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Effects of different anesthesia methods on cognitive 
dysfunction after hip replacement operation 
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Abstract: There are many risk factors for the cause of postoperative cognitive dysfunction (POCD), however, the 
anesthesia selection always trigger controversy for the POCD occurrence. This study aims to explore the relationship 
between the anesthesia and the occurrence of POCD in elder patients, and also investigate the mechanism of the 
POCD. One hundred elder patients with hip replacement were included in this study, which were divided into general 
anesthesia (GA) and epidural analgesia (EA) group. Minimum mental state examination (MMSE) method was em-
ployed to assess the nervous and mental function (POCD) in both analgesia group patients. Aβ and tau protein levels 
in blood were detected by using the ELISA assay. The correlation between MMSE in POCD patients and Aβ or tau 
was analyzed by employing the Spearman rank correlation method. The results indicated that epidural analgesia 
decreases the MMSE scoring compared to general analgesia (P < 0.05). General analgesia enhanced the Aβ and 
tau level compared to epidural analgesia (P < 0.05). Aβ and tau level were increased in the patients with POCD. The 
POCD occurrence rate in GA group was significantly higher compared to EA group (P < 0.05). MMSE scores of POCD 
patients positively correlated with Aβ or tau level (P < 0.05). In conclusion, the epidural analgesia method was bet-
ter than general analgesia method for the hip replacement in elder patients. The mechanism of the POCD may be 
caused by the enhancement of Aβ and Tau protein.
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Introduction

Postoperative cognitive dysfunction (POCD) is a 
subtle disorder of thought processes following 
anesthesia, surgery and injury, particularly in 
elderly [1]. The POCD may affect the short-term 
memory, cognitive functions, such as visual 
memory, verbal memory, attention, language 
comprehension, visuospatial abstraction and 
concentration [2]. Patients who experience 
cognitive decline or dysfunction account for 
25% to 50% of hospitalized patients [1]. The 
incidence of POCD depends on the definition, 
composition of the test battery, and time of 
postoperative assessment. The previous stud-
ies showed that the incidence of POCD after 
surgery even achieves to 40.5% a few weeks 
after surgery for the elder patients [3]. There 

are many risk factors for the cause of POCD, 
however, the anesthesia selection always trig-
ger controversy for the POCD happen. Anwer et 
al. [4] found that general anesthesia poses a 
significant risk for the occurrence of POCD com-
pared to the epidural analgesia in elder patients. 
However, Williams-Russo P et al. [5] indicated 
that the type of anesthesia, general or epidural, 
does not affect the magnitude or pattern of 
POCD in older adults. 

Aβ is derived from amyloid Precursor protein 
(APP) by cellular processing pathways that 
involve the excision of the Aβ region, possibly in 
distinct subcellular compartments [6]. The 
increased Aβ generation is central to the dis-
ease process comes from studies of very rare 
inherited forms of Alzheimer’s disease (AD). Tau 
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protein is a highly soluble microtubule-associ-
ated protein (MAP), which are found mostly in 
neurons compared [7, 8]. The main function of 
tau is to modulate the stability of axonal micro-
tubules. Tau has two ways of controlling micro-
tubule stability, including isoforms and phos-
phorylation [9]. Several studies have shown 
that the incidence tau phosphorylation was 
triggered by the β-amyloid (Aβ) peptide [10, 11]. 
Nishimori et al. [12] proved that there is a 
closely relationship between levels of Aβ (and/
or tau) and the occurrence of POCD.

Therefore, this study aims to explore the rela-
tionship between the anesthesia and the occur-
rence of POCD in elder patients, investigate the 
mechanism of the POCD, and hope to discover 
the optimized anesthesia for clinical. 

Materials and methods

Patients

One hundred elder patients with hip replace-
ment were included in this study, including 43 
males and 57 females. The average age is 68.3 
± 8.1 years (range from 60 to 75 years). All of 
the total 100 patients were divided into two 
groups, including general anesthesia (GA) and 
epidural analgesia (EA) group, and with 50 
patients each group, respectively. 

Inclusive and exclusive criteria

Inclusive criteria: No stabilizing agent and anti-
depressant used pre-operation with long-time; 

No history of cardio surgery or nervous system 
operation; No family history of mental disorder; 
No serious defective vision; No AD and the 
other neurodegenerative diseases; with normal 
conscious.

Exclusive criteria: The patients with Minimum 
Mental State Examination (MMSE) score less 
than 23; The patients with no education histo-
ry; The patients with central nervous system 
disease or mental disease; Long term adminis-
tration of sedatives or antidepressant; Patient 
with the habit of excessive drinking.

