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Abstract
Purpose: Ideally, sentinel node status is known prior to breast surgery in breast cancer patients, so a
treatment plan can be made before breast surgery. If indicated, a one-step surgical procedure can then be
performed (breast surgery and axillary lymph node dissection at once). Previously, we demonstrated that
36.5% of breast cancer patients younger than 60 years with a breast carcinoma larger than 20 millimeters
have macrometastatic axillary nodes. Therefore, we aimed that sentinel node procedure (SNP) under local
anesthesia (LA) reduces the number of two-stage surgical procedures in these patients with 30%.
Methods: The AMBULANT study was a prospective trial examining patients aged 18 to 60 years with a
breast carcinoma larger than 20 millimeters and without clinically or ultrasound-guided cytological evidence
of axillary node involvement. Patients were randomized to undergo SNP under LA versus usual care. Number
of operations, periprocedural parameters and psychological outcomes were evaluated.
Results: The trial was prematurely closed, because of lower than expected patient accrual and new insights on
breast cancer treatment. Twelve patients were included; five patients were randomized to SNP under LA and
seven to usual care. Baseline characteristics were similar. SNP under LA did not reduce the number of twostage surgical procedures. Duration of SNP was significantly longer when performed under LA and three of
five patients experienced too much pain during SNP under LA. Finally, SNP under LA negatively influences
physical health.
Conclusion: SNP under LA does not reduce the number of two-stage surgical procedures in breast cancer
patients.
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Introduction

In breast cancer patients, lymph node status is a key prognostic
indicator [1]. Axillary ultrasound (US) with subsequent fine
needle aspiration cytology (FNAC) of suspicious lymph nodes
(US/FNAC) is widely used for axillary staging purposes. The
operative technique of choice to stage the axilla is the sentinel
node procedure (SNP). When either US/FNAC or SNP reveals
lymph node metastases, an axillary lymph node dissection
(ALND) has long been regarded as the standard treatment.
However, emerging evidence shows that ALND does not affect
disease-free survival and overall survival in early breast cancer

patients with limited disease in their sentinel node(s) [2-4].
Consequently, to decide if axillary treatment (ALND or axillary
radiotherapy) is recommended in node-positive breast cancer
patients, axillary tumor load should be known. This axillary
tumor load can only be reliably evaluated by SNP, not by US/
FNAC. Therefore, the role of SNP might become increasingly
important in upcoming years. Ideally, the status of the sentinel lymph node is known prior to breast surgery, so a patient
tailored (axillary) treatment plan can be made and discussed
with the patient before breast surgery. Moreover, if an ALND
should be performed as a consequence of the SNP, a one-step
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surgical procedure can be performed (breast surgery and
ALND during the same procedure). In this context, SNP under
local anesthesia (LA), prior to breast surgery, seems very attractive. The effectiveness and liability of preoperative SNP
under LA have been studied by various study groups. The
general conclusion is that SNP under LA is a safe procedure
that does not harm long-term locoregional control [5-9]. In
the vast majority of breast cancer patients, SNP under LA
will not lead to treatment changes, because most patients
are sentinel node negative. Hence, performing SNP under
LA in all breast cancer patients is not useful. Previously, we
analyzed which subgroup of breast cancer patients could
potentially benefit from SNP under LA. We concluded that
approximately 36.5% of breast cancer patients younger than
60 years with a primary breast carcinoma larger than 20 millimeters and with a negative US/FNAC result did have one
or more macrometastatic sentinel nodes histologically [10].
These breast cancer patients with poor prognostic features
are usually treated with either completion ALND or axillary
radiotherapy. Hence, those are the patients that could benefit from a SNP under LA. Additionally, young patients are in
particular risk for depressive symptoms the first three months
after their cancer diagnosis [11-13]. Knowing lymph node
status and the complete treatment plan in an early phase of
breast cancer diagnosis might be beneficial with regards to
psychological distress in these young breast cancer patients.
Therefore, we compared SNP under LA with usual care (SNP
during breast cancer surgery) in breast cancer patients aged
18 to 60 years with a breast cancer larger than 20 millimeters
and with a negative US/FNAC. The primary aim of this study
was to reduce the number of two-stage surgical procedures
under general anesthesia with 30%.
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Methods

