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Abstract
Objective Although Mammotome-assisted minimally invasive resection (MAMIR) has been widely accepted for 
treating breast benign nodules, the procedure remains very technical and challenging. The present study aimed to 
assess the efficacy of norepinephrine application in MAMIR concerning intraoperative hemorrhage, postoperative 
pain and postoperative hospitalization.

Methods A total of 306 patients with breast nodules admitted at the Xishan people’s Hospital of Wuxi City 
between June 2021 and July 2023 were included in this retrospective cohort study. The patient’s age, comorbidities 
(hypertension and diabetes), and characteristics of the breast nodule (number, unilateral or bilateral nature, inner 
quadrant volume and total volume) were all meticulously documented. Operation time, intraoperative hemorrhage, 
postoperative hospitalization and Visual analogue scale(VAS) score (postoperative 6-hour pain score) were recorded. 
Based on the application of norepinephrine, patients were categorized into non-NPP(norepinephrine) and NPP group. 
Univariate and multivariate analyses were performed to estimate the odds ratio (OR) and the 95% confidence intervals 
(CIs) for outcomes.

Results A total of 155 who accepted MAMIR were included in this study. The NPP group exhibited reduced 
intraoperative bleeding, diminished postoperative pain, and a shorter duration of hospitalization (p < 0.05). Univariable 
analysis indicated that usage of norepinephrine during operation helped to reduce intraoperative hemorrhage 
(OR = 0.14, 95%CI: 0.07–0.31), alleviate postoperative pain(OR = 0.03, 95%CI: 0.01–0.09) and shorten hospital 
stay(OR = 0.50, 95%CI: 0.26–0.95). Furthermore, multivariate analysis identified the usage of norepinephrine during 
MAMIR as an independent factor associated with reducing intraoperative hemorrhage (OR = 0.11, 95%CI: 0.05–0.26) 
and relieving postoperative pain (OR = 0.02, 95%CI: 0.004–0.08) after adjusting for other factories.
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Introduction
Breast tumors are a common disease in women, with 
a wide spectrum of pathologies, ranging from benign 
hyperplasia, high-risk lesions, and precancerous lesions 
to invasive malignant tumors [1, 2]. Relatively, benign 
breast masses or nodules are the most common in clini-
cal practice [3]. Although benign breast tumors do not 
invade surrounding tissues or endanger life, they can 
interfere with breast function and affect the normal life 
of female patients [4]. Surgical resection is commonly the 
most useful treatment approach to remove breast nod-
ules. However, conventional open resection makes it dif-
ficult to remove smaller breast masses, especially those 
with a diameter of less than 1  cm. Moreover, conven-
tional open resection causes significant trauma and post-
operative scars that affect aesthetics, causing permanent 
psychological barriers for female patients [5, 6].

With the application of Mammotome-assisted mini-
mally invasive resection (MAMIR), benign breast tumors 
less than 3 cm can be treated with a minimally invasive 
procedure [6]. The principle is to perform MAMIR on 
breast nodules under ultrasound guidance based on the 
relevant principles of vacuum negative pressure suction, 
which is less invasive and has better cosmetic effects, 
therefore it is favored by the majority of female patients 
[7].

However, regardless of whether the conventional open 
resection or MAMIR methods are used, the intraopera-
tive hemorrhage, postoperative pain and hospitalization 
caused by the surgery still affect the treatment effect of 
benign breast nodules. A clinical report indicated that 
submucosal injection of norepinephrine (1:500) can 
separate the mucosa from the muscle plane, which was 
beneficial for laparoscopic duodenal ampulla resection 
[8]. Another prospective randomized controlled study 
found that the administration of norepinephrine can 
also prevent postoperative hemorrhage after endoscopic 
submucosal dissection [9]. Previously, a randomized 
controlled prospective rats postoperative pain model 
study found that local infiltration anesthesia mixed with 
norepinephrine, levobupivacaine and dexibuprofen can 
reduce postoperative pain [10]. In fact, there have been 
reports in China using the same concentration of norepi-
nephrine to reduce bleeding in bladder tumor resection 
and knee replacement operations, but there have been 
no reports of its application in the surgical treatment of 
benign breast tumors [11, 12]. Importantly, one study 
described that after activation by norepinephrine, ATF1 

