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A b s t r a c t

IInnttrroodduuccttiioonn::  The aim of the work was to analyze the impact of selected factors
on the incidence of seroma formation in breast cancer patients undergoing
mastectomy.
MMaatteerriiaall  aanndd  mmeetthhooddss::  One hundred and fifty breast cancer patients were
prospectively enrolled in the study. All patients had mastectomy performed
using the same operative technique with electrocoagulation. The amount of
seroma formed after surgery and its duration were correlated with selected
demographic, clinical and pathological parameters. 
RReessuullttss::  The cumulative total seroma volume collected by the end of treatment
was higher and the overall time of seroma treatment was longer in patients
over the age of 60 years (p = 0.001 and p = 0.001 respectively). Duration of
seroma was significantly longer in obese patients (p = 0.036). The cumulative
total seroma volume collected by the end of treatment was higher and the
overall time of seroma treatment was longer in patients who had over 130 ml
of lymph drained during the first 24 postoperative hours (p < 0.001 and 
p = 0.001 respectively). Additionally, longer duration of seroma was observed 
in patients with pathological stage I and II according to TNM-UICC (p = 0.042)
and in patients with ≥ 1200 g weight resected of mammary gland (p = 0.05).
CCoonncclluussiioonnss::  Age and obesity are important prognostic factors influencing
seroma formation in breast cancer patients undergoing mastectomy. The amount
of lymph formed during first postoperative day may have predictive value in
assessing cumulative total seroma volume collected during treatment and its
overall duration.

KKeeyy  wwoorrddss::  seroma, drain, breast cancer, mastectomy, axillary dissection.

Introduction

Despite more and more common application of chemotherapy and
radiotherapy in management of breast cancer patients, surgery remains
the gold standard of treatment. Depending on the stage of disease pro-
gression, either modified radical mastectomy (MRM) or breast conserving
therapy (BCT) is performed [1]. Axillary dissection is one of the elements
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of surgical treatment of breast cancer. In low-stage
cases it can be replaced with sentinel lymph node
dissection if there are no contraindications for the
later procedure. Seroma formation is one of the ear-
ly complications of axillary dissection. It occurs in 
15-85% of cases [2, 3]. In the group of breast can-
cer patients undergoing surgical procedures sero-
ma formation is caused by accumulation of lymph
in the space under cutaneous flaps or in the area
of the axilla [1, 4, 5]. To date, neither detailed patho-
genesis nor fully efficient methods of prevention of
seroma formation have been established [4-8].

In order to reduce seroma formation (SF) a num-
ber of procedures have been proposed. They include
drainage of the operative wound [6], external com-
pression dressing [9], diathermy performed during
surgery, ultrasound, argon, laser, harmonic scalpel
[10], endoscopic procedures [11, 12], various tech-
niques of axillary space closure [3, 13], fibrin glue
[14-20], sclerotherapy using tetracyclines [21] and
tranexamic acid application [7, 9]. However, no stan-
dard resulting in effective diminution of SF inci-
dence following axillary dissection has yet been
established.

The aim of the current work was to assess the
impact of selected demographic, clinical and patho-
logical parameters on seroma formation in breast
cancer patients undergoing mastectomy, as the first
step towards establishing a comprehensive ma n-
age ment protocol for prevention of seroma forma-
tion and its treatment.

Material and methods

Breast cancer patients treated with MRM alone
or with MRM performed after a course of neoadju-
vant chemotherapy were enrolled in the study. All
patients were treated in the Department of Onco-
logical Surgery in Gdansk between July 2009 and
March 2010. The present prospective trial was per-
formed according to the guidelines of the Ethics
Examining Committee of Human Research at the
Medical University of Gdansk, Poland (approval no.
196/2009). All surgical procedures were performed
by surgical oncology specialists after obtaining writ-
ten informed consent regarding participation in the
trial. Electrocoagulation (Excalibur, CONMED, USA)
using a monopolar electrode was used for tissue
cutting. The extent of axillary dissection was iden-
tical in all patients and comprised lymph nodes of
levels I and II according to TNM-UICC, but preser -
ving thoracodorsal and long thoracic nerves [22].
The wound was managed using silicone active
drainage (Galmed, Poland) introduced through the
lower flap in the axillary region. The number of
drains depended on the extent of intraoperative
bleeding and the individual judgment of the oper-
a tor. After MRM, still in the operative theater, the
removed mammary gland was weighed. In the

postoperative period all patients had their forearm
elevated. Mobilization of the upper extremity was
started already on postoperative day one. On post-
operative day one or two the patients were dis-
charged home equipped with drainage and a special
chart for monitoring the amount of lymph collec -
ted. If, for three consecutive days, not more than 
20-40 ml/day of lymph was collected, the drainage
was removed. In cases where after drainage removal
lymph was noted in the postoperative wound, addi-
tional punctures were performed. In case of an infec-
tion, antibiotic treatment was prescribed.

All patients had cumulative total seroma volume
measured, which comprised cumulative total lymph
volume collected through drainage and any addi-
tional punctures. Additionally, from the first post-
operative day, total time of seroma treatment was
measured. Overweight and obesity were defined
according to body mass index (BMI) values as pro-
posed by the World Health Organization (WHO) 
(≥ 25 kg/m2 and ≥ 30 kg/m2, respectively) [22].

SSttaattiissttiiccaall  aannaallyyssiiss  

Data that had normal distribution were assessed
using the test for equality of means after first deter-
mining whether they were normally distributed in
view of the results of Kolmogorov-Smirnov or Sha -
piro-Wilk tests. Non-parametric U Mann-Whitney-
test was used to assess the data that were not nor-
mally distributed. For continuous variables the mean
value and its range were evaluated. Categori cal 
variables were described in terms of number and
percentage of each subgroup, the respective values
rounded up to one decimal place. The relationships
between categorical variables were assessed using
Pearson χ2 test and, in the case of subgroups com-
prising less than 5 cases, a Yates correction was
applied. Pearson test was used to evaluate linear
correlations. Statistical analysis was performed
using SPSS v. 13.0 (SPSS Inc, USA) and Statistica 
v. 8.0 (Stat Soft Inc, USA).

Results

In the period between July 2009 and March 2010,
150 breast cancer patients were qualified for MRM.
Patient mean age was 58.4 years. Clinical and
pathological characteristics of the analyzed group
are summarized in Table I. The average hospital-
ization time was 1.8 days (range 1-6 days). In view
of the BMI values 77 patients (51.3%) were classi-
fied as overweight and 39 (26.0%) were diagnosed
as obese. Twenty-six patients (17.3%) received pri-
or neoadjuvant chemotherapy. Distribution of clin-
ical and pathological stages of the disease in the
analyzed group of patients is summarized in Table I.
None of the patients participating in the trial was
diagnosed with stage IV disease. In 4 patients
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(2.7%), all over 60 years of age, infectious compli-
cations occurred. Patients over 60 years of age in
comparison with younger women had significant-
ly higher total seroma volume (mean 1658 ml vs.
1258 ml; p = 0.001) and longer total time of sero-
ma treatment (mean 24 days vs. 21 days; p = 0.001)
(Table II). Moreover, in the group of older patients
higher cumulative total lymph volume collected
through drainage was observed (mean 1569 ml vs.
1222 ml; p = 0.002) and cumulative total lymph vol-
u me collected during punctures (mean 113 ml vs.
61 ml; p = 0.001) in relation to patients under the
age of 60 years.

In the group of obese patients longer total time
of seroma treatment was observed when compared
to non-obese subjects (mean 25.1 days vs. 21.3 days;
p = 0.036). Additionally, in this subgroup of patients
larger volumes of lymph were collected on the con-
secutive postoperative days (Table II).

Patients who received prior neoadjuvant che -
motherapy had lower cumulative total lymph vol-
ume collected through drainage (mean 1126 ml vs.
1427 ml; p = 0.024) and lower seroma volume col-
lected by postoperative day 10 (mean 711 ml vs. 
934 ml; p = 0.037) than patients who were trea ted
with MRM only.

Pathological stage of disease progression
assessed according to pTNM-UICC [22] had an
impact on total seroma volume and total time of
seroma treatment. In patients in stage I and II high-
er total seroma volume (mean 1468 ml vs. 1315 ml;
p = 0.042) and longer total time of seroma treat-
ment (mean 23.4 days vs. 18.3 days; p = 0.032) were
observed in relation to stage III patients. 

Drainage exceeding 130 ml during the first 24
postoperative h correlated with higher total sero-
ma volume (mean 1708 ml vs. 1086 ml; p < 0.001)
and longer total time of seroma treatment (mean
24 days vs. 21 days; p = 0.001).

It was found that the weight of the resected
mammary gland had an effect on total time of sero-
ma treatment. Patients with > 1200 g weight of the
mammary gland had a longer total time of seroma
treatment compared to those with < 1200 g (mean
23.7 days vs. 21.6 days; p = 0.05) (Table II).

The number of resected lymph nodes had an
effect on the volume of seroma formed during the
first postoperative days. Patients who had 16 or
more lymph nodes removed had significantly higher
volumes of seroma collected during the first 5 post-
operative days compared with patients who had 
15 or less lymph nodes removed (mean 652 ml vs.
558 ml; p = 0.05) (Table II).

Preliminary analysis revealed that patients who
had two drains placed had higher volumes of sero-
ma formed during the first few postoperative days
than the patients who had only one drain. Surgeons
were more prone to place two drains in obese
patients than those with BMI < 30 kg/m2 (15/39
(38.5%) vs. 12/111 (10.8%); p = 0.022).

Additionally, analyses of linear correlations were
performed. A strong correlation between total sero-
ma volume and total time of seroma treatment 
(K = 0.743; p < 0.001) was observed, whilst total
seroma volume and volume of seroma collected on
postoperative day one were only moderately cor-
related (K = 0.353; p < 0.001) (Figures 1 and 2).

Discussion

Already at the beginning of the 20th century the
first studies evaluating methods of reducing sero-
ma formation after breast amputation surgery were
conducted. In 1913 Halsted described a suturing
technique of attaching a flap to the pectoral mus-
cle fascia in order to reduce seroma formation [24].
Drainage of the postoperative wound after modi-
fied radical mastectomy was first proposed by Mur-
phy in 1947 [25, 26]. In a few published studies it
has been suggested that the type of diathermy
used during surgery may influence seroma forma-
tion in the postoperative period [10]. However,
Michielsen et al. observed that application of bipo-
lar diathermy, when compared to monopolar
diathermy, significantly prolongs the surgical pro-

Age [years]* 58.4 (25-83)

Weight [kg]* 72.1 (49-127)

Height [cm]* 1.62 (1.5-1.78)

BMI [kg/m2]* 27.4 (19.1-50.9)

cTNM I 82 (54.7%)

II 60 (40.0%)

III 8 (5.3%)

pTNM I 45 (30.0%)

II 72 (48.0%)

III 33 (22.0%)

Hospitalization [days]* 1.8 (1-6)

Number of resected lymph nodes* 15.9 (0-43)

Number of resected lymph nodes

0-15 73 (48.7%)

≥ 16 77 (51.3%)

Weight of resected mammary gland [g]

< 1200 99 (66%)

≥ 1200 51 (34%)

TTaabbllee  II..  Demographic, clinical and pathological char-
acteristics of breast cancer patients undergoing
mastectomy in the Department of Surgical Oncology
in Gdansk (n = 150)

*Mean (range); BMI – body mass index, MRM – modified radical
mastectomy, cTNM – clinical classification of malignant tumors
according to TNM-UICC [20], pTNM – pathological classification 
of malignant tumors according to TNM-UICC [20]
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cedure [27]. In the present study all patients were
treated using monopolar diathermy; therefore we
could not assess the effect of the type of diathermy
on duration of the surgery.

Despite a wide number of proposed options of SF
management, to date no optimal and fully efficient
algorithm has been established [6]. It appears that
only comprehensive analysis of putative factors influ-
encing seroma formation may eventually allow the
development of methods effective in reducing dura-
tion of SF and hospitalization, impro ving patients’
quality of life, decreasing the number of follow-up
visits in the postoperative period and, as a result,
reducing the overall costs of treatment [28-30]. Some

authors suggest that effective seroma treatment may
reduce incidence of wound infections and lym-
phedema of the upper extre mity as well as lower the
risk of lymphatic cyst formation [6, 31]. 

In the current study we found that age, BMI, his-
tory of prior neoadjuvant chemotherapy, stage of
the disease according to pTNM and the volume of
seroma collected during the first 24 postoperative
h have an influence on seroma formation and may
be considered as seroma formation prognostic fac-
tors in patients undergoing modified radical mas-
tectomy. The possibility to assess the risk of SF may
result in future in better postoperative care of
patients subject to modified radical mastectomy. 

FFaaccttoorr MMeeaann 9955%%  CCII VVaalluuee  ooff  pp

Age [years] < 60 Vt 1258 ml 1008-1509 ml 0.001

≥ 60 Vt 1658 ml 1417-1899 ml

< 60 Tt 21 days 16-26 days 0.001

≥ 60 Tt 24 days 21-26 days

BMI [kg/m2] < 29.9 Tt 21.3 days 17.6-25.0 days 0.036

≥ 30 Tt 25.1 days 20.7-29.5 days

< 29.9 V3 397 ml 360-434 ml 0.01

≥ 30 V3 492 ml 425-559 ml

< 29.9 V5 573 ml 518-629 ml 0.013

≥ 30 V5 727 ml 625-828 ml

< 29.9 V10 836 ml 735-938 ml 0.048

≥ 30 V10 1063 ml 846-1279 ml

Neoadjuvant chemotherapy No Vd 1427 ml 1242-1612 ml 0.024

Yes Vd 1126 ml 658-1594 ml

No V10 934 ml 836-1032 ml 0.037

Yes V10 711 ml 430-992 ml

pTNM Stage I and II Vt 1468 ml 1288-1648 ml 0.042

Stage III Vt 1315 ml 805-1825 ml

Stage I and II Tt 23.4 days 19.8-27.0 days 0.032

Stage III Tt 18.3 days 14.3-22.2 days

Seroma formation during < 130 Vt 1086 ml 857-1315 ml < 0.001
first 24 postoperative h [ml]

