion rate based on previous report.'’

Study design and anesthesia protocol

Before the operation, all the patients fasted for 8 h and drinking was not allowed for 4 h.
Upon arrival in the operating room, a cannula was inserted into a forearm vein and 200 ml
of Ringer’s lactate solution was administered until completion of intubation. Routine
monitoring of blood pressure, electrocardiogram, and pulse oxygen saturation were
performed using a monitor (Datex Ohmeda S/5, Helsinki, Finland). Before induction,
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the patients underwent arterial cannulation at the left radial artery after local anesthesia
with 2% lidocaine for continuous monitoring of arterial blood pressure.

This was a prospective, single-blind, randomized controlled trial. A doctor adminis-
tered the drugs based on the group allocation. An investigator blinded to the group allo-
cation assessed the OAA/S score at 20-second intervals during anesthesia induction and
informed the drug administrator when the OAA/S score reached 1 point to change the
drug administration regimen as per the study protocol.

Fentanyl (20140203, Enhua Pharmaceutical Company, Xuzhou, China) of 4 ug/kg
was administered using another pump at a rate of 250 pg/min simultaneously with pro-
pofol administration. Cisatracurium (14062717, Hengrui Pharmaceutical Company,
Jiangsu, China) of 0.2 mg/kg was intravenously injected when the patient fell asleep.
Subsequently, the patient was intubated by an experienced anesthesiologist 4 min after
muscle relaxant injection. Next, the patient was mechanically ventilated with sevoflurane
1% inhalation with the following respiratory parameters: tidal volume, 8 ml/kg and
respiratory rate, 12 breaths per minute. Intraoperative anesthesia was maintained using
sevoflurane, propofol, remifentanil, and cisatracurium.

Hypotension or hypertension and bradycardia

Baseline blood pressure was defined as the blood pressure before induction after a rest of
at least 15 min after the completion of radial artery cannulation. Hypotension and hyper-
tension were defined as a > 30% MAP decrease and increase, respectively, compared with
baseline. If hypotension (MAP decreased > 30% of baseline) lasted 1 min or systolic
blood pressure (SBP) was < 90 mmHg during anesthesia induction, 2 mg dopamine
was administered,”®*" and it could be repeated if the blood pressure did not recover to the
normal in 2 min. If the SBP > 160 mmHg or diastolic blood pressure (DBP) > 90 mmHg
during endotracheal intubation, a single propofol bolus dose of 20 mg was administered,
and it could be repeated if the blood pressure did not recover to the normal in 1 min.
Atropine 0.5 mg was injected when the heart rate (HR) was < 45 bpm.

Observed variables

The primary endpoint was the hemodynamic changes in both groups during anesthesia
induction. The secondary endpoint was propofol consumption during anesthesia
induction.

SBP, DBP, MAP, HR recorded before induction (TO) after a rest of at least 15 min
after the completion of radial artery cannulation were considered as the baseline data.
Subsequently, SBP, DBP, MAP, and HR were recorded at different time points, including
1 (T1),3 (T2), and 5 (T3) min after propofol administration, as well as immediately (T4),
1 (T5), 3 (T6), and 5 (T7) min after endotracheal intubation.

The total propofol dosage immediately before and after endotracheal intubation was
recorded. Moreover, other data, including age; gender; body weight; predicted body
weight, which was calculated according to the height; ASA status; Mallampati class;
surgery types; doses of fentanyl and cisatracurium; incidence of hypotension and hyper-
tension; dopamine administration; and propofol bolus administration due to hypertension,



6 Science Progress 104(4)

were recorded. All the patients were followed up to confirm whether they were aware
during anesthesia induction on the next day.

Statistical analysis

The Shapiro—Wilk test was used to assess the normality of the distribution of continuous
variables with p>0.05 indicating normal distribution. Data are presented as mean +
standard deviation (SD), percentage, or number of cases. Continuous variables were com-
pared using Student’s #-test for independent samples. Between-group comparisons of
hemodynamic effects were performed using repeated measures analysis of variance.
Between-group comparisons of categorical data were performed using the chi-square
test or Fisher’s exact test, as appropriate. Ranked data were analyzed using the Mann—
Whitney U test. Pearson’s correlation analysis was used to assess the linear correlation
between continuous variables related to total propofol consumption and per kilogram
of body weight propofol consumption. The association between binary variables of
factors related to total propofol consumption and propofol consumption per kilogram
of body weight was analyzed using Pearson’s chi-square independence test. All statistical
analyses were performed using SPSS 16.0 software (SPSS Inc., USA). Statistical signif-
icance was set at a two-tailed p-value < 0.05.

Results
General characteristics

Tracheal intubation was successfully performed in all patients. Postoperative follow-up
of the first day after operation showed that no intraoperative awareness occurred. Age,
body weight, height, BMI, predicted body weight, body surface area, fentanyl dose, cisa-
tracurium dose, and dose of propofol bolus were normally distributed (p > 0.05, Shapiro—
Wilk test). There were no between-group differences in any baseline characteristic
(p>0.05, Table 1). Table 1 shows the cases of dopamine injection and additional
propofol bolus administration due to hypertension, which showed no significant
between-group differences (p>0.05, Table 1).

