
Vol.:(0123456789)1 3

Surgical Endoscopy (2019) 33:557–566 
https://doi.org/10.1007/s00464-018-6331-9

Mesorectal fat area as a useful predictor of the difficulty of robotic-
assisted laparoscopic total mesorectal excision for rectal cancer

Yusuke Yamaoka1 · Tomohiro Yamaguchi1,2   · Yusuke Kinugasa1,3 · Akio Shiomi1 · Hiroyasu Kagawa1 · 
Yushi Yamakawa1 · Akinobu Furutani1 · Shoichi Manabe1 · Kakeru Torii1 · Kohei Koido1 · Keita Mori4

Received: 24 November 2017 / Accepted: 6 July 2018 / Published online: 13 July 2018 
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract
Background  Various predictors of the difficulty of total mesorectal excision for rectal cancer have been described. Although 
a bulky mesorectum was considered to pose technical difficulties in total mesorectal excision, no studies have evaluated the 
influence of mesorectum morphology on the difficulty of total mesorectal excision. Mesorectal fat area at the level of the tip 
of the ischial spines on magnetic resonance imaging was described as a parameter characterizing mesorectum morphology. 
This study aimed to evaluate the influence of clinical and anatomical factors, including mesorectal fat area, on the difficulty 
of total mesorectal excision for rectal cancer.
Methods  This study enrolled 98 patients who underwent robotic-assisted laparoscopic low anterior resection with total 
mesorectal excision for primary rectal cancer, performed by a single expert surgeon, between 2010 and 2015. Magnetic 
resonance imaging-based pelvimetry data were collected. Linear regression was performed to determine clinical and ana-
tomical factors significantly associated with operative time of the pelvic phase, which was defined as the time interval from 
the start of rectal mobilization to the division of the rectum.
Results  The median operative time of the pelvic phase was 68 min (range 33–178 min). On univariate analysis, the follow-
ing variables were significantly associated with longer operative time of the pelvic phase: male sex, larger tumor size, larger 
visceral fat area, larger mesorectal fat area, shorter pelvic outlet length, longer sacral length, shorter interspinous distance, 
larger pelvic inlet angle, and smaller angle between the lines connecting the coccyx to S3 and to the inferior middle aspect of 
the pubic symphysis. On multiple linear regression analysis, only larger mesorectal fat area remained significantly associated 
with longer operative time of the pelvic phase (p = 0.009).
Conclusions  Mesorectal fat area may serve as a useful predictor of the difficulty of total mesorectal excision for rectal cancer.

Keywords  Rectal cancer · Total mesorectal excision · Robotic surgery · Surgical difficulty · Mesorectal fat area · Operative 
time

Total mesorectal excision (TME), which represents a key 
technique in radical surgery for rectal cancer, requires com-
plete dissection of the mesorectum between the visceral fas-
cia and the pelvic fascia [1, 2]. It is difficult to perform accu-
rate dissection in the deep and narrow space of the pelvic 
cavity, while ensuring both oncological safety and preserva-
tion of urogenital or anorectal function by protecting other 
anatomical features including the autonomic nerves [3–5]. 
Several studies have evaluated the predictors of the difficulty 
of TME for rectal cancer [6–15], reporting sex, body mass 
index, tumor size, tumor distance from the anal verge, preop-
erative chemoradiotherapy (CRT), visceral fat area (VFA), 
and pelvic dimensions among the factors associated with 
the difficulty of TME [6–14]. Although a bulky mesorectum 
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was also considered to be associated with difficulty of TME 
[16], few studies have evaluated the influence of mesorectum 
morphology on the difficulty of TME. This scarcity of data 
might be related to the fact that few studies have offered a 
useful and simple indicator of the mesorectum morphology. 
Boyle et al. measured the mesorectal fat area (MFA) at the 
level of the tip of the ischial spines on high-resolution mag-
netic resonance imaging (MRI), which was considered to 
be an accurate representation of total mesorectal fat volume 
[17]. Therefore, in the present study, we aimed to evaluate 
the influence of clinical and anatomical factors, including 
MFA, on the difficulty of robotic-assisted laparoscopic low 
anterior resection with TME (RATME) for rectal cancer.

