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Background: Core needle biopsy (CNB) plays an important role in the preoperative axillary lymph node
(ALN) assessment in breast cancer (BC) patients with the development of treatment, but little is known
about the axillary lymph flow after CNB of ALNs. This study aimed to investigate the changes of lymphatic
flow after CNB of sentinel lymph node (SLN) in a rabbit model.

Methods: The axillary SLN was biopsied in a rabbit model, and the changes of sentinel lymph flow were
observed by methylthioninium chloride imaging at 1 and 12 days after the biopsy. Furthermore, the afferent
lymphatic vessel was ligated and imaged once every 3 days to assess the changes of lymphatic flow.

Results: The SLN biopsied was characterized by disorganized medullary sinus containing erythrocytes,
whereas clean medullary sinus containing a normal population of circulating lymphoid cells was observed in
the contralateral normal SLN. At 1 day after biopsy, the sentinel lymphatic drainage was blocked. At 12 days
after biopsy, the sentinel lymphatic flow was reconstructed or repaired. Ligation of afferent lymphatic vessel
further confirmed the reconstruction of lymphatic flow.

Conclusions: The sentinel lymphatic flow changes after CNB in a rabbit model, but it can be

reconstructed or repaired.
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Introduction and paraesthesia as compared to ALND. Long-term follow-
up shows that the incidence of lymphedema is as high as 40%
after BC treatment (1). However, lymphedema still occurs

in 7% of patients undergoing SLNB (2). Lymphedema

With the development of sentinel lymph node biopsy
(SLNB), the use of axillary surgery has been progressively

reduced in patients with early-stage breast cancer (BC),
which results in fewer patients undergoing axillary lymph
node dissection (ALND). Currently, SLNB has been
widely accepted as a standard of care, with lower surgical

morbidity, including lymphedema, shoulder stiffness, pain,
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severely affects the quality of life of BC patients due to
the lifestyle and occupational alternations, change in the
functional status, as well as changes in the psychosocial
and economic aspects (3). The clinical signs vary with
the duration and severity of lymphedema, from vague
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sensations of limb heaviness to structural distortion (1).
In the past 5-10 years, more attention has been paid to
minimizing the morbidity after surgical axillary treatment.

Under the guidance of contrast-enhanced ultrasound
(CEUS), the ALNs can be identified and biopsied
preoperatively (4). A preoperative biopsy proved axillary
metastasis may serve as an indication to neoadjuvant
chemotherapy or ALND (5). SLNB is still needed for
patients with negative biopsy results to rule out false-
negative results, although the false-negative may occur
because the low-volume disease within the sentinel lymph
nodes (SLN) (5). Preoperative biopsy may spare some
patients from directly SLNB.

Preoperative lymph node biopsy can be done with either
core needle biopsy (CNB) or fine needle aspiration biopsy
(FNAB). The image-guided CNB has been a diagnostic
procedure for breast lesions, and has replaced FNAB due
to its higher sensitivity (6). It therefore is hypothesized
that CNB is superior to FNAB for the detection of axillary
metastasis. A prospective analysis comparing these two
techniques shows that CNB is more sensitive when accurate
preoperative axillary staging is needed (7). Moreover,
immunohistochemical technique may be added to CNB to
get further information on the disease.

However, little is known about the axillary lymph
flow after CNB of ALNs. In a mouse model, results
showed the lymph flow in the collecting lymphatic
vessels significantly changed after lymph node dissection,
and long term interruption of lymph flow might cause
lymphatic dysfunction, contributing to lymphedema (8).
It is assumed that CNB may cause similar damage to the
axillary lymphatic vessels. Thus, this study was undertaken
to investigate the changes of lymphatic flow after CNB of
axillary SLN in a rabbit model. We present the following
article in accordance with the ARRIVE reporting checklist
(available at http://dx.doi.org/10.21037/apm-20-882).

Methods
Study design

Twenty-two rabbits were divided into three groups. There
were 2 rabbits in the Group 1, 14 in the Group 24, 3 in
the Group 2B and 3 in the Group 3. The hair on the chest
were removed before methylthioninium chloride imaging.
Then, 0.1 mL of methylthioninium chloride (Jichuan, Inc.)
was injected intracutaneously around the left areola with
a 26-gauge needle, and the sentinel lymphatic flow was
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imaged. In the Group 1 and Group 2A, core biopsy of the
left axillary SLN with a 14-gauge biopsy gun (MG12-22,
Bard, Inc.) was performed immediately after the injection.
In the Group 1, the left axillary SLN was immediately
harvested after the biopsy, and the contralateral SLN of
2 rabbits was harvested without biopsy using the same
imaging method.

