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Background: Our study aims to investigate the role of segmental multi-frequency bioelectrical impedance analysis (SMF-
BIA) in the monitoring of upper limb water changes of patients with breast cancer before and after surgery to
aid in establishing a new approach to preventing lymphedema.

Material/Methods: This study included 442 female patients with breast cancer. We used SMF-BIA to monitor changes in body com-
position. Data were collected 1 day before surgery and 7 days and 3 months after surgery.

Results: The average body mass index (BMI) of patients was normal but, in 22.8% of patients, the percentage of body
fat exceeded the average, which is known as invisible obesity. Moreover, the weight, BMI, basal metabolic rate,
inorganic salt content, muscle content, total body water, and extracellular water of patients increased 7 days
after surgery (P<0.05), but recovered to preoperative levels within 3 months. In addition, protein content, skel-
etal muscle content, and intracellular water increased 7 days after surgery, but decreased within 3 months to
even lower levels than before surgery (P<0.05). The extracellular water and total body water ratios increased
continuously within the 3 months after surgery. Finally, the segmental water ratio of the healthy and affected
upper limbs increased, while the bioelectrical impedance value decreased; however, they were still within the
normal range.

Conclusions: SMF-BIA monitoring may provide more detailed information for making individual nursing care plans in patients
with breast cancer. Further studies with long-term follow-up are urgently needed to establishment a lymph-
edema risk predictive model.

MeSH Keywords: Breast ¢ Electric Impedance ¢ Lymphedema ¢ Nursing Assessment

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/927804

%3240 EES MEI— %20

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution- 927804-1
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) € i




CLINICAL RESEARCH

Background

Breast cancer surgery and radiotherapy can affect the lymphat-
ic system, leading to breast cancer-related lymphedema [1].
Progressively swelling limbs can lead to fatigue, changes in
appearance, anxiety, and depression. These lymphedema-re-
lated problems negatively affect patient quality of life, limit-
ing participation in daily, family, and social activities. Because
the treatment of lymphedema becomes more difficult in the
late stage, timely screening and diagnosis are particularly im-
portant in delaying its progression and improving or maintain-
ing the quality of life of patients. At present, the early detec-
tion of upper limb lymphedema after breast cancer surgery
is mostly performed using the arm circumference difference
method and the volume difference method. The measurement
of arm circumference is simple and fast; however, this meth-
od is inaccurate and unreliable because there can be signifi-
cant differences in measurement results from the use of dif-
ferent tape measures or from different healthcare providers
performing the measurements [2]. The results of the volume
difference method are accurate but complicated and can easi-
ly cause cross-infection in patients with upper limb trauma [3].
Many patients have subjective feelings of edema before any
obvious changes in the circumference and volumes of affect-
ed limbs are noticed, indicating that the patients may have
early lymphedema. However, early lymphedema is difficult to
diagnose by clinical signs and measurement of arm circumfer-
ence volume, which results in clinicians missing the best time
to intervene in these early cases.

In recent years, segmented multi-frequency bioelectrical im-
pedance analysis (SMF-BIA) has been widely used in the evalu-
ation of breast cancer-related lymphedema, with the intention
of achieving early prevention and treatment [4]. Bioelectrical
impedance technology is a simple, safe, and noninvasive meth-
od to measure lymphedema. It obtains the electrical imped-
ance of each segment of the body by measuring the frequency
current acting on the segments and analyzing the tissue com-
position [5,6]. When the current frequency is low, the current
is mainly being transmitted through extracellular fluid, which
allows the measurement of extracellular water (ECW); when
the current frequency is high, the current is being transmit-
ted through intracellular and extracellular fluid, which allows
the measurement of total body water (TBW) [7]. The imped-
ance value of low-frequency current reflects the changes in
extracellular fluid components, which can reflect the status of
lymphedema. Compared with the whole body measurement,
the SMF-BIA technique can apply multiple currents at differ-
ent frequency conditions to measure various body parts (right
arm, left arm, torso, right leg, and left leg) individually, provid-
ing the most accurate analysis of in vivo water [8]. Recently,
many studies have focused on the clinical application of im-
pedance techniques in patients with lymphedema, but there
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is a lack of research on upper limb water changes in patients
with breast cancer.

