
INTRODUCTION 

In recent years, minimally invasive surgical techniques have been 
developed for treating patients with colorectal cancer. Laparo-
scopic resection of colon cancer has become the standard tech-
nique worldwide because it has better short-term outcomes and 
similar oncological measures of success compared with open sur-
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Purpose: The use of robot-assisted surgery for rectal cancer is increasing, but the pathological outcomes have not been fully clarified. 
We compared the surgical and pathological outcomes between robot-assisted and open surgery in specimens from patients operated 
on for rectal cancer.
Methods: All patients who underwent resection for rectal cancer from 2016 to 2018 were included (n= 137). Specimens were divided 
into 3 sections to analyze the pathology of the lymph nodes.
Results: We compared the  pathological outcomes between robot-assisted and open surgery in specimens from patients operated on 
for rectal cancer. The total specimen lengths were shorter in the robot-assisted group than in the open surgery group (mean±standard 
deviation: 29.1±8.6 cm vs. 33.8±9.9 cm, P= 0.004) because of a shorter proximal resection margin (21.7±8.7 cm vs. 26.4±10.6 cm, 
P = 0.006). The number of recruited lymph nodes (35.8±21.8 vs. 39.6±16.5, P = 0.604) and arterial vessel length (8.84±2.6 cm vs. 
8.78±2.4 cm, P= 0.891) did not differ significantly between the 2 surgical approaches. Lymph node metastases were found in 33 of 
137 samples (24.1%), but the numbers did not differ significantly between the procedures. Among these 33 cases, metastatic lymph 
nodes were located in the mesorectum (75.8%), in the sigmoid colon mesentery (33.3%), and at the arterial ligation site of the inferior 
mesenteric artery (12.1%). The circumferential resection margin and the proportion of complete mesorectal fascia were comparable 
between the groups.
Conclusion: There were no significant differences between the 2 surgical approaches regarding arterial vessel length, recruitment of 
lymph node metastases, and resection margins.
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gery. However, the results from randomized trials of laparoscopic 
surgery for rectal cancer have not conclusively proven this ap-
proach to be more beneficial than the open technique [1–3]. In 
contrast, some studies have shown that laparoscopic resection has 
a higher risk of achieving incomplete mesorectal excision [4] and 
a positive circumferential resection margin (CRM) [5, 6], presum-
ably because of anatomical constraints in the pelvis, as well as er-
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gonomic and optical limitations. 
By providing a 3-dimensional view, better ambidextrous capa-

bility, and a stable camera platform, the robot-assisted approach 
maintains the advantages of a laparoscopic approach while over-
coming its limitations [7]. The disadvantages of the technique are 
its high cost and long setup and procedural times [8, 9]. Studies 
have also shown improved postoperative recovery for robot-as-
sisted surgery, as for laparoscopic surgery [10, 11], but no signifi-
cant differences (or benefits) in oncological outcomes compared 
with open surgery have been reported [12, 13]. 

The surgical dissection techniques used in robot-assisted and 
laparoscopic surgery differ from those used in open surgery. The 
dissection and division of the tumor-feeding artery are most often 
performed medially in robot-assisted and laparoscopic surgery, 
but bilaterally in the open technique. Some studies have shown 
that the surgical dissection margins also differ between tech-
niques, with longer distal margins obtained in the robot-assisted 
technique than in the laparoscopic and open techniques [14, 15]. 

The primary aim of the present study was to compare the surgi-
cal and pathological outcomes between robot-assisted and open 
surgery, including proximal and peripheral arterial ligation sites, 
arterial vessel and bowel length, the recruitment of lymph nodes, 
and the location of lymph node metastases in specimens from pa-
tients operated on for rectal cancer. 

METHODS 

Ethics statement 
The study protocol was approved by the Regional Ethics Commit-
tee of Uppsala University, with a waiver for informed consent (No. 
2013/099 and 2020/00426). The study was registered on Clinical-
Trials.gov (identifier: NCT03314961). 