Materials and methods

Patient selection

Between January 2010 and December 2016, 349 patients 
underwent robotic-assisted laparoscopic low anterior resec-
tion for primary rectal adenocarcinoma at Shizuoka Cancer 
Center Hospital. Of these, 180 patients were operated on 
by the same expert surgeon (Y.K.). Patients who underwent 
tumor-specific mesorectal excision (n = 71) or multivisceral 
resection (n = 3), as well as those who did not undergo pre-
operative MRI or computed tomography (CT) at our institu-
tion (n = 8), were excluded from this analysis. The remaining 
98 patients who underwent RATME by a single expert sur-
geon and underwent preoperative MRI or CT at our institu-
tion served as our study cohort (Fig. 1). TME was defined 

as complete excision of the visceral mesorectal tissue to the 
level of the levators, as previously described [18].

The indication for robotic surgery was rectal adenocar-
cinoma of clinical stage 0–IV. Robotic surgery for rectal 
cancer is not covered by medical insurance in Japan, and 
therefore it is a more costly treatment option than laparo-
scopic or open surgery. After providing informed consent, 
we performed robotic surgery in all patients who desired it. 
Preoperative CRT was performed only in patients for whom 
it was expected that it would be difficult to obtain a clear 
resected margin (R0) without CRT, or that shrinkage of the 
tumor by CRT would make anal preservation possible or 
would allow to avoid urinary diversion [19]. The external 
radiotherapy dose was 45 Gy, administered in 25 fractions to 
a large pelvic field over the course of 5 weeks, plus a boost 
of 5.4 Gy in three daily fractions, using a 4-field approach. 
Concomitant chemotherapy with the 5-fluorouracil derivate 
capecitabine (825 mg/m2) administered orally twice per day, 
5 days per week. Operation was performed at 6–8 weeks 
after CRT. Preoperative tumor staging was performed by 
digital examination, colonoscopy, CT, MRI, and barium 
enema. Patients were staged using the tumor node metasta-
sis (TNM) classification [20]. The patient characteristics as 
well as the surgical and pathological findings were recorded 
in a prospective database. Data collection and analysis were 
approved by the institutional review board of Shizuoka Can-
cer Center Hospital (Institutional Code: 28-J-130-28-1-3).

VFA measurement

VFA was measured using on cross-sectional CT scans 
obtained at the level of the umbilicus and analyzed using 

Fig. 1   Flowchart of patient 
selection. MRI magnetic reso-
nance imaging; CT computed 
tomography; TME total meso-
rectal excision
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dedicated software (SYNAPSE VINCENT, version 4.6; 
Fujifilm Medical Systems., Inc. and FUJIFILM Corpora-
tion, Tokyo, Japan), according to a previously described 
protocol [21]. Visceral adipose tissue was determined by 
setting the attenuation level within the range of − 50 to − 200 
Hounsfield units. The region of visceral fat was defined by 
automatic counter tracing, and the VFA was calculated auto-
matically by the software.

