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INTRODUCTION

Colorectal cancer (CRC), the third most common cancer world-
wide, accounting for approximately 10% of total cancer incidence, 
predominantly occurs in developed countries [1]. In Japan, CRC 
is the leading cause of death in women and the third in men; over 
130,000 patients were newly diagnosed with CRC in 2014, and 
over 50,000 patients died from CRC in 2017 [2]. Surgical resec-
tion is the mainstay curative treatment for CRC patients. Innova-
tions in surgical procedures, such as laparoscopic surgery [3], are 
important in improving CRC patients’ treatment outcomes and 
prognoses.

In rectal cancer surgery, the most frequent and difficult postop-
erative adverse events are associated with the anastomotic site, 
such as anastomotic leakage (AL) and anastomotic site stenosis. 
Especially for AL, it is most important for colorectal surgeons to 
avoid this complication because AL can be postoperative mortal-
ity, and the leakage rate after low anterior resection has been re-
ported to range from 4% to 29%. Furthermore, many studies have 
reported that AL also affects the long-term prognosis in rectal 
cancer [4-6]. Thus, avoiding AL in rectal cancer surgery could 
improve the long-term outcome of rectal cancer patients. To at-
tempt to reduce this difficult complication, many surgeons per-
form a diverting stoma (DS) for high-risk patients with comor-
bidities such as diabetes mellitus, arteriosclerosis, and steroid us-
age [7]. A DS can worsen the body image and quality of life of the 
patients at least temporarily [8], and another surgery is required 
to close the stoma. Recent studies reported that the incidence of 
AL can be decreased by fluorescent blood flow evaluation using 

indocyanine green [9, 10], and a transanal decompression tube 
for anastomosis protection can reduce the pressure on the anasto-
motic site and led to decreased AL [11], but this is not yet well 
standardized.

A previous meta-analysis showed that male sex, high body mass 
index (BMI), lower anastomosis, longer surgery time, high vol-
ume of estimated blood loss, number of stapler firings over 3 
times, and preoperative chemotherapy were found to be signifi-
cantly associated with the development of AL [12, 13]. More re-
cently, the concept of sarcopenia has gained attention in the field 
of clinical research, which includes surgical oncology. Sarcopenia 
is defined as the loss of skeletal muscle mass and strength with in-
creasing risk of physical disability, immunodeficiency, poor qual-
ity of life, and mortality. Previous studies have shown that preop-
erative sarcopenia worsens both short- and long-term outcomes 
in various types of resectable cancers [14-18]. In rectal cancer, 
preoperative low skeletal muscle mass was reported to be a pre-
dictive marker of poor outcome [19]. Previous studies have shown 
that whole skeletal muscle mass, an indicator of sarcopenia, is cor-
related with psoas muscle index (PMI), which is corrected by 
height [20]. Another study previously discussed that a low PMI is 
associated with postoperative complications in CRC patients [21]. 
Other studies that examined the relationship between anasto-
motic failure and sarcopenia also showed that decreased psoas 
density, a marker of sarcopenia, is correlated with AL among pa-
tients who underwent colorectal resection [22, 23], and another 
report showed that morphological changes of the psoas muscle 
are associated with overall postoperative complications [24]. 
However, the patients enrolled in these studies included colon 
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cancer patients who had undergone colonic resection, and no 
study has examined the relationship between sarcopenia and AL 
only in male rectal cancer patients who required lower anastomo-
sis without a DS. Thus, it remains controversial whether skeletal 
muscle mass impacts on AL in rectal cancer patients.

Although AL can occur in cachexic patients with malnutrition, 
as previously reported, we have frequently experienced anasto-
motic failure of the colo-procto anastomosis in patients with a 
good physique such as Judo players. These experiences are incon-
sistent with previous reports demonstrating that AL was likely to 
occur in patients with sarcopenia. Male rectal cancer patients with 
a high BMI and a narrow pelvis are a high-risk group for AL [25]. 
To develop a novel prediction model for AL, we investigated the 
impact of the psoas muscle mass on AL in male rectal cancer pa-
tients.

METHODS

This retrospective study was approved by the Ethics Committee 
of Kitakyushu Municipal Medical Center (No. 201802060). The 
informed consent requirement was waived based on the nature of 
this retrospective study, in which patient data was kept confiden-
tial. All procedures were conformed to the ethical guideline by the 
Japanese Government and the Declaration of Helsinki. 