Study population 
This was a population-based cross-sectional study. All patients 
who underwent primary surgery for rectal adenocarcinomas from 
January 2016 to December 2018 at Västmanland Hospital Västerås 
(Västerås, Sweden) were enrolled. This hospital has a primary 
catchment population of 275,000 persons and is the only hospital 
treating rectal cancer in this well-defined geographical area. 
During this period, 205 patients were diagnosed with rectal can-
cer. The definition of rectal cancer was cancer with a distal margin 
15 cm or less from the anal verge. Of the 205 consecutively en-
rolled patients, 65 were excluded because of disseminated disease 
and severe comorbidity, endoscopically removed polyp-type can-
cers, or pathologically complete responses after neoadjuvant treat-
ment. One patient had total spontaneous remission without treat-

ment (a hepatoid adenocarcinoma). Four patients were converted 
from robot-assisted to open surgery, and their specimens were in-
cluded in the latter group for analysis due to late conversions. The 
study cohort of 137 patients who were operated on for rectal can-
cer with curative intent is presented in Fig. 1. 

Data on patient characteristics including age, sex, American 
Society of Anesthesiologists (ASA) physical status (PS) classifica-
tion, body mass index (BMI), tumor location, preoperative tumor 
stage, preoperative neoadjuvant treatment, and surgery type were 
collected from medical reports and the Swedish Colorectal Can-
cer Registry [16]. All patients underwent preoperative examina-
tions with a computed tomography scan of the chest and abdo-
men, magnetic resonance imaging of the rectum, and an endos-
copy with biopsy to confirm the diagnosis.  

Neoadjuvant treatment and surgery  
The tumor stage and grade were based on the TNM Classification 
of Malignant Tumours, 7th Edition [17] criteria. The tumors were 
staged preoperatively using the radiological tumor/node (cTN) 
system. Less advanced tumors (rT1–rT3bN0) with a low risk for 
local recurrence underwent no neoadjuvant radiochemotherapy. 
More advanced tumors (rT3 c/d N1/N2) with an intermediate 
risk were treated with short-course radiotherapy (25 Gy) with ei-
ther direct or delayed surgery after 6 to 8 weeks. Advanced tumors 
(rT3–4) with a high risk, growth, or lymph node metastases, close 
to or outside the mesorectal fascia (MRF) received neoadjuvant ei-
ther short-course (25 Gy) or long-course (50 Gy) radiotherapy 
with concurrent chemotherapy if there was no severe comorbidity. 

The surgical technique was standardized, and total mesorectal 

205 Patients recruited

140 Patients

137 Patients included

65  Excluded (no curative surgery, some categories 
overlap)
19 No treatments (severe comorbidities)
40 Palliative radiotherapy/chemotherapy 
13 Stomas
5 Polyp cancers
1 Spontaneous remission

3 Excluded (complete responses)

Fig. 1. Flowchart of the selection of patients with rectal cancer during 
2016–2018.
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excision (TME) was performed by 3 colorectal surgeons using 
open surgery and by 2 of them using robot-assisted surgery. Pa-
tients with better radiological TN stages underwent robot-assisted 
laparoscopic TME. More advanced MRF-positive tumors and tu-
mors with growth close to the MRF or with suspected lateral 
lymph node metastases were assigned to the open surgery group, 
as a precautionary measure (since the pathological outcomes after 
laparoscopic surgery at the start of the study were unclear). How-
ever, some proximal and easily accessible T4 tumors were also se-
lected for robotic surgery. 

Robotic surgery was performed using the da Vinci Surgical Sys-
tem (Intuitive Surgical). In this procedure, the inferior mesenteric 
artery (IMA) was divided either centrally or peripherally at the 
superior rectal artery (SRA) close to the left colic artery (LCA) in 
a medial-to-lateral dissection. In the open technique, the sigmoid 
mesentery was first dissected, and the vessels were then divided. 
In both techniques, the level of ligation of the IMA was either 1 to 
2 cm from the aorta for central ligations or at the SRA, very close 
to the origin of the LCA, for peripheral ligations (Fig. 2), depend-
ing on comorbidities and the tumor distance from the anal verge. 
We resected visible lymph nodes around IMA but did not per-
form D3 lymph node dissection in either group. 

