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Comparison of two suspension injection tracers of nano activated
carbon and methylene blue in mapping and tracing of sentinel
lymph nodes of patients with endometrial cancer

Weifeng Zhang', Yan Shu?,
Dongmei Ni3, Zeqiu Wan*, Shuying Yang®

ABSTRACT

Objectives: To analyze the application efficiency of two tracers for sentinel lymph node mapping in
patients with endometrial cancer.

Methods: The records of endometrial cancer patients treated in our hospital from July 2019 to July 2021
were selected. Among them, 29 patients received methylene blue suspension injection and 33 patients
received nano activated carbon suspension injection. The staining of sentinel lymph nodes was recorded
and the application efficiency of two different tracers were analyzed.

Results: Total detection rate, average number of sentinel lymph nodes and bilateral detection rate of nano
activated carbon suspension injection were significantly higher than those of methylene blue suspension
injection (P<0.05). Detection accuracy, positive predictive value and sensitivity of nano activated carbon
suspension injection were significantly higher than those of methylene blue suspension injection (P<0.05).
Incidence of complications was the same in the two groups (P>0.05). Tracing time of nano activated carbon
suspension injection was significantly lower than that of methylene blue suspension injection, and the total
duration was significantly higher than that of methylene blue suspension injection (P<0.05).

Conclusion: Nano activated carbon can obtain good detection effect in sentinel lymph node recognition
in endometrial cancer patients, with shorter tracing time and higher total duration than methylene blue
suspension.
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abdominal mass, vaginal drainage, irregular
vaginal bleeding and pain.®

The main treatment for the endometrial cancer
is staged surgery, including abdominal paraaortic
lymphadenectomy, pelvic lymphadenectomy,
double appendectomy and total hysterectomy.
Lymph node involvement is the most important
diagnostic factor for the initiation of adjuvant
therapy. Most patients with this disease are treated
with early hysterectomy, simultaneous removal of
bilateral accessories, sometimes combined with
abdominal aorta and pelvic lymph node dissection.
However, there is still no consensus on the unified
treatment mode and scope.® Early sentinel lymph
node detection and local selective lymph node
resection can significantly improve the success
rate of operation and overall prognosis.” There is
a variability in the practical efficiency of different
tracers for sentinel lymph node mapping? It
important, therefore, to identify tracers with the
highest accuracy, that are also fast and safe.’ In
this study, the sentinel lymph node recognition
effects of two tracers were analyzed in patients
with endometrial cancer.

METHODS

Patients with endometrial cancer treated in our
hospital from July 2019 to July 2021 were selected
as the research object, and the patient’s medical
records were analyzed. The ethics committee
of our hospital approved the study (No.
HZFY-121041865, Date: 2021-Sep-10"). A total of
62 patients were collected in this study.

Inclusion criteria:

* Meets diagnostic criteria of Stage-I and 1II
endometrial cancer;!?

* Lymph node dissection near abdominal aorta
and pelvic cavity;

* Complete clinical data available.

Exclusion criteria:

* History of pelvic surgery;

* Serious mental illness;

* Patients with other malignancies.

Patients were divided into two groups
(methylene blue suspension injection group and
nano activated carbon suspension group) based on
the injected tracer. Tracer injection was performed
following the same procedure for the patients.
Briefly, patients were given general anesthesia,
followed by routine disinfection and towel laying,
routine exploration of the abdominal cavity and
pelvic cavity, exposure of the cervix, and gauze pad
application to protect the surrounding tissues and
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organs. For methylene blue suspension injection,
4ml of methylene blue suspension was selected as
the tracer. For nano activated carbon suspension
injection, patients were administered 3ml of nano
activated carbon suspension. The anterior surface
of the middle part of the cervix, the midpoint of
the posterior wall and the midpoint of the anterior
wall were selected as the injection sites, and each
site was injected with 1ml of nano activated carbon
suspension. The injection points were compressed
and electrocoagulated to prevent dye leakage.
After the injection, the patient’s peritoneum was
moved backward to expose the drainage areas
of pelvic lymph nodes such as common iliac,
abdominal aorta, internal iliac and inguinal.
Stained lymph vessels were dissected along their
direction, and the first stained lymph nodes were
explored. The number and location of lymph nodes
were recorded in detail. Pathological specimens of
other lymph nodes and stained lymph nodes were
obtained and sent for examination separately. The
condition of uterus, peritoneum, aorta and uterine
appendages were monitored, and lymph node
dissection was carried out. After the operation,
other lymph node specimens and sentinel
lymph node specimens were sent to pathological
examination.

