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Objective To investigate the prevalence and risk factors of axillary web syndrome (AWS) in Korean patients.
Methods This retrospective study included a total of 189 women who underwent breast cancer surgery and
received physical therapy between September 2019 and August 2020. We analyzed AWS and the correlation
between the patients’ demographics, underlying disease, type of surgery and chemotherapy or radiation therapy,
and lymphedema.

Results The prevalence of AWS was found to be 30.6%. In the univariable analysis, age, chemotherapy, and
hypertension were related to AWS. Finally, the multivariable logistic regression revealed that chemotherapy (odds
ratio [OR]=2.84; 95% confidence interval [CI], 1.46-5.53) and HTN (OR=2.72; 95% CI, 1.18-6.30) were the strongest
risk factors of AWS.

Conclusion To the best of our knowledge, this was the first study that explored the risk factors of AWS in a Korean
population after breast cancer surgery. As almost one-third of patients suffer from AWS after breast cancer
surgery, it is essential to closely monitor the development of AWS in patients with hypertension or undergoing
chemotherapy.
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INTRODUCTION

Axillary web syndrome (AWS) is the formation of fibrot-
ic bands or cords reaching from the axilla to the antecu-
bital fossa and the base of the thumb after breast cancer
surgery. The term AWS was initially introduced by Mos-
kovitz et al. [1], and many subsequent studies have inves-
tigated its etiology in relation to thrombosis, inflamma-
tion, and fibrotic changes in lymphatic vessels and veins.
The incidence of AWS reportedly ranges from 6%-91%
[1-4]. AWS causes shoulder pain during abduction and
limits the shoulder’s range of motion, thereby interrupt-
ing successful rehabilitation after breast cancer surgery.
Postoperative radiation therapy is also restricted because
the limited shoulder range of motion can impede the
patient from assuming the proper posture for radiation
therapy. However, there is evidence that adequate phys-
iotherapy can eliminate pain, shorten pain duration, and
improve mobility [5].

Several previous studies have investigated the incidence
and risk factors of AWS. Some studies revealed that young
age and low body mass index (BMI) were risk factors.
Underlying diseases like hypertension (HTN) [4] were
also found to cause AWS. One study suggested diabetes
mellitus (DM) decreases the risk of AWS [4]. Other stud-
ies also suggested a link between surgery options or mas-
sive lymphatic dissection and AWS [1,4]. Furthermore,
some researchers demonstrated that therapeutic options
like chemotherapy [6] or radiation therapy [7] were as-
sociated with AWS, while a more recent study suggested
that breast reconstruction is also a risk factor for AWS
[8]. However, many studies reported controversial results
and failed to identify consistent risk factors. For instance,
one study suggested that low BMI did not correlate with

215 patients with breast cancer surgery
from September 2019 to August 2020

AWS while arguing that obese patients were more prone
to AWS [9]. On the other hand, another study revealed
that radiation therapy had a protective effect against AWS
[10]. Many recent multivariable analysis studies could
not clarify the relationship between age or BMI and AWS.
Therefore, to date, the risk factors for AWS have not been
accurately established.

To the best of our knowledge, none of the previous
studies has explored the risk factors of AWS in Korean pa-
tients, although many Korean patients suffer from AWS.
Accordingly, in the present study, we aimed to investigate
the prevalence and risk factors of AWS in Korean patients,
focusing on all assumed risk factors in domestic popula-
tions and known risk factors.

MATERIALS AND METHODS

This was a retrospective chart review study of women
who underwent breast cancer surgery in a single uni-
versity hospital between September 2019 and August
2020. This study was approved by the Institutional Re-
view Board of Bucheon St. Mary’s Hospital (No. HC
20RISI0114). The informed consent was waived. Review-
ing the patients’ medical records, the following data were
collected: age, BMI, underlying disease, type of surgery,
treatment features, and post-surgical complications (in-
cluding lymphedema and AWS). The inclusion criteria
were as follows: (1) patients who underwent breast can-
cer surgery for the first time in the period of September
2019-August 2020; and (2) all risk factors were measured.
The exclusion criteria were as follows: (1) patients who
did not meet the aforementioned inclusion criteria; (2)
patients who were lost to follow-up; and (3) patients with
missing measurements (Fig. 1).