In the Group 2A, 6-0 Proline (Johnson&Johnson, Inc.)
was used to mark the biopsied SLN in 14 rabbits. At 1 day
after and 12 days after the biopsy, methylthioninium chloride
imaging was performed to observe the lymphatic flow.

Group 2B served as a sham-operation group of Group
2A. All the experimental procedures were consistent with
Group 2A except that the SLN was not biopsied.

In the Group 3, the afferent lymphatic vessel was ligated
with 6-0 suture immediately after the injection to artificially
block the drainage of methylthioninium chloride. The
rabbits were imaged once every 3 days after the ligation,
and the lymphatic flow was observed.

Animal model

This study was approved by the Institutional Animal Care
and Use Committee of Nanjing Medical University (No.:
1601179), in compliance with the Animal Ethical and Welfare
Committee (AEWC) of China. Female New Zealand
white rabbits (age: 12-14 weeks) weighing 2.0-2.5 kg
were used in this study. All animal studies were performed
by trained investigators with experience in CNB. For all
experiments and procedures, anesthesia was induced by
intravenous injection of chloral hydrate (3 mL/kg). Animals
that refused solid and fluid intake for more than 4 days with
concomitant apathy and weight loss of more than 20% were
sacrificed and not included in the final analysis.

Core biopsy

The core biopsy was performed by directly visualizing the
SLN and corresponding afferent lymphatic vessel. The
biopsy gun was held perpendicular to the afferent lymphatic
vessel and parallel to the chest wall of the rabbit.

Pathology

All specimens were fixed in 10% paraformaldehyde and
embedded in paraffin. 5-pm sections were obtained and
stained with haematoxylin and eosin (H&E). All histologic
examinations were performed by one pathologist.
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Figure 1 Imaging after areola intracutaneous methylene blue injection. Stained SLN (A), SLN (arrow) after skin incision (B) and direction

of the core needle (C). SLN, sentinel lymph node.

Results
Sentinel lympbatic flow changed after CNB of SLN

Methylthioninium chloride was injected intracutaneously
around the areola and the SLN was detected in the axilla
(Figure 1A). Subsequently, a small incision overlying the
SLN was made to expose the SLN and corresponding
afferent lymphatic vessel (Figure 1B). The SLN was
biopsied using a core needle perpendicular to the afferent
lymphatic vessel and parallel to the chest wall of the rabbit
(Figure 1C). After the biopsy, in the Group 1, the SLN
was harvested and compared with the normal contralateral
SLN without biopsy. The SLN biopsied was characterized
by a disorganized medullary sinus containing erythrocytes
(Figure 2A), whereas clean medullary sinus containing
a normal population of circulating lymphoid cells was
observed in the contralateral normal SLN (Figure 2B).
Moreover, the afferent lymphatic vessel in the SLN biopsied
seemed to be more distended than in the contralateral
normal SLN (Figure 2C,D).

In the Group 2A, of the 14 axillaries, sentinel lymphatic
flow was well defined in 12. Of 12 axillaries, 2 SLNs
were found in 2 axillaries; only one SLN was found in
the remaining 10 axillaries. In all, biopsy was performed
in 14 lymph nodes. At 1 and 12 days after biopsy,
methylthioninium chloride imaging was performed. The
lymphatic flow was defined to be unblocked when the
SLN was totally or partially stained (Figure 34,B) but
blocked when the SLN was not stained or only the afferent
lymphatic vessel was stained (Figure 3C,D). The lymphatic
flow after CNB is shown in Tzble 1. At one day after
biopsy, 8 of 14 SLN was blocked on the methylthioninium
chloride imaging, of which neither SLN nor the afferent
lymphatic vessel was stained in 6 animals, while only
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afferent lymphatic vessel was stained in another 2 animals.
There were 4 animals with similar staining as before biopsy.
Interestingly, at 12 days after CNB, the drainage of 3 SLN
was blocked on the methylthioninium chloride imaging. At
the same time, the lymphatic drainage was not blocked in
6 animals. In the sham-operation group, sentinel lymphatic
flow was all well defined in 3 ALNSs, and the lymphatic
drainage remained unchanged at 1 and 12 days after sham-
operation (Figure 3E,F).

