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many studies indicated that young patients are at lower 
risk of developing POCD than elderly patients.[5‑7] About 
40% of patients over age sixty developed POCD after 
surgery, and 10% had POCD after 3 months.[1] Cognitive 
changes will decrease the postoperative life quality and 
increase the surgical morbidity of these patients.

It is still unclear about the optimal treatment of POCD, 
and the prevention seems to be the best choice.[8] Up 
to now, many surgical and anesthetic techniques 
have been developed to prevent POCD, but there is 
no agreement about the efficiency of prophylactic 
neuroprotectants.[1] Rundshagen suggested that 
providing adequate oxygen during surgery for all vital 
organs would be helpful to avoid the postoperative 
cerebral dysfunction.[9] Longitudinal study indicated that 

INTRODUCTION

Postoperative cognitive dysfunction (POCD) is a 
recognized clinical phenomenon after surgeries and 
anesthesia, characterized by impaired consciousness 
and disordered thinking.[1] POCD could cause a decline 
in the activities performance of daily living for elderly 
surgical patients, and then cause great economic burden 
for individual, family, and society.[2] Although the 
specific causes for POCD are not identified, these factors 
might be the possible contributing factors including 
patient age, education, anesthetic depth, and cerebral 
effects of anesthesia.[3,4] POCD is a transient disturbance, 
which could affect patients with any age. However, 

Background: This study aimed to compare the effects of different depths of sedation during total intravenous anesthesia (TIVA) with 
remifentanil and propofol given by target‑controlled infusion (TCI) on postoperative cognitive function in young and middle‑aged 
patients undergoing gynecological laparoscopic surgery. Materials and Methods: A total of 150 American Society of Anesthesiologists 
physical Status I/II patients scheduled for gynecological laparoscopic operation were randomly divided into three groups. Anesthesia 
was maintained with intravenous infusion of TCI propofol and remifentanil, intermittent injected intravenously with rocuronium. 
The infusion concentration of propofol and remifentanil was adjusted to maintain bispectral index (BIS) at 30 <BIS ≤40 in the first 
group, 40 <BIS ≤50 in the second group, and 50 <BIS ≤60 in the third group. Mini–mental state examination (MMSE) and trail‑making 
test (TMT) were used to assess the cognitive function one day preoperatively and one day postoperatively. Results: MMSE scores 
were >24 sores on the day before anesthesia and the day after surgery in all three groups. However, the first group had the significantly 
higher MMSE scores than the other two groups after surgery (P < 0.05). Compared with that before anesthesia, TMT completion 
time was shorter on the day after surgery in the first group, while prolonged in the third group (P < 0.05). The first group had the 
significantly lower TMT completion time than the other two groups (P < 0.05). Conclusion: The depth of sedation, 30 <BIS value ≤40, 
under TIVA with remifentanil and propofol given by TCI had the minimal influence on postoperative cognitive function.
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using the tight intraoperative management of homeostasis 
to balance the fluid, blood glucose, and electrolyte in 
patients could be effective on preventing POCD.[10] Chan 
et al. reported that bispectral index (BIS)‑guided anesthesia 
could decrease the postoperative cognitive decline.[11] 
In general, the previous findings on this issue are not 
consistent, and it is not yet possible to obtain a conclusive 
assessment.

Many of the previous studies focused on POCD after 
cardiac surgery, but the findings of Evered et al. showed that 
noncardiac surgery, even minor noninvasive procedures 
under sedation, was also associated with POCD.[12] Shu et al. 
reported that maintained the BIS in the 40–50 range during the 
combined intravenous‑inhalational anesthesia yielded milder 
influence on postoperative cognitive function after gynecologic 
laparoscopic operation.[13] In this study, we recruited young 
and middle‑aged patients scheduled for gynecological 
laparoscopic surgery to compare the effects of different depths 
of sedation during the total intravenous anesthesia (TIVA) 
with remifentanil and propofol given by target‑controlled 
infusion (TCI) on postoperative cognitive function.

