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Risk factors for seroma formation after axillary lymph node dissection with
special focus on the impact of early shoulder exercise
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ABSTRACT
Background: Shoulder and arm dysfunction such as reduced range of motion (ROM) and seroma for-
mation, are common complications following axillary lymph node dissection (ALND). There are conflict-
ing results on the effect of early postoperative exercise on the risk of seroma. This study aims to
present incidence of symptomatic seroma formation in a large, population-based cohort, and assesses
whether early shoulder mobilization, and other common patient and treatment-related factors are pre-
dictors of seroma.
Methods: This observational cohort study at the Surgical clinic at Lund University Hospital in Sweden,
included 217 consecutive patients who underwent ALND due to breast cancer, cutaneous malignant
melanoma (CMM), or carcinoma of unknown primary. A shoulder exercise program was introduced on
the first postoperative day and data were collected at routine follow-up 4–6weeks postsurgery. Main
outcome was the strength of the associations between postsurgery exercise and seroma incidence
based on logistic regression analyses, supported by data on seroma volume and number of
aspirations.
Results: Two hundred patients completed the study. The overall seroma incidence was 67.5% and the
odds of seroma were lower for patients practicing ROM exercise two times/day versus 0–1 time/day
(OR 0.42, 95% CI 0.18–0.96, p¼ .038). ROM exercise greater than two times/day did not increase the
volume, neither did the arm cycling exercise. ALND combined with mastectomy and CMM surgery
were associated with larger seroma volumes (1116±1068ml, p¼ .006) and (1318± 920ml, p< .001),
respectively, compared to the breast conserving surgery (537±478ml) while neoadjuvant chemother-
apy showed no influence. The effect of age, patients �60 years compared to younger, or BMI � 30.0
were weaker (p¼ .08).
Conclusions: Extensive surgical treatments for breast cancer and malignant melanoma produces more
seroma, and higher age and obesity may also influence the risk. ROM exercises twice daily predict a
lower incidence of seroma following ALND, and more frequent shoulder exercise do not increase the
volumes.
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Introduction

Breast cancer is the most common cancer among women in
Sweden, with more than 7500 cases in 2021 [1], and for cuta-
neous malignant melanoma (CMM), about 4500 invasive mel-
anomas are diagnosed every year [2]. For both breast cancer
and CMM, surgery is the primary treatment and staging by
axillary lymph node dissection (ALND) is indicated for clinic-
ally manifest nodal metastasis [3]. ALND is also still consid-
ered standard practice in patients with high burden sentinel
lymph node-positive disease.

Following mastectomy and/or ALND, serous fluid accumu-
lates under the skin flaps or in the axillary dead space. The
serous fluid, seroma, formed in the axilla seems to be a per-
ipheral fluid similar to lymph [4]. Seroma formation is the
most common complication following breast cancer surgery
and/or ALND. Excessive accumulation will stretch the skin
giving a feeling of tightness and causes discomfort. If the

seroma becomes symptomatic, patients may require
repeated aspirations of the fluid.

Although not all patients develop symptoms of fluid
build-up, seroma is increasingly being considered as a side
effect of surgery rather than a complication [4] and the
reported incidence varies in different studies between 15%
and 90% [5,6]. Although various factors have been suggested
to correlate with seroma formation [4,7,8], evidence is still
scarce to identify patients who would likely develop seroma.
Some studies have reported a higher incidence by more
extensive surgery [6–8] and a high body mass index (BMI)
has been suggested to associate with increased seroma for-
mation [4,6,8].

Several studies have shown that obesity, as well as a sed-
entary lifestyle, increase the risk for developing breast cancer
[9,10]. Physical activity reduces the risk of cancer recurrence
[11] and may also contribute to an adequate body weight.
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Therefore, it is important to initiate physical activity as soon
as possible after surgery.