Invisible obesity in patients with breast cancer can lead to a
decline in body function, affecting patient treatment and prog-
nosis. This study aimed to use the BIA technique to monitor
the dynamic changes of upper limb water in patients with
breast cancer, further analyze the bioelectrical impedance
and water content of upper limbs, and identify invisible obe-
sity to provide more detailed information for the creation of
a later-stage lymphedema risk prediction model in patients
with breast cancer.

Material and Methods

Participants

Convenience sampling was used in this study. From January to
December 2018, 442 female patients with breast cancer were
recruited in the breast department of a grade 3A tumor spe-
cialist hospital in Guangzhou. The inclusion criteria were as
follows: (1) diagnosis with breast cancer by a pathologist for
which surgical treatment was confirmed; (2) age >18 years;
(3) possession of normal cognitive and communication skills
and ability to facilitate investigations; and (4) consent given
to participate in this study. The exclusion criteria were as fol-
lows: (1) inability to complete questionnaires and other study
measurements due to mental or intellectual factors; (2) tumor
recurrence, distant metastasis, or metastatic cancer; (3) severe
complications of other body systems; (4) pregnancy; (5) se-
vere obesity with BMI »35; and (6) other issues, including se-
vere dehydration, edema, ascites, effusion in the serous cavi-
ty, or placement of pacemakers and metals in the body, which
could affect the measurement results. The data were derived
from a single set of repeated measurements. The sample size
was estimated using the table titled “Sample Size Selection in
Single Group Repeated Measures Analysis” [9]. With a=0.05
and B=0.2, the sample size should be 165 cases. However,
based on an estimated 20% lost to follow-up rate, we needed
at least 207 (165/0.8) cases included in our study.

Research tools

The same weight scale and height measuring instrument were
used for all patients. For the measurement of body compo-
sition, the SMF-BIA Inbody S10 (InBody Co., Ltd., Korea) was
used according to the manufacturer’s instructions. The mea-
surement indexes included (1) the body composition index,
consisting of body weight, BMI, protein, inorganic salt, body
fat mass, fat-free mass, bone mineral content, skeletal muscle
content, muscle mass, body fat content, percentage of body
fat, basal metabolic rate, arm circumference; and (2) the water
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index, consisting of the TBW, ECW, intracellular water, ECW/
TBW ratio (ranges: normal, 0.36-0.39; mild edema, 0.39-0.40;
edema, »0.40) segmental water ratio, and bioelectrical imped-
ance values at 1 kHz and 5 kHz.

Method of data collection

This study was approved by the Ethics Committee of our hos-
pital. All patients signed an informed consent. The study proce-
dures were performed at a room temperature of 20°C to 25°C.
Before the measurement appointment, patients were instruct-
ed to avoid vigorous exercise, physical activities, and bathing.
Patients were asked to fast for 2 h before the measurement
and to not drink for 1 h prior. They were further asked to emp-
ty their stool and urine and avoid scheduling the measurement
during their menstrual period. Patients removed outerwear,
shoes, and socks before being measured. They were required
to not carry or wear mobile phones, watches, and metal jew-
elry. The body composition measurements were performed at
a fixed period in the morning for all patients.

Before measurements were made, patients rested for 10 min.
Then, they stood upright on the bottom plate of the body com-
position analyzer for approximately 5 min. Patients were re-
quired to maintain their position until the measurements were
complete, with eyes straight ahead, arms spread at an angle
of about 15° from the body, and feet shoulder-width apart.
Patient data including sex, age, height, and weight were en-
tered into the analyzer. Before applying the electrodes, the skin
was cleaned with an alcohol swab; then, segmental measure-
ments were conducted. Eight-channel contact electrodes were
used for the measurement of the thumbs and middle fingers
of both hands and the lower back of the internal and external
malleolus of both feet. The impedance values of the head, left
upper limb, right upper limb, torso, left lower limb, and right
lower limb were measured, in turn. The measurement index-
es mainly included TBW, intracellular water, ECW, segmental
water proteins, inorganic salts, BMI, body fat, percentage of
body fat, skeletal muscle content, and ECW/TBW ratio. During
the measurements, the patients were asked to maintain their
position for a total of 2 min.

