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Postoperative cognitive dysfunction (POCD) is a common neurological
complication in elderly patients after surgery and general anesthesia. The
occurrence of POCD seriously affects the postoperative recovery of patients,
and leads to prolonged hospital stay, reduced quality of life, increased medical
costs, and even higher mortality. There is no definite and effective drug treatment
for POCD. More evidence shows that perioperative non-pharmacological
intervention can improve postoperative cognitive function and reduce the
incidence of POCD. Therefore, our studies summarize the current non-
pharmacological interventions of POCD from the aspects of cognitive training,
physical activity, transcutaneous electrical acupoint stimulation, noninvasive
brain stimulation, non-pharmacological sleep improvement, music therapy,
environment, and multimodal combination Interventions, to provide more data
for clinical application and research.
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1 Introduction

With an aging population and advances in global healthcare, more elderly patients
are undergoing surgical procedures, and neurocognitive impairment related to surgery
and anesthesia has further attracted widespread attention (1). Postoperative Cognitive
Dysfunction (POCD) is a common neurological complication after surgery and general
anesthesia, which refers to the impairment and regression of cognitive function after
surgery in patients who had no preoperative cognitive dysfunction. POCD often occurs
in elderly patients and is characterized by impaired thinking, memory, orientation, and
executive ability (2, 3). The incidence of POCD has been reported to be 7-35% after
noncardiac surgery (4) and up to 30-80% 1 month after cardiac surgery (5, 6). The
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occurrence of POCD seriously affects the postoperative
recovery of patients, and leads to prolonged hospital stay, reduced
quality of life, increased medical costs, and even higher
mortality (7).

However, the exact mechanism of POCD remains unclear, and
current research has found that it may be associated with many
risk factors, including age, cognitive status, concomitant chronic
diseases, nutritional status, anesthesia, surgery, and pain (8-10).
Current evidence suggests that drug interventions have an
uncertain effect on cognitive impairment (11, 12), so
non-pharmacological interventions for POCD may be an effective
means of prevention and a focus for future research. Many
randomized controlled trials (RCT) and meta-analyses have
shown that non-pharmacological interventions have a positive
effect on the improvement and prevention of POCD (13, 14).
Therefore, our studies summarize the current
non-pharmacological interventions of POCD from the aspects of
cognitive training, physical activity, transcutaneous electrical
noninvasive  brain  stimulation,

acupoint  stimulation,

non-pharmacological sleep improvement, music therapy,
environment, and multimodal combination Interventions, to

provide more data for clinical application and research.

2 Methods
2.1 Search strategy

PubMed and Cochrane databases were searched for studies
published through October 2023. The search terms used were as
follows: (postoperative cognitive dysfunction OR POCD OR
postoperative delirium OR POD OR Perioperative neurocognitive
disorders OR cognitive function) AND (non-pharmacological OR
cognitive training OR cognitive intervention OR physical activity OR
exercise OR acupoint stimulation OR noninvasive brain stimulation
OR repetitive transcranial magnetic stimulation OR transcranial
direct current stimulation OR music OR sleep OR communication).
Only studies written in English are considered. The results of the
Pubmed search are provided in Supplementary file S1. We examined
references to some of the studies to find other relevant papers. We did
not present this study as a systematic literature review, but rather as a
narrative review, given the great heterogeneity of different
interventions and the variety of outcome measures reported in
different studies.

2.2 Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) The intervention group

received one or more perioperative non-pharmacological
interventions. (2) Outcome measures included incidence of POCD,
cognitive function scores, or other evaluations of cognitive function.
(3) This study does not restrict the study population. (4) There are no
restrictions on the type of study, which can be randomized controlled
trials, reviews, meta-analyses, etc.

We excluded studies from which data could not be extracted or

used for analysis.
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3 Results
3.1 Cognitive function training

Cognitive function training has been defined as a training
program that provides structured practice on specific cognitive tasks
to improve cognitive functioning by training patients in cognitive
aspects such as memory, executive processing, language skills,
attention, and perceptual awareness (15). Current studies believe that
the mechanism of cognitive function training to prevent POCD may
mainly be as follows: First, cognitive training may increase the density
of cortical dopamine D1 receptor, and human cognitive function
depends on adequate dopamine neurotransmission (16, 17). Secondly,
some studies have found that cognitive training can improve cognitive
reserve, and the incidence of POCD after surgery has been proven to
be lower in patients with higher cognitive reserve (represented by a
higher educational background). Therefore, cognitive training may
improve POCD by improving cognitive reserve (18, 19). Third,
previous studies have found that cognitive function, perception, and
memory function will gradually decline during the aging process. Still,
the brain retains lifelong plasticity and adaptive reorganization ability,
so the use of appropriately designed training programs can improve
some cognitive functions of the brain (20, 21). At present, there are
various ways of cognitive function training. According to cognitive
training tools, it can be divided into traditional cognitive training
based on paper, pen, reading, reciting, etc., and cognitive training
based on computer programs.