coordinates the activation of nuclear pluripotency factors 
MYC/NANOG and mitochondrial biogenesis regula-
tory factors NRF1/TFAM, thereby coordinating nuclear 
reprogramming and mitochondrial regeneration, enhanc-
ing tumor stemness, and promoting tumor progression 
[13]. Therefore, in the process of MAMIR treatment for 
benign breast nodules, the rational use of norepinephrine 
may improve the surgical effect and reduce intraoperative 
hemorrhage and pain caused by surgery.

This retrospective study aims to explore the efficacy of 
norepinephrine application in MAMIR in the treatment 
of benign breast nodules, to provide a basis for opti-
mizing minimally invasive surgical treatment of benign 
breast masses/nodules in clinical practice.

Methods
Study design and patients
Patients with breast nodules admitted at the Xishan 
People’s Hospital of Wuxi City between June 2021 and 
July 2023 were included in this retrospective cohort 
study. Patients were separated into two groups: non-
NPP (MAMIR was performed after implementing local 
infiltration anesthesia with lidocaine) and NPP group 
(MAMIR was performed after implementing local infil-
tration anesthesia with mixed lidocaine and norepineph-
rine solution). The need for written informed consent 
was waived by the Xishan People’s Hospital of Wuxi City 
Ethics Committee due to the retrospective nature of the 
study (No. xs2024ky001).

Inclusion criteria were the following (1) those who 
underwent MAMIR either non-NPP or NPP; (2) aged 
18–75 years; (3) with benign breast nodules by physical 
examination, color ultrasound, mammography and his-
topathology according to bi-RADS classification criteria 
[14]; (4) the diameter of a single nodule no more than 
3 cm (≤ 3 cm).

Exclusion criteria were the following (1) patients 
undergoing surgery who converted to conventional open 
resection; (2) rapid intraoperative pathology suggested 
a malignant tumor; (3) uncorrectable coagulation disor-
ders; (4) pregnant women.
The study complied with the Declaration of Helsinki and 
was approved by the Ethics Committee of the Xishan 
People’s Hospital of Wuxi City (No. xs2024ky001). The 
requirement for informed consent was waived.

Conclusions Norepinephrine could help to reduce postoperative hospitalization and intraoperative hemorrhage, 
also relieve postoperative pain for breast benign nodules resection, which was an independent protective factor for 
relieving postoperative pain and reducing intraoperative hemorrhage.

Keywords Breast nodules, Norepinephrine, Mammotome, Minimally invasive surgery, Retrospective study
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Surgical technique
All surgeries were completed by the same surgical team. 
The patient is positioned supine for the examination of 
the lesion using ultrasound. A suitable location is selected 
and marked for incision. Standard disinfection proce-
dures are carried out, followed by subcutaneous admin-
istration of local anesthesia. (A) Non-NPP group was 
treated as follow: diluted lidocaine (0.01 g/ml) was used 
for local infiltration anesthesia to both upper and lower 
areas of the lesion as well as along the puncture pathway 
with ultrasound guidance. (B) NPP group was treated as 
follows: 2 ml diluted lidocaine (0.01 g/ml) for local skin 
anesthesia. Subsequently, 8 ml diluted lidocaine (0.01 g/
ml) and 42 ml norepinephrine solution (1:200,000) were 
mixed into a 50 ml solution which was then used for local 
infiltration anesthesia to both upper and lower areas of 
the lesion as well as along the puncture pathway with 
ultrasound guidance. At last, surgical procedures for 
MAMIR were performed as previously published [6, 7].

