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Preoperative conditions may play a significant role in postoperative cognitive dysfunction (POCD) development
in elderly patients. We aimed to investigate whether preoperative cognitive training could lower the incidence
of POCD one week after surgery.

A total of 141 ASA I-ll elderly patients who underwent gastrointestinal surgery were enrolled into the study.
Patients were randomized into either the Intervention group (69 analyzed) or the Control group (72 analyzed).
Patients in the intervention group were instructed and trained in a cognition mnemonic skill for a total of three
1-hour sessions with the method of loci (MoL). Controls did not receive any cognitive training during hospital-
ization. All patients were tested using neuropsychological battery tests (NPTs) on admission and one week af-
ter surgery.

The incidence of POCD in the intervention group (15.9%) was significantly lower than in the controls (36.1%)
(P<0.05). Patients’ performance in Brief Visuospatial Memory Test-Revised and Symbol-Digit Modalities Test
were improved by the cognitive training. Increasing age, longer length of anesthesia and surgery, and lack of
cognitive training were associated with a significantly higher risk of POCD (P<0.05).

Cognitive training with MoL can reduce the decline of early postoperative cognitive function in elderly patients
undergoing major gastrointestinal surgery.
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Background

Postoperative Cognitive Dysfunction (POCD) is a decline in
cognitive ability after surgery, and can manifest on a range of
neuropsychological features in the early postoperative period
[1]. The causes of POCD are poorly understood and the sever-
ity of cognitive decline is often detected only by the neuro-
psychological battery tests used before and after the surgery
[2]. Anesthesia and surgical event may cause cognitive decline
through several perioperative factors, especially in elderly pa-
tients. However, the molecular mechanisms underlying cog-
nitive disorders are still unknown [3]. On the other hand, the
impaired preoperative cognitive “brain reserve” of patients
may also manifest as a potential postoperative cognitive im-
pairment and might be accelerated by anesthesia and surgery
[4], as well as the delayed dementia occurring after POCD [5].
Thus, early learning coping strategies that may avoid excess
cognitive disability over time as a result of pre- and/or peri-
operative factors are very important [6].

Numerous studies including cognition intervention programs
in older adults have shown that some improvement in cog-
nitive function when the cognition training is provided with
intensive training in strategies that promote thinking and re-
membering [7], suggesting that in older adults there is a con-
siderable reserve potential in cognition that can be enhanced
through cognition training strategies using simple mnemon-
ic techniques, and such training is highly effective in improv-
ing the cognitive performance of non-demented adults [8,9].
However, the benefits of cognitive training strategy before
surgery are less well explored, particularly in older patients.

We hypothesized that an early and short cognitive training in
the preoperative period would impact the occurrence of cog-
nitive changes after surgery. Therefore, the aim of this study
was to evaluate whether preoperative cognitive training could
lower the incidence of early cognitive dysfunction in elderly
patients one week after surgery.

Material and Methods

Study participants

This study was approved by the Institutional Ethics Committee
of 3 Xiangya Hospital of Central South University, Hunan,
P.R.China (approval number 2013-5124, January 1°t 2013). After
a written informed consent was given at one to four weeks pri-
or to surgery, we obtained records on 141 patients who were
scheduled to undergo elective gastrointestinal tumor resec-
tion via laparotomy expected to last 2 h or longer. Eligibles
included elderly patients who were older than 60 years and
American Society of Anesthesiologists (ASA) physical status |
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to lll. Exclusion criteria included those with history of demen-
tia or any disease of the central nervous system or those un-
willing to comply with the protocol or procedures. Additional
exclusion criteria included Mini-Mental State Examination
(MMSE) <23 before surgery [10], or inability to read, and the
presence of serious hearing or vision loss, or who had poor
comprehension of the Chinese language. To determine the
practice effect for repeated neuropsychological tests, we en-
rolled a group of age-matched control participants who shared
the same inclusion and exclusion criteria. These participants
were recruited from the patients’ primary family members.
Control participants did not undergo surgery or anesthesia
during the study period

