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Abstract
Background: “Seromas” represent a frequent complication after
complete axillary lymph node dissection (CALND) for breast cancer.
The aims of this work were to analyze patients with seromas at our
institution and to try to define patients at risk for such events.
Methods: The medical reports of 223 women who underwent
CALND after mastectomy (n=127) or lumpectomy (n=96) for breast
cancer and who were followed in our institute were retrospectively
reviewed to obtain the following: the characteristics (volume and
duration) of the drained seromas; the number, volume, and duration
of punctures performed after hospital discharge; the patient’s age
and body mass index; the presence or absence of hypertension (HTA);
the pT of the tumor, the TNM stage, the number of axillary lymph nodes
removed (nLN), the number of positive LN, the associated treatments
(the pre and post-operative chemotherapy or not); and whether or
not there was an infection at the level of the breast and/or arm.
Results: Only 18.75% of the patients after lumpectomy and 9.45%
after mastectomy did not have a puncture for seroma after hospital
discharge. The patients who had a mastectomy with CALND had a
significantly higher number of punctures (Np), longer duration, and
higher volumes than those who had a lumpectomy. The risk of infection
significantly increased with the Np.
Conclusions: This institutional survey highlights the problem of
post-operative seromas and their related punctures. The seromas
were statistically more frequent after mastectomy than lumpectomy.
Therefore, in the future, neo-adjuvant approaches with conservative
surgeries are recommended. Our analysis identified an abnormally
high Np and/or total puncture volume (VpTot) as outliers.

Abbreviations
BMI: Body Mass Index; CALND: Complete Axillary Lymph Node
Dissection; Dp, Duration of puncture; HTA: Hypertension; L
group: Lumpectomy group; LPA: Latent Profile Analysis; M group:
Mastectomy group; nLN: number of axillary Lymph Nodes; Np:
Number of punctures; VdTot: total discharge volume; VdMd: mean
discharge drained per day; VpMd: mean puncture volume per day;
VpMp: mean volume per puncture; VpTot: total puncture volume
per day; pTNM: pathological examination of the size of the primary
tumor “T”, of the regional lymph node “N” and of presence of distant
metastasis “M”

Introduction
The first mastectomy was carried out by Halsted in 1882 and since
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then surgeons have faced several problems such as necrosis of the skin
flaps, breakdown of the wound, hematoma, infection, and seroma [1].
Among these, seroma formation is the most frequent postoperative
complication seen after breast cancer surgery, with an incidence of
3% to 85% [2]. It is so common that many surgeons view seromas as
an unavoidable nuisance rather than a serious complication [1,3]. It is
unclear if their pathophysiogenesis is of lymphatic origin (also called
lymphocele) and/or “simply” related to inflammatory exudates, with
various predictive factors being proposed. Seromas may require
repeated and long lasting punctures, which can be complicated by
infections that affect all patients’ quality of life. The aims of this work
were to analyze the seroma situation at our institution and to try to
define patients at risk for such events (formation of seromas, their
punctures, and the related infections), especially comparing patients
who underwent a mastectomy vs. a lumpectomy.

Materials and Methods
From 02/2012 to 09/2014, we retrieved 223 women from our
institutional database who had undergone complete axillary lymph
node dissection (CALND) either after mastectomy (M group: n =
127) or lumpectomy (L group: n = 96) for breast cancer and who
were followed in our institute. Their medical reports were reviewed
to obtain the following: the number of punctures (Np) performed,
their volumes (summed to obtain the total volume [VpTot] and the
mean volume per puncture [VpMp]), the duration of the first and
the last punctures reported (Dp) to obtain the “volume per day”
(VpMd), the patient’ age and body mass index (BMI), the presence
or absence of hypertension (HTA), the date and kind of surgery
(mastectomy/lumpectomy), the pT and the TNM staging, the number
of axillary lymph nodes removed (nLN), the number of positive LN,
the associated treatments (chemotherapy, either preoperative, or
postoperative) or not, the volumes of liquids drained after surgery and
before hospital discharge (total drainage volume [VdTot] and mean
drainage volume “per day” [VdMd]), and the occurrence or absence
of infection at the level of the breast and/or arm. Our definition of
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seroma is “any collection of liquid requiring at least one puncture
after hospital discharge”.