Sentinel lymphatic flow was reconstructed or repaired after
SLN biopsy

The lymphatic flow was imaged in 7 animals at 1 and 12 days
after biopsy (Table 1). The lymphatic flow in 5 animals
was blocked at 1 day after biopsy, in which lymphatic flow
was still blocked in 1 animal at 12 days after biopsy. The
lymphatic flow in 4 animals was blocked at 1 day after CNB,
but unblocked at 12 days, and drainage reconstruction was
observed in 3 animals of them. At 12 days after CNB, the
former biopsied SLN together with the corresponding
afferent lymphatic vessel failed to be stained. Instead,
another lymphatic vessel connecting the injection site to
another lymph node was seen (Figure 44,B,C). In an animal
with lymphatic flow repair, the biopsied SLN was not stained
at 1 day after CNB but the same SLN with corresponding
afferent lymphatic vessel was found to be filled with
methylene blue at 12 days after CNB (Figure 4D,E,F).

In another 2 animals, the lymphatic flow was unblocked
at 1 day after CNB, of which 1 was still unblocked at
12 days after CNB. However, the lymphatic flow in a
remaining animal was blocked at 12 days after CNB, which
might be ascribed to the edema of surrounding tissues
caused by biopsy.
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Figure 2 Disorganized medullary sinus containing erythrocytes was found in the biopsied SLN (A, x100), whereas clean medullary sinus
containing a normal population of circulating lymphoid cells was observed in the contralateral normal SLN (B, x100). Afferent lymphatic
vessel of the biopsied SLN seemed to be more distended than that at the contralateral side (C,D, x200). Arrow: afferent lymphatic vessel of
the biopsied SLN. Double arrow: afferent lymphatic vessel of the normal SLN. SLN, sentinel lymph node.

Figure 3 The lymphatic flow was defined to be unblocked when the SLN was totally or partially stained (A,B) but blocked when the SLN
was not stained or only the afferent lymphatic vessel was stained (C,D). In the sham-operation group, the lymphatic drainage remained
unchanged at 1 and 12 days after sham-operation (E,F). SLN, sentinel lymph node.
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Table 1 The changes in the lymphatic flow after CNB of the SLN
at 1 and 12 days post biopsy

No. 1-day post biopsy 12-day post biopsy
1 Unblocked NA

2 Unblocked Blocked
3 Blocked NA

4 Blocked Unblocked
5 Blocked NA

6 Blocked Unblocked
7 Blocked Unblocked
8 Unblocked NA

9 Unblocked Unblocked
10 Blocked NA

11 Blocked Unblocked
12 Blocked Blocked
13 NA Unblocked
14 NA Blocked

CNB, core needle biopsy; SLN, sentinel lymph node.

Validation of lympbatic flow reconstruction after ligation
of afferent lympbatic vessel

In the Group 3, the afferent lymphatic vessels of the
SLN were artificially blocked, aiming to confirm the
reconstruction of lymphatic flow after biopsy. A torturous,
dilated methylthioninium chloride-filled lymphatic
vessel was observed at the upstream of the ligated area
immediately after ligation. At 1 day after ligation, the
ligated lymphatic vessel and the draining SLN were no
longer stained by methylthioninium chloride. However, in
3 animals, at as early as 3 days after CNB, another
lymphatic vessel connecting the injection site to a new SLN
was stained and observed (Figure 5).

Discussion

To the best of our knowledge, the effect of CNB of the
SLN on the sentinel lymphatic flow has not been reported
in available studies. Our results showed that core biopsy
of the rabbit axillary SLN could dramatically change the
initial lymph drainage. Two patterns resulted from the
biopsy: reconstruction or repair. Reconstruction means
the rerouting of the sentinel lymphatic flow, while repair
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means the restoration of the same SLN. Hall ez 4/ made a
flank incision on the left side of mice to interrupt normal
lymphatic flow. They found that newly built lymphatic
vessels were detectable from 7-8 days up to 2-3 weeks after
injury (9). Kown ez /. dissected a single ALN in a mouse
model and the functional change in the inguinal-to-axillary
lymph drainage was investigated (8). At 2 days after the
surgery, no lymph flow was observed, while at 6 days after
the surgery, altered lymphatic flow pattern was identified.
Eventually, at 9 days after the surgery, there was an ordered
lymphatic flow pattern. The phenomenon identified in their
study was consistent with the “reconstruction” defined in
our study. Sweet er al. demonstrated that lymph flow acted
on the valve formation and collecting lymphatic vessel
maturation and development (10). Mebius ez #/. found
that lymphatic flow could affect the functional integrity of
lymph nodes (11). We speculate that when the biopsy causes
damage to the SLN, the slow filling of lymph promotes
the restoration of the biopsied SLN, and eventually the
“reparation” is present.

