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Abstract

Background: Accurate staging and proper management of axillary lymph nodes (ALNs) in breast cancer patients
are important for treatment. Surgical management of the axilla has evolved greatly in the last 20 years. Sentinel
lymph node biopsy (SLNB), which was first investigated in the early 1990s, has replaced routine axillary lymph node
dissection. This study evaluates the capability of using an ultrasound (US) as an alternative tool for the frozen
section in the assessment of the ex vivo sentinel lymph node biopsy in countries with limited resources.

Results: The study is a prospective study that included 216 female patients with early breast cancer and negative
axillary lymph nodes. All excised lymph nodes were examined by the intraoperative US and frozen section
examinations. All the results were correlated with the final histopathological results. The number of negative nodes
by US, frozen, and paraffin section examination was 58.30%, 69.40%, and 69.40%, respectively. The number of
positive nodes by the US, frozen, and paraffin section examinations was 41.70%, 30.60%, and 30.60% respectively.
The sensitivity, specificity, PPV, NPV, and accuracy of US in the detection of positive lymph nodes were 95.45%, 82%,
70%, 97.62%, and 86.11%, respectively, and the sensitivity, specificity, PPV, NPV, and accuracy of frozen examination
in the detection of positive lymph nodes were 90.91%, 96%, 90.91%, 96%, and 94.44%, respectively.

Conclusion: Intraoperative US is a good negative test in the assessment of ex vivo SLNB, but it is not a good
positive test, so it cannot replace the intraoperative frozen section in the assessment of SLNs.
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Background
Axillary lymph node (LN) metastasis is an important
factor in the prognosis of breast cancer because of their
impact on further patient management and overall sur-
vival. There are several pre-operative methods to detect
metastases in the axillary lymph node. Some studies
have used ultrasound (US) examination alone; others

have used fine-needle aspiration cytology (FNAC) with
or without ultrasound guidance [1].
Sentinel lymph node biopsy (SLNB) is a minimally in-

vasive technique for assessing the axilla; it had been used
as an alternative to axillary lymph node dissection
(ALND) and has become care management for clinically
node-negative cancer patients as it is significantly re-
duced surgical morbidity [2].
Patients whose SLN have no or limited involvement

(isolated tumor cells or micrometastases or macrometas-
tases without extra-capsular extension) can omit ALND
safely [3].
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Immediate ALND with avoidance of second surgery
for patients with tumor-positive axillary lymph nodes
can be performed if intraoperative frozen pathological
examination of SLN has been performed intraopera-
tively. No difference in local or distant recurrence
rate has been reported in a prospective randomized
ACOSOG Z0011 trial (of ALND vs. no further sur-
gery for SLN-positive patients) who had ALND and
those who did not. Although most patients in that
trial had favorable clinical-pathological factors, the
routine use of frozen section for the evaluation of
SLNB is questionable [4].
However, qualified pathologist for frozen section as-

sessment is not widely available. Hence, the search for
another method to assess the SLNs intraoperatively is
becoming very important.
We performed a 3-year prospective study to evaluate

sensitivity, specificity, positive-negative predictive values,
and accuracy of intraoperative ex vivo ultrasound exam-
ination of SLN biopsy specimens in comparison to intra-
operative frozen section examination and final paraffin
histopathological results to assess the value of intraoper-
ative US in confirming positivity of SLNs.

Methods
Case selection and data collection
This prospective study was carried out between January
2015 and April 2018. The study was approved by the
ethical committee of a multidisciplinary “Breast Cancer
Hospital” and all enrolled patients provided their in-
formed consent. We included 216 female breast cancer
patients. The patient’s ages ranged from 21 to 75 years
(mean, 48.83years). Our inclusion criteria were early
breast cancer patients (T1, T2 N0M0) with clinically and
radiologically negative axillary lymph nodes who were
candidates for SLNB. We excluded patients with positive
axillary lymph nodes, post-neo-adjuvant chemotherapy,
and those with contraindication for sentinel lymph node
biopsy (e.g., inflammatory breast cancer).

