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Patients With Breast Cancer
Receiving Chemotherapy: Effects
of Multisensory Stimulation
Training on Cognitive Impairment

Zeyuan Li, BS, Xijun Hao, MS, Ping Lei, MD, PhD, Lizhi Zhou, MS, Changxiang Chen, MS, Tingting Tan, MS, and Liming Yue, BS, RN
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BACKGROUND: Patients with breast cancer

receiving chemotherapy can experience
chemotherapy-related cognitive impairment (CRCI).

OBJECTIVES: This study observed the interven-
tional effects of multisensory stimulation training
on CRClin patients with breast cancer receiving
chemotherapy.

METHODS: Eighty patients with breast cancer
receiving chemotherapy at a grade A tertiary
hospital in Tangshan City, Hebei Province, China,
were divided into two intervention groups (audio-
visual and multisensory) by random sampling (40
patients per group).

FINDINGS: After four intervention cycles, partic-
ipants’ cognitive and executive function scores
were higher in the multisensory group than in

the audiovisual group. Multisensory stimulation
training had stronger effects than audiovisual
training and effectively attenuated CRCl and
executive dysfunction caused by breast cancer
chemotherapy. Given the convenience and ease of
use, multisensory stimulation has good potential
for application in clinical practice.

KEYWORDS
breast cancer; cognitive impairment; au-
diovisual training; multisensory stimulation
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BREAST CANCER IS CAUSED BY ABNORMAL PROLIFERATION of breast epithelial tissue
cells that cause malignant transformation, and its incidence has risen steadily
(Zeng et al., 2017). Chemotherapy is commonly used pre- and postsurgery for
patients with breast cancer, and the chemotherapy regimens are mainly based
on anthracyclines (Li et al., 2018). Patients often experience reduced quality of
life (QOL) from adverse side effects. Therefore, postoperative nursing care for
this population has gained increased attention.

Chemotherapy-related cognitive impairment (CRCI), sometimes known as
“chemobrain,” is a common side effect and an issue in patients with breast
cancer (Kovalchuk et al., 2017). CRCI clinically manifests as verbal memory
decline, information processing speed decrease, confusion of thinking, and
the decline of executive function and visuospatial ability (Bompaire et al.,
2017). Kaiser et al. (2014) found that 14%-85% of patients experienced defi-
cits in attention, memory, executive control, and handling speed of life events
following chemotherapy. Chemotherapy also led to a progressive decline in
cognitive functioning in patients with breast cancer, with peak decline occur-
ring during cycles 3-5 (Lange et al., 2019). CRCI substantially affects patients’
short- and long-term recovery and QOL. Memory dysfunction is an initial
symptom of CRCI (Nott & Glass, 2018) and can trigger mental disorders,
including depression and anxiety, which affects patients’ recovery and QOL.
Kesler et al. (2013) tested a computerized cognitive training program for breast
cancer survivors receiving chemotherapy, finding significant improvements
in memory and attention. Other studies demonstrated therapeutic effects of
audiovisual training on cognitive functioning recovery among patients who
had a stroke (Chen & Mao, 2016; Zhang, Chen, et al., 2016). The authors of
the current study developed a multisensory stimulation training program that
consists of visual, auditory, tactile, and olfactory training techniques to atten-
uate CRCI and executive dysfunction in patients with breast cancer receiving
chemotherapy. The results provide a scientific basis for the clinical application
of such training to enhance patients” QOL.

Methods

Sample and Setting

Eighty patients with breast cancer receiving chemotherapy at Tangshan
People’s Hospital, a grade A tertiary hospital in Tangshan, Hebei, China,
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between March 2018 and April 2019 were recruited for par-
ticipation. Inclusion criteria were (a) having received two
chemotherapy cycles, with the total number of prescribed cycles
being 6 or more of the ACT (epirubicin, cyclophosphamide, and
docetaxel) chemotherapy regimen; (b) being aged 18-60 years;
(c) having a Montreal Cognitive Assessment score of less than
26; and (d) providing informed consent to participate. Patients
with severe vision or hearing loss, a history of mental disease,
or severe physical or mental illness were excluded. Participants
were randomized into audiovisual (n = 40) and multisensory (n =
40) intervention groups. Demographic information, including
the participants’ ages and occupations, did not differ significantly
between groups (see Table 1). The study was approved by the hos-
pital’s ethics committee (No. RMYY-YWLL-2018-17).

