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Abstract
Objectives: To evaluate the feasibility of our new preoperative enteral nutrition protocol using ElentalⓇ

without mechanical bowel preparation (MBP) before laparoscopic anterior resection (LAR) in patients with

advanced stenotic rectal cancer.

Methods: Among 74 patients with advanced rectal cancer (clinical stages T3 and T4) scheduled to undergo

LAR, 42 patients with stenotic rectal cancer were administered ElentalⓇ (900 kcal/day) without MBP before

LAR (group S). Thirty-two patients without stenosis (group NS) did not receive preoperative nutritional

support but underwent MBP.

Results: Group S patients were maintained in a fasting state and received an elemental diet approximately

10 days preoperatively without severe adverse effects. The incidence of postoperative complications

(Clavien-Dindo classification �grade 2) was significantly lower in group S than that in group NS (adjusted

odds ratio [OR]: 6.046, P = 0.008). Logistic regression analysis revealed that group NS exhibited higher

risks of developing postoperative complications than those exhibited by group S (OR: 4.32, 95% confidence

interval [CI]: 1.28-17.28, P = 0.018). Among preoperative characteristics, the clinical tumor stage indicated

a significant intergroup difference. Thus, the clinical stage was selected as a covariate and adjusted in the

logistic regression model to calculate a covariate-adjusted OR. Group NS exhibited a higher incidence of

postoperative complications than group S (adjusted OR: 6.05, 95% CI: 1.58-28.35, P = 0.008).

Conclusions: Administration of an elemental diet using ElentalⓇ without MBP before LAR is a feasible

strategy in patients with advanced stenotic rectal cancer. Application of this research may encourage use of

ElentalⓇ in the clinical setting.
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Introduction

Although laparoscopic rectal resection has recently be-

come common worldwide because of its beneficial effect on

postoperative outcomes[1], evidence regarding its efficacy

and oncological safety has not been conclusively estab-

lished[2]. One of the reasons for the difficulty in achieving

favorable oncologic results in rectal cancer is the difficulty

of the surgical technique, particularly for rectal cancer pa-

tients with stenotic tumors. Patients with stenotic rectal can-

cer often develop bowel obstruction. In cases of complete

bowel obstruction, urgent treatments such as stents or divert-

ing stomas are necessary. If the large bowel is severely but

not completely obstructed, patients are generally required to
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be in a fasting state to retain bowel rest and are given total

parenteral nutrition.

Malnutrition has been considered a risk factor for postop-

erative complications such as anastomotic leakage and surgi-

cal site infection[3]. Several meta-analyses have demon-

strated that enteral nutrition decreases the risk of complica-

tions compared with parenteral nutrition[4-6]. Ideally, pa-

tients with stenotic rectal cancer should not receive total

parenteral nutrition, but enteral nutrition should be used in-

stead, even if the tumors are stenotic. ElentalⓇ (EA Pharma

Co., Inc., Tokyo, Japan) is an elemental diet that has been

used in patients with inflammatory bowel disease[7,8] or

chemotherapy-induced oral mucositis[9]. ElentalⓇ is com-

posed of amino acids and contains only small amounts of

fatty acids. It produces little food residue after digestion,

thereby reducing the burden on the digestive system[10,11].

Thus, we postulated that patients with stenotic rectal cancer

undergoing anterior resection could safely take the elemental

diet even if they had stenotic tumors. It is essential to evalu-

ate the efficacy and safety of preoperative enteral nutrition

protocols preceding rectal resection. Currently, rectal surgery

is performed laparoscopically. Therefore, examination of the

effectiveness and safety of the enteral nutrition protocol be-

fore laparoscopic rectal resection is crucial.

We hypothesized that a preoperative elemental diet proto-

col using ElentalⓇ could be a safe and effective nutritional

strategy for patients with stenotic rectal cancer and could

decrease postoperative complications. This retrospective

case-control study evaluated the efficacy and safety of our

novel preoperative elemental nutrition protocol before la-

paroscopic anterior resection (LAR) in patients with ad-

vanced stenotic rectal cancer.

Methods

Patients

We retrospectively examined all consecutive patients who

underwent elective LAR for primary advanced rectal cancers

(clinical stages T3 and T4 [cT3 and T4]) between December

2012 and September 2017 at Hokkaido University Hospital.