Neuropsychological assessment

To assess patient cognitive function, neuropsychological
battery tests (NPTs) were performed on admission (be-
fore the cognitive training) and one week after surgery.
The NPTs was selected on the basis of demonstrated effi-
ciency in similar subject populations [11,12]. The NTP in-
clude: (1) Benton Judgment of Line Orientation, a test used
to assess the ability of judgment and visuospatial analysis;
(2) Digit Span Test (forward and backward), a test of the
Wechsler memory scale measures of attention and concen-
tration, with higher scores indicating better function; (3)
Brief Visuospatial Memory Test-Revised (BVMT-R), a test to
measure the learning and immediate visuospatial memory;
(4) Symbol-Digit Modalities Test, a measure of psychomotor
speed, with a high score indicating better function; (5 and
6) BVMT-R Delayed Recall Test and BVMT-R Discrimination
Index, used to estimate delayed recall abilities; (7) Trail
Making Test (part A and B), a measure of hand-eye coordi-
nation, attention, and concentration, with a low score indi-
cating better function; and (8) Verbal Fluency Test, used to
asses executive function and fluency.

In order to minimize the practice effects, we chose tests that
have alternative versions (version A and version B) [12,13]. We
required that the NPTs were sensitive, not influenced by cul-
ture, and suitable for use by all participants in this study. The
cognitive assessment took approximately 40 minutes and was
administrated in a quiet environment by the researchers (L.Y.
and C.M.H). The test was performed in Chinese (Mandarin).

Cognitive training

After the first NPTs session, patients in the intervention group
were introduced to a cognitive training program with the meth-
od of loci (MoL) [13]. The Mol involves teaching patients to
visualize a series of familiar locations, visualize an imagined
word representing each to-be-remembered item, and mentally
place each item into a corresponding location [14,15]. Patients
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(age =60, ASA <IIl)
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|

Figure 1. CONSORT 2010 flow diagram of
patient enrollment, allocation, follow-
up, and analysis.

Allocated to control, n=73 Allocated to intervention, n=74

« Received allocated intervention, n=72
- Did not receive allocated intervention, n=1
(1 surgery canceled)

Lost to follow-up, n=0
Discontinued control, n=0

« Received allocated intervention, n=69
- Did not receive allocated intervention, n=5
(2 surgery canceled; 3 patient$ decision)

ost to follow-up, n=0
Discontinued intervention, n=0

Analysed, n=72
« Exclude from analysis, n=0

nalysed, n=69
« Exclude from analysis, n=0

were trained in individualized sessions at hospital in a quiet
environment for a total of three 1-hour sessions, scheduled
one day apart with the MolL, by a different trained investiga-
tor (A..S. And T.G.X.) who was blind to the study. Before start-
ing of the first session, patients started to practice the tech-
nique of Mol with a list of five paired words (for example.
Fish, ant, airplane, apple,...etc) and were asked to visualize a
familiar geographical environment such as the room arrange-
ment of their house when entered from the front door and
turned in a counterclockwise direction (e.g., dining room, bed-
room, bathroom, kitchen, etc.). Patients were trained so that
they could remember the 5 loci in correct order. The memory
training was performed with five paired words in every ses-
sion as follows: patients were instructed to create an image
for each paired words to be remembered and place images in
the selected loci. For instance, the words ‘tortoise and wash-
basin’ could be linked to the loci ‘dinning-room’ by imagining
that the tortoise is swimming in the washbasin which in the
dining room. During training, participants practiced the mne-
monics while learning paired associates and single words. In
the recall phase, patients were asked to recall the five paired
words in order when mentally retracing the Loci pathway. The
words were common vocabularies chosen from the Modern
Chinese Dictionary. The words were different in every session
but the five distinct loci were the same. The Patients received
less than 3 sessions training would be excluded.

The study was designed as a randomized controlled single
blinded study. Before the preoperative neuropsychological
assessment, Patients were randomly allocated to either inter-
vention group or control group according to a random number
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table by an investigator not clinically involved in our study.
Patients were not told what intervention was being evaluat-
ed, whether it was the neuropsychological assessment or the
cognitive training. The investigator had no contact with pa-
tients after randomization. The trained researchers who per-
formed the screening assessment and the training were blind-
ed to patients grouping.

All surgery was performed with general anesthesia, and there
were no restrictions on the type of anesthesia or postoperative
analgesia. All patients were visited daily during their hospital
stay, and the medical records were reviewed for complications.