Surgical procedures
A sentinel lymph node biopsy was performed by a spe-
cialized breast cancer surgeon who had experience in
SLNB. After induction of anesthesia, injection of 2–3 ml
of 1% methylene blue dye (prepared by using 50 mg of
MB powder diluted in 5 cc saline) around the tumor or
subareolar was performed, then after 15 min, a small in-
cision was done in the axilla 2 cm below the hairline
near the anterior axillary fold, opening of axillary fascia,
retrieval of 1-3 blue LN, any enlarged axillary LN, and
the lymph nodes with bluish lymphatic streaks with
good hemostasis was performed. The identification rate
was 100% with no allergic manifestations reported at the
time of surgery.

Ex vivo intraoperative ultrasound examination
The excised sentinel nodes were examined by a radiolo-
gist who had more than 10 years’ experience in breast
imaging, using a 12-MHz linear-array ultrasound trans-
ducer after covering the probe with a rubber glove and
applying plenty of gel over the examined node. The
focus and depth of the machine were adjusted. The ex-
cised lymph nodes were examined regarding their size,
shape, cortical symmetry (symmetrical or asymmetrical),
cortical thickness, and preservation of their fatty hilae.
Average 3–4 SLN were examined each time and the
most suspicious lymph node with an asymmetrical cor-
tical thickness or lost fatty hilum was requested to be
the first one examined by the frozen section.

Pathologic examination
All lymph node specimens were examined by a dedi-
cated breast pathologist by frozen section using toluidine
blue staining. Each node was multi-sectioned and one
represented section was processed for each node. The
sections were cut at 1–2-mm distance, then processed
by an automated processor using different alcohol con-
centrations followed by xylene and paraffin wax. Accord-
ing to section results, further patient management
occurred guided by ACOSOG Z0011 criteria as follows:

� Patients with negative SLNB: no further ALND
� Patients with ITCs (isolated tumor cells): no further

ALND
� Patients with micrometastasis or macrometastasis

(1–2 out of 3–4 positive lymph nodes): no further
ALND

� Patients with 3 or more positive lymph nodes,
matted lymph nodes, or lymph nodes with extra-
capsular extension: ALND was performed

Then, the SLN biopsy specimens were sent for paraffin
examination. The paraffin blocks are serially cut at 4-
micron thickness stained by routine hematoxylin and
eosin stains for pathological examination.

Statistical analysis
Data were coded and entered using the statistical pack-
age SPSS (Statistical Package for the Social Sciences)
version 25. Data were summarized using mean, standard
deviation, median, minimum, and maximum in quantita-
tive data and using frequency (count) and relative fre-
quency (percentage) for categorical data. Standard
diagnostic indices including sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value
(NPV), and diagnostic efficacy were calculated as de-
scribed by [5]. ROC curve was constructed with an area
under curve analysis performed to detect the best cutoff
value of cortical thickness for the detection of +ve LN.
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Comparisons between quantitative variables were done
using the non-parametric Mann-Whitney test [6]. For
comparing categorical data, chi-square (χ2) test was per-
formed. An exact test was used instead when the ex-
pected frequency is less than 5 [7]. P value of less than
0.05 was considered statistically significant.

Results
Two hundred and sixteen early breast cancer female pa-
tients T1-2, N0 M0 were a candidate for SLNB; their
SLN specimens were examined intraoperatively by ultra-
sound. The long axis of the examined nodes ranged
from 1.6 to 26 mm (mean 13.15 mm) and their short
axis ranged from 0.8 to 26 mm (mean 5.82 mm). One
hundred and fifty-six (72.2%) patients had symmetrical
nodal cortical thickness, 30 (45.5%) of them were +ve
and 126 (84%) were −ve, while 60 (27.8%) of the patients
had asymmetrical diffuse cortical thickening, 36 (54.5%)
of them were +ve and 24 (16%) were −ve. The nodal
cortical thickness of the examined lymph nodes ranged
from 0.9 to 8.6 mm (mean 2.59 mm). The final histo-
pathology results of our cases are demonstrated in Table
1. There was a statistically significant correlation be-
tween diffuse asymmetrical cortical thickness and paraf-
fin results in the detection of positive lymph nodes (PV
< .001). There was also a statistically significant correl-
ation between nodal cortical thickness and the paraffin
results (PV < .001). The final positive lymph nodes by
paraffin examination showed cortical thickness ranged
from 1.4 to 8.6 mm in thickness (mean = 2.05 mm) with
cutoff value = 2.65 mm. Using the cortical thickness in
the detection of positive nodes showed an area under
the curve = 0.857 and 95% confidence interval (0.798–
0.916) with 81.8% sensitivity and 80% specificity.

