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Background: Our aim was to clarify the incidence of bowel obstruction associated with a feeding jejunostomy
(BOF)J) after thoracoscopic esophagectomy and its association to characteristics and postoperative change in body

Methods: We reviewed 100 consecutive patients who underwent thoracoscopic esophagectomy with gastric tube
reconstruction and placement of a jejunostomy feeding catheter for esophageal cancer. The incidence of BOFJ was
evaluated and the change in body weight after surgery was compared between patients with and without BOFJ.

Results: BOFJ developed in 17 patients. Compared to patients without BOFJ, those with BOFJ had a higher
preoperative body mass index (23.3 kg/m? versus 20.9 kg/m? P=0.022), and greater postoperative body weight loss
rate: 3 month, decrease to 84.2% of initial body weight versus 89.3% (P = 0.002). Patients with BOFJ had shorter distance
between the jejunostomy and midline (40 mm versus 48 mm, P=0.011) compared to patients without BOFJ. On
multivariate analysis, higher preoperative body mass index (odds ratio (OR) = 9.248; 95% confidence interval (Cl) =
1.344-63.609; p = 0.024), higher postoperative weight loss at 3 months (OR = 8.490; 95% Cl = 1.765-40.837, p = 0.008),
and shorter distance between the jejunostomy and midline (OR = 8.160; 95% Cl = 1.675-39.747, p = 0.009) were

Conclusion: Patients of BOFJ had greater preoperative body mass, shorter distance between jejunostomy and midline,

Keywords: Feeding jejunostomy, Bowel obstruction associated with a feeding jejunostomy, Body weight loss,

Background

Esophagectomy with radical lymphadenectomy is the main
treatment for esophageal cancer. However, esophagectomy
is associated with a high incidence of postoperative compli-
cations [1], even when a less invasive thoracoscopic proced-
ure is used [2, 3]. In addition, reconstruction of the gastric
tube, which is commonly required with esophagectomy, is
associated with a high incidence of anastomotic leakage [1].
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From a clinical perspective, postoperative weight loss is
common after esophagectomy, even in the absence of any
complications [4], with severe weight loss being associated
with a poor prognosis [5].

Early enteral nutrition after esophagectomy is recom-
mended, with insertion of a feeding catheter during the
esophagectomy being useful for an appropriate nutritional
strategy after surgery [6, 7]. As per previously published
methods, we routinely create a feeding jejunostomy during
esophagectomy in our institution, using a catheter, and ini-
tiate enteral nutrition on postoperative day 1 [4]. As well,
patients continue with enteral nutritional supplementation
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after discharge until their dietary intake is sufficient. Despite
this aggressive nutritional strategy, more than half of pa-
tients experience a>10% weight loss during the first 6
months after surgery [4]. Moreover, the feeding catheter
can sometimes cause bowel obstruction, requiring emer-
gent surgery for treatment.

Therefore, the aim of our study was to clarify the inci-
dence of bowel obstruction associated with a feeding
jejunostomy (BOFJ) after thoracoscopic esophagectomy
(TSE) and to evaluate the association between BOFJ and
the patients’ characteristics or postoperative course of
change in body weight (BW).

Methods

This was a retrospective observational study of 100 con-
secutive patients who underwent TSE for esophageal
cancer, followed by gastric tube reconstruction, with
placement of a jejunostomy feeding catheter, at our insti-
tution, between July 2009 and May 2017. Patients
treated using a lower esophagectomy, via an abdominal
approach, were excluded. Preoperatively, all patients
underwent a comprehensive examination, including en-
doscopy, computed tomography (CT), barium swallow
radiography, and biochemical blood tests. Neo-adjuvant
chemotherapy, using cisplatin and fluorouracil, with or
without docetaxel, was administered to patients diag-
nosed with clinical stage II, III and IV cancer, as per the
result of Japanese clinical study [8].

Thoracoscopic McKeown esophagectomy with medi-
astinal dissection was performed in prone position. After
thoracoscopic esophagectomy, patients were placed in
supine position, gastric mobilization with abdominal dis-
section and gastric tube reconstruction was performed.

Informed consent was omitted and information of this
study was disclosed in the form of opt-out on our hos-
pital website.

Insertion of a feeding catheter in the jejunum

A 30cm, 9 Fr, feeding catheter (Kangaroo Jejunostomy
Catheter, Covidien Japan, Tokyo, Japan) was inserted via a
7 cm middle incision after laparoscopic gastric mobilization
and abdominal lymph nodes dissection into the jejunum,
20 cm distal from Treitz ligament. The catheter was se-
cured using the Witzel procedure, with purse string sutures
and three additional sutures using absorbable thread over
the catheter. In addition, four fixed peritoneum-jejunum
sutures using non-absorbable silk thread were placed
around the puncture site in the jejunum.

Postoperative management

Patients were transferred to the surgical intensive care
unit, with mechanical ventilation provided for the first
night. On the morning of postoperative day 1, patients
were weaned off the ventilator and the rehabilitation

Page 2 of 8

program initiated. Enteral nutrition, using a liquid diet
via the feeding jejunostomy catheter, was also initiated
on postoperative day 1, with a caloric intake of 30 kcal/
h. The thoracic drain tube was removed on postopera-
tive day 5-7, and oral intake was initiated on postopera-
tive day 7, in the absence of any evidence of anastomotic
leakage [9]. Patients were discharged when they were
comfortable with oral intake; follow-up visits were
scheduled at the hospital at 1, 3, 6, 9, and 12 months
after surgery, with subsequent follow-up every 3 to 6
months for an additional year. Patients were advised to
maintain an enteral nutrition of 200 to 600 kcal/day, via
the feeding catheter, when their daily oral intake was in-
sufficient. The feeding catheter was removed when diet-
ary intake was sufficient to meet nutritional needs.

Diagnosis of BOFJ

When the patients complained of acute epigastralgia
with a whirl sign visible on CT (Fig. 1a, b) at the site of
feeding jejunostomy, we diagnosed as BOF]. When the
whirl sign was not detected on CT, the patients were
treated conservatively.

Outcome parameters

Patients’ characteristics, surgical outcomes and postopera-
tive clinical outcomes were included in the analysis. Pa-
tients’ characteristics included: age; sex; cancer histology;
clinical cancer stage, according to the 7th edition of the
TNM classification [10]; preoperative BW; preoperative
body mass index (BMI); and the use of neo-adjuvant
chemotherapy. Surgical outcomes included: the use of
laparoscopy; the reconstruction method (circular anasto-
mosis or hand-sewn); total operative time (calculated from
the time of skin incision to the time of postoperative radi-
ography examination); and total blood loss volume. Post-
operative clinical outcomes included: complications, such
as pneumonia, anastomotic leakage, recurrent nerve palsy,
and surgical site infection; length of hospital stay; and
change in body weight, measured at 1, 3, 6, and 12 months
after the surgery. In patient’s stature, we calculated the
length of the abdominal axis (from xiphoid process to top
of pubis), distance between the site of jejunostomy and
midline, navel line, and xiphoid process line on CT scan.

Statistical analysