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Introduction

Breast cancer (BC) is the most frequently occurring cancer 
in women of childbearing age and has the highest incidence 
and mortality rate of all malignant tumors in women (1). 
While surgery is an important treatment for BC, due to its 

wide scope, the large incision, and the extensive use of an 
electric scalpel during the operation, postoperative effusion 
is increased, the drainage volume is increased, and the 
indwelling time of drainage tubes (hereinafter referred to as 
drainage time) is prolonged. Prolonged drainage time may 
lead to infection, flap necrosis, and other complications, 
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leading to delayed adjuvant treatment, a prolonged recovery 
period and hospital stay, and a high frequency of outpatient 
visits, all of which may increase psychological and physical 
distress and raise medical costs. While the removal of 
drainage tubes should be performed as soon as possible, 
premature removal may lead to the formation of seroma (2). 
However, there is no ideal treatment to effectively reduce 
the indwelling time of drainage tube. To investigate factors 
affecting the postoperative drainage time after axillary 
lymph node dissection for BC and to provide a reference 
for the development of methods to shorten it, this study 
retrospectively analyzed 165 BC patients who underwent 
modified radical mastectomy (MRM). 

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-697).

Methods

Clinical data

The study was approved by the ethics committee of 
the West China Hospital of Sichuan University [NO. 
2020(620)]. Written informed consent was obtained prior 
to the study. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

We retrospectively collected information from patients 
undergoing MRM without robotic or endoscopic surgery 
and by the same surgeon in the Department of Breast 
Surgery, West China Hospital of Sichuan University from 
March 2019 to December 2019. The inclusion criteria were 
as follows: (I) female patients undergoing modified radical 
resection (MRM); (II) exclusion of distant metastasis of BC 
with chest CT, abdominal CT, gynecological color Doppler 
ultrasound, and bone scans; (III) pathologically confirmed 

primary invasive BC; (IV) no past malignant tumors; and (V) 
first surgery for BC (patients with a prior history of benign 
breast mass excision were not excluded). The exclusion 
criteria were as follows: (I) patients who underwent skin 
grafting in the operation area; (II) pregnancy-associated 
breast cancer (PABC); and (III) the use of hemostatic agents 
during the operation. Cases were collected according to 
the inclusion and exclusion criteria, and electrocoagulation 
with a monopolar electrode was used for tissue cutting 
during surgery for all patients. After surgery, one drainage 
tube was placed in the sternum, and another in the axilla, 
and all patients received post-surgical follow-up and 
regular cancer treatment. The surgical data showed some 
patients received local spraying of the surgical area with 2 
mL of undiluted Pseudomonas aeruginosa-mannose sensitive 
hemagglutinin (PA-MSHA) preparation (total bacterial 
count: 1.0×108 cfu/mL) intraoperatively. Therefore, 116 
patients treated with PA-MSHA preparation were placed 
in the Pseudomonas aeruginosa (PA) group and ranged in 
age from 29 to 81 years, with an average age of 51.88± 
10.281 years. The non-Pseudomonas aeruginosa (non-PA) 
group comprised of 49 patients who did not receive PA-
MSHA preparation during surgery, and ranged in age from 
33 to 76 years, with an average age of 53.80±11.543 years. 

PA-MSHA preparation: the PA-MSHA treatment was 
prepared using a genetically engineered heat-inactivated 
PA-MSHA strain with meaningful mannose activity 
capable of inducing tumor cell apoptosis (3-5), and was 
manufactured by the Beijing Wanter Biopharmaceutical 
Company, China (Figure 1). 

Data collection and evaluation criteria

The following data were obtained from all included patients: 
Patient-related variables, including age, height, body mass 
index (BMI), age at menarche, and menopause, and surgery-
related variables, including the scope of axillary lymph node 
dissection, the number of lymph nodes to be examined, the 
number of lymph node metastases, tumor size, pathological 
molecular subtype, left/right breast, and the use of PA-
MSHA preparation and the dose. Postoperative fever, 
infection, and flap necrosis and the incidence of seroma 
within one month after extubation were also collected, as 
well as postoperative total drainage volume and drainage 
times. 

