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Abstract

Background: D3 lymph node dissection is recommended for patients with advanced sigmoid and rectal cancer in Japan. This trial 
aimed to investigate the feasibility of indocyanine green (ICG) as a tracer to increase the nodal harvest during D3 lymph node 
dissection in patients with sigmoid and rectal cancer.

Methods: This prospective randomized clinical trial was performed between May 2021 and April 2022. The inclusion criteria were 
patients with stage I–III sigmoid or rectal cancer eligible for laparoscopic resection. Patients were 1: 1 randomized to either the ICG 
group (endoscopic ICG injection at the tumour site and intraoperative imaging to guide dissection) or the control group (routine 
laparoscopic white-light imaging). All patients were treated with D3 dissection, and the primary outcome was the number of 
harvested lymph nodes at the D3 level.

Results: Out of 210 patients screened, a total of 66 patients were enrolled and randomized. Patients in the two groups presented similar 
ages and clinical stages (ICG group versus control group, median age of 58.0 versus 58.5 years; stage III 36.4 per cent versus 36.4 per cent, 
whereas the rate of rectal cancer was 27.3 per cent versus 48.5 per cent respectively). ICG imaging was helpful for completely dissecting 
D3 lymph nodes and could identify a median of more than 2 (range 1–6) D3 lymph nodes neglected by routine laparoscopic white-light 
imaging during surgery. The median number of D3 lymph nodes harvested in the ICG group was significantly higher than that in the 
control group (7.0 versus 5.0, P = 0.003); however, there was no significant difference in the median numbers of positive D1, D2, and D3 
lymph nodes between the two groups.

Conclusion: ICG is safe and feasible to guide D3 lymph node dissection and can increase the number of harvested D3 lymph nodes in 
patients with sigmoid and rectal cancer.
Registration number: NCT04848311 (http://www.clinicaltrials.gov).
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Introduction
According to the report of Global Cancer Statistics 2020, colorectal 
cancer is the third most common malignancy and the second 
leading cause of cancer death1. Surgery is the treatment of 
choice for colorectal cancer, and adequate lymph node 
dissection is essential for colorectal surgery. The AJCC 
guidelines recommend that obtaining at least 12 lymph nodes is 
helpful for accurate colorectal cancer staging2. At present, 
harvesting more lymph nodes is considered more conducive to 
the prognosis of colorectal cancer surgery3,4. According to the 
Japanese classification of colorectal cancer, inferior mesenteric 
root nodes are defined as lymph nodes along the inferior 
mesenteric artery from the origin of the inferior mesenteric 
artery to that of the left colic artery, and these lymph nodes 
should be removed during D3 dissection for sigmoid and rectal 
cancer5; however, optimal lymphadenectomy for D3 lymph 

nodes remains controversial6. Dissection of D3 lymph nodes has 

advantages and disadvantages in laparoscopic surgery for 

patients with sigmoid and rectal cancer. On the one hand, D3 

lymph node dissection has a longer long-term survival in 

D3-positive patients with sigmoid and rectal cancer7,8. On the 

other hand, the D3 lymph node metastasis rate is 0.3–8.6 per 

cent9 and D3 lymph node dissection is time consuming, 

technically demanding, and sometimes damages the peripheral 

autonomic nerve10,11.
With the development of surgical tracing technology, 

indocyanine green (ICG) has been used to assist laparoscopic 

surgery12. ICG is a near-infrared (NIR) fluorescent dye with 

excellent biocompatibility. When ICG is injected into the 

submucosa of the gastrointestinal tract, it quickly enters the 

peripheral lymphatic system and is swallowed by macrophages 

in lymph nodes13. ICG NIR imaging can better penetrate tissue 
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and more accurately identify lymph nodes in hypertrophic 
adipose tissue than other dyes, such as methylene blue and 
γ-ray-emitting radiotracers14,15. It can emit NIR light around a 
wavelength of 840 nm after excitation, and the tissue 
penetration depth of enhanced fluorescence ranges from 0.5 cm 
to 1.0 cm16. As a tracer for sentinel lymph nodes, ICG has a good 
detection rate in non-small cell lung cancer and breast 
cancer17,18. Recently, a clinical trial was conducted to explore 
the use of ICG tracer-guided lymph node dissection for gastric 
cancer and found that ICG is helpful for D2 lymph node 
dissection. This confirmed that ICG tracer-guided lymph node 
dissection can allow more lymph nodes to be harvested without 
increasing the operating time or rate of complications19.