The performance of the US in the evaluation of lymph
node status
The sensitivity, specificity, PPV, NPV, and accuracy of
ultrasound in the detection of positive lymph nodes were
95.45%, 82%, 70%, 97.62%, and 86.11%, respectively
(Table 2).

The performance of the frozen section in the evaluation
of lymph node status
The sensitivity, specificity, PPV, NPV, and accuracy of
frozen examination in the detection of positive lymph
nodes were 90.91%, 96%, 90.91%, 96%, and 94.44%, re-
spectively (Table 2).

Discussion
Giuliano et al. [8] are the first surgeons to introduce the
technique of SLN for the assessment of nodal status in
early node-negative breast cancer, and the technique has
become a standard procedure for breast cancer patients.
SLN biopsy had less morbidity compared with ALND
and the success of the procedure depends on co-
operation between the multidisciplinary team of special-
ist surgeons, pathologists, and nuclear medicine. As with
any technique, the frozen section has its limitation such
as cost, labor, a requirement of a skilled histopathology
technician, and dedicated histopathologists [9].
So this study is performed to evaluate the performance

of intraoperative US as a replacement tool for the frozen
section in the ex vivo evaluation of axillary lymph node
status in patients with early breast cancer in countries
with limited resources and difficulties in establishing in-
traoperative frozen section for breast cancer patients.
Ultrasound examination of axillary LN has its charac-

teristic features for suggesting malignant lymph node

Table 1 The histopathological examination of the studied 216 cases

Histopathology Number of cases Percent

Invasive ductal carcinoma 183 84.7

Invasive ductal carcinoma with in situ component 6 2.8

Mixed invasive lobular and invasive ductal carcinoma 6 2.8

Intra cystic papillary carcinoma 6 2.8

Paget disease 6 2.8

Ductal carcinoma in situ with microinvasion 3 1.4

Invasive ductal carcinoma with mucoid differentiation 3 1.4

Lobular carcinoma 3 1.4

Table 2 The performance of US and frozen section in the evaluation of axillary lymph node status

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) Accuracy (95% CI)

Ultrasound 95.45% (87.29–99.05) 82% (74.90–87.79) 70% (62.29–76.73) 97.62% (93.12–99.20) 86.11% (80.77–90.43)

Frozen 90.91% (81.26–96.59) 96% (91.50–98.52) 90.91% (81.98–95.65) 96% (91.79%–98.1) 94.4% (90.50–87.10)
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involvement and has been established as a pre-operative
non-invasive tool to determine axillary LN status [10].
Further management of SLNB positive nodes was

guided by ACOSOG Z0011 criteria for the management
of SLNB in T1-2 N0 patients according to NCCN guide-
lines [11].
In the current study, SLNB was done using 1% MB

with a 100% identification rate (IR). It was found that
identification rates for SLNB have increased over time
from 88% in 1992–2000 to 97% in 2007–2012, the in-
crease in IR during the last 18 years is likely due to the
increase in gained experience by the surgeons perform-
ing SLNB [12].
In the ACOSOG Z0010 trial, the percent of failed SNB

with blue dye was 1.4%, radiocolloid 2.3%, and the com-
bination 1.2%, so some authors claim that the addition

of radiocolloids to blue dye in SLNB does not increase
the identification rate to the degree that justifies its costs
and restrictions in its use [13].
The commonly used technique for intraoperative de-

tection of sentinel lymph node metastasis is a frozen sec-
tion examination; its reported sensitivity range from 19
to 75% [14]. However, with increased experience, Wong
et al. [15] reported the overall false-negative rate for the
frozen section in SLN was 13.5%. The authors consid-
ered this rate is acceptable.
In the current study, all lymph node specimens were

examined by a dedicated pathologist; it was found that
the sensitivity, specificity, PPV, NPV, and accuracy of
frozen examination in the detection of positive lymph
nodes were 90.91%, 96%, 90.91%, 96%, and 94.44%,
respectively.
This study has shown significantly improved results

which may be due to serial slicing of lymph nodes,
examining multiple levels, and the proven expertise of
the histopathologist.
In the current study, all lymph node specimens were

examined by a dedicated pathologist; it was found that
the sensitivity, specificity, PPV, NPV, and accuracy of
frozen examination in the detection of positive lymph
nodes were 90.91%, 96%, 90.91%, 96%, and 94.44%, re-
spectively. This study has shown significantly improved
results which may be due to serial slicing of lymph
nodes, examining multiple levels, and the proven expert-
ise of the histopathologist.
Our results were in agreement with Krag et al. [16],

who reported 90.2% sensitivity of sentinel lymph node
examination in breast cancer patients 9.8% false-negative
results.
Also, Marano et al. [17] have retrospectively evaluated

