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Abstract

Purpose: To investigate the lymph node metastasis pattern and significance of dissection of the left gastric artery
lymph nodes in radical en bloc esophagectomy for esophageal squamous carcinomas based on the lymphatic drain-
age pathway revealed by carbon nanoparticle labeling.

Materials and methods: Patients who underwent en bloc esophagectomy endoscopically were retrospectively
enrolled. Carbon nanoparticles were injected in the submucosa of upper thoracic esophagus to label the relevant
draining lymph nodes. The clinical data, lymph nodes dissected, surgical technique, and complications were analyzed.

Results: En bloc esophagectomy was successful in all 179 patients. Metastases to the left gastric artery lymph nodes
were positive in 42 patients (23.5%) but negative in 137 (76.5%). The left gastric lymph nodes were labeled, whereas
no celiac lymph nodes were labeled by carbon nanoparticles. A total of 4652 lymph nodes were resected, with 26
lymph nodes per patient. Seventy-three patients had lymph node metastasis (73/179). Seventeen patients had
metastasis to the recurrent laryngeal nerve lymph nodes (9.5%). The metastasis rate of the lower thoracic esophageal
cancer to the left gastric artery lymph nodes was 37.0%, significantly greater than that at the middle (15.4%) or upper
(6.7%) thoracic segment. The lymph node metastasis rate was significantly (P < 0.05) increased with the length of the
cancerous lesion, infiltration depth, and poor differentiation. Univariate analysis revealed that the metastasis rate to
the left gastric artery lymph nodes was significantly (P < 0.05) associated with paraesophageal lymph node metas-
tasis, para-cardial lymph metastasis, and TNM classification. Multivariate analysis indicated that cancer location (odds
ratio 8.32, 95% confidence interval 2.12-32.24) was significantly (P < 0.05) associated with metastasis to the left gastric
artery lymph nodes, with the cancer at the middle and lower thoracic segments significantly more than in the upper
thoracic segment.

Conclusion: Certain patterns exist in lymph node metastasis of esophageal cancer, and in radical esophagectomy

of esophageal cancers, dissection of the left gastric artery lymph nodes is necessary to prevent possible residual or
metastasis of esophageal squamous carcinomas based on the lymphatic drainage pathway of esophageal carcinomas
demonstrated by carbon nanoparticle labeling.
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Introduction

As one of the commonest malignancies, esophageal
carcinoma ranks sixth among the commonest causes
of cancer-related mortality across the globe, and
the incidence is still rapidly on the rise [1, 2] with a
poor 5-year survival rate of 10-15% despite multiple
approaches of treatment [3]. Radical esophagectomy is
the optimal curative choice for resectable esophageal
carcinomas, and postoperative prognoses for esopha-
geal carcinomas are determined by the range of the
primary cancerous lesion and lymphatic metastasis.
Lymph node status is one particular strong prognos-
tic index for survival and recurrence after esophagec-
tomy [4-7]. However, in spite of the clear prognostic
implications and recommendations in clinical guide-
lines, no consensus exists with regard to the therapeu-
tic significance of extensive lymphadenectomy. Some
surgeons adopt limited resection strategies, like lim-
ited two-field nodal dissection with transthoracic or
transhiatal resection, whereas others favor three-field
lymph node dissection which may possibly improve
long-term survival after esophagectomy [8—11]. A sys-
tematic review and meta-analysis has suggested that
more radical lymphadenectomy to increase the lymph
node yield in esophagectomy is significantly associ-
ated with improved disease-free and overall survivals
in both Eastern and Western populations [7]. Extended
lymphadenectomy may increase physical injury to the
patient, especially in open esophagectomy; however,
the mortality associated with this approach has not
been demonstrated to be increased [7, 12].