Statistical analysis

The statistical analysis was conducted using SPSS version 19.0.
Data were described as frequency and meanz+standard devia-
tion. The single-factor repeated measures analysis of variance
was used to compare the differences between the 3 measure-
ment results of the body composition and water indexes of
both upper limbs. P<0.05 was considered statistically signifi-
cant. The Greenhouse-Geisser method was used as the modi-
fied statistic (F) if the spherical test was not satisfied, and the
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Table 1. General information on patient demographics and
disease (n=442).

Total (N=442)

Age (years)

<40 91 (20.59%)
"""" a0-64 319 (7217%)
"""" >s 32 (124%
CStage
"""" 12 (5011%)
"""" N 126 (2857%)
"""" w66 (1497%)
"""" v o 28 (635%)
 Affected side
"""" et 231 (5226%)
"""" Rght 211 (@47.74%)
Surgical method
"""" None 15 (339%)
"""" Sentinel lymph node biopsyonly 126 (2851%)
"""" Axillary lymph node dissection 301 (68.10%)
* Number of lymph nodes dissected
"""" a0 152 (3439%)
"""" 10-19 201 (@547%)
"""" >0 89 (2014%)
| Metastatic/nonmetastatic
"""" Y 188 (4553%)
"""" N 254 (57.47%)
Results

Patient characteristics

All patients were women and between 24 and 80 years old (av-
erage, 48.10+10.11 years). Of 442 patients, 338 (78.68%) were
clinically diagnosed with stage I/l breast cancer, and 52.26%
of patients had left-sided breast cancer. Additionally, 301 pa-
tients (68.10%) had axillary lymph node dissection and near-
ly half of the patients had 10 to 19 lymph nodes dissected;
45.53% of patients have lymph node metastasis. Detailed pa-
tient information is shown in Table 1.
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Table 2. Changes in water content and bioelectrical impedance of upper limbs of the patients with breast cancer at 3 months after
surgery.

P value

Segmental water

Healthy upper limbs (L) 1.46+0.24 1.56+1.12 1.43+0.25 0.027 ns 0.006 ns
© Affectedupperlimbs () 146024  164:094 1431027 <0001 <0001 <0001 <0.001
| Segmental water ratio (ECW/TBW)
© Healthy upper limbs 1 03748:00042 03754:0.0084 03772:00048 <0001  ns  <0.001 <0.001
"""" Affected upper lmbs ~ 0.3756£0.0084 03796200090 0.3805:0.0062 0001 <0.001 <0001  ns
| 1kHzBioelectrical impedance
© Healthy upper limbs (kHz) - 42518:4899 4187145156 41379:4698 <0001 0003 <0.001 0029
| Affected upper limbs (kHz) - 423655481 38539£47.50 4108155666 <0001 <0001 <0.001 <0.001
© Healthy side versus affected side 1011005 109:009 1024011 <0001 <0001  ns <0001
| 5kHzBioelectrical impedance
"""" Healthy upper lmbs (kHz) ~ 41439+44.08 4095344929 4075264676 <0001 0004 <0001  ns
© Affected upper limbs (kH2) - 41254:4484  379.38£47.50 4050115602 <0001 <0001 0001  <0.001
" Healthy side versus affected side 1014006 1082009  101:0.12 <0001 <0001  ns  <0.001

T1 - pre-treatment; T2 — 7 days following surgery; T3 — 3 months following surgery; ns — non-significant.