Procedures

NURSE TRAINING: Through intensive training, nurses are
expected to know how to use assessment tools and master the
standard intervention methods. A WeChat group was created to
facilitate communication between the researchers and patients,
allowing the researchers to be informed of the everyday training
of patients at home.

PARTICIPANT TRAINING: The experimental (multisensory)
and control (audiovisual) groups of patients with breast cancer
received routine nursing and audiovisual training; however,
the experimental group also received multisensory stimulation
training consisting of olfactory and tactile stimulation.

Based on the 66nao Brain Training system developed by
Wispirit Tech, the audiovisual training was comprised of three
modules: photo-name matching, listen and link, and sequence
memory (Kesler et al., 2013). The photo-name matching module
was designed to train patients’ ability to recognize faces, match
photos and names, and improve delayed recall memory. The listen
and link module trained patients’ semantic processing ability
and working memory. Finally, the sequence memory module
focused on training patients’ memory and execution capability.
Researchers could log into the system and check patients’ daily
training and the duration of time patients were hospitalized. After
patient discharge, the researchers could communicate with the
patients and their families, supervise the exercises, and ensure
the effectiveness of the training using WeChat or telephone. One
treatment cycle lasted for 26 days, consisting of 5 days of hospi-
talization for routine treatment and 21 days of rest at home. The
stimulation training lasted for 20 minutes each day. The cycles of
treatment were repeated four times.

The multisensory group received the audiovisual interven-
tion and an intervention component that consisted of scalp
tactile stimulation and tactile training with objects. The scalp
tactile stimulation involved three steps. First, participants were
instructed to keep their fingers adducted together and massage
the temples in the clockwise and anticlockwise direction. Second,

“Multisensory
stimulation training
was more robust
and provided
better results than
audiovisual training
alone.”

they used their ring finger to press the forehead area from the gla-
bella to the Baihui acupoint at the top of the head, then along the
midline and continuing downward to the Fengchi acupoint at the
nape of the neck. Third, they used their fingertips on both hands
to gently comb the head, starting at the forehead and moving
toward the back of the head (see Table 2 and Figure 1). The tactile
training with objects involved two different objects being placed
in a cardboard box for the patients to feel the size, temperature,
and texture using both hands (Dacleu Ndengue et al., 2017).

The multisensory group also participated in an intervention
method that comprised olfactory memory stimulation training
and olfactory stimulation training during bedtime. The olfactory
memory stimulation training involved the nurses preparing two
test strips infused with different essential oils. One test strip was
placed under the nose for 20 seconds, so the patient could mem-
orize the scent. After two minutes, the participant smelled the
other test strip. After five minutes, the patient was asked to name
the two essential oils in order. During bedtime, the olfactory stim-
ulation training comprised of nurses lighting a lavender-scented
candle and placing it beside the participant’s bed while relaxing
music was played. Patients engaged in diaphragmatic breathing
for 10 minutes (Hassanzadeh et al., 2018).

The tactile and olfactory stimulation trainings were performed
once a day for five consecutive days, lasting for 10 minutes each
time. These cycles were repeated four times.

Assessment

The CRCI and executive functioning of the participants in both
groups were assessed before the stimulation training and after
four cycles of stimulation training, using the second edition of
the Rivermead Behavioural Memory Test (RBMT-II) (Gao et
al., 2018) and the Behavioural Assessment of the Dysexecutive
Syndrome (BADS) (Wilson et al., 1997). The RBMT-II consists
of 12 subtests, including remembering names, remembering
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TABLE 1.