Shoulder and arm dysfunction such as reduced range of
motion (ROM) of the shoulder, muscle weakness, and pain
are common complications after ALND [12–14] and may
delay the start of postoperative physical activity. Therefore,
these complications call for the development and implemen-
tation of preventive strategies. In Sweden, early postopera-
tive shoulder mobilization is recommended, and that the
patients should return to normal daily activities, including
regular exercises, as soon as possible. However, it has been
suggested that early shoulder mobilization may cause
increased seroma formation [4,6,15]. Although immobilization
of the shoulder may prevent seroma [15], the return to nor-
mal physical activity could be delayed. Also, other studies
have demonstrated no difference in seroma formation when
comparing early (within 1–2days postoperatively) or late (5–
7days postoperatively) initiation of shoulder mobilization
[4,8,15,16,17].

Heterogeneity of surgical techniques and relatively small
patient groups with different clinical outcomes measured
have resulted in conflicting results on the incidence of
seroma formation and the effect of early postoperative exer-
cise on the risk of seroma. These contradictory findings call
for more rigor research in this area with larger sample
size [17].

The aims of this study are to (i) determine incidence of
symptomatic seroma formation in a large, population-based,
and consecutive patient cohort, and (ii) assess whether early
shoulder mobilization as well as other common patient and
treatment-related factors are predictors of symptomatic
seroma formation.

Materials and methods

Setting and patient population

This observational cohort study includes 217 consecutive
patients who underwent ALND due to breast cancer, CMM,
and carcinoma of unknown primary, at the Department of
Surgery, Skåne University Hospital. All patients had axillary
drainage following a standard protocol and all were exam-
ined 4–6weeks after surgery according to a routine physio-
therapeutic follow-up program. Seventeen patients dropped
out and data from 200 patients were available (Figure 1).
One hundred sixty-six (83%) patients were diagnosed with
breast cancer, 25 (12.5%) with CMM, and 9 (4.5%) with car-
cinoma of unknown primary.

Ethical approval

The Regional Ethical Board, Lund University, approved the
study, IRB 2017/544. Data were collected within a routine
physiotherapeutic follow-up program from October 2014 to
December 2016.

Procedure

Definition of symptomatic seroma formation
Seroma formation was defined as excessive accumulation of
fluid requiring at least one aspiration due to patient-reported
discomfort, documented in the medical record.

Exercise intervention
Before being discharged from the hospital, an implemented
routine postoperative exercise program was introduced to all
patients by a physiotherapist to improve shoulder ROM, cir-
culation, and to prevent loss of muscle strength. The pro-
gram started on the first postoperative day and was
continued at least until follow-up 4–6weeks after surgery,
when the patient met the same physiotherapist.

The exercise program consisted of five exercises, where
exercises 1–4 should be carried out in supine position, two
sessions daily. Exercises 1–3 should be repeated five times
and exercise 4 [18] should be performed once during each
session. Exercise 5 [19] could be performed in any comfort-
able position several times a day.

Instruction for exercise (Steps 1–5):

1. Deep breathing exercise with your hands placed on
your breast.

2. Activate your scapular muscles by pressing your arms
close to the body and slowly push your arms down
along the body.

3. Elevate both arms over the head as far upwards as
possible.

4. Place your arm on the operated side at a right angle to
your body with your elbow bent. Stay in this position
relaxing for 2–3minutes until the feeling of tightness
eases (Figure 2).

5. Move your shoulder and arm in 10–15 cycling move-
ments, and at the same time clench and open the fist in
a pumping action.

The patients were also encouraged to use the arm in daily
activities as normally as possible.

Data collection
Clinical data and information on given treatment related to
seroma formation were retrieved from medical records: age
at diagnosis, BMI (underweight < 18.5, normal weight 18.5–
24.9, pre-obesity 25.0–29.9, obesity � 30.0 kg/m2) [20], type
of surgery for breast cancer (mastectomy or breast conserv-
ing), laterality of ALND, levels of axillary clearance (I–III), neo-
adjuvant chemotherapy, seroma aspiration frequency,
seroma volume, and time from surgery to last aspiration.

Data related to exercise were collected from a standar-
dized physical therapy follow-up protocol after ALND, where
the patient responded to a study questionnaire regarding
arm dominance, frequency of ROM exercises (0–1 time/day, 2
times/day, or >2 times/day), exercise 5 (arm cycling, 0–4
times/day or 5–10 times/day), spontaneous elevation of the
arm � 90� more than five times a day in daily activities,
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patient’s experience of increase seroma formation related to
arm activity in general (yes/no).

