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FREQUENCY AND FACTORS ASSOCIATED WITH
INJURY TO THE AXILLARY VEIN IN WOMEN THAT
UNDERWENT AXILLARY LYMPHADENECTOMY
DURING BREAST CANCER SURGICAL TREATMENT

Frequéncia e fatores associados a lesao da veia axilar em mulheres submetidas
a linfadenectomia axilar no tratamento cirdrgico do cancer de mama

Rafaela Miranda Corréa™, Danila Pinheiro Hubie', Reitan Ribeiro’,
José Clemente Linhares', Sérgio Bruno Bonatto Hatschbach!

ABSTRACT

Objective: To evaluate which variables are considered risk factors associated with injury to the axillary vein during lymphadenectomy
inthe surgical treatment of breast cancer patients. Methods: Retrospective study performed through the electronic record analysis
of 1,007 patients who underwent axillary lymph node dissection at Hospital Erasto Gaertner, from January 2010 to December
2014. We assessed the following risk factors using a standard questionnaire: age, body mass index (BMI), presence of palpable
axillary metastasis in the clinical examination, sentinel lymph node pre-lymphadenectomy, presence of axillary metastasis in the
perioperative period, size of metastasis and if it was adhered to axillary vessels, presence of pectoralis muscle invasion, resection
of the pectoralis minor muscle, axillary incision separated from breast incision, prior radiotherapy, neoadjuvant chemotherapy, and
pre and postoperative staging. For each patient who presented injury to the axillary vein, we paired them with two homogeneous
controls (age, BMI, preoperative staging, surgical proposal, and neoadjuvant treatment). Results: Thirteen patients had injury to
the axillary vein. In the perioperative evaluation, in most of them, the axilla was positive in the injury group (10 cases = 76.9%) and
control group (12 cases = 46.1%), and it was adhered to axillary vessels in 10 cases in the injury group (76.9%) and 7 in the control
group (26.9%). Conclusion: In this study, the presence of axillary metastasis in the perioperative evaluation, as well as that adhered
to the axillary vessels, is associated with an increased risk of injury to the axillary vein during lymphadenectomy.
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Objetivo: Avaliar quais varidveis se apresentam como fatores de risco associados a lesdo da veia axilar durante a linfadenectomia
no tratamento cirtrgico de pacientes portadoras de cancer de mama. Métodos: Estudo retrospectivo realizado por meio da analise
de prontuario eletrénico de 1.007 pacientes submetidas a esvaziamento axilar no Hospital Erasto Gaertner, no periodo de janeiro
de 2010 a dezembro de 2014. Foram avaliados, por meio de um questionario padrao, os seguintes possiveis fatores de risco: idade,
indice de massa corpérea (IMC), presenca de metdstase axilar palpével no exame clinico, linfonodo sentinela pré-linfadenectomia,
presenca de metastase axilar no transoperatério, tamanho da metastase e se estava aderida aos vasos axilares, presenca de
invasdo do musculo peitoral, resseccdo do musculo peitoral menor, incisdo axilar separada da incisdo mamadria, radioterapia prévia,
quimioterapia neoadjuvante e estadiamento pré e pds-operatério. Para cada paciente que apresentou lesdo de veia axilar foi
realizado pareamento com dois controles homogéneos (idade, IMC, estadiamento pré-operatdrio, proposta cirlrgica e tratamento
neoadjuvante). Resultados: Treze pacientes apresentaram lesdo da veia axilar. Na avaliacdo transoperatéria, em sua grande maioria,
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a axila estava positiva no grupo da lesdo (10 casos = 76,9%) e no grupo controle (12 casos = 46,1%) e encontrava-se aderida aos
vasos axilares em 10 casos no grupo da lesdo (76,9%) e em 7 (26,9%) no grupo controle. Conclusdes: Neste estudo, a presenca de
metdstase axilar na avaliacdo transoperatéria, bem como aderida aos vasos axilares, esta associada ao risco aumentado de lesdo de

veia axilar durante a linfadenectomia.