In both groups, the splenic flexure was mobilized when neces-
sary. The proximal resection margin was decided based on the 
level of the arterial ligation site, and the bowel was transected at 
the proximal sigmoid or descending colon depending on the arte-
rial circulation. With the robotic technique, the specimen was 

taken out through a Pfannenstiel incision, and the bowel was 
thereafter divided. The intracorporal anastomosis was performed 
using laparoscopic instruments. Most low tumors (located < 6 cm 
from the anal verge) required abdominoperineal resection (APR). 
Mid-located tumors (6–10 cm) or higher tumors (11–15 cm) had 
anterior resection (AR) or Hartmann resection (HR). All patients 
underwent perioperative rectal washout. Surgery time and esti-
mated blood loss were recorded. 

Analysis of pathology 
The specimens were pinned on a cork plate and fixed for 72 to 96 
hours in formaldehyde. Two trained gastrointestinal pathologists 
examined all gross and microscopic pathological findings. The 
specimen bowel length and the proximal and distal bowel margin 
from the tumor were measured. A detailed protocol was used in 
which the specimens were divided into 3 sections [18]. The com-
pleteness of the MRF was noted. The mesorectal fat, mesenteric 
fat from the sigmoid colon, and fat within 3 cm of the ligature of 
the IMA or proximal SRA were analyzed separately for lymph 
node retrieval. The fat-clearing technique was used to retrieve 
them. The length of the artery was measured from the arterial li-
gation to the bowel wall with a ruler along the main artery. The 
pathologists did not have prior information about the surgeons’ 
reported site of arterial ligation of the vessel. 

All visible and palpable lymph nodes were harvested. They were 
stained with hematoxylin-eosin, cut into 2 sections, and examined 
for the presence of tumor metastases under light microscopy. Tu-
mor size, location, extent (pT stage), lymph node involvement 
(pN stage), the number of lymph nodes, and degree of tumor dif-
ferentiation, as well as invasion of lymphatic vessels, veins, or 
nerves, were recorded. Tumor or lymph node metastases in the 
CRM or within 1 mm from the resection margin were defined as 
positive margin. The incidence rate of complete MRF was noted. 

Statistical analysis 
Dichotomous data are presented as the frequency (%) or number 
(%) when appropriate. Continuous data are presented as the mean 
and standard deviation, supplemented with the median (range), 
for summary statistics. Student t-test were used to determine if 
there was a significance between two groups. Categorical variables 
were compared using the Pearson chi-square test. The signifi-
cance level of all tests was set at P < 0.05. All statistical analyses 
were performed using IBM SPSS Statistics ver. 26 (IBM Corp). 

RESULTS 

The demographic factors, tumor type, and treatment characteris-

Fig. 2. Anatomical location of central (C) and peripheral (P) arterial 
ligation of the tumor-feeding vessel, inferior mesenteric artery (IMA), 
superior rectal artery (SRA), and distal to the left colic artery (LCA).
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tics of the 137 patients operated on for rectal cancer from 2016 to 
2018 are presented in Table 1. The patients in the robot-assisted 
surgery group were older and had less advanced T and N tumor 

categories. The 2 groups were similar with regard to sex, BMI, 
ASA PS grade, and type of resection performed. Seventy-five pa-
tients (54.7%) underwent a sphincter-preserving AR; 51 (37.2%) 
received APR; and 11 (8.0%) underwent HR. The distribution of 
procedures did not differ significantly between the robot-assisted 
and open-surgery groups (P = 0.104) (Table 2). The operation 
time was longer for robot-assisted surgery, and blood loss was 
greater for open surgery with AR and APR. Central ligation of the 
IMA was reported in 107 operations (78.1%), and the rate of this 
type of ligation did not differ significantly between the groups 
(Table 3). Arterial vessel length did not substantially differ be-
tween patients who received central ligation of the IMA and those 
who received ligation of the SRA close to the LCA. 