—>| 26 patients lost for follow-up/missing data
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Fig.1. Flow chart of patients’ se-
lection. A total of 215 patients
were recruited, but 26 patients
were lost for follow-up or had
missing measurements. AWS, ax-
illary web syndrome.
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Following breast cancer surgery, all patients were re-
quired to visit the Department of Rehabilitation 2 weeks
after discharge for shoulder exercise education. After pa-
tient education, they were asked to visit 4 weeks later for
follow-up. The patients with limited shoulder movement,
pain, lymphedema, or symptoms of AWS were monitored
for a longer period.

The diagnosis of AWS was made during the follow-up
period through physical examination. AWS was diag-
nosed in patients with palpable or visible bands in the
ipsilateral side of breast cancer surgery with or without
pain in the axilla or upper extremity and limited shoul-
der movement. The cords usually extend from the axilla
along with the medial aspect of the arm to the forearm,
reaching even further to the base of the thumb. Trained
rehabilitation doctors evaluated these patients with ul-
trasonography for further evaluation of AWS. The assess-
ment was performed using a high-frequency (3-12 MHz)
linear array transducer L3-12A (Samsung Medison Co.
Ltd, Seoul, Korea), tracing along the suspected cord with
moderate pressure to detect AWS deep within the subcu-
taneous layer. The sonographic findings of anechoic or
hypoechoic cords with surrounding hyperechoic edges or
structures were regarded as AWS [11] (Fig. 2).

Based on previous studies, the following risk factors
were collected and analyzed: demographic data (age,
BMI), underlying disease (DM, HTN), surgery options
(type of operation, extent of lymph node dissection, re-
construction), other treatment options (radiation thera-
py, chemotherapy), and lymphedema.

The patients were divided into two groups: above 50
years and under 50 years. Based on World Health Orga-
nization (WHO) guidelines for BMI in Asian populations

[12], the patients with BMI lower than 18.5 kg/m* were
classified as underweight, 18.5-23 kg/m2 as normal, and
above 23 kg/m” as overweight. Surgery types were di-
vided into breast-conserving surgery (BCS), simple or
total mastectomy, and modified radical mastectomy. BCS
is a surgical procedure that removes the primary breast
tumor with clean margins in the surrounding normal
breast parenchyma in a cosmetically acceptable man-
ner. Mastectomy refers to the complete removal of the
mammary gland, including the nipple and areola [13].
Currently, mastectomy has evolved to skin-sparing or
nipple-sparing mastectomy [14]. The modified radical
mastectomy removes the mammary gland, nipple, and
areola, with the addition of a complete axillary lymph
node dissection [13]. The pectoralis minor muscle may
also be removed depending on the extent of tumor inva-
sion or surgery technique [15]. Lymph node dissection
extent was classified into simple lymph node dissection
and axillary lymph node dissection. Reconstruction op-
eration included tissue expander followed by implant
placement, immediate implant placement, autologous
tissue transplantation, and a procedure that incorporated
both breast implants and autologous tissue transplanta-
tion. All chemotherapy regimens, neoadjuvant, adjuvant
chemotherapy, and radiation therapy before and after
the operation were included if these had been admin-
istered before the development of AWS. Lymphedema
was evaluated through arm circumference measurement
and ultrasonography. Lymphoscintigraphy was also
performed on patients with suspected lymphedema. If a
patient underwent a bilateral operation, we selected the
contralateral side where the AWS occurred; otherwise,
the contralateral side that underwent a wider extent of

Fig. 2. Ultrasonography image of axillary web syndrome showing anechoic or hypoechoic cord with surrounding hy-
perechoic edges or structures in (A) longitudinal view (arrow) and (B) transverse view.
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surgery was chosen.

Categorical variables were analyzed using the chi-
square test or Fisher exact test. Univariable logistic re-
gression and stepwise multivariable logistic regression
analyses were performed. The analysis was run using SAS
system version 9.4 (SAS Institute Inc., Cary, NC, USA). A
significance level of 0.05 was adopted. The odds ratio was
calculated to evaluate the degree of relevance with a con-

fidence interval (CI) of 95%.