≥ 130 Vt 1708 ml 1461-1955 ml

< 130 Tt 21 days 14.6-26.5 days 0.001

≥ 130 Tt 24 days 21.2-26.1 days

Weight of resected mammary < 1200 Tt 21.6 days 16.9-26.2 days 0.05
gland [g] (n = 135)

≥ 1200 Tt 23.7 days 20.2-27.3 days

Number of resected lymph 0-15 V5 558 ml 483-633 ml 0.045
nodes (n = 135)

≥ 16 V5 652 ml 590-713 ml

TTaabbllee  IIII..  Factors influencing cumulative total seroma volume (Vt) and total time of seroma treatment (Tt) in breast
cancer patients undergoing mastectomy in the Department of Surgical Oncology in Gdansk (n = 150)

BMI – body mass index, obesity: BMI ≥ 30 kg/m2, pTNM – pathological classification of malignant tumors according to TNM–UICC [20], 
Vt – cumulative total seroma volume, Tt – total time of seroma treatment, Vd – cumulative total seroma volume collected through drainage, 
V2 – seroma volume collected by postoperative day 2, V3 – seroma volume collected by postoperative day 3, V5 – seroma volume collected by
postoperative day 5, V10 – seroma volume collected by postoperative day 10; CI – confidence interval
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FFiigguurree  11..  Graphical illustration of the correlation
between the total time of seroma treatment and the
cumulative total seroma volume in breast cancer
patients undergoing mastectomy (n = 150)
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FFiigguurree  22..  Graphical illustration of the correlation
between the volume of drainage collected during the
first 24 postoperative h and the cumulative total
seroma volume in breast cancer patients undergoing
mastectomy (n = 150)

We also found that patients over the age of 
60 years have higher total seroma volume and
longer total time of seroma treatment of seroma
formation when compared to the group of younger
patients. Relatively few reports on the effect of
patient age on seroma formation in women under-
going MRM have been published so far [32, 33]. In
a study of 359 breast cancer patients Gonzalez 
et al. reported SF only in 15.9% of cases [32]. The
substantial difference in SF incidence when com-
pared to our study results from the dissimilarity in
SF definition used by the authors. In other publi-
cations no correlation between patient age and SF
incidence were noted [1, 34]. More to the point, in
patients over 60 years of age more often infections
of the postoperative wound were observed, which
is in line with previously published reports [35]. We
report a significant correlation between obesity and
higher total seroma volume and longer total time
of seroma treatment. This issue remains a major
controversy. Neither Gonzalez et al. nor Woodworth
et al. observed an effect of obesity on seroma for-
mation [32, 35]. Conversely, Theunissen, despite not
analyzing BMI values but only patient weight, no t-
ed a correlation between patients’ weight and total
seroma volume and total time of seroma treatment.
The underlying mechanisms are not yet fully under-
stood, but we suppose that in obese people the
area of surgical incision is larger, which implies that
a higher number of lymphatic vessels may be 
dama ged. Obesity is recognized as a major and 
rapi dly worsening public health problem. Accor d-
ingly, introduction of prophylactic measures aimed
at reducing the number of obese people may not
only lead to shortening duration of seroma treat-
ment in patients undergoing mastectomy but also
might reduce the number of complications in the
postoperative period [33, 34]. Besides, we have

shown that weight of the resected organ may have
prognostic significance for total time of seroma
treatment. In our study we found that in patients
with weight of the resected organ exceeding 
1200 g, significantly longer total time of seroma
treatment was observed. Such a correlation was
not analyzed in the previous studies with the excep-
tion of the Theunissen and Woodworth reports.
However, conversely to our findings, the authors
did not observe an effect of organ weight on sero-
ma formation [34, 35]. The observed larger cumu-
lative volumes of seroma formed in older patients
and in the group of obese patients also have clini-
cal significance, since these two subgroups of
patients should undergo more frequent follow-up
visits in the postoperative period. Above all, parti -
cular attention should be paid in the time just after
removal of drainage.