Patients and data collection
Male patients with rectal cancer including rectosigmoid colon 
who underwent colorectal surgery with low anastomosis below 
the peritoneal reflection and were free of a DS at our institution 
from January 2008 until March 2018, were enrolled in this study. 
All the surgical procedures performed in this study included low 
anterior resection, super low anterior resection, and intersphinc-
teric anastomosis, and no robotic surgery was performed in this 
period. We excluded patients with multiple cancers, preoperative 
bowel obstruction, or colitic cancer and those who had been 
treated with preoperative adjuvant therapy including neoadjuvant 
chemoradiotherapy. The medical charts of these patients were 
retrospectively reviewed. 

Preoperative computed tomography and psoas muscle 
index measurement
All CRC patients underwent preoperative abdominal computed 
tomography (CT) as a routine assessment within 2 months before 
surgery. Contrast CT was performed except for the patients with 
contrast agent allergy. Two observers (YM and MS), trained in the 
identification of the third lumbar vertebrae and in the measure-
ment of the psoas area on CT scan by consultant radiologists, 
manually traced the bilateral psoas muscle at the intervertebral 
discs between the third and fourth lumbar vertebrae (L3/L4) and 
automatically measured the cross-sectional area of the psoas 
muscle using SYNAPSE VINCENT software (Fujifilm Medical 
Co., Ltd., Tokyo, Japan). The PMI was calculated as follows ac-

cording to a previous report [26]: PMI= cross-sectional area of 
bilateral psoas muscle (cm2)/height2 (m2). The mean PMI value 
determined by 2 observers was applied in this study as PMI of 
each patient, as previously reported [27]. Interobserver correla-
tion was assessed to validate whether measurement errors existed.

Surgical procedures and definitions
We performed lymph node dissection according to the Japanese 
Society for Cancer of the Colon and Rectum guidelines 2019 for 
the treatment of CRC [28]. Radical surgery with D3 lymph node 
dissection was performed for locally advanced cancer invading 
beyond the muscularis propria. The standard concepts of D3 pro-
cedure for lower rectal cancer, which is located distal to the peri-
toneal reflection, include ligation of the inferior mesenteric artery 
(IMA) at its root and complete mesorectal excision and lateral 
pelvic lymph node dissection. For early rectal cancer when the tu-
mor was confined above the muscularis propria, we performed 
D2 lymph node dissection, which included ligation of the supe-
rior rectal artery, which is a primary branch of the IMA. For older 
and high-risk rectal cancer patients, we sometimes performed D3 
lymph node dissection with preservation of the left colic artery. 

Clinicopathological factors and postoperative anastomotic 
failure
Preoperative variables included sex, age, tumor location, BMI, 
prognostic nutritional index (PNI), PMI, comorbidity, preopera-
tive serum carcinoembryonic antigen (CEA) level, and carbohy-
drate antigen (CA) 19-9 level. The intra- and postoperative vari-
ables included surgical approach (open or laparoscopic), esti-
mated blood loss volume, surgery duration, left colic artery pres-
ervation, usage count of linear stapler for rectal resection, anasto-
motic site, morbidity, and mortality. Histological variables were 
tumor histological grade, T stage, and N stage. Tumor location 
was defined as rectosigmoid and upper and lower rectum. Recto-
sigmoid colon is defined as the colon from promontory to lower 
border of second sacrum. Upper rectum is defined as the rectum 
from lower border of second sacrum to peritoneal reflection. 
Lower rectum is defined as the rectum from peritoneal reflection 
to anorectal junction. Tumor differentiation was defined as well 
differentiated, moderately differentiated, poorly differentiated, 
and mucinous carcinoma. BMI was divided into high and low 
BMI groups by the cut-off value of 25.0 kg/m2, which was re-
ported as the cut-off line of obesity in the Asian population [29]. 
PNI was calculated by the following formula, as proposed by On-
odera et al. [30]: PNI= 10× serum albumin level (g/dL)+0.05×  
total lymphocyte count (mm3). PNI was also divided into 2 
groups according to a cut-off value of 40, as previously reported 
[31]. The upper limit of normal at our institute was defined as a 
cut-off line of tumor markers (CEA and CA19-9).