The mean of bowel specimen length was shorter for robot-as-
sisted than open surgery (29.1±8.6 cm vs. 33.8±9.9 cm, P=0.004); 
therefore, the proximal bowel resection margin in relation to the 
tumor was shorter (Table 3). No patient had a positive CRM or an 
intraoperative perforation. The mean tumor size (measured as a 
length in centimeters) was not related to tumor stage and did not 
differ significantly according to the type of surgery (robot-assist-
ed, 3.0 cm [range, 1–6 cm]; open surgery, 3.5 cm [range, 1–19]). 
The overall median number of recruited lymph nodes was 35 
(range, 5–132). The distribution of lymph nodes did not differ be-
tween robot-assisted and open surgery for the mesorectum, sig-
moid mesentery, or arterial ligation site (Table 3). 

Rectal cancer specimens from 33 patients (24.1%) had meta-
static lymph nodes. In 25 of these specimens (75.8%), the meta-
static lymph nodes were located in the mesorectum. Eleven of the 
33 specimens (33.3%) also had metastatic lymph nodes in the sig-
moid colon mesentery. In 6 of the specimens (18.2%), metastatic 
lymph nodes were found only in this mesentery. Four of the 6 pa-
tients had received neoadjuvant chemoradiotherapy, with no sig-
nificant difference between the 2 groups. 

Four of the patients had lymph node metastases close to the ar-
terial ligation; 3 were at the ligation of the IMA and 1 was at the 
ligation of the SRA. Three of these patients had robot-assisted 
surgery and 1 underwent open surgery. 

Thirty-three specimens (24.1%) had tumor deposits, 3 of which 

Table 1. Demographic, tumor, and treatment characteristics of patients 
with rectal cancer who underwent curative surgery (n= 137) 

Characteristic Robotic surgery  
(n= 70)

Open surgery  
(n= 67) P-value

Age (yr) 72.7± 10.6 68.2± 9.9 0.012
Sex 0.320
 Male 38 (54.3) 40 (59.7)
 Female 32 (45.7) 27 (40.3)
Body mass index (kg/m2) 27.1± 4.5 27.4± 4.4 0.729
ASA PS classification 0.845
 I 6 (8.6) 6 (9.0)
 II 42 (60.0) 37 (55.2)
 III 22 (31.4) 24 (35.8)
 IV 0 (0) 0 (0)
Radiological T category 0.012
 1 3 (4.3) 0 (0)
 2 17 (24.3) 14 (20.9)
 3 37 (52.9) 25 (37.3)
 4 13 (18.6) 28 (41.8)
Radiological N category 0.012
 0 41 (58.6) 26 (38.8)
 1 22 (31.4) 22 (32.8)
 2 7 (10.0) 19 (28.4)
Radiological M category 0.696
 0 65 (92.9) 61 (91.0)
 1 5 (7.1) 6 (9.0)
Radiological stage 0.101
 I 2 (2.9) 0 (0)
 II 38 (54.3) 26 (38.8)
 III 24 (34.3) 35 (52.2)
 IV 6 (8.6) 6 (9.0)
Preoperative treatment 0.206
 None 26 (37.1) 17 (25.4)
 Only chemotherapy 0 (0) 1 (1.5)
 Short-course RT (25 Gy) 28 (40.0) 20 (29.9)
 Short-course RT (25 Gy) 

+ chemotherapy
11 (15.7) 16 (23.9)

 Long-course RT (50 Gy) 
+ chemotherapy

5 (7.1) 13 (19.4)

Values are presented as mean±standard deviation or number (%).
ASA, American Society of Anesthesiologists; PS, physical status; RT, 
radiotherapy.