Statistical analysis

Statistical computations were carried out using IBM SPSS
Statistics version 27.

Descriptive statistics of the variables including rates for
binary variables and mean± SD for continuous variables.
Comparison between groups with or without seroma forma-
tion were performed with Chi Square test for categorical vari-
ables and T-test (two-tailed) for continuous variables.

Logistic regression analysis was performed, and odds
ratios were used to quantify the strength of the associations
between predictors and outcome variable (dependent vari-
able: seroma/no seroma). No imputation was used for miss-
ing data. A significance level of p< .05 was chosen.

Results

Patient characteristics

For the overall cohort, the mean age was 61± 14.9 (range
25–92) years and mean BMI was 27.0 ± 4.8 (range 15.6–42.3)
kg/m2. Mean time to follow-up visit was 4.5 ± 0.9 (range 3–9)
weeks and mean time to the last aspiration in the seroma

group was 4.0 ± 3.0 (range 1–21) weeks. Frequency of seroma
and total seroma volume (mean± SD) in different categories
of cancer treatments, physical exercise intensity, body mass
index (BMI), and age, by axillary node dissection, are pre-
sented in Table 1.

Number of seroma aspirations

The total number of seroma aspirations per patient is shown
in Table 2. Just over a quarter (26.7%) of the patients with
seroma needed one aspiration only, but the majority of the
patients (68.9%) needed 1–3 aspirations and most cases
(84.5%) resolved within a month after 1–4 aspirations.
However, three patients needed 12, 15, and 16 aspirations,
respectively, without there being an obvious reason for these
higher frequency of repeated aspirations. Patients requiring
1–7 aspirations had on average seroma volume of
336 ± 222ml (range 20–1504ml) at each aspiration (Table 2).

Seroma volume

Volume related to cancer treatment, BMI, and age
One hundred thirty-five patients, revealing an incidence of
67.5% had seroma formation, 110 (81.5%) with breast cancer,

Patients treated with 
axillary lymph node 

dissection 
n=217

Patients with 
seroma
n=135

Study Cohort n=200
Breast Cancer n= 166
Malignant melanoma n=25
Carcinoma of unknown primary n=9

Patients with no 
seroma
n=65

Ineligible n=17
Lost to follow-up n=7
Declined participation n=6
Ongoing physiotherapy n=3
Deceased n=1

Figure 1. Flow chart of recruitment of the cohort.
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and 19 (14.1%) with CMM. Total aspirated seroma volume
per patient was 1048 ± 1039 (range 55–6825) ml.

Significantly more seroma volume was found in patients
treated with mastectomy (1116 ± 1068ml, p¼ .006) and CMM
surgery (1318± 920ml, p< .001) compared to those treated
with breast conserving surgery (537 ± 478ml) (Table 1). No
differences in seroma volume were found related to the use
of neoadjuvant chemotherapy. In the BMI categories, there
was a tendency (p¼ .08) toward larger seroma volume in the
obesity group (1212± 923ml) compared to the under/normal
weight group (848± 888ml). Concerning age, there was a
tendency (p¼ .08) toward significantly larger seroma forma-
tion in the older (� 60 years) age group.

Volume related to exercise program
A tendency (p¼ .068) to less seroma was found for ROM
exercise (step 1–4) two times/day (918 ± 839ml) compared to
zero to one times/day (1271 ± 1231ml). ROM exercise greater
than two times/day did not increase the volume; neither did
the arm cycling exercise. Side of performed ALND (dominant
versus nondominant arm) did not have a significant influ-
ence on seroma volume. Evaluation of the arm position dur-
ing daily activity demonstrated that 80.5% of the patients
elevated the arm above the shoulder level (> 90�) more
than five times a day. Most of the patients with seroma
(72.6%) did not observe any increased amount of fluid build-
up following arm activity, while 7.4% of the patientsFigure 2. Stretching position for 2–3min.

Table 1. Frequency of seroma and total seroma volume (mean ± SD) in different categories of cancer treatments, physical exercise intensity, Body Mass Index
(BMI), and age, by axillary node dissection (n¼ 200).