Operative procedures
All surgical procedures were performed under general anesthesia
by a specialist surgeon. The modified radical mastectomy was
performed according to Madden [4], but with a transverse incision.
The CALND was performed between standard anatomic borders. In
case of a lumpectomy, two separate incisions were made. At the end
of surgery, two suction drains were placed in the axilla and on the
chest, respectively. No attempts were made to close the dead space in
the axilla or the breast wound by additional measures.

Postoperative procedures
Drainage volumes were registered daily. Each drain was removed
when their fluid production was less than 50 ml per day. Each
patient was seen 1 week after discharge and then weekly or more
frequently as needed. After the drain was removed, any clinically
evident fluid collection in the axilla and/or in the breast wound was
removed by percutaneous aspiration. The VpTot and Np were noted.
Wound infection was defined as an inflamed wound with positive
microbiology that needed antibiotic treatment.

Statistical analysis

surgery, age, weight, HTA, nLN removed, the pN positive status
and a borderline difference with regard to the body mass index
(BMI) and the drain duration (Table 1). There was a significantly
difference between groups M and L patients with regard to size of
the tumor (pT), TNM staging and the administration or not of one
chemotherapy (Table 1).
Compared with the L group, the M group patients had significantly
longer Dp (median = 26 days, but up to 449 days, vs. 11.5 days) and
a higher Np (median = 4, but up to 21, vs. 2), VpTot (median = 1000
ml, but up to 9045 ml, vs. 300 ml), VpMp (median = 233 ml, but up
to 705 ml, vs. 120 ml), VpMd (median = 32.4 ml, but up to 162 ml, vs.
17.9 ml), VdTot (median = 390 ml, but up to 1460 ml, vs. 227 ml), and
VdMd ( 88,9 ml -but up to 212- vs. 60.4 ml).
Among the 193 patients with at least one puncture after hospital
discharge, the Np, VpTot, Dp, VpMp, and VpMd were used to draw
one LPA model. The BIC criteria indicated that the solution with
eight clusters (group of patients with same characteristics of their
“punctures”) had a better fit to the data.
The data in Table 2 indicate that clusters (patient groups) 1 and
2 were dominated by a high Np, VpTot, Dp, VpMp, and VpMd.
Clusters 3 and 4 had a moderate Np for a high VpTot. Clusters 5
and 7 had a lower Np (around three) and there was a higher VpTot

Descriptive statistics are reported by group (M vs. L). For
binary data, counts and percentages are presented and p-values
were calculated using the Fisher’s exact test. The mean and standard
deviation or median and interquartile range are reported, and
p-values were calculated with the help of the Student T-Test or the
Wilcoxon signer rank test, as appropriate. All statistical analyses were
performed with R Software, version 3.0.1 (R Core Team, 2015 [5]).
We used the R package “mclust” [6] to perform a latent profile
analysis (LPA) of the next variables: Np, total volume, duration of
punctures, puncture volume, and mean volume, to mathematically
detect outliers. The LPA is a method for analyzing the relationships
among continuous manifest data [7-10] and tries to find how many
clusters of observations/patients may be found based on collected
data. The Bayesian Information Criteria (BIC) are used to determine
how many clusters have to be retained: the higher the BIC, the better
the fit of the model.
Based on the obtained clustering, outliers were defined and
characterized by means of logistic regression and its associated ROC
curve.

Figure 1: ROC Cuve of the logistic regression model. Outliers=nLN+Treatment
Group.

Finally, we investigated whether the Np was significantly different
in the two groups emerging from the LPA (normal values vs. outliers).
A Wilcoxon signed rank test was performed because the residuals of
the linear model were not normally distributed.

Results
In the whole series, only 30 of 223 (13.45%) patients did not
have a puncture after hospital discharge with the statistical analysis
suggesting a borderline difference between the M group (9.45%) and
L group (18.75%).
The M group and L group showed no statistical differences
with regard to the following characteristics: right and left side of
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Figure 2: Boxplot of Np by infection group.
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Table 1: Comparison of patients between the mastectomy and lumpectomy groups

Variable

Mastectomy (n=127)

Lumpectomy

Age (years)

57.00 ± 13.22

54.55 ± 14.08

(n=96)

0.184

pT (mm)

22.46 ± 20.27

12.20 ± 10.05

<0.001

pT0

20 (15.75%)

