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Abstract
Minimally invasive surgery (MIS) is gaining popularity in rectal tumor treatment. However, contrasting data are available 
regarding its safety and efficacy. Our aim is to compare the open and MIS approaches for rectal cancer treatment. Two-
hundred-thirty-seven patients were included: 113 open and 124 MIS rectal resections. After the propensity score matching 
analysis (PS), the cases were matched into 42 open and 42 MIS. Short- and long-term outcomes, and pathological findings 
were analyzed before and after PS. A further comparison of the same outcomes and costs was conducted between the laparo-
scopic and the robotic approaches. As a whole, a sphincter-preserving procedure was more frequently performed in the MIS 
group (110 vs 75 cases; p < 0.0001). The estimated blood loss during MIS was significantly lower than during open surgery 
[127 (± 92) vs 242 (± 122) mL; p < 0.0001], with clear advantages for the robotic approach over laparoscopy [113 (± 87) vs 
147 (± 93) mL; p 0.01]. Complication rate was comparable between the two groups. A higher rate of CRM positivity was 
evidenced after open surgery (12.4% vs 1.7%; p 0.004). A higher number of lymph nodes was harvested in the MIS group 
[12.5 (± 6.4) vs 11 (± 5.6); p 0.04]. After PS, no difference in terms of perioperative outcomes was noted, with the only 
exception of a higher blood loss in the open approach [242 (± 122) vs 127 (± 92) mL; p < 0.0001]. For the matched cases, 
no difference in 5-year overall and disease-free survival was evidenced (p 0.50 and 0.88, respectively). Mean costs were 
higher for robotics as compared to laparoscopy [9812 (±1974)€ vs 9045 (± 1893)€; p 0.02]. MIS could be considered as a 
treatment option for rectal cancer. The PS study evidenced clear advantages in terms of estimated blood loss over the open 
surgery. Costs still remain the main limit for robotics.
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Introduction

Minimally invasive surgery (MIS) is being increasingly used 
for the treatment of rectal cancer. However, the feasibility 
and potential advantages of both laparoscopic and robotic 
rectal resections are still a matter of debate.

As compared to the open proctectomy, laparoscopy has 
demonstrated better perioperative outcomes and comparable 

oncological safety [1–4]. However, two recent trials [5, 6] 
have failed in showing the non-inferiority of the laparo-
scopic technique, leading the authors to conclude that lapa-
roscopy should not be routinely recommended for rectal 
cancer treatment. These contrasting results could be justi-
fied with a more demanding learning curve for laparoscopic 
proctectomy, the technical difficulty of the laparoscopic pel-
vic dissection (partially related to the use of non-articulating 
instruments), the 2D-vision, and the fulcrum effect.

The more recent introduction of the robotic platform was 
thought to potentially overcome these limitations, thanks to 
the high-definition, 3D-imaging vision, the favorable ergo-
nomics and the seven-degree of movement. The initial expe-
riences evidenced benefits in terms of conversion rate, esti-
mated blood loss, sphincter-preserving procedures, length of 
hospital stay and pathological outcomes [7–11]. In contrast 
with these promising data, the recent ROLARR trial [12] 
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has brought unexpected results, not showing any superior-
ity of the robot-assisted proctectomy over the laparoscopic 
approach. Despite the strength of the study design, the dif-
ferent experiences of the authors in robotic surgery and the 
no blinding to treatment allocation make these results highly 
questionable.

With the aim of giving our contribution in defining the 
safety and feasibility of MIS in rectal cancer resection, we 
present our results from a single tertiary referral center. A 
comparison in terms of short-term, pathological and long-
term outcomes has been performed between the open and 
the MIS approaches. A propensity score analysis has been 
additionally conducted to reduce potential biases.

Methods

The study involved all patients with a histologically proven 
diagnosis of rectal adenocarcinomas who underwent open 
or laparoscopic or robotic surgery at the Digestive Surgical 
Unit of the “A.Gemelli” Hospital of Rome from January 
2013 to January 2017. After the institution review board 
(IRB) approval, a retrospective review was performed from 
a prospectively maintained database. Data reporting con-
forms to the Enhancing the QUAlity and Transparency of 
health Research (EQUATOR) network guidelines. All opera-
tions were performed by the same two surgeons (GBD and 
SA). Patients operated by GBD underwent an open rectal 
resection (ORR) while the MIS approach was reserved to 
all patients operated by SA. At the time of the study, SA had 
already performed at least 60 laparoscopic rectal resections 
(LRR) and 25 robotic rectal resections (RRR), which are 
required to complete the learning curve for the appropriate 
minimally invasive treatment of rectal diseases [13, 14].

The choice between the laparoscopic approach and the 
robotic one was dependent on the robotic platform availabil-
ity (twice a month in the first 2 years and once a month in 
the last 2 years). All robot-assisted procedures were single-
docking and totally robotic.