3.1.1 Cognitive training based on traditional
training methods

An RCT of 94 patients undergoing cardiac surgery by Butz et al.
found that 36 min of paper and pen-based cognitive training per day
for 3 weeks post-surgery significantly reduced the incidence of POCD
and remained statistically different 15 months after the intervention
(22). In an RCT of 141 elderly patients undergoing surgery for
gastrointestinal tumors, Saleh et al. found that the incidence of POCD
in elderly patients at 7 days postoperatively could be significantly
reduced by preoperative spatial memory training (23). In addition, in
an RCT of 72 elderly patients undergoing coronary artery bypass
grafting, Li et al. found that preoperative training of patients in
memory, orientation, language, and attention significantly reduced the
incidence of POCD at two weeks postoperatively (24).

A large number of studies have confirmed that the traditional
cognitive training approach can significantly improve postoperative
cognitive function and reduce the incidence of POCD, especially in
elderly patients. In addition, it has advantages in terms of convenience,
economy, and practicality.

3.1.2 Cognitive training based on computer
programs

With the proliferation of computers, cognitive function training
through the use of designed apps is gaining popularity. O’Gara et al’s
RCT of 40 patients undergoing cardiac surgery found that 30 min of
daily training with a mobile phone app in the preoperative period and
for 4weeks postoperatively significantly reduced the incidence of
POCD (25). Song et al’s RCT of 42 lung transplant patients found that
after eight consecutive weeks of 40-min-a-day computer-based
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cognitive training in three cognitive domains, including memory,
attention, and processing speed, beginning at postoperative week 5.
The cognitive training group scored significantly higher than the
control group on both the numerical and verbal fluency tests when
administered at 12 weeks post-intervention (26). However, an RCT of
52 elderly patients by Vlisides et al. found that after 20 min of home
computer-based cognitive training per day for 1week preoperatively,
there were no statistically significant differences between the cognitive
training group and controls when memory, attention, and processing
speed were assessed at 3 days postoperatively (27). In addition, an RCT
of 36 elderly patients undergoing coronary artery bypass grafting by
Greaves et al. found that after 13 weeks of home computer-based
cognitive training targeting 4 domains of attention, memory, reaction,
and executive function, there were no statistical differences between
the cognitive training group and the control group in any of the 4
cognitive domains at the time of discharge, at 4 months after discharge,
and at the time of assessment 6 months later (28).

There is currently a large discrepancy in the outcome performance
of POCD using cognitive training with computer programs, leading
to the following possibilities for inconsistency in POCD outcomes.
First, most of the study participants were elderly, who are usually not
fluent with computers. Second, the cognitive training programs of
Song et al. (26), Vlisides et al. (27), and Greaves et al. (28) were
completed by the patients themselves at home rather than in the
hospital using computers, which exacerbated the low compliance of
the elderly patients. Therefore the effectiveness of the cognitive
training was greatly diminished. The study by Vlisides et al. (27)
mentioned that only 5 (out of 29) completed all the cognitive training,
and the study by Humeidan et al. (29) mentioned that only 11 (out of
125) completed all the cognitive training, which confirmed the low
adherence to computerized cognitive training in elderly patients.
Thirdly, the sample sizes of the studies by Vlisides et al. (27) and
Greaves et al. (28) were small, which reduced the strength of the
evidence for the outcome. The use of computer programs has the
advantage of portability compared to traditional cognitive training
methods, but their utility and cognitive training effectiveness for older
adults are controversial, so this needs to be validated in more RCTs.

3.2 Transcutaneous electrical acupoint
stimulation

Transcutaneous electrical acupoint stimulation (TEAS) is an
important part of traditional Chinese medicine in China (30). TEAS
is an emerging acupuncture therapy guided by the meridian theory of
Chinese medicine and combined with transcutaneous electrical nerve
stimulation technology. TEAS uses noninvasive electrical stimulation
technology to add perceptible pulsed stimulation to electrodes placed
on the surface of acupoints. Unlike conventional acupuncture, TEAS
does not puncture the skin and avoids the risk of infection to a large
extent (31). TEAS can play a protective role in the brain by hindering
microglia activation, reducing oxidative stress, inhibiting central and
peripheral inflammatory responses, and lowering inflammatory factor
levels (32).

