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Abstract

Introduction: Natural orifice specimen extraction surgery (NOSES) has been widely regarded as a new technology in
minimally invasive surgery. Meanwhile, carbon nanoparticles have been increasingly used for lymph node tracing in
colorectal cancer surgery.

Aim: To evaluate the effectiveness and feasibility of carbon nanoparticle-assisted natural orifice specimen extraction
surgery with left colic artery preservation for total laparoscopic colorectal resection.

Material and methods: We retrospectively reviewed the medical records of 83 patients diagnosed with sigmoid
colon cancer or mid- and upper-rectal cancer from October 2017 to June 2020. These patients were divided into the
NOSES group who underwent left colic artery preservation NOSES, being injected with a carbon nanoparticle sus-
pension under colonoscopy the day before surgery, and the LA group, who underwent left colic artery preservation
laparoscopic surgery. Surgical outcomes were retrospectively analyzed.

Results: The mean number of harvested lymph nodes (p < 0.001) in the NOSES group was higher than in the LA
group. Conversely, as regards pain score (p < 0.001) and postoperative hospital stay (p = 0.035), the LA group has
higher mean values. The incidence of perioperative complications (p = 0.385) was 5.3% for the NOSES group com-
pared to 13.3% for the LA group.

Conclusions: Preoperative colonoscopic injection of a carbon nanopatrticle suspension is a feasible and practical
solution to dissect lymph nodes surrounding the inferior mesenteric artery without affecting the left colic artery in
patients with colorectal cancer and about to receive NOSES. Moreover, NOSES combined with this approach leads to
less postoperative pain and shorter hospital stays.

Key words: colorectal surgery, laparoscope, carbon nanoparticle suspension, natural orifice specimen extraction sur-
gery, left colic artery preservation.

[1, 2]. There is ample evidence showing that it is
reasonable and feasible to collect specimens from

In recent years, natural orifice specimen ex- the sigmoid colon or the rectum via the anus during
traction surgery (NOSES) has become anincreasingly ~ NOSES [3, 4]. This procedure perfects the traditional
popular noninvasive surgical technique and attract-  laparoscopic colorectal resection as it effectively re-
ed extensive attention from researchers worldwide  duces the incidence of such postoperative complica-
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tions as pain, wound infection, and anastomotic her-
nia. However, since NOSES is still at its early stage of
development, there is a limited number of cases for
reference, and many conceptual and technical prob-
lems require further discussion and solutions.

Colorectal leak rates have been found to vary
according to the anatomic location of the anasto-
mosis, with distal colorectal, coloanal, and ileoanal
leak rates ranging from 1% to 20%, colocolonic leak
rates from 0% to 2%, and ileocolonic leak rates from
0.02% to 4% [5]. Studies have demonstrated the
presence of anastomotic leakage in NOSES even
with ligation of the root of the inferior mesenteric
artery (IMA), which adversely affects the prognosis
[6]. Alternatively, dissecting D3 lymph nodes sur-
rounding the IMA with left colic artery (LCA) preser-
vation is a safe procedure that guarantees sufficient
blood supply to the distal colon, especially for those
who have coexisting diseases and face a high risk
of failure in anastomosis [7]. Yet, it takes a relatively
long time to finish the procedure.

Nowadays, carbon nanoparticles, composed of
nanoscale carbon particles with an average diam-
eter of 150 nm, have been widely used for lymph
node tracking in radical gastrectomy, breast tumor
resection, thyroidectomy, and colorectal cancer sur-
gery [8-11]. After the carbon nanoparticles have
been injected, they drain through the lymphatic
system to reach the various levels of draining lymph
nodes in the injected area, which then form black
stains [9, 12]. Various studies have shown that car-
bon nanoparticle suspensions for injection are safe
[13-15].

Aim
We conducted this retrospective study to eval-

uate the effectiveness and feasibility of carbon
nanoparticle-assisted NOSES with LCA preservation.

Material and methods
Patients

We performed a retrospective observational
study that included 83 patients who were diagnosed
with sigmoid colon cancer or mid- and upper-rectal
cancer between October 2017 and June 2020. Defin-
itive diagnosis was established on the basis of colo-
noscopy and biopsy before surgery. The convention-
al preoperative staging was composed of physical
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examination, contrast-enhanced computed tomog-
raphy (CT), or magnetic resonance imaging (MRI).
Patients undergoing neoadjuvant chemotherapy
or chemoradiotherapy, having stage IV cancer, hav-
ing emergency surgery or protective ostomy were
excluded from the study. All procedures were per-
formed by an experienced surgeon who was skilled
at laparoscopic operations. The Ethics Committee of
The Second Affiliated Hospital of Wenzhou Medical
University approved this study, and this study was
conducted in accordance with the Declaration of
Helsinki.