Pelvic measurements on MRI

High-resolution MRI was performed using a 3.0-T system 
(Achieva 3.0T dStream; Royal Philips Healthcare, Amster-
dam, The Netherlands). T2-weighted axial, sagittal, and 
coronal images with a slice thickness of 5 mm were analyzed 
using dedicated software (SYNAPSE version 4.1; Fuji-
film Medical Systems., Inc. and FUJIFILM Corporation). 
We chose 11 pelvic parameters (Table 1; Figs. 2, 3, and 
4) expected to potentially influence the difficulty of TME, 
as suggested by previous studies [6–15]. MFA was defined 
as the area of mesorectal fat at the level of the tip of the 
ischial spines, measured according to the protocol proposed 
by Boyle et al. [17]. Within the SYNAPSE software, the 
circumferences of the mesorectum and rectum were manu-
ally traced with the calibrated cursor of the “freehand region 
of interest tool,” and then the surface areas of the delimited 
mesorectum and rectum regions were obtained. MFA was 
calculated by subtracting the rectum area from the meso-
rectum area (Fig. 5). When a T3 tumor located at the level 
of the tip of the ischial spine transgressed the rectal wall 
and the outer edge of the muscularis propria could not be 
readily visualized, the trace was continued along a line fol-
lowing the contour of the outer muscularis propria [17]. A 
single observer (Yamaoka) made all measurements and was 
blinded to the surgical outcomes at the time of measurement. 
To assess interobserver variation, a second observer (K.T.) 

performed the same measurements in all patients. Not only 
the areas of the mesorectum and rectum were measured, but 
also the time taken to obtain each MFA value, and these data 
were compared between observers.

Surgical technique

All procedures were performed using a systematic approach 
that included a colonic and pelvic phase, using a robotic 
approach described in detail elsewhere [22]. During the 
colonic phase, high ligation of the inferior mesenteric artery 
was performed via the medial-to-lateral approach. When 

Table 1   Pelvic dimensions measured on axial, sagittal, and coronal magnetic resonance images

Symbol Description of pelvic dimension

A Pelvic inlet length: distance from the superior middle aspect of the pubic symphysis to the sacral promontory
B Pubic tubercle height: distance from the superior to the inferior middle aspect of the pubic symphysis
C Pelvic outlet length: distance from the inferior middle aspect of the pubic symphysis to the coccyx
D Sacral length: distance from the sacral promontory to the coccyx
E Sacral depth: distance from the sacral length to the deepest point of the sacral hollow
F Interspinous distance: the narrowest distance between the ischial spines
G Transverse diameter: the largest transverse distance of the pelvis
Angle α The angle between the line connecting the sacral promontory to S3 and to the superior middle aspect of the pubic symphysis
Angle β Pelvic inlet angle: the angle between a line connecting the superior middle aspect of the pubic symphysis to the sacral prom-

ontory, and a line connecting the inferior middle aspect of the pubic symphysis to the coccyx
Angle γ The angle between the lines connecting the coccyx to S3 and to the inferior middle aspect of the pubic symphysis
Angle δ The angle between the lines connecting S3 to the sacral promontory and to the coccyx

Fig. 2   Pelvic measurements illustrated on a sagittal magnetic reso-
nance image. A Pelvic inlet length: distance from the superior mid-
dle aspect of the pubic symphysis to the sacral promontory. B Pubic 
tubercle height: distance from the superior to the inferior middle 
aspect of the pubic symphysis. C Pelvic outlet length: distance from 
the inferior middle aspect of the pubic symphysis to the coccyx. D 
Sacral length: distance from the sacral promontory to the coccyx. E 
Sacral depth: distance from the sacral length to the deepest point of 
the sacral hollow



560	 Surgical Endoscopy (2019) 33:557–566

1 3

required, splenic flexure takedown was also performed. The 
pelvic phase involved sharp dissection in front of the pre-
hypogastric nerve fascia and behind Denonvilliers’ fascia 
to avoid autonomic nerve injury while mobilizing the rec-
tum up to the vicinity of the tumor [23, 24]. Using linear 
staplers, the rectum was divided at more than 2 cm below 
the lower border of the tumor. After TME was completed, 
lateral lymph node dissection was performed in patients with 
clinical T3–4 lower rectal cancer on preoperative images, 
in accordance with the Japanese Society for Cancer of the 
Colon and Rectum guidelines for the treatment of colorectal 
cancer [2]. Anastomosis was created laparoscopically using 
the double-stapling technique. The main outcome of interest 
in this study was operative time of the pelvic phase, which 

was defined as the time interval from the start of rectal mobi-
lization to the division of the rectum, and that was recorded 
intraoperatively.