Hua et al’s RCT of 97 elderly patients undergoing thoracoscopic
surgery found that after TEAS from 30 min before until the end of the
procedure, the TEAS group had significantly higher scores on the
mini-mental state examination (MMSE) scale than the control group
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on days 1, 3, 5, and 7 postoperatively (33). An RCT of 84 elderly
patients undergoing total intravenous anesthesia by Wu et al. found
that after TEAS during surgery, MMSE and Montreal cognitive
assessment (MoCA) scores were significantly higher in the TEAS
group than in the control group at 1, 3, and 7 days postoperatively
(34). In addition, a meta-analysis including 13 RCTs with a total of 999
elderly patients found that the incidence of POCD in the TEAS group
was significantly lower than that in the control group at 3 months
postoperatively, and subgroup analyses showed that patients in the
TEAS group had a lower incidence of POCD than those in the control
group in both orthopedic and abdominal surgery (35). Zhang et al’s
meta-analysis including 29 RCTs with a total of 1994 patients similarly
found that the incidence of POCD was significantly lower in the TEAS
group than in the control group at 1, 3, and 7 days postoperatively (36).

It has been widely verified that TEAS can reduce the incidence of
POCD, and it has the advantages of painlessness, parameter
unification, simple operation, and safety, so it is worthy of extensive
clinical promotion (37).

3.3 Noninvasive brain stimulation

Noninvasive brain stimulation may improve cognitive function by
modulating the excitatory of cortical neurons, enhancing the sensory-
motor network, the left fronto-parietal network, and the functions
related to the level of consciousness (38, 39). There is evidence that
noninvasive brain stimulation enhances cognitive abilities, including
memory, attention, and perception (40, 41).

Repetitive transcranial magnetic stimulation (rTMS) and
transcranial direct current stimulation (tDCS), as the two main
noninvasive and safe brain stimulation techniques, are now widely
used in the diagnosis and treatment of various neuropsychiatric
disorders. A meta-analysis of 438 participants found that rTMS
improved cognitive function for one month in patients with mild
cognitive impairment and Alzheimer’s disease (42). Tao et al’s RCT of
122 elderly patients undergoing orthopedic surgery found that 20 min
of tDCS during tracheal extubation significantly reduced the incidence
of postoperative delirium (POD) at 3 days postoperatively (43). Wu
et al. selected POCD-susceptible mice for rTMS 10days before
surgery, and neurocognitive assessment on days 3 to 10 after surgery
found that rTMS significantly improved postoperative cognitive
decline and spatial memory impairment in mice (44).

There have been many studies demonstrating that noninvasive
brain stimulation can improve cognitive function in patients with
mild cognitive impairment and Alzheimer’s disease (45-47), but there
is not enough data to support the prevention and treatment of POCD
for the time being, which needs to be explored in more RCTs.

3.4 Physical activity

Physical activity is widely believed to have positive health benefits
and is associated with improved cognitive function and brain health
(48). Trubnikova et al’s RCT of 97 patients undergoing coronary
artery bypass grafting found that aerobic running for 5-7days
preoperatively significantly reduced the brain’s susceptibility to
ischemia and lowered the incidence of POCD for 7-10days
postoperatively (49). In a retrospective study of 151 patients,
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Yanagisawa et al. found that low preoperative physical activity was an
independent predictor of POD in patients with gastrointestinal
tumors (50). Chapman et al. found that shorter periods of aerobic
exercise can also aid in neurological recovery, improve cognitive
function, and benefit brain health (51).

In general, although many hypotheses have been proposed
regarding the improvement of cognitive function by physical activity
(52), they have not been confirmed, and RCTs directly evaluating the
effect of physical activity on POCD are relatively few. In addition,
physical activity intensity and physical activity type have different
effects on POCD improvement, and further research is needed to
determine which exercise mode is more effective for POCD high-
risk groups.

