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Abstract

Background: postoperative cognitive dysfunction (pocD) is a well-recognized complication 
of cardiac and noncardiac surgery. however, contradictory results concerning postoperative mental 
function have been reported. The aim is to determine the effect of anesthetic techniques (general or 
spinal) on cognitive functions using more sensitive neuropsychological tests in patients undergoing 
urological surgery.

Material and Methods: a total of thirty patients were enrolled in the study and assigned to 
receive either general (n=15) or spinal (n=15) anesthesia. a battery of neuropsychological tests 
including Wisconsin card sorting Test, Iowa gambling Task, stroop color-Word Test, n-back 
Task and continuous performance Test was performed preoperatively and three days later.

Results: The two experimental groups were similar at baseline assessment of cognitive 
function. Although there were no statistically significant differences between general and spinal 
anesthetic groups with respect to Wisconsin card sorting Test and Iowa gambling Task, a 
significant intergroup difference between pre-and postoperative N-back scores was detected in 
the general anesthesia group (p=0.001&p=0.004). In addition, patients within this group had 
significantly higher error rates on the Stroop Color-Word (p=0.019) and Continuous Performance 
Tests (p=0.045). In contrast, patients receiving spinal anesthesia exhibited little change or marginal 
improvement on all subscales of the battery.

Conclusions: Our findings indicate significant decline in specific aspects of mental function 
among patients who were administered general anesthesia compared with the other technique. It 
seems that spinal anesthesia contributes to lower disturbance after surgery.
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Introduction

postoperative cognitive dysfunction (pocD) is 
a common complication in adult patients undergoing 
surgical procedures which refers to decline in variety 
of neuropsychological domains such as verbal or 
visual memory, executive functioning, language 
comprehension, attention and concentration1. although 
primarily observed after cardiac surgery, it has also 
been detected following major noncardiac surgeries2,3. 
While pocD is presumed to be transient and the long-
term effects are considered uncertain4,5, recent studies 
suggest that the symptoms of neurocognitive change 
may persist long after the operation6,7 and diminish 
quality of life. patients with pocD are more likely to 
withdraw from employment and social activities that 
will lead to premature dependency8,9. The IspocD 1 
study (International study of post-operative cognitive 
Dysfunction) of 1,218 elderly patients (60 yr or older) 
scheduled for major noncardiac surgery showed that 
cognitive impairment was present in 25.8% patients 
one week after the operation and in 9.9% of them after 3 
months10. furthermore, postoperative cognitive decline 
has been associated with significantly higher risks of 
postoperative morbidity and mortality, particularly in 
elderly11. a similar study revealed that patients with 
pocD at hospital discharge were more likely to die 
whitin 3 months of the discharge12. In general, the rate 
of cognitive dysfunction has been positively correlated 
with mortality risk. several studies show an increased 
risk of early mortality in elderly individuals with 
cognitive deterioration13,14.

The etiology of pocD is likely multifactorial 
with type of surgical procedure (due to differences 
in duration) metabolic/endocrine stress response, 
imbalance of neurotransmitter system (particularly 
acetylcholine and serotonin), hypoxia and 
hospitalization, all potentially playing a role15. 
advanced age, history of cerebral vascular accident 
with no residual impairment, lower educational 
level, evidence of cognitive dysfunction at hospital 
discharge and alcohol abuse also contribute to the 
pathogenesis of pocD12,16. With further identification 
of preoperative risk factors for pocD, patients and 
healthcare providers can be better informed before 
making a decision to proceed with major surgery.

It has been speculated that pocD risk could be 
reduced by performing certain surgical procedures 
under regional anesthesia. results of a study indicated 
that the maintenance of mental function in an elderly 
population was better following spinal anesthesia when 
compared with general anesthetic technique17. similarly, 
another report showed that the incidence of cognitive 
deterioration was lower after epidural anesthesia18. 
a recent study found that general anesthesia posed 
a significant risk for the occurrence of early POCD 
in elderly patients that could persist for 3 days after 
surgery19. however, review of the existing literature 
has not revealed a significant difference between the 
two intraoperative anesthetic techniques20,21. The 
heterogeneity of procedures used to measure cognitive 
deficits and methodological inconsistencies make the 
limited literature on POCD difficult to interpret22,23. 
most of these tests are subsets of test banks used to 
assess the memory and intelligence of adults. The use of 
more sensitive neuropsychological tests may elucidate 
more prolonged damage to cognitive performance. In 
addition, the majority of previous investigations have 
primarily focused on elderly patients, a population with 
an increased vulnerability to neurological deterioration 
after exposure to anaesthesia24,25. as a result, the 
cognitive effects of anesthesia and surgery in young 
and middle-aged adults are poorly understood. The 
objective of this study was to evaluate post-operative 
mental function of patients who had undergone general 
or spinal anesthesia for a urologic surgery, and to 
compare the effect of these two anesthetic techniques 
on mental function.