MATERIALS AND METHODS

Participants recruited
This study was approved by the Ethics Committee of 
Department of Anesthesiology, First Hospital, Zhejiang 
University, and all patients provided the written informed 
consent before the study. Patients had to meet the following 
inclusion criteria: The age was between 18 and 60 years old; 
the mini–mental state examination (MMSE) score was more 
than 24 before surgery; the number of years in school was 
9 years or more; no opioid or antipsychotic drugs was used 
recently; no history of neurological and psychotic disorders, 
diabetes mellitus, severe hepatic/renal dysfunction, and severe 
hypertension; no history of alcohol or drug abuse. Meanwhile, 
patients unwilling to comply with the procedures were 
excluded from the study. All patients were under the American 
Society of Anesthesiologists (ASA) physical Status I or II.

Treatment protocol
Patients were randomly allocated to three groups using 
the random number table. All patients were anesthetized 
using the same procedure. Anesthesia was induced with 
sufentanil (2–3 µg/kg, Hubei RenFu Pharmaceutical 
Company, China), midazolam (0.2–0.4 mg/kg, Jiangsu 
EnHua Pharmaceutical Company, China), and propofol 
(5 µg/ml, TCI, Xian LiBang Pharmaceutical Company, China). 
Anesthesia was maintained by the TIVA with remifentanil 
(0.1–0.15 µg/kg/min, Hubei RenFu Pharmaceutical 
Company, China) and propofol (2–4.5 µg/ml) by TCI. During 
the anesthesia, the blood concentration of remifentanil and 
propofol was regulated to control the depth of sedation. 

The depth of sedation was maintained to achieve a 
BIS (Aspect Medical Systems, Inc.,) score of 30–40 in the 
first group, 40–50 in the second group, and 50–60 in the 
third group. Rocuronium bromide injection (0.6 mg/kg, N.V. 
Organon, the Netherlands) was used to maintain muscle 
relaxant. The heart rate, electrocardiography, respiratory 
rate, systolic blood pressure, pulse oximetry, hemoglobin 
oxygen saturation, and end‑tidal CO2 partial pressure were 
continuously monitored during the whole process. We did 
not use the muscle relaxant antagonists. If postoperative 
pain was obvious, then 0.2 g compound aminophenazone 
and barbital injection (Xian LiJun Pharmaceutical Company, 
China) was used by intramuscular injection.

Outcome measurement
Cognitive function was evaluated one day preoperatively 
and one day postoperatively in a quiet place with only one 
patient and the experienced psychometrician each time. 
Both the rate and patient were blinded to the treatment 
methods and groups. We used the sequentially numbered, 
opaque, sealed envelopes to conduct allocation concealment 
and blind outcome assessment. Usually, using several scales 
to assess cognitive function at the same time could increase 
the sensitivity, but it needs more testing time, which will 
easily result in fatigue for patients and then increase the 
false negative rate.[14] Therefore, in this study, the MMSE[15] 
and trail‑making test (TMT)[16] were used to assess cognitive 
function. These two scales were validity and reliability for 
cognitive function.[15‑17] The MMSE score was the primary 
outcome, and the TMT completion time was the secondary 
outcome. The psychometrician trained in MMSE and TMT 
collected, scored, and interpreted the data.

Statistical analysis
All measurement data were expressed as the means ± standard 
deviation. The intergroup data were analyzed using the 
student’s or pair t‑test. The intragroup numerical data 
were analyzed using one‑way analysis of variance; if 
significantly difference existed, then according to the equal 
variance criterion, the Tukey or Bonferroni post hoc analysis 
was performed to determine which two groups differed 
significantly.[18] The two‑way ANOVA was used to check 
interaction of groups and different depth of sedation. The 
intragroup nominal data were analyzed using Chi‑square test. 
We used the intention‑to‑treat analysis in this study. The P < 0.5 
was used to determine statistically significant difference. SPSS 
version 19.0 (IBM Analytics, Armonk, New York, USA) was 
used to conduct all statistical tests.

RESULTS

Baseline data
A total of 166 ASA physical Status I or II patients were 
included in the study. These patients were aged between 
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21 and 57 years old and scheduled for gynecological 
laparoscopic surgery from June 2012 to August 2015. At 
first, there were 54 in the first group, 57 in the second 
group, and 55 in the third group. However, after surgery, 
sixteen patients (three, first group; six, second group; 
seven, third group) were excluded because of their refusal 
to cognitive function evaluation. Thus, 150 patients were 
left to complete the neurocognitive tests. There were no 
statistically significant differences in age, body mass index, 
ASA classification, education level, and hospital stay and 
operation time among the groups (P > 0.05). The detailed 
information of these patients was presented in Table 1. The 
flow diagram of this study was showed in Figure 1.