Definition and outcome measures

To obtain the “change” score of each cognitive test, we sub-
tracted the raw score of the baseline preoperative test from
the raw score of the postoperative cognitive tests. A postop-
erative deficit in any test was defined as the change scores
were negative and the absolute value of each of these change
scores was larger than one standard deviation (SD) of the base-
line score of the same cognitive test from all subjects. Any pa-
tient having deficit in 2 or more neuropsychological tests was
deemed to have POCD. We used this one SD criterion as de-
scribed in previous studies [12,13,16].

The primary outcome was the incidence of POCD during hos-
pitalization. For the sample size calculation, we calculated that
68 patients per group was needed to detect a reduction in the
incidence of POCD from around 40% to 15% with 80% power
at the 5% significance level.
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Table 1. Baseline characteristics of the patients in the
intervention and control.

Intervention  Control

(n=69) (n=72)

Age (year) 716 70+6
s
Comae 36 (52%) 38 (53%)
 Female 3 (@8%) 34 W%
CHigh@em) 1613181 1621476
Cweightk® 623164 632181
Education (years) 57420 60824
Pain assessments after admission
 Numerical rating scale 24130 25831
AsAphysicalstatus
B 18 (6% 21 (29%)
o 36 (52%) 31 @43%)
e 15 (2% 20 (28%)
Cognitive performance
 MMSE scor) 289515  281:15
o o) 152:45 1558
 DigitpanTest (score) 191822 193417
. BVMTR(scord 103821 102814
o (s S'y'c;jri?iibig&'M;&'a'h{{e';{e';t """"" rerss6  da1ssE
(BS\(/:(A:::)R Delayed Recall Test 34414 3.641.2
Si\gt\:/:;rr-rﬁrlrztcizggnilrﬁ::x (score) leels el
Trail Making Test (score) 193.2433.1 194.5+35.5
© Verbal Fluency Test (score) 453362 447463

ASA — American Society of Anesthesiologist; BVMT-R — Brief
Visuospatial Memory Test-Revised; MMSE — Mini Mental
Examination. Data presented as n (%) or mean (standard
deviation) unless indicated.

Statistical analysis

SPSS 13.0 statistical software for analysis was used. Data were
analyzed using SPSS 13.0 software, and are presented as num-
ber (n)or percentage (%), or mean #+sd as appropriate. We used
chi-square test or Fisher exact test for bivariate of data com-
parison. We modeled the binary outcome of POCD in a logistic

CLINICAL RESEARCH

Table 2. Characteristics of the surgical procedure and
postoperative complications.

Intervention  Control

(n=69) (n=72)
Length of anesthesia (min) 207+61 216+47
lengthof surgery (min) 1 178149 189147
Estimated blood loss () 295:1165 3361128
 Duration of hospital stay (days) 1221419 13.26:12
Postoperative complication ()
© Newological 1A% 2 6%
 Respiatoy 3% 2 6%
 cadiovascular 2 6% 1 0%
©infection 6 (0%  8(11%)
 iUstayfors24h 2 6% 3 (4w

Data presented as n (%) or mean (standard deviation) unless
otherwise indicated.

regression to determine which demographic and perioperative
factors were associated with cognitive decline one week after
surgery. All statistical tests were bilateral probability. P<0.05
for the difference was accepted as statistically significant.

Result

In the present study, a total of 178 patients were assessed for
eligibility. Of them, 21 did not meet the inclusion criteria, 10
refused to participate and 6 did not received allocated inter-
vention. Therefore, a total of 141 patients were enrolled in the
study, with 69 patients in the intervention group and 72 pa-
tients in the control group (Figure 1). The clinical and demo-
graphic characteristics of the patients included in the study
are presented in Table 1. There was no significant differenc-
es in demographic characteristics such as age, gender, body
weight, education or ASA classification between the two groups
(P>0.05). Preoperative pain score and baseline MMSE score
were similar among both groups. No difference was found be-
tween intervention and control groups with regard to the type
of surgery, postoperative complication, length of anesthesia
and surgery, estimated blood loss or length of hospital stay
(Table 2). The number of subjects who had deficit in each cog-
nitive test at one week relative to pre-operation was present-
ed in Table 3. Subjects’ performance in BVMT-R and Symbol-
Digit Modalities Test were improved in the intervention group
which supported by more number of subjects having deficit in
the two tests in the control group than that in the intervention
group (P<0.05). Patients were define as POCD when exhibited
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Table 3. Postoperative cognitive decline incidence and the number of subjects who declined by one SD or more on each cognitive test
at one week relative to pre-operation. Value are number (proportion).