performed within one week after randomization. Two to 24
hours prior to the SNP under LA, a radioactive isotope (Tc99m
colloidal albumin) was injected in the periareolar region of
the affected breast. Lymphoscintigraphy was performed to
inform on the number and location of focal accumulations of
radiocolloid in lymph nodes. The SNP under LA was performed
in our outpatient operating rooms. No premedication was
administered. Venous access was provided for all patients.
Patent Blue V® dye (Guerbet, Aulnay-Sous Bois, France) was
injected in the periareolar region of the diseased breast. Next,
the location of the sentinel node was marked on the skin
using the gamma probe (Neoprobe 2000). Local anesthesia
was administered by subcutaneous infiltration of lidocaine
(0.5%) with adrenaline (1:200.000). If needed, more anesthetic
was injected during the procedure. The sentinel node(s) was
identified and harvested guided by the lymphoscintigraphy,
the blue lymphatic vessels and detection of radioactivity
by the gamma probe. Within one week after the SNP under
LA, histological results of the SNP were discussed in our
multidisciplinary meeting (MDT) and the need for ALND was
discussed. The decision whether to perform an ALND was not
influenced by participation in this study. Resection of the
breast carcinoma with possible ALND was planned within
three weeks after randomization. Patients in the control group
were planned for resection of their breast cancer combined
with SNP under general anesthesia within three weeks after
randomization as well. The SNP in this group is identical to
the procedure described above with the only exception that
no local anesthetic is injected. If an ALND was indicated in
the control group, this operation was planned within six
weeks after randomization. Pathological examination, the
operation method used to excise the breast cancer and the
administration of adjuvant systemic therapy or radiotherapy
were not influenced by participation in this study.

This single-center, randomized phase 3 trial was registered with
ClinicalTrials.gov (number NCT02187718) and approved by the
local Medical Ethical Review Board (METC Noord-Holland) and
by the Investigational Review Board of the Northwest Clinics.
All patients provided written informed consent. Women aged
18 to 60 with histologically confirmed invasive breast carcinoma sonographically larger than 20 millimeters, preoperative
negative US/FNAC, no evidence of distant metastases and ASA
Classification I to III were eligible for participation. Patients
who previously had received treatment of the breast or axilla
by surgery or radiotherapy on the affected side, patients who
were to be treated by neoadjuvant therapy and patients who
were allergic to lidocaine were ineligible.

The primary end point was the number of operations under
general and under local anesthesia per patient. Secondary
end points were quality of life (QoL), depressive symptoms
and anxiety experienced by patients. Additionally, periprocedural parameters were collected. The amount of pain during SNP under LA was measured with a Numeric Pain Rating
Scale (NPRS). A score of 4 or higher on the 11-item NPRS was
defined as too much pain. The total amount of lidocaine used
during SNP under LA was noted as well. At last, the number
of excised lymph nodes, histopathology of excised lymph
nodes, duration of SNP and surgical morbidity were compared
between both groups.

Study design and treatment

Questionnaires

Patient characteristics

Eligible women were randomly (1:1) assigned to SNP under
LA or usual care. Preoperative work-up was identical for both
groups. Patients entered the study following a negative axillary US/FNAC. In the experimental group, SNP under LA was