All cases were discussed in a multidisciplinary rectal 
tumor board meeting, and neoadjuvant therapy (namely, 
preoperative radiochemotherapy) was offered in case of 
radiological extramural or node-positive diseases.

Inclusion criteria were: (1) patients aged 18 or older with 
a histologically proven diagnosis of rectal adenocarcinoma; 
(2) tumor location within 15 cm from the anal verge.

Tumor location was defined as: high rectum (10–15 cm 
from the anal verge), middle rectum (5–10 cm from the anal 
verge) and low rectum (≤ 5 cm from the anal verge).

The exclusion criteria were: (1) multiple primary cancers; 
(2) emergent cases.

All patients received the same protocol of periopera-
tive care that included antibiotic prophylaxis, thrombotic 

prophylaxis, analgesic care and diet resumption. Prophylaxis 
for deep-vein thrombosis was achieved applying antiembolic 
stockings and routine pre- and postoperative administration 
of heparin according to the body weight.

To avoid injuries of the inferior epigastric artery, ancil-
lary trocars in the MIS group were placed prior visualization 
by transperitoneal direct visualization.

The analyzed demographic and clinical data included: 
age, gender, the American Society of Anesthesiologists 
(ASA) score, preoperative clinical stage, tumor location and 
neoadjuvant therapy.

Collected perioperative data were: operative time, sphinc-
ter-preserving procedures, diverting ostomy, estimated blood 
loss (EBL), conversion rate, postoperative morbidity, length 
of hospital stay and reoperation and mortality rates within 
30 days after surgery.

An additional analysis of the histopathological findings in 
terms of TNM stage (AJCC Cancer Staging System, 7th edi-
tion), tumor dimension, number of lymph nodes harvested, 
circumferential radial margin (CRM) and distal margin 
negativity was also conducted.

The distal margin was considered positive when ≤1 mm 
was detected between the closest tumor and the cut edge [5, 
6]. Similarly, the circumferential radial margin (CRM) was 
considered positive when ≤1 mm.

Long-term outcomes included disease-free survival 
(DFS) and overall survival (OS) at 5 years.

The primary endpoint of the study was to compare the 
open and MIS approaches (including both LRR and RRR) 
for each of the above-mentioned variables. To reduce the 
bias from confounding variables, a propensity score (PS) 
analysis was additionally performed. OS and DFS were 
evaluated only for the matched cases.

The secondary endpoint was to further compare the 
same outcomes between the laparoscopic and the robotic 
approaches. Due to the small sample size of the laparoscopic 
and robotic groups a PS analysis was not performed.

A financial analysis of both the operative costs and the 
number of surgeons needed for the laparoscopic and robot-
assisted approaches was additionally conducted. Economic 
data were collected from the economic office of our institu-
tion. The acquisition and maintenance of the robotic devices 
were excluded from analysis. The calculated costs data were: 
operating room costs (in terms of operating time per minute, 
surgeon and anesthetist per minute), surgical equipment such 
as robotic and laparoscopic instruments, energy devices and 
staplers and hospital stay costs (including intensive care unit, 
floor, pharmaceutical, laboratory, pathology and radiology 
costs). Costs were analyzed in Euros (€). Any 30-day hospi-
tal readmissions were not included.
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Statistical analysis

For the comparison between open surgery group and the 
MIS one, a case-matching was performed using the propen-
sity score of 3 factors: ASA score, cTNM stage and tumor 
distance from the anal verge. Using these PSs, a 1:1 nearest 
neighbor matching was performed, and matched pairs were 
validated using the Hosmer–Lemeshow test.

Patients’ characteristics between the open and MIS 
groups were compared using the Student’s t test, Fisher’s 
exact test and Chi-square test. DFS and OS were calculated 
from the date of surgery until recurrence and the last follow-
up date, respectively, using the Kaplan–Meier method. Both 
these last two outcomes were evaluated only for the matched 
cases.

For the second endpoint, ordinal qualitative variables and 
quantitative variables were compared using the Wilcoxon 
sum of ranks test. Paired comparison of qualitative variables 
was performed using Fisher’s exact test or Chi-square tests.

In any case, continuous variables were reported as 
mean ± standard deviation (SD) and categorical variables 
as numbers and percentages unless otherwise specified.

Statistical significance was accepted at the p < 0.05 level.
The variables that were significant at univariate analy-

sis were entered into a logistic regression model to identify 
independent predictors. Results were expressed as odds ratio 
(OR) with 95% confidence interval (CI). Logistic regression 
was only performed for the matched cases.

All statistical analyses were conducted using the SPSS 
software (version 21.0; IBM Corporation, NY, USA).

Results

Data from a total of 237 patients were collected. The data set 
included 113 (47.7%) ORR and 124 (52.3%) MIS proctecto-
mies (MIS group), which comprised 61 LRR and 63 RRR.

Using the PS, the patients were matched into an open 
group of 42 and a MIS group of 42 (Fig. 1).