Anaesthesia and monitor

The electrocardiogram, blood pressure, heart 
rate and blood oxygen saturation were moni-
tored. The general anesthesia was induced 
with Midazolam (0.1 mg/kg), fentanyl (2-4 μg/
kg), propofol (1-1.5 mg/kg), vecuronium bro-
mide (0.1-0.15 mg/kg), by maintaining with 1% 
to 3% vol isoflurane. The tidal volume was 8-10 
mg/kg, respiratory frequency was 10-12 time/
min, and partial pressure of carbon dioxide 
maintaining with 30-35 mmHg. For the epidural 
analgesia patients, The L1-2 or L2-3 interverte-
bral spaces were selected for spinal puncture. 
The ropivacaine (0.5%) was used to anaesthe-
tize. For all of the patients, the fentanyl (0.001%) 
was venoclysized with the speed of 2-2.5 ml/h 
within 48 hours to keep the analgesic effect. 

POCD assessment

MMSE method was employed to assess the 
nervous and mental function (POCD) in both 
analgesia group patients. There are 30 items 
for mental state examination, including time, 
location, memory, contention, calculation, 
object naming, language repeat, reading com-
prehension, making sentences and graphical 
pinch painting. Totally, 30 scores, one score for 
one item, right with one score and wrong with-
out score. The MMSE score of < 23 was consid-
ered as the POCD patients.

ELISA examination for Aβ and tau

Five milliliters fasting venous blood were drawn 
at 1 day pre-operation (T1), 1 day post-opera-
tion (T2) and 5 days post-operation (T3), 
respectively, for both group patients. The ELISA 
detection kit (Boshide, Wuhan, China) was used 
to examine the level of Aβ and tau in both group 
patients. The detail of the experimental pro-

Figure 1. The MMSE scores in GA and EA group at 
different time. P < 0.05 represents the MMSE scores 
in GA group compared to EA group, or presents the 
MMSE scores in T2 day compared to T1, T2 day. GA: 
general anesthesia; EA: epidural analgesia; MMSE: 
minimum mental state examination.
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cess was performed according to the instruc-
tions of the ELISA kit.

Statistical analysis

The statistical analysis was performed using 
SPSS 17.0. Student’s t-test was used to find the 
significance of study parameters on the contin-
uous scale within each group. Chi-square test 
was used to calculate the incidence of POCD. 
The correlation between MMSE in POCD 
patients and Aβ or tau was analyzed by employ-
ing the Spearman rank correlation method. 
Statistical significance was accepted with P < 
0.05. 

Results

General analgesia decreases the MMSE scor-
ing 

We assessed the MMSE scores at the different 
time of T1, T2 and T3, respectively. The MMSE 
scores at T2 were significantly lower compared 
to T1 and T3 in GA group (Figure 1, P < 0.05). 
There were no significant changes of MMSE 

scores in all of the time points (T1, T2 and T3) 
in EA group. Furthermore, the MMSE score at 
T2 in EA group was significantly higher com-
pared to the GA group (Figure 1, P < 0.05). 
However, there were no significant differences 
at T1 and T3 in both groups. 

Aβ and tau level enhanced in GA group com-
pared to EA group

The level of Aβ and tau in GA group at T2 day 
was significantly higher compared to T1 or T3 
day (Figure 2, P < 0.05). There were not signifi-
cant differences among the T1, T2 and T3 day 
for the EA group (Figure 2, P > 0.05). However, 
At T2 day, the level of Aβ (Figure 2A) and tau 
(Figure 2B) in GA group was significantly 
increased compared to EA group (P < 0.05).

POCD occurrence rate in GA and EA group

The POCD occurrence rate in GA group at T1 
was 36.0% (18 cases), 16.0% in EA group. The 
POCD occurrence rate in GA group was signifi-
cantly higher compared to EA group (Table 1, P 
< 0.05). However, there were no significant dif-
ferences in GA group compared to EA group at 
T2 and T3 day post-operation (Table 1, P > 
0.05). 

Aβ and tau level were increased in the patients 
with POCD

In order to investigate the relationship between 
the POCD occurrence and Aβ or tau level, we 

Figure 2. Aβ and Tau protein levels in GA and EA group at different time points. A. Aβ levels in GA and EA group. B. 
Tau levels in GA and EA group.  P < 0.05 represents the Aβ or Tau level in GA group compared to EA group at T2 day. 
GA: general anesthesia; EA: epidural analgesia.