SAMPLE CHARACTERISTICS BY GROUP

TABLE 1. (CONTINUED)
SAMPLE CHARACTERISTICS BY GROUP

AV MS AV MS
CHARACTERISTIC (N =40) (N =40) x2 p CHARACTERISTIC (N =40) (N =40) x2 p
Age (years) 0.189 0.828 Payment method for
medical expenses 0765 0.543
18-30 1 -
Urban Employee Basic 16 14
4 31-45 4 8 Medical Insurance
: 46-60 35 3 Urban Resident Basic 23 2
e Medical Insurance
¢ Residential area
g Missing data 1 2
o Urban 19 19 0.067 0.967
2 21 U.S. dollar is equivalent to about 6.4 Chinese yuan.
) Rural 21 21 AV—audiovisual; MS—multisensory; TNM—tumor, node, metastasis
2 Marital status 1071 0.585
L Married 58 36 hidden belongings, and picture recognition. Total scores range
% Single or widowed P 4 from o to 24, with lower scores indicating worse executive func-
g tion (Rosenblatt, 2011). BADS consists of six subtests, including
g Education level 0.594 0.964 rule-shift cards, action program, and temporal judgment (each
g Elementary school or below 27 24 ranging from o to 4 points). Total scores range from o to 24, with
g lower scores indicating more flawed executive function.
z Middle school 10 13
2 High school or above 3 3 Data Analysis
= - Analyses were performed using IBM SPSS Statistics, version 23.0.
g rlc‘:‘li':z?:l;u:’;;?thly income 2.066 0.914 Characteristics between groups were compared using a chi-square
g test, and test scores were expressed as means and standard devi-
é 3,000 or less 5 5 ations. Inter- and intragroup comparisons were performed using
g 3,001-4,000 13 16 independent and paired-samples t tests, respectively. Differences
z were considered statistically significant at p < 0.05.
8 4,001-5,000 19 20
g 5,001 or greater 3 1 Results
5 RMBT-II
8 Nature of work 3644 0456 Table 3 shows participants’ pre- and postintervention RBMT-II
o
2 Brain-intensive 14 20 scores. Preintervention, the standardized RBMT-II subtest and
2 total scores did not differ significantly between groups. After four
5 Labor-intensive 25 20 . . . . . .
! intervention cycles, the multisensory intervention group had sig-
% Missing data 1 - nificantly higher scores on 11 subtests and a significantly higher
S suraical p 0346 0841 total score than the audiovisual group (all p < 0.05). In the audio-
g urgical procedure i i visual group, scores for eight subtests and the total RBMT-II
8 Modified radical mastectomy | 33 32 score significantly increased postintervention. In the multisen-
g sory intervention group, all RBMT-II scores were significantl
S Simple mastectomy 7 8 .ry . & . P 8 Y
= higher postintervention.
g TNM stage 0.181 0.966
: | 18 18 BADS
E On BADS, preintervention, the subtest and total scores did not
% I 18 17 differ significantly between groups (p > 0.05). After four interven-
£ I 4 5 tion cycles, the multisensory intervention group had significantly
e higher scores in four tests and a higher total BADS score than the
Continued in the next column audiovisual group (p < 0.001). In both groups, the postintervention
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TABLE 2.
SCALP TACTILE STIMULATION POINTS

ACUPOINT LOCATION INDICATION FUNCTION
The center of the head, the Rising yat_ng and soli?ify{ng,
: ) ' invigorating yang; clearing
Baihui ggfﬁ;!ggig{]meptg: defl':Z a;/vay f;;e]at ;and gesyscitzting,
' strengthening brain an
center of the head colaterals
Under the occiput behind the ’ .
neck, flat with the lower edge aRre]gei\rf \pgcg'edg;r tr?:gegg’
Fengchi of the mastoid process, and the bra‘i)n and gcti\?até thpe
g;ep éa;i[]ilc?:pressmn of the collaterals
Between the brow and the Wake up the mind and clear
Temple outer corner of the eye, then the eyes; dispel wind and
P move back 1 inch into the relieve pain; clear up block-
depression on the skull age and eliminate trouble

scores for four subtests and the total score were significantly higher
than preintervention scores (p < 0.01 for the audiovisual group; p <
o.001 for the multisensory intervention group).

Discussion

The results showed that multisensory stimulation training was
more effective than audiovisual training in memory restoration
and executive function enhancement. Potential mechanisms of
action are discussed in this section.

The photo-name matching module is training for delayed
memory. The first recognition picture information is trans-
mitted to the hippocampus through neurons to form short-term
memory. This process calls forth the remaining information in the
hippocampus. Repeated introduction, turnover, and output can
strengthen the excitability of synapses in the hippocampus. The
more the same stimulus is received, the closer the neural path-
ways are connected, and the final form is permanent (Bobkova
etal., 2018).

The audiogram connection module uses the connection
between things to memorize through association. When the
systematic recording along the auditory nerve afferents to the
posterior cortical area of the brain, it will respond to the listened
words; that is, it is associated with memory traces or experiences,
so the words correspond to specific items. When the game allows
the patient to select the same category as the recorded words, it
requires the patient to think of another thing related to the cur-
rent perceived thing. Because of the strong integration function
of the audiovisual center, it stimulates the continuous discharge
between the dorsolateral and right anterior frontal cortex, so the
body’s cognitive memory of external information is complete and
comprehensive (Kato & Caplan, 2017).