Pre-NOSES surgical methods were subject to
each patient’s preoperative staging workup. For
the NOSES group, before laparoscopic colorectal
resection, the carbon nanoparticle suspension was
injected into the upper and lower edges of the le-
sion under colonoscopy to track the lymph nodes.
Lymph nodes surrounding the IMA were dissected
while the LCA remained intact. An intergroup com-
parison was made in terms of general information
(age, body mass index (BMI), sex) and short-term ef-
ficacy based on operative time, blood loss, harvested
lymph nodes, time to first flatus, postoperative com-
plication, anastomotic leakage, postoperative hospi-
tal stay and VAS (visual analog scale) pain score 24 h
after surgery.

Preoperative labeling under colonoscopy

The carbon nanoparticle suspension injection for
labeling was produced by Chongging Lummy Phar-
maceutical Co., Ltd. (batch number: H20073246;
0.5 ml). All tumors were labeled by a designated gas-
troenterologist. To minimize the effect of post-colo-
noscopy on intestinal tympanites or diffusion of the
suspension on operations, the labeling was complet-
ed the day before surgery. The injection catheter en-
ters the body via the endoscope’s working channel.
The carbon nanoparticle suspension was injected at
three to four locations in the colorectal submucosa
at a distance of about 0.5 cm from the upper and
lower edge of the target lesion. To make sure the
needle is injected into the submucosa instead of the
peritoneum, a mucosal protrusion was created with
a small amount of saline. Following that, 0.5 ml of
the carbon nanoparticle suspension was diluted to
5 ml, and each submucosal location was injected
with about 0.5 ml of carbon nanoparticle suspension
injection (CNSI) (Photo 1).
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Photo 1. Carbon nanoparticle suspension was
injected at a distance of about 0.5 cm from the
lower edge of the tumor for labeling and tracing
the day before surgery

Operations

General anesthesia was performed on each pa-
tient in the modified lithotomy position. Lymph
node dissection was made via a medial-to-lateral
approach along the IMA. For the LA group, radical
peri-IMA lymph node dissection was completed
under laparoscopy, the LCA was identified and pre-
served while low ligation of the IMA (the superior
hemorrhoidal artery) was performed. Then, an aux-
iliary incision was made at the lower abdomen to
remove the lesion, after which, anastomosis of the
colon was performed. For the NOSES group, at first,
the root of the IMA was exposed to observe the dis-
tribution of black-stained lymph nodes along the
IMA (Photo 2); an incision was made to open the
peritoneum at the root of the IMA in connection to
the abdominal aorta; based on the tissue with black-

Photo 3. Lymph node dissection guided by
black-stained lymph nodes surrounding the IMA
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Photo 2. Intraoperative image of black-stained
lymph nodes showing clear boundaries and
well-defined distribution patterns along the IMA

stained lymph nodes (Photo 3), the target lesion was
removed from the bottom up along the IMA until the
separate lesion reached the origin of the LCA; follow-
ing that, adipose tissue and the black-stained lym-
phatic tissue were removed radically through an in-
cision from the LCA to the root of the IMA (Photo 4).

After lymph node dissection, the superior rectal
artery (SRA) was cut under the IMA-LCA junction
(Photo 5). Determination of resection lines was sub-
ject to the labeled lymph nodes. In the case of co-
lon cancer, the margins of resection on both sides
should be 10 cm or above; in contrast, a distal mar-
gin of resection of at least 2 cm should be obtained
below the edge of the rectal cancer; splenic flexure
mobilization is not recommended in either case. All
specimens were then removed through the anus.
Tumor location is the most important factor in the
selection of different surgical procedures. High rec-

Photo 4. Freed IMA and LCA during lymph node
dissection

Videosurgery and Other Miniinvasive Techniques 3, September/2022



Carbon nanoparticle-assisted natural orifice specimen extraction surgery with left colic artery preservation: a retrospective study

tum and sigmoid colon cancers were resected in the
abdominal cavity by laparoscopy and then the spec-
imens were pulled out through the anus; for middle
rectal cancer (Photos 6 A, B), after abdominal lymph
node dissection by laparoscope the preresected in-
testine was pulled out through the anus, and then
the specimens were resected in vitro (Photo 7).