Categories Seroma, n (%)
Total volume, ml
Mean 6 SD p Valuea

Neoadjuvant chemotherapy
Yes, n¼ 79 53 (67.1) 1096 ± 150 ns
No, n¼ 121 82 (67.8) 1007 ± 111

Surgery
Axillary node dissection
Mastectomy, n¼ 116 81 (69.8) 1116 ± 1068 g p¼ .006
Breast conserving, n¼ 50 29 (58.0) 537 ± 478
Malignant melanoma, n¼ 25 19 (76.0) 1318 ± 920 g p< .001
Others, n¼ 9 6 (66.7) 1745 ± 1975

Level of surgery
Level 2, n¼ 183 120 (65.6) 995 ± 974 p¼ .09
Level 3, n¼ 16 15 (93.8) 1475 ± 1432
Level 2þ cervical lymph nodes 0

ROM exercise
0–1 time/day, n¼ 52 40 (76.9) 1271 ± 1231 g .068
2 times/day, n¼ 126 79 (62.7) 918 ± 839
>2 times/day, n¼ 22 16 (72.7) 1129 ± 1345 ns

Cycling exercise
0–4 times/day, n¼ 150 101 (67.3) 1034 ± 1024 ns
5–10 times/day, n¼ 50 34 (68.0) 1089 ± 1094

Affected sideb

Dominant, n¼ 103 72 (69.9) 1162 ± 1137 ns
Nondominant, n¼ 96 62 (64.6) 919 ± 913

BMIc, kg/m2

Underweight <18.5, n¼ 4 þ
Regular weight 18.5–24.9, n¼ 76 53 (66.3) 848 ± 888 g ¼ .080
Overweight 25.0–29.9, n¼ 74 52 (70.3) 1158 ± 1215
Obese � 30.0, n¼ 46 30 (65.2) 1212 ± 923

Age (years)
20–59, n¼ 93 57 (61.3) 866 ± 1048 ¼ .082
60–99, n¼ 107 78 (72.9) 1180 ± 1018

aComparing groups, amount of seroma, t-test.
bOne ambidextrous patient not included.
cBMI grade according to WHO.
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reported increased seroma after ipsilateral arm movement.
Twenty percent of the patients stated that they did not
know or were not able to comment on seroma formation in
relation to arm activity.

Risk for seroma formation

In comparison with ROM exercise zero to one time/day, inci-
dence of symptomatic seroma formation was significantly
lower in those practicing ROM exercise two times/day (OR
0.42, 95% CI 0.18–0.96, p¼ .038) (Table 3). Evidence for the
discriminatory effect of complete ALND (level I–III) on seroma
formation was weak, OR 7.17, (p¼ .091) and there were no
other clinical or treatment variables that was found signifi-
cantly associated with the incidence of symptomatic seroma
formation in univariable logistic regression analysis (Table 3).

Discussion

The present study demonstrated that twice-a-day exercise,
starting on the first postoperative day, was associated with
less seroma formation compared to no exercise at all or only
once a day. This result is not in line with Shamley et al. [21]
who, in their systematic review found support for delayed
arm exercise program. However, the interventions were
undefined in most of the included studies. In contrast, we
have in the present study carefully defined both interven-
tions and frequency of exercise, and the results indicate that
a certain level of exercise may facilitate reabsorption of
seroma.

When the lymph vessels have closed by themselves and
started to develop new vessels [22,23] they will enable
removal of the seroma from the operation area. It is well-
known that exercises, particularly muscle contractions, can
increase the flow, both in veins and lymph vessels [24,25].
Therefore, early start of exercise, twice daily, may be import-
ant to support the flow in regenerated vessels as well as in
remaining vessels that are forced to transport a larger load
of fluid than before the surgery, demanding a higher flow
rate. Lymph vessels are also on their own, able to increase
flow capacity by increased frequency of lymphangion pump-
ing contractions, also supported by muscle contractions [24].

