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Abstract 

Introduction: Seroma formation (SF) is the most common postoperative complication after 
mastectomy and axillary surgery. The aim of this study was to assess its incidence and risk factors 
following a modified radical mastectomy in breast cancer patients.  
Materials and methods: 271 patients who underwent a modified radical mastectomy (250 with 
traditional electrocautery and 21 with an ultrasonic scalpel) were studied. The SF rate was 
calculated and its association with patient-related factors, surgical features and postoperative 
variables was assessed and statistically analyzed with P<0.05 as a significance threshold. 
Results: SF was observed in 18% of patients. Patient’s age, operating time and number of removed 
axillary lymph nodes did not significantly differ between SF and non-SF patients. Patients BMI, total 
drainage amount, number of days with drain were higher and postoperative hospital stay was 
significantly longer in SF patients (P<0.001 each). The dissection instrument was also an important 
risk factor: SF developed in 20% of patients operated with electrocautery and in none with an 
ultrasonic scalpel (P<0.05). The association between surgical instrument and the number of 
removed lymph nodes, patient’s age and BMI was not significant. Dissection with an ultrasonic 
scalpel resulted in a statistically significant lower total drainage amount. However, it was also related 
to a significantly longer operating time (P<0.001 each). 
Conclusions: Risk of SF after a modified radical mastectomy is significantly higher in patients with 
obesity. Despite longer operating time, using an ultrasonic scalpel is a valuable option in those cases 
because it lowers the total drainage amount and seems to be an important protective factor against 
SF. 
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Introduction 
In the era of screening programs and oncoplastic 

surgery, women with breast cancer undergo breast 
conserving therapy and achieve good cosmetic results 
without compromising the oncological outcomes 
[1-6]. However, modified radical mastectomy remains 
a reasonable surgical option in some cases, such as 
patients with extensive breast disease and metastatic 
lymph nodes. 

Seroma formation (SF), defined as serous fluid 
collection under skin flaps or in the axillary dead 
space, is the most common postoperative 
complication after mastectomy and axillary surgery; 
developing in up to 90% of patients [7]. Some claim 
that it is almost inevitable, being rather a sequel than a 
complication of breast surgery [7-10]. Although SF is 
so common, its pathogenesis has not been elucidated 
enough and no satisfactory therapy is yet available 
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[11]. Persistent SF and inadequate drainage can be a 
source of physical and psychological morbidity to the 
patient in the postoperative period and may lead to 
infection, flap necrosis, wound dehiscence, a 
prolonged recovery period, hospitalization and a 
delay in adjuvant treatment [9-11].  

The primary aim of this study was to evaluate 
the risk factors of SF and their incidence following a 
modified radical mastectomy. The secondary aim was 
to compare, in respect to the variables associated with 
SF formation, groups of patients operated on using 
different surgical instruments: standard 
electrocautery (EC) and an ultrasonic scalpel (US).  

Material and Methods 
Patients 

Two hundred seventy one patients surgically 
treated in our department in the years 2004-2017 
entered the analysis after fulfilling the inclusion 
criteria. These included cT1-T3N1 breast cancer 
histologically diagnosed on minimal-invasive breast 
biopsy, no preoperative therapy or prior surgery of 
ipsilateral breast, no modified radical mastectomy 
because of multicentric or extensive cancer with an 
unfavorable ratio of lesion size to breast volume, no 
immediate reconstruction, negative margins in 
postoperative examination, and no immunological or 
coagulation disorders. 

Surgery 
After full informed consent was obtained, a 

modified radical mastectomy with axillary dissection, 
without transection of the pectoralis minor, according 
to the technique reported by Auchincloss, was 
performed in all patients. In 250 patients the 
dissection was done with EC using a monopolar 
electrode (ERBE, VIO 300D). 21 women were operated 
on using an US with a constant frequency of 55.5 kHz 
and a 75 µm (level 3) longitudinal extension of the 
vibration (Ultracision, Ethicon Endo-Surgery Europe). 
According to our department policy, a single 
pectoro-axillary silicone drain was placed before skin 
closure. The use of several separate drains was 
avoided to reduce patient discomfort and decrease the 
risk of postoperative complications. A closed suction 
drainage system (Jackson-Pratt) was used. The drain 
was routinely placed through the lower skin flap at 
the anterior axillary line and held in-place with a 
stitch to prevent an accidental slip out and vacuum 
loss. The drain was removed when its output was 
equal to or less than 50 mL in 24 hours, irrespective of 
the drainage duration. In case of a greater drainage 
amount the drain was removed after a maximum of 
five days in order to protect against surgical site 