The research hypothesis in this trial was that it could be 
feasible to guide D3 lymph node dissection and increase the 
number of harvested D3 lymph nodes using ICG in patients with 

sigmoid colon and rectal cancer. Therefore, the primary aim 
was to compare the number of harvested lymph nodes using 
ICG and the control (laparoscopic white-light imaging). 
Secondary outcomes included operating time, estimated blood 
loss, postoperative hospital stay, and complications.

Methods
Study design
This is a prospective randomized clinical trial with a 1: 1 allocation 
ratio performed at Nanfang Hospital of Southern Medical 
University, which conducts 600–700 colorectal cancer surgeries per 
year. From May 2021 to April 2022, all consecutive patients eligible 
for laparoscopic resection of sigmoid and rectal cancer in Nanfang 
Hospital were recruited. The inclusion criteria were 18–80 years of 
age; ASA score 1–3; single sigmoid or rectal cancer confirmed by 
endoscopic biopsy; and planned laparoscopic radical resection. 
The exclusion criteria were previous abdominal tumour surgery; 
women who were pregnant or breastfeeding; emergency patients 
with obstruction or perforation; T4b cancer evaluated by CT, MRI, 
or endoscopic ultrasonography; pelvic or distant metastasis; T1 
cancer planned for local excision; allergic constitution patients; 
preoperative neoadjuvant therapy; and low rectal cancer with 
lateral pelvic lymph node metastasis. This clinical trial was 
approved by the ethics committee of Nanfang Hospital. All 
patients signed informed consent before randomization.

Randomization and interventions
All the patients included in this study were randomly allocated 
to two groups (ICG group and control group) by sequentially 

Video 1 Endoscopic ICG injection 

ICG was injected at two to four points around the tumour. The injection volume 
at each position was approximately 2–3 ml. Before ICG injection, 0.5 ml saline 
was used to raise the submucosal bleb in the wall of the colon to avoid 
puncturing the wall and drug leakage into the abdominal cavity. ICG, 
indocyanine green.

Video 2 Intraoperative D3 lymph node dissection was performed in 
fluorescence mode in the ICG group 

In the ICG group, after the exploration was completed at the beginning of the 
operation, tumour images and D3 lymph nodes images were obtained under 
white light, and then the light source mode was converted to collect the 
above images under fluorescence for comparison. Through fluorescence 
imaging, surgeons were able to determine the scope of dissection according 
to lymph node localization. For example, in the process of separating the root 
of the inferior mesenteric artery, D3 lymph node dissection was performed 
under ICG fluorescence mode, ICG imaging was helpful for completely 
dissecting D3 lymph nodes and could identify more D3 lymph nodes 
neglected by white-light mode during surgery. High ligation of the inferior 
mesenteric artery was routinely performed. During the dissection and 
ligation of the inferior mesenteric vein, the level of ligation was decided 
based on fluorescent lymph nodes eventually visualized. ICG, indocyanine 
green.
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Fig. 1 Lymph node categorization 