Study end points

Questionnaires were completed at baseline (t=0), within 48
hours after the breast operation (t=21) and three (t=90) and
six months (t=180) after randomization. Personality (STAI-trait)
was assessed at baseline. Experienced momentary anxiety
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(STAI-state), depressive symptoms (CES-D) and quality of life
(WHOQOL-bref ) were assessed at t=0, t=21, t=90 and t=180.
The “State-and-Trait-Anxiety-Inventory” (STAI) measures state
and trait anxiety. The personality characteristic trait anxiety
concerns differences in individuals in the disposition to respond to stressful situations with varying amounts of stress.
State anxiety refers to the amount of stress being experienced
at the specific moment the measurement is made. In this
study, the 10-item short version of the STAI-Trait scale and
the 6-item short version of the STAI-State scale were used.
Scores of both tests range from 20 to 80. The mean score is
34 to 36 for working adults [14]. The reliability and validity
of the short versions are considered good [15]. QoL was assessed using the 26-item version of the WHO quality of life
questionnaire (WHOQOL-bref ). The WHOQOL-bref measures
QoL in four domains (physical health, psychological health,
social relationships and environment) and the facet overall
QoL and general health. The four domain scores range from
0 to 100. Psychometric properties of the WHOQOL-bref are
good [16]. Depressive symptoms were assessed using the CESD questionnaire developed by the “Center for Epidemiologic
Studies”. This questionnaire focuses on the situation in the
past week. It does not assess chronic depression but only
depressive symptoms that could have developed as the result
of a certain event. Scores range from 0 to 60. A score of 16
or higher is considered as an indicator of clinical depression.
Psychometric properties are good [17-19].

Statistical analysis

The target accrual for the trial was 52 patients to confirm
30% reduction of two-stage surgical procedures with 80%
power (type II error 0.2) and a 5% significance level (type I
error of 0.05). In a two-stage surgical procedure excision of
the breast carcinoma and a possible ALND are performed in
two separate operations. In a one-stage surgical procedure
the breast operation and ALND are performed simultaneously.
To describe measurements, median and IQR (Inter Quartile
Range), were used. For examining differences between the
two groups, chi-square and Mann Whitney U tests were used.
A linear mixed effects model was used to examine scores on
QoL, state anxiety and depressive symptoms over time. A pvalue of 0.05 or less was considered statistically significant. All
analyses were performed using SPSS version 25.0 (Statistical
Package for Social Sciences®).

Results

Patient characteristics

The first patient was enrolled in January 2015. The trial was
prematurely closed in November 2015 because of lower than
expected patient accrual and new insights on breast cancer
treatment. Between January and November 2015, all breast
cancer patients treated in the Northwest Clinics (location
Alkmaar) were screened for eligibility for participation in this
trial. Forty-four patients were eligible. Because of varying
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reasons, 32 patients were excluded, leaving 12 patients for
randomization (Figure 1). Five patients were randomly assigned
to the SNP under LA group and 7 patients to the usual care
group (Figure 1). Patient and disease characteristics were well
balanced between the two groups (Table 1).
Table 1. Baseline characteristics by study group.
No. (%)
Characteristic
SNP under LA Usual Care
Age
Median (IQR), years
48 (14)
49 (13)
Clinical tumor size
Median (IQR), mm
23.0 (180)
21.0 (3.0)
cT2
5 (100%)
7 (100%)
Type
Infiltrating ductal
3 (60%)
6 (86%)
Infiltrating lobular
2 (40%)
1 (14%)
Grade (Bloom and Richardson)
II
2 (40%)
2 (29%)
III
3 (50%)
5 (71%)
Receptor Status
ER+/PR+/Her2+
1 (20%)
1 (14%)
ER+/PR+/Her22 (40%)
5 (71%)
ER+/PR-/Her21 (20%)
0 (0%)
ER-/PR-/Her21 (20%)
1 (14%)
Type of Breast Surgery
Breast-conserving surgery
4 (80%)
6 (86%)
Mastectomy
1 (20%)
1 (14%)
Psychological factors median scores (IQR)
Trait-anxiety at baseline
32.0 (8.0)
32.0 (12.0)
State-anxiety at baseline
36.7 (18.3)
43.3 (16.7)
QoL (Physical Health) at baseline 81.0 (12.5)
69.0 (18.0)
Depressive symptoms at baseline 11.0 (11.5)
17.0 (15.0)
No.=number; SNP=sentinel node procedure; LA=local anesthesia;
IQR=Inter Quartile Range; ER=estrogen receptor; PR=progesterone
receptor; Her2=human epidermal growth factor receptor 2;
QoL=quality of life.