24 (25.00%)

pT1

52 (40.94%)

51 (53.13%)

pT2

40 (31.50%)

21 (21.88%)

pT3

15 (11.81%)

0 (0.00%)

pT0-pT1-pT2-pT3

p-value

<0.001

Stage

0.005

Stage 0

16 (12.60%)

23 (23.96%)

Stage 1

33 (25.98%)

26 (27.08%)

Stage 2

43 (33.86%)

36 (37.50%)

Stage 3

35 (27.56%)

10 (10.52%)

Stage 4

0 (0.00%)

1 (1.04%)

pN positivity

61 (48.03%)

37 (38.54%)

Chemotherapy

0.174
0.023

No chemotherapy

28 (22.05%)

22 (22.92%)

Preoperative chemotherapy

55 (43.31%)

56 (58.33%)

Postoperative chemotherapy

44 (34.65%)

18 (18.75%)

BMI (kg/m²)

m=24.17
[q25=21.46; q75=27.05]

m=24.8
[q25=21.39; q75=28.94]

Weight (kg)

m=65
[q25=57; q75=74]

Operations Operation side (left)

0.049

m=65
[q25=58; q75=75.25]

0.809

68 (53.54%)

55 (57.29%)

0.5895

Number of nLNlymph nodes

m=16
[q25=13, q75=22]

m=16
[q25=13, q75=20.25]

0.5715

HTA Hypertension (YES)

47 (37.01%)

25 (26.04%)

0.1113

Number of punctures=0

12 (9.45%)

18 (18.75%)

0.0493

Total number of punctures

m=4
[q25=2; q75=6]

m=2
[q25=1; q75=4]

<0.001

Punctures durations (week)

m=26
[q25=13.50, q75=47]

Total volume of punctures (ml)

m=1000
[q25=420, q75=1560]

Volume by punctures (ml)

m=11.5
[q25=1.25, q75=19.75]

<0.001

m=300
[q25=105, q75=637.5]

<0.001

232.77 ± 140.26

120.55 ± 77.63

<0.001

Mean daily volume of punctures (ml)

32.39 ± 24.22

17.91 ± 14.58

<0.001

Drain duration (days)

m=4
[q25=4; q75=5.5]

m=4
[q25=4; q75=5]

0.039

Drained volume (ml)

m=390
[q25=245, q75=567.5]

m=227.5
[q25=147.5, q75=345.0]

<0.001

Mean drained volume (ml per day)

88.93 ± 45.07

60.37 ± 33.01

<0.001

pT (mm)

22.46 ± 20.27

12.20 ± 10.05

<0.001

in cluster 5 (397) than cluster 7 (274). Clusters 6 and 8 had only one
puncture and there was a higher VpTot in cluster 6 (185) compared
with cluster 8 (37).
We next examined which of the measured variables at baseline
significantly predicted outliers, which were defined as patients having
a high Np and a high post-operative VdTot; thus, patients in Clusters
1 and 2.
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In this whole series, these “outliers” were related as follows:

In univariate analysis, the outliers were related to the nLN,
VdTot, the VdMd, and to having a mastectomy.
In multivariate analysis, the outliers were related only to
having a mastectomy and the nLN, but with an AUC of only 0. 7219
(Figure 1).
The risk of infection statistically significantly increased with the
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Table 2: The eight clusters with their sizes.

C1

C2

C3

C4

C5

C6

C7

C8

Cluster size

8.43%

2.59%

12.35%

38.27%

4.10%

7.81%

18.20%

8.25%

Number of punctures

12.34

16.20

4.74

5.14

2.63

1.00

2.38

1.00

Total Volume (ml)

2250.32

6109.03

1750.76

894.02

396.99

185.13

274.29

37.64

Duration of Punctures
(days)

99.04

148.55

85.74

25.67

9.64

1.40

10.56

1.00

Puncture Volume (ml)

192.69

417.38

378.06

174.93

156.64

185.13

124.97

37.64

Mean Volume (ml)

35.06

59.73

39.19

30.55

27.70

20.61

16.54

3.68

Table 3: Comparison between patients with “normal” values and “outliers”.
Variable

Normal values (n=172)

Outliers (n=21)

p-value

Age (years)

56.13 ± 13.77

58.76 ± 12.60

0.4056

pT (mm)

m=15
[q25=5; q75=23]

m=20
[q25=7; q75=35]