RESULTS

Between September 2019 and August 2020, a total of
189 eligible patients were recruited. The participants’
baseline characteristics are summarized in Table 1. AWS
was found in 58 (30.6%) patients.

Table 1. Demographics and clinical variables of study participants

AWS Yes (n=58) AWS No (n=131) Total (n=189) p-value

Age (yr) 51.07+9.88 55.84+10.54 54.37+10.54 0.003*
BMI (kg/m?)

>23 22 (37.93) 91 (69.47) 113 (59.78)

18.5-23 33(56.90) 40 (30.53) 73 (41.26)

<18.5 3(5.17) 0 (0) 3(1.58) <0.001*
Operation

BCS 29 (50.00) 63 (48.09) 92 (48.67)

Mastectomy 21 (36.21) 40 (30.53) 61 (32.27)

MRM 8(13.79) 28 (21.37) 36 (19.04) 0.439
Lymph node dissection

No 0(0) 1(0.76) 1(0.50)

SLND 38 (65.52) 82 (62.60) 120 (63.49)

ALND 20 (34.48) 48 (36.64) 68 (35.97) 0.909
Reconstruction

No 37(63.79) 91 (69.47) 128 (67.72)

Yes 21 (36.21) 40 (30.53) 61 (32.27) 0.441
Chemotherapy

No 33 (56.90) 39 (29.77) 72 (38.09)

Yes 25 (43.10) 92 (70.23) 117 (61.90) <0.001*
Radiation therapy

No 57 (98.28) 74 (56.49) 131 (69.31)

Yes 1(1.72) 57 (43.51) 58 (30.68) <0.001*
DM

No 54 (93.10) 107 (81.68) 161 (85.18)

Yes 4(6.90) 24 (18.32) 28 (14.81) 0.041*
Hypertension

No 49 (84.48) 80 (61.07) 129 (68.25)

Yes 9(15.52) 51 (38.93) 60 (31.74) 0.001*
Lymphedema

No 53 (91.38) 109 (83.21) 162 (85.71)

Yes 5(8.62) 22 (16.79) 27 (14.28) 0.138

Values are presented as meantstandard deviation or number (%).
AWS, axillary web syndrome; BMI, body mass index; BCS, breast-conserving surgery; MRM, modified radical mastec-
tomy; SLND, sentinel lymph node dissection; ALND, axillary lymph node dissection; DM, diabetes mellitus.

*p<0.05 by chi-square test or Fisher exact test.
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The average time to AWS onset was 33.61 days, con-
sistent with other studies, which revealed that AWS oc-
curred in approximately 12-30 days [3]. One study report-
ed that 86.1% of the cords appeared 30 days after surgery,
with most occurring by the seventh day (66.1%) [4]. The
mean age was 54.37+10.54 years. The average BMI of the
patients was 24.34+3.65 kg/m’, which is slightly higher
than the normal BMI boundary. The average BMI of pa-
tients with AWS was 22.83 kg/m? which was lower than
the average of 25.02 kg/m” for patients without AWS.

In the univariable logistic regression, age, chemother-
apy, and HTN showed significant differences between
the groups (Table 2). The patients younger than 50 years
were 0.37 times (95% CI, 0.19-0.71; p=0.003) less likely to
develop AWS than those older than 50 years. The patients
who underwent chemotherapy were 3.11 times (95% CI,
1.64-5.90; p<0.001) more likely to have AWS than the
non-AWS group. The patients with HTN were 3.47 times
(95% CI, 1.57-7.66; p=0.002) more likely to develop AWS.

The multivariable logistic regression was used to ana-
lyze the variables that showed significant differences
in the univariable logistic regression (Table 2). Chemo-
therapy and HTN were the most significant risk factor for
AWS. The patients who underwent chemotherapy were
2.84 times (95% CI, 1.46-5.53; p=0.002) more likely to
develop AWS. Finally, patients with HTN were 2.72 times
(95% CI, 1.18-6.30; p=0.01) more likely to have AWS than
the patients without HTN.