Statistical analysis

Categorical variables are described as numbers and per-
centages, while continuous variables are presented as 
medians (range). Linear regression was performed to 
determine variables associated with operative time of the 
pelvic phase. Variables with a p value below 0.05 in the 
univariate analysis were entered into multivariate analy-
sis performed using a multiple linear regression model. 
Variables showing significant association with the main 
outcome on multivariate analysis were considered risk fac-
tors, with risk thresholds set at the lower or upper quan-
tile of the distribution, depending on whether the variable 
correlated negatively or positively with operative time, as 
described by Kim et al. [11]. Patients were categorized 
into two groups as follows: Easy group (no risk factors) 
and Difficult group (at least one risk factor). Operative 

Fig. 3   Pelvic measurements 
illustrated on axial (left) and 
coronal (right) magnetic reso-
nance images. F Interspinous 
distance: the narrowest distance 
between the ischial spines. G 
Transverse diameter: the largest 
transverse distance of the pelvis

Fig. 4   Pelvic angles illustrated on a sagittal magnetic resonance 
image. Angle α, the angle between the line connecting the sacral 
promontory to S3 and to the superior middle aspect of the pubic sym-
physis. Angle β, pelvic inlet angle: the angle between a line connect-
ing the superior middle aspect of the pubic symphysis to the sacral 
promontory, and a line connecting the inferior middle aspect of the 
pubic symphysis to the coccyx. Angle γ, the angle between the lines 
connecting the coccyx to S3 and to the inferior middle aspect of the 
pubic symphysis. Angle δ, the angle between the lines connecting S3 
to the sacral promontory and to the coccyx

Fig. 5   Mesorectal fat area and circumference of the mesorectum and 
rectum. The areas of interest are delimited by manual tracing (white 
line)
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outcomes were compared between the two groups. Cat-
egorical variables were compared using the Chi-square 
test, while continuous variables were compared using 
Student’s t test or the Mann–Whitney U test, as appro-
priate. To assess interobserver variation, the mesorectum 
and rectum areas for all patients were measured by two 
colorectal surgeons (Y. Yamaoka and K.T.), supervised by 
an expert colorectal surgeon (T.Y.). Interobserver agree-
ment was evaluated using Spearman’s correlation test. All 
statistical analyses were performed using JMP version 13.0 
(SAS Institute, Cary, NC, USA). A p value below 0.05 was 
considered to indicate statistical significance.

Results

Patient characteristics

Table 2 provides an overview of the clinic-pathological 
characteristics of the study patients. The median age was 
62 years (range 29–80 years), and 71 patients (73%) were 
male. The median distance between the lower edge of the 
tumor and the anal verge was 5.0 cm (range 3.0–9.0 cm). 
Forty-five patients (45.9%) had tumors with clinical 
stage ≥ T3. An overview of 11 pelvic dimensions, VFA, 
and MFA is provided in Table 3. The median VFA was 
126.7 cm2 (range 13.1–310.6 cm2) and the median MFA 
was 21.8 cm2 (range 5.9–34.4 cm2). The operative outcomes 
are summarized in Table 4. Fifty patients (51.0%) under-
went lateral lymph node dissection and 23 patients (24%) 
received a diverting stoma. No patients were converted to 
open surgery. The median total operative time was 294 min 
(range 123–600 min), while the median operative time of the 
pelvic phase was 68 min (range 33–178 min). The median 
distal margin was 1.8 cm (range 0.4–6.0 cm). Two patients 
(2.0%) experienced local recurrence (median follow-up time, 
36.0 months).

Factors Associated With the Operative Time 
of the Pelvic Phase

The relationship between clinico-anatomical factors and the 
operative time of the pelvic phase is summarized in Table 5. 
Univariate analysis showed that male sex, larger tumor size, 
larger VFA, shorter pelvic outlet length, longer sacral length, 
shorter interspinous distance, larger angle β, smaller angle 
γ, and larger MFA were significantly associated with longer 
operative time of the pelvic phase. Multiple linear regres-
sion analysis revealed that only larger MFA remained sig-
nificantly associated with longer operative time of the pelvic 
phase (p = 0.009).