Material and Methods

From july to September 2011, 30 patients 
undergoing urological surgery following either general 
or spinal anesthesia were participated in the study at 
Shahid Labbafinezhad hospital. Written informed 
consent was taken from all patients and university 
ethics committee approved the study structure. entry 
criteria included age (24+ yr), normal mental status, 
speaking and reading fluency in the Persian language 
and the absence of any serious vision or hearing 
impairment that would preclude neuropsychological 
testing. participants were excluded if they had any 
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prior history of dementia, central nervous system 
disease, psychiatric disorders, alcoholism and drug 
abuse. In addition, any patients with history of allergy 
to anesthetic drugs were also excluded. Information 
about the demographic status, medical history, 
education and occupational history of the subjects 
were documented.

Anesthetic techniques and agents

all patients received 5cc/kg normal saline 
serum before anesthesia. In the group of patients who 
underwent general anesthesia, the following agents 
were used for the induction of anesthesia: fentanyl 
(2µ/kg), Midazolam (1mg), Lidocain (1.5mg/kg), 
Propofol (2mg/kg) and Atracurium (0.5mg/kg). For 
maintenance phase of general anesthesia, propofol 
(100-200µ/kg) and Remifentanil (0.1 µ/kg/min) 
were used. Spinal Anesthesia was done by injection 
of 2.5 to 3 cc bupivacaine 0.5% (Marcaine®) in the 
subarachnoid space. for post-operative pain control, 
intravenous pethidine (25-50 mg) was administrated in 
the recovery room and Diclofenac 100mg suppository 
was given in the ward as needed.

Neuropsychological Assessment

The cognitive function evaluation was performed 
in an undisturbed room with only the patient and the 
psychometrician present. patients completed the tests 
one day prior to surgery and at hospital discharge (three 
days after the operation). The psychological measures 
included Wisconsin card sorting Test, stroop color-
Word Task, Continuous Performance Test, N-Back 
Task and Iowa gambling Test that were administered 
in about 30 minutes. These measures primarily focus 
on executive functions and memory, elaborated as 
follows:

Wisconsin card sorting Test is commonly 
regarded as “the gold standard executive function 
task”26,27. patients were asked to match response cards 
to reference cards according to three dimensions of 
sorting principle (color, form and number)28. stroop 
color-Word Test estimates the patient’s ability 
to concentrate and ignore distracting stimuli29. 
Continuous Performance Test (CPT) requires subjects 

to maintain vigilance and react to the presence or 
absence of specific stimuli within a continuously 
presented set of distracters30,31. N-Back Task is one of 
the most popular experimental paradigms for studies 
of working memory, in which subjects are asked to 
monitor the identity or location of a set of verbal or 
nonverbal stimuli and to indicate when the currently 
presented stimulus is the same as the one presented in 
trials previously32,33. Iowa gambling Task evaluates 
decision-making under initially ambiguous conditions. 
It simulates real-life decision making by testing the 
ability of subjects to learn to sacrifice immediate 
rewards in favor of long-term gains34,35.

Statistical Analysis

given the large number of dependant variables, 
comparison of the cognitive function between the two 
anesthesia groups was performed with multivariate 
analysis of covariance (mancova) using spss 
(version 18). Follow-up tests were conducted when 
warranted by multivariate results with anova and 
paired t-tests. pre-test scores were considered to be 
covariate variables in order to control for the practice 
effect. The customary two-tailed α level of significance 
was set at 0.05.

Results

Thirty patients (13 women and 17 men) were 
recruited. The subjects had a mean age of 44.6 
(±12.66). 36.6% subjects were classified as young 
(24-39yr), 53.33% were middle-aged (40-59) and 10% 
were elderly (60-65). General anesthesia was used in 
15 patients (50%), and the remaining subjects received 
spinal anesthesia.

The baseline characteristics of the patients included 
in the study are listed in table 1. Data analysis revealed 
that the two groups did not differ in preoperative scores. 
however, statistically significant differences were 
observed when postoperative scores were compared 
with the baseline levels. results indicated significant 
association between general anesthetic technique and 
damage to particular domains of cognitive functions. 
although subtests of the Wisconsin card sorting Test 
and Iowa Gambling Task did not change significantly 
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between the two groups, separate univariate analysis 
and paired t-test showed that patients were more 
likely to have worse 1-and 2-back test performance 
after general anesthesia (p=0.001& p=0.004). These 
patients also had significantly higher omission error 
score on the continuous performance Task (p=0.045) 
and considerable error rates on the 3rd part of the 
Stroop Color-Word Test (p=0.019). It is worth noting 
that patients receiving spinal anesthesia showed 
little change or slight improvement on all subscales 
of the battery. The mean pre-and postoperative 
neuropsychological test scores are exhibited in 
Table 2.

Discussion

This study is one of the few investigations of 
postoperative cognitive function that includes younger 
population. In the current study, we used some of 
the most popular neuropsychological tasks to assess 
executive functions. comparison of the two arms of 

the study was based on mancova which provided 
more statistical power. our data revealed that general 
anesthesia was associated with weaker performance in 
the memory and concentration domains. These results 
are in accordance with the findings of Chung et al, 
who found that patients receiving general anesthesia 
performed worse on digit-symbol substitution for 2-3 
days after surgery36. herbert and colleagues also noted 
that choice reaction time was impaired for 36hours 
after administration of general anesthesia37. findings 
of another study indicated that general anesthesia 
patients perceived residual impairment of their 
cognitive faculties after 3 days38.

previous research addressing the role of anesthesia 
on cognitive deterioration has yielded conflicting 
results. The absence of a consistency regarding the 
operational definition of POCD may contribute to 
this issue. Our findings are inconsistent with the 
vast majority of existing evidence demonstrating no 
significant difference between intraoperative regional 
and general anesthesia in preserving postoperative 

Table 1 
General characteristics of the patients, compared in two groups (general vs. spinal anesthesia.)