Data collection
Data collection and follow-up were carried out for both 
non-NPP and NPP groups. Following data were included: 
age, hypertension, diabetes, resected nodules, bilateral 
nodules, inner quadrant volume, total nodules’ volumes, 
operation time, postoperative 6-hour pain score intraop-
erative hemorrhage and postoperative hospitalization. 
Patients in both groups were regularly followed up for at 
least 1 month via telephone or outpatient clinic.

Statistical analysis
The data were analyzed using SPSS 22.0 (IBM, Armonk, 
NY, USA). The continuous data were expressed as 
means ± standard deviations and analyzed using Student’s 
t-test. Categorical data were presented as frequencies 
and scores and were analyzed using Fisher’s exact test. 
Univariate and multivariate analyses were performed 
to estimate the odds ratio (OR) and the 95% confidence 
intervals (CIs) for intraoperative hemorrhage, VAS score 
during postoperative 6  h and postoperative hospitaliza-
tion (days), including age, hypertension, diabetes, opera-
tion time, resected nodules, bilateral nodules, inner 
quadrant volume and total nodules’ volumes. Meanwhile, 
postoperative 6-hour pain score was classified into mild 
pain and moderate pain based on median Visual ana-
logue scale(VAS) score. The data of hospitalization was 
dichotomized into two groups using median value as the 
cut off in logistic regression analysis.P value less than 
0.05 indicated statistical significance.

Results
Characteristics of the patients
A total of 306 patients were diagnosed with breast nod-
ules at Xishan People’s Hospital of Wuxi City. Among 

these patients, 139 were excluded due to conventional 
open resection, another 12 were excluded because rapid 
intraoperative pathology suggested a malignant tumor 
and converted to open resection. Finally, a total of 155 
who accepted MAMIR were included in this study from 
June 2021 to July 2023 based on the exclusion and inclu-
sion criteria. Among of them, 89 patients were treated 
with non-norepinephrine (non-NPP group), the other 66 
patients were treated with norepinephrine (NPP group) 
(Fig. 1).

No statistically significant differences were detected 
between-group in parameters, such as age, hyperten-
sion, diabetes, resected nodules, bilateral nodules, inner 
quadrant volume and total nodules’ volumes (all P > 0.05, 
Table 1).

Analysis of the intraoperative and postoperative 
characteristics
Compared to the non-NPP group, the operative time 
was similar in the NPP group, and no statistical differ-
ences. However, statistically significant differences were 
detected between the two groups in the intraoperative 
hemorrhage, postoperative hospitalization, and VAS 
score [15] during postoperative 6 h(P < 0.05, Table 2).

Norepinephrine conduced to reduce intraoperative 
hemorrhage for breast benign nodules resection
The univariate analysis showed that the usage of nor-
epinephrine during MAMIR could reduce intraopera-
tive hemorrhage (odds ratio[OR] = 0.14, 95% confidence 
interval [CI]:0.07–0.31, Table 3). Furthermore, the use of 
norepinephrine was an independent protective factor for 
reducing intraoperative hemorrhage after adjusting for 
resected nodules and bilateral Nodules in multivariate 
analysis (OR = 0.11, 95%CI:0.05–0.26, Table 3).

Norepinephrine helped to alleviate postoperative pain
MAMIR has relatively small trauma and a short duration 
of postoperative pain, mainly on the first postoperative 
day. Therefore, we chose postoperative 6  h as the com-
parison object for evaluating postoperative pain. The 
univariate analysis was performed to detect the relation-
ship between these two groups. The results described 
that intraoperative use of norepinephrine could help 
to alleviate postoperative pain within 6  h(OR = 0.03, 
95%CI:0.01–0.09, Table  4). Furthermore, the multivari-
ate analysis showed that the association between admin-
istration of norepinephrine and relieving postoperative 
pain remained robust after adjusting for total nodules’ 
volumes, operation time, and intraoperative hemorrhage 
(OR = 0.02, 95%CI:0.004–0.08, Table 4).
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Norepinephrine helped to reduce postoperative 
hospitalization
In order to explore the factors affecting postoperative 
hospitalization, univariate and multivariate analysis were 
performed. Univariate analysis indicated that the usage 
of norepinephrine during operation helped to reduce 
postoperative hospitalization (OR = 0.5, 95%CI:0.26–
0.95, Table 5). However, usage of norepinephrine during 
operation was not an independent factors influencing 

postoperative hospitalization after adjusting for bilateral 
nodules, operation time and intraoperative hemorrhage 
in multivariate analysis (OR = 0.64, 95%CI:0.31–1.29, 
Table 5).