Patients were classified into two groups: stenotic tumors

(group S) and non-stenotic tumors (group NS). Stenotic tu-

mors were defined as tumors in which a colonoscope could

not be inserted owing to stenosis. Patients who required in-

sertion of long tubes, those with diverting stomas or stents

owing to complete bowel obstruction, or those who refused

the elemental diet were excluded. The extent of lymph node

dissection and cancer stage were classified based on the

2014 Japanese Society for Cancer of the Colon and Rectum

Guidelines[12]. The institutional review board of Hokkaido

University Hospital approved the study protocol (approval

number: 015-0451). This study was performed according to

the Declaration of Helsinki. Patients were not required to

provide informed consent because the analysis used anony-

mous clinical data. For complete details regarding disclo-

sure, the study details have been published on the home

page of Hokkaido University Hospital.

Study 1

At our department, all patients with stenotic rectal cancer

without complete bowel obstruction (group S) received a

preoperative elemental diet. Group S patients started fasting

upon admission. The elemental diet was administered from

the time of admission until the day before surgery, and if

necessary, rehydration therapy was added. A pack of Elen-

talⓇ containing 300 kilocalories (kcal) was dissolved in 300

mL of water for oral administration. Most patients were ad-

ministered the elemental diet with flavored powder added to

the solution to improve the taste. The oral dose of the ele-

mental diet was gradually increased from 2 packs/day (600

kcal) on day 1 to 3 packs/day (900 kcal) thereafter. Patients

were allowed to drink water, tea, or juice, but access to all

other foods was restricted. Patients did not undergo me-

chanical bowel preparation (MBP). Abdominal radiography

and blood tests were performed twice weekly for evaluation.

Patients who developed bowel obstruction, peritonitis, dehy-

dration, or electrolyte abnormalities were administered rehy-

dration therapy, and if necessary, the elemental diet was dis-

continued in such patients.

The hypothesis tested in Study 1 was that the preoperative

elemental protocol without MBP could be a safe and feasi-

ble strategy to provide nutritional support for group S pa-

tients. The rate of completion of the elemental diet protocol

and the incidence of adverse effects were examined. The

prognostic nutritional index (PNI) was used to evaluate the

nutritional status of patients and the risk of operative com-

plications. The PNI was calculated using the formula: 10 ×

serum albumin value (g/dL) + 0.005 × total lymphocyte

count (TLC) of peripheral blood[13,14].

Study 2

We also examined the feasibility of the elemental diet

protocol by comparing postoperative outcomes including the

incidence of postoperative complications between groups S

and NS in Study 2.

Group NS patients did not receive preoperative nutritional

support, began fasting after lunch the day preceding surgery,

and underwent MBP using polyethylene glycol electrolyte

lavage solution (PEG-ELS).

LAR was performed or supervised by a fully certified la-

paroscopic surgeon (S.H.)[15]. Surgeons qualified by the

Endoscopic Surgical Skill Qualification System, which was

developed by the Japan Society for Endoscopic Surgery,

were selected for performing low anterior resection[16]. The

operative procedure was performed using a conventional la-
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Table　1.　Preoperative Patient Characteristics.

Variable Group S (n = 42) Group NS (n = 32) p-value

Age (years) 64.7 ± 11.2 64.3 ± 11.8 0.889

Men 24 (57) 18 (56) 0.939

BMI (kg/m2) 22.4 ± 3.5 23.2 ± 3.9 0.310

ASA-PS ≤II 39 (93) 29 (91) 0.729

ECOG-PS 0 29 (69) 26 (81) 0.229

Brinkman index 390 ± 68.5 393 ± 76.5 0.976

History of laparotomy 10 (24) 8 (26) 0.845

Preoperative chemotherapy 2 (5) 5 (16) 0.228

Comorbidity (HT, DM, heart disease, 

respiratory disease, and brain disease)

10/7/3/2/1 

(24/17/7/5/2)

7/4/2/3/3 

(22/13/6/7/7)

0.665

Tumor location (Rs/Ra/Rb) 34/8/0 (81/19/0) 22/7/3 (69/22/9) 0.065

Clinical stage ≥IIIa 26 (62) 11 (34) 0.018

The values are presented as means ± standard deviations or numbers (percentages).

Group S: patients with stenotic tumors, group NS: patients with non-stenotic tumors, ASA-PS: American 

Society of Anesthesiologists’ Physical Status, BMI: body mass index, DM: diabetes mellitus, ECOG-PS: 

Eastern Cooperative Oncology Group performance status, HT: hypertension

paroscopic technique. Dissection was performed using a

standard medial-to-lateral approach. The inferior mesenteric

artery was ligated at its root in a routine manner. After total

mesorectal excision, the rectum was dissected and extracted

through an umbilical incision created in the abdominal wall.

A double-stapling technique was used to perform colorectal

anastomosis. Covering ileostomy was performed in patients

who underwent intra-anal canal anastomosis or who had a

positive air leak test. Drainage tubes were routinely placed

in the pelvis. The umbilical incision was closed using epi-

dermal sutureless closure[17].

Statistical analysis

Data were prospectively collected and retrospectively ana-

lyzed. The baseline summary statistics are presented as

means ± standard deviations and percentages. Patient charac-

teristics were summarized and statistically tested using Pear-

son’s chi-squared and Fisher’s exact tests. The significance

level was set at 5% (two-sided) for all statistical tests.

Among patient characteristics, the variable exhibiting a sta-

tistically significant intergroup difference was considered to

be a covariable. The percentage of complications between

the groups was compared and statistically tested based on a

binomial distribution (normal approximation). The selected

variable from Table 1 was chosen as the covariate and ad-

justed in the logistic regression model to calculate a

covariable-adjusted odds ratio (OR) in Study 2. The adjusted

OR was calculated using logistic regression analysis, with

the clinical stage as a covariable. All statistical calculations

were performed using the software package JMP Pro Ver-

sion 12 (SAS Institute Inc., Cary, NC, USA).

Results

Patient flow and characteristics

During the analysis period, 78 elective LARs were per-

formed to treat primary advanced rectal cancers (cT3 and

T4). Among 46 patients with stenotic rectal cancer, four

were excluded from the analysis: Three refused the elemen-

tal diet, and one required insertion of a long tube. Thus, 42

patients in group S were eligible for analysis in Study 1.

Forty-two patients in group S and 32 patients in group NS

who underwent LAR were eligible for analysis in Study 2

(Figure 1). In the NS group, tumors tended to be located at

a lower level of the rectum compared to those in the S

group. There was a significant difference in the distribution

of clinical stages in the S and NS groups (Table 1).

Outcomes of Study 1

The preoperative elemental diet was administered to all

group S patients from the day of admission until the day be-

fore surgery. Forty (95%) patients completed the elemental

diet protocol as scheduled. The mean dosing period of the

elemental diet was approximately 10 days (10.6 ± 6.1 days).

Eight patients required additional rehydration therapy (535.7

± 744.0 mL/day). As a result, the total calorie intake with

the protocol averaged to 1007.1 ± 176.1 kcal/day. After ap-

proximately 10 days of elemental diet administration, the

PNI of group S patients decreased by 44.1 ± 5.8, which was

not significantly different from the values recorded at the

time of admission. Although patients lost body weight dur-

ing the elemental diet intake, the rate of change in body

weight was only −2.7%. Local peritonitis occurred in two

patients because of tumor penetration into the mesorectum.

Peritonitis resolved in both patients after administering anti-
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Figure　1.　Seventy-eight elective rectal resections performed for highly advanced rectal cancers 

(cT3 and T4) from December 2012 to September 2017.

Four patients were excluded from the study: Three refused the elemental diet, and one required in-

sertion of a long tube. Forty-two patients with severe stenotic rectal cancers were treated with a pre-

operative elemental diet (Elental®) (group S). The other 32 patients were assigned to the control 

group (group NS).

Stenotic cancer
n =46

Non-stenotic cancer
(Group NS)

n = 32

Candidates for laparoscopic anterior 
resection for cT3 and T4 rectal cancer

n = 78

Elemental diet
(Group S)

n = 42

Refused elemental 
diet

N = 3
Insert long tube

N = 1

Laparoscopic anterior 
resection

n = 42

Laparoscopic anterior 
resection

n = 32

Study 1

Study 2

Table　2.　Preoperative Elemental Diet and Nutrition.