DISCUSSION

This study aimed to investigate the prevalence and
risk factors of AWS in Korean patients. According to our
results, AWS was observed in 30.6% of patients. A system-
atic review [5] discussed that the incidence or prevalence
of AWS varied depending on the race or study design.
Retrospective studies including all types of surgery and
lymph node dissection showed that the prevalence of

Table 2. Univariable and multivariable logistic regression for risk factors associated with axillary web syndrome

Univariable Multivariable
OR 95% CI p-value OR 95% CI p-value

Age (ref. age >50 yr) 0.37 0.1-0.71 0.003* 0.522 0.25-1.05 0.068

<50
BMI (ref. BMI >23 kg/m?)

18.5-23 0.29 0.15-0.56 0.970

<18.5 <0.001 <0.001, >999.99 0.965
Operation (ref. BCS)

Mastectomy 0.87 0.44-1.74 0.296

MRM 1.61 0.65-3.96 0.214
Lymph node dissection (ref. SLND)

ALND 1.12 0.58-2.12 0.972
Reconstruction (ref. not performed)

Yes 0.77 0.40-1.48 0.442
Chemotherapy (ref. not performed)

Yes 3.11 1.64-5.90 <0.001* 2.84 1.46-5.53 0.002*
DM (ref. absence)

Yes 3.02 1.00-9.16 0.05
Hypertension (ref. absence)

Yes 3.47 1.57-7.66 0.002* NG 1.18-6.30 0.018*
Lymphedema (ref. absence)

Yes 2118 0.76-5.96 0.145

OR, odds ratio; CI, confidence interval; BMI, body mass index; BCS, breast-conserving surgery; MRM, modified radi-
cal mastectomy; SLND, sentinel lymph node dissection; ALND, axillary lymph node dissection; DM, diabetes mellitus.

*p<0.05.
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AWS was 19% [16] and 29.4% [10], respectively, similar to
our study. A study of 110 Korean revealed that AWS devel-
oped in 9% of patients [17], but this study only included
clinical T1-2 stage patients, which may have led to the
relatively lower prevalence compared to our study. The
difference in incidence or prevalence might be due to
the difference in study design and AWS detection meth-
ods.

The results of our study suggest that the risk of AWS in-
creases with age and in those with HTN and who under-
went chemotherapy. The multivariable logistic regression
analysis showed that chemotherapy and HTN were the
most important factors for the development of AWS.

Many previous studies suggested that younger age
might be a risk factor for AWS [3,18]. However, these
studies analyzed the data using univariable analysis only.
Recent multivariable logistic regression studies have
revealed that age was not a risk factor for AWS [9,19]. In
contrast, the average age above 50 years was found to be
a strong predictor of AWS in our study. However, consid-
ering other confounding factors, age was not statistically
significant in the final statistical model.

Furthermore, many previous studies reported that a
lower BMI increased the risk of AWS [2,3,18]. However,
most of these studies relied on the results of univariable
analyses that did not consider other confounding vari-
ables. Many recent multivariable logistic studies revealed
that BMI has no relationship with AWS [4,9,20]. In our
study, the average BMI of the patients with AWS was 22.83
kg/m’, while that in the contrast group was 25.02 kg/m?,

No AWS

AWS

>23 185-23 <185

BMI (kg/m?)

Fig. 3. Cochran-Armitage trend test of body mass index
(BMI) and axillary web syndrome (AWS).

406

WWWw.e-arm.org

suggesting a lower BMI tendency in the AWS group. We
divided the patients depending on their BMI following
the WHO Asian classification and used logistic regression
for data analysis. In our results, BMI was not a statistically
significant risk factor. This can be explained by the fact
that the increased amount of adipose tissue in the axilla
region in obese patients might hinder the detection of
cords, possibly explaining the higher risk of AWS among
patients with lower BMI in previous studies.

While we failed to find a correlation between BMI and
AWS in the final model, our results confirmed that AWS
patients showed a tendency for low BMI in the Cochran-
Armitage trend test (Fig. 3). As our study included only
three underweight BMI patients, and the average BMI of
our patients was 24.34 kg/m?®, this might suggest that BMI
has no statistically significant difference. Further research
including an even BMI distribution might be needed.

