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Abstract: Postoperative cognitive function could be influenced by different depth of anesthesia and different types 
of abdominal surgery. Laparoscopic partial nephrectomy has become widely used for surgical method of renal cell 
carcinoma (RCC) in the past few years, and it also led central nervous system complications as well. The objective 
of the present study was to investigate the effects of different depths of sedation on postoperative cognitive func-
tion in patients undergoing retroperitoneal laparoscopic radical nephrectomy. A total of 100 patients undergoing 
retroperitoneal laparoscopic radical nephrectomy were randomly divided into 3 groups. Anesthesia with the usage 
of propofol and remifentanil, which was adjusted to maintain bispectral index (BIS) at 30 < BIS ≤ 40 with 32 patients 
in group I, 40 < BIS ≤ 50 with 35 patients in group II, and 50 < BIS ≤ 60 with 33 patients in group III. Mini-Mental 
State Examination (MMSE), Trail-Making Test (TMT) and Clock Drawing Test (CDT) were used to evaluate the cog-
nitive function one day before and after surgery. We found that no significant statistical difference was found in 
demographic data among patients in the 3 groups (P > 0.05). MMSE score in group I was significantly higher than 
the other 2 groups post-operation (P < 0.05). Meanwhile, TMT completion time in group I was also found to have 
markedly lower than the other 2 groups (P < 0.05). Besides, CDT score in group I and group II were significantly 
higher than that in group III, and no significant difference was found between group I and group II. Thus, we come 
to a conclusion that 30 < BIS value ≤ 40 had the minimal influence on postoperative cognitive function after retro-
peritoneal laparoscopic radical nephrectomy.
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Introduction

Renal cell carcinoma (RCC) is a common malig-
nancy of the urinary system, accounting for 
2%~3% of adult malignant tumors and about 
80%~90% of renal malignant tumors. RCC is 
quite specific to patients among 50 to 70 years, 
and the incidence is increasing around the 
world [1, 2]. To reduce morbidity caused by radi-
cal nephrectomy and to preserve renal func-
tion, laparoscopic partial nephrectomy has 
become more widely used and it has resulted in 
improving survival rates [3]. Patients often 

experience central nervous system complica-
tions after retroperitoneal laparoscopic radical 
nephrectomy, mainly expressed as memory 
loss, abstract thinking level decrease and dis-
orientation. These changes are called postop-
erative cognitive dysfunction (POCD) [4, 5]. 

Generally, central nervous system complica-
tions commonly occur in patients with surgery. 
Different surgical procedures may result in dif-
ferent effects on postoperative cognitive func-
tion. Many of the previous studies indicated 
that depth of anesthesia was also associated 
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with POCD [6, 7]. Bispectral idex (BIS) is one of 
several technologies used to monitor depth of 
anesthesia, which is used to determine depth 
of anesthesia. Salova EM et al. pointed out that 
a lower BIS value remains the most advanta-
geous in surgical disease, such as severe car-
diovascular pathology, epilepsy surgery, spinal 
cord injury and neurosurgery [8]. Shu AH, et al. 
reported that maintained the BIS in the 40-50 
range during the combined intravenous-inhala-
tional anesthesia yielded milder influence on 
postoperative cognitive function after gyneco-
logic laparoscopic operation [9].

Therefore, it is important to choose a suitable 
depth of anesthesia to decrease the effect of 
the anesthetic agent on post surgery cognitive 
function. To our knowledge, few studies are 
conducted to investigate the changes of cogni-
tive function in patients undergoing retroperito-
neal laparoscopic radical nephrectomy. In this 
work, we recruited 100 patients to explore the 
effect of different depths of anesthesia on 
postoperative cognitive function after retroperi-
toneal laparoscopic radical nephrectomy.