In clinical practice, if a benign pathological diagnosis
is obtained from the preoperative axillary biopsy, it will
be confirmed by the intraoperative SLNB. Thus, CNB of
ALNSs has an effect on the false-negative rate of SLNB.
Studies have found several factors contributing to the false-
negative rate of SLNB, which is about 10% (12). Great
tumor burden in the SLN is one of the factors. Proulx ez a/.
initially found the rerouting of lymphatic flow caused by
lymphatic dysfunction, which was induced by the tumor
metastatic to the SLN (13). Suga er 4/. then observed
the rerouting in BC patients by computed tomographic
lymphography (14). In a clinical trial, Zhou ez al. raised a
hypothesis: BC cells migrate to the SLN and the growth
of cancer cells might induce lymphatic dysfunction (15).
At this time, rerouting of lymph flow occurs. They also
found that there were several lymphatic vessels connecting
the injected site and different lymph nodes. The afferent
lymphatic vessel of the SLN is dominant. Once it is
blocked, another lymphatic vessel may act as the dominant
drainage path. The phenomenon observed in the present
study was consistent with Zhou’s hypothesis.

A number of clinical trials have compared CNB with
FNAB, but the results were controversial. Rautiainen et /.
found that the sensitivities of FNAB and CNB were 72.5%
and 88.2%, respectively (P=0.008) and they speculated
that CNB was significantly more sensitive than FNAB (7).
However, a meta-analysis indicated no difference between
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Figure 4 Reconstructed (A,B,C) and repaired (D,E,F) sentinel lymphatic drainage after CNB of the SLN. Arrow: SLN. Double arrow:
reconstructed SLN. CNB, core needle biopsy; SLN, sentinel lymph node.

Figure 5 The afferent lymphatic vessel of the SLN (arrow) was ligated (A,B). A reconstructed SLN (double arrow) was observed at 3 days

after ligation (C). SLN, sentinel lymph node.

CNB and FNAB. CNB has some advantages over
FNAB (16). Our results showed that CNB of the SLN had
its disadvantages. The damage to the lymphatic drainage
could not be neglected. Especially, when the SLN has
a small size, CNB may not be a tool of choice. In this
aspect, FNAB has its advantages. Besides its low cost and
convenience, it is less likely to damage the lymphatic
flow for its smaller diameter. The controversy mainly
focuses on the relatively higher false-negative rate, which
may be ascribed to the presence of inadequate samples,
misidentification of SLN and low tumor burden. Onsite
cytological support helps reduce the incidence of inadequate
samples (17). New imaging techniques, including
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sonoelastography, contrast-enhanced ultrasonography,
multispectral optoacoustic tomography (MSOT) and near
infrared light fluorescence imaging, make the identification
of SLN easier (18). For clinical T1-2NO BC patients who
received breast-conserving surgery, further ALND has no
survival benefit for those with 1-2 positive SLNs (19). Liang
et al. found that BC patients in whom ultrasonography
showed a suspicious lymph node but FNAB showed
negative had a lower tumor burden and could be treated as
node-negative disease (20).

Our study provides direct evidence that CNB of the
SLN can dramatically change the sentinel lymphatic flow
pattern in a rabbit model. We speculate that the physical
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trauma caused by preoperative CNB of the SLN can
similarly lead to the dysfunction of the regional lymphatic
drainage in clinical practice. Thus, the false-negative-
rate of intraoperative SLNB may be increased. In this
circumstance, CNB is not a best option. Instead, FNAB
might be better.

There were still limitations in the present study. First,
the reconstruction or repair of the sentinel lymphatic
flow was observed. However, the specific mechanism of
lymphangiogenesis was not further investigated. Second,
the rabbit ALNs without tumor burden were biopsied.
Future studies are needed to confirm our findings in animal
tumor models. Third, the size of lymph nodes was different
between rabbits and humans, especially those with tumor
burden. Our ongoing study will confirm these findings.

In conclusion, the sentinel lymphatic flow pattern may
be significantly altered by CNB of the SLN. The blocked
sentinel lymphatic flow will be restored by reconstruction
or repair. More clinical studies are needed to confirm our
findings.
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