0.07927

pT0 – pT1 – pT2 – pT3

0.3847

pT0

31 (18.02%)

4 (19.05%)

pT1

86 (50.00%)

7 (33.33%)

pT2

44 (25.58%)

8 (38.10%)

pT3

11 (6.40%)

2 (9.52%)

Stage TNM

0.1981

Stage 0

29 (16.86%)

3 (14.29%)

Stage 1

49 (28.49%)

2 (9.52%)

Stage 2

59 (34.30%)

8 (38.10%)

Stage 3

34 (19.77%)

8 (38.10%)

Stage 4

1 (0.58%)

0 (0.00%)

pN positivity

76 (44.19%)

14 (66.67%)

No chemotherapy

39 (22.67%)

6 (28.57%)

Preoperative chemotherapy

84 (48.84%)

13 (61.90%)

Postoperative chemotherapy

49 (28.49%)

2 (9.52%)

No chemotherapy + Preoperative
chemotherapy vs. postoperative
chemotherapy

49 (28.49%)

2 (9.52%)

0.06998

BMI (kg/m²)

25.28 ± 5.10

27.36 ± 5.47

0.08182

Weight (kg)

m=65
[q25=58; q75=75]

m=67
[q25=63; q75=81]

0.268

Hypertension (YES)

55 (31.98%)

10 (47.62%)

0.22

Side (left)

91 (52.91%)

13 (61.90%)

0.4929

Group (Mastectomy)

97 (56.40%)

18 (85.71%)

0.0095

Number of lymph nodes

17.26 ± 6.16

21.24 ± 8.14

0.008

Drain duration (days)

m=4
[q25=4; q75=5]

m=4
[q25=4; q75=6]

0.3803

Chemotherapy

0.159

Drained volume (ml)

m=312.5
[q25=187.5; q75=485]

Mean drained volume (ml per day)

78.03 ± 42.29

Np (Figure 2). The Wilcoxon-signed rank test (W = 1219.5, p-value
= 0.003058) indicated that patients in the infection group had a
higher Np (median=5.5, q25=2, q75=6) than patients without infection
(median=3, q25=5, q75=11).
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0.06428

m=500
[q25=335; q75=610]