Operative outcomes according to procedural 
difficulty

As MFA was positively associated with the operative time 
of the pelvic phase, the threshold of the upper quartile was 
considered for patient stratification 26.0 cm2. Specifically, 
patients with MFA ≥ 26.0 cm2 were categorized into the Dif-
ficult group (n = 24) and those with MFA < 26.0 cm2 were 
categorized into the Easy group (n = 74). Both total opera-
tive time and the operative time of the pelvic phase were 
significantly longer in the Difficult group than in the Easy 
group. The proportion of patients who received a divert-
ing stoma was also higher in the Difficult group (37.5 vs. 
18.9%), but the difference was not significant. Other out-
comes were similar between the two groups (Table 6).

Table 2   Clinico-pathological characteristics of the study patients 
(n = 98)

Values in parentheses represent percentages unless otherwise noted
BMI body mass index; ASA American Society of Anesthesiologists

Characteristic Value

Age, years [median (range)] 62 (29–80)
Sex
 Male 71 (72.5)
 Female 27 (27.6)

BMI, kg/m2 [median (range)] 24.0 (16.6–34.0)
ASA score
 I 33 (33.7)
 II 61 (62.2)
 III 4 (4.1)

Preoperative chemoradiotherapy 4 (4.1)
Previous abdominal surgery 23 (23.5)
Distance from tumor to anal verge, cm [median 

(range)]
5.0 (3.0–9.0)

 < 6.0 cm 57 (58.2)
 ≥ 6.0 cm 41 (41.8)

Tumor size, cm [median (range)] 3.5 (0.7–8.1)
Pathological T stage
 T1 27 (27.6)
 T2 26 (26.5)
 T3 42 (42.9)
 T4a 3 (3.1)

Pathological N stage
 N0 57 (58.2)
 N1 21 (21.4)
 N2 20 (20.4)

Pathological stage
 I 41 (41.8)
 II 15 (15.3)
 III 33 (33.7)
 IV 9 (9.2)
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Interobserver variation

Interobserver variations in the measurements of the mes-
orectum and rectum areas and MFA are summarized in 
Table 7. The Spearman’s correlation coefficient for interob-
server variation in each area was more than 0.95, indicating 
that the measurements of the mesorectum and rectum areas 
and MFA were all reproducible, and the sets of measure-
ments reported by the two observers were highly correlated 
(p < 0.001). The median time taken to obtain each MFA 

value was 51 s (range 43–72 s) for Yamaoka and 52 s (range 
43–80 s) for K.T., with no significant difference between the 
time taken by the two observers.

Discussion

Previous studies reported that various factors were asso-
ciated with the difficulty of rectal cancer surgery, includ-
ing sex, tumor size, VFA, pelvic outlet dimensions, sacral 
length, interspinous distance, angle β, or angle γ [7–14]. 
Indeed, our univariate analysis also suggested that these 
parameters are associated with the operative time of the 
pelvic phase. However, to our knowledge, only one study 
evaluated the influence of MFA on the difficulty of TME 
[25]. A larger mesorectal fat area was identified as an ana-
tomical factor significantly associated with an increase in 
the surgical difficulty grading for TME, which is indicated 
by total operative time, conversion to open surgery, use of 
transanal dissection, postoperative hospital stay, blood loss, 
and postoperative complications. In our study, we found that, 
on multivariate analysis, only MFA was significantly associ-
ated with the operative time of the pelvic phase. MFA was 
defined as the area of mesorectal fat at the level of the tip 
of the ischial spines, which corresponds to the level of the 
upper mid rectum, at 8–10 cm from the anal verge. This defi-
nition of MFA is considered to provide an accurate repre-
sentation of total mesorectal fat volume [17], whereas VFA 
reflects the area of the greater omentum, retroperitoneal fat, 
mesentery, and mesocolon. Our results demonstrated that 
the presence of a bulky mesorectum did increase the techni-
cal difficulty of TME for rectal cancer. We speculate that 
the reason for the prolonged operative time is related to the 
fact that a large MFA causes the space between the pel-
vic fascia and the mesorectum to become very narrow, in 
which case establishing an appropriate surgical filed is more 
time demanding. Indeed, the median operative time of the 
pelvic phase was significantly longer in the Difficult group 
(MFA ≥ 26.0 cm2) than in the Easy group (MFA < 26.0 cm2). 
The proportion of patients who received a diverting stoma 
also tended to be higher in the Difficult group than in the 
Easy group. The MFA threshold of 26.0 cm2 is thus consid-
ered to be important for predicting the difficulty of TME. 
Moreover, the interobserver agreement was excellent for 
the measurements of the mesorectum and rectum areas 
and MFA, and it took less than one minute to obtain each 
MFA value. Therefore, the use of MFA in clinical practice 
is highly feasible.