For intramucosal and submucosal tumors of the
esophagus, endoscopic mucosal resection (EMR) [13,
14], endoscopic submucosal dissection (ESD) [15, 16],
and endoscopic full-thickness resection [17-19] have
been applied across the world. However, these local sur-
gical procedures entail no lymph node dissection and
potentially ignore residual cancer cells or metastasis
in the lymphatic draining system. Lymph node spread
exists in intramucosal and submucosal esophageal can-
cers. Approximately 1.93% (95% CI 1.19-2.66%) of T1a
intramucosal cancer have positive lymph nodes [20],
whereas submucosal invasion (T1b) is associated with
a significantly increased risk of lymph node metastasis,
with a reported rate of metastasis of 22% in sm1 [21],
23% in sm2 [22], and 69-78% in sm3 [21, 22]. Other
researchers have also confirmed a risk of lymph node
metastasis of 1.7% for Tla (P < 0.001) and 8.6% for

T1b (P = 0.001) of well- or moderately differentiated
esophageal tumors [23]. The left gastric artery lymph
nodes are the last stop of regional lymph node metas-
tasis of esophageal carcinomas, and further metasta-
ses to the celiac lymph nodes may indicate advanced
esophageal carcinoma (stage IV) and M1 stage in the
TNM classification. However, is it necessary to dissect
the left gastric artery lymph nodes when performing
radical esophagectomy for esophageal cancers, espe-
cially early-stage cancers, in these patients? Currently,
there is no clear answer to this question. With increas-
ing application of endoscopic surgery for patients with
esophageal cancers [24—29], this study was to investi-
gate the lymph node metastasis pattern and the signifi-
cance of dissecting the left gastric artery lymph nodes
in en bloc mesoesophageal esophagectomy for esoph-
ageal squamous cell cancers based on the lymphatic
drainage to the left gastric artery lymph nodes revealed
by carbon nanoparticle labeling. Carbon nanoparticles
have a mean diameter of 150 nm and can pass through
the lymph capillaries to enter ultimately lymph nodes,
thus serving as a lymph node tracer during surgeries
for thyroid cancer, breast cancer, gastric cancer, and
colorectal cancer [30-34]. Labeling of lymph nodes in
cancer surgery can facilitate recognition of the range
of lymph drainage and complete removal of possible
lymph node metastases. The safety of the carbon nano-
particles has been proven by animal experiments [35].
In our study, carbon nanoparticles were injected under
thoracoscopy into the submucosa of the upper thoracic
esophagus to label the relevant esophageal lymphatic
draining system for radical dissection of relevant lymph
nodes.

Materials and methods

This study was approved by the ethics committee of our
hospital, and all patients had given the signed informed
consent to participate. From January 2017 to March
2021, patients who experienced en bloc thoracolapa-
roscopic esophagectomy in our hospital were enrolled,
with the inclusion criteria of patients of esophageal
cancer diagnosed with endoscopic ultrasound exami-
nation and biopsy, treated with en bloc esophagectomy
and with RO resection, invasion of adjacent structures
(T4), and no distal metastasis confirmed by computed
tomography of the chest and abdomen (T4N3MO).
The exclusion criteria were patients with extensive



Deng et al. World J Surg Onc (2021) 19:296

metastases confirmed by intraoperative endoscopic
exploration, radiotherapy, or neoadjuvant chemother-
apy before surgery.

Surgical technique

The procedure of en bloc esophageal esophagectomy was
performed under general anesthesia with tracheal intu-
bation. The total thoracolaparoscopic esophagectomy
procedure had three steps: thoracic, abdominal, and cer-
vical operation.

The thoracoscopic surgery was performed with the
patient in the prone position, with one 10-mm Trocar
placed in the sixth intercostal space between the right
axillary midline and posterior axillary line as an observa-
tion port, a 12-mm trocar introduced in the eighth inter-
costal space under the right scapula as the main operating
hole, and a 5-mm trocar placed in the fifth intercostal
space at the right scapular line as the second operating
hole. Thoracic esophagus was dissociated along the fas-
cial fusion space level up to the upper mediastinal neck
and down to the esophageal hiatus. Carbon nanoparticles
suspension (2 ml, Chongqing Lummy Pharmaceutical
Co., Chongging, China) was injected into the submucosa
of the upper esophagus under endoscopy (Fig. 1). The left
and right recurrent laryngeal nerves were mobilized, and
the lymph nodes of the recurrent laryngeal nerve and
vena cava were dissected.