Dynamic changes in the water content and bioelectrical
impedance of affected upper limbs

The ECW/TBW ratio of the healthy upper limbs in patients with
breast cancer was significantly higher at 3 months following
surgery than before surgery. The ECW/TBW ratio of the affect-
ed upper limbs was also higher at 7 days and 3 months af-
ter surgery compared with before surgery, and the differences
were statistically significant. Accordingly, the 1 kHz bioelec-
trical impedance of the healthy upper limbs decreased, while
that of the affected upper limbs was lower than before sur-
gery at 7 days after surgery and then higher than before sur-
gery 3 months after; the difference between each timepoint
was statistically significant. The ratio of healthy upper limbs
to affected upper limbs under the 1 kHz bioelectrical imped-
ance was higher 7 days after surgery than before surgery, and
then was lower than before surgery at 7 days and 3 months
after surgery; the differences between each timepoint were
statistically significant. Additionally, the 5 kHz bioelectrical im-
pedance of the healthy upper limbs decreased after surgery.
However, the 5 kHz bioelectrical impedance of the affected up-
per limbs was lower at 7 days after surgery than before sur-
gery and was higher at 3 months after surgery than before
surgery and at 7 days after surgery; the differences between
each timepoint were statistically significant. Under the 5 kHz
bioelectrical impedance, the ratios of healthy upper limbs vs.

affected upper limbs were higher at 7 days after surgery and
then lower at 3 months after surgery, compared with before
surgery (P<0.05). The details are shown in Table 2.

Dynamic changes in body composition in patients with
breast cancer within 3 months after surgery

The results showed that the total body weight, BMI, and body
fat content of patients with breast cancer were at first lower
at 7 days after surgery and then were higher at 3 months af-
ter surgery, compared with before surgery; the differences be-
tween all timepoints were statistically significant. Basal met-
abolic rate, inorganic salt content, muscle content, TBW, and
ECW were higher at 7 days after surgery and then lower at 3
months after surgery, compared with before surgery; the dif-
ferences between the values 7 days after surgery and those at
the preoperative and 3-month post-surgery timepoints were
statistically significant. Protein content, skeletal muscle content,
and intracellular water content were at first lower 7 days after
surgery than before surgery, and then were lower at 3 months
after surgery than before surgery and at 7 days after surgery;
the differences between each timepoint were statistically sig-
nificant. The ECW/TBW ratio showed an increasing trend. The
change in the upper limb circumference of the affected side
was not statistically significant. Details are shown in Table 3.
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Table 3. Results of body composition analysis.
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P value

Overall weight (kg) 57.04+8.25 56.57+8.16 56.99+8.24 <0.001 <0.001 ns 0.003
CBMiGgm) 23.074772 22884773 23064786 <0001 <0001  ns 0002
CBMRGe) 12352749378 12543349679 12314119484 <0001 <0001  ns  <0.001
Bodyfatcontent (kg) 16984555 15631582  17.11s544 <0001 <0001  ns  <0.001
Percentage of body fat (%) 20174621 26974702 29464605 <0001 <0001  ns  <0.001
CFatfreemass(kg)  4006£434  4094+448 39884439 <0001 <0001  ns <0001
Clnorganic salt content (kg)  2.80:0.62  2890.64 2824065 <0001 <0001  ns <0001
Protein content (k) 7.876089  804:0.93  7.80+0.90 <0001 <0001 <0001 <0001
 Muscle content (kg) 37748423 38544436 37554420 <0001 <0001  ns <0001
Skeletal muscle content (kg) 21756269 22264279 2154274 <0001 <0001 <0001 <0001
 Upperarm circumference (cm) 28741026 29141058 28245026 s s s ns
 Total body water TBW) () 20384329 30014338 29274335 <0001 <0001  ns  <0.001
ntracellular water (ICW) () 1821¥206  18.60+2.14 18056210 <0001 <0001 <0001  <0.001
Extracellular water (ECW) () 1118#125 11414127 11224128 <0001 <0001  ns <0001
CEowmew 0.3805£0.0065 0.3803£0.0074 03834100067 <0001  ns <0001 <0001 |

T1 - pre-treatment; T2 — 7 days following surgery; T3 — 3 months following surgery; ns — non-significant.