The postoperative total drainage volume was defined 
as the sum of the daily drainage volume from the first 
postoperative day to the day of extubation, while drainage 

Figure 1 PA-MSHA preparation and its outer packaging. PA-

MSHA, Pseudomonas aeruginosa-mannose sensitive hemagglutinin.
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time was defined as the indwelling time of drainage tubes 
after both tubes were removed, i.e., the longest indwelling 
time of one drainage tube. 

Observations of wound infection and flap necrosis were 
recorded when the wound dressing was changed, which 
occurred every 3 days, and was performed by the same two 
wound care physical therapists. 

In the PA group, after the surgical removal of BC 
specimens, PA-MSHA preparation (2 mL) was sprayed 
on the wounds in the operation area (Figure 2) and was 
followed by the placement of two drainage tubes in the 
same area (a single tube in the sternum, and another in the 
axilla). The distal end of the tubes were then clamped, and 
an incision was made with an interrupted full thickness 
suture. After the incision was closed, the drainage tube 
clamps were opened, and external low-negative-pressure 
sustained suction was initiated. 

In the non-PA group, after the surgical removal of BC 
specimens and direct placement of the two drainage tubes (a 
single drainage tube was placed in the sternum, and another 
in the axilla), an incision was made with an interrupted full-
thickness suture. After the incision was closed, external low-
negative-pressure sustained suction was initiated.

The extubation criteria included the following: 
Drainage volume from a single tube for 2 consecutive 
days ≤10 mL/day, and the drainage tube was smooth and 
without seroma.

Overweight and obesity were defined according to the 
World Health Organization (WHO), which sees a BMI ≥25 
considered as overweight, while a BMI ≥30 is considered as 
obesity (6,7).

Seroma standard: According to the criteria for the 

determination of seroma by Marquez (8) and Srivastava (9), 
seroma is any fluid that accumulates under the skin flap or 
in the axillary cavity after mastectomy and requires clinical 
aspiration or image-guided aspiration.

Statistical methods

(I)  SPSS 17.0 software was used for statistical analysis, 
which were performed using a two-sided test and 
P<0.05 indicated differences were statistically 
significant. 

(II)  Count data are expressed as the number of cases or 
percentage, and measurement data are expressed as 
the mean ± standard deviation (x±s). These data were 
compared between the experimental group and the 
control group, and the differences between the two 
were assessed using the t-test, Mann-Whitney U test, 
or chi-square test. 

(III)  Categorical variables were analyzed using the 
independent samples t-test or the Mann-Whitney U 
test, while continuous variables were analyzed with 
the Pearson correlation analysis for univariate analysis, 
multivariate linear regression for multivariate analysis, 
and the Mantel-Haenszel (M-H) test for stratified 
analysis.

Results

Population characteristics

A total of 165 female patients with pathologically 
confirmed invasive BC were included, with a mean age 
of 52.45±10.67 years, mean height of 157.59±5.43 cm, 
mean weight of 57.18±7.45 kg, and mean BMI of 23.04± 
2.89 kg/m2. Among the patients, 116 (70.30%) received 
PA-MSHA preparation, and the differences in the baseline 
data of those in the PA and non-PA groups were not 
statistically significant (P>0.05) (Table 1). 

The median postoperative total drainage volume was  
531 mL, and the median drainage time was 15 days (Table 2). 