Materials and methods

Patients

The current study was approved by the Ethics 
Committee of the First Affiliated Hospital of 
Jinan University. Informed consent was ob- 
tained from each participant. Between March 
2013 and April 2017, a total of 100 patients 
aged between 35 and 65 years old with 
American Society of Anesthesiologists (ASA) 
physical status I or II, scheduled for retroperito-
neal laparoscopic radical nephrectomy were 
recruited. Patients were randomly divided into 
3 groups. The infusion concentration of propo-
fol and remifentanil was adjusted, and BIS of 

5) nine years of education. The exclusion crite-
ria were: 1) Suffering from severe liver, car- 
diovascular or cerebrovascular diseases; 2) 
Metastasis to distant tissues; 3) The tumor of 
the kidney was excluded from other metastatic 
lesions.

Treatment protocol

All patients were taken to surgery where the 
basilic vein was percutaneously cannulated 
with 20 gauge intravascular catheters. All 
patients were anesthetized using the same pro-
cedure. The heart rate (HR), electrocardiogra-
phy, respiratory rate, systolic blood pressure 
(SBP), pulse oximetry, hemoglobin oxygen satu-
ration, and end-tidal CO2 partial pressure were 
continuously monitored during the whole pro-
cess. Anesthesia was induced with sufentanil 
(2-3 µg/kg, Yichang Renfu Pharmaceutical 
Company, China), midazolam (0.2-0.4 mg/kg, 
Jiangsu Jiuxu Pharmaceutical Company, China), 
and propofol (5 µg/ml, TCI, Guangdong Jiabo 
Pharmaceutical Company, China). Muscle relax-
ation was maintained by intermittent (40-60 
min) injection of cis-atracurium (0.05 mg/kg, 
Shanghai Pharmaceuticals Holding Co., Ltd.). 
Anesthesia was maintained by the total in- 
travenous anesthesia (TIVA) with remifentanil 
(0.1-0.15 µg/kg/min, Shenzhen WanLe Phar- 
maceutical Company, China) and propofol (2- 
4.5 µg/ml) by TCI. During the anesthesia, the 
blood concentration of remifentanil and propo-
fol was regulated to control the depth of seda-
tion. The intraoperative bispectral index (BIS) 
was maintained at 30-40 in group I, 40-50 in 
group II, and 50-60 in group III. After the tra-
chea is removed, patients with stable vital 
signs were sent to a postanesthesia care unit. 
Endotracheal tubes were removed after full 
muscle recovery and patients were then moved 
back to the ward.

Table 1. Demographic of included patients in the 3 groups
Variable 30 < BIS ≤ 40 40 < BIS ≤ 50 50 < BIS ≤ 60 P value
N (%) 32 (32.0) 35 (35.0) 33 (33.0)
Age (year) 49.7±7.8 48.2±9.3 51.4±10.5 0.527a

BMI (kg/m2) 23.8±3.9 22.9±3.7 23.5±4.1 0.693a

Education (year) 12.9±3.6 11.7±2.8 12.4±3.3 0.751a

ASA Status (I/II) 13/19 14/21 11/22 0.628b

Surgery time (min) 101.6±40.7 98.1±37.9 99.3±35.5 0.554a

aP value was obtained from one-way ANOVA, bP value was obtained from Chi-square 
test. BIS: Bispectral index. BMI: Body mass index. ASA: American Society of Anesthe-
siologists.

32 patients were main-
tained at 30 < BIS ≤ 40, 35 
patients with 40 < BIS ≤ 50 
and 33 patients with 50 < 
BIS ≤ 60. The inclusion crite-
ria were: 1) patients with no 
mental illness, endocrine 
disease or cerebrovascular 
disease history; 2) no alco-
hol history and drug use 
past history; 3) MMSE score 
> 24; 4) no opioid or anti- 
psychotic drug use recently; 
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Outcome measures

Cognitive function was evaluated one day pre-
operatively and one day postoperatively in a 
quiet place with only one patient and the expe-
rienced 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 con-
duct allocation concealment and blind outcome 
assessment. In this study, the mini-mental 
state examination (MMSE), trail-making test 
(TMT) and clock drawing test (CDT) were used 
to assess cognitive function. POCD could be 
judged that the MME score postoperatively  
was at least two points lower than that before 
the operation, or CDT score was reduced by 
more than one point after operation.TMT com-
pletion time is the time required to connect dis-
orderly 1-25 numbers in order, and cognitive 
dysfunction is positively correlated with TMT 

completion time. These 3 scales were validity 
and reliability for cognitive function. The psy-
chometrician trained in MMSE, TMT and CDT 
collected, scored, and interpreted the data.