Discussion

Breast cancer surgery affects the lymphatic system and the dis-
tribution of limb water. There are subtle changes in body com-
position before the circumference and volume of the affected
limb change. The trend of changes can indicate whether the
patient is at risk of lymphedema. In addition, trends can spec-
ify personalized and precise care plans to avoid lymphedema
after surgery and help patients recover quickly.

Our results showed that the BMI level of the patients with
breast cancer was normal before surgery and 3 months after
surgery, but the percentage of body fat exceeded the average
in 22.8% of patients, indicating that they had invisible obe-
sity (data not shown). It is known that obesity is an impor-
tant factor affecting the treatment and prognosis of lymph-
edema. To eliminate invisible obesity in these patients, the
monitoring of body fat content and other indexes should be
increased, health education should be strengthened, mainte-
nance of regular aerobic exercise should be encouraged, im-
pedance exercise should be appropriately increased [10], and
the importance of fat loss and muscle gain should be empha-
sized in subsequent nursing procedures [11].

During this study, we monitored the body composition of our
patients 1 day before surgery and 7 days and 3 months after

surgery. These values included total weight, BMI, body fat con-
tent, basal metabolic rate, inorganic salt content, muscle con-
tent, TBW, and ECW. Although most of these values changed
within 7 days after surgery, they returned to the preoperative
state 3 months after surgery in some patients. These chang-
es resulted partly from the lack of food and water intake on
the day of surgery and the release of stress hormones and in-
flammatory mediators after the surgery [12,13]. Protein con-
tent, skeletal muscle content, and intracellular water content
rose to the highest levels 7 days after surgery, and then sig-
nificantly decreased 3 months after surgery, which may be
related to the impact of surgery and subsequent chemother-
apy or endocrine therapy on the human body. Studies have
pointed out that patients with tumors have a relatively in-
sufficient protein intake and reduced protein synthesis rate,
which leads to a continuous decrease in skeletal muscle pro-
tein [14]. Therefore, more attention should be paid to ratio-
nal nutritional intake and physical exercise in postoperative
patients with breast cancer.

Moreover, reports from other centers have shown that the
changes in the ECW/TBW ratio not only estimate the body flu-
id content of patients but also have important predictive sig-
nificance for the changes in patients’ conditions [15,16]. In the
present study, the ECW/TBW ratio in breast cancer patients
continued rising to 3 months after surgery. Therefore, to avoid
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the occurrence of postoperative lymphedema, it is necessary to
monitor patients closely, including conducting risk evaluation.

Additionally, when performing a modified radical mastectomy
or sentinel lymph node biopsy, the axillary lymph node dissec-
tion results in a lack of normal tissue covering. Being prone to
adhesion with the surrounding tissues and scar contracture,
the lymph pathway disruption between the affected upper
limbs and cervical and thoracic regions will obstruct lymphatic
reflux, leading to the leakage of normal lymph fluid from the
capillary veins and capillary lymph vessels around the axillary
veins. If the drainage time is too long, a lymphatic fistula can
easily form, causing a large amount of protein-rich tissue flu-
id and lymphatic fluid to accumulate abnormally in the tissue
space [17]. Although our data showed no significant changes
in the upper limb circumference of patients with breast can-
cer at 3 months following surgery, the noted changes in the
water content and bioelectrical impedance of the patients’ up-
per limbs are still worthy of attention. Compared with the pre-
operative value, the ECW/TBW ratio of healthy upper limbs of
patients with breast cancer did not increase significantly at 7
days after surgery, but did increase significantly by 3 months
after surgery. The ECW/TBW ratio of affected upper limbs in-
creased significantly 7 days after surgery and was equivalent
to the level 3 months after surgery; that is, the water content
of healthy and affected upper limbs of patients with breast
cancer increased 3 months after surgery, but the segmental
water ratio was still within the normal range, which may be
related to the establishment of collateral circulation of lymph-
edema and the redistribution of lymphatic fluid.