Escal, et al. reported that the median MFA among the 
French was 20.7 cm2, which was similar to our result for 
the median MFA of 21.8 cm2 [25]. Boyle et al. reported 
that the mean MFA among English men and women with 
primary rectal cancer was 25.6 ± 7.7 and 18.4 ± 8.3 cm2, 

Table 3   Anatomical characteristics of the study patients (n = 98)

Data shown as median (range)
VFA visceral fat area; MFA mesorectal fat area

Characteristic Value

VFA (cm2) 126.7 (13.1–310.6)
A: Pelvic inlet length (cm) 11.9 (9.8 − 14.0)
B: Pubic tubercle height (cm) 5.3 (4.2–6.4)
C: Pelvic outlet length (cm) 8.3 (6.4–10.5)
D: Sacral length (cm) 12.5 (9.6–14.9)
E: Sacral depth (cm) 3.8 (2.1–4.8)
F: Interspinous distance (cm) 9.5 (7.7–12.5)
G: Transverse diameter (cm) 12.0 (10.2–14.4)
Angle α (°) 85 (69–107)
Angle β (°) 43 (27–60)
Angle γ (°) 112 (78–140)
Angle δ (°) 119 (97–149)
MFA (cm2) 21.8 (5.9–34.4)

Table 4   Operative outcomes of the study patients (n = 98)

Values in parentheses represent percentages unless otherwise noted
a Positive surgical dissection plane or a positive proximal or distal 
margin of the resected specimen
b Grade II or III in the Clavien–Dindo classification of morbidity

Outcome Prevalence/value

Lateral lymph node dissection 50 (51.0)
Diverting stoma 23 (23.5)
Conversion to open surgery 0 (0)
Total operative time, min [median (range)] 294 (123–600)
Operative time of the pelvic phase, min [median 

(range)]
68 (33–178)

Blood loss (mL) [median (range)] 10 (0–86)
Transfusion 0 (0)
Lymph nodes harvested [median (range)] 40 (11–101)
Distal margin, cm [median (range)] 1.8 (0.4–6.0)
Positive resection margina 1 (1.0)
Postoperative complicationsb 14 (14.3)
Time to soft diet, days [median (range)] 3 (3–6)
Postoperative hospital stay, days [median (range)] 7 (6–38)
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Table 5   Clinico-anatomical 
factors associated with the 
operative time of the pelvic 
phase

BMI body mass index; ASA American Society of Anesthesiologists; VFA visceral fat area; MFA mesorectal 
fat area

Variable Univariate analysis Multivariate analysis

β p β p

Age − 0.001 0.995
Sex (male vs. female) 21.215 < 0.001 10.437 0.268
BMI 1.745 0.061
ASA score (I/II vs. III) 16.207 0.270
Preoperative chemoradiotherapy 15.330 0.297
Previous abdominal surgery 0.750 0.913
Distance from tumor to anal verge − 1.419 0.495
Distance from tumor to anal verge
(< 6.0 vs. ≥ 6.0 cm)