3.5 Non-pharmacological sleep
improvement

Postoperative patients often suffer from sleep disturbances. Poor
sleep quality is closely associated with the development of POCD, and
improving sleep is an important part of POCD prevention strategies
(53). Maintaining a quiet and dimly lit environment on the ward,
reducing distractions from nighttime nursing activities, and using eye
masks and earplugs are some common measures (54). A meta that
included 1,455 patients found that the use of earplugs at night in ICU
patients significantly reduced the incidence of delirium (55). Kamdar
et al. found that using a combination of sleep-promoting measures for
ICU patients significantly improved sleep disturbances and reduced
the incidence of delirium. These measures included turning off the
television, dimming the lights, reducing nursing activities, using
earplugs, and eye masks, and playing soothing music (56). Menger
et al. found that the use of earplugs in patients on the first night after
cardiothoracic surgery significantly improved sleep quality as well as
patient satisfaction, reduced pain intensity, facilitated postoperative
recovery, and reduced hospitalization costs (57). However, some
studies have found the opposite conclusion. Leong et al. found that the
use of earplugs and eye masks did not help to improve sleep quality in
100 patients undergoing abdominal surgery 1-3days after
surgery (58).

For post-surgical patients, the effect of using non-pharmacological
sleep interventions on improving POCD remains inconclusive.
Studies directly examining the effects of nonpharmacologic sleep
so the effects of
non-pharmacological sleep aids on POCD need to be further explored.

interventions on POCD are still scarce,

3.6 Music therapy

Music therapy is the use of music and rhythm to treat physical and
psychological disorders (59). Music therapy has the function of
regulating mood and stress and reducing the release of inflammatory
factors (60). Khan et al’s RCT of 200 coronary artery bypass grafts
found that listening to music on headphones for 1h per day for one
week postoperatively significantly reduced the incidence of POD (60).
An RCT of 115 surgical patients with type A aortic coarctation by Wu
et al. found that Beck’s cognitive training combined with music
therapy for two months postoperatively significantly reduced the
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incidence of POCD (61). A meta-analysis by Golubovic et al. found
that music therapy can significantly reduce the incidence of
POCD (62).

Music therapy has the feasibility of clinical application, with a
simple and cost-effective process and objective and stable results,
providing new evidence for perioperative non-pharmacological
interventions to improve cognitive function. However, there are
relatively few studies evaluating music therapy for POCD. In addition,
the effect of the timing, duration, and choice of music intervention on
POCD improvement remains unclear.

3.7 Environment

Enrich environment has profound effects on the central nervous
system of adults. Several studies have found that an enrich
environment alters animal behavior and improves cognitive function,
especially learning and memory (63). In some animal model studies,
it has been found that environmental states that provide animals with
more sensory stimulation can increase their spatial memory capacity,
and cognitive functioning (64, 65). However, studies investigating the
Enrich environment and POCD in humans are scarce. For
perioperative patients, an appropriate environment may improve
postoperative cognitive function.

3.8 Multimodal combination of
non-pharmacological interventions

To further improve the effect on postoperative cognitive
function, many studies have used multiple intervention modalities.
Some studies have explored the effects of cognitive training
combined with physical activity on POCD. Duan et al’s RCT of 86
elderly patients undergoing orthopedic surgery found that 30 min
of reading-based cognitive training per day perioperative period
combined with 40 min of physical activity per day postoperatively
significantly reduced the incidence of POCD within 1week
postoperatively (66). Linying found that intellectual training
combined with physical activity was effective in reducing the
incidence of postoperative inflammatory factors and POCD in
elderly patients undergoing fracture surgery (67).

Elderly people have special characteristics such as the coexistence
of multiple diseases, and deterioration of body functions and cognitive
functions, so the risk of POCD and its severity increase accordingly.
The Hospital Elder Life Program (HELP)
multidisciplinary, collaborative strategy that has been shown to

is a targeted,

be effective and cost-efficient in preventing delirium, cognitive
decline, and other common complications in hospitalized older adults
(68-70). HELP is a combination of multiple non-pharmacological
interventions, including orientation training, cognitive training, early
activity, sleep assistance, visual stimulation, auditory stimulation,
dietary guidance, and early multidisciplinary consultation. A meta-
analysis of 3,605 patients found that HELP-based interventions
reduced the odds of delirium by 45% and significantly reduced the
length of hospitalization (71). Wang et al. found that HELP was
effective in reducing POD, improving postoperative cognitive
function, and shortening the length of hospitalization in elderly
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patients (72). Liang et al. found in 140 elderly fracture patients that
modified HELP significantly improved cognitive function at 1 and
12 months after surgery (73).