Table 1. POCD occurrence rate in GA and EA 
group

Group
POCD occurrence rate (n)

T1 day T2 day T3 day
GA group 36.0% (18) 12.0% (6) 10.0% (5)
EA group 16.0% (8) 8.0% (4) 6.0% (3)
GA: general anesthesia; EA: epidural analgesia.
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divided all of the patients into two another 
groups, including patients with POCD post-
operation (with POCD group) and patients with-
out POCD post-operation (without POCD group). 
The results indicated that the Aβ and tau level 
in patients with POCD group were significantly 
higher compared to the patients without POCD 
group at T2 day (Figure 3, P < 0.05). Meanwhile, 
within the patients with POCD group, the Aβ 
and tau level in T2 day were significantly higher 
compared to the T1 and T3 day (Figure 3, P < 
0.05).

comfortable and minimal side effects, but not 
only is convenient for the operation. Especially, 
the analgesia strategy should not affect the 
functions of central nerve system or minimize 
the influence [13]. In clinical practice, the POCD 
is a very normally complication after the opera-
tion or surgery, however, the specific biomarker 
for the complication is also un-clarified [14]. 
The present study investigated the different 
analgesia method affecting the cognitive dys-
functions in patients underwent hip replace-
ment in elderly, and discussed the different 

Figure 3. Aβ and Tau protein levels in patients with POCD and without POCD at different time points. A. Aβ levels in 
patients with and without POCD. B. Tau levels in with and without POCD. P < 0.05 represents the Aβ or Tau level in 
with POCD compared to patients without POCD at T2 day. POCD: postoperative cognitive dysfunction.

Figure 4. Correlation between MMSE scores and Aβ or Tau protein levels. A. Cor-
relation between MMSE scores and Aβ protein levels. B. Correlation between 
MMSE scores and Tau protein levels.

MMSE scores of POCD pa-
tients correlate with Aβ or 
tau level

To more clearly illustrate the 
function of Aβ or tau level in 
POCD, we analyzed the cor-
relation between MMSE 
scores and POCD. The 
results showed that the 
MMSE scores in POCD 
patients were positively cor-
related with the Aβ level 
(Figure 4A, P < 0.05). 
Furthermore, the MMSE 
scores in POCD patients 
were also positively correlat-
ed with the tau levels (Figure 
4B, P < 0.05).

Discussion

Following with the develop-
ing of the medical tech-
niques, the ends of analge-
sia in clinical setting has 
been required to be safe, 
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analgesia method influencing the occurrence 
of POCD. Furthermore, the correlation between 
POCD and the biomarkers (Aβ or tau) was also 
observed to reveal the mechanism of POCD.

Currently, the assessment of cognitive func-
tions mainly depends on the mental examina-
tion. MMSE examination is the most frequently 
used method for the screening and assessing 
the cognitive dysfunctions [15]. Wiklund et al. 
[16] found that, for the brain cognitive function 
assessment, the sensitivity of MMSE method is 
87% and the specificity of MMSE method is 
82%. The MMSE method is the simple, feasible, 
extensive used screening tool for cognitive dys-
function or cognitive decline in clinical [17]. In 
this study, there was no significant difference 
between GA and EA group pre-operation (P > 
0.05). However, the MMSE scores in GA group 
were decreased significantly compared to the 
EA group at T1 day (P < 0.05), though both GA 
and EA group with the declined MMSE scores. 
These results suggest that the both general 
and epidural methods could affect the cogni-
tive functions in different degrees. Our study 
results indicated that the POCD occurrence 
rate at T1 day in GA group (36.0%) was signifi-
cantly higher compared to the EA group (16.0%) 
(P < 0.05). This result suggests that the general 
analgesia could trigger the more obvious cogni-
tive dysfunctions. The difference in both groups 
may be caused by the neuro-toxicity of the gen-
eral analgesia drugs. 

The previous study [18] proved that the toxicity 
of Aβ protein could induce the early apoptosis 
of the neurons. In this study, the Aβ level was 
increased in GA group, which illustrates that 
the general analgesia drug may activate the 
change of Aβ protein. The enhanced Aβ, there-
fore, mediates the neuron-toxicity of the 
patients. However, the epidural analgesia drug 
may not involve this pathway. The retrospective 
study [19] also indicated that the Aβ level in 
mild cognitive impairment patient was signifi-
cantly increased compared to the normal indi-
viduals. Tau protein is kind of functional protein 
in brain tissues, and is a kind of highest 
expressed tubilin-associated protein. The 
expression of tau protein could induce the cel-
lular morphology change, synapsis decreased, 
and causes the cell apoptosis finally. Some sci-
entists [20] have defined the Tau protein as the 
biomarker of the neuron degeneration. In this 
study, the Aβ and Tau level in GA group was 

higher compared to EA group, which hints that 
the POCD occurrence may associate with the 
Aβ and Tau protein. The correlation analysis 
also indicated that the POCD was positively cor-
related with the Aβ or Tau protein expression. 

In conclusion, the POCD occurrence rate in EA 
group was significantly lower compared to the 
GA group. The Aβ and Tau level in patients with 
POCD was higher significant compared to the 
patients without POCD. Therefore, the epidural 
analgesia was better than the general analge-
sia method for the hip replacement elder 
patients. The mechanism of the POCD may be 
caused by the enhancement of Aβ and Tau 
protein.
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