Preoperative event Group S (n = 42)

Completion of elemental diet 40 (95)

Administration of Elental® (days) 10.6 ± 6.1

Additional rehydration therapy  8 (19)

Additional rehydration volume (mL/day)  535.7 ± 744.0

Total calorie intake (kcal/day) 1007.1 ± 176.1

PNIa on admission 48.3 ± 5.9

PNI after Elental® intake 44.1 ± 5.8

Change rate of PNI (%)b  −8.6 ± 14.1

Body weight on admission (kg)  59.6 ± 11.5

Body weight after Elental® intake (kg)  58.0 ± 10.8

Change rate of body weight (%)c −2.7 ± 2.5

Adverse effect associated with Elental® intake

Local peritonitis   2 (4.8)

Complete bowel obstruction 0

Enteritis 0

The results are presented as means ± standard deviations or numbers (percent-

ages).

PNI: prognostic nutrition index; group S, patients with stenotic tumors
a PNI = 10 × serum albumin (g/dL) + 0.005 × lymphocyte count (/μL)
b Change rate of PNI (%) = ([PNI after Elental® intake] − [PNI on admission]) 

/ [PNI on admission] × 100
c Change rate of body weight (%) = ([body weight after Elental® intake] − 

[body weight on admission]) / [body weight on admission] × 100

biotics and withdrawing the elemental diet. No patient de-

veloped complete bowel obstruction or obstructive enteritis

during the course of the nutritional treatment (Table 2).

Outcomes of Study 2

Operative procedure
The operative procedures were similar between the two

groups (Table 3). Four (10%) and six (19%) patients in

groups S and NS, respectively, underwent simultaneous re-

section of other organs. One patient (2.5%) in group S re-

quired conversion to laparotomy (secondary to invasion of

other organs), as did one patient (3.1%) in group NS (secon-

dary to severe adhesions). Five (12%) and six (19%) pa-

tients in groups S and NS, respectively, underwent covering

ileostomy. No patient in either group reported fecal spillage

secondary to poor bowel preparation during anastomosis.

The operative time (190.8 ± 57.6 vs. 228.8 ± 98.8 min, P =

0.041) and anesthesia time (292.1 ± 69.7 vs. 333.8 ± 109.8

min, P = 0.049) were significantly shorter in group S than

those in group NS. Moreover, the estimated blood loss was

lower (10.2 ± 23.5 vs. 31.7 ± 67.1 g, P = 0.058) in group S

than in group NS. By contrast, the intraoperative infusion

volumes were nearly equivalent between the two groups.

The recovery of bowel movements was satisfactory in

both groups. Although the starting dates for fluid admini-
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Table　3.　Operative Outcomes.

Outcome Group S (n = 42) Group NS (n = 32) p-value

Operative procedure 0.428

High anterior resection 20 (48) 15 (47)

Low anterior resection 22 (52) 16 (50)

Total proctocolectomy 0   1 (3.1)a

Other organ resection  4 (10)  6 (19) 0.252

Conversion to laparotomy   1 (2.5)   1 (3.1) 0.846

Covering ileostomy  5 (12)  6 (19) 0.414

Qualified surgeon by ESSQS 22 (59) 21 (66) 0.251

Spillage of feces 0 0

D3 lymph node dissection 39 (93) 28 (88) 0.438

Number of dissected lymph nodes 24.1 ± 9.86 18.4 ± 12.4 0.031

Operative time (min) 191 ± 57.6 229 ± 98.8 0.041

Anesthesia time (min) 292 ± 69.7 334 ± 109.8 0.049

Estimated blood loss (g) 10.2 ± 23.5 31.7 ± 67.1 0.058

Intraoperative infusion volume (mL) 1,838 ± 575 1,941 ± 997 0.576

First day of passing flatus (PODs) 2.31 ± 0.19 2.31 ± 0.22 0.992

First day of defecation (PODs) 3.17 ± 0.34 3.59 ± 0.39 0.412

Commencement day for drinking (PODs) 1.03 ± 0.18 1.05 ± 0.22 0.728

Commencement day for eating (PODs) 6.29 ± 1.44 5.84 ± 1.69 0.228

Postoperative hospitalization (days) 13.0 ± 3.40 15.6 ± 6.81 0.034

Readmission within 30 days after discharge 0 1 (3.1)b 0.193

The results are presented as means ± standard deviations or numbers (percentages).