Univariate analysis

This showed age (r=0.317, P=0.001), body weight (r=0.402, 
P=0.001), BMI (r=0.454, P=0.001), age at menarche 
(r=0.157, P=0.044), menopause (P=0.034), and PA-MSHA 
preparation (P<0.001) were significantly correlated with the 
postoperative total drainage volume, and the application of 

Figure 2 PA-MSHA preparation was sprayed on the wounds in 
the operation area. PA-MSHA, Pseudomonas aeruginosa-mannose 
sensitive hemagglutinin.
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Table 1 Baseline patient characteristics

Characteristics All patients, n=165 PA group, n=116 Non-PA group, n=49 T/Z χ2 P

Age (years) 52.45±10.67 51.88±10.281 53.80±11.543 −1.053 0.293

Height (cm) 157.59±5.43 157.65±10.743 157.45±6.865 −0.845 0.398

Body weight (kg) 57.18±7.45 56.85±7.664 57.97±6.953 −0.878 0.381

BMI (kg/m2) 23.04±2.89 22.89±3.033 23.39±2.542 −1.016 0.311

Age of initial menstruation (years) 13.39±1.20 13.29±1.251 13.61±1.057 −1.564 0.120

Menopause 0.003 0.955

Yes 87 61 26

No 78 55 23

Tumor size 0.186 0.911

≤2 cm 60 41 19

2<T≤5 95 68 27

>5 cm 10 7 3

Lymph node metastasis 0.179 0.672

No 85 61 24

Yes 80 55 25

Number of lymph node metastases 0.834 0.841

0 85 61 24

1–3 52 37 15

4–9 18 11 7

≥10 10 7 3

Number of lymph nodes to be examined 1.773 0.412

≤10 8 4 4

11–20 94 68 26

>20 63 44 19

ER 0.416 0.519

− 32 21 11

+ 133 95 38

PR 1.240 0.324

− 41 26 15

+ 124 90 34

Ki67 0.727 0.394

<20% 56 37 19

≥20% 109 79 30

Table 1 (continued)
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PA-MSHA preparation significantly reduced this (P<0.001) 
(Tables 3,4). 

In addition, age (r=0.298, P=0.001), height (r=−0.155, 
P=0.046), body weight (r=0.289, P=0.001), BMI (r=0.387, 
P=0.001), age at menarche (r=0.185, P=0.017), and PA-
MSHA preparation (P<0.001) were significantly correlated 
with postoperative drainage time, and the application of 
PA-MSHA preparation significantly reduced this (P<0.001) 
(Tables 3,4). 

Multivariate analysis

Age, body weight, BMI, age at menarche, menopause, and 
PA-MSHA preparation were included in the regression 
analysis as risk factors for postoperative total drainage 
volume, and age, height, weight, BMI, age at menarche, 
and PA-MSHA preparation were included in the regression 
analysis as risk factors for postoperative drainage time. The 
results showed that age, BMI, and PA-MSHA preparation 
were significantly correlated with postoperative total 
drainage volume and drainage time (Table 5). 

Stratified analysis

The postoperative total drainage volume and drainage 
time were divided into two groups according to the 
median. In the stratified analysis, patients were divided 
into a nonelderly group (age <60 years) and elderly group 
(age ≥60 years) according to age, a normal weight group 
(BMI <25 kg/m2) and overweight group (BMI ≥25 kg/m2) 
according to BMI, and a PA and non-PA group according 
to the use of PA-MSHA preparation. The results showed 
that age, BMI, and PA-MSHA preparation use were 
independent factors affecting the postoperative total 
drainage volume and drainage time of BC patients (Table 6). 

Comparison of efficacy and complications in the PA and 
non-PA groups

The use of PA-MSHA preparation significantly reduced 
the postoperative drainage volume and drainage time 
and reduced the occurrence of seroma after extubation 
(P<0.001). Regarding the occurrence of seroma after 
extubation, there were five cases (4.31%) in the PA group 
and seven (14.29%) in the non-PA group, and the incidence 
was significantly lower in the PA group (χ２=5.083, P=0.024). 