Calming a patient’s emotions is also a potential mechanism.
The emotional trauma of a cancer diagnosis and the physical dis-
comfort caused by chemotherapy side effects can lead to feelings
of extreme sadness and depression, aggravating CRCI (Dong et
al., 2016). In the current study, the audiovisual training modules
created a lively atmosphere that alleviated participants’ feelings
of stress and dullness. The physical and mental comfort expe-
rienced by patients promoted the secretion of large amounts
of endorphins by the pituitary gland, contributing to emotional
reactions, alleviating anxiety and depression, regulating cardio-
vascular and respiratory functions, increasing cerebral blood
flow, and promoting hippocampal glucose metabolism. All of this
could have attenuated chemical damage to the cognitive function
(Zhang, Zong, et al., 2016).

Self-worth manifestation may be involved as a mechanism.
The games provided morale-boosting effects through sound
effects such as “great job!” and “congratulations, you got it right
again!” after successful task completion. Appropriate recognition
of performance led to continuous enhancement of participants’
self-esteem and self-confidence, lessening adverse effects on
cognitive and psychological state, aiding CRCI and executive
function recovery to a certain extent.

Odors are potent stimulants that can arouse emotions and
provide support for learning and memory. The neural basis for
such strong odor-emotional memory connections is deter-
mined by the unique anatomical characteristics of the olfactory
pathway (Aydin Yildirim & Kitis, 2020). In the olfactory memory
stimulation training task, nurses provided olfactory stimula-
tion to participants using two different essential oils, activating
the neural network between axon terminals and dendrites.
Consequently, neurons with identical receptors became engaged
in neuronal population activity, leading to direct transmission of

FIGURE 1.
SCALP TACTILE STIMULATION POINTS

L J
Baihui
acupoint

‘\\ Fengchi
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odor information to the limbic system, increasing the excitation = provide nerve-calming and sleep-promoting effects (Song et al.,
level in the limbic system and enhancing memory effects (Liu et 2018). The olfactory stimulation training during bedtime was a
al., 2016). Scented candles made with natural essential oils can  relaxation therapy method. When participants were supine and

TABLE 3.
PRE- AND POSTINTERVENTION SCORES OF MS AND AV GROUPS FOR RBMT-II AND BADS

PREINTERVENTION POSTINTERVENTION

AV GROUP (N = 40) MS GROUP (N = 40) AV GROUP (N = 40) MS GROUP (N = 40)
VARIABLE X sD X sD X sD X sD
RBMT-II
Remembering names 153 0.56 153 0.506 173 0.452 1.95b0¢ 0.221
Remembering hidden items 143 0.501 148 0.506 1.7 0.464 1.930¢ 0.267
Remembering an appointment 148 0.505 135 0.483 1.65° 0.483 1.90¢ 0.304
Picture recognition 1.58 0.501 1.63 0.49 153 0.506 1.88°¢ 0.335
Facial recognition 16 0.496 16 0.496 173 0.452 20¢ 0.0
Immediate story recall 163 0.49 163 0.49 165 0.483 1.90¢ 0.304
Delayed story recall 11 0.34 1.03 0.53 14 0.496 1.78b¢ 0.423
Orientation 143 0.501 145 0.504 153 0.506 1.8%¢ 0.405
Date 173 0.452 175 0.439 175 0.439 1.930¢ 0.267
Immediate route recall 17 0.464 1.68 0.474 148 0.506 1.880¢ 0.335
Delayed route recall 1 0.706 1.03 0.733 1.25° 0.439 1.70¢ 0.464
Message recall 148 0.599 158 0.594 1.68° 0.474 1.83¢ 0.385
Total score 17.7 2.614 17.68 2.639 19¢ 2.148 22.450¢ 16
BADS
Rule-shift cards 2.2 0.853 2.1 0.778 2.53¢ 0.554 3.05¢ 0.639
Action program 15 0.599 142 0.594 1.85¢ 0.533 2.8¢f 0.687
Key search 138 0.74 1.28 0.599 1.83¢ 0.549 2.10¢f 0.496
Temporal judgment 2.18 0.813 217 0.813 2.08 0.694 1.88 0.648
700 map 0.95 0.504 0.88 0.686 0.9 0.591 1.05 0.677
Modified six elements 2.43 0.781 2.25 0.84 2.78° 0.62 3.58¢ 0.501
Total score 10.63 1917 10.1 2.134 11.95¢ 1449 14.45¢f 1.568