Group S: patients with stenotic tumors, group NS: patients with non-stenotic tumors, ESSQS, Endoscopic Sur-

gical Skill Qualification System; PODs, postoperative days
a Rectal cancer associated with ulcerative colitis
b One case of small bowel obstruction

stration and diet resumption were similar between the two

groups, the duration of postoperative hospitalization was sig-

nificantly shorter in group S than that in group NS (13.0 ±

3.40 vs. 15.6 ± 6.81 days, P = 0.034). None of the patients

in group S required readmission within 30 days postopera-

tively, whereas one patient in group NS had to be readmit-

ted (secondary to small bowel obstruction) (Table 3). There

was no substantial difference in perioperative inflammatory

responses, including white blood cell (WBC) count (Figure

2a), C-reactive protein level (Figure 2b), and the neutrophil-

to-lymphocyte ratio (NLR). However, the WBC count on

postoperative day (POD) 7 was significantly lower in group

S than that in group NS (Figure 2c). Although the PNIs in

group S were lower than those in group NS, they recovered

to their preoperative levels on POD 7 (Figure 2d).

Tumor characteristics

Intergroup differences were observed in terms of tumor

characteristics. The maximum tumor diameter (55.2 ± 16.7

vs. 39.8 ± 16.8 mm, P < 0.001) and tumor diameter/large

bowel circumference ratio (82.8 ± 19.1 vs. 48.9% ± 24.7%,

P < 0.001) were significantly greater in group S than those

in group NS. However, the percentage of patients showing

pathological T4, �N1, and stage, and the distal surgical mar-

gin were similar between the two groups. None of the pa-

tients in either group showed circumferential margin positiv-

ity. Furthermore, the oral/anal side (2 cm from the tumor

edge) ratios of the large bowel circumference were similar

between the groups, as presented in Table 4.

Postoperative complications

The incidence of postoperative complications (Clavien-

Dindo classification grade �2) was significantly lower in

group S than that in group NS (P = 0.018). None of the pa-

tients in either group developed anastomotic leakage or re-

quired re-operation secondary to postoperative complications

(Table 5). We performed logistic regression analysis to con-

firm whether the preoperative elemental diet reduced postop-

erative complications. Patients in group NS had a higher risk

of developing postoperative complications (OR: 4.32, 95%

CI: 1.28-17.28, P = 0.018). Among patients’ preoperative

characteristics, however, the clinical tumor stage had a sig-

nificant intergroup difference. Thus, the clinical stage was

the variable selected as a covariate and was adjusted in the

logistic regression model to calculate a covariate-adjusted

OR. Group NS had a higher rate of postoperative complica-

tions than that in group S (adjusted OR: 6.05, 95% CI:

1.58-28.35, P = 0.008), as listed in Table 6.
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Figure 2. Perioperative inflammatory reaction and nutrition status.

The parameters of perioperative inflammatory reaction and nutritional status are shown. Preoperative blood tests were per-

formed on admission, and values on the day preceding surgery were missing in group NS. Values are presented as means ± 

standard deviations.

Group S: patients with stenotic cancer, group NS: patients with non-stenotic cancer, WBC: white blood cell, CRP: C-reac-

tive protein, NLR: neutrophil-to-lymphocyte ratio, PNI: prognostic nutrition index, POD: postoperative day, DPS: the day 

prior to surgery
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Table　4.　Tumor Characteristics.

Tumor factor Group S (n = 42) Group NS (n = 32) p-value

Maximum tumor diameter (mm) 55.2 ± 16.7 39.8 ± 16.8 <0.001

Tumor diameter/circumference of the large bowel ratio (%) 82.8 ± 19.1 48.9 ± 24.7 <0.001

Histological type (tub1+tub2) 40 (95) 29 (91) 0.436

Pathological T4 11 (26) 1 (3) 0.004

Pathological ≤N1 22 (52) 13 (41) 0.315

Pathological stage ≤IIIa 25 (60) 15 (47) 0.279

Distal margin (mm) 38.9 ± 26.7 44.9 ± 36.4 0.417

Circumferential margin positive (%) 0 0

Large bowel circumference on the oral side/anal side of the tumora, b (%) 94.2 ± 14.1 97.4 ± 15.7 0.341

The results are presented as means ± standard deviations or numbers (percentages).