Control Intervention

(n=72) (n=69) 2 * P value
Brief Visuospatial Memory Test-Revised 13 (18%) 4 (6%) 4.993 0.025
 SymbolDigit Modalties Test s 0w 6 0% o150 0698
| BUMTR Recognition Discrimination Index 7 0% 3 @%  1sss 0214
Trail MakingTest 50w 6 % o150 0698
Benton Judgment of Line Orientation Test s w1 % 2611 0106
DigitSpanTest 6 @ 5 0% 008 0810
 SymbolDigit Modalities Test 7 0% 1 % 4506 0034
Verbal FluencyTest 12 %) 9 (3% 036s 0546
* Number of patients who developed POCD (defined by decline 26(361/) 11(159/) """"""" wos e

in two or more cognitive tests)

BVMT-R — Brief Visuospatial Memory Test-Revised; POCD — Postoperative Cognitive Dysfunction. * P value applies to comparison

across groups.

impairment in 2 or more of 8 cognitive tests. Collectively, 11 of
69 patients (15.9%) in the intervention group and 26 of 72 pa-
tients (36.1%) in the control group developed POCD one week
after surgery (P<0.05) (Table 3). We compared the possible pre-
dictors of cognitive decline at one week after surgery between
those who show POCD and those who have no POCD, such as
age, education level, etc. T test analysis found that increasing
age, longer length of anesthesia and surgery, lacking of cogni-
tive training were associated with a significantly higher risk of
POCD (P<0.05) (Table 4). In contrast, gender, education, blood
loss, ASA physical status and baseline MMSE score were not
significantly associated with POCD. Through step-wise multi-
ple logistic regression models, age, length of surgery and cog-
nitive training with Mol were identified as the independent
predictors of POCD (Table 5).

Discussion

In the present study our finding indicated that an early short-
term cognitive training with mnemonic technique such as the
Mol in the preoperative period significantly reduced the inci-
dence of POCD in elderly patients one week after surgery. In
our study, the beneficial effect of cognitive training produc-
es modest gains on the cognitive tests were also demonstrat-
ed in Borella and Becker’s research which focus on healthy el-
ders [17,18]. The total hours of the cognitive training varied
widely between studies, a systematic review by Reijnders et
al. [19] found that cognitive training can be effective in im-
proving various aspects of cognitive functioning and the inter-
vention effect was not significantly related to the total hours

of cognitive training, but may be related to the efficiency of
the intervention we used. The mnemonic skill (MoL) used be-
fore the surgery is based on familiar loci so that it is an easy-
to-use strategy for the elders who have rich life experience
to master this memory training. Visualizing each item within
a location provides cues that can be used at retrieval to dis-
tinguish the sought after item from others stored in memory.
Most patients could understand and practice the Mol well af-
ter 3 sessions training and they reported that this technique
affect their process of memory even after the training, and this
maybe explain why the short term memory training were ef-
fective in reducing the decline of cognitive function in elders.
Meanwhile, age was independent risk factors for POCD devel-
opment. Moller et al. in one of the largest POCD studies, eval-
uated cognitive dysfunction in a multicenter study among el-
derly and his focus was on patients-related risk factors such as
age, and other perioperative causative factors such as hypox-
ia and arterial hypotension [20]. Our study accords well with
the finding of the international study of postoperative cogni-
tive dysfunction (ISPOCD) that advanced age is a risk factor.

At present, the possible mechanism behind cognitive training
strategy may reduce the decline of cognitive function in elders,
built on the premise of cognitive reserve. Cognitive reserve is a
potential mechanism for coping with brain damage, additional
synapsis or increased number of redundant neuronal networks
from the reserve capacity can be a potential mechanism for
coping with brain damage in elderly [21,22]. Hampstead et al.
found that memory training can improve the level of subjec-
tive cognitive function in patients with MCI, and with increase
in the degree of activation of the hippocampus region of the
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Table 4. Predictors of cognitive decline at one week after surgery. Value are number (proportion).