Table 1 reports the patients’ demographic and clinical 
characteristics of the overall cohort and matched cases. 
Before matching, tumor location in the low rectum was more 
frequently encountered in the open group as compared to 
the MIS group (44 patients—38.9% vs 30 patients, respec-
tively—24.2%; p 0.02), with a consequent higher propor-
tion of patients receiving neoadjuvant radio-chemotherapy 
(71–62.8% vs 58–46.8%, respectively; p 0.01). After match-
ing, demographic and clinical data were homogeneous 
between the two cohorts.

The intraoperative and postoperative outcomes are sum-
marized in Table 2. No intraoperative complications, here 
including injuries of the inferior epigastric artery during 
ancillary trocars positioning, were registered.

Before PS matching, the operative time was 46  min 
longer in the MIS group as compared to the open access 
(p < 0.0001). The robotic approach had a major influence 
on this outcome with a surgical time (including the dock-
ing time) of 283 (± 68.8) vs 248 (± 56) min for the LRR(p 
0.003). A sphincter-preserving procedure was more fre-
quently performed in the MIS group (110/124 vs 75/113 
patients in the open group; p < 0.0001), while a higher rate 
of diverting ostomy was observed for the ORR (74.6% vs 
53.6% in the MIS approach; p 0.004). Conversely, no differ-
ence was detected for these last two variables between the 
laparoscopic and the robotic approaches.

Intraoperative blood loss was significantly lower in the 
MIS group [127 (± 92) mL] as compared to the open access 
[242 (± 122) mL] (p < 0.0001). This superiority is mainly 
related to the better results obtained after RRR with an EBL 
of 113 mL as compared to 147 mL for the LRR group (p 
0.01). A total of 16 patients in the MIS group required con-
version to open surgery, with a higher proportion in the LRR 
group (13 vs 3 patients in the RRR group; p 0.04). There 
was no conversion from robotic to laparoscopic approach.

After PS matching, operative time and sphincter-preserv-
ing procedures were comparable between the two groups. A 
higher percentage of diverting ostomy was registered after 
ORR (78% vs 53.8% in the MIS approach; p 0.04). EBL 
was significantly lower in the MIS group as compared to 
the open access [127 (± 92) mL vs 243 (± 122) mL, respec-
tively; p < 0.0001].

Fig. 1   Flow diagram of patients’ selection. For propensity score: 
ASA score, cTNM and tumor distance from the anal verge
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Although only approaching the statistical signifi-
cance (p 0.08), postoperative complications of the overall 
cohort of study were more common after open surgery (45 
patients—40%) than the MIS approach (36 patients—29%). 
Conversely, a similar morbidity rate was noted between the 
matched groups (p 0.24). When considering the minimally 
invasive approach used, RRR related with a lower postop-
erative incidence of complications (26 patients—42.6%) as 
compared to the LRR (10 patients—15.9%) (p 0.02). Details 
of postoperative complications are reported in Table 3, with 
the only evidence of a higher incidence of wound infec-
tion in the open group as compared to the MIS approach(6 
patients—5.3% vs 1–1%, respectively; p 0.04).

No difference was noted in terms of reoperation rate, 
length of hospital stay, and postoperative mortality between 
the open and MIS techniques. In the open surgery group, 
reoperation was needed in 7 patients, due to anastomotic 
leakage in 3 cases, pelvic abscesses in 2 cases and bowel 
occlusion in 2 patients. Three patients died postoperatively: 
two patients of sepsis due to anastomotic leakage, while the 
remaining case died of myocardial infarction.

A laparotomy with a diverting ileostomy and peritoneal 
toilette was required due to anastomotic leakage after 6 and 
5 days from surgery in two patients after LRR and RRR, 

respectively. Both these patients lately died of myocardial 
infarction on postoperative day 13 in the RRR group and of 
multiple organ failure on postoperative day 22 in the LRR 
group.

In terms of pathological outcomes (Table 4), a homogene-
ous distribution of tumor staging was observed in both the 
overall cohort and the matched cases. Despite a bigger tumor 
dimension in the open group [4.5 (± 4.1) vs 3.1 (± 1.5) cm 
in the MIS group, p 0.04], the number of harvested lymph 
nodes, CRM and distal margin negativity rates were similar 
between the two groups after PS matching.

However, considering the whole population, the MIS pro-
cedures led to a higher number of harvested lymph nodes 
[12.5 (± 6.4) vs 11 (± 5.6) in the open group; p 0.04] and 
CRM negativity rate(98.3% vs 87.6% after ORR; p 0.004).

The follow-up was completed in 98 patients after ORR 
and 111 after MIS, with a mean time of 39.1 (± 14.5) and 
37.81 (± 13.9) months (p 0.21), respectively (Table 5). In 
the whole population, a higher recurrence rate was observed 
after the open approach with an incidence of 16% as com-
pared to 6.3% in the MIS group (p 0.008). Although only 
approaching the statistical significance (p 0.06), long-term 
mortality rate was higher in the open surgery group (8.8%) 
than in the MIS approach (3.6%).