Postoperative complications were evaluated by the Clavien-
Dindo (CD) classification [32]. In this study, complications 
greater than grade II were defined as postoperative complications 
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including AL within 30 days after surgery or before discharge. AL 
was defined as stool discharge from the intraabdominal drain, 
positive bacterial culture from the intraabdominal drain, radio-
logical evidence of peritonitis or intraabdominal abscess by CT 
scan, or enema with rectal contrast. Postoperative mortality indi-
cated death within 30 days after surgery or in-hospital death.

Statistical analysis
All statistical analyses were performed using JMP 15 software 
(SAS Institute Inc., Cary, NC, USA). Interobserver correlation of 
CT measurement was determined by Pearson correlation coeffi-
cient [27]. The optimal cut-off value of PMI levels was deter-
mined by plotting the area under the receiver operating charac-
teristic (ROC) curve (AUC) and calculating the sensitivity and 
specificity. The correlation between the 2 variables was analyzed 
using the chi-square test or Fisher exact test, where appropriate. 
Continuous variables were expressed as the median, and the 
range was assessed by the Mann-Whitney U-test. Multiple logistic 
regression was performed to assess the contribution of significant 
independent variables in predicting AL using the Cox propor-
tional hazard model. In multivariate analyses, all variables were 
included in a multivariate backward stepwise logistic regression 
model to identify significant risk factors for AL, and the variables 
finally included were PNI, PMI, surgical approach, left colic ar-
tery preservation, super low anterior resection, and pathological 
T stage. Statistical significance was defined as P< 0.05. 

RESULTS

Clinicopathological factors among male patients with rectal 
cancer without diverting stoma
Table 1 details the patients’ characteristics. Among all 333 patients 
with lower anastomosis who underwent sphincter-preserving 
surgery for rectal cancer including rectosigmoid colon without a 
DS, preoperative adjuvant therapy, and preoperative bowel ob-
struction, 197 male patients were enrolled in this study. Fifty-
eight male rectal cancer patients with a DS, 136 female patients 
without a DS, and 28 female patients with a DS are also shown in 
Supplementary Table 1 as a reference. In the group of male rectal 
cancer patients without a DS, the mean age of the patients at sur-
gery was 64.3 years (range, 36–81 years). Tumor location was as 
follows: rectosigmoid (n= 53), upper rectum (n= 65), and lower 
rectum (n= 79). Laparoscopic surgery was performed in 156 of 
197 patients (79.2%). No robotic surgery was performed in this 
period. CRC staging was as follows: stage 0 (n= 3), stage I (n= 60), 
stage II (n= 42), stage III (n= 67), and stage IV (n= 25). Median 
surgery time was 225 minutes (range, 124–588 minutes) and esti-
mated blood loss was 20 mL (range, 1–11,010 mL). Super low an-
terior resection (distance between anastomotic site and anal verge, 
< 3 cm) was performed in 60 of 197 patients (30.5%). AL oc-
curred in 45 of 197 patients (22.8%). CD classification was as fol-
lows: grade II (n= 14), grade IIIa (n= 5), and grade IIIb (n= 26). 

Table 1. Clinicopathological factors in male rectal cancer patients 
without ileostomy

Factor Data

No. of patients 197

Age (yr) 65.2 (26–87)

Diabetes mellitus 44 (22.3)

Body mass index (kg/m2) 22.6 (15.9–31.9)

Tumor location

   Rectosigmoid   53 (26.9)

   Upper rectum 65 (33.0)

   Lower rectum 79 (40.1)

Preoperative CEA (ng/mL) 3.8 (0.5–3,432.0)

Preoperative CA19-9 (IU/mL) 8.1 (2.0–283,770.0)

Laparoscopic surgery 156 (79.2)

Blood loss volume (mL) 20 (1–2,890)

Surgery time (min) 245 (124–530)

Super low anastomosis (anal verge < 3 cm) 60 (30.5)

High tie of inferior mesenteric artery 33 (16.8)

No. of stapler for rectal dissection ( ≥ 2 times) 92 (46.7)

Stage

   0 3 (1.5)

   I 59 (29.9)

   II 42 (21.3)

   III 67 (34.0)

   IV 25 (12.7)

Anastomotic leakage 45 (22.8)

Values are presented as number only, median (range), or number (%). 
CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9. 