In the laparoscopic step with five trocars, the patient
was changed to the supine position, and laparoscopic
mobilization of the stomach and reconstruction of gastric
tube were performed. After the left gastric lymph nodes
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in the left gastric mesentery were labeled by the carbon
nanoparticles (Fig. 1D), the esophagus, stomach, left gas-
tric mesentery, blood vessels, lymph nodes, and periph-
eral connective tissues were dissected en bloc (Fig. 1E).

In the cervical operation, an oblique incision about
5 cm long was made on the left neck along the anterior
edge of the sternocleidomastoid muscle. The periesoph-
ageal tissues were bluntly separated, and the cervical
lymph nodes were dissected. The esophagus was cut off
for anastomosis with the gastric tube which was pulled
through the esophageal bed upwards for anastomosis end
to end with the proximal esophagus. The neck, thoracic,
and abdominal wounds were sutured after placement of
draining tubes.

Parameters observed

The clinical data of analysis included age, sex, smoking
history, alcohol abuse, hypertension, hyperlipidemia,
diabetes mellitus, cancer location and length, cancer
differentiation degree, and pathological types. After the
procedure, lymph nodes at the neck, subcarina, parae-
sophagus, cardia, and left gastric artery were dissected
and sent for pathological test. The patients were divided
into two groups based on positive metastasis of the left
gastric artery lymph nodes: positive and negative.

Statistical analysis

The statistical analysis was performed with the SPSS
19.0 (IBM, Chicago, IL, USA). Measurement data
in line with the normal distribution were presented
as mean *+ standard deviation and tested with the

Lymph node
fused mass

Submucosa
cancer

Lymph node
fused mass

Fig. 1 Lymph nodes were dyed with carbon nanoparticles injected into the upper esophagus. A Carbon nanoparticle suspension was injected
into the submucosa of upper thoracic esophagus. B The injection site was shown. C The left gastric lymph nodes were labeled with the carbon
nanoparticles. D A left gastric lymph node was labeled by the nanoparticles. E A celiac lymph node was not labeled. F The subcarinal lymph node
was black-dyed before injection of carbon nanoparticles. G The left gastric lymph node was labeled by the carbon nanoparticles (H-E x 40). H The
celiac lymph node was not labeled. I Deposition of black substances (arrow) was shown in the subcarinal lymph node (H-E x 40) before injection
of the nanoparticles




Deng et al. World J Surg Onc (2021) 19:296

two-sample ¢ test, and those in line with the skew dis-
tribution were presented as median and interquartile
range and tested with the rank sum test. Enumeration
data were presented as number and percentages and
tested with the Chi square test. Univariant and mul-
tivariant logistic regression analyses were performed
to investigate the association of cancer metastasis with
other factors. The significant P was set at < 0.05.

Table 1 Demography and clinical data (n, %)

Page 4 of 9

Results

One hundred and seventy-nine patients who under-
went en bloc mesoesophageal esophagectomy through
thoracolaparoscopy were enrolled, including 75 women
and 104 men with a mean body weight of 63.5 £+ 18.2
kg and an age range of 45-90 years (mean 62.5 £+ 14.4)
(Table 1). The left gastric artery lymph nodes were posi-
tive in 42 patients (23.5%, positive group) and negative
in 137 (76.5%, negative group). No significant (P > 0.05)
difference existed in age, sex, smoking and alcohol abuse
history, hypertension, hyperlipidemia, diabetes mellitus,