Table 1   Patients’ demographic 
and clinical characteristics

Variable Overall cohort Matched cases

Open (n = 113) MIS (n = 124) p Open (n = 42) MIS (n = 42) p

Age, years (± SD) 65 (± 12.8) 64.6 (± 10.9) 0.53 65 (± 11.1) 65.7 (± 10.4) 0.92
Gender, n (%)
 Male 58 (51.3) 76 (61.3) 0.12 30 (71.4) 27 (64.3) 0.48
 Female 55 (48.7) 48 (48.7) 12 (28.6) 15 (35.7)

ASA, n (%)
 1 13 (11.5) 13 (10.5) 1 (2.4) 3 (7.2)
 2 54 (47.8) 63 (50.8) 0.97 24 (57.1) 20 (47.6) 0.57
 3 42 (37.2) 44 (35.5) 15 (35.7) 18 (42.8)
 4 4 (3.5) 4 (3.2) 2 (4.8) 1 (2.4)

Preoperative clinical stage
 cT
  cT1/2 36 (31.8) 36 (29) 12 (28.6) 11 (26.2)
  cT3 52 (46) 73 (58.9) 0.40 21 (50) 25 (59.5) 0.60
  cT4 25 (22.2) 15 (12.1) 9 (21.4) 6 (14.3)

 cN
  cN+ 62 (54.9) 50 (40.3) 16 (38.1) 17 (40.5)

Tumor location in the rectum, n (%)
 High 24 (21.3) 44 (35.5) 16 (38) 19 (45.2)
 Middle 45 (39.8) 50 (40.3) 0.02 15 (35.8) 18 (42.9) 0.24
 Low 44 (38.9) 30 (24.2) 11 (26.2) 5 (11.9)

Tumor distance from 
anal verge, cm 
(± SD)

7.5 (± 4.5) 9.7 (± 4.2) 0.001 8.1 (± 4.9) 9.6 (± 3.6) 0.11

Neoadjuvant therapy 71 (62.8) 58 (46.8) 0.01 18 (42.8) 17 (40.5) 0.82
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None of these outcomes resulted statistically different 
when considering only the matched cases.

OS and DFS did not differ between the open and MIS 
groups (Fig.  2). The 5-year estimated OS was 74% for 
patients in the open surgery group and 80% for the MIS 

Table 2   Intraoperative and postoperative outcomes

ARR​ anterior rectal resection, APR abdominoperineal resection, EBL estimated blood loss

Variable Overall cohort Matched cases

Open (n = 113) MIS (n = 124) p Open (n = 42) MIS (n = 42) p

Operative time (min), mean (± SD) 219 (± 59.6) 265 (± 64.3) < 0.0001 236.3 (± 53) 243.5 (± 56) 0.54
LRR 248 (±56) 0.003
RRR​ 283 (±68.6)
ARR, n % 75 (66.3) 110 (88.7) < 0.0001 41 (97.6) 39 (92.9) 0.36
LRR 55 (90) 0.21
RRR​ 52 (86.7)
APR n (%) 38 (33.7) 14 (11.3) < 0.0001 1 (2.4) 3 (2.1) 0.36
LRR 6 (10) 0.44
RRR​ 8 (13.3)
Temporary ostomy, n (%) 56 (74.6) 59 (53.6) 0.004 32 (78) 21 (53.8) 0.04
LRR 30 (27.3) 0.39
RRR​ 29 (26.4)
EBL, mL, mean (± SD) 242 (± 122) 127 (± 92) < 0.0001 242 (± 122) 127 (± 92) < 0.0001
LRR 147 (±93) 0.01
RRR​ 113 (±87)
Conversion, n (%) – 16 (12.9) – 7 (16.7)
LRR 13 (21.3) 0.04
RRR​ 3 (4.8)
Morbidity, n (%) 45 (40) 36 (29) 0.08 5 (11.9) 9 (21.4) 0.24
LRR 26 (42.6) 0.02
RRR​ 10 (15.9)
Reoperation, n (%) 7 (6.2) 4 (3.2) 0.27 0 0
LRR 3 (4.9) 0.29
RRR​ 1 (1.6)
Length of hospital stay (days), mean (± SD) 11 (± 7.7) 11 (± 8.2) 0.78 10.6 (± 6.1) 10.1 (± 5.6) 0.71
LRR 12 (±10.2) 0.06
RRR​ 9 (±6.6)
Mortality, n (%) 3 (2.6) 2 (1.6) 0.72 0 1 (2.4) 0.31
LRR 1 0.98
RRR​ 1