0.0255

98.63 ± 41.85

0.03621

Discussion
Serous fluid collections in the axillary dead space or over
the anterior chest wall are known as seromas, and represent the
most common complication following breast cancer surgery [2].
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Definitions of seromas are highly variable [11-15]. However, the
problem might be considered only taking into account the out
hospital patients period, the “real” practical problems. Our definition
of seroma is “any collection of liquid requiring at least one puncture
after hospital discharge”. That is the reason why in our material and
methods, we focused mainly on the problem of the punctures and
the other related problems. In our series, only 13.4% of the patients
did not have a puncture after hospital discharge. Therefore, we tried
to identify smaller groups of patients characterized by “unusual”
patterns related to their seromas. The statistical approach used in
this article, namely defining outliers with a mathematically driven
clustering method, LPA, is relatively original [16] with one other
report based only on breast cancer patients [17]. With this approach,
we identified 13.45% of our patients as “outliers”, characterized by a
high Np (six or higher) and a high post-operative VdTot (≥ 2250 ml).
These outliers are especially interesting for future studies.
Several risk factors and predictors for seromas have been proposed:
age, breast size, HTA, size of the tumor, nLN removed, pathological
nodal status, number of positive LNs, previous surgical biopsy, the
use of heparin or tamoxifen the use of preoperative chemotherapy,
and whether intraoperative lymphatic channel ligation was done or
not [11,15,18-22]. However, this literature, on the problem of seroma
formation and their related consequences (punctures and infections),
although relatively abundant, seems limited to the immediate postoperative period (before hospital discharge) [22-25]. In addition,
few papers specifically analyzed the problem of punctures after
hospital discharge [26,27]. With the evolution toward more and
more conservative surgical approaches for patients who undergo
CALND, the data on the difference (if any) between mastectomy and
lumpectomy also appear “contradictory” [22,24,28].
The studies from Lumachi et al. and Vinton et al. considered
that seroma formation after mastectomy is more common than after
lumpectomy [22,24]. Petrek et al. predicted that modified radical
mastectomy would be associated with greater fluid formation than
axillary dissection [26], because additional fluid is the result of the
mastectomy flap dissection. On the other hand, it was unclear to
Burak et al. why lumpectomy/axillary dissection is associated with
high rates of seroma formation [28]; in addition, Bonnema et al. found
no higher incidence of seromas after modified radical mastectomy
compared with lumpectomy and axillary node dissection [23]. In our
study, we observed that the duration and volume of postoperative
fluid formation are significantly longer and higher for the patients
who had a modified radical mastectomy than those who had a breast
conserving surgery with CALND.
With respect to axillary dissection, several studies reported that
the nLN does not influence seroma formation [22,28-30] whereas
others showed that the nLN influenced seroma formation [15,26,31].
On the contrary, our results showed that patients with a higher nLN
and patients having a mastectomy are more vulnerable and are at
higher risk of being an outlier (patients with a high Np and a high postoperative VdTot). The specific problem of punctures after hospital
discharge was only analyzed by Petrek et al. [26], but they reported
that there was no statistically significant difference between “only
axillary dissections” and “modified radical mastectomy”. In contrast,
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the present data reveal a significantly higher Np, Dp, VpTot, VpMd,
VdMd, and VdTot in the group of patients who had mastectomy.
In univariate analysis, the outliers were also related in our series
to the VdTot and the VdMd.
The meta-analysis by Kuroi et al. was inconclusive for total
drainage volume, total drainage volume during the initial 5
postoperative days or total [20].
In multivariate analysis, our outliers were related only to having
a mastectomy and the nLN. T
h e ROC curve and the AUC (0.7219)
indicate a moderate fit of the model to the data. Therefore, the
classification error using this model remains important, indicating
that other variables not taken into account may play a key role in the
prediction of outliers, as defined above.
The frequency of wound infections in patients treated for breast
cancer varies in the literature from 1% -13% for lumpectomy [24,32]
to 4%-18% for modified radical mastectomy [33,34]. However, the
definition of infection in literature is different in every study. For
instance, Vinton et al. considered wound infection as an erythema
treated empirically with antibiotics and these authors reported no
difference between mastectomy (15% out of 387) and lumpectomy
(13% out of 173) (both with axillary dissection) [24]. If the wound
infections are more precisely defined as an inflamed wound with
positive cultures that needed antibiotic treatment, Petrek et al.
reported no infection [26], but this study (although based on a
smaller group than Vinton et al. [23]) and Vinton et al. found no
difference between mastectomy (5% for Vinton and 7% [9/127] in our
series) and lumpectomy (6% for Vinton and 4% [4/96] in our series)
[24]. However, the incidence of wound infection was much higher in
patients who had a higher Np in our study.
With respect to adjuvant treatment, a retrospective study by
Say et al. demonstrated that pre- or postoperative radiation therapy
does not affect seroma formation in patients who have undergone
radical mastectomy [35]. In our study the majority of the patients
had a postoperative radiotherapy. With respect to chemotherapy,
one study found that neoadjuvant chemotherapy was associated
with development of postoperative seromas [21] whereas, others
showed that seroma formation is not influenced by the preoperative
chemotherapy [36,37] and more, Broadwer et al. showed that
preoperative chemotherapy decreased the incidence of seroma
formation by almost 50 per cent in women undergoing M [38]. Our
analysis concludes that the use of preoperative chemotherapy did not
influence seroma formation.
As regards tumor characteristic, the data on the association
between axillary lymph node status, tumor size and seroma
formation were inconclusive [22,26,30,39-43]. No such association
was identified by the present study.
To minimize seroma formation and their punctures, our results
support the use of:
a) Neoadjuvant chemotherapy or hormonal therapy. The
preoperative chemotherapy reduces the size of the primary
tumor and lymph node metastases in up to 80% of patients,
often rendering these patients candidates for breast
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conservation therapy [44].
b) Sentinel lymph node biopsy, which is associated with
significantly less seroma formation than conventional axillary
dissection [45].

Conclusions
This institutional survey highlights the problem of post-operative
“seromas” and their related punctures. These were statistically
more frequent after mastectomy than lumpectomy; therefore, neoadjuvant approaches with conservative surgeries should be favored.
Our analysis also defined an abnormally high Np and/or VpTot as
“outliers”.
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