D1 lymph nodes are defined as lymph nodes along the marginal arteries, near 
the bowel wall, along the superior rectal artery and terminal sigmoid artery, 
which include no. 251 lymph nodes. D2 lymph nodes are defined as lymph 
nodes along the left colic and sigmoid arteries in sigmoid cancer or the 
inferior mesenteric artery between the origin of the left colic artery and the 
superior rectal artery in rectal cancer, which include no. 232, no. 242, and no. 
252 lymph nodes. D3 lymph nodes are defined as lymph nodes along the 
inferior mesenteric artery from the origin of the inferior mesenteric artery to 
that of the left colic artery. Para-aortic 16B1 lymph nodes are defined as 
lymph nodes along the abdominal aorta between the level of the left renal 
vessels and the origin of the inferior mesenteric artery. Para-aortic 16B2 
lymph nodes are defined as lymph nodes along the abdominal aorta between 
the origin of the inferior mesenteric artery and the bifurcation of the 
common iliac artery.
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numbered, opaque, sealed envelopes. Randomization 
allocations were created by an independent statistician, and 
the clinician was responsible for recruiting and assigning 
participants. Patients in the ICG group received endoscopic 
submucosal injection of ICG 1 day before surgery. A total of 
25 mg ICG powder (Dandong Yichuang Pharmaceutical Co.) 
was dissolved in 10 ml sterile water and then injected at two to 
four points around the tumour. The injection amount at each 
position was approximately 2–3 ml. Before ICG injection, 0.5 ml 
saline was used to raise the submucosal bleb in the wall of the 
colorectum to avoid puncturing the intestinal wall and drug 
leakage into the abdominal cavity (Video 1). During the 
operation, we used fluorescence imaging equipment (Storz, 
Germany) to obtain ICG images, and then D3 lymph node 
dissection was performed under fluorescence imaging. The 
control group did not receive tracer injection and D3 lymph 
node dissection was performed by routine laparoscopic 
white-light imaging.

Surgical procedure
All patients underwent surgery performed by an experienced senior 
attending doctor, following a detailed protocol. All details and 
outcomes were recorded in case report form. All surgeons 
participating in the study were personally instructed by the principal 
investigator. Intraoperative photo documentation was taken to 
maintain quality control. In the ICG group, after the exploration was 

completed at the beginning of the operation, tumour images, D1 
lymph nodes images, D2 lymph nodes images, and D3 lymph nodes 
images were obtained under white light, and then the light source 
mode was converted to collect the above images under fluorescence 
for comparison. Through fluorescence imaging, surgeons can 
determine the scope of dissection according to lymph node 
localization. In the process of separating the root of the inferior 
mesenteric artery, D3 lymph node dissection was performed under 
ICG fluorescence mode (Video 2). High ligation of the inferior 
mesenteric artery was routinely performed. During disconnection of 
the inferior mesenteric vein, the location of disconnection depends 
on whether there are fluorescent lymph nodes. In the control group, 
the surgeon performed lymphadenectomy according to routine 
laparoscopic white-light imaging.

Nodal dissection and definitions
D1 lymph nodes are defined as lymph nodes along the marginal 
arteries, near the bowel wall, along the superior rectal artery, 
and terminal sigmoid artery. D2 lymph nodes are defined as 
lymph nodes along the left colic and sigmoid arteries in 
sigmoid cancer or the inferior mesenteric artery between the 
origin of the left colic artery and the superior rectal artery in 
rectal cancer. D3 lymph nodes are defined as lymph nodes 
along the inferior mesenteric artery from the origin of the 
inferior mesenteric artery to that of the left colic artery. 
Para-aortic 16B1 lymph nodes are defined as lymph nodes 

Consecutive patients with colorectal cancer treated in
Nanfang Hospital between May 2021 and April 2022

n = 512

Patients with sigmoid or
rectal cancer

n = 210

T1 cancer n = 11

T4b cancer n = 8

Exclusion criteria n = 81
Previous abdominal tumour surgery n = 12
Women who were pregnant n = 1
Emergency patients with obstruction n = 13

Pelvic metastasis n = 7

Allergic constitution patients n = 3
Preoperative neoadjuvant therapy n = 16
Low rectal cancer with lateral pelvic lymph
    node metastasis n = 10