Evaluation of sentinel lymph nodes tracing

was performed as follows: the number of cases
detected in both hemi-pelvises and the total
number of cases detected were recorded, and the
detection rates were compared (detection rate =
(number of cases detected/total number of cases)
x%). The following parameters were evaluated:
average number of detected cases in patients was
recorded; ii)  effectiveness of tracing methods
(accuracy = (number of true positive cases +
number of false positive cases)/total number of
cases X %); iii) predictive value (positive predictive
value = number of true positive cases/ (number
of true positive cases + number of false negative
cases) x%); iv) sensitivity (sensitivity = number
of true positive cases/(number of true positive
cases + number of false negative cases) x%); v)
complications (infection, chylous fistula and
effusion). Tracing time and total duration of the
procedure was recorded.
Statistical Analysis: SPSS 22.0 software was used
for data analysis. The measurement data were
expressed in (ts) and t-test was performed. The
counting data were expressed by n [%], and the
test was done. P< 0.05 was considered statistically
significant.
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Table-I: Comparison of sentinel lymph node identification with two tracers [n(Xts)].

Average number of detected Bilateral detection

Tracer n Total detection rate (%) pieces (PCS) rate (%)

Nano activated carbon 33 31(93.94) 5.21+1.86 30(90.91)

Methylene blue 29 22(75.86) 4.03+2.44 20(68.96)

t / 4.065 2.148 4.762

P / 0.044 0.036 0.029
RESULTS methylene blue suspension injection, and the

A total of 62 patients met the inclusion criteria.
Of them, 29 patients, aged 22-58 years, with
an average age of (50.31 + 8.71) years, received
methylene blue suspension injection. Thirty-three
patients aged 23-59 years, with an average age of
(51.03 £ 7.71) years, received nano activated carbon
suspension injection. There was no difference in the
general characteristics of the two groups (P>0.05).
Total detection rate, average number of sentinel
lymph nodes and bilateral detection rate of nano
activated carbon suspension injection method were
significantly higher than those of methylene blue
suspension injection (P<0.05) (Table-I).

The detection accuracy, positive predictive value
and sensitivity of nano activated carbon suspension
injection were significantly higher than those of
methylene blue suspension injection (P<0.05)
(Table-1II). The incidence of complications of the two
tracers were similar, with no statistically significant
difference between groups (P>0.05) (Table-III).

Tracing time of nano activated carbon suspension
injection was significantly lower than that of

total duration was significantly higher than that
of methylene blue suspension injection (P<0.05)
(Table-1V).

DISCUSSION

The results of this study showed that the total
detection rate, average number of sentinel lymph
nodes and bilateral detection rate, achieved with
nano activated carbon suspension injection were
significantly higher than those of methylene blue
suspension injection (P<0.05). Nano activated
carbonsuspensioninjectionresulted insignificantly
higher detection accuracy, positive predictive
value and sensitivity as compared to methylene
blue suspension injection (P<0.05). The incidence of
complications was similar in both groups (P>0.05),
while the tracing time of nano activated carbon
suspension injection was significantly lower than
that of methylene blue suspension injection. At the
same time, total duration was significantly higher
than that of methylene blue suspension injection
(P<0.05). Li Y et al." conducted a meta-analysis to
explore the ability of carbon nanoparticles (CNS)

Table-II: Comparison of effectiveness of two tracer tracing methods [n (%)].

Tracer n Accuracy Rate Positive predictive value Sensitivity
Nano activated carbon 33 100.00 96.97 96.97
Methylene blue 29 86.20 82.76 79.31
t / 4.866 4.806 4.806
p / 0.027 0.028 0.028

Table-III: Comparison of complications of two tracers [n (%)].

Tracer n Infected Chylous fistula Effusion Incidence rate
Nano activated carbon 33 1 1 0 6.1
Methylene blue 29 1 1 1 10.34
/ / / / 0.382
P / / / / 0.563
Pak J Med Sci  July - August 2022 Vol.38 No.6  www.pjms.org.pk 1603



Weifeng Zhang et al.

Table-IV: Comparison of sentinel lymph node identification with two tracers [n(X1s)].