No postoperative mortality was found.

Measurement of the psoas muscle mass and calculation of 
psoas muscle index
We measured the cross-sectional area of the bilateral psoas muscle 
at the L3/L4 level. PMI was calculated as psoas muscle area in 
square centimeters divided by height in meters squared. Four ex-
amples of CT imaging are shown in Fig. 1. Psoas muscle area was 
manually traced and automatically measured.

The interobserver correlation of PMI values measured by 2 ob-
servers was tested using Pearson correlation coefficient and dem-
onstrated a significant correlation between the 2 observers (r2 =  
0.973; 95% confidence interval [CI], 0.982–0.989; P< 0.001) (Sup-
plementary Fig. 1). Average PMI value between 2 observers was 
defined as the personal PMI value, and the median PMI value of 
the patients was 734.5 (range, 304.4–1,080.1). 



Annals of

Coloproctology

www.coloproctol.org

Volume 38, Number 5, 2022

Ann Coloproctol 2022;38(5):353-361

357

Relationship between psoas muscle index and event of 
anastomotic leakage
We divided the cohort into 2 groups: AL with CD grade of ≥ II 
(AL+) or not (AL−). Fig. 2 demonstrates that PMI was signifi-
cantly higher in patients with AL+ than that in AL− patients (me-
dian PMI, 856.6 and 713.9, respectively; P< 0.0001). To determine 
the optimal cut-off value of PMI for AL events, we performed 
ROC curve analysis (Fig. 3). The AUC value was 0.686 and the 
optimal cut-off value was 812.67 cm2/m2 (sensitivity 60% and 

Fig. 1. Four examples of computed tomography (CT) imaging show-
ing manual tracing and automatic measurement of the cross-sec-
tional area of the psoas muscle. CT images refer to patients with (A, 
B) high psoas muscle index (PMI) and (C, D) low PMI.

A

B

C

D

Are 1,365.2 mm2

Perimeter 157.8 mm
CT value 66.83

Area 1,017.9 mm2

Perimeter 148.2 mm
CT value 57.67

Area 622.2 mm2

Perimeter 133.6 mm
CT value 59.77

Area 324.6 mm2

Perimeter 102.9 mm
CT value 49.78

Fig. 2. Median psoas muscle index (PMI) was significantly higher in 
patients with anastomotic leakage (AL+; Clavien-Dindo grade ≥ II) 
than in AL− patients (856.6 vs. 713.9, P < 0.001).
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Fig. 3. Receiver operating characteristic curve analysis showed that the 
area under the curve (AUC) value was 0.686 and the optimal cut-off 
value was 812.67 cm2/m2 (sensitivity of 60% and specificity of 74.3%).
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specificity 74.3%). Surprisingly, 27 of the 64 patients (42.2%) ex-
perienced AL among the cohort of patients with PMI of > 812. 

To determine the predictive factors for AL, univariate analysis of 
the variables potentially associated with AL was performed and 
demonstrated that AL significantly occurred in the patients with 
high PMI ( > 812) and super low anterior resection, indicating 
that high BMI, history of diabetes mellitus, and nutritional score 
as known predictive factors for AL did not have a significant dif-
ference (Table 2). Multivariate analysis also revealed that high 
PMI (risk ratio [RR], 3.933; P< 0.001; 95% CI, 1.917–8.070) and 
super low anastomosis (RR, 2.792; P = 0.015; 95% CI, 1.221–
6.384) were independent predictive factors for AL. In total, there 
were 271 male rectal cancer patients, including those with a DS, 
preoperative bowel obstruction, and preoperative adjuvant ther-
apy. We reexamined the relationship between AL occurrence and 
PMI value in the total cohort, which revealed that there was also a 
significant correlation between PMI value and AL occurrence 
(P= 0.012). These results suggested that preoperative PMI mea-
surement enabled prediction of the high-risk group for AL among 
male rectal cancer patients. We should construct a DS in rectal 
surgery for male patients with a high PMI above the cut-off line.