Table 3   Postoperative surgical 
and medical complications

Open (n = 113) MIS (n = 124) p

Anastomotic leakage, n (%) 5 (4.4) 6 (4.8) 0.88
Abscess, n (%) 5 (4.4) 4 (3.2) 0.63
Bowel occlusion, n (%) 1 (1) 2 (1.6) 0.61
Surgical site infection, n (%) 6 (5.3) 1 (1) 0.04
Pneumonia, n (%) 10 (8.8) 9 (7.2) 0.65
Urinary tract infection, n (%) 11 (9.7) 9 (7.2) 0.35
Urinary retention, n (%) 4 (3.5) 3 (2.4) 0.61
Progressive renal insufficiency, n (%) 2 (1.8) 1 (1) 0.50
Myocardial infarction, n (%) 1 (1) 1 (1) 0.94
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cohort (p 0.50), while the 5-year estimated DFS was 63% 
and 69% (0.88), respectively.

A sub-analysis of OS and DFS was additionally 
performed for patients who underwent preoperative 

Table 4   Pathological assessment

Variables Overall cohort Matched cases

Open (n = 113) MIS (n = 124) p Open (n = 42) MIS (n = 42) p

TMN stage, n (%)
 0 6 (5.3) 13 (10.5) 1 (2.4) 4 (9.5)
 I 32 (28.3) 38 (30.6) 19 (45.2) 14 (33.3)
 II 25 (22.1) 30 (24.2) 0.20 13 (31) 13 (31.1) 0.23
 III 27 (23.9) 30 (24.2) 9 (21.4) 8 (19)
 IV 23 (20.4) 13 (10.5) 0 3 (7.1)

Tumor dimension (cm), mean (± SD) 3.8 (±3.1) 3.3 (±3.2) 0.80 4.5 (± 4.1) 3.1 (± 1.5) 0.04
Lymph nodes harvested, mean (± SD) 11 (±5.6) 12.5(±6.4) 0.04 12 (± 5.1) 12.8 (± 5.1) 0.48
CRM negative, n (%) 99 (87.6) 122 (98.3) 0.004 42 (100) 42 (100)
Distal margin negative, n (%) 112 (99) 124 (100) 0.30 42 (100) 42 (100)

Table 5   Long-term outcomes

Overall cohort Matched cases

Open (n = 98) MIS (n = 111) p Open (n = 42) MIS (n = 39) p

Follow-up, months mean (± SD) 39.1 (± 14.5) 37.81 (± 13.9) 0.21 33.2 (± 13.6) 29.4 (± 15.4) 0.60
Metastastic recurrence, n (%) 18 (16) 7 (6.3) 0.008 6 (11.9) 4 (10.3) 0.58
Local 4 2 2 2
Local + distant 3 1 1 1
Distant 11 4 3 1
Mortality at follow-up, n (%) 10 (8.8) 4 (3.6) 0.06 5 (11.9) 2 (5.1) 0.27

Fig. 2   Kaplan–Meier plots of overall survival (a) and disease-free survival (b)
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radio-chemotherapy (35 patients). No difference was evi-
denced in terms of OS and DFS according to the type of 
approach used. More specifically, the 5-year estimated OS 
was 64.9% and 66.7% in the open and MIS groups, respec-
tively (p 0.7). Similarly, comparable DFS rates were evi-
denced between the two techniques: 51% for the open sur-
gery cohort and 54% for the MIS one (p 0.8).

Predictive factors analysis of clinical outcomes 
(Table 6)

At univariate analysis, higher EBL values were associated 
to patients older than 65 years [165.4 (± 115.2) mL vs 206.8 
(± 106.4) mL in younger patients; p < 0.0001], to the open 
approach for rectal resection [242 (± 122) mL vs 127 (± 92) 
mL in the MIS group; p < 0.0001] and to the tumor location 
in the middle and low rectum [197.6 (± 124.6) mL and 186.8 
(± 103) mL, respectively, as compared to 171.8 (± 98.8) mL 
in the high rectum cohort of patients; p 0.001].

However, only the open approach resulted as an inde-
pendent risk factor for higher EBL values (OR 6.66; 95% CI 
2.4–18.4; p < 0.0001) at the logistic regression.

Regarding the temporary ostomy rate, the univariate 
analysis revealed a significant association to male patients 
(82.6% as compared to 59.6% for the female cohort; p 0.05), 
to the open approach (78% vs 53.8% in the MIS group; 
p:0.02), to a higher cTNM stage (78.7% in stage III–IV vs 
48.5% in stage I–II; p 0.005) and to the neoadjuvant therapy 
(83.9% vs 55.1% of patients who did not undergo any pre-
operative treatment; p 0.008).

Even in this case, logistic regression confirmed the open 
approach as the only influencing factor on the higher rate of 
temporary ostomy (OR 3.77; 95% CI 1.27–11.23; p 0.01).