Additionally, we observed that patients who
received neoadjuvant chemotherapy prior to MRM
had lower lymph volumes collected during the first
few postoperative days and lower cumulative total
lymph volume collected through drainage. Contrary
to our findings, in the previously published reports
no effect of neoadjuvant chemotherapy on SF was
observed [1, 32, 35]. In view of the aforesaid, fur-
ther studies assessing the value of neoadjuvant
chemotherapy in SF prevention are necessary. 

Furthermore, we observed that pathological
stage III (assessed according to pTNM-UICC) is asso-
ciated with lower total seroma volume and short-
er total time of seroma treatment when compared
to cases having lower stages. We have reviewed the
available literature and observed that tumor size
and the stage of disease progression were not
reported as factors influencing seroma formation
after MRM. It appears that lower seroma formation
in patients having an advanced pathological stage
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may be attributable to the presence of neoplastic
emboli in the lymph vessels obstructing lymph cir-
culation, though our hypothesis has to be valida -
ted experimentally. 

Also in the current study we found that the vo l-
ume of lymph collected during the first 24 post op-
erative h predicts total seroma volume and total
time of seroma treatment. Statistical analysis
revealed a significant correlation between these
parameters. More to the point, we found that col-
lection of less than 130 ml of lymph on the first
postoperative day was related to lower total sero-
ma volume and shorter total time of seroma treat-
ment. Similar observations were previously repor t-
ed by Theunissen et al., who found a significant
correlation between seroma formation on the first
day and total seroma volume and total time of sero-
ma treatment. 

It appears that routine application of wound
drainage is well justified since it contributes to
diminishing the space formed during MRM between
cutaneous flaps [6]. On the other hand, the num-
ber of drains to be placed in patients undergoing
mastectomy remains questionable. Our study has
shown that application of two drains correlates with
higher lymph volumes collected in the first few
postoperative days when compared to the patients
who received treatment with one drain only. In our
opinion, it probably results from the fact that obese
patients were more likely to have two drains placed,
and this subgroup of patients, as we have already
shown, is characterized by increased seroma for-
mation. Previously published studies showed no sig-
ni ficant difference in seroma formation between pa -
tients having one versus multiple drainage [6, 37, 38]. 

The number of lymph nodes removed during sur-
gery was yet another factor analyzed in the current
study. We observed that a larger number of lymph
nodes resected did not influence total seroma vo lume
and total time of seroma treatment and only corre-
lated with the volume of seroma collected du ring the
first postoperative days. In only one pre viously pub-
lished study was such an influence observed [32],
while two other studies, by Hashemi and Woodworth,
did not report such a correlation [1, 35]. It appears that
removal of a larger number of lymph nodes results
in greater injury of the lymph vessels. Regrettably, in
the available literature little has been published on
this subject matter and no clear explanation of the
issue has been proposed.

Identification of factors influencing seroma for-
mation is of tremendous importance since it may
allow a standard procedure of management of sero-
ma formation in patients undergoing MRM to final-
ly be established. The main aim of treatment opti-
mization is to decrease its duration and to reduce
the cumulative volume of seroma formed. It ap -
pears that efficient SF management in the early
postoperative period is particularly important, since

in the first 5 days after surgery wound healing me -
chanisms are initiated [5]. Besides, better control
over SF may contribute to more common imple-
mentation of “the short-stay program” that has
already been successfully introduced in a number
of oncology centers [39]. In essence, shorter SF
treatment improves patients’ quality of life.

In our opinion the hitherto published studies do
not explore sufficiently all the aspects of seroma
formation. On the other hand, in-depth analysis of
all putative prognostic factors might allow the
establishment of better management procedures
of patients undergoing MRM.

In conclusion, in view of the results of our study,
it seems that age and obesity are significant pro g-
nostic factors predicting duration of seroma for-
mation treatment and its cumulative volume in
breast cancer patients undergoing mastectomy. In
the group of older patients and in the group of
obese women, more frequent clinical follow-up is
recommended in the postoperative period because
of lengthy seroma healing and higher risk of surgi-
cal complications. Moreover, we have observed that
the volume of lymph collected during the first 
24 postoperative h may become a prognostic factor
with respect to SF duration and its cumulative vol-
ume. Also, the weight of the removed mammary
gland had an effect on total time of seroma treat-
ment, while the number of lymph nodes resected
during surgery did not affect seroma formation. 

The effect of neoadjuvant chemotherapy on
seroma formation requires further detailed studies.
It appears that identification of as many factors
influencing seroma formation as possible may in
future allow us to establish a standard of seroma
formation management that takes into considera-
tion individual requirements of a particular patient. 
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