DISCUSSION

This study showed that male rectal cancer patients with a large 

psoas muscle mass who underwent lower anastomosis had more 
occurrences of postoperative AL than those with smaller psoas 
muscle masses. We performed abdominal CT for almost all rectal 
cancer patients; thus, we can easily measure the preoperative PMI 
of rectal cancer patients. To avoid measurement errors by manual 
tracing, the mean value measured by 2 observers was adopted as 
the PMI value in this study, and interobserver correlations be-
tween 2 observers were researched by Pearson correlation coeffi-
cient, indicating a significant correlation. Previous studies showed 
that decreased psoas muscle mass, which is a parameter of sarco-
penia, increases postoperative complications and is associated 
with short- and long-term prognostic indicators in colorectal sur-
gery [19, 21, 23, 24]. Our study revealed that high PMI is associ-
ated with AL only in male rectal cancer patients undergoing lower 
anastomosis, and there is a contradiction between our results and 
previous reports; hence, further discussion is required. The rea-
sons why the probabilities of AL became higher with increased 
psoas muscle mass may be decreased anatomical space and in-
creased physical force in the anastomotic site due to the large 
mass of the psoas muscle.

First, large psoas muscle mass can cause the pelvic cavity to be 
severely narrow due to the reduced anatomical space that is usu-
ally already narrow in men, and surgical procedures in the pelvis 
are extremely difficult, especially total mesorectal excision (TME). 
In fact, a narrow pelvis is a risk factor of AL [33]. In this study, the 

Table 2. Univariate and multivariate analysis of predictive factors for AL in male rectal cancer patients without ileostomy

Factor
No. of 

patients
AL 

(n = 45)
No AL 

(n = 152)
Univariate 
analysis

Multivariate analysis

RR 95% CI P-value

Clinical factor

   Diabetes mellitus 44 11/45 (24.4) 33/152 (21.7) 0.701

   Body mass index, > 22.6 kg/m2 98 23/45 (51.1) 75/152 (49.3) 0.835

   Prognostic nutritional index, < 40 30 9/45 (20.0) 21/152 (13.8) 0.323 2.631 0.882–7.849 0.083

   Psoas muscle index, > 812 64 27/45 (60.0) 37/152 (24.3) < 0.001 3.933 1.917–8.070 0.001

   CEA, > 5 ng/mL 70 13/45 (28.9) 57/152 (37.5) 0.609

   CA19-9, > 37 IU/mL 22 4/45 (8.9) 18/152 (11.8) 0.441

Surgical factor

   Surgical approach (laparoscopy vs. open) 156 38/45 (84.4) 118/152 (77.6) 0.311 2.265 0.802–6.396 0.123

   Blood loss, > 300 mL 38 8/45 (17.8) 30/152 (19.7) 0.754

   Surgery time, > 300 min 52 13/45 (28.9) 39/152 (25.7) 0.668

   High tie of inferior mesenteric artery 33 10/45 (22.2) 23/152 (15.1) 0.276  2.116 0.759–5.898 0.152

   No. of using stapler rectal dissection 92 22/45 (48.9) 70/152 (46.1) 0.334

   Super low anastomosis ( < 3 cm from anal verge) 60 20/45 (44.4) 40/152 (26.3) 0.023 2.792 1.221–6.384 0.015

Pathological factor

   Histological grade (vs. poorly and mucinous) 5 0/45 (0) 5/152 (3.3) 0.338

   pT4 16 6/45 (13.3) 10/152 (6.58) 0.167 5.534 0.602–7.261 0.245

   pN ≥ 2 33 11/45 (24.4) 22/152 (14.47) 0.129

Values are presented as number only or number (%) unless otherwise specified. 
AL, anastomotic leakage; RR, risk ratio; CI, confidence interval; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9. 
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PMI was not a risk factor for AL in female patients. Large psoas 
muscle mass may not influence the pelvic cavity in women be-
cause of their relatively wide pelvis, though it can be of influence 
in men due to their narrow pelvis and large psoas muscle mass 
compared with women. Previously, Iqbal et al. [34] reported that 
the extent of TME difficulty depends on a narrower pelvis and a 
smaller pelvic volume. Large psoas muscle mass makes pelvic dis-
section difficult due to the narrow pelvis. Patients with a high 
BMI, another AL predictive factor that increases the difficulty of 
dissecting the pelvis, also have a narrow pelvis [12, 13]. Novel 
technologies (robotic surgery) and new approaches (transanal 
TME) could be of extreme value in overcoming the constraints 
resulting from a narrow rigid pelvis that are often encountered 
during conventional rectal surgery [35, 36]. To avoid AL, we 
should introduce robotic surgery and transanal TME for male pa-
tients with a high PMI undergoing rectal surgery.