Tracer n Tracer time(s) Total duration (h)
Nano activated carbon 33 16.48+2.51 25.51+3.46
Methylene blue 29 37.89+4.00 1.79+0.77

t / 25.579 3.141

P / P<0.001 P<0.001

to identify lymph nodes and protect parathyroid
gland in thyroid cancer surgery. This meta-
analysis identified 11 randomized controlled trials
and four non-randomized controlled trials, with a
total of 1055 patients. Compared with methylene
blue, the use of CNS resulted in an average of
1.50-times more lymph nodes removed per patient
(weighted mean difference = 1.50,95% CI = 0.11-
2.89, P = 0.03). Accidental parathyroidectomy rate
decreased by 5% (odds ratio = 0.05, 95% CI = 0.01-
0.29, P =0.0007). In addition, Liu F et al.” compared
the effects of methylene blue and nano carbon in
sentinel lymph nodes (SLN) of thyroid papillary
carcinoma (PTC) and showed that, although there
was no significant difference in the detection
number of the two tracers (the detection number
of activated carbon nanoparticle suspension was
46 and the detection number of methylene blue
was 43), the error rate of parathyroidectomy and
the incidence of temporary hypoparathyroidism
in methylene blue group were significantly higher
than those in nano carbon group (t = 4.137,P<0.05).
These results suggest that selecting nano activated
carbon as tracer can obtain better sentinel lymph
node recognition effect. When studying and
mapping the role of anterograde neuroanatomical
tracking  technology @ in  the  complex
interrelationship of nervous system, Liu Y et al.”®
described a new biotinylated dextran amine (BDA)
and red fluorescent carbonized polymer dot (CPD)
fluorescent nano nerve tracer. Compared with the
traditional tracer, BDA-CPD has the advantages
of low toxicity, high photoluminescence intensity,
good photostability and simplicity of application.
The results of our study also show that the tracing
time of nano activated carbon suspension injection
is shorter and the total duration is significantly
prolonged, which allows to shorten the overall
surgical treatment time of patients and improve
the surgical outcome.

At present, the commonly used sentinel lymph
node detection methods in clinic mainly include
three types: radionuclide tracing method, dye
method and combined test method. Among them,
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radionuclide tracing method is associated with a
high cost, and relevant imaging equipment and
detectors need to be used in the test process.
The actual operation of combined test method
is complex and requires special instruments for
auxiliary inspection. Compared with single tracer
method, the cost of the combined test method
is higher. Therefore, at this stage, fluorescent
dye method is considered a key research topic.
Compared with the traditional blue dye test,
this test method can significantly improve the
bilateral detection rate of sentinel lymph nodes.
However, this test method also needs special
imaging equipment and fluorescent imaging
technology.'**® Nano carbon has a significant
affinity to the lymphatic system. It allows to
quickly label and trace the tested lymph nodes
without entering the patient’s blood circulation
system.'® For patients with endometrial cancer,
sentinel lymph node identification using
methylene blue and nano carbon as tracers is an
efficient method with high sensitivity, negative
predictive value and accuracy, high safety and
low probability of complications.

He J et al. conducted a study to evaluate whether
the use of methylene blue or activated carbon
nanoparticles as tracers can increase the number of
lymph nodes detected in systematic lymph node
dissection tissues in video-assisted thoracoscopic
surgery (VATS) for non-small cell lung cancer.”
Compared with methylene blue, nano activated
carbon showed easier clinical operation and
higher stability. Nevertheless, operators need to
have specific technical expertise to improve the
total detection rate of sentinel lymph nodes,"® and
the appropriate way of analysis and selection of
the two tracers needs to be adjusted according to
the specific situation. Sentinel lymph nodes of
endometrial cancer patients are mainly located in
obturator lymph node area and extrailiac lymph
node area. This can be used as a reference to
improve the detection rate and accuracy of sentinel
lymph nodes mapping when carrying out sentinel
lymph node test for patients.
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Limitations of the study: Total detection rates of the
two tracers for sentinel lymph nodes are similar, but
due to the small sample size of this study and other
factors, our results must be taken with caution. To
further verify the accuracy of the test results, it is
necessary to expand the sample size and to conduct
further studies on a large sample size.

CONCLUSION

Nano activated carbon can obtain good detection
effect in the mapping and tracing of sentinel
lymph nodes in patients with endometrial cancer.
It shows shorter tracing time and longer total
duration compared to methylene blue tracer.
This study provides basis for more effective and
comprehensive approach to clinical treatment of
patients with endometrial cancer.
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