Group S: patients with stenotic tumors, group NS: patients with non-stenotic tumors
a Ratio = circumference on the oral side (2 cm away from tumor)/circumference on the anal side (2 cm away from tumor edge)
b Excluded were cases in which the circumference could not be measured: The proximal or distal margin was <2 cm.

Discussion

This study describes the first reported use of preoperative

enteral nutrition with the administration of ElentalⓇ in pa-

tients with advanced (cT3 and T4) stenotic rectal cancer be-

fore LAR. The enteral nutrition protocol without MBP was

considered safe and feasible for patients with stenotic rectal

cancer. The characteristics of our preoperative elemental nu-

trition protocol can be summarized as follows: Patients were

administered fluids and nutritional support without rehydra-

tion therapy (if possible). Although the success rate of the

enteral nutrition protocol was notably high (95%), the per-

centage of patients who required additional rehydration ther-

apy was not low (19%). Small quantities of peripheral par-
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Table　5.　Postoperative Complications.

Postoperative events Group S (n = 42) Group NS (n = 32) p-value

Total 4 (10) 10 (31) 0.018

Wound infection 0   1 (3.1)

Intra-abdominal abscess  1 (2.5) 0

Colitis 0   1 (3.1)

Urinary tract infection  1 (2.5) 0

Bile leakagea 0   1 (3.1)

Hemorrhagic duodenal ulcer 0   1 (3.1)

Anastomotic leakage 0 0

Anastomotic hemorrhage  1 (2.5)   1 (3.1)

Portal vein thrombosis 0   1 (3.1)

Small bowel obstruction  1 (2.5)   2 (6.3)

Pulmonary embolism 0   2 (6.3)

Reoperation 0 0

Data are presented as numbers (percentages).

Group S: patients with stenotic tumors, group NS: patients with non-stenotic tumors
a Associated with liver resection.

Table　6.　Logistic Regression Analysis of Patients’ Groups for Postop-

erative Complications.

Groups
Unadjusted

p-value
Adjusted

p-value
OR 95% CI OR 95% CI

S/NS 4.32 1.28–17.28 0.0178* 6.05 1.58–28.35 0.0080*

The clinical stage is a covariable for the adjusted odds ratio in logistic regression.

S: patients with stenotic tumors, NS: patients with non-stenotic tumors, OR: odds ratio, 

CI: confidence interval

enteral infusions (approximately 500 mL/day) were benefi-

cial in these patients. No patient developed severe dehydra-

tion. The bowel lumen was cleansed without MBP.

The extent/quantity of nutrition delivered is an important

consideration in this context. Our protocol included delivery

of enteral nutrition amounting to 900 kcal/day in group S

patients. The American Society for Parenteral and Enteral

Nutrition recommends 1,200-1,500 kcal of preoperative ele-

mental nutrition in malnourished patients (serum albumin

levels �3.5 g/dL) who undergo surgery of the esophagus,

stomach, pancreas, or biliary tract[18]. The nutritional sup-

port provided by our protocol appears to be insufficient

compared with the ideal nutritional requirement. However,

Braga et al. reported that 890 mL/day of enteral nutrition

was administered to patients who underwent colorectal re-

section despite being prescribed 1,000 mL/day[19]. We rea-

soned that patients who received only enteral nutrition

would have a negative reaction to consuming �1000 mL/day

of enteral nutrition fluid. Thus, to improve patient compli-

ance and ensure successful completion of our study, we de-

cided that patients should be given the option of consuming

a quantity of fluid of their choice that they were comfort-

able with, in addition to 900 mL of the elemental diet.

Many nutritional parameters are reported, such as serum

total protein, serum albumin, total cholesterol, TLC, rapid

turn-over proteins (pre-albumin and transferrin), and PNI.