Discussion
Breast tumor is a common disease that currently plagues 
the majority of Chinese women. The incidence of breast 
cancer has also increased during the last 10 years [16]. 

Table 1 Analysis of the intraoperative and postoperative characteristics
Items non-NPP (n = 89) NPP (n = 66)
Age, mean ± SD, year 40.29 ± 11.74 42.42 ± 11.2
Hypertension
No 80 (89.9) 58 (87.9)
Yes 9 (10.1) 8 (12.1)
Diabetes
No 84 (94.4) 66 (100)
Yes 5 (5.6) 0 (0)
Resected nodules, median (IQR) 2 (1,2) 2 (1,3)
Bilateral nodules, median
No 56 (62.9) 43 (65.2)
Yes 33 (37.1) 23 (34.8)
Inner quadrant volume, median (IQR), mm3 0 (0,88) 0 (0,40)
Total nodules’ volume, median (IQR), mm3 507 (196,864) 323.75 (209.25,535.75)
Abbreviations: SD,standard deviation; IQR, interquartile ranges

Notes: P-values less than 0.05, were boldly marked and italicized font, indicating statistical significance

Fig. 1 Detailed surgery flow diagram
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Although the current strategy for the diagnosis and treat-
ment of breast cancer has achieved a bit of therapeutic 
effects, it still endangers women and causes death [17]. 
In fact, most of the breast nodules are benign masses. 
Although they are not life-threatening, they can still 
cause breast dysfunction and affect the normal life of 
women, affecting their psychology and physiology [3, 5]. 
For the diagnosis and treatment of benign breast nod-
ules, surgical resection is the main approach [18]. Impor-
tantly, the gradual promotion of MAMIR has benefited 
the majority of female patients [14].

Herein, we added norepinephrine to assist local infiltra-
tion during preoperative local anesthesia which improved 
the operational details of the MAMIR approach in this 
study. The results showed that it can help to reduce 

intraoperative hemorrhage, relieve postoperative pain, 
and reduce postoperative hospitalization. Relatively, 
breast tumors are a common disease in women, while 
benign nodules account for the majority [3]. Although 
the MAMIR treatment method is widely used for benign 
breast nodules, no one has tried using norepinephrine to 
assist MAMIR in treating breast nodules. According to 
this study, our improved methods on this basis may help 
better implement the MAMIR regimen and benefit the 
patients.

Actually, mammotome-assisted minimally invasive 
technology has also been widely used in the diagnosis of 
breast masses and the resection of benign masses and/
or nodules [2, 18, 19]. More than that, mammotome-
assisted minimally invasive technology has even been 

Table 2 Analysis of the intraoperative and postoperative characteristics
Items non-NPP (n = 89) NPP (n = 66) P value
Operation time, median (IQR), min 30 (15,50) 25 (15,30) 0.07
Intraoperative hemorrhage, median (IQR), ml 10 (5,10) 5 (5,5) < 0.001
Postoperative hospitalization, median (IQR), day 3 (2,3) 2 (2,3) 0.017
VAS score (postoperative 6-hour pain score) < 0.001
2 0 (0) 6 (9.1)
3 14 (15.7) 34 (51.5)
4 14 (15.7) 22 (33.3)
5 23 (25.8) 3 (4.6)
6 38 (42.7) 1 (1.5)
Abbreviations: IQR, interquartile rangesVAS, Visual Analogue Scale