?p < 0.05 when the pre- and postintervention RBMT-Il scores of the AV group were compared

®p < 0.05 when the postintervention RBMT-II scores of the MS and AV groups were compared

¢p < 0.01 when the pre- and postintervention RBMT-II scores of the MS group were compared

9p < 0.01 when the pre- and postintervention BADS scores of the AV group were compared

¢p < 0.05 when the postintervention BADS scores of the MS and AV groups were compared

fp < 0.001 when the pre- and postintervention BADS scores of the MS group were compared

AV—audiovisual; BADS—Behavioural Assessment of the Dysexecutive Syndrome; MS—multisensory; RBMT-II—Rivermead Behavioural Memory Test-second edition
Note. Scores on RBMT-Il and BADS range from 0-24, with higher scores indicating worse or more flawed executive function.
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engaged in diaphragmatic breathing, information regarding the
aromatic compounds was transmitted by olfactory receptor cells
in the nose to the brain, triggering the secretion of enzymes and
hormones by the pituitary gland. Simultaneously, activity levels
in the parasympathetic nervous system and related functions
increased. In a state of deep relaxation, participants’ energy con-
sumption decreased, which increased the myoglobin level and
oxygen-carrying capacity of the blood, leading to a high blood
oxygen level in the brain, which was conducive to brain tissue
reconstruction (Bar et al., 2020; Laventure et al., 2016).

Tactile sensations are mainly responsible for transmitting
varying sensory information to the central nervous system,
which transmits the information to the relevant brain areas
(Berkheimer et al., 2017). During tactile training, different objects’
temperatures and textures acted as stimuli to tactile receptors
on participants’ skin. When the neurons detected stress level
changes, minute electrical signals were transmitted via nerve
fibers to the brain to regulate the vestibular nuclei reaction to
the tactile stimulation, leading to effective connections between
tactile nerves and brain areas involved in information processing,
enhancing cognitive ability (Szameitat et al., 2016). The temples,
Baihui acupoint, and Fengchi acupoint with tactile stimulation of
the scalp are all related to cognitive function (Chen et al., 2019).
The local scalp acupressure implemented in this study can stim-
ulate brain nerve cells, accept impulses, release transmitters, and
affect target organs to achieve the purpose of improving brain
function, refreshing the brain, and improving the cognitive func-
tion of patients (Feng & Wang, 2015).

Limitations

This study has several limitations that merit discussion. In the
current study, the sample included only 8o patients with breast
cancer aged 18-60 years who were hospitalized for chemother-
apy, and those receiving chemotherapy in outpatient clinics were
not included. Therefore, generalizability is limited. Because older
adults in China have limited use of smartphones, restrictions were
placed on the age of the target population. As the effectiveness of
this intervention reveals, future research by the study team will
also include outpatients receiving chemotherapy, and the age range
will be extended to increase the sample size and verify the current
findings regarding multisensory stimulation training.

Implications for Nursing

Multisensory stimulation training has a specific effect on CRCI and
execution function of patients with breast cancer receiving chemo-
therapy. A relaxed and pleasant atmosphere can ease the patient’s
tension and anxiety. In addition, the intervention is not only enjoy-
able, but also simple to understand. It does not require patients to
be of a certain age or have a certain education level, and no train-
ing is needed. It can make full use of common items, reduce the
consumption of human and material resources, and reduce the use

IMPLICATIONS FOR PRACTICE

rate of medical resources. Combined with the network platform
system, it is scientific and accurate. It provides a new interven-
tion method for hospitals at all levels, particularly for grassroots
community health centers, to accelerate rehabilitation treatment,
enhance the confidence and safety of patients, reduce the psycho-
logical and mental burden of patients, and improve satisfaction
with QOL and social communication ability. This intervention can
broaden the breadth and depth of the nursing profession, make
nursing work more professional, reflect the value of nursing, and
accelerate the development of tumor rehabilitation.

Conclusion

The research group innovatively applied comprehensive multi-
sensory training to the population of patients with breast cancer
receiving chemotherapy, and it significantly improved cognitive
and executive function. The current study shows that multisen-
sory stimulation training was more robust and provided better
results than audiovisual training alone. It provides a new rehabil-
itation theory base and clinical application methods for patients
with breast cancer experiencing CRCI.
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