We selected PNI because PNI is calculated using two impor-

tant nutritional factors (serum albumin and TLC). Previous

reports revealed that severe postoperative complications are

associated with inflammatory response and malnutri-

tion[20,21]. An inflammatory response in patients with ma-

lignancy is also related to the level of serum albumin and

TLC[22,23]. Therefore, we evaluated the nutritional status of

patients using PNI. A low PNI (�45.5) was reported to be

an independent risk factor for severe postoperative complica-

tions[14]. Although the preoperative PNI of group S was

44.1 (lower than 45.5) and could be a risk factor for severe

complications, the rate of postoperative complications had

no correlation with preoperative PNIs, perhaps because of a

relation to other tumor or surgical factors. A previous study

reported that resection and anastomosis of the gastrointesti-

nal tract are contraindicated in patients with PNI < 40[13].

In this study, the average PNI in group S patients declined

from 48.3% to 44.1% after preoperative administration of
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nutritional support. Preoperative PNI in both groups was

>40, and no patients developed anastomotic leakage. The

rates of preoperative reduction of PNI and body weight were

only 8% and 2%, respectively, considering the contribution

of enteral nutrition. Furthermore, the intake of an elemental

diet led to fewer adverse effects. Thus, we considered that

ElentalⓇ administration (900 mL/day) for approximately 10

days preoperatively is an acceptable strategy in patients with

stenotic rectal cancers scheduled to undergo LAR. However,

in patients requiring long-term fasting, total parenteral nutri-

tion and infusion of intravenous lipid emulsion should be

considered to compensate for the inability of this protocol to

meet dietary requirements and to deliver essential fatty ac-

ids[11].

Patients with stenotic cancers are maintained in a fasting

state preoperatively and receive parenteral nutrition to pre-

vent the development of complete bowel obstruction. Al-

though total parenteral nutrition provides sufficient fluid vol-

ume and nutritional support in fasting patients, interference

with the patient’s daily activities, additional nursing require-

ments, catheter-related infections, thrombosis, and complica-

tions associated with central venous catheter insertion are

distinct disadvantages. Moreover, several meta-analyses have

demonstrated that compared with enteral nutrition, parenteral

nutrition increases the risk of infectious complications[4-6].

Okamoto et al. demonstrated that a lack of nutrients deliv-

ered through enteral nutrition reduced the numbers of T

cells and immunoglobulin A-producing cells in the gut-

associated lymphoid tissue in patients with colon cancer[24].

A decline in the optimal functioning of the intestinal im-

mune system could allow bacterial translocation and in-

crease the risk of infectious complications[25,26]. Further-

more, Braga et al. reported that preoperative enteral formu-

las positively modulated postoperative immune and inflam-

matory responses[27]. In this study, according to the NLR, it

was unclear whether enteral nutrition using ElentalⓇ im-

proved immune responses. Inflammatory responses are im-

portant factors that lead to organ dysfunction and adverse

outcomes. The WBC count on POD 7 was significantly

lower in group S than that in group NS, and ElentalⓇ

seemed to decrease postoperative inflammatory responses.

Thus, we preferred enteral nutrition for the preoperative

management of patients with advanced stenotic rectal can-

cers.

Patients with stenotic rectal cancer are prone to complete

bowel obstruction, which interferes with adequate intraop-

erative visualization of the operative field such that bowel

manipulation becomes significantly more difficult, particu-

larly during laparoscopic surgery. We believed that it was

important to safely decrease the stool burden in the bowel

lumen as much as possible during administration of enteral

nutrition. Generally, the first choice for enteral nutrition in

patients with normal intestinal function is the polymeric for-

mula because of its advantages of a higher fat content,

pleasant taste, and ideal nutritional balance. Despite a lack

of evidence that the polymeric formula is more likely to

cause bowel obstruction, the polymeric formula is known to

produce more food residue than the elemental diet. More-

over, the osmotic pressure of the elemental diet (760 mOsm/

L) is much higher than that of the polymeric formula (330-

360 mOsm/L). Further, the elemental diet causes diarrhea

and could thus play a role as “a nutritious laxative”[10].