When patients started the ROM-exercise program on the
first postoperative day, they were encouraged to use their
arm in daily activities as normally as possible, and the major-
ity were active with the exercise program and in their daily

activities. In daily activities, the activity level is usually higher
in the dominant than in the nondominant arm, but no differ-
ences in amount of seroma were found between the arms,
implying that the assumed higher activity in the dominant
arm is safe. Further, most patients with seroma (72.6%) did
not notice any increase of seroma formation in association
with arm activity. Also, there was no difference in seroma
volume between low exercise frequency (0–1/day) compared
to higher (two or more/day) implying that this group did not
reduce their exercise frequency due to larger seroma forma-
tion but for other unknown reasons. In addition, the early
exercise program is not only beneficial to the patient con-
cerning seroma but may also improve ROM as well as blood
and lymph flow.

By complete level I–III ALND, larger damage to the tissue
and vessels can be expected and, though not significant
(p¼ .091) the OR for seroma by ALND including level III was
very high (7.17). Also, the mean amount of seroma clearly
differed between the groups (995ml in level II/1475ml in
level III). The nonsignificant result is most likely due to a
small number of patients and could be expected to be sig-
nificant if the level III group had been larger. In this context
it should also be noted that three patients required repeated
aspirations for persisted postoperative seroma (>12 aspira-
tions). All three underwent more extensive surgical treatment
with level III ALND or modified radical mastectomy. It has
been suggested that the type of surgery is a predicting fac-
tor for seroma formation in breast cancer patients. Hashemi
et al. [7] demonstrated that modified radical mastectomy
was associated with 2.5 times higher risk of postoperative
seroma formation. In line with our discussion, SLNB is associ-
ated with significantly less seroma formation than conven-
tional ALND due to lesser damage to the lymph and blood
vessels [6,8].

In contrast to several studies reporting that high BMI can
increase the seroma formation [4,6,8,15,16,26], we did not
find any increased risk. However, the difference of seroma
formation was large between the under/normal weight
(mean 848 ± 888ml) and obese (mean 1212 ± 923ml)
patients, with a weak association (p¼ .080). Similar results,
with weak association, were found for age, with OR (1.68)
(p¼ .082) in comparison with the younger age group (20–
59 years, mean 866± 1084ml) and the older age group (60–
99 years, mean 1180 ± 1018ml). This is in accordance with a
previous study by ten Wolde et al. [27] displaying similar
results. It is likely that the wound healing of elderly is

Table 2. Frequency of aspiration presented in groups with number of patients, after ALND, (n¼ 135), with seroma split into each frequency group, and total
number of patients in each frequency group with the mean ± SD volume and min–max values.

Frequency
of aspirationsa

Patients with
seroma, within

each frequency, n (%)
Patients with
seroma, n (%)

Volume, ml
mean ± SD

Volume, ml
Min–max

1 36 (26.7) 135 (100) 368 ± 220 20–1100
2 30 (22.2) 99 (73.3) 367 ± 202 50–1000
3 27 (20.0) 69 (51.1) 336 ± 181 20–1100
4 21 (15.6) 42 (31.1) 340 ± 198 100–900
5 11 (8.1) 21 (15.6) 377 ± 337 40–1504
6 4 (3.0) 10 (7.4) 329 ± 282 60–1050
7 3 (2.2) 6 (4.4) 233 ± 133 50–400
aThree patients (2.2%) had 12, 15 and 16 aspirations.
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delayed. In the present study, some patients were older than
90 years, and even for 60-plus patients there is a risk for less
frequent closure of chronic wounds [28]. Neoadjuvant
chemotherapy was found to have no significant risk for or
influence on seroma formation (Table 3), which is in line
with several other studies [5,6,7].

The incidence of seroma following ALND varies in differ-
ent studies between 15% and 90% [5,6]. The overall inci-
dence of seroma formation in the present study was 67.5%
revealing that it is a very common side effect after ALND.
Eighty-four percent of seromas were found to resolve after
one to four aspirations and after about 4weeks the seroma
resolved in most patients. One reason why the incidence of
seroma varies so much among studies may be due to differ-
ent definitions of when seroma aspiration is necessary, which
may depend on the patient’s tolerance before they experi-
ence that the seroma is uncomfortable. Also, if the time
between aspirations is a bit longer there may be some nat-
ural reabsorption by the body.