Variables Left gastric artery lymph node positive (n  Left gastric artery lymph node negative (n P
=42) =137)
Sex (M/F) 25/17 79/58 047
Age (years, mean =% SD) 615+ 10.1 636+ 154 0.36
Smoking (n) 12 (28.6%) 63 (46.0%) 0.28
Alcohol abuse (n) 13 (31.0%) 46 (33.6%) 0.38
Hypertension (n) 9 (21.4%) 28 (20.4%) 0.56
Diabetes mellitus (n) 2 (4.8%) 8 (5.8%) 0.78
Hyperlipidemia (n) 8 (19.0%) 15 (10.9%) 0.57
Cancer location (n, %)
Upper segment 6(14.3) 9 (6.6) 0.16
Middle segment 21 (50) 70 (51.1)
Lower segment 15 (35.7) 58 (42.3)
Cancer length (cm) 24-95(56) 2.2-88(5.3) 0.79
Infiltration depth (n, %)
Tis 2(4.8) 6(44) 0.02
T 12 (28.6) 48 (35.0)
12 10 (23.8) 33 (24.1)
T3 6(14.3) 27(19.7)
T4 12 (28.6) 23(16.8)
Pathological type
Squamous cell carcinoma 39 (92.9%) 132 (96.4%) 0.48
Adenocarcinoma 3(7.1%) 5 (3.6%)
Tumor differentiated
Well 3(7.1%) 7 (5.1%) 0.19
Moderately 26 (61.9%) 87 (63.5%)
Low 13 (31.0%) 43 (31.4%)
Other lymph node metastasis
Paraesophageal nodes 15 (35.7%) 28 (20.4%) 0.31
Subcarinal nodes 8 (19.0%) 8 (5.8%)
Para-cardia 7 (16.7%) 10 (7.3%)
TNM classification
0 0 1(0.7%) 0.18
I 4(9.5%) 11 (8.0%)
Il 4(9.5%) 71 (51.8%)
I 26 (61.9%) 51(37.2%)
vV 8 (19.0%) 3(2.2%)

SD standard deviation
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cancer location and length, differentiation degree, and
pathological types between two groups.

Carbon nanoparticle injection was performed in 15
patients at the submucosa of the upper thoracic esopha-
gus. The left gastric lymph nodes were labeled, whereas
no celiac lymph nodes were labeled by the carbon nano-
particles (Fig. 1). The subcarinal lymph node was black-
dyed before carbon nanoparticles injection (Fig. 1).
Pathological examination demonstrated undyed celiac
lymph nodes, black-dyed left gastric lymph nodes by the
carbon nanoparticles, and naturally black-dyed subcari-
nal lymph nodes (Fig. 1).

Among 179 patients, a total of 4652 lymph nodes were
resected, with 26 (range 23—32) lymph nodes per patient.
Seventy-three patients had lymph node metastasis,
accounting for 40.8% (73/179). Seventeen (9.5%) patients
had metastasis to the recurrent laryngeal nerve lymph
nodes. The metastasis rate of the upper thoracic esopha-
geal cancer to the cervical lymph nodes was 33.3% which
was significantly greater than that at the middle (7.8%) or
lower (6.8%) thoracic segment. The metastasis rate of the
lower thoracic esophageal cancer to the left gastric artery
lymph nodes was 37.0% which was significantly greater
than that at the middle (15.4%) or upper (6.7%) thoracic
segment (Table 2). The lymph node metastasis rate was
significantly (P < 0.05) increased with the length of the
cancerous lesion, infiltration depth, and poor differentia-
tion (Table 3).

Among 179 patients, the metastasis rate to the left gas-
tric artery lymph nodes was 19.9% (27/136) in patients
without involvement of paraesophageal lymph nodes,
20.9% (34/163) in patients without involvement of sub-
carinal nodes, and 21.6% (35/162) in patients without
involvement of para-cardial nodes. The metastasis rate to
the left gastric lymph nodes was 7.1% in well-, 61.9% in
moderately, and 31.0% in low-differentiated cancers.

Univariate analysis revealed that the metastasis rate
to the left gastric artery lymph nodes was significantly
(P < 0.05) associated with paraesophageal lymph node
metastasis, para-cardial lymph node metastasis, and
TNM classification. Multivariate analysis indicated that
cancer location (odds ratio 8.32, 95% confidence interval
2.12-32.24) was significantly (P < 0.05) associated with
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metastasis to the left gastric artery lymph nodes, with
significantly more metastases to the left gastric artery
lymph nodes in cancers at the middle and lower thoracic
segments than those in the upper thoracic segment. In
one submucosal cancer with 1 cm length at the middle
and upper thoracic esophagus, the left gastric lymph
nodes were fused into a 4.3 cm x 5.2 cm mass and were
completely dissected (Fig. 2).