Sentinel node procedure

In the SNP under LA group, a median number of 1 sentinel
node (IQR 2) was harvested. A similar number of sentinel
nodes was harvested in the usual care group (median 1, IQR
1) (p=0.760). The SNP under LA took significantly longer than
the SNP under general anesthesia, that is a median of 25
minutes (IQR 7.5 minutes) versus 20 minutes (IQR 4 minutes)
(p=0.010). On average, 15 milliliters of lidocaine 0.5% was used
during the SNP under LA. In the SNP under LA group, three
of five patients had a score of four or higher on the NPRS and
thus experienced too much pain during SNP under LA. There
were no complications related to the SNP in either one of the
groups (Table 2).

Number of operations

In the SNP under LA group, histopathologic examination of the
sentinel nodes showed no metastases in 4 out of 5 patients
(80% pN0) and a micrometastasis in the sentinel node of one
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Figure 1. Study flow.
Table 2. Results of sentinel node procedures in both groups.
SNP under LA Usual Care p
Sentinel Node Procedure
7
5
No. of SNPs
11
9
Total no. of sentinel nodes
1 (1)
0.760
No. of sentinel nodes, median (IQR) 1 (2)
20 (4)
0.010
Duration of SNP, median (IQR), min 25 (7.5)
-15 (5)
Lidocaine, median (IQR), mL
-4 (2.5)
NPRS, median (IQR)
Histology of sentinel nodes
No metastasis
4 (80%)
5 (71%)
Micrometastasis
1 (20%)
0 (0%)
Macrometastasis
0 (0%)
2 (29%)
SNP=sentinel node procedure; LA=local anesthesia; No.=number; IQR=Inter
Quartile Range; mL=milliliters; NPRS=11-item Numeric Pain Rating Scale

patient (20% pN1mi). The patient with the micrometastasis in
her sentinel node was treated with regional node irradiation
(axillary levels I/II) and adjuvant systemic therapy. No ALND
was performed. In the usual care group, histopathological
examination of the sentinel nodes showed no metastases
in 5 out of 7 patients (71% pN0) and macrometastases in
the sentinel nodes of two patients (29% pN1a) (Table 2). The
patients with macrometastases in their sentinel nodes were

both treated with regional node irradiation (axillary levels I/
II) and adjuvant systemic therapy. No ALND was performed in
these patients. Accordingly, the number of operations under
general anesthesia per patient was one in both groups. The
number of operations under local anesthesia per patient was
one in the SNP under LA group and zero in the usual care
group. Since there were no two-stage surgical procedures
in the usual care group, the number of two-stage surgical
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procedures under general anesthesia is not reduced by per- did depressive symptoms change during follow-up in both
groups (Table 3).
forming the SNP under local anesthesia in this trial.

Quality of Life, anxiety and depressive symptoms

Mean scores of the questionnaires during follow-up were
analyzed for all patients collectively (regardless of the
group in which they were randomized) as well as separately
for both groups. The baseline scores of the QoL domains
were comparable between both groups. When analyzing
all patients collectively, the physical health domain scores
of QoL significantly diminished at t=21 (p=0.015) and t=180
(p=0.006) compared with baseline scores (Table 3A). When
analyzing the SNP under LA and usual care group separately,
these lower physical health domain scores during follow-up
were only noted in the SNP under LA group, not in the usual
care group (Table 3B). Mean physical health domain scores
are graphically depicted in Figure 2. With regards to anxiety
scores, both baseline trait anxiety and baseline state anxiety
scores did not differ between the two groups. When analyzing all patients collectively, state anxiety scores were significantly lower at t=21 (p=0.05), three months (p=0.012) and
six months (p=0.031) compared with baseline scores. When
analyzing the SNP under LA and usual care group separately,
only the state anxiety score at t=21 was significantly lower
compared with baseline in the usual care group (p=0.026,
Table 3B). Concerning depressive symptoms, there were no
significant differences between both groups at any time nor