DESCRITORES: Neoplasias da mama; Cirurgia; Tratamento; Linfadenectomia; Veia axilar

INTRODUCTION

Breast cancer is more prevalent among females and represented
25.2% of all types of breast neoplasms diagnosed in women in
2015, with about 1.67 million new cases. It is the second cause of
cancer death after lung cancer in developed countries, and it is
the main reason of death by the disease in developing countries
with a total of 521,900 cases in general'.

Although the axillary lymphadenectomy is controversial in
specific situations, it remains part of the surgical treatment in
patients with invasive breast cancer and metastases in the axillary
lymph nodes?. More specifically, this treatment is applicable to ill
patients with N1 or N2 tumors, according to the TNM system®.

However, despite the regular public policies developed in
the area and programs of mammographic tracking widely
recommended for asymptomatic women with early diagnosis
strategy — besides contributing to the decrease of the cancer
presentation stage, also known as down-staging —, about a third
offemale patients in the United States suffer tumors with regional
metastases (axillary lymph nodes) at the moment of diagnosis*®.

InBrazil, according to statistics from the Brazilian Department
of Health (2012), only 18% of these cancers are limited to breast
in the diagnosis (pathological staging), even though efforts are
done to provide mammographic coverage for all women older
than 40 years®. This means that, in proportion, more patients
undergo the axillary approach in Brazil than in the United States.

The conventional axillary lymphadenectomy involves resec-
tion of lymph nodes at levels I and II, as Berg’ describes. These dis-
sections have therapeutic roles and enable staging the disease,
as well as evaluating prognosis®. Unfortunately, the axillary
approach is responsible for several functional sequelae due to
surgical treatment, including lymphedema, paresthesia, restric-
tion of the movement amplitude and pain in the arm ipsi laterally
to dissection of lymph nodes. Although unsatisfying cosmetic
results due to the approach of breast tumors may be minimized
through oncoplastic surgery or through methods such as recon-
struction with implants and with myocutaneous flaps, we may
not do many things to repair functional sequelae’.

Paresthesia referred by patients is associated with the sec-
tion of the intercostobrachial nerve that crosses the axilla during
thelymphadenectomy. Nevertheless, this is the smallest compli-
cation and it is not a reason of complaints about limitation of
quality of life in the majority of cases™.

Lymphedema is by far the most severe intercurrence of complex
clinical management with higher impact on the patient’s quality

oflife. Studies show that the incidence rates of complications and
sequelae in the arm, including lymphedema, are directly associ-
ated with radicality of the locoregional treatment'*%,

This complication that appears in 6 to 50% of the patients is
associated with several risk factors: extensive surgery, number
of removed lymph nodes, injury to the vessels and nerves pres-
entin the axillary content and axilla-adjuvant radiotherapy'*s.

Injury or thrombosis to the axillary vein and irreversible
injury to motor nerves are very rare complications throughout
the axillary lymph node dissection.

This paper aimed to determine which variables are present
as risk factors associated with injury to the axillary vein dur-
ing the lymphadenectomy, in the surgical treatment of a female
breast cancer patient.

METHODS

We performed a retrospective study through analysis of elec-
tronic medical records from 1,007 patients who underwent
axillary lymphadenectomy during the surgical treatment of
breast cancer at Hospital Erasto Gaertner from January 2010
to December 2014. We evaluated the following possible risk
factors of injury to the axillary vein: age, body mass index
(BMI), presence of axillary metastasis palpable at preopera-
tive period, size of axillary metastases in the perioperative
period, sentinel lymph node pre-lymphadenectomy, presence
of axillary metastasis adhered to axillary vessels, preserva-
tion or section of pectoralis minor muscle, axillary incision
separated from breast incision, prior radiotherapy, neoad-
juvant chemotherapy, and pre and postoperative staging
(Appendix 1). We created two “cases and controls” samples
of the same source, with the same population. Each patient
that presented injury to the axillary vein was paired with two
control cases, which were then compared regarding the fol-
lowing factors: age, BMI, preoperative staging, and proposed
treatment (surgery or neoadjuvant chemotherapy).