Blood pressure and HR

After propofol administration before intubation, there was a between-group difference in
the changing trend of blood pressure (p < 0.05); specifically, compared with the conven-
tional group, the titrated group showed a significantly lower decrease in SBP,
MAP at 1 min and 3 min, and DBP at 1 min after propofol administration (p <0.05,
Figure 2a—2c). There was no between-group difference in the change in HR or incidence
of hypotension (p>0.05); moreover, incidence of hypotension was quite high in both
groups (70%) (Figure 2d and Table 2). After tracheal intubation, there were no significant
between-group differences in the changes in SBP, DBP, MAP, and HR (p>0.05,
Figure 2e-2h); however, compared with the conventional group, the titrated group
showed a lower incidence of hypotension (p <0.05, Table 2).
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Table |. General characteristics of the patients.

Group C (n=80) Group T (n=80) P

Age (years) 4229 +10.97 42.45+10.48 0.93
Sex (male/female) 32/48 42/38 0.08
Body weight (kg) 58.56 +10.48 56.62 +8.20 0.20
Height (m) 1.62+0.80 1.63+0.68 0.55
BMI (kg/m?) 22.19+2.95 21.32+2.54 0.06
Predicted body weight (kg) 5795+5.73 5842 +4.84 0.58
Body surface area (m?) 1.59+0.17 1.57+0.13 0.39
ASA status (I/11) 32/48 24/56 0.25
Mallampati class (I/Il) 48/32 56/24 0.19
Dose of fentanyl (ug) 234.6 +41.49 226.48+32.78 0.17
Dose of cisatracurium (mg) 12.0+1.99 11.79 +1.53 0.45
Types of surgery 0.26

Gastrointestinal surgery 49 (61%) 56 (70%)

Gynecologic surgery 15 (19%) 18 (22%)

Orthopaedic surgery 1 (1%) 0 (0%)

Otorhinolaryngologic surgery 3 (4%) I (1%)

Thyroid breast surgery 7 (9%) 2 (3%)

Urologic surgery 1 (1%) 2 (3%)

Hepatobiliary surgery 4 (5%) I (1%)
Bowel preparation 55 (69%) 59 (74%) 0.49
Dopamine bolus 13 (16%) I (13%) 0.66
Propofol bolus 7 (9%) 6 (8%) 0.77

Data are presented as mean + SD or number of patients (%). Group C: conventional group, propofol was
conventionally administered as a single bolus dose calculated based on body weight. Group T: titrated group,
propofol was administered at a rate of | mg/kg/min until the OAA/S score reached | point. ASA: American
Society of Anesthesiologists; BMI: body mass index.

Propofol consumption

Both before and after endotracheal intubation, compared with the conventional group, the
titrated group had a lower total propofol dose (86.84 + 12.08 mg vs. 115.47 +20.44 mg,
p<0.01; 93.57+14.40 mg vs. 116.80+22.37 mg, p<0.01, Figure 3a, 3c) and propofol
dose per kilogram of body weight (1.61 +0.22 mg/kg vs. 2.0 mg/kg, p<0.01; 1.73 +

Table 2. Incidence of hypotension and hypertension during induction.

Group C (n=80) Group T (n=80) P
Hypotension before intubation 56 (70%) 55 (69%) 0.87
Hypotension after intubation 19 (24%) 9 (11%)* 0.04
Hypertension after intubation 4 (5%) 3 (4%) 1.00

Data are presented as the number of patients (%). Group C: conventional group, propofol was conventionally
administered as a single bolus dose calculated based on the body weight. Group T: titrated group, propofol was
administered at a rate of | mg/kg/min until the OAA/S score reached | point. Hypotension and hypertension
were defined as a decrease and increase in mean arterial blood pressure, respectively, by more than 30% from
the baseline values. *P < 0.05 compared with the conventional group.
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Figure 2. Changing trend of SBP, DBP, MAP, and HR before and after intubation. (a) Changing
trend of SBP before intubation. (b) Changing trend of DBP before intubation. (c) Changing trend of
MAP before intubation. (d) Changing trend of HR before intubation. () Changing trend of SBP
after endotracheal intubation. (f) Changing trend of DBP after endotracheal intubation. (g)
Changing trend of MAP after endotracheal intubation. (h) Changing trend of HR after
endotracheal intubation. Group T and Group C: as shown in Figure |. TO: baseline before
propofol administration; T1, T2, and T3: | min, 3 min, and 5 min, respectively, after propofol
administration; T4: immediately after endotracheal intubation; T5, T6, and T7: | min, 3 min, and
5 min, respectively, after endotracheal intubation. ANOVA for repeated measures. fp < 0.05

between two groups, *p < 0.01 is compared with the conventional group.
DBP: diastolic blood pressure; HR, heart rate; MAP: mean arterial pressure; SBP: systolic blood pressure.

0.27 mg/kg vs. 2.02 +0.08 mg/kg, p<0.01, Figure 3b, 3d).When the OAA/S score
reached 1 point in the titrated group, the propofol dose per kilogram of body weight
scattered within a large range (Figure 4a, 4b).