Statistical analysis

The software SPSS 19.0 was used for statistical
analysis. The y?2 test was employed in the comparison
of classification variables; Student’s t-test was ap-
plied for the analysis of continuous variables, with p <
0.05 indicating a difference of statistical significance.

Results

This study analyzed 83 eligible patients having
received colorectal resection (38 cases of NOSES and
45 cases of laparoscopic-assisted surgery). Compar-
ison of age, male-to-female ratio, BMI, American
Society of Anesthesiologists (ASA) score, tumor size,
tumor site, and depth of tumor infiltration between
the two groups is shown in Table I.

The mean number of harvested lymph nodes was
22.8 5.6 in the NOSES group and 17.0 £2.8 in the
LA group (p < 0.001); mean operative time was 129.5
+18.7 min in the NOSES group and 120.4 +17.1 min
in the LA group (p = 0.073). Although the NOSES
group had longer operative time compared to the LA
group, more lymph nodes were harvested in it than
in the LA group. Moreover, in each group a sufficient

Photo 6 A, B — Pulling the collected specimen
out of the body from the distal rectum before
anastomosis
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Photo 5. Superior rectal artery ligation at the
origin of the LCA from the IMA while leaving the
LCA intact

number of lymph nodes was harvested for postop-
erative staging. The pain scores at 24 h after sur-
gery of the NOSES group and the LA group were 3.6
+1.2 and 4.8 +0.9, respectively (p < 0.001). There was
a significant difference between the two groups in
postoperative recovery time and hospital stay (7.1
+1.2 days vs. 8.2 £1.9 days, p = 0.035) (Table II).

In the NOSES group, there were 2 cases of
postoperative complications, namely, intestinal
obstruction and lymphatic leakage. The intestinal
obstruction was cured by means of abrosia and
gastrointestinal decompression while the lymphatic
leakage was treated by adjusting the patient’s diet
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Photo 7. After abdominal lymph node dissec-

tion by laparoscope, and then the specimens
were resected in vitro

and maintaining unobstructed drainage until im-
provement and extubation. No NOSES-associated
complications, such as damage to the distal colon,
bladder or anus, tumor overflow, anastomotic leak-
age, and intra-abdominal infection, were reported.
The LA group had 6 cases of postoperative com-
plications, including anastomotic leakage, wound
infection, intestinal obstruction, and lymphatic
leakage. Two patients with anastomotic leaks were
given transverse colostomy and conservative treat-
ment, respectively. The wound infection, intestinal

Table 1. Intergroup comparison of general information

obstruction, and lymphatic leak were cured with rel-
evant conservative treatment.

Discussion

Since the world’s first laparoscopic surgery for
rectal cancer was carried out in 1991, minimally
invasive surgery represented by laparoscopic tech-
nology has become the main means of colorectal
cancer treatment in a short period of 20 years. As
a new star of minimally invasive technology, NOSES
is gradually being recognized and accepted by many
clinicians because of the potential benefits including
reduction in postoperative pain and wound compli-
cations, less use of postoperative analgesia, faster
recovery of intestinal function, shorter hospital stay,
and better cosmetic and psychological effects de-
scribed in colorectal surgery [16]. Some researchers
have proposed that, compared with the convention-
al laparoscopic procedure, NOSES is in conformity
with the principle of asepsis and tumor-free tech-
nique and can be worthy of clinical application [17].
A systematic review and meta-analysis of NOSES
showed that NOSES is a safe and viable alternative
to traditional laparoscopy in colorectal oncology in
terms of short-term results [18].

Parameter NOSES group (n = 38) LA group (n = 45) P-value
Sex: 0.522
Male 27 (71%) 29 (64%)
Female 11 (29%) 16 36%)
Age [years] 61.2 £9.7 65.0 +8.1 0.097
BMI [kg/m?] 23.9 1.3 23.3 1.7 0.164
ASA score: 0.912
| 18 (47%) 20 (45%)
I 19 (50%) 24 (53%)
1l 1 (3%) 1(2%)
Tumor site: 0.677
Sigmoid colon 16 (42%) 21 (47%)
Upper and middle rectum 22 (58%) 24 (53%)
T-staging: 0.052
T1 7 (19%) 3 (7%)
T 11 (29%) 8 (18%)
T3 18 (47%) 24 (53%)
T4 2 (5%) 10 (22%)