Furthermore, based on the principle that the impedance val-
ue of low-frequency currents can reflect the changes in extra-
cellular fluid composition [18], we also examined the chang-
es in bioelectrical impedance values of both upper limbs at
low-frequency currents in the current study. The 1 kHz bio-
electrical impedance of healthy upper limbs dropped contin-
uously, while that of affected upper limbs increased first and
then decreased, but was still lower than the preoperative lev-
el. The ratio of the healthy side to the affected side increased
first and then decreased, but it was still higher than the pre-
operative level. The 5 kHz bioelectrical impedance of healthy
upper limbs decreased significantly 7 days after surgery and
was equivalent to the level 3 months after surgery. The 5 kHz
bioelectrical impedance of affected upper limbs decreased
first and then increased, but it was still lower than the preop-
erative level. The ratio of the healthy side to the affected side
increased first and then decreased to the preoperative level.
The change of bioelectrical impedance measured at the low-
frequency and medium-frequency currents corresponds to
the results of segmental water ratio, whereby the bioelectri-
cal impedance value of both upper limbs of the patients with
breast cancer decreased (i.e., water increased) by 3 months

Zhang L et al.:
Monitoring upper limb water in breast cancer by SMF-BIA
© Med Sci Monit, 2020; 26: €927804

after surgery. The bioelectrical impedance value of the healthy
side was higher than that of the affected side, and the bio-
electrical impedance difference of both upper limbs was most
prominent within 7 days after surgery, which decreased over
time. The above data show that the ECW/TBW ratio of the pa-
tients with breast cancer increased in the whole body after
surgery and the bioelectrical impedance of both upper limbs
decreased, while the water content increased more in the af-
fected side than in the healthy side. This may be related to
the obstruction of lymphatic fluid reflux in the affected limb
after surgery [16].

Since lymphedema after breast cancer surgery is related to the
blockage and destruction of the lymphatic network, the 3-level
lymphedema prevention system is important. This system in-
cludes primary, secondary, and tertiary prevention. Primary pre-
vention is etiological prevention and includes 3 steps: (1) pre-
operative: a multi-specialist team works out the best treatment
plan and enhances patient understanding of and attention to
lymphedema (2) intraoperative: as many sentinel and axillary
lymph nodes as possible should be reserved to reduce the
obstruction of lymphatic fluid reflux; (3) postoperative: eval-
uate the patients’ knowledge of functional exercise, predict
the lymphedema risk, and screen out high-risk patients [19].
Secondary prevention entails early detection, early diagno-
sis, and early treatment as follows: (1) early detection: active-
ly evaluate the conditions of affected limbs of the patients
with breast cancer from the first day following surgery to the
discharge from the hospital to screen out patients with early
lymphedema; (2) early diagnosis: the patients with potential
lymphedema found in early screening should be promptly re-
ferred to the lymphedema clinic for further diagnosis; (3) ear-
ly treatment: once lymphedema is diagnosed, patients should
be informed of early treatment. Tertiary prevention is clinical
prevention. During the treatment of lymphedema, it is neces-
sary to monitor the therapeutic effect regularly. Patients tend
to achieve better results under the supervision of lymphedema
therapists in hospitals, while lack of supervision at home and
poor compliance may lead to general or fluctuating effects. To
improve the therapeutic effect, the follow-up network infor-
mation platform, which links rehabilitation management be-
tween the hospital and a home-based internet platform, has
become an important new channel to improve the manage-
ment of lymphedema patients [20].

There were limitations in our study. The relatively small sam-
ple size and short follow-up period are the 2 main limitations.
A well-designed multicenter study with larger patient enroll-
ment and long-term follow-up should be performed to further
explore the role of SMF-BIA in lymphedema prediction for post-
operative patients with breast cancer.
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Conclusions

We found that BIA monitoring is important for detecting chang-
es in the body composition of breast cancer patients and we
have provided more detailed information for the creation of
individual nursing care plans. Further studies with long-term
follow-up are urgently needed to establishment a lymphede-
ma risk prediction model.
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