Discussion

Through investigating the lymph node metastasis and
necessity of dissecting the left gastric artery lymph nodes
in en bloc esophagectomy for esophageal squamous car-
cinomas, it was found that cancer location was signifi-
cantly (P < 0.05) associated with metastasis to left gastric
artery lymph nodes, with significantly more metastases
to the left gastric artery lymph nodes in cancers at mid-
dle and lower thoracic segments than those at the upper
thoracic segment. Esophageal cancers even at the early
stages can involve the left gastric lymph nodes regardless
of differentiation and involvement of other lymph nodes.
This indicates the necessity of dissecting left gastric

Table 3 Relationship of cancerous length, infiltration depth, and
differentiation with lymph node metastasis

Factors Number of Lymph node X P
patients (n) metastasis (n, %)
Length of cancer
<3cm 34 9(26.5%) 11.98 <0.01
3-7cm 113 54(47.8%)
>7.cm 32 19(59.4%)
Infiltration depth
Tis 8 0 52.38 <0.01
T 60 8(13.3%)
T2 43 13(30.2%)
T3 33 21(63.6%)
T4 35 31(88.6%)
Differentiation
Well 10 2(20%) 21.29 <0.01
Moderately 113 36(31.9%)
Low 56 35(62.5%)

Table 2 Metastasis to the cervical and left gastric artery lymph nodes

Tumor location Number of patients

Cervical metastasis (n, %) Left gastric artery

lymph nodes metastasis

(n, %)
Upper thoracic segment 15 5(33.3%) 1(6.7%)
Middle thoracic segment 91 7 (7.8%) 14 (15.4%)
Low thoracic segment 73 5 (6.8%) 27 (37.0%)
Total 179 17 (9.5%) 42 (23.5%)
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Fig. 2 A patient with a submucosal cancer at the middle and lower thoracic esophagus had thoracolaparoscopic en bloc mesoesophageal
esophagectomy. A The left gastric lymph nodes were enlarged and fused into a 4.3 cm x 5.2 cm mass. B The specimen of the esophagus and
upper stomach was cut open to show the esophageal submucosa cancer of 1 cm in length

artery lymph nodes in esophagectomy for esophageal
carcinomas.

In our study, the mesoesophageal esophagectomy was
performed through the thoracolaparoscopic procedure to
completely dissect the esophageal squamous carcinoma,
mesoesophagus, left gastric artery mesentery, and all
the contents within the mesoesophagus and left gastric
artery mesentery, including fascial tissues, lymph nodes,
blood vessels, adipose tissue, left gastric mesentery, and
lymph nodes as an intact package. The left gastric artery
mesentery and its contents were all dissected in every
patient so as to completely dissect cancer metastasis
and prevent residual cancer cells in the left gastric artery
mesentery. The left gastric artery lymph nodes are the
last stop of regional lymph node metastasis of esophageal
carcinomas, and further metastases to the celiac lymph
nodes may indicate advanced esophageal carcinoma
(stage IV) and M1 stage in the TNM classification. Tra-
ditionally, palpable or enlarged left gastric artery lymph
nodes were dissected, and this approach will probably
result in residual of cancer cells in the lymph nodes with-
out enlargement at this location. If the left gastric artery

mesentery and its lymph nodes were all routinely dis-
sected, including all the contents within the mesentery,
the spread of cancers within the left gastric artery mesen-
tery and lymph nodes would be prevented, thus delaying
cancer development into the M1 stage and improving the
survival rate. This is the clinical significance of dissecting
all the left gastric artery lymph nodes in all patients with
esophageal cancers.