For the underlying disease, we failed to establish a rela-
tion between DM and AWS. However, HTN was associ-
ated with AWS. The patients with HTN were 2.72 times
more likely to develop AWS than those with no HTN. A
prospective study evaluating the correlation between
vascular change and AWS [21] discovered diameter re-
striction in the brachial artery and increased mean flow
velocity of axillary artery in AWS patients, suggesting that
AWS accompanies vascular and lymphatic changes. In
hypertensive patients, structural, mechanical, or func-
tional changes may reduce the lumen diameter of small
arteries and arterioles, increasing blood flow velocity
[22]. In this context, HTN may aggravate artery flow limi-
tation and diameter reduction changes in AWS. Further
research is needed to confirm this hypothesis.

Several previous studies revealed that a more exten-
sive range of operation types and lymph node dissection
damages lymphatic structures, leading to the develop-
ment of AWS [4,19]. However, our results showed that op-
eration type and lymph node dissection extent were not
relevant to AWS. Some cases reported AWS in transaxil-
lary robotic thyroidectomy without lymph node dissec-
tion or following axillary furunculosis [23,24]. From this
evidence, it can be inferred that AWS occurs in any pro-
cedure that disrupts the lymphatic or vascular structures
of the axillary area and is not based on the direct lymph
node dissection extent.

A recent study revealed that breast reconstruction in-
creases the risk of AWS [8]. However, in our study, breast
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reconstruction and AWS were not related. Chemotherapy
is one of the widely used options for breast cancer treat-
ment and can be done before or after surgery. In this
study, chemotherapy was found to be one of the stron-
gest risk factors for AWS. Patients who received chemo-
therapy had a 2.84-times higher incidence of AWS than
the patients who did not. Histopathological changes in
blood and lymphatic vessels in the skin and subcutane-
ous tissue of breast cancer patients taking chemotherapy
showed more angiogenesis and microvessel density [25].
These changes could reinforce the inflammation and fi-
brotic changes accompanying AWS.

Patients who underwent radiation therapy showed
statistical significance with AWS in Fisher exact test. Al-
though statistical meaningful results were obtained, this
finding could not be considered clinically meaningful be-
cause only one person received radiation therapy before
AWS. Radiation therapy was excluded from the logistic
regression analysis.

AWS and lymphedema share a similar pathophysiology
since both are caused by lymphatic damage and inflam-
matory reactions, which are believed to be related to
each other [26]. One study revealed that lymphedema is a
risk factor of AWS [6]. A retrospective study by Ryan et al.
[20] showed that patients with AWS had a 44% greater risk
of developing lymphedema. On the contrary, Wariss et al.
[27] stated that AWS is not a risk factor for lymphedema
after 10 years of follow-up. The relationship between AWS
and lymphedema has yet to be confirmed in a systematic
review [5]. Our study showed no significant relationship
between lymphedema and AWS. This may be because
lymphedema is caused by fluid congestion and chronic
inflammation due to impaired lymphatic drainage [28],
whereas AWS is thought to be caused by regional lym-
phatic injury. Also, AWS resolution occurs mostly within
3 weeks to 3 months following surgery, although some
studies showed that natural resolution occurs after more
than 3 months [5]. Thus, this natural improvement is un-
likely to cause lymphedema with chronic flow restriction.
Further studies are needed for this hypothesis.

Our study had several limitations. First, since this was a
retrospective study, selection bias might have occurred.
Second, this was a single-center study that included only
some available regional patient groups. Third, in some
variables, the number of patients recruited was small. In
the case of BMI, only three underweight persons were

included. This uneven distribution of BMI in our popu-
lation might have affected the study results. Also, while
radiation therapy showed a statistically significant differ-
ence in univariable analysis, this might be the result of
a small number of patients. In the 58 patients with AWS,
only one underwent radiation therapy. To correct this er-
ror, we excluded radiation therapy from the final statisti-
cal analysis. Fourth, although we suggested risk factors
for AWS, we could not confirm why these risk factors in-
creased the risk of AWS. Future multi-center studies with
more extensive risk factor analysis are necessary.

In summary, chemotherapy and HTN were the stron-
gest risk factors for AWS development. This suggests that
systemic changes accompanying vascular or lymphatic
changes, in addition to some regional insult in the axilla
itself, might increase the risk of AWS. As AWS can limit
successful post-operative rehabilitation, patients should
be followed up closely to check for AWS development.
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