Discussion

At the time of initiation of this randomized clinical trial, young
breast cancer patients with primary breast carcinomas larger
than two centimeters and one or more macrometastatic
lymph nodes were usually treated with either completion
axillary lymph node dissection or axillary radiotherapy. Based
on this common practice and the results of a retrospective
analysis of our group (that is 36.5% of breast cancer patients
younger than 60 years with a breast carcinoma larger than 20
millimeters and with a negative US/FNAC did have histologically one or more macrometastatic sentinel nodes [10]), we
hypothesized that we could reduce the number of two-stage
surgical procedures under general anesthesia with 30% by
performing a SNP under local anesthesia in this subgroup of
breast cancer patients.
While preparing and actually starting this study, new insights
on treatment of breast cancer patients with sentinel node
metastases rapidly evolved. First, the results of the ACOSOG
Z0011, IBCSG 23-01 and AATRM 048/13/2000 studies [2-4]
comparing ALND versus no ALND in sentinel node positive
breast cancer patients were rapidly implemented in daily
practice. Although only the ACOSOG Z0011 trial included
patients with sentinel node macrometastases [2] and the
quality of evidence is moderate, less and less breast cancer

Table 3. Scores on Quality of Life, State anxiety and Depressive Symptoms.
A. All patients.
All patients
Mean scores (SD)

t=0
t=21
n=12
n=12
QoL – Physical domain 76.7 (12.1) 63.7 (18.2)a

t=90
t=180
n=10
n=9
68.9 (19.1) 61.2 (17.1)b

State Anxiety
Depressive Symptoms

38.0 (9.8)d 38.1 (7.5)e
11.4 (7.0) 12.2 (9.1)

45.0 (9.1)
13.6 (8.1)

36.9 (8.1)c
13.8 (8.0)

SD = standard deviation; n = number of patients; QoL = Quality of Life
a
score significantly changed at t=21 compared with t=0 (p=0.015)
b
score significantly changed at t=180 compared with t=0 (p=0.006)
c
score significantly changed at t=21 compared with t=0 (p=0.05)
d
score significantly changed at t=90 compared with t=0 (p=0.012)
e
score significantly changed at t=180 compared with t=0 (p=0.031)
B. Comparing SNP under LA group and usual care group.
SNP under LA
t=0
t=21
n=5
n=5
QoL – Physical Domain 83.6 (9.5) 64.0 (23.0)a
State Anxiety
42.7 (10.9) 33.3 (11.3)
Depressive Symptoms
10.4 (6.8) 9.2 (6.7)
Mean scores (SD)

t=90
n=4
65.8 (22.0)
32.5 (10.0)
11.3 (7.1)

t=180
n=5
56.4 (14.6)b
36.7 (5.8)
13.0 (9.0)

Usual Care
t=0
n=7
71.7 (11.7)
46.7 (7.9)
15.9 (8.6)

t=21
n=7
63.4 (16.0)
39.5 (4.1)c
17.0 (7.5)

t=90
n=6
71.0 (18.8)
41.7 (8.6)
11.5 (7.6)

t=180
n=4
67.3 (20.3)
40.0 (9.8)
11.3 (10.6)

SNP = sentinel node procedure; LA = local anaesthesia; SD = standard deviation; n = number of patients; QoL = Quality of Life
a
score significantly changed at t=21 compared with t=0 (p=0.023)
b
score significantly changed at t=180 compared with t=0 (p=0.004)
c
score significantly changed at t=21 compared with t=0 (p=0.026)
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Figure 2. Physical health domain of Quality of Life comparing SNP under LA and usual
care group.