Study strengths and limitations

A strength of this study is that patient sample is rather large
(n¼ 200), making relevant stratification into smaller groups
possible, such as for BMI, age, and level of ALND. The data
were collected in a clinical environment in a routine physical
therapy follow-up using a standardized protocol, which may
facilitate implementation in a clinical setting.

A weakness of this study is that there were no standar-
dized criteria when it was time to aspirate the seroma except
for when the condition got uncomfortable to the patient.
The definition of seroma depended on both the clinical
experience of the nurse and the patient’s level of tolerance.

However, the nurses (n¼ 4) have many years of experience
and could be expected to evaluate the patient’s discomfort
in a similar way and also being aware of the common
adverse effects of frequent aspirations. Also, data were col-
lected retrospectively and could thus present a slightly lower
degree of evidence compared to a prospective study.
Nevertheless, there was no biased patient selection as all eli-
gible patients were consecutively included. Although limita-
tions of subgroup analysis due to inadequate power do
exist, to the best of our knowledge, this is the largest study
assessing the risk of seroma with special focus on exercise.

Conclusions

Seroma formation is a common side effect after ALND, how-
ever, most cases resolve within a month after a maximum of
four aspirations. ROM exercises twice daily predict a lower
incidence of seroma formation, and more frequent shoulder
exercise do not increase seroma volume. Extensive surgical
treatments for malignant melanoma and breast cancer,
including ALND at level I–III produces more seroma, com-
pared to less extensive surgery. Higher age and obesity may
also influence the risk of increased seroma formation.
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Table 3. Variables analyzed of group with seroma (n¼ 135, % of total group) and with no seroma (n¼ 65, % of total group), and univariate odds ratio (95%CI).

Categories
Seroma, n¼ 135 No seroma, n¼ 65

OR (95% CI)a p Valuen (%) n (%)

Age, years �59, n¼ 93 57 (42.2) 36 (55.4) 1.00 (ref)
�60, n¼ 107 78 (57.8) 29 (44.6) 1.68 (0.84–3.30) .129

BMI (kg/m2) Underweight, n¼ 4 53 (39.3) 4 (6.2) b

Normal weight, n¼ 76 52 (38.5) 23 (35.4) 1.00 (ref.)
Pre-obesity, n¼ 74 30 (22.2) 22 (33.8) 1.25 (0.60–2.60) .551
Obesity, n¼ 46 16 (24.6)) 0.72 (0.30–1.74) .461

Neoadjuvant chemotherapy, Yes, n¼ 79 53 (39.3) 26 (40.0) 1.00 (ref.)
No, n¼ 121 82 (60.7) 39 (60.0) 1.15 (0.56–2.38) .700

Surgery
Sidec Dominant, n¼ 103 72 (53.3) 31 (47.7) 1.00 (ref.)

Nondominant, n¼ 96 62 (45.9) 34 (52.3) 1.21 (0.62–2.36) .578
Axillary node dissection þ

Breast conserving, n¼ 50 29 (21.5) 21 (32.3) 1.00 (ref.)
Mastectomy, n¼ 116 81 (60.0) 35 (53.9) 1.58 (0.77–3.24) .210
Malignant melanoma, n¼ 25 19 (14.1) 6 (9.2) 1.41 (0.40–4.96) .593
Others, n¼ 9 6 (4.4) 3 (4.6) b

Level 2, n¼ 183 120 (88.9) 63 (96.9) 1.00 (ref.)
3, n¼ 16 15 (11.1) 1 (1.5) 7.17 (0.73–70.19) .091
2þ cervical nodes 0 1 (1.5) b

Exercise
ROM 0–1 time/day, n¼ 52 40 (29.6) 12 (18.5) 1.00 (ref)

2 times/day, n¼ 126 79 (58.5) 47 (72.3) 0.42 (0.18–0.96) .038
>2 times/day, n¼ 22 16 (11.9) 6 (9.2) 0.57 (0.17–1.96) .371

Arm cycling 0–4 times/day, n¼ 150 101 (74.8) 49 (75.4) 1.00 (ref)
5–10 times/day, n¼ 50 34 (25.2) 16 (24.6) 0.81 (0.37–1.75) .582

aOdds ratio derived from univariate logistic regression analysis.
bNo analysis performed.
cOne ambidextrous.
Bold value indicates statistical significance.
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