General 
Anesthesia

Spinal Anesthesia Total P value

Mean Age 46.9 42.26 44.6 0.614

Age Groups 24-39 (young) 6 5 11 0.120

40-59 (Middle-aged) 8 8 16

60 and above (Elderly) 1 2 3

Sex male 7 10 17 0.211

female 8 5 13

Education less than high school 4 7 11 0.340

high school 6 4 10

more than high school 5 4 9

Type of
surgery

lithotripsy 4 1 5 0.151

Intravesical injection 1 2 3

radical nephrectomy 2 0 2

varicocelectomy 2 3 5

Bladder Stone Removal 2 2 4

Tul 1 5 6

TurT 1 2 3
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cognitive function. for instance, in a prospective, 
randomized study, Williams-russo et al, compared 
the effect of epidural versus general anesthesia 
on the incidence of pocD in patients undergoing 
elective unilateral total knee replacement and found 
no significant difference postoperatively20. In another 
randomized trial, no significant differences were found 
in the postoperative mental abilities between patients 
who received general, regional or combined anesthetic 
techniques39. o’hara et al, observed no clinically 
important impacts on major outcomes in patients 
who were administered general or spinal anesthetic 
techniques after the hip surgery40. In a systematic 
review, Wu et al, found that intraoperative neuraxial 
anesthesia does not decrease the incidence of pocD 
when compared with general anaesthesia41.

Detection of pocD requires two crucial 
elements: a sensitive battery of tests and controlling for 
the practice effect. We used some of the well-known 
psychological measurements to determine more subtle 
defects. The enhancement observed in this trial cannot 
be attributed to practice effect. In as much as, pretest 
scores were considered as covariate variables.

There may be several factors that might have a 
negative impact on cognitive function after general 
anesthesia. some agents that are used to induce and 
maintain anesthesia may deteriorate cognition and 
memory10. In addition, there may be a possibility of 
hemodynamic instability, hypoxia and stress induced 
response due to prolonged intubation; the factors that 
are not commonly related to regional anesthesia15.

Table 2 
Pre-and postoperative (at hospital discharge) test results

Preoperative Postoperative

General Spinal General Spinal

(n-15) (n-15) (n-15) (n-15)

Wisconsin Card Sorting Test

achieved clusters 1.66±0.61 1.60±0.63 1.66±0.72 2.00±0.84

number of Total errors 37.93±6.39 38.2±5.79 37.53±6.01 36.26±7.53

perseverative errors 15.46±3.62 14.86±2.13 14.8±3.66 12.00±

Iowa Gambling Task 25.20±2.48 23.53±3.29 26.20±1.97 23.46±3.99

N-Back Task

1-back 19.93±6.71 16.26±6.30 16.20±5.99* 17.73±6.41

2-back 8.13±3.29 8.73±3.97 5.60±2.55* 10.33±3.90

Continuous Performance Test

omission error 16.06±8.67 16.33±8.10 19.20±7.93* 13.60±6.56

commission error 1.064±0.51 1.157±0.94 1.11±0.35 1.151±0.56

hit reaction Time 0.548±0.06 0.562±0.04 0.606±0.1 0.541±0.05

Stroop Color-Word Task

error rates 1 1.33±0.97 1.40±0.82 1.60±1.88 0.66±0.61

reaction Time 1 0.46±0.45 0.33 ±0.37 0.42±0.54 0.25±0.32

Error Rates 2 0.53±0.74 0.53±0.63 2.13±1.95 0.26±0.59

Reaction Time 2 0.34±0.55 0.27±0.34 0.79±0.81 0.22±0.46

error rates 3 17.40±7.91 19.33±7.006 22.06±6.94* 16.60±6.99

reaction Time 3 1.85±0.93 1.34±0.55 2.11±0.91 1.53±0.61

Values are given as mean±SE. “*” mark indicates significant difference in the assigned group before and after the operation.
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This study was limited by two major factors. 
firstly, patients were not allocated randomly to the 
general or spinal anesthesia groups. secondly, we 
were unable to include a control group of healthy 
volunteers matched with the experimental groups in 
the present study. hospitalized patients not undergoing 
surgery or any other intervention were also considered 
as a better control group, but a sufficient sample size 
for comparison could not be attained due to lack 
of participation. Our findings should therefore be 
interpreted with caution. a more extensive study with 
follow-up testing is required to determine the precise 
profile of the postoperative cognitive impairment.

In conclusion, our results suggest a linkage 
between general anesthesia and weaker postoperative 

mental function. local anesthesia might have an 
advantage over general anesthesia in terms of 
neuropsychological functioning.
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