Table 2. Operation characteristics of robot-assisted and open rectal cancer surgery (n= 137) 

Operation type RS OS
Operation time (min)

P-value
Bleeding (mL)

P-value
RS OS RS OS

Anterior resection 36 39 391± 93 309± 88 < 0.001 103± 114 314± 203 < 0.001
Abdominoperineal excision 25 26 424± 82 390± 75 0.136 116± 98 396± 237 < 0.001
Hartmann resection 9 2 351± 85 307± 95 0.534 241± 369 450± 353 0.487
Values are presented as number only or mean±standard deviation.
RS, robotic surgery; OS, open surgery.
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Table 3. Histopathological data of the tumors (n= 137)

Variable Robotic surgery  
(n= 70)

Open surgery  
(n= 67) P-value

Specimen length (cm) 29.1± 8.6 33.8± 9.9 0.004
PRM (cm) 21.7± 8.7 26.4± 10.6 0.006
DRM (cm) 4.25± 3.4 3.9± 2.02 0.432
CRM (mm) 9.7± 7.1 8.1± 8.3 0.230
Complete MRF 68 (97.1) 62 (92.5) 0.299
Tumor length (cm) 3.3± 1.2 3.8± 1.6 0.285
Distance from anal 

verge (cm)
0.153

 0–5 15 (21.4) 20 (29.9)
 6–10 29 (41.4) 32 (47.8)
 11–15 26 (37.1) 15 (22.4)
Ligation typea  

(all operations)
0.528

 Central (n= 107) 55 52
 Peripheral (n= 30) 15 15
Vessel length (cm) 8.84± 2.6 8.78± 2.4 0.891
Lymph nodes 33 (5–127) 40 (6–86)
 Total number 35.8± 21.8 39.6± 16.5 0.604
 At area A 11 (0–71) 16 (0–46) 0.275
 At area B 18 (1–73) 16 (1–54) 0.811
 At area C 2 (0–8) 2 (0–12) 0.588
Pathological T category 0.002
 0 0 (0) 5 (7.5)
 1 8 (11.4) 3 (4.5)
 2 28 (40.0) 17 (25.4)
 3 31 (44.3) 28 (41.8)
 4 3 (4.3) 14 (20.9)
Pathological N category 0.456
 0 49 (70.0) 42 (62.7)
 1 20 (28.6) 22 (32.8)
 2 1 (1.4) 3 (4.5)
Pathological M category 0.221
 0 68 (97.1) 62 (92.5)
 1 2 (2.9) 5 (7.5)
Pathological stage 0.060
 0 0 (0) 4 (6.0)
 I 6 (8.6) 1 (1.5)
 II 41 (58.6) 37 (55.2)
 III 21 (30.0) 20 (29.9)
 IV 2 (2.9) 5 (7.5)
Values are presented as mean±standard deviation, number (%), number 
only, or median (range). Area A, mesorectum; area B, mesocolon; and 
area C, 2–3 cm around the arterial ligation site.
PRM, proximal resection margin; DRM, distal resection margin; CRM, 
circumferential resection margin; MRF, mesorectal fascia.
aAccording to the operating surgeon’s notes.

were without positive lymph nodes. Invasion was detected in 
lymph vessels in 41 specimens (29.9%), veins in 54 (39.4%), and 
nerves in 25 (18.2%), but these rates did not differ between 
groups. Of the 4 patients who exhibited a complete pathological 

tumor response (yT0), 1 had lymph node metastases in the sig-
moid mesentery. 

DISCUSSION 

In this comparative study of robot-assisted versus open surgery in 
patients with rectal cancer, an analysis of the specimens’ patholo-
gy showed that the arterial vessel length, total number of retrieved 
lymph nodes, and lymph node metastases did not differ signifi-
cantly between the 2 types of surgical approach. There were also 
no differences in radicality concerning CRM measures and the 
very high rate of complete MRF assessed by the pathologists. The 
proximal bowel lengths were shorter after robot-assisted surgery, 
probably because the specimen was taken out through a Pfannen-
stiel incision, but there were no substantial differences between 
the important distal bowel lengths. 