BMI — body mass index, ASA — American Society of Anesthesiologists.
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Table II. Intergroup comparison of surgical outcomes

Outcomes NOSES group (n = 38) LA group (n = 45) P-value
Operative time [min] 129.5 +18.7 120.4 +17.1 0.073
Blood loss [ml] 50.6 £21.0 40.9 £20.2 0.352
Number of harvested lymph node 22.8 5.6 17.0 +2.8 < 0.001
Time to first flatus [day] 2.2+0.4 2.4 +0.6 0.081
Complication 2 (5%) 6 (13%) 0.385
Anastomotic leakage 0(0) 2 (4%) 0.498
Postoperative hospital stay [day] 7.1+1.2 8.2+1.9 0.035
VAS pain score 3.6£1.2 4.8 +0.9 < 0.001

VAS — visual analog scale.

In this study, patients in the NOSES group had
shorter postoperative hospital stays and lower pain
compared to traditional laparoscopic surgery. Pos-
sible reasons include the following: In conventional
laparoscopic surgery, the extraction of the specimen
requires an additional incision, which damages the
abdominal wall and is more likely to cause vascular
and nerve damage, so the patient’s postoperative
pain is more significant. In addition, due to abdomi-
nal pain, patients need more time to return to normal
exercise after surgery, which will be more detrimental
to postoperative recovery and prolong hospital stay.

As with conventional laparoscopic colorectal can-
cer surgery, NOSES carries the risk of anastomotic
leakage. The studies by Park et al. [19] and Xingmao
et al. [6] both showed there was no significant dif-
ference between the NOSES group and conventional
laparoscopy in terms of anastomotic leakage and
postoperative complications, which is the same as
the results of this study. Based on previous experi-
ence, preserving the LCA in laparoscopic resection
of carcinomas in the sigmoid colon and the sigmoid
colon-rectum junction could effectively prevent
anastomotic leakage [20-22]. In the present study,
for patients in the NOSES group, the optimal depth
of tumor invasion was within T3, and the circum-
ferential diameter of the specimen after transrectal
NOSES was less than 3 cm, which had clear planes of
surgical resection thanks to the preoperative carbon
nanoparticle suspension injection for tracing. On
this basis, it was safe and feasible to dissect lymph
nodes surrounding the root of the IMA while leaving
the LCA intact. In addition, previous studies [23, 24]
have shown that the collateral pathways between
the superior mesenteric artery (SMA) and IMA play
an important role in anastomotic perfusion in left
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colorectal cancer surgery, which requires significant
attention.

With the preoperative injection of the tumor
marker, precise incisions were placed over the col-
orectum, minimizing resection of the normal seg-
ment of the colorectum without affecting the sur-
gical outcomes of the radical resection, especially
for those who had sigmoid colon-rectum junction
cancer or upper-rectal cancer and needed precise in-
cisions to avoid unnecessary resection of the normal
colorectum and reduce the tension on the anasto-
mosis. Moreover, the operative time was markedly
reduced when skipping the invalid step of freeing
the colon, which effectively demonstrated the high
precision and non-invasive property of NOSES in to-
tal endoscopic resection for the involved colorectum.

Previous studies showed that there was no sig-
nificant difference in number of harvested lymph
nodes between the NOSES group and laparoscopy
group [6, 25, 26]. However, in this study, significant-
ly more lymph nodes were harvested in the NOSES
group compared with LA group due to the application
of the nanoparticle suspension. Preoperative colonos-
copy injection of carbon nanoparticle suspension as
a tracer was used as the first step for lymph node dis-
section between vaginal blood vessels and adventitia.
The black stained lymph nodes and fatty tissue can
be completely removed along the IMA from the bot-
tom to the beginning of the LCA. This is an effective
method of lymph node dissection, thereby reducing
the operation time required for lymph node resection.

Conclusions

This study demonstrates that in NOSES for sig-
moid colon cancer or rectal cancer, it is safe and feasi-
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ble to guide peri-IMA lymph node dissection with LCA
preservation using carbon nanoparticles as a specific
tracer. As a non-invasive surgical technique, NOSES
is characterized by its benefits of fast recovery and
a sufficient harvest of involved lymph nodes. How-
ever, a multicenter study with a larger sample size is
needed to assess the long-term results and potential
benefits of carbon nanoparticle-assisted NOSES.
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