Fever, wound infection, and flap necrosis occurred 
in both the PA and non-PA groups, but there were no 
significant differences (P>0.05) (Table 7), while eight cases 
of fever occurred in the PA group, but all were below 39 ℃ 
and the fever resolved within 24 hours. All wound infections 
were local surgical infections that responded well to daily 
dressing, and no secondary suture or intravenous injection 
of antibiotics was required. All cases of flap necrosis had a 
small range, and after treatment by the wound care physical 
therapists, the flap necrosis healed well without surgical 

Table 1 (continued)

Characteristics All patients, n=165 PA group, n=116 Non-PA group, n=49 T/Z X2 P

Left/right 0.642 0.423

Left 82 60 22

Right 83 56 27

Subclavian lymph node dissection 0.419 0.517

Yes 32 24 8

No 133 92 41

PA, Pseudomonas aeruginosa; BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor; Ki67,Ki-67 Antigen.

Table 2 Description of data related to postoperative drainage 

Characteristics Cases x±s Median

Total drainage volume (mL) 672.68±432.30 531

<530 82

≥530 83

Drainage time (days) 15.62±6.10 15

<15 79

≥15 86



3277Gland Surgery, Vol 10, No 12 December 2021

© Gland Surgery. All rights reserved.   Gland Surg 2021;10(12):3272-3282 | https://dx.doi.org/10.21037/gs-21-697

Table 4 Analysis of the correlation of categorical variables with postoperative total drainage volume and drainage time 

Variables Cases
Total drainage volume Drainage time

x±s T/Z P x±s T/Z P

Menopause −2.335 0.020 −1.494 0.137

No 78 597.63±387.53 14.87±5.53

Yes 87 739.59±463.38 16.27±6.56

Tumor size (cm) −0.452 0.652 −1.095 0.275

≥2 122 662.27±442.51 15.30±5.79

<2 43 697.52±415.80 16.50±7.03

ER 0.224 0.823 −1.236 0.218

− 32 657.27±347.20 15.33±6.01

+ 133 676.39±451.45 16.81±6.39

PR −0.848 0.398 −1.900 0.057

− 41 722.35±418.06 17.68±7.53

+ 124 656.25±437.32 14.94±5.41

Ki67 −1.296 0.195 −1.197 0.231

<20% 56 785.29±527.33 16.75±7.19

≥20% 109 614.83±363.63 15.04±5.39

Left/right -0.569 0.570 1.010 0.282

Left 82 709.39±459.19 16.13±6.52

Right 83 636.41±403.49 15.11±5.64

Subclavian lymph node dissection −0.343 0.732 −0.104 0.918

No 133 667.01±435.00 15.59±6.37

Yes 32 696.25±426.92 15.72±4.85

PA-MSHA −5.519 <0.001 −5.539 <0.001

Yes 116 546.48±279.971 13.88±4.388

N0 49 971.44±566.694 19.73±7.510

ER, estrogen receptor; PR, progesterone receptor; Ki67, Ki-67 antigen; PA-MSHA, Pseudomonas aeruginosa-mannose sensitive 
hemagglutinin. 

Table 3 Analysis of the correlation of continuous variables with postoperative total drainage volume and drainage time

Variables x±s
Total drainage volume Drainage time

r P r P

Age (years) 52.45±10.67 0.317 <0.001 0.298 <0.001

Height (cm) 157.59±5.43 −0.072 0.359 −0.155 0.046

Body weight (kg) 57.18±7.45 0.402 <0.001 0.289 <0.001

BMI (kg/m2) 23.04±2.89 0.454 <0.001 0.387 <0.001

Age of initial menstruation (years) 13.39±1.20 0.157 0.044 0.185 0.017

Number of lymph node metastases (n） 1.99±3.93 −0.018 0.818 −0.045 0.565

Number of Lymph nodes to be Examined (n) 19.38±6.81 0.028 0.724 −0.110 0.158
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Table 5 Results of multivariate analysis of postoperative total drainage volume and drainage time

Variables
Total drainage volume Drainage time

PRC SE t P PRC SE t P

Age 9.200 2.818 3.265 <0.001 0.128 0.041 3.094 0.002

BMI 60.172 10.380 5.797 <0.001 0.709 0.152 4.665 <0.001

PA-MSHA 381.228 57.089 6.678 <0.001 5.312 0.847 6.269 <0.001

PA-MSHA, Pseudomonas aeruginosa-mannose sensitive hemagglutinin; PRC, partial regression coefficient.