Statistical analyses

All data obtained were evaluated with SPSS 
20.0 packet program (IBM Analytics, Armonk, 
New York, USA) and expressed as mean ± SD. 
One-way analysis of variance was used for com-
parison among groups. If a significant differ-
ence was found, a Bonferroni or Tamhane’s T2 
post-hoc analysis was conducted to determine 
which group differed significantly according to 
the equal variance criterion. P < 0.05 was used 
to determine statistically significant difference.

Results

Patients

A total of 100 ASA physical Status I or II patients 
were included in the study. The detailed infor-
mation of these patients was presented in 
Table 1. We found that there were no statisti-
cally significant differences in age, body mass 
index, ASA classification, education level, and 
hospital stay and operation time among the 
groups (P > 0.05). 

MMSE score

MMSE was performed at one day preoperative-
ly and one day postoperatively. We found that 
there was no statistically significant difference 
among the three groups in preoperative MMSE 
scores (P > 0.05). The average MMSE score in 
group I was significantly higher than those in 
the other two groups after surgery (P < 0.05), 
and there was no significant difference between 
group II and group III. (P > 0.05), as shown in 
Figure 1.

TMT completion time

TMT completion time was performed at one day 
preoperatively and one day postoperatively. 
There was no statistically significant difference 
among the three groups of the preoperative 
TMT completion time (P > 0.05). The average 
TMT completion time in the first group was sig-
nificantly less than those in the other two 
groups after surgery (P < 0.01), and there was 
no significant difference between the second 

Figure 1. Mini-mental state examination (MME) of 
the patients (Mean ± SD). *P < 0.05, **P < 0.01, 
compared with 30 < BIS ≤ 40 postoperation group. 
BIS: Bispectral index.

Figure 2. Trail-making test (TMT) completion time of 
the patients (Mean ± SD). **P < 0.01, compared 
with 30 < BIS ≤ 40 postoperation group. BIS: Bispec-
tral index.
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and the third group (P > 0.05), as shown in 
Figure 2. 

CDT score

CDT score was performed at one day preopera-
tively and one day postoperatively. No statisti-
cally significant difference was found among 
the three groups of the preoperative CDT score 
(P > 0.05). The average CDT score in the third 
group was significantly less than those in the 
other two groups after surgery (P < 0.01), and 
there was no significant difference between the 
first and the second group (P > 0.05), as shown 
in Figure 3.

Discussion

Retroperitoneal laparoscopic surgery exhibits 
advantages in the treatment of RCC. It may 
avoid peritoneal violation and reduce interfer-
ence by abdominal organ. Besides, it may also 
prevent adhesions and provide a safe minimal-
ly invasive option in RCC patients [10, 11]. 
However, the complications of anaesthesia  
are inevitable, and POCD occurs frequently fol-
lowing retroperitoneal laparoscopic radical 
nephrectomy [12]. Therefore, it is necessary to 
analyze the factors affecting POCD, in order to 
improve postoperative recovery satisfaction. 
Many factors contribute to POCD in clinical 
interventions [13, 14]. The depth of anesthesia 
is considered to be a risk factor for POCD as the 
areas of the brain involved in cognitive control 
overlap. Research demonstrated that POCD 
could be influenced by different depth of anes-
thesia in different types of abdominal surgery 
[8, 9]. However, the relationship between the 
depth of anesthesia and retroperitoneal la- 

paroscopic radical nephrectomy still remains 
unknown.