Inclusion criteria
18–80 years of age
ASA score 1–3
Single sigmoid or rectal cancer
Planned laparoscopic radical resection

Eligible patients
n  = 147

Selected patients
n  = 66

ICG group
n  = 33

Control group
n  = 33

Randomized

Fig. 2 Study flowchart 

ICG, indocyanine green.
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along the abdominal aorta between the level of the left renal 
vessels and the origin of the inferior mesenteric artery. 
Para-aortic 16B2 lymph nodes are defined as lymph nodes 
along the abdominal aorta between the origin of the inferior 
mesenteric artery and the bifurcation of the common iliac 
artery (Fig. 1).

Outcome of interest
The primary outcome was the number of harvested D3 lymph 
nodes. Secondary outcomes included the number of positive D3 
lymph nodes, ratio of positive D3 lymph nodes (defined as the 

number of positive D3 lymph nodes divided by the total number 
of retrieved D3 lymph nodes), number of harvested D1 lymph 
nodes, number of positive D1 lymph nodes, ratio of positive D1 
lymph nodes, number of harvested D2 lymph nodes, number of 
positive D2 lymph nodes, ratio of positive D2 lymph nodes, 
number of harvested total lymph nodes, number of total 
positive lymph nodes, ratio of total positive lymph nodes, 
operating time, estimated blood loss, postoperative hospital 
stay, time to first flatus, and complications. The lymph node 
data were obtained from the hospital pathological report within 
1 week after the operation. The complications included 

Table 1 Baseline characteristics of the two groups of patients

Characteristics ICG (n= 33) Control (n= 33) P

Age (years), median (range) 58.0 (39–79) 58.5 (44–79) 0.608
Sex (M/F) 21/12 (63.6%/36.4%) 24/9 (72.7%/27.3%) 0.428
BMI (kg/m2), median (range) 23.4 (14.8–28.9) 23.4 (17.1–28.2) 0.908
ASA score 0.897

1 1 (3.0) 1(3.0)
2 29 (87.9) 30 (90.9)
3 3 (9.1) 2 (6.1)

Tumour size (cm), median (range) 4 (2–10) 3 (2–8) 0.088
Tumour location 0.196

5–10 cm (middle rectum) 5 (15.2) 10 (30.3)
10–15 cm (upper rectum) 4 (12.1) 6 (18.2)
15–30 cm (sigmoid colon) 24 (72.7) 17 (51.5)

cT category 0.597
cT2 2 (6.1) 4 (12.1)
cT3 16 (48.5) 17 (51.5)
cT4a 15 (45.4) 12 (36.4)

cN category 0.796
cN0 11 (33.3) 12 (36.4)
cN+ 22 (66.7) 21 (63.6)

pT category 0.425
pT2 6 (18.2) 7 (21.2)
pT3 25 (75.7) 21 (63.6)
pT4 2 (6.1) 5 (15.2)

pN category 0.823
pN0 21 (63.6) 20 (60.6)
pN1 8 (24.3) 10 (30.3)
pN2 4 (12.1) 3 (9.1)

AJCC stage 0.769
I 6 (18.2) 4 (12.1)
II 15 (45.4) 17 (51.5)
III 12 (36.4) 12 (36.4)

Values are n (%) unless otherwise stated. ICG, indocyanine green.

Fig. 3 Endoscopic ICG injection 

a Endoscopic rectal cancer before ICG injection. b ICG was injected into the submucosa around the tumour. ICG, indocyanine green.
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intraoperative bleeding, anastomotic bleeding, anastomotic 
leakage, ileus, pneumonia, and incisional infection.

Sample size and statistical analysis
The number of harvested D3 lymph nodes was the primary 
outcome. In a previous study from our group, the mean 
number of D3 lymph nodes retrieved from the control group 
was 3.1520. The present analysis was based on an α value of 
0.05, and a power of 90 per cent, and the estimated difference 
in D3 lymph nodes between the two groups was two lymph 
nodes, revealing that a minimum of 29 patients should be 
included in each group. Given an expected dropout rate of 10 
per cent, at least 33 patients were needed in each group, for a 
total of 66 participants.