4.451 0.451

Tumor size 3.146 0.048 1.950 0.220
Pathological T stage (T1/T2 vs. T3/T4a) − 7.013 0.229
Pathological N stage (N0 vs. N1/N2) − 10.142 0.084
VFA 0.171 < 0.001 0.049 0.433
Pelvic inlet length − 3.330 0.276
Pubic tubercle height 9.871 0.169
Pelvic outlet length − 8.195 0.037 − 8.123 0.116
Sacral length 5.885 0.016 − 2.145 0.604
Sacral depth 7.246 0.178
Interspinous distance − 6.889 0.010 0.836 0.814
Transverse diameter − 5.634 0.106
Angle α − 0.201 0.619
Angle β 1.413 < 0.001 1.028 0.253
Angle γ − 0.603 0.024 − 0.055 0.901
Angle δ 0.083 0.776
MFA 1.896 < 0.001 1.410 0.009

Table 6   Operative outcomes according to procedure difficulty

Values in parentheses represent percentages unless otherwise noted
MFA mesorectal fat area
a Positive surgical dissection plane or a positive proximal or distal margin of the resected specimen
b Grade II or III in the Clavien–Dindo classification of morbidity

Difficult group (n = 24)
MFA ≥ 26.0 cm2

Easy group (n = 74)
MFA < 26.0 cm2

p

Lateral lymph node dissection 14 (58.3) 36 (48.6) 0.410
Diverting stoma 9 (37.5) 14 (18.9) 0.062
Total operative time, min [median (range)] 346 (157–600) 267 (123–557) 0.020
Operative time of the pelvic phase, min [median (range)] 86 (43–159) 65 (33–178) 0.001
Blood loss, (mL) [median (range)] 10.0 (0–57) 9.5 (0–86) 0.657
Lymph nodes harvested [median (range)] 46 (20–72) 40 (11–101) 0.298
Distal margin, cm [median (range)] 1.6 (0.5–4.5) 2.0 (0.4–6.0) 0.180
Positive resection margina 0 (0) 1 (1.4) 0.567
Postoperative complicationsb 3 (12.5) 11 (14.9) 0.774
Time to soft diet, days [median (range)] 3 (3–6) 3 (3–5) 0.792
Postoperative hospital stay, days [median (range)] 7 (6–38) 7 (6–29) 0.267
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respectively [17]. In our study, the mean MFA in Japanese 
men and women with primary rectal cancer was 22.4 ± 5.2 
and 19.8 ± 7.1 cm2, respectively. Therefore, MFA likely dif-
fers with ethnicity, as MFA was larger in English men than 
in Japanese men.

We evaluated the difficulty of TME performed by robotic 
surgery. Robotic surgery is a promising advanced technol-
ogy that can overcome the inherent limitations of conven-
tional laparoscopic surgery, including the use of straight, 
rigid instruments, limited degrees of freedom, an unstable 
camera platform with two-dimensional imaging, and poor 
ergonomics of the instruments in the narrow pelvic cavity 
with high anatomical complexity. The advantages of robotic 
surgery include the use of a free-moving multi-joint forceps, 
a motion scaling function, high-quality 3-dimensional imag-
ing, stable camera operation, and greatly improved ergo-
nomics [22, 26]. Several studies demonstrated, compared 
with conventional laparoscopic surgery or open surgery, that 
robotic surgery for rectal cancer provides superior short-
term and long-term outcomes [21, 22, 26–29]. Moreover, 
patients in whom robotic surgery was considered difficult 
would likely not qualify as candidates for conventional 
laparoscopic or open surgery, or such surgeries would be 
even more technically challenging. Baek et al. reported that 
robotic surgery for rectal cancer was not influenced by pel-
vimetric factors known to be significantly associated with 
the difficulty of conventional laparoscopic surgery for rectal 
cancer, but these authors did not include the morphology 
of the mesorectum in their analysis [30]. It is expected that 
larger MFA is associated with higher technical difficulty of 
TME for rectal cancer not only in robotic surgery but also in 
conventional laparoscopic surgery or open surgery. Trasa-
nal TME (TaTME) is the latest advanced surgical access 
technique for pelvic dissection that has attracted attention 
because it is expected to improve clinical, oncological, and 
functional outcomes through better visualization and more 
accurate distal TME dissection. It also has the potential to 
overcome patient characteristics such as obesity, male sex, 
or narrow pelvis, which traditionally make pelvic dissection 
difficult when using the abdominal approach [31, 32]. A 
randomized clinical trial (COLOR III) comparing TaTME 
and laparoscopic TME for rectal cancer is ongoing [33]. 