infection. Typically, patients were discharged the day 
after the drain removal and referred to the outpatients 
clinic. Postoperative wound care was managed by a 
certified surgery-dedicated nurse. All patients were 
informed about the normal changes occurring after a 
mastectomy as well as the possible complications that 
may occur. The schedule of control visits was adjusted 
on an individual basis by the surgical nurse 
depending on the state of the wound and the healing 
process. Seroma was regarded to be present if a 
clinically evident serous fluid collection, requiring 
aspiration, was found at the operating site.  

Statistical analysis 
Data was collected and entered into a computer 

database. The median, mean, standard deviation, and 
range were calculated for the analyzed variables. The 
incidence of SF was calculated. Association of SF rate 
and pre- (patients age and BMI), peri- (dissection 
instrument, operating time, number of removed 
lymph nodes), and postoperative factors (total 
drainage amount, number of days with drain, 
postoperative hospital stay) was evaluated. Then the 
comparison between patients operated with EC and 
an US scalpel was performed. Categorical variables 
were analyzed using a Pearson’s chi-square test while 
continuous variables were analyzed with a 
Mann-Whitney U-test and a Kruskal-Wallis test. 
P-values less than 0.05 were considered statistically 
significant. 

Results 
Median (range, mean ± SD) age of patients was 

55 years (32-79, 55.3 ± 11.3) while BMI was 24 (19-36, 
24.4 ± 3.9). Operating time, number of removed 
lymph nodes and total drainage amount were: 65 
minutes (30-130, 69.8 ± 25.3), 15 (11-29, 15.7 ± 0.9), and 
160 mL (80-350, 176.2 ± 74.9), respectively.  

SF was observed in 18% of patients (49/271). 
Patients in non-SF group were younger, but without 
statistical importance (median, range, mean ± SD): 55, 
32-79, 54.7 ± 11.8 vs 61, 52-65, 59.2 ± 5.1 years (P=0.41), 
respectively. Patients BMI was significantly higher in 
SF group: 32, 28-36, 32.2 ± 3.0 vs 23, 19-30, 23.4 ± 2.7 
(P<0.001), respectively. Among 229 patients without 
obesity (BMI<30) SF was found in 4% of cases (n=9) 
while in 95% (n=40) of obese patients (P<0.0001). 
Operating time was similar in SF and non-SF groups: 
65, 40-128, 70.4 ± 24.5 vs 60, 30-125, 69.5 ± 26.6 minutes 
(P=0.85), respectively. Number of removed lymph 
nodes did not significantly differ: 14, 11-29, 14.4 ± 1.8 
vs 15, 12-27, 15.6 ± 1.7 (P=0.18), respectively.  

SF developed in 20% of patients (49/250) 
operated with EC and in none (0/21) operated with 
US (P<0.05). Total drainage amount was significantly 
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lower in non-SF group: 150, 80-290, 158.5 ± 60.6 vs 310, 
290-350, 312 ± 17.9 mL (P<0.001), respectively. 104 
patients, including all of the 49 with SF, had a total 
drainage amount higher than 200 mL. The difference 
was important when compared to 167 patients with a 
lower drainage amount (P< 0.001). All SF patients had 
a drain for 5 days while their postoperative hospital 
stay was 6 days. Both periods were significantly 
longer than in the non-SF group, where the number of 
days with a drain and the postoperative hospital stay 
was: 3, 2-5, 3.15 ± 0.7 days (P<0.001), and 4, 3-6, 3.5 ± 
0.8 days (P<0.001), respectively. Results are presented 
in Table 1. 