Table 6 Relationships of variables with total drainage volume and drainage time 

Variables
Total drainage volume Drainage time 

OR 95% CI P OR 95% CI P

Stratified by age

BMI 7.835 2.964–20.716 <0.001 5.840 2.153–15.844 <0.001

PA-MSHA 11.139 4.735–26.200 <0.001 8.135 3.421–19.345 <0.001

Stratified by BMI

Age 3.149 1.472–6.733 0.004 2.309 1.098–4.858 0.037

PA-MSHA 15.300 6.130–38.187 <0.001 9.821 3.994–24.152 <0.001

Stratified by PA-MSHA intervention

Age 4.028 1.766–9.189 0.001 2.735 1.239–6.041 0.012

BMI 15.713 5.107–48.341 <0.001 9.502 3.151–28.654 <0.001

PA-MSHA, Pseudomonas aeruginosa-mannose sensitive hemagglutinin.

Table 7 Comparison of efficacy and complications between the two groups

Characteristics PA group n=116 non-PA group n=49 t/z X2 P

Total drainage volume (mL) 546.48±279.971 971.44±566.694 −5.519 <0.001

Drainage time (days) 13.88±4.388 19.73±7.510 −5.539 <0.001

Incidence of seroma after 
extubation (cases)

5 7 5.083 0.024

Fever (cases) 8 3 0.033 0.855

Wound infection (cases) 1 2 2.000 0.157

Skin flap necrosis (cases) 1 1 0.400 0.527

PA, Pseudomonas aeruginosa.

intervention. 

Hospital stay

All patients underwent MRM and were discharged 3 days 
after surgery. All patients received surgical follow-up and 

regular cancer treatment. 

Mortality

No deaths were reported during the follow-up period of 
this study. 
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Discussion

Surgery is one of the essential treatments for BC. With 
the continuous advancements in BC treatment, MRM has 
gradually been replaced by breast conservation therapy 
and sentinel lymph node biopsy (10-15). However, in 
undeveloped countries, most patients still choose MRM 
for personal reasons (16), and postoperative complications, 
such as a large amount of drainage, long indwelling time 
of the drainage tube, and seroma after extubation, severely 
interfere with the daily lives of patients, delay further 
treatment (such as radiotherapy and chemotherapy), and 
affect overall social and medical costs. 

Various surgical methods have been trialed, such as 
different methods of negative pressure drainage, quilting 
suture (17), replacing electric scalpels with ultrasonic 
scalpels (18,19), upper limb immobilization on the affected 
side, injection of streptococcal preparation OK-432 (20), 
and fibrin sealant (21), to reduce the drainage time after BC 
surgery and avoid seroma after extubation. However, no 
optimal or completely effective method has been established 
to date due to limitations such as increased operative time, 
increased movement limitations of the upper extremity, 
increased risk of pain and subcutaneous sclerosis, and small 
sample sizes. In addition, there is a lack of data exploring 
the use of preventive techniques for reducing postoperative 
drainage time for BC. A comprehensive analysis of factors 
presumed to affect drainage time could ultimately lead to 
the development of effective methods for its reduction, 
improve quality of life, reduce the number of postoperative 
follow-up visits, reduce overall medical costs, and buy time 
for further treatment of the tumor.

The results of this study showed that age was positively 
correlated with increased postoperative total drainage 
volume and prolonged drainage time, with patients over 
60 at greater risk of both than younger patients. Zieliński 
et al. (22) reported that prolonged postoperative drainage 
times associated with BC were positively correlated with 
age, and Lee et al. (23) showed that advanced age was an 
important predictor of prolonged drainage time. Other 
studies (24-26) have also reported a correlation between 
age and surgical outcome in BC and are consistent with 
our results. The effect of age as an important factor 
affecting the drainage volume and drainage time of patients 
undergoing MRM may be because the blood supply in 
the skin of elderly patients is slightly worse than that of 
young patients, increasing the likelihood of postoperative 
insufficiency. In addition, the glandular tissue of the 

breast in elderly women is obviously degenerated and is 
basically composed of adipose tissue (27), and the medical 
compliance of elderly adults is worse than that of younger 
patients (28), which may be associated with earlier upper 
limb movement in elderly patients.