Continuous variables are expressed as median (range) and 
categorical variables are expressed as frequency (percentage). 
The Mann–Whitney U test was used for the difference between 
the two groups of continuous variables, and the chi-square test 
or Fisher’s exact test was used for the difference between the 
two groups of categorical variables. A P value less than 0.05 was 
considered a significant difference between the two groups. The 
statistical analysis was performed with SPSS® version 20.0 (IBM, 
Armonk, NY, USA).

Results
Figure 2 outlines the study population. Out of 210 patients 
screened, a total of 66 patients were randomized (median age 

Fig. 4 Comparison of intraoperative tumours and D3 lymph nodes between the ICG group and the control group (pictures belong to the same patient 
before and after ICG) 

a Tumour under white-light mode in the ICG group. b Tumour under ICG fluorescence mode in the ICG group. c Tumour under white-light mode in the control group. 
d Intraoperative D3 lymph node areas under white-light mode in the ICG group. e Intraoperative D3 lymph nodes were clearly identified under ICG fluorescence mode 
in the ICG group. The white arrow indicates D3 lymph nodes. f Intraoperative D3 lymph node areas under white-light mode in the control group. g The root of the 
inferior mesenteric artery was ligated under white-light mode in the ICG group. h The root of the inferior mesenteric artery was ligated under ICG fluorescence mode 
in the ICG group. The white arrow indicates D3 lymph nodes. i The root of the inferior mesenteric artery was ligated in the control group. ICG, indocyanine green.
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was 58.0 (range 39–79) years in the ICG group and median age was 
58.5 (range 44–79) years in the control group). There were 33 
patients in the ICG group and 33 patients in the control group. 
Baseline characteristics such as age, sex, BMI, ASA score, 
tumour size, tumour location, preoperative T and N category, 
and postoperative T, N, and AJCC category were recorded. The 
baseline characteristics of the two groups were comparable 
(Table 1). The trial ended when 66 eligible patients were enrolled 
and discharged after surgery.

The ICG group received endoscopic injection as described 
previously (Video 1 and Fig. 3). Intraoperative ICG imaging was 
performed (Video 2) and compared with standard white light 
(Fig. 4). The dissection of D3 lymph nodes in different patients 
with sigmoid and rectal cancer was individualized via ICG 
imaging (Fig. 5). ICG imaging was helpful for completely 
dissecting D3 lymph nodes and could identify in median more 
than two (range 1–6) D3 lymph nodes neglected by routine 
laparoscopic white-light imaging (Fig. 6), In the ICG group, inferior 
mesenteric root nodes were marked by ICG along the inferior 
mesenteric artery from the origin of the inferior mesenteric 
artery to that of the left colic artery. As an example, para-aortic 
No.216 lymph nodes near the origin of the inferior mesenteric 
artery were also fluorescently observed, and these ICG marked 
lymph nodes were dissected in the ICG group (Fig. 6 and Video 2).

Postoperative outcome measurements are shown in Table 2. 
The median number of harvested D3 lymph nodes in the 
ICG group was significantly higher than that in the control 
group (7.0 versus 5.0, P = 0.003). The median number of 
harvested D1 (14.0 versus 9.0, P = 0.017) and D2 (5.0 versus 3.0, P = 
0.019) lymph nodes in the ICG group was also significantly 
higher than those in the control group. Of note, the lymph node 
grouping of tumour specimens in the ICG group and control 
group is based on Fig. 1 according to the Japanese classification 
of colorectal cancer5, and lymph nodes were harvested by 
pathologists. There was no significant difference in the median 
numbers of positive D1, D2, and D3 lymph nodes between the 
two groups. The median total number of lymph nodes harvested 
in the ICG group was also higher than that in the control group 
(28.0 versus 19.0, P = 0.001). There was no difference in the 
median number of total positive lymph nodes or in the ratio of 
total positive lymph nodes between the two groups. Regarding 
the other postoperative data, the estimated median volume of 
intraoperative blood loss (10 ml versus 20 ml, P = 0.162), and the 
median operating time (145 min versus 125 min, P = 0.124) was 
comparable between the ICG group and the control group. In 
terms of complications, one elderly patient in the ICG group 
experienced postoperative anastomotic leakage, and one patient 
in the control group had a postoperative anastomotic bleeding. 