MMSE, TMT and CDT were recommended by 
the International Study of postoperative cogni-
tive dysfunction to assess the cognitive func-
tion [15, 16]. The MMSE had a good sensitivity 
and was easily to operate, and TMT could 
assess several aspects: Visual attention, visuo-
spatial abilities, task-switching, and psychomo-
tor processing speed [17]. In addition CDT 
could precisely reflex the semantic memory, 
visuospatial structure and executive function 
post-surgery [18]. In this study, all patients 
obtained some relative training to make sure 
that they could successfully complete the 
MMSE, TMT and CDT before the experiment. 
We found that the average MMSE score in the 
first group was significantly higher than those in 
the other two groups after surgery, and there 
was no significant difference between the sec-
ond and the third group. Meanwhile, the aver-
age TMT in the first group was decreased, which 
markedly lower than those in the second and 
third group after surgery. Besides, the average 
CDT score in the third group was significantly 
less than those in the second and third group 
postsurger, and there was no significant differ-
ence between the first and the second group. 
These results indicated the BIS of retroperito-
neal laparoscopic radical nephrectomy patients 
within 30-40 range demonstrated a minimal 
negative effect on postoperative cognitive 
function. Many reasons contribute to this phe-
nomenon. Remifentanil, a potent synthetic opi-
oid analgesic drug, which exhits rapid onset 
and good controllability without damaging the 
liver or kidney functions [19]. Besides, the dose 
of remifentanil could be easily controlled and 
no redundant accumulation with continuous 
infusion [20]. In this study, we used a low-dose 
remifentanil due to its short operative time, 
and the relationship between remifentanil and 
POCD still need further study. Several studies 
have been reported that propofol could potenti-
ate the activity of gamma-aminobutyric acid 
receptor, and downregulate the channel-clos-
ing time [21]. A previous study reported that 
propofol could effectively contribute to anes-
thetic action probably via endocannabinoid sys-
tem [22]. What was more, research indicated 
that the peripheral innate immune system 
could be activated by tissue damage induced in 
the surgery, which might markedly lead to the 

Figure 3. Clock drawing test (CDT) of the patients 
(Mean ± SD). **P < 0.01, compared with 30 < BIS ≤ 
40 postoperation group. BIS: Bispectral index.
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exaggerated release of inflammatory cytokin- 
es [23]. It was noteworthy that these inflamma-
tory cytokines could impair postoperative cog-
nitive function in a few days post-surgery [24]. 
Moreover, studies demonstrated that propofol 
could suppress the serum level of pro-inflam-
matory cytokines and improve the postopera-
tive cognitive function in the early stage after 
surgery [25]. In this study, we found that the 
depth of sedation in the first group (BIS, 30-40) 
was the deepest, which indicated that the max-
imum dose application of propofol in this group. 
Therefore, we come to a conclusion that the 
minimal impact on the postoperative cognitive 
function with the maximum propofol dosage 
suggested that propofol probably be able to 
suppress the inflammatory response in central 
nervous system and eventually lead to POCD 
improvement.

In conclusion, this study reveals that the de- 
pth of sedation (30 < BIS value ≤ 40) conduct 
the minimum influence on postoperative co- 
gnitive function for patients experienced retro-
peritoneal laparoscopic radical nephrectomy. 
Therefore, we think that depth of sedation (30 
< BIS value ≤ 40) can be safely used in retro-
peritoneal laparoscopic radical nephrectomy.

Acknowledgements

The project was supported by the science and 
technology plan project of Guangdong provin- 
ce (No. 2017ZC0012), the Natural Science 
Foundation of Guangdong Province (No. 2015- 
A030313098), and the Natural Science Fo- 
undation of China (No. 81500493).

Disclosure of conflict of interest

None.