 

Table 1. Association between seroma formation (SF) and clinical 
variables 

Variable non-SF group SF group P-value 
Age (years)    
median / range 55 / 32-79 61 / 52-65 0.41 
≤ 60 / > 60 146 / 76 31 / 18 0.74 
BMI    
median / range 23 / 19-30 32 / 28-36 <0.001 
< 30 / ≥ 30 220 / 2 9 / 40 <0.0001 
Number of lymph nodes    
median / range 14 / 11-29 15 / 12-27 0.18 
≤ 15 / >15 119 / 103 23 / 26 0.56 
Surgical device    
electrocautery / ultrasonic scalpel 201 / 21 49 / 0 <0.05 
Operating time (minutes)    
median / range 60 / 30-125 65 / 40-130 0.85 
Total drainage amount (mL)    
median / range 150 / 80-290 310 / 290-350 <0.001 
≤ 200 / > 200 167 / 55 0 / 49 <0.001 
Number of days with drain    
median / range 3 / 2-5 5 / 5-5 <0.001 
Postoperative hospital stay (days)    
median / range 4 / 3-6 6 / 6-6 <0.001 

 
Neither patients age nor BMI significantly 

differed between patients operated with EC and an 
US: 56.5, 32-79, 56.4 ± 11.9 vs 54.5, 34-78, 54.5 ± 10.8 
years (P=0.47), and 24, 19-35, 24.3 ± 3.8 vs 24, 19-36, 
24.4 ± 4.0 (P=0.96), respectively. The association 
between the dissecting instrument and the number of 
removed lymph nodes was also not important: 15, 
12-29, 15.4 ± 1.3 vs 15, 11-28, 15.5 ± 1.7 (P=0.23), 
respectively. Dissection with an US resulted in 
significantly lower total drainage amount: 100, 80-130, 
98.6 ± 17.1 vs 220, 150-350, 232.8 ± 59.1 (P<0.001), 
respectively. None of these patients had a total 
drainage amount higher than 200 mL, compared to 
55% of patients operated with EC who did (P<0.05). 
However, the operating time was significantly longer 
when US was used: 120, 110-130, 119.8 ± 6.6 vs 65, 
30-105, 63.8 ± 19.1 minutes (P<0.001), respectively. 
Comparison is shown in Table 2.  

Discussion 
The term seroma suggests that the fluid 

originates from the ultrafiltration of blood. However, 

the terms lymphocele and lymphocyst are also used, 
because lymph leakage from the upper extremity 
through transected axillary lymph vessels is believed 
to be an important factor in fluid formation [10]. The 
reported incidence of SF following breast surgery 
varies widely between 2.5% to 90% [7-11]. Its risk has 
been reported to be significantly associated with the 
type of surgery [8-12], breast size [13], number of 
involved lymph nodes [13,14], tumor size [14] and 
patient age [15,16]. We observed a statistically 
significant association between obesity and an 
increased SF rate. Our results are in concordance with 
several other studies. Lumachi et al reported 
significantly higher BMI (26.1 ± 2.9 vs 23.2 ± 2.3; 
p<0.01) in patients with SF [14]. Zielinski et al 
demonstrated a significant correlation between 
obesity (BMI equal or over 30) and higher total 
seroma volume as well as a longer total time of 
seroma treatment [15]. Banerjee et al found that in 
cases with BMI <30 the mean total drainage and the 
daily drainage were significantly lower when 
compared to patients with higher BMI [16]. Obesity, 
affecting more and more people in industrialized 
countries, is recognized as a major and increasing 
public health problem which most surgeons will be 
commonly faced with. 

 

Table 2. Comparison between patients operated with 
electrocautery and ultrasonic scalpel 

 Electrocautery Ultrasonic scalpel P-value 
Age (years)    
median / range 56.5 / 32-79 54.5 / 34-78 0.47 
≤ 60 / > 60 141 / 109 13 / 8 0.62 
BMI    
median / range 24 / 19-35 24 / 19-36 0.96 
< 30 / ≥ 30 213 / 37 16 / 5 0.27 
Number of lymph nodes    
median / range 15 / 12-29 15 / 11-28 0.23 
≤ 15 / >15 124 / 126 11 / 10 0.81 
Operating time (minutes)    
median / range 65 / 30-105 120 / 110 - 130 <0.001 
Total drainage amount (mL)    
median / range 220 / 150-350 100 / 80-130 <0.001 
≤ 200 / > 200 112 / 138 21 / 0 <0.0001 

 
 