Economic and human resources outcomes of MIS

The overall mean total costs were higher in the robotic group 
[9812 (± 1974) €] as compared to the laparoscopic group 
[9045 (± 1893) €] (p 0.02). The mean operating room costs 
were lower for LRR [2325.4 (± 908.8) € vs 3264.7 (± 1597) 
€ in the robotic cohort; p 0.03], as well as the mean costs of 
surgical equipment [1926.72 (± 494) vs 2328.6 (± 352) € in 
the robotic group; p < 0.0001]. Conversely, no difference was 
evidenced in terms of hospital stay costs between the two 
techniques [3616.5 (± 1402.7) and 3889.4 (± 1457) € in the 
RRR and LRR groups, respectively; p 0.38].

In terms of human resources employed, clear advantages 
were evidenced in the robotic surgery cohort (with a mean 
number of 2.17 (± 0.38) surgeons involved) as compared to 
a mean number of 2.67 (± 0.47) surgeons in the LRR group 
(p < 0.0001).

Discussion

Despite the rapidly expanding MIS technology and the 
increased integration of both laparoscopic and robotic sur-
geries into rectal diseases treatment, clear evidences on the 
feasibility of both these approaches are still insufficient 
and confusing. The short-term surgical outcomes and the 
oncologic radicality of the laparoscopic approach have been 
recently called into question in the ACOSOG Z6051 and 
the ALaCART trials [5, 6]. Similarly, the initial promising 
results of robotic surgery in the treatment of rectal cancer 
[15–20] have been contradicted in the recent ROLLAR study 
[12].

Multiple factors could justify these diverging results, 
which are mainly related to the above-mentioned studies 
designs and to the high surgical skills required to adequately 
perform minimally invasive proctectomies.

As a matter of fact, both ACOSOG Z6051 and ALaCART 
trials [5, 6] are non-inferiority studies and consequently they 
are not designed to demonstrate whether one method of rec-
tal resection is superior to the other. As a result, the inability 
to establish the non-inferiority is not to be considered as a 
contraindication to the laparoscopic approach.

Similarly, definitive conclusions on the safety and fea-
sibility of robotic proctectomies cannot be drawn from the 
ROLARR trial [12], whose major limitations are related to 
the not homogeneous levels of experience in robotic surgery 
of the authors and to the absence of blinding to treatment 
allocation, which make the results highly questionable [21, 
22].

At this regard we do believe that conclusive data on the 
efficacy of the MIS approach could only be defined when 
high-skilled surgeons in MIS will be involved and when a 
standardization of both operative technique and periopera-
tive care will be held [22].

Based on these premises, we have reported our experience 
from a single tertiary referral center, involving only surgeons 
with high skills in both open and MIS approaches. Addition-
ally, the propensity score matching was performed to make 
the background patient data uniform. At this regard both 
patients’ clinical and tumor characteristics were taken into 
consideration, making the patients’ background balanced 
and the comparison between the open and MIS approaches 
reliable.

The longer operative time is a well-known disadvantage 
of MIS [3, 23–25]. Considering our cohort of study, a longer 
operative time was observed in the MIS group [265 (± 64.3) 
min] as compared to the open approach [219 (±59.6) min] 
(p < 0.0001). Even if we firstly thought that technical dif-
ficulty in operating in narrow pelvises with rigid instru-
ments for laparoscopy and the docking time for the robotic 
approach could have been the main causes of a prolonged 
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Table 6   Univariate and multivariate logistic regression for influencing factors on EBL and temporary ostomy rate

Variable Univariate analysis Multivariate analysis

EBL, mL (±SD) p OR 95% CI P

Age
 ≥ 65 165.4 (± 115.2) < 0.0001 0.96 0.919–1.002 0.07
 < 65 206.8 (± 106.4)

Gender
 Male 186.1 (± 114.28) 1 – – –
 Female 181.6 (± 110.8)

Type of surgery
 Open 242 (± 122) < 0.0001 6.66 2.4–18.4 < 0.0001
 MIS 127 (± 92)

ASA score
 1 175 (± 184.8) 0.7 – – –
 2 186 (± 110.8)
 3 178 (± 112)
 4 233 (± 57)

Tumor location in the rectum
 High 171.8 (± 98.8) 0.001 1.58 0.8–2.9 0.13
 Middle 197.6 (± 124.6)
 Low 186.8 (± 118.4)

cTNM, stage
 I–II 176.8 (± 127) 0.09 – – –
 III–IV 189.7 (± 103)

Neoadjuvant therapy
 Yes 192.2 (± 103.4) 0.45 – – –
 No 179.26 (± 119.3)

Type of resection
 ARR​ 185 (± 113.2) 0.75 – – –
 APR 160 (± 108.8)

Variable Temporary ostomy, n (%) p OR 95% CI p

Age
 ≥ 65 27 (64.3) 0.7 – – –
 < 65 26 (68.4)

Gender
 Male 47 (82.6) 0.05 1.01 0.089–11.65 0.98
 Female 14 (59.6)

Type of surgery
 Open 32 (78) 0.02 3.77 1.27–11.23 0.01
 MIS 21 (53.8)

ASA score
 1 1 (25) 0.1 – – –
 2 31 (75.6)
 3 20 (62.5)
 4 1 (33.3)

Tumor location in the rectum
 High 22 (66.7) 0.64 – – –
 Middle 19 (61.3)
 Low 12 (75)
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operative time, no difference was found between the two 
techniques after the PS matching. This led to consider the 
type of surgery that was performed (ARR or APR) as the 
main factor influencing the overall operative time.