Data were grouped in contingence tables by variable to make
the statistical analysis process easier. The chi-square non-paramet-
ric test evaluated the existence of a significant difference between
the levels of explanatory variables due to the answer variable.

We used another mathematical model as well. We adopted
thelogistic regression analysis for the statistical technique, whose
main purpose is providing a mathematical equation (formula)
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that allows the investigator to replace the “X” values (studied
variables) and whose result portrays their association with the
outcome (in this case, injury to the axillary vein).

This model is generated through a robust sampling. Since
this study had a small representative subgroup (39 patients —
13in the injury group and 26 in the control), we used a process
for generating new samples called bootstrap, which creates
new observations based on the initial records through a ran-
domized sampling with replacement. Thus, we created 10,000
observations for patients with injury and value equal to 1 and
another 10,000 for patients without injury (control) and value
equal to 0, with a total sample of 20,000 observations, as pre-
sented in Figure 1.

The Research Ethics Committee from Liga Paranaense de
Combate ao Cancer approved the paper in August 2016.

RESULTS

We found 13 patients with injury to the axillary vein during
the lymphadenectomy among the 1,007 electronic records
evaluated, of whom 10 had an isolated vein injury, 2 had a vein
injury associated with thoracodorsal pedicle injury and 1 had
injury to the vein and long thoracic nerve. Each patient with
an injury was paired with two controls, resulting in a total
sample of 39 patients.

The average age of participants was 56.6 years old in the
injury group and 56.7 in the control group, which varied between
40 and 82 with predominance of the fourth and fifth decades
(46 and 23%, respectively).

The average BMI found was 26.5 kg/m?in the injury group and
26.1 kg/m?in the control group, that varied from 18 to 40 kg/m?%
61% of the patients were below 30 kg/m? and 23% were above
this range.

We observed 9 cases of palpable axillary metastasis (69.2%)
during clinical examination in the group with axillary vein
injury compared with 14 (53.8%) in the control group. The Ec
-1V (27 cases = 69.2%) and Ec I-1I (12 cases = 30.7%) cases were
more prevalent.

We performed the modified mastectomy according to Patey
in 30 cases (76.9%), the quadrantectomy and axillary lymph-
adenectomy in 8 cases (15.3%), and 1 patient (7.6%) underwent
chest wall resection.

Only 6 (15.3%) patients performed a biopsy of the sentinel
lymph node before axillary lymph node dissection.

Injury = 1/((1 +exp(-(-54.17185+2.81483 * Meta_Pre_OP-23.58244*
BLNS+68.80405* Meta_Trans_OP+24.68458* Meta_Ava+
0.44370 * TM-2.24539 * Imp + 25.38924 * RMPM +
29.04267 * RXT+ 3.05412 * QT-70.24175* EST_POS_IIIB+
29.09904 * EST _POS_IIA - 66.62745 * EST_POS_IIIA -
65.94936 * EST_POS_IIIC))))

Figure 1. Mathematical model

Most of the axillae was positive in the perioperative assessment,
inthe injury group (10 cases = 76.9%) and control group (12 cases
=46.1%), and was adhered to axillary vessels in 10 cases (76.9%)
in the injury group and in 7 (26.9%) in the control group.

This study showed that the lymph nodes were divided into
size according to the largest diameter. We observed that lymph
nodes measuring 1-3 cm were more prevalent (8 cases = 61.5%
in the injury group compared with 5 cases = 19.2% in the control
group), whereas those larger than 3.1 cm were observed in 3 cases
in the injury group (23.0%) and 4 in the control group (15.3%).