Notes: P-values less than 0.05, were boldly marked and italicized font, indicating statistical significance

Table 3 Univariable and multivariable analysis of intraoperative hemorrhage for the patients
Items OR (95%CI) P value OR (95%CI) P value
Age, year 1.01(0.98–1.03) 0.694
Hypertension 0.94(0.34–2.61) 0.901
Diabetes 2.07(0.34–12.76) 0.432
Resected nodules 1.52(1.14–2.04) 0.004 1.64(1.1–2.46) 0.015
Bilateral Nodules 2.27(1.16–4.43) 0.016 1.26(0.49–3.22) 0.626
Inner quadrant volume, mm3 1(1–1) 0.238
Total nodules’ volumes, mm3 1(1–1) 0.57
Norepinephrine 0.14(0.07–0.31) < 0.001 0.11(0.05–0.26) < 0.001
Notes: P-values less than 0.05, were boldly marked and italicized font, indicating statistical significance

Table 4 Univariable and multivariable analysis of VAS score during postoperative 6 h for the patients
Items OR (95%CI) P value OR (95%CI) P value
Age, year 0.98(0.95-1) 0.089
Hypertension 0.73(0.26–2.09) 0.558
Diabetes 5.84(0.64–53.49) 0.119
Resected nodules 1.19(0.93–1.51) 0.167
Bilateral Nodules 1.33(0.69–2.59) 0.394
Inner quadrant volume, mm3 1(1–1) 0.104
Total nodules’ volumes, mm3 1(1–1) 0.001 1.00.(1.00-1.002) 0.003
Operation time, min 1.02(1.01–1.04) 0.004 1.01(0.98–1.03) 0.637
Intraoperative hemorrhage, ml 1.14(1.05–1.23) 0.001 1.04(0.96–1.12) 0.381
Norepinephrine 0.03(0.01–0.09) < 0.001 0.02(0.004–0.08) < 0.001
Notes: P-values less than 0.05, were boldly marked and italicized font, indicating statistical significance
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used in auxiliary endoscopic breast-conserving surgery to 
provide auxiliary treatment for patients with early-stage 
breast cancer [20]. In fact, previous pieces of literature 
have reported that MAMIR has advantages in efficacy 
compared with traditional open surgery, as it can relieve 
postoperative pain, reduce postoperative scars, shorten 
hospitalization stays [7, 18], and also reduce postop-
erative complications [6]. Even more, there was a report 
that MAMIR could be applied to the case of large breast 
masses (diameter > 3  cm) and benefit the patient [21]. 
In this study, patients who received MAMIR treatment 
had breast benign nodules with a maximum diameter 
of no more than 3  cm. All patients completed MAMIR 
surgical treatment and were successfully discharged 
from the same hospital without any deaths or serious 
complications.

In clinical practice, norepinephrine was often used 
for gastrointestinal surgery such as endoscopic submu-
cosal dissection, or the treatment of upper gastrointes-
tinal bleeding diseases [8, 22, 23]. However, there have 
been no reports on the combined use of norepineph-
rine during MAMIR surgery. As early as 1999, a clini-
cal research investigation in the United States found 
that the combination of 2% lidocaine and vasoconstric-
tors (norepinephrine 1:50000 and vasopressin 0.25 IU/
mL) had sedative effects on heart rate, blood pressure, 
arrhythmia, and ischemic response, confirming the safety 
of lidocaine combined with norepinephrine for local 
anesthesia, while the use of midazolam can significantly 
improve the sympathetic adrenal pressure response [24]. 
A previous study indicated that local application of nor-
epinephrine (1:200,000) can reduce bleeding after total 
knee replacement [11], as well as the report of using the 