Primary outcome
MMSE was performed at one day preoperatively and one 
day postoperatively. The preoperative MMSE scores in three 
groups were no statistically significant difference (P = 0.41, 
power = 0.89). There was no obvious correlation between 
the basic demographic data and the result of MMSE score 
including age (r = 0.14, P = 0.57), BMI (r = 0.09, P = 0.71), 
education (r = 0.11, P = 0.48), and surgery time (r = 0.17, 
P = 0.42). The score of MMSE in all patients was still more 
than 24 after surgery. Compared with the preoperative 
MMSE scores, those on the day after surgery were 
nonsignificantly decreased in three groups (P = 0.24, 
power = 0.85). However, the average MMSE scores in the 
second and third group had a greater reduction than the 
first group. The average MMSE score in the first group 
was significantly higher than those in the other two groups 
after surgery (P = 0.02), and the difference of MMSE scores 
after surgery between the second and third group was not 
statistically significant [P = 0.38, power = 0.88, Figure 2].

Secondary outcome
TMT was performed at one day preoperatively and one 
day postoperatively. The preoperative TMT completion 
time in three groups were no statistically significant 
difference (P = 0.50, power = 0.86). There was no obvious 
correlation between the basic demographic data and 
the result of TMT score including age (r = 0.21, P = 0.42), 
BMI (r = 0.15, P = 0.39), education (r = 0.10, P = 0.44), 
and surgery time (r = 0.18, P = 0.57). Compared with the 

preoperative TMT completion time, those on the day 
after surgery were nonsignificantly increased in the third 
group, whereas decreased in the first and second group. 
The average TMT completion time in the first group was 
significantly lower than those in the other two groups after 
surgery (P = 0.01). There was no statistically significant 
difference of TMT completion time between the second and 
third group after surgery [P = 0.42, power = 0.84, Figure 3].

DISCUSSION

Currently, no “gold standard” was identified to diagnose 
POCD. Both MMSE and TMT were recommended by the 
International Study of postoperative cognitive dysfunction 
to assess the cognitive function. The MMSE had a good 
sensitivity and was easily to operate,[19] and TMT could 

Table 1: Demographic of included patients in the three 
groups
Variable 30< BIS ≤40 40< BIS ≤50 50< BIS ≤60 P
n (%) 54 (32.5) 57 (34.3) 55 (33.2) ‑
BMI (kg/m2) 22.5±4.0 23.0±4.3 22.2±3.4 0.857a

Age (year) 36.6±8.2 38.2±10.3 37.0±8.8 0.653a

Education (year) 12.3±2.7 13.0±2.4 12.6±2.6 0.724a

ASA Status (I/II) 21/33 22/35 25/30 0.709b

Surgery time (min) 103±52 92±34 101±44 0.921a

aP value was obtained from one‑way ANOVA; bChi‑square test. BIS = Bispectral index; 
BMI = Body mass index; ASA = American Society of Anesthesiologists

Figure 1: Flow diagram of this study

Figure 2: The average mini–mental state examination score in three groups

Figure 3: The average trail‑making test completion time in three groups
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assess several aspects: Visual attention, visuospatial 
abilities, task‑switching, and psychomotor processing 
speed.[16] Compared to MMSE, the TMT might be more 
appropriate for female.[13] Before the experiment, all patients 
obtained some relative training to make sure that they could 
successfully complete the MMSE and TMT.