Second, large psoas muscle mass increases the physical force at 
the anastomotic site. Previous studies demonstrated that psoas 
muscle mass is a good indicator of whole-body muscle mass [37], 
and psoas muscle mass index can be an alternative method of 
evaluating muscle mass in patients with gastrointestinal and 
chronic liver disease [38]. Strain pressure in defecation is derived 
from the abdominal muscle and diaphragm [39]. Thus, we specu-
lated that strain pressure reflects the psoas muscle mass. In this 
study, the median PMI value was 732 (range, 304.4–1,080.1) in 
men and 499.2 (range, 239.5–1,033.6) in women, indicating that 
the psoas muscle of female patients tends not to be large because 
it is smaller than that of men. In women, high PMI was not risk 
factor for AL; however, the rate of AL was relatively high (6 of 11, 
54.5%), especially in female patients with a high psoas muscle 
mass (PMI> 700) compared with others (16 of 125, 12.8%), sug-
gesting that the psoas muscle mass can influence AL even in fe-
male patients. Women have inherently wide pelvises and a large 
amount of anatomical space available for surgical procedures 
compared with men, and there seems to be no issues with female 
patients undergoing pelvic dissection even if large psoas muscle 
mass is evident. It is suggested that the reason for high PMI hav-
ing a negative impact on the anastomotic site is not so much an 
anatomical issue as a result of the straining abdominal pressure of 
whole-body skeletal muscle. These results suggest that AL is 
caused by intraluminal pressure on the anastomotic site caused by 
strong inner skeletal muscle.

A limitation of our study was that this single institutional retro-
spective observational analysis of lower rectal cancer patients 
omitted patients who performed DS, who had received preopera-
tive adjuvant therapy, or who had experienced preoperative bowel 
obstruction, thus resulting in a strong selection bias and unknown 
confounding factors. In fact, high BMI is a known predictive 
marker for AL, but it was not a predictive factor for AL in this 
study. We excluded patients with a DS because it can be difficult to 
determine whether AL has occurred because there are fewer AL 
symptoms in patients with a DS; thus, in the other studies, the pro-

portion of patients with AL can be underestimated. In patients 
with a high BMI, especially over 30 kg/m2, and malnourished pa-
tients with a low BMI (< 18 kg/m2) and low serum albumin, we 
tend to construct a DS; thus, these patients were excluded from 
this study. The median BMI in this study was 22.6. In a 2018 na-
tional health and nutrition survey, the average BMI of Japanese 
males was 23.7 [40], higher than that in this study. We measured 
muscle mass in 2D CT imaging by manual tracing; however, three-
dimensional image measurement may ensure more accurate re-
sults. In addition, ROC curve analysis showed that the AUC value 
was not very high, and the cut-off value was not extremely precise 
(sensitivity of 60% and specificity of 74.3%). The AL rate was 
slightly high compared with previous reports because the subject 
of this research was a high-risk group (male patients who had un-
dergone sphincter-preserving surgery without a DS). Among the 
participants in the study, the patients refusing DS in spite of physi-
cians’ recommendation were included in this study. This study 
also included the patients with CRC located in rectosigmoid colon 
and upper rectum, which anastomotic rate is relatively low in gen-
eral, whereas these patients in this study required longer distal 
margin and lower anastomosis below the peritoneal reflection due 
to narrow view and manipulative issue such as bulky mass and co-
morbid inflammation. All the participants in this study performed 
lower anastomosis below the peritoneal reflection.

In this study, we demonstrated that large psoas muscle mass is a 
predictive marker for AL in male rectal cancer patients. We rec-
ommend measuring psoas muscle area and preoperatively evalu-
ating PMI, and constructing a DS when the PMI is higher than 
the cut-off value. We should also elucidate the mechanism by 
which psoas muscle mass affects AL in male rectal cancer patients 
in a large-scale multi-centered prospective study.
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