In 6 (46.1%) and 5 (19.2%) cases in the injury and control
group, respectively, we found invasion of the pectoralis muscle
through axillary metastasis.

We observed resection of the pectoralis minor muscle during the
axillary lymphadenectomy in 13 cases in the injury group (100.0%)
and 24 in the control group (92.3%). The control group (11 cases =
42.3%) used more the axillary incision separated from the breast
incision than the injury group (5 cases = 38.0%).

Only 1 patient (7.6%) had undergone prior radiotherapy treat-
ment in the injury group, while the neoadjuvant chemotherapy
drug was used in 8 cases in the injury group (61.5%) and 11 in
the control group (42.3%).

Five (38.0%) versus 13 (50.0%) cases were in the I-IT postopera-
tive staging, while the 8 remaining cases (61.5%) versus 13 cases
(50.0%) were in the Ep III-IV.

Based on Table 1, we can observe that only the variable pres-
ence of axillary metastasis adhered to axillary vessels’ (Meta ava)
showed a 1% difference of significance (or 99% of confidence)
regarding the answer variable “injury”. In other words, patients
with presence of axillary metastasis adhered to axillary vessels
showed a higher rate of injuries, while patients without such
characteristic had a smaller volume.

After using the logistic regression technique, we found that
only the variable “axillary incision separated from the breast inci-
sion” (InA-InM) is not significant at a 5% level and, therefore, is
removed from the mathematical model. The other variables were
significant and remained (p-value was smaller than 0.0001 in all of
them). Being significant in aregression model reports that the vari-
ableis associated with the answer variable, i.e. explains a percent-
age of the answer variable. Figure 1 presents the model equation.

Based on it, the most important variable that best explains
the answer variable is the “presence of axillary metastasis in the
perioperative period” (Meta trans-op), followed by “postopera-
tive staging” (Est_Pos-1IIB), according to Figure 2.

This model presented positive and validation rates of 96.26
and 97.00% respectively, as verified in Figure 1. Its predictive value
was 96.26%, which is an excellent result on practice. Positive
and negative predictive results were also great. The sensitiv-
ity and specificity measures presented high values; therefore,
thelogistic regression model s classifying subjects regarding the
presence or not of the answer variable “injury” as correctly.
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Table 1. Results of chi-square tests with each variable associated with injury to the axillary vein during lymphadenectomy.

Variables | cChisquare | pvalue | Result | Conclusion |

Meta pre-op 0.3312 0.5650 It accepts H, No significant difference
BLS pre-EA 0.2216 0.6378 It accepts H, No significant difference
Meta trans-op 2.2029 0.1378 It accepts H, No significant difference
Meta ava 6.8954 0.0086 ltrejects H, Significant difference

TM (cm) 0.1088 0.7415 It accepts H, No significant difference
IMP 1.9152 0.1664 It accepts H, No significant difference
RMPM 0.0659 0.7974 It accepts H, No significant difference
InA-InM 0.0132 0.9084 It accepts H, No significant difference
RXT pre 2.2503 0.1336 It accepts H, No significant difference
QT neo 0.0530 0.8179 It accepts H, No significant difference
Est pos-op 0.4643 0.4956 It accepts H, No significant difference

Meta pre-op: presence of palpable axillary metastasis at preoperative examination; BLS pre-EA: research of sentinel lymph node before axillary lympha-
denectomy; Meta trans-op: presence of axillary metastasis identified at perioperative period; Meta ava: axillary metastasis adhered to the axillary vessels;
TM (cm): size of the axillary metastasis in the perioperative period in centimeters; IMP: presence of axillary metastases invading the pectoralis major muscle;
RMPM: resection of the pectoralis minor muscle during axillary lymphadenectomy; InA-InM: axillary incision separated from the breast incision; RXT pre:
radiotherapy prior to surgery; QT neo: neoadjuvant chemotherapy; Est pos-op: postoperative staging.
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Figure 2. Explanation of each variable.