As a matter of fact, a higher number of APRs were reg-
istered in the ORR group (38–33.7% vs 14–11.3% in the 
MIS group—p < 0.0001). The absence of splenic flexure 
mobilization and reconstructive phase likely enables time-
sparing procedures as compared to the need for ARR of 
splenic flexure mobilization and performing colo-rectal or 
colo-anal anastomoses.

To have reached comparable operative time after PS 
matching confirms what was already reported by Ahmed 
et al. [10], according to whom an extensive experience in 
minimal access surgery and a high-volume referral center 
bring acceptable operative time for both laparoscopic and 
robotic surgeries.

Of note, no intraoperative complications were encoun-
tered in all our cohorts of study. Regarding the MIS group, 
no injury of the inferior epigastric artery during ancillary 
trocars positioning has been registered. Despite this being 
an uncommon complication, it may occur in up to 2% of 
laparoscopic procedures [26]. In this regard, multiple tech-
niques for a safe trocars introduction have been proposed. 
Direct transperitoneal visualization, as performed in our 
MIS group, is the ideal approach to use [27]. When it is 
not possible (i.e., obese patients), transillumination and sur-
face landmarks are considered a reliable technique [27]. In 
addition, recent data have reported a significant reduction of 
vessel injuries when lateral trocars are placed superiorly to 
the anterior superior iliac spines and at least 6 cm distance 
from the midline [28].

Interestingly, a higher rate of temporary ostomies was 
evidenced in the open group of both the whole cohort of 
study (56 patients—74.6% vs 59 patients—53.6% in the MIS 
cohort; p 0.004) and after PS matching (32 patients—78% 
vs 21 patients—53.8% in the MIS population; p 0.04). As a 
further confirmation, the open approach resulted in the only 
influencing factor for a higher rate of temporary ostomies at 
the multivariate analysis (OR 3.77; 95% CI 1.27–11.23; p 
0.01). This finding may be justified by the increased ease of 
dissection in confined spaces that is particularly guaranteed 

by the robotic approach [29], leading to perform the anasto-
mosis in a safer manner as compared to the open technique.

As reported in previous case series [1–3, 5, 6, 9–11, 25, 
30], clear advantages in terms of EBL in the MIS group have 
been documented [127 (± 92) mL vs 242 (± 122) mL in the 
open group; p < 0.0001]. Moreover, the multivariate analy-
sis we performed confirmed the open approach as the only 
influencing factor on a higher EBL value (OR 6.66; 95% CI 
2.4–18.4; p < 0.0001).

Robot-assisted procedures have particularly influenced 
this outcome. This is mainly related to the better visuali-
zation guaranteed by the MIS, where image magnification 
allows to selectively recognize and isolate blood vessels 
[31].

In addition to this advantage, the capability of the robotic 
platform to work in constrained spaces has been reflected 
by a significant reduction of conversion rate as compared to 
laparoscopy [32]. In our case series only 4.8% of RRR were 
converted to open as compared to 21.3% in the laparoscopic 
group (p 0.04).

Because converted patients have higher complication 
rates, the low conversion rate for robotic proctectomy may 
support better postoperative courses [33]. Although no dif-
ference in postoperative morbidity was observed between 
open and MIS approaches, laparoscopic rectal resection 
related with a higher incidence of postoperative morbidity 
(42.6%) as compared to the robotic approach (15.9%) (p 
0.02). These results are in line with most of the robotic and 
laparoscopic series [34–36].

Pathological radicality of MIS is another major matter of 
debate. Adequate TME, CRM status and number of retrieved 
lymph nodes are known to strongly impact patients’ prog-
nosis [37, 38]. Since TME completeness is assessed subjec-
tively by means of a macroscopic evaluation, we decided to 
define pathological outcomes based only on the CRM status 
and the number of harvested lymph nodes. In some previous 
studies CRM negativity did not differ between laparoscopic 
and open surgery groups, while in other studies a higher pos-
itivity rate was observed after the laparoscopic approach [3, 
5, 6, 33, 39]. Most of the authors justify these disappointing 
data with the difficulty in achieving an appropriate dissec-
tion plane when working with rigid instruments in the pelvis, 

Table 6   (continued)

Variable Temporary ostomy, n (%) p OR 95% CI p

cTNM, stage
 I–II 16 (48.5) 0.005 3.22 0.83–12.53 0.09
 III–IV 37 (78.7)

Neoadjuvant therapy
 Yes 26 (83.9) 0.008 0.49 0.043–5.62 0.56
 No 27 (55.1)



502	 Updates in Surgery (2019) 71:493–504

1 3

especially for low rectal tumors. Even if the robotic platform 
was initially supposed to overcome this limitation, no advan-
tages have been observed in most of large case series and in 
two recent meta-analyses [3, 10, 40]. In line with such data, 
no statistical difference was noted after PS in our case series 
between the open surgery and MIS approaches. The initial 
disparity observed in the whole cohort of study could be 
mainly due to the more common tumor location in the low 
rectum in the open group. This would have led to a major 
technical difficulty and consequently to a higher incidence 
of positive CRM in the open proctectomy.