Therefore, the elemental diet has some advantages for pa-

tients with stenotic rectal cancer, whereas the polymeric for-

mula has other benefits. The efficacy of preoperative MBP

has not been established for LAR, particularly in patients

with advanced rectal cancer with stenosis. However, a ran-

domized trial in France indicated that rectal cancer surgery

without MBP was associated with a greater risk of overall

and infectious morbidity. Therefore, it was recommended

that MBP should be performed before elective rectal resec-

tion[28]. In cases of poor bowel preparation, the colon is

occasionally filled with liquid feces, resulting in spillage

into the surgical wound. Preoperative bowel preparation is

necessary to prevent infectious complications, particularly in

patients with severe stenotic rectal cancer. In this study, de-

spite the omission of MBP, the incidence of infectious mor-

bidity was very low (4.8%) in group S. Moreover, the inci-

dences of thromboembolic complications were different be-

tween the groups. The underlying reason for the lower rate

of thromboembolic complications in group S is unknown.

However, we speculate that the shorter operative time in

group S had an impact on the occurrence of thromboem-

bolic complications[29,30]. We propose two reasons for the

lower incidence of postoperative complications in group S.

One potential reason is that the rate of lower rectal cancer

was higher in the group NS than in group S. Although the

surgical procedures were not significantly different between

the two groups, lower rectal cancer surgery tended to require

longer operation time and resulted in greater blood loss.

Those surgeries were, therefore, likely to result in increased

postoperative complications. The other reason is that MBP

with PEG-ELS before LAR is possibly harmful. Although

PEG-ELS provides adequate bowel irrigation, the admini-

stration of PEG-ELS often causes bowel distention due to

edema of the intestine and the swallowing of a large amount

of air[31]. By contrast, intestinal wall edema was unlikely to

occur in group S because the osmotic pressure of ElentalⓇ

(760 mOsm/L) was much higher than that of plasma[10].

Moreover, none of the patients in group S developed com-

plete bowel obstruction or obstructive enteritis during the

course of enteral nutrition. Notably, the large bowel on the

oral side of the tumor was not abnormally dilated, and no

interference with adequate visualization of the operative

field necessitating conversion into laparotomy was reported

in any patient. In group S, the large bowel was successfully
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irrigated without MBP, and fecal contamination of the op-

erative field was not reported in any patient. Thus, we be-

lieve that ElentalⓇ can play an important role in bowel

preparation.

We believe that the lower invasiveness in terms of bowel

preparation was attributable to the unique characteristics of

the ElentalⓇ solution, such as high osmotic pressure and low

food residue production. Further, we suggest that these char-

acteristics of ElentalⓇ ameliorated the patients’ preoperative

condition and subsequently improved operative and postop-

erative outcomes. Although several previous reports have

demonstrated the usefulness of perioperative elemental nutri-

tion in colorectal surgery, we emphasize that our preopera-

tive elemental diet protocol using ElentalⓇ without MBP

was safe and effective, even for the management of patients

with advanced stenotic rectal cancers[27]. However, two pa-

tients in group S developed local peritonitis secondary to

tumor-related peritonitis on days 2 and 4 of the protocol;

therefore, careful monitoring is necessary during the course

of enteral nutrition, particularly during the initial period.

This study had some limitations. First, this was a retro-

spective study comprising a small number of patients at a

single center. Second, ideally, the control group in Study 2

should have comprised patients with stenotic tumors without

an elemental diet. However, excluding patients who required

emergent bowel decompression therapies such as stents or

diverting stomas because of complete bowel obstruction, all

patients with stenotic tumors received enteral nutrition at our

institution. Thus, we could not compare the incidence of

morbidity between patients with stenotic rectal cancer with

and without enteral nutrition therapy in this study. Third, the

oncological safety of laparoscopic resection has not been

clearly established in patients with advanced rectal cancer.

Fourth, detailed evaluation of the patients’ nutritional stat-

uses, such as data regarding the rapid turnover of protein,

was unavailable. Finally, this protocol was contraindicated in

patients with heart or renal failure requiring strict adherence

to fluid intake restrictions. The elemental nutrition protocol

was not applicable to these patients.

In summary, our preoperative elemental nutrition protocol

using ElentalⓇ without MBP before LAR is a feasible nutri-

tional strategy for patients with advanced stenotic rectal can-

cer. To validate our results, large-scale prospective studies

are required to confirm the efficacy and safety of this proto-

col prior to LAR.
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