In this study, we found that during TIVA with remifentanil 
and propofol given by TCI, the MMSE score of all patients was 
still more than 24 on the day after surgery, which indicated 
that no one experienced POCD. However, this result could 
not demonstrate that no transient cognitive impairment was 
occurred. Actually, we found that the average MMSE score 
on the day after surgery was nonsignificantly decreased in 
three groups, which suggested that there might be transient 
cognitive impairment. Meanwhile, the average MMSE score 
in the first group was significantly higher than those in the 
other two groups after surgery. Usually, compared with 
the TMT completion time in the first time, in the second 
time, it should be decreased after learning and memory. 
However, here, we found that the average TMT completion 
time in the third group was not decreased, even a slight 
increased. The average TMT completion time in the first 
group was decreased and significantly lower than those in 
the other two groups after surgery. There was no obvious 
correlation between the result of TMT and MMSE. These 
results indicated that during the TIVA with remifentanil 
and propofol given by TCI, maintained the BIS of young 
and middle‑aged laparoscopic patients in the 30–40 range 
yielded a minimal influence on postoperative cognitive 
function. However, one thing should be noticed: Whether 
the statistical difference here was clinical difference or not 
needed future studies to further investigate.

Our results were different with the results reported by 
Shu et al. that maintained the BIS in the 40–50 range resulted 
in minimal impact on postoperative cognitive function 
after gynecologic laparoscopic operation.[13] Two reasons 
might be responsible for such phenomenon: (1) We used 
the different types of anesthesia‑intravenous – inhalational 
anesthesia versus TIVA; (2) we used the different drug 
to maintain BIS ‑ remifentanil and sevoflurane versus 
remifentanil and propofol. Therefore, our results could 
enrich the choice of clinicians in clinical practice.

Sodium thiopental had been largely replaced by propofol 
for the induction of anesthesia, for its more rapid and 
“clear” recovery.[20] Several mechanisms of anesthesia 
reported that propofol could potentiate the activity of 
gamma‑aminobutyric acid receptor, and then slow the 
channel‑closing time.[21,22] Furthermore, propofol could 
act as a sodium channel blocker.[23] Fowler reported that 
endocannabinoid system might significantly contribute to 
propofol’s anesthetic action.[24] Previous study indicated 

that surgery‑induced tissue damage could activate the 
peripheral innate immune system, and then lead to the 
exaggerated release of inflammatory cytokines, which could 
impair postoperative cognitive function.[25] Researchers 
suggested that propofol could inhibit the release of 
pro‑inflammatory cytokines and produce an improvement 
effect on postoperative cognitive function in the early stage 
after surgery.[26,27] Due to the lower BIS value indicated the 
more depth of sedation, and the more depth of sedation 
needed more propofol;[28] then in this study, the depth of 
sedation in the first group (BIS, 30–40) was the deepest, 
which indicated that the dosage of propofol in this group 
was the maximum. Therefore, the minimal influence on the 
postoperative cognitive function in this group suggested 
that propofol might be able to inhibit the inflammatory 
response in central nervous system and improve POCD.

Remifentanil, as a new potent synthetic opioid analgesic 
drug, had the following characteristics: decomposition by 
plasma and tissue esterase, which was not affected by the 
liver/kidney function; short‑acting; good controllability; 
rapid onset of action; rapid clearance; no accumulation with 
continuous infusion; easily control the dose. In this study, 
the operative time was short and the dosage of remifentanil 
was relatively small. Therefore, whether the remifentanil 
was relative with POCD needed future study to further 
investigate.

This study certainly had some limitations. First, we only 
recruited about fifty patients in each group. The relatively 
small samples might weaken our conclusion. Second, only 
the postoperative cognitive function in the early stage 
after surgery was assessed. Whether the conclusion was 
appropriated for the mid‑to‑late postoperative period 
was unknown. Third, it could not be able to rule out the 
possibility that the other known or unknown perioperative 
factors, such as education level, might affect the conclusion. 
Therefore, our conclusion was still needed future larger 
scale clinical trials to verify and support.

CONCLUSION

Through recruiting 166 ASA physical Status I or II patients 
scheduled for gynecological laparoscopic surgery to 
compare the effects of different depths of sedation during 
TIVA with remifentanil and propofol given by TCI on 
postoperative cognitive function, we found that the depth 
of sedation (30 <BIS value ≤ 40) had the minimal influence 
on postoperative cognitive function for young and 
middle‑aged patients. Our conclusion was not influence by 
the basic demographic data including age, BMI, education, 
and surgery time. The subgroup analysis according to 
the ASA status found that the results were similar in the 
different ASA status.
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