DISCUSSION

Every axilla with palpable lymph nodes should be emptied’.
The only situation where axillary lymphadenectomyis not cur-
rently indicated is the presence of breast ductal carcinoma in
situ, although it has a risk of axillary metastases from 0.9 to
3.8%, according to several authors'”'®. Another subgroup with
low potential of axillary metastases is microinvasive carcinoma.
Most of the papers"* show a 5% incidence of axillary metas-
tases, even though Schuh et al.* and Kinne et al.* found axil-
lary damage rates between 20 and 10%, respectively. The dif-
ferent definitions of what a microinvasive or invasive tumor is
would result in this frequency variation of the axillary metas-
tasis process.

The incidence of axillary damage is closely associated with
the size of the primary tumor, which is 68% in patients measuring

216

Figure 3. Vascular sutures.

between 1 and 2 cm of diameter, with presence of lymphatic or
vascular invasion®.

Local control of breast cancer also results in increase of sur-
vival and incapacity of “cleaning” the axilla may result in difficul-
ties to manage the disease, with distant metastases, as observed
in the NSABP B-04* study. The incorporation of the sentinel
lymph node investigation in the breast neoplasm treatment has
provided many benefits to women at early stage of the disease,
limited to the breast, thus avoiding axillary lymph node dissec-
tion. This treatment substantially reduced the risk of functional
sequelae in the arm, which is the result of surgical manipula-
tion, and morbidities, which cause high social, psychological,
and financial costs®.

Surgical aggressive behavior is a risk factor for the devel-
opment of significant morbidity, which also explains higher
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incidence of lymphedema in the postoperative period of mas-
tectomy than in the conservative surgery (24 to 49% after mas-
tectomy, and 4 to 28% after tumorectomy with axillary dissec-
tion)*. An explanation would be that patients who undergo
mastectomy, in general, present an advanced disease with the
need of larger surgical removal of axillary lymph nodes, which
are more compromised by the tumor. After surgery, weight gain
may also be a risk factor?””.

The dissection of axillary lymph nodes and the amount of
resected and damaged lymph nodes are well known risk fac-
tors for the development of lymphedema and, at a rare scenario,
injury or thrombosis of axillary vein®°.

Vascular injuries are very important complications due to
the potential risk of thrombosis, arteriovenous fistula (AV), pseu-
doaneurysm, functional loss of extremities, amputation, infec-
tions, and bleeding®"*

In the beginning of the 20* century, vessel ligation was the
onlykind of performed intervention, whose purposes were hemo-
stasis or treatment of AV fistulae or aneurysms®.

Consequently, the development of anesthetic techniques, the
anticoagulant possibility, blood transfusions enabling its replace-
mentin large-sized vascular surgeries, the discovery of antibiot-
ics suppressing a great part of the failures caused by infection
and the improvement of industrial prosthetics provided a golden
phase of development to the vascular surgery*.

Vessel dissection is done with common instruments to
any dissection until arrival of the vessel, such as: scalpel,
Metzenbaum scissors of variable size and blunt tip, rat-tooth
forceps, vascular dissection clamps, and Mixter clamps with
tips whose thicknesses should vary according to the kind and
caliper of the dissected vessel. Anatomic knowledge of the
operated area is mandatory, because orientation, in the event
of an obstruction with absence of heart rate, should be given
by neighboring elements™.

The incision of access is longitudinally to the vessel path.
After skin, subcutaneous, fascia and separation of the muscles,
we arrive at the vessel, which is always involved by a fiber adi-
pose sheath. We may open this sheath with the help of a vascu-
lar dissection clamp and Metzenbaum scissors until reaching
the vessel adventitious plane, which is followed proximal and
distally up to the desired length of dissection®.