Banerjee et al. (29) found that compared with patients 
with a higher BMI, those with a BMI <30 had significantly 
lower average total drainage volumes and daily drainage 
volumes, and Inoue et al. (30) reported that patients with a 
high BMI had a large drainage volume and a long drainage 
time. Lee et al. (23) also reported a significant positive 
correlation between BMI and drainage time. The above 
results are supported by those of the present study which 
showed a significant correlation between obesity and a 
high total drainage volume and long drainage time, both 
of which were significantly higher in overweight patients 
(BMI ≥25) than in those of normal-weight patients. In 
industrialized countries, the number of overweight people 
is increasing, and in addition to reducing the drainage time 
for obese BC patients undergoing mastectomy, preventive 
measures such as weight reduction may also reduce the 
incidence of postoperative complications. 

In this study, some patients received local spraying of 
the surgical area with PA-MSHA preparation. Surprisingly, 
this significantly reduced the postoperative total drainage 
volume and drainage time as well as the incidence of 
seroma and was an independent factor that affected the 
postoperative total drainage volume and drainage time of 
BC patients. Patients in the PA group had earlier extubation 
(13.88±4.388 vs. 19.73±7.510 days, P<0.001) and a lower 
incidence of seroma (4.31% vs. 14.29%, P=0.024) than 
those in the non-PA group. Zhu et al. (31,32) reported 
PA-MSHA preparation could reduce the occurrence of 
postoperative chylous fistula and postoperative drainage 
time in thyroid carcinoma, which supports our results. The 
incidence of seroma in our study was also significantly lower 
than that reported by Myint (14) (14.3% in the suture group 
and 30% in the conventional group), and that reported by 
Kong et al. (19). 

As PA-MSHA preparation is an inactivated bacterial 
preparation, its intraoperative local spraying can activate 
innate immune dendritic cells and macrophages and 
stimulate immune cells to secrete cytokines, such as tumor 
necrosis factor (TNF)-α, interleukin (IL)-1, IL-6, and 
interferon (IFN)-γ. This can cause the central circuitries for 
body temperature regulation to raise the body temperature at 
designated sites, resulting in a transient fever, which explains 
why fever is the most common adverse reaction (3-5,31-33). 

http://fmrs.metstr.com/javascript:void(0);
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In this study, the number of fever cases in the PA group was 
higher than in the non-PA group (eight cases vs. three cases, 
P=0.855), and occurred 6–12 hours after drug administration, 
although it was no higher than 39 ℃. Fever was treated with 
physical hypothermia, there was no need for antibiotics, 
and spontaneous remission occurred within 24 hours after 
surgery, indicating PA-MSHA preparation was generally safe 
and did not increase the occurrence of other complications. 
Nevertheless, although PA-MSHA preparation can 
effectively shorten drainage time and prevent the occurrence 
of seroma, body temperature should be closely monitored 
after its application. 

As this was a retrospective study, selection bias may have 
occurred, and a prospective evaluation based on a large 
patient population is required to strengthen the results. 
Quantification of the relationships between postoperative 
drainage time and the quality of life of patients also requires 
more comprehensive individual-level data. 

Conclusions

According to the results of this study, obese and elderly 
patients are at a significantly high risk of having a high 
drainage volume and a long drainage time after MRM. 
PA-MSHA preparation could effectively reduce the 
drainage volume, shorten the drainage time, and prevent 
seroma. Furthermore, it was safe and did not increase the 
complications of patients, suggesting it is worthy of clinical 
promotion. Therefore, for BC patients aged over 60 years 
and with a BMI ≥25, intraoperative local spraying of PA-
MSHA preparation on wounds to reduce the postoperative 
drainage time provides a valuable option and may be an 
important protective factor for the prevention of seroma. 
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