Carbon nanoparticle suspension has been used to
trace the lymphatic draining system in cancer surgeries
of breast, thyroid, stomach, and colorectum [30-34]. Liu
et al. have also applied the carbon nanoparticle suspen-
sion in thoracolaparoscopic esophagectomy [31]. The use
of carbon nanoparticles can facilitate resection of lymph
nodes. The number of lymph nodes dissected was signifi-
cantly greater in patients labeled with carbon nanopar-
ticle tracers than that in patients without use of carbon
nanoparticle tracer [30—-34]. In the study investigating the
role of nanocarbon lymphatic tracer in thoracolaparo-
scopic esophagectomy [31], the number of lymph nodes
of cancer metastasis in the group of carbon nanoparticle
labeling was significantly greater than that in patients
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without use of the labeling technique. In the study of
lymph node mapping with carbon nanoparticles in gas-
tric cancer [36], the average number of harvested lymph
nodes in the group with carbon nanoparticle mapping
was greater than that in the control group (45.7 £ 14.5
vs. 39.2 & 11.7) even though the difference was not sig-
nificant (P > 0.05). In the study investigating the effective-
ness of carbon nanoparticles for dissection of advanced
gastric cancer [37], a significantly higher number of
lymph nodes dissected was presented in the group with
carbon nanoparticle tracing than in other groups without
carbon nanoparticle tracing (34.1 = 9.8 vs. 25.5 £ 5.5 or
22.6 + 3.7).

The carbon nanoparticle tracing technique is not
applied in all patients in the surgical practice in our hos-
pital. We performed the tracing technique in a certain
number of patients to show the lymphatic draining path-
way. The use of the tracing technique is to recognize the
range and number of lymph nodes to facilitate resection
of the lymph nodes [30—34]. Currently, we have applied
this technique in fifteen patients to confirm the lymphatic
draining pathway to the left gastric artery lymph nodes. If
there is only one patient showing the lymphatic draining
pathway to the left gastric artery lymph nodes, it means
that the esophageal cancer will have lymphatic drainage
to this area and that the left gastric artery lymph nodes
must be dissected to prevent possible cancer metastasis
to this location. Now, fifteen patients have shown this
pathway of lymphatic drainage from the esophageal can-
cer to the left gastric artery lymph nodes. The number
of patients may not be sufficient, and in the future, more
patients will have to experience this technique for more
evidence to dissect the left gastric artery lymph nodes.

In our study, injection of carbon nanoparticles in the
submucosa of the upper thoracic segment labeled the
left gastric artery lymph nodes, indicating the lymphatic
draining direction from the upper thoracic esopha-
geal segment to left gastric artery lymph nodes in the
abdominal cavity and the connection of the mesoesoph-
agus to the mesogastrium. The esophagus and stomach
originated from the same foregut [38], which is why the
mesoesophagus continues downwards with the left gas-
tric mesentery as observed in the endoscopic surgery
and indicated by nanoparticle labeling of the left gastric
lymph nodes. This constitutes the theoretical basis to
resect both the esophageal segment containing the can-
cer lesion and the upper stomach including the mesogas-
trium and its contents even if the carcinoma is just an
early submucosal lesion in the upper thoracic esophagus.
In one patient with an early submucosal cancerous lesion
at the thoracic esophagus in our study, the left gastric
lymph nodes were fused into a big mass, which indicates
the necessity of resecting the upper stomach together
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with its mesogastrium and left gastric artery lymph
nodes besides radical resection of the cancer itself. This
may suggest incomplete resection of esophageal submu-
cosal cancer by EMR, ESD, and endoscopic full-thickness
resection [13-19, 39-42]. If the esophageal submucosal
cancer was just resected locally without removing the
upper stomach including the left gastric lymph nodes and
mesogastrium, a high proportion of patients with esoph-
ageal submucosal carcinomas will have cancer metastasis
to the left gastric lymph nodes, resulting in recurrence. It
has been revealed that in patients with esophageal cancer
limited within the submucosal layer, metastases to lymph
nodes were more frequent in the upper mediastinum and
perigastric area than in the middle or lower mediastinum
[43]. Once the cancer invaded or penetrated the muscular
layer, metastasis to lymph nodes dramatically increased
in the middle and lower mediastinum even though it was
still less frequent than those in the upper mediastinum
and the perigastric area.