4 Limitations

This study had some limitations. First, the mechanisms by which
many non-pharmacological interventions improve cognitive function
remain unclear. Secondly, some studies have shown contrary results,
and the effectiveness of interventions still needs to be validated in
more large-sample randomized controlled trials. In addition, some
interventions have less research data, which still needs to be validated
in more studies. Another limitation is that only two databases were
used for the literature search.

10.3389/fneur.2024.1369821

5 Conclusion

With the increasing demand for perioperative comfort treatment,
more studies have begun to focus on postoperative complications (74).
The pathogenesis of POCD, one of the most common postoperative
complications, is not fully understood, and there are no specific drugs
for POCD. Therefore, this study summarized the perioperative
non-pharmacological interventions regarding POCD by reviewing the
literature, including cognitive training, physical activity,
transcutaneous electrical acupoint stimulation, noninvasive brain
stimulation, non-pharmacological sleep improvement, music therapy,
environment, and multimodal combination Interventions. All of these
interventions have been shown to be effective in slowing disease
progression and improving postoperative cognitive function (Table 1).

In addition, non-pharmacological interventions have become a hot

TABLE 1 The non-pharmacological treatment for postoperative cognitive function.

Intervention Author Sample size Conclusion Main positive Limitations
(number) outcomes
Cognitive function ®Saleh (23) @141 ®Reduce the incidence of POCD at 7 days Convenient, cost- Attention to older adults’
training @O’'Gara (25) @40 postoperatively. effective, practical lack of proficiency in
@Reduce the incidence of POCD at discharge. | and remarkably computer-based cognitive
effective. training.
Transcutaneous ®Zhang (36) ©1994 ®Reduce the incidence of POCD at 1, 3, and Painless, easy to Mechanisms need to
electrical acupoint 7 days postoperatively. perform, safe and be further explored.
stimulation effective.
Noninvasive brain ®Xie (42) ®438 @rTMS improved cognitive function for one It has the potential to | Clinical data related to
stimulation @Tao (43) @122 month in patients with mild cognitive improve POCD are scarce and
impairment and Alzheimer’s disease. postoperative require further validation.
@tDCS during tracheal extubation significantly | cognition.
reduced the incidence of POD at 3 days
postoperatively.
Physical Activity @Trubnikova (49) @97 @Aerobic running for 5-7 days preoperatively It has the potential to | The exact effects and
@Yanagisawa (50) @151 significantly reduced the incidence of POCD improve mechanisms still need to
for 7-10days postoperatively. postoperative be further explored.
®Low preoperative physical activity was an cognition.
independent predictor of POD in patients with
gastrointestinal tumors.
Non-pharmacological = ®Menger (57) @63 @The use of earplugs in patients after Several studies have The conclusions vary from
sleep improvement @Leong (58) ®100 cardiothoracic surgery significantly improved demonstrated its study to study and further
sleep quality, reduced pain intensity, and effectiveness in exploration of the effects is
facilitated postoperative recovery. improving cognitive still needed.
®@The use of earplugs and eye masks did not function.
help to improve sleep quality undergoing
abdominal surgery 1-3 days after surgery.
Music therapy ®Khan (60) @200 @Listening to music on headphones for 1hour | Feasibility, simplicity, | Little research data.
®@Golubovic (62) @499 per day for one week postoperatively low cost and
significantly reduced the incidence of POD. significant results.
®@music therapy can significantly reduce the
incidence of POCD.
Environment ®Hua (65) @Not applicable | ®Environmental states that provide animals Animal experiments Little research data.
with more sensory stimulation can increase have demonstrated its
their spatial memory capacity, and cognitive effectiveness and
functioning. mechanism.

r'TMS, Repetitive transcranial magnetic stimulation. tDCS: transcranial direct current stimulation.
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research topic in recent years because they are usually low-cost, easy
to implement, and have few adverse effects. However, there is still
controversy about the therapeutic effects of different studies on the
same method. Influencing factors that lead to differences in efficacy
may be different ages, literacy levels, intensity of the intervention, and
outcome assessment indicators. In future studies, it is necessary to set
more uniform study inclusion criteria to achieve higher comparability
of efficacy. In addition, many studies have only evaluated the short-
term cognitive function after surgery, and the long-term effects on
cognitive function improvement have yet to be verified. Therefore,
future studies can continue to explore the potential mechanisms of
nonpharmacologic interventions for the prevention of POCD and
investigate more forms of non-pharmacologic interventions, which
will have a great deal of room for development and prospects.
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