Similarly, a significant difference in the number of 
retrieved lymph nodes was only observed in the whole 
population [11 vs 12.5 in the open and MIS approaches, 
respectively; p 0.004]. These data are mainly related to the 
neoadjuvant treatment, which was more frequently required 
in the open group. As a matter of fact, in line with previous 
studies [3], after PS, an equal distribution of neoadjuvant 
radio-chemotherapy between the two groups was registered 
and no difference in the number of retrieved lymph nodes 
was noted (p 0.48).

With regards to OS and DFS, there are no large stud-
ies showing a significant difference between MIS and open 
surgery for rectal cancer. In the COLOR II study [1], similar 
locoregional recurrence was demonstrated between the lapa-
roscopy and the open surgery. Similarly, the COREAN study 
[41] showed the non-inferiority of DFS after laparoscopic 
surgery. Additionally, a recent meta-analysis on 14 studies 
comparing the open and laparoscopic approaches [3] docu-
mented no differences in terms of OS and DFS between the 
two techniques. The long-term results of the other 2 studies, 
the ALaCaRT trial and the ACOSOG Z6051 trials [5, 6], 
are still awaited.

Even less studies have investigated the long-term out-
comes after robotic proctectomy. So far, the estimated DFS 
and OS at 3 years range between 73.7 and 79.2% [16, 42] 
and 90.1% and 97% [43, 44], respectively. There was no 
difference between the open and MIS approaches deriving 
from the long-term analysis of our data, with an OS rate at 
5 years of 74% and 80% (p 0.50), respectively, and a 5-year 
estimated DFS of 63% and 69% (0.88) respectively.

After PS, no difference was evidenced in terms of local 
and distant recurrence between the two techniques. How-
ever, a higher incidence can be noted in the open access 
of the whole cohort of study (18 patients—16% vs 7 
patients—6.3%; p 0.008). This can be justified by a higher 
rate of postoperative stage IV and a more frequent CRM 
positivity after open proctectomy.

In terms of economic evaluation, few studies are present 
in the literature comparing RRR and LRR [45–47]. We evi-
denced higher mean total cost for the robotic approach [9812 
(± 1974) vs 9045 (± 1893) € in the LRR group; p 0.02] here 
including both the operating room and hospitalization costs. 

However, from the subanalysis we conducted, no differ-
ence was evidenced regarding the mean hospital stay costs 
[3616.5 (± 1402.7) in the RRR cohort as compared to 3889.4 
(± 1457) € in the LRR group; p 0.38]. This in line with Baek 
et al. experience [45] and Morelli et al. study [47], although 
hospitalization costs were superior for the laparoscopic 
approach in this last report.

Based on these results, costs still remain the main limita-
tion of the robotic approach. However, we do believe that the 
introduction in the near future of new robotic/digital plat-
forms with reduced related costs will hopefully pave the way 
for the routine use of robotic systems for rectal resection.

The main limitations of our study are its retrospective 
design and the small sample size reached after PS. How-
ever, the PS analysis brought to a uniform background of the 
two groups, which made comparison reliable. Perioperative 
and pathological outcomes resulted similar between the two 
techniques, with a clear advantage for the MIS approach in 
terms of EBL. Even better outcomes in terms of postopera-
tive morbidity and conversion rate have been observed in 
the robotic group as compared to the laparoscopic approach.

Despite the single-center design of the study guaranteeing 
uniformity for the surgical techniques used, it represents, 
on one hand, one of its main limitation. For instance, the 
involvement of multiple centers would have given a more 
representative state-of-art description of the role of MIS in 
the treatment for rectal cancer.

Regarding the long-term outcomes, we acknowledge that 
OS and DFS results should be interpreted with caution, par-
ticularly given that we only had 2.8 and 2.4 years of follow-
up data for the open and MIS approaches, respectively.

The results we presented support the safety and feasibility 
of the MIS approach when performed by high-skilled sur-
geons in high-volume centers. The need for larger and rand-
omized studies to give definitive conclusions is undeniable. 
In this regard, the involvement of authors with a completed 
learning curve for MIS and the use of a standardized opera-
tive technique and postoperative care should be considered 
as essential steps of future studies design.
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