359 sentinel node biopsies in breast cancer from January
2011 to December 2018, performing an intraoperative

Fig. 1 US of ex vivo SLNB showing asymmetrical cortical nodal thickening reaching 3.2 mm. It was considered positive by the US, and it was
positive by frozen and paraffin examination

Fig. 2 US of ex vivo SLNB showing asymmetrical cortical nodal
thickening reaching 2 mm. It was considered positive by the US,
and it was positive by frozen and paraffin examination
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examination. It results in 12.8% “false negative” rate, in
which only 4.2% in macrometastases, with an overall
sensitivity of 68.4% (macrometastases, 86%; micrometas-
tases, 11%), an overall specificity of 98.7% and an overall
accuracy of 89.7%.
In this study, we explored the role of another new

technique by using intraoperative ultrasound for the
evaluation of the ex vivo SLN before being examined by
the frozen section during the operation and finally by

the paraffin section postoperatively. It is a possible fu-
ture technique where intraoperative ultrasound assess-
ment of the ex vivo SLN detects the abnormal nodal
architecture (cortical thickening > 3 ml, loss of the nor-
mal hyperechoic hilum). Cortical thickening is an early
finding, with eccentric thickening having a higher pre-
dictive value for node involvement than diffuse thicken-
ing. A cutoff value of 3 mm for defining a thickened
versus normal cortex is most common, but not

Fig. 3 US of ex vivo SLNB showing asymmetrical cortical nodal thickening reaching 6.5 mm. It was considered positive by the US, and it was
negative by frozen and paraffin examination

Fig. 4 US of ex vivo SLNB showing asymmetrical cortical nodal thickening reaching 3.7 mm. It was considered positive by the US, and it was
negative by frozen and paraffin examination
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universally, used. The presence of a tumor within the
node may lead to the effacement of the fatty hilum and
alteration in nodal contours [18].
Suspicious criteria for axillary LN in US evaluation in-

clude increase spherical index, nodal hypoechogenicity,
and cortical thickness. Along with asymmetrical cortical
thickening, an abnormal lymph node can be defined.
Cortical thickness of ≥ 3 mm showed 96% sensitivity
and 87% specificity in the detection of malignant nodes;
other trials with a larger sample size used values ranging
between 2.3 and 4 mm [18].
We categorized the retrieved lymph node as being sus-

picious depending on the measurement of its cortical
thickness and whether it has a uniform or non-uniform
cortical thickness (Figs. 1 and 2). Both used criteria
showed a statically significant correlation with final
histopathological results (p-value < 0.001) with a cutoff
value for cortical thickness = 2.65 mm.
The sensitivity, specificity, PPV, NPV, and accuracy of

ultrasound in the detection of positive lymph nodes were
95.45%, 82%, 70%, 97.62%, and 86.11%, respectively.
By comparing ultrasonographic assessment of ex vivo

lymph nodes with frozen section examination to paraffin
section examination of the lymph nodes, we found that
frozen section examination is superior to the ultrasono-
graphic assessment of ex vivo lymph in detecting posi-
tive cases when compared to paraffin section
examination (Figs. 3 and 4).
In the current study, injection of 1% MB was safe and

no allergic or anaphylactic reactions were observed dur-
ing the SLNB procedure, following most published stud-
ies, except Teknos et al. [19] who reported a case of
pulmonary edema during an SLN procedure using MB.
Follow-up of the patients with positive SLNB for an

average of 1 year showed no locoregional recurrence in
any of the patients in the study group.

Study limitation
This study described the results of a single-center with a
small number of studied populations.

Conclusion
Ultrasound assessment of ex vivo SLNB is a good nega-
tive test with a sensitivity reaching 95.5% but it is not a
good positive test and it is inferior to frozen section
examination in detecting positive cases of SLNB. This
technique cannot replace the intraoperative frozen sec-
tion pathological assessment of SLNs.
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