patients with macrometastatic sentinel nodes were treated
with an ALND. Consequently, most patients who met our
inclusion criteria and did have one or two macrometastatic
sentinel nodes, were not to be treated with an ALND. Second,
breast cancer patients receive neoadjuvant systemic therapy
with increasing frequency. Particularly in the subset of breast
cancer patients that we were interested in. Partly because of
this increased use of neoadjuvant systemic therapy, patient
accrual was lower than expected. Another reason for the slow
patient accrual were the physicians’ preferences to perform
SNP under LA in patients in whom mastectomy with immediate breast reconstruction was planned. By knowing sentinel
node status preoperatively, the chance of post-mastectomy
radiotherapy can better be estimated. In our hospital, immediate breast reconstruction is preferably not performed when
post-mastectomy radiotherapy is administered, because of
the increased chance of complications [20].
These new insights on breast cancer treatment combined
with slow patient accrual decided us to close this randomized
controlled trial after inclusion of only twelve patients. In
this article we analyzed the results of these twelve patients.
Considering the explanation above, it is quite logical that the
percentage of two-stage surgical procedures under general
anesthesia was not reduced at all by performing SNP under LA,
though it did result in one additional procedure under local
anesthesia per patient. Treatment decisions were not altered
by the results of the SNP under LA. Although we analyzed only
twelve patients, we are convinced that the primary aim of

our study (that is reducing the number of two-stage surgical
procedures under general anesthesia with 30%) would not
have been achieved by finishing the study.
The median number of sentinel nodes removed in our
study was similar between the two groups. Two previous
cohort studies on SNP under LA did not show a difference
in number of sentinel nodes removed as well [5,7]. Median
duration of SNP under LA was significantly longer than under
general anesthesia (p=0.01) in our study. Although duration
of SNP under LA was investigated by several study groups,
it has never been studied in a randomized controlled trial.
Median duration of SNP under LA in our study (median 26
minutes, IQR 7.5 minutes) was comparable to duration of SNP
under LA in previous studies (mean durations ranging from
16 to 45 minutes) [5-8]. In our study, patients experienced too
much pain during SNP under LA (3 of 5 patients scored 4 or
more on NPRS). Both the longer duration of SNP under LA
and pain experienced during the procedure are arguments
that can be applied against SNP under LA.
One previous study on SNP under LA evaluated psychological impact of the procedure. They stated that “100% of
patients expressed the belief that the procedure under LA
made communication with the physician in the charge of
the therapy easier” [21]. However, no validated psychometric
questionnaires on QoL, anxiety and depressive symptoms
were used. In our study, state anxiety scores were highest at
baseline and diminished significantly at all follow-up moments
when analyzing all patients collectively. Mean baseline state
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anxiety score was 45.0, which is much higher than the mean
score of 34 to 36 in a healthy population [14]. The baseline
questionnaires were completed at randomization, which is
within one week after breast cancer diagnosis. Therefore, the
most obvious explanation for the temporary elevation of
state anxiety is the breast cancer diagnosis itself. This higher
prevalence of anxiety at breast cancer diagnosis is consistent
with previous studies [13]. The physical health domain scores
of the WHOQOL-bref were significantly lower during followup compared with baseline in the SNP under LA group. This
was not observed in the usual care group. Thus, SNP under
LA seems to have a negative impact on physical health. This
might be explained by the fact that an extra procedure is performed resulting in increased awareness of physical discomfort.
Further, the SNP under LA causes additional moments of pain
(both during and after the procedure) that might negatively
influence physical health. These adverse effects on physical
health persist for at least six months.
To our knowledge, this is the only randomized clinical trial
investigating the role of SNP under LA in breast cancer patients.
Although the aim of the study was well funded and the study
was well designed, the timing of the study was unfortunate,
since the recent landmark publications of the ACOSOG Z0011,
IBCSG 23-01 and AATRM 048/13/2000 studies [2-4] rapidly
changed daily practice. Consequently, the study was prematurely closed after inclusion of only twelve patients. Analysis
of the end points of these twelve patients resulted in some
valuable lessons; SNP under LA does not reduce the number
of two-stage surgical procedures, operating time under local
anesthesia is longer, too much pain is experienced during the
procedure and it results in lower QoL for at least six months.
Performing SNP under LA is therefore discouraged. However,
if SNP under LA is indicated, it is a safe procedure that does
not harm long-term locoregional control [5-9].
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