No single method of preventing SF has been 

demonstrated to be consistently and reliably effective 
[11]. However, there are some techniques that have 
been reported to reduce the incidence of SF and are 
currently in practice, including mechanical or 
chemical obliteration of dead space, external 
compression dressing, delayed shoulder 
physiotherapy, different drain policies and surgical 
instruments used for tissue dissection [13]. Among 
them, an US has been reported to produce less tissue 
damage than EC because of minimizing the zone of 
thermal injury [17-19]. A possible association between 
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less intraoperative tissue injury and a lower risk of SF 
is supported by the results of biochemical analyses. 
Watt-Boolsen et al and McCaul et al found that 
seroma fluid had a composition different from that of 
lymph, but similar to that of exudate resulting from 
an acute inflammatory reaction [20,21].  

Just a few studies concerning the usefulness of 
an US in breast cancer surgery were carried out. 
Lumachi et al demonstrated in the randomised trial 
that the use of an US significantly decreased the 
cumulative amount and duration of drainage after 
axillary dissection whereas the differences in 
postoperative hospital stay and office visits were not 
statistically significant [22]. However, in the larger 
patient cohort treated in this institution the significant 
impact of dissection with an US on SF risk was not 
found, despite the strong association between the 
total drainage amount and the rate of SF [14]. Deo et al 
noticed good functional results with an acceptable 
operating time and a short learning curve for a 
modified radical mastectomy performed with an US 
[23]. When compared to EC, a significant reduction of 
blood loss, total drainage volume and the number of 
days with drain were observed [24]. Iovino et al 
randomized and compared patients undergoing 
breast surgery and axillary dissection using standard 
scalpel blades, scissors, ligations, EC and an US. They 
showed a statistically significant benefit in terms of 
axillary and chest wall drainages, the number of axilla 
SF, intraoperative bleeding, and hospitalization stay 
in the US group; without significant differences in 
operative time [25].  

On the contrary, in the series of Galatius et al the 
use of an US yielded neither clinical advantages nor 
disadvantages [26]. In the study of Adwani and Ebbs 
a significant reduction of blood loss was reported for 
US compared to EC, whereas only a small difference 
in terms of hospital stay, volume or duration of 
drainage, and subsequent aspiration of seroma was 
found [27]. Currie et al in the meta-analysis of 287 
mastectomies demonstrated a slightly lower 
intraoperative blood loss for US compared to EC; 
while similar results were reported in terms of the 
total postoperative drainage, operative time, SF and 
wound complications [28].  

Our study has some important limitations. 
Firstly, this is a single institution series which may 
diminish the repeatability of our results in other 
settings. Secondly, due to the small sample size of the 
US group, the statistical power of comparison is low. 
Thirdly, because of the lack of randomization a 
definitive conclusion cannot be drawn. Moreover, 
there were three surgeons involved in the operative 
treatment. Therefore, some surgeon-related factors 
(learning curve, atraumatic dissection, blood loss, 

surgery duration, familiarity with an US), even 
though the surgical protocol was standardized, could 
influence our findings. In addition, it needs to be kept 
in mind that it is difficult to interpret our results. The 
postoperative care following mastectomy can vary 
considerably among institutions. For example, the 
drain policy can be completely different in regard to 
the number of drains, typical drainage duration, 
number of days or amount of fluid necessary for drain 
removal etc. There are also other issues that can vary 
in different countries, for example, the length of the 
usual postoperative hospital stay or the distribution of 
control visits after discharge. Furthermore, the drain 
policy at a particular institution can change overtime 
resulting in different postoperative management in 
different time periods at the same institution.  

Being aware of these limitations, we believe that 
our findings may be helpful in the planning of the 
optimal treatment and improving the patient selection 
process when the use of new surgical devices is 
considered. Potential disadvantages of these 
instruments, such as the high cost and long operative 
time, need to be balanced by the evidence-based 
patient benefit.  

Conclusions 
Seroma formation can considerably influence 

patient recovery because it is significantly associated 
with prolonged drainage and hospital stay. Dissection 
with an ultrasonic scalpel, despite longer operating 
time, seems to be an important protective factor 
against seroma formation. It significantly lowers the 
total drainage amount, probably by minimizing 
thermal tissue injury. Consequently, this surgical 
technique may be considered a valuable option in 
high-risk cases, particularly in patients with obesity. 
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