Fig. 5 The distribution of D3 lymph nodes in different patients was individualized via ICG imaging 

a Intraoperative D3 lymph nodes were located on the left side of the inferior mesenteric artery under fluorescence mode in the ICG group. b Corresponding 
white-light imaging. c Intraoperative D3 lymph nodes were located on the right side of the inferior mesenteric artery under fluorescence mode in the ICG group. 
d Corresponding white-light imaging. e Intraoperative D3 lymph nodes were located in front of the inferior mesenteric artery under fluorescence mode in the 
ICG group. f Corresponding white-light imaging. g Intraoperative D3 lymph nodes were located behind the inferior mesenteric artery under fluorescence mode in 
the ICG group. h Corresponding white-light imaging. i. Intraoperative D3 lymph nodes were located in the anterior and posterior inferior mesenteric artery under 
fluorescence mode in the ICG group. j Corresponding white-light imaging. k Intraoperative D3 lymph nodes were located around the inferior mesenteric artery 
under fluorescence mode in the ICG group. l Corresponding white-light imaging. The white arrow indicates D3 lymph nodes. ICG, indocyanine green.
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The median duration of postoperative hospital stay (6 days versus 
5 days, P = 0.666) and median time to first flatus (3 days versus 2 
days, P = 0.085) was also comparable.

Discussion
In this study, ICG imaging was helpful for completely dissecting 
D3 lymph nodes and could identify more than two (median, 

range 1–6) D3 lymph nodes neglected by routine laparoscopic 
white-light imaging. Previously, the 5-year survival rate of 
patients with D3 lymph node metastases in rectal cancer and 
sigmoid colonic cancer was only 27.9 per cent21. In 2018, another 
study22 confirmed, through a large sample retrospective study, 
that the number of metastatic lymph nodes was higher in 
patients with stage III colorectal cancer who underwent D3 
dissection than in those who underwent D2 dissection (average, 

Fig. 6 ICG imaging for complete D3 lymph node dissection 

a Intraoperative D3 lymph nodes could be easily visualized in fluorescence mode in the ICG group. b Corresponding white-light imaging. Intraoperative D3 lymph 
nodes were neglected under white-light mode in the ICG group. c Intraoperative D3 lymph nodes were identified under fluorescence mode and sent for frozen section 
biopsy in the ICG group. d Corresponding white-light imaging. e After the removal of one lymph node, other D3 lymph nodes were still easily found under 
fluorescence mode in the ICG group. f Corresponding white-light imaging. After the removal of one lymph node, other D3 lymph nodes could not be easily found 
under white-light mode in the ICG group. g Intraoperative D3 lymph nodes were easily found and dissected under fluorescence mode in the ICG group. h 
Corresponding white-light imaging. ICG, indocyanine green.
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3.1 versus 2.5; P = 0.001), and D3 lymph node status was found to be 
helpful for recurrence risk assessment in patients with stage III 
colorectal cancer. The 5-year survival rate of D3 lymph 
node-positive patients was lower than that of D3 lymph 
node-negative patients (stage IIIA, 72.5 per cent versus 94.9 per 
cent, P < 0.001; stage IIIB, 67.9 per cent versus 84.0 per cent, P < 
0.001; stage IIIC, 42.4 per cent versus 70.6 per cent, P < 0.001). In 
2019, a multicentre randomized clinical study comparing D2 and 
D3 lymph node dissection of colonic cancer reported that 
N-positive status was more common in the D3 group (46 per cent 
in D3 versus 26 per cent in D2, with a risk ratio of 1.81, P = 0.044)23. 
Therefore, obtaining more D3 lymph nodes would be beneficial to 
the prognosis of patients with sigmoid and rectal cancer because 
it allows for more accurate N categorization and can guide 
subsequent adjuvant therapy. In the present study, more D3 
lymph nodes were found in the ICG group than in the control 
group, although the number of positive nodes was comparable.