Additionally, it is necessary to examine the usefulness of 
TaTME in patients with a bulky mesorectum.

In our study, the operative time of the pelvic phase was 
employed as an indicator of difficulty of TME, which cor-
responds to the approach followed in previous studies [9, 
11]. Other studies employed total operative time to assess 
the difficulty of TME [8, 12, 14]. However, total operative 
time is influenced by the extent of proximal lymph node 
dissection, mobilization of the splenic flexure, and lateral 
lymph node dissection. Other factors such as blood loss, 
rate of conversion to open surgery, and rate of anastomotic 
leakage were also evaluated [8, 12]. While we did record 
such parameters, our study sample was too small to allow for 
meaningful subgroup analyses focused on these parameters.

There are several limitations to this study. First, as onco-
logical factors, pathologically evaluated TME quality, rates 
of positive circumferential resection margin (CRM), and 
local recurrence were important indicators of the difficulty 
of TME [6, 7, 10, 13]. However, we did not evaluate TME 
quality in terms of the pathology of the resected specimens 
because TME quality is not usually evaluated in Japan. In 
our study, a positive resection margin was defined as a path-
ologically positive surgical dissection plane or a positive 
proximal or distal margin of the resected specimen, which 
was different from the positive CRM defined as a margin 
at a distance of 1 mm or less from a tumor. The rates of 
positive resection margin and local recurrence were both 
too low to conduct statistical analyses. Therefore, further 
studies enrolling larger population samples are warranted 
to evaluate the influence of MFA on the oncological out-
comes. Second, this was a retrospective study conducted 
in a single institution. A prospective study is necessary to 
verify the utility of MFA and validity of the threshold. Third, 
the learning curve in robotic surgery for rectal cancer was 
not taken into account. In our study sample, all patients 
were operated on by the same expert surgeon (Y.K.), who 
had performed over 500 laparoscopic colorectal resections, 
including more than 200 for rectal cancer, before adopting 
robotic-assisted surgery in clinical practice. Thus, it can be 
considered that the surgeon was well-informed with respect 
to pelvic anatomy and laparoscopic techniques involved in 
pelvic surgery [34].

Table 7   Interobserver variations 
in the measurements of the 
mesorectum and rectum areas 
and MFA

Data shown as median (range)
MFA mesorectal fat area
a The Spearman’s correlation coefficient

The first observer (Yamaoka) The second observer (K.T.) ra p

Area of mesorectum (cm2) 31.24 (11.01–47.37) 30.78 (11.58–45.93) 0.972 < 0.001
Area of rectum (cm2) 9.93 (3.46–22.51) 10.19 (3.68–22.79) 0.959 < 0.001
MFA (cm2) 21.84 (5.86–34.39) 21.45 (7.53–35.93) 0.967 < 0.001
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In conclusion, our findings indicate that larger MFA was 
significantly associated with longer pelvic operative time 
in RATME for rectal cancer. MFA was useful for predict-
ing the difficulty of TME for rectal cancer, and it should be 
prospectively recorded as a common clinical characteristic. 
Further larger studies may identify other utilities of MFA in 
rectal cancer surgery.
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