POCD (n =37) No POCD (n =104) x * P value
Age (years) 17.305 0.000
"""" s s o4 ss ()
"""" es70 15 @o% 23 @%
"""" 5017 @ew 26 Qs
CGender . a3 0064
"""" Female 24 (65%) 49 @%
"""" Male 13 @) s GI)
Education(years) 35 030
"""" s a % o1no@w
"""" 6 a@w s 6w
"""" 6o 8 @ew 18 0%
"""" 59 1 o@w 10 0%
"""" length of surgery®) 1387 o001
"""" 23 1 o@ow el %
"""" =418 @ew 38 6%
"""" O 7
length of anesthesia () g711 0013
"""" 23 4@ 3w oeew
"""" 4o TR 46 @
"""" s« 12 @ 20 Q%
CBloodloss 0337 0953
"""" o0 o3 o@% e e
"""" so0-800 4 @® 9 O
"""" goo-1200 1 G® 2 @&
"""" s1200 1 o@G® 2 @
Asaphysicalstatus . am 0250
"""" 5 (3% 34 (3% 5233 0053
"""" N 2 0w 4 @
"""" w10 @ 25 e
Baseline MMSEscore  1es7 0198
"""" 225 29 @sw % @
"""" %3 8 @@ 14 %
CGrouping 7405 0007
"""" Interventiongroup 11 (0% 58 (6%
"""" Controlgroup 26 (0% 46 @a%)

ASA — American Society of Anesthesiologist; MMSE — Mini-Mental State Examination; POCD — Postoperative Cognitive Dysfunction.
* P value applies to comparison across groups.
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Table 5. Multiple logistic regression analysis for the predictors of POCD. The variables firstly included into the analysis model are age,
length of anesthesia and surgery, grouping (intervention or control).

Regression coefficient Wald P value 0Odds ratio (95% Cl)

Age 1.172 15.944 0.000 3.227 (1.816, 5.735)
lengthofsugery 1280 12657 0000 3,600 (1.776,7.297)
Cognitive training with MoL 1215 6607 0010 0.297 (0.117,0.749)

Mol — method of loci. Chi-square=37.166, P=0.000; excluded variable: Length of Anesthesia -2 Log likelihood=124.531, Cox&Snell R

Square=0.233, Nagelkerke R Square=0.340 Backward: LR. * P value applies to comparison across groups.

brain related to further support the plasticity of cognitive func-
tion [23]. Furthermore, major results emerge from cognitive
training studies using techniques such as the MoL. According
to Verhaeghen et al. instruction and practice in a mnemonic
technique such as Mol lead to considerable performance im-
provements in healthy older adults [24]. The focus on simple
bedside prevention technique with cognitive training such as
the Mol in hospital setting may protect to a certain extent the
patient’s cognitive reserve capacity, and enable them to more
effectively respond to the perioperative various factors dam-
age caused by the anesthesia and surgery, this suggest that
elderly surgical patient cognitive function is may be associ-
ated with a reduction but not with a complete loss of cogni-
tive plasticity after surgery or during hospitalization [25,26].

It is therefore unclear whether such mnemonic technique with
cognitive training may help elder surgical patients to protect
certain cognitive plasticity or the changed cognitive function
was due to an obtained in the amount of neuron plasticity
even if some of their cognitive function revert back to normal
and there cognitive deteriorations attenuated on the result
of the NPTs during the first week after surgery. In our study,
POCD was defined when any subject having deficit in two or
more on the NPTSs. Interestingly, patients experienced differ-
ent deficit on the NPTs between the intervention group and
control group, and there were less number of patients having
cognitive decline in BVMT-R and Symbol-Digit Modalities Test
in the intervention group which suggested that subjects’ per-
formance in BVMT-R and Symbol-Digit Modalities Test were
improved by the cognitive training. This improvement in the
cognitive tests may be because of the cognitive training could
benefit patients more in the intervention group, or may be be-
cause of “learning effect” caused by memory training on the
results. Of course, we must acknowledge that the present cog-
nitive training strategy did not develop cognitive function in all
domains (e.g., executive function, memory, attention), rather
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