Since improvements in the surgical technique with TME for 
rectal cancer were reported in 1986 [19], further developments 
have included the use of a laparoscopic technique for colorectal 
surgery, which has now gained greater acceptance. Laparoscopic 
surgery for rectal cancer has been proven to have advantages in 
terms of less postoperative pain and a shorter postoperative re-
covery [1]. However, because it could be more technically de-
manding, some early studies have shown that laparoscopic sur-
gery has not been able to meet the demand for the high standards 
set for TME in rectal cancer surgery [14]. By contrast, robot-as-
sisted surgery has the potential to achieve better mesorectal dis-
section with better visualization and opportunity to preserve the 
autonomic nerves [20]. However, given the limitations of ro-
bot-assisted techniques in terms of tactile and digital examina-
tions and the risk of unforced stretching or harm caused by the 
instruments in MRF-positive tumors or in patients with lymph 
node metastases outside or close to the MRF, patients with these 
conditions were operated on using the open technique in the 
present study. Thus, older patients were more likely to receive ro-
bot-assisted surgery, and the tumor stages were less advanced in 
these patients. 

There is an ongoing debate about the optimal level of arterial li-
gation around the IMA in rectal cancer surgery. In our previous 
study on the localization of mesenteric lymph node metastases in 
open standardized TME surgery for rectal cancer, we did not find 
a benefit of central ligation of the IMA versus ligation close to the 
origin of the LCA in terms of the recruitment of lymph node me-
tastases [18]. In both of these studies, the vessel lengths were simi-
lar, thanks to a standardized surgical technique with the 2 types of 
ligatures close to the origin of the LCA. Furthermore, in our pre-
viously published paper on open surgery, no lymph node metas-
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tases were found at the arterial ligation site [18]. In the present 
study, 4 patients had lymph node metastases at the arterial ligation 
site; these patients had advanced tumor stages and received neo-
adjuvant treatment. The rationale for this difference is unclear be-
cause the vessel lengths were similar in both groups. 

Another finding in this study, consistent with our previous re-
port [18] was that lymph node metastases in 6 patients were only 
found in the sigmoid mesentery. For this reason, it is important 
not to divide the proximal bowel and sigmoid mesentery too close 
to the tumor. All of these patients received neoadjuvant radiother-
apy, which might explain the lymph node metastasis negativity in 
the mesorectum. 

Other published data have not shown a survival benefit for cen-
tral versus peripheral arterial ligation of the IMA. By contrast, an 
increased risk for anastomotic leakage and urethral dysfunction 
has been reported [21], but studies are inconclusive. 

The strengths of this study are that 3 experienced surgeons per-
formed the operations and that 2 qualified pathologists analyzed 
the specimens without knowing the surgeons’ reported choice of 
ligature site. We found similar data on robot-assisted surgery as in 
our previous paper [18], which included only an analysis of speci-
mens from open surgery. As far as we know, this is the first study 
to compare pathological outcomes regarding the site of arterial li-
gation, arterial vessel, and bowel lengths in specimens from ro-
bot-assisted and open TME rectal cancer surgery. 

The limitations of this study are that it was a single-center study 
with small sample size; patients with better radiological TN stages 
and MRF-negative tumors were selected for robot-assisted sur-
gery, which made the groups not fully comparable; and there was 
no distant selection protocol for robot-assisted surgery. However, 
the groups were similar with regard to sex, BMI, ASA PS grade, 
and type of resections performed. Since we followed the National 
Swedish guidelines, a very high proportion of patients—75% and 
63% in the open and robot-assisted surgery groups, respectively—
received radiotherapy. This could also have affected the patholog-
ical outcomes. The motivation for the choice of central or periph-
eral arterial ligation was not recorded in the study protocol, but in 
the medical records. Most patients with AR had a central arterial 
ligation (71 of 75, 94.7%). Patients with a high level of comorbidi-
ties (ASA PS grade III) and tumors close to the anal verge more 
often had a peripheral ligature (data not shown). We think that 
the difference in operation time was a learning effect in the begin-
ning and the difference in bleeding amount was due to the use of 
advanced bipolar device in robot-assisted and monopolar diather-
my in open surgery. 

In conclusion, we found no differences between techniques re-
garding arterial vessel length, distal bowel length, recruitment of 

lymph nodes, lymph node metastases, or radicality as judged by 
CRM and completeness of the mesorectal excision, although the 2 
groups were not fully comparable. Randomized studies are need-
ed to clarify whether the robot-assisted technique is pathologically 
and oncologically safe for advanced rectal tumors. 
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