Vascular ligations are performed for simple hemostasis in
cases of trauma, amputations, venous resections, and AV fis-
tulae ligation. In the event of small vessels, a simple ligation is
enough,; if the vessel is larger, a transfixing suture may be per-
formed. If the vessel must be sectioned, do it between ligations
through transfixation. In cases of larger vessels (above 5 mm),
perform a running suture. This suture may eventually be pro-
tected by a ligation®.

We do not need anticoagulation when an artery is ligated def-
initely; the formation of a thrombus is foreseen that will extend

until the first important proximal branch. However, when the
interruption of the artery or vein is temporary, one may anticoag-
ulant the patient with intravenous heparin in the dose of 1.5 mg
or 150 units/kg of weight to promote surgical approaches on
them. Half of this dose may be repeated after about two hours
if the surgeon notices the formation of clots on the field. After
the procedure ends, we reverse the heparin effect with prot-
amine sulfate in the proportion of 1:1 mg in relation to the
heparin dose®”.

Vascular sutures should include all walllayers, and they can
be done with running structure or separated sutures. The distance
between the points should be 1 mm, with a 1 mm depth. In gen-
eral, we use 3-0 to 6-0 surgical sutures. Running suture should
be made with two surgical sutures that begin in each junction
and direct to the middle of the incision (Figure 3). The separated
point suture, otherwise, should be used with small caliper ves-
sels. The path must be large enough to avoid stenosis, but not so
large to cause vessel enlargement, which could result in unde-
sirable hemodynamic alterations®.

Among the 13 mentioned cases, we observed the impor-
tance of staging in the incidence of axillary metastases: 30.7%
of axillary damage in stage ITIC; 23% in stage I1IB; 7.6% in stage
II1A; and 15.3% in stage IIB. We found that axillary damage
is closely associated with the primary tumor size, and it is a
common event (a third of cases) as well as the most important
prognosis factor. Other predictive variables of axillary metas-
tasis, besides the tumor size, include: age, lymphatic vascular
invasion, histological type, nucleal degree, histological degree,
tumor grade, and location.

CONCLUSION

There are currently few studies in literature on the theme, even
though much is discussed about the lymphedema, the main post-
operative complication in breast surgery. Many factors have been
discussed, but studies clarifying the influence of each one in the
formation of lymph-lymphatic anastomosis, in compensations
of the lymphatic system and in consequent repercussions on the
incidence of the lymphedema still lack.

This study showed that the presence of axillary metastases in
the perioperative evaluation, as well as adhered to axillary ves-
sels, is associated with an increased risk of axillary vein injury
during the axillary lymphadenectomy.

Injury or axillary vein thrombosis and injury to the axilla
motor nerves are extremely rare complications. A careful surgi-
cal technique and accurate selection of patients for postopera-
tive radiotherapy are mandatory to prevent significant morbidity
after axillarylymphadenectomy. The introduction of the sentinel
lymph node biopsy technique in clinical practice resulted in a
significant decrease of the incidence of post-axillary lymph node
dissection complications.
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Frequency and factors associated with injury to the axillary vein in women that underwent axillary lymphadenectomy during breast cancer surgical treatment

Appendix 1. Data collection form

AXILLARY VEIN INJURY DURING LYMPHADENECTOMY-ASSOCIATED FACTORS

01. Patient’s identification:

Registration:[ 1 Age:[ ] years old (in the date of diagnosis)
Date of thenewcase:_ / /  BML:

02. Presence of palpable axillary metastasis at preoperative examination
03. Preoperative staging
04. Treatment

04.1 Surgery
(1) Biopsy of the sentinel lymph node before lymphadenectomy
(2) Presence of axillary metastasis in the perioperative period
(3) Presence of axillary metastasis adhered to axillary vessels
(4) Size of axillary metastasis in the perioperative period
(5) Presence of pectoralis muscle invasion
(6) Preservation or section of the pectoralis major muscle
(7) Axillary incision separated from the breast incision

04.2 Radiotherapy prior to surgery
04.3 Neoadjuvant chemotherapy
05. Postoperative staging

Notes:
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