Injection of carbon nanoparticles in the upper thoracic
esophageal segment did not label the celiac lymph nodes,
which may indicate that the celiac trunk lymph nodes are
not located within the gastric mesentery just like those
of the left gastric artery. This also suggests that metas-
tasis is firstly spread to lymph nodes within the mesoe-
sophagus and gastric mesentery before being spread to
lymph nodes in other mesenteries. Involvement of the
celiac lymph nodes may be a metastatic disease rather
than a regional disease as stated in the latest American
Joint Committee on Cancer (AJCC) staging edition,
which designates involvement of celiac lymph nodes as a
regional nodal (N) disease [44].

In our study, the metastasis rate of the upper tho-
racic esophageal cancer to the cervical lymph nodes
was 33.3% which was significantly greater than that at
the middle (7.8%) or lower (6.8%) thoracic segment,
whereas the metastasis rate of the lower thoracic
esophageal cancer to the left gastric artery lymph nodes
was 37.0% which was significantly greater than that at
the middle (15.4%) or upper (6.7%) thoracic segment.
This indicates the bidirectional pattern of esophageal
lymph drainage: upwards and downwards. In patients
with advanced thoracic esophageal cancer, metastasis
may be spread to lymph nodes in the supraclavicular
area; upper, middle, and lower mediastinal zones; and
perigastric and celiac areas regardless of the cancer
location [45]. The abundant lymph draining channels
in the esophageal lamina propria mucosa and submu-
cosa are well known, and the submucosal lymphatics
primarily drain longitudinally directly to the proximal
and distal nodes [46]. Superficial cancers (pT1) can
enter into the abundant lymph-capillary plexus in the
esophageal lamina propria mucosa and submucosa and
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spread to distal lymph nodes along with the lymphatic
drainage. The bidirectional lymphatic spread pattern of
esophageal cancers necessitates three-field radical dis-
section of lymphatic nodes including the left gastric
artery lymph nodes.

In our study, 42 patients with metastasis to the left
gastric artery lymph nodes had involvement of parae-
sophageal nodes in 35.7%, subcarinal nodes in 19.0%, and
para-cardial nodes in 16.7%. However, in 137 patients
without involvement of the left gastric artery lymph
nodes, the metastasis rate was 20.4% to the paraesopha-
geal nodes, 5.8% to the subcarinal nodes, and 7.3% to the
para-cardinal nodes. Among 179 patients, the metasta-
sis rate to the left gastric artery lymph nodes was 19.9%
(27/136) in patients without involvement of paraesopha-
geal lymph nodes, 20.9% (34/163) in patients without
involvement of subcarinal nodes, and 21.6% (35/162) in
patients without involvement of para-cardial nodes. This
indicates that involvement of the paraesophageal, sub-
carinal, or para-cardial nodes cannot be used as a refer-
ence to dissect the left gastric artery lymph nodes. The
metastasis rate to the left gastric lymph nodes was 7.1%
in well-, 61.9% in moderately, and 31.0% in low-differen-
tiated cancers, which suggests that the differentiation of
the cancer cannot be used as a standard to dissect the left
gastric lymph nodes, either.

Some limitations existed in this study, including single-
center study, retrospective nature, Chinese patients only,
and short follow-up duration, which may all affect the
explanation of the outcomes. Moreover, the number of
patients experiencing carbon nanoparticle labeling was
not sufficient enough, and large numbers of patients with
carbon nanoparticle labeling had to be enrolled for more
evidence to trace the lymphatic draining pathway from
the esophageal cancer to the left gastric artery lymph
nodes. Future studies will have to solve these issues to get
better results.

In conclusion, certain patterns exist in lymph node
metastasis of esophageal cancers, and when performing
radical esophagectomy of esophageal cancers, dissec-
tion of the left gastric artery lymph nodes is necessary
to prevent possible residual and metastasis of esopha-
geal cancers based on the lymphatic drainage pathway of
esophageal squamous carcinomas demonstrated by car-
bon nanoparticle labeling.
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