Predictive factors for appropriate propofol dosage for induction

We analyzed factors associated with propofol consumption in the titrated group during
induction, including age, body weight, height, BMI, predicted body weight, body
surface area, sex, ASA grade, and bowel preparation.

The propofol dose per kilogram of body weight was negatively correlated with BMI
(r=-0.377, p<0.01) and body weight (r=—-0.230, p <0.05); however, it was not cor-
related with age, height, predicted body weight, body surface area, sex, ASA grade, or
bowel preparation (r=-0.193, 0.119, 0.12, —0.136, —0.137, 0.059, and 0.017, respec-
tively; all p >0.05).

The total propofol dosage was positively correlated with body surface area (r =0.689,
p<0.001), body weight (r=0.648, p<0.001), predicted body weight (r=0.573,
p<0.001), height (r=0.572, p<0.001), and BMI (r=0.375, p<0.01). Moreover,
the total propofol dosage was negatively correlated with sex (r=-0.525, p<0.001)
and was not correlated with age, ASA grade, or bowel preparation (r=0.097,
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0.184, and 0.073, respectively; all p >0.05). The aforementioned correlation coefficients
were all < 0.7.

Discussion

In this study, compared with the conventional group, the titrated group showed signifi-
cantly reduced propofol consumption and more stable blood pressure during induction.
There is no exact factor for predicting the induction propofol dose.

A prospective multicenter observational study reported that hypotension occurrence
during general anesthesia induction is dependent on age, preoperative degree of blood
pressure decompensation, and presence of type 2 diabetes mellitus.>® The present
study included patients without hypertension and diabetes. There were no significant
between-group differences in the baseline age or blood pressure; therefore, the occur-
rence of hypotension might be dependent on propofol, except for individual differences
in the response to fentanyl. However, previous studies have reported that the appropriate
dose of fentanyl and cisatracurium have an insignificant effect on hemodynamics.*~*
Propofol used for anesthesia induction can cause a dose-dependent decrease in arterial
blood pressure and cardiac output.>>>*® We found that the titrated group has a more
stable hemodynamic profile than the conventional group. We performed real-time mon-
itoring of the invasive blood pressure to facilitate prompt monitoring and correction of
hypotension. Noninvasive blood pressure monitoring is widely used during induction,
however, it cannot immediately detect hypotension. Given the sensitivity of invasive
blood pressure, incidence of hypotension (almost 70% of the patients in both groups)
before endotracheal intubation in our study (Table 2) was higher than that reported by
previous studies (12.6% or 36.5%), which performed noninvasive blood pressure moni-
toring.**> Our findings suggest that hypotension during induction might be underesti-
mated and needs to be given more attention. Moreover, a study using a lower rate of
titrated propofol administration is warranted given the high incidence of hypotension
in our study.

Appropriate anesthesia depth can help patients fall asleep quickly, eliminate intuba-
tion stress, and create favorable conditions for endotracheal intubation. Propofol is
usually administered as a single bolus dose calculated based on the patients’ body
weight; however, there are individual differences in the tolerance to anesthetics.>’
Moreover, the bolus method might cause overdosage™® or underdosage.*® In our
study, patients in the titrated group were successfully intubated without intraoperative
awareness, which suggested that titrated propofol administration could allow an appro-
priate depth of anesthesia. Only seven and six patients in the conventional and titrated
groups, respectively, required additional propofol administration due to hypertension,
with no significant between-group difference. The conventional group had a higher
incidence of hypotension after tracheal intubation, which suggested that conventional
propofol usage could have resulted in propofol overdosage or underdosage in some
patients. In the titrated group, some cases required additional propofol during intuba-
tion, which could be attributed to individual differences in intubation difficulty. In the
titrated group, there was no factor associated with the total propofol dosage, which
suggested that there were no predictive factors for propofol induction dose, including
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body weight and BMI. As shown in Figure 4, the propofol dose required for induction
showed a large variance, indicating that the induction propofol dose should be indivi-
dualized. This suggests that propofol should not be administered as a bolus dosage cal-
culated according to body weight; rather, it should be administered using a slow
infusion rate with an endpoint.

This study has several limitations. First, this study only concerned the propofol
dosage and usage during induction, but how to titrate the whole process of general anes-
thesia was remained for future investigation. Second, we did not compare the
BIS-targeted induction with the OAA/S-targeted induction, which should be considered
in future studies. Third, we included relatively healthy adult patients and it would be
more meaningful to use titration induction in older patients, patients with ASA status
M-IV, and patients with obesity. Finally, there is a need for future large-scale
studies to determine the more appropriate propofol infusion rate and the various titra-
tion endpoints for anesthesia induction.

Conclusion

In conclusion, titrated propofol administration guided by the OAA/S score reaching 1
point allows a stable hemodynamic profile, appropriate depth of anesthesia, and signifi-
cant propofol dose reduction during anesthesia induction. There were no predictive
factors for the induction propofol dose. The propofol dosage for anesthesia induction
should be individualized using the titrated method with an endpoint.
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