ICG has been approved by the US Food and Drug Administration 
for clinical and research use in humans since 195624. Applications 
for the use of ICG in neurosurgical research, cardiac vessel 
angiography, and surgical imaging were approved in 2003, 2005, 
and 2006 respectively25. ICG fluorescence has high contrast and 
sensitivity because the near-infrared light used to measure 
fluorescence makes tissues seem more translucent than at other 
wavelengths, allowing several millimetres of tissue to be probed 
25. ICG as a lymphatic tracer has been used in colorectal surgery, 
but previous studies were mostly conducted to detect sentinel 
lymph nodes in colorectal cancer26,27. Indeed, in the present 
study, peri-tumoural ICG injection-assisted laparoscopic D3 
lymph node dissection was performed and regarded as feasible, 
without increasing the rate of surgical complications.

This study was limited by the single-centre experience, and the 
results need to be externally validated. Also, it lacks long-term 
follow-up to correlate the findings with patient prognosis, as 
previous studies in this field reported that resection of positive 
para-aortic lymph nodes had the potential to achieve R0 
resection and longer survival28,29, thus results should be 

evaluated further in the light of patients’ long-term outcomes 
and possible recurrences.
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Table 2 Comparison of postoperative data between the two groups

Variables ICG (n= 33) Control (n= 33) P

Number of harvested D1 nodes, median (range) 14 (4–42) 9 (3–22) 0.017
Number of positive harvested D1 nodes, median (range) 0 (0–12) 0 (0–11) 0.921
Ratio of positive D1 nodes 37 of 542 (6.8) 32 of 372 (8.6) 0.318
Number of harvested D2 nodes, median (range) 5 (0–15) 3 (0–10) 0.019
Number of positive harvested D2 nodes, median (range) 0 (0–2) 0 (0–2) 0.964
Ratio of positive D2 nodes 5 of 177 (2.8) 6 of 122 (4.9) 0.527
Number of harvested D3 nodes, median (range) 7 (1–35) 5 (0–15) 0.003
Number of positive harvested D3 nodes, median (range) 0 (0–6) 0 (0–1) 0.299
Ratio of positive D3 nodes 8 of 274 (2.9) 1 of 153 (0.7) 0.226
Number of harvested total nodes, median (range) 28 (11–57) 19 (9–32) 0.001
Number of positive harvested total nodes, median (range) 0 (0–15) 0 (0–11) 0.976
Ratio of positive total nodes 50 of 993 (5.0) 39 of 647 (6.0) 0.386
Postoperative hospital stay (day), median (range) 6 (4–16) 5 (3–14) 0.666
Time to first flatus (day), median (range) 3 (1–7) 2 (1–5) 0.085
Estimated blood loss (ml), median (range) 10 (5–50) 20 (5–50) 0.162
Operating time (min), median (range) 145 (78–263) 125 (84–258) 0.124
Complications 1 of 33 (3.0) 1 of 33 (3.0) 1

intraoperative bleeding 0 0
anastomotic haemorrhage 0 1
anastomotic leakage 1 0
ileus 0 0
pneumonia 0 0
incisional infection 0 0

Values are n (%) unless otherwise stated.
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Data availability
The data sets generated and analysed during the present study 
are available from the corresponding author on reasonable 
request. To gain access, data requestors will need to sign a data 
access agreement.
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