Address correspondence to: Yalan Li, Department 
of Anesthesiology, The First Affiliated Hospital of 
Jinan University, 613 Whampoa Avenue West, 
Guangzhou, Guangdong Province, PR China. Tel: 
+86-02038688200; Fax: +86 13500013993; 
E-mail: LYL_YCY@126.com; Yanling Wang, Depart- 
ment of Anesthesiology, The Third Affiliated Hos- 
pital of Sun Yat-Sen University, 600 of Tianhe Road, 
Tianhe District, Guangzhou, Guangdong Provin- 
ce, PR China. Tel: +86-18665059188; Fax: +86-
18665059188; E-mail: Wyl-5120@163.com

References

[1] Pal D, Singh SK, Kakkar N, Prasad R. Expres-
sion of telomere binding proteins (RAP1 and 
POT1) in renal cell carcinoma and their correla-
tion with clinicopathological parameters. Indi-
an J Clin Biochem 2017; 32: 301-305.

[2] Furubayashi N, Negishi T, Yamashita T, Kusano 
S, Taguchi K, Shimokawa M, Nakamura M. 
Progression-free survival of first-line treatment 
with molecular-targeted therapy may be a 
meaningful intermediate endpoint for overall 
survival in patients with metastatic renal cell 
carcinoma. Mol Clin Oncol 2017; 7: 454-460.

[3] Marconi L, Desai MM, Ficarra V, Porpiglia F, 
Van Poppel H. Renal preservation and partial 
nephrectomy: patient and surgical factors. Eur 
Urol Focus 2016; 2: 589-600.

[4] Geng YJ, Wu QH, Zhang RQ. Effect of propofol, 
sevoflurane, and isoflurane on postoperative 
cognitive dysfunction following laparoscopic 
cholecystectomy in elderly patients: a random-
ized controlled trial. J Clin Anesth 2017; 38: 
165-171.

[5] Wu C, Wang R, Li X, Chen J. Preoperative se-
rum MicroRNA-155 expression independently 
predicts postoperative cognitive dysfunction 
after laparoscopic surgery for colon cancer. 
Med Sci Monit 2016; 22: 4503-4508.

[6] Deng LQ, Hou LN, Song FX, Zhu HY, Zhao HY, 
Chen G, Li JJ. Effect of pre-emptive analgesia 
by continuous femoral nerve block on early 
postoperative cognitive function following total 
knee arthroplasty in elderly patients. Exp Ther 
Med 2017; 13: 1592-1597.

[7] Goettel N, Burkhart CS, Rossi A, Cabella BC, 
Berres M, Monsch AU, Czosnyka M, Steiner LA. 
Associations between impaired cerebral blood 
flow autoregulation, cerebral oxygenation, and 
biomarkers of brain injury and postoperative 
cognitive dysfunction in elderly patients after 
major noncardiac surgery. Anesth Analg 2017; 
24: 934-942.

[8] Salova EM, Lubnin AIu, Rylova AV, Tseĭtlin AM, 
Luk’ianov VI, Shimanskiĭ VN. Monitoring the 
depth of anesthesia in neurosurgical patients. 
Anesteziol Reanimatol 2011; 4: 22-27.

[9] Shu AH, Wang Q, Chen XB. Effect of different 
depths of anesthesia on postoperative cogni-
tive function in laparoscopic patients: a ran-
domized clinical trial. Curr Med Res Opin 2015; 
31: 1883-1887.

[10] Fukui S, Iemura Y, Matsumura Y, Kagebayashi 
Y, Samma S. Laparoscopic non-ischemic par-
tial nephrectomy using a microwave tissue co-
agulator: a single-institutional study. Hinyokika 
Kiyo 2017; 63: 133-138.

mailto:LYL_YCY@126.com
mailto:Wyl-5120@163.com


The depth of anesthesia influences postoperative cognitive function

12386 Int J Clin Exp Med 2018;11(11):12381-12386

[11] Nikoleishvili D. Retroperitoneoscopic partial 
nephrectomy for a horseshoe kidney tumor. 
Urol Case Rep 2017; 13: 31-33.

[12] Ding L, Zhang H, Mi W, Wang T, He Y, Zhang X, 
Ma X, Li H. Effects of dexmedetomidine on an-
esthesia recovery period and postoperative 
cognitive function of patients after robot-as-
sisted laparoscopic radical cystectomy. Int J 
Clin Exp Med 2015; 8: 11388-11395.

[13] Tanino M, Kobayashi M, Sasaki T, Takata K, 
Takeda Y, Mizobuchi S, Morita K, Nagai T, Mori-
matsu H. Isoflurane induces transient impair-
ment of retention of spatial working memory in 
rats. Acta Med Okayama 2016; 70: 455-460.

[14] Shi HJ, Xue XH, Wang YL, Zhang WS, Wang ZS, 
Yu AL. Effects of different anesthesia methods 
on cognitive dysfunction after hip replacement 
operation in elder patients. Int J Clin Exp Med 
2015; 8: 3883-3888.

[15] Zhou C, Zhu Y, Liu Z, Ruan L. Effect of dexme-
detomidine on postoperative cognitive dys-
function in elderly patients after general an-
aesthesia: a meta-analysis. J Int Med Res 
2016; 44: 1182-1190.

[16] Scott JE, Mathias JL, Kneebone AC, Krishnan J. 
Postoperative cognitive dysfunction and its re-
lationship to cognitive reserve in elderly total 
joint replacement patients. J Clin Exp Neuro-
psychol 2017; 39: 459-472.

[17] Öztürk S, Saçar M, Baltalarlı A, Öztürk İ. Effect 
of the type of cardiopulmonary bypass pump 
flow on postoperative cognitive function in pa-
tients undergoing isolated coronary artery sur-
gery. Anatol J Cardiol 2016; 16: 875-880.

[18] Bryson GL, Wyand A, Wozny D, Rees L, Taljaard 
M, Nathan H. The clock drawing test is a poor 
screening tool for postoperative delirium and 
cognitive dysfunction after aortic repair. Can J 
Anaesth 2011; 58: 267-274.

[19] De Cosmo G, Sessa F, Fiorini F, Congedo E. Ef-
fect of remifentanil and fentanyl on postopera-
tive cognitive function and cytokines level in 
elderly patients undergoing major abdominal 
surgery. J Clin Anesth 2016; 35: 40-46.

[20] Rasmussen LA, Ryhammer PK, Greisen J, 
Bhavsar RR, Lorentzen AG, Jakobsen CJ. Ultra-
short acting remifentanil is not superior to 
long-acting sufentanil in preserving cognitive 
function-a randomized study. J Clin Anesth 
2016; 33: 127-134.

[21] Yu W. Anesthesia with propofol and sevoflu-
rane on postoperative cognitive function of el-
derly patients undergoing general thoracic sur-
gery. Pak J Pharm Sci 2017; 30: 1107-1110.

[22] Ren Y, Xu YJ, Tan ZM. Possible involvement of 
the endocannabinoid system in memory mod-
ulation effect of general anesthetics. Med Hy-
potheses 2011; 77: 246-249.

[23] Chavan SS, Pavlov VA, Tracey KJ. Mechanisms 
and therapeutic relevance of neuro-immune 
communication. Immunity 2017; 46: 927-942.

[24] Thomas K, Sehr T, Proschmann U, Rodriguez-
Leal FA, Haase R, Ziemssen T. Fingolimod ad-
ditionally acts as immunomodulator focused 
on the innate immune system beyond its prom-
inent effects on lymphocyte recirculation. J 
Neuroinflammation 2017; 14: 41.

[25] Zhang J, Jiang W, Zuo Z. Pyrrolidine dithiocar-
bamate attenuates surgery-induced neuroin-
flammation and cognitive dysfunction possibly 
via inhibition of nuclear factor κB. Neurosci-
ence 2014; 261: 1-10. 