same concentration of norepinephrine combined with 
hemagglutination to treat bleeding after transurethral 
resection of bladder tumors [12]. In this study, we used 
the lower concentration based on previous clinical lit-
erature took the concentration (1:50,000) reported as 
mentioned above [24], and then diluted it by 1/4 to avoid 
possible breast tissue and skin damage [25, 26]. Through 
this retrospective observational study, it was clarified that 
this concentration is effective and safe for breast benign 
cancer. Since norepinephrine may promote tumor pro-
gression [13], this study focused on the application of 
norepinephrine in benign breast tumors. In fact, in the 
process of MAMIR treatment for benign breast masses, 
the diameter of the breast masses in the patients in this 
study was all less than 3  cm, and the auxiliary anesthe-
sia of midazolam was not required. Simultaneously, 
the administration of norepinephrine in MAMIR sur-
gery was safe and no one experienced adverse reac-
tions. Meanwhile, on the basis of a minimally invasive 
approach, MAMIR with the application of norepineph-
rine was more effective in reducing intraoperative hem-
orrhage, relieving postoperative pain, and shortening 
hospitalization time, which is consistent with the previ-
ous study and can better improve the clinical effect of 
MAMIR, although previous research reports have not 
involved the role of norepinephrine in the treatment of 
breast masses with MAMIR [2, 6, 7, 18].

Therefore, although there is currently no research 
reported on the use of norepinephrine to assist MAMIR 
in the treatment of breast masses, the implementation of 
our research may help promote clinical implementation 
in various medical centers and benefit the patients.

Table 5  Univariable and multivariable analysis of postoperative hospitalization for all the patients
Items OR (95%CI) P value OR (95%CI) P value
Age, year 1.01(0.98–1.04) 0.491
Hypertension 1.26(0.46–3.47) 0.65
Diabetes 4.57(0.5-41.87) 0.179
Resected nodules 1.28(0.99–1.66) 0.062
Bilateral Nodules 2.03(1.04–3.95) 0.037 1.391(0.64–3.04) 0.409
Inner quadrant volume, mm3 1(1–1) 0.633
Total nodules’ volumes, mm3 1(1–1) 0.461
Operation time- min 1.02(1.01–1.04) 0.005 1.01(0.996–1.03) 0.140
Intraoperative hemorrhage, ml 1.08(1.01–1.15) 0.022 1.04(0.98–1.11) 0.232
Norepinephrine 0.5(0.26–0.95) 0.035 0.64(0.31–1.29) 0.210
VAS score (postoperative 6,hour pain score)
2
3 0.6(0.11–3.3) 0.557
4 1(0.18–5.63) 1
5 1.36(0.23–8.08) 0.733
6 1.05(0.19–5.87) 0.953
Abbreviations: VAS,Visual Analogue Scale

Notes: P-values less than 0.05, were boldly marked and italicized font- indicating statistical significance
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Study limitations
The present study has some limitations, more feedback 
from patients undergoing this procedure is needed. 
Mainly, this was a retrospective study, much more data 
and/or prospective studies may better characterize the 
association between breast nodules’ volume, operation 
time, intraoperative hemorrhage, and length of hospital-
ization in MAMIR. Although a short-term follow-up was 
conducted without any apparent complications, further 
long-term follow-up remains imperative for comprehen-
sive evaluation. Furthermore, patients were mainly from 
Eastern China, and there was a lack of multi-center and/
or regional comparative analysis.

Conclusion
This study elaborated on the treatment of breast benign 
nodules in a medical center in Eastern China. Although 
MAMIR is a safe and effective minimally invasive strat-
egy, it is an effective method for treating breast nodules. 
In this study, norepinephrine application in MAMIR was 
safe and effective, could help to reduce postoperative 
hospitalization, also an important independent predic-
tive factor for decreasing intraoperative hemorrhage and 
postoperative pain. When surgeons perform breast nod-
ule resection, norepinephrine infiltrates the surrounding 
tissues of the breast nodule could be a good performance, 
giving full play to the advantages of norepinephrine in 
MAMIR. However, future research directions may need 
to focus more on the dosage, long-term effects, and effi-
cacy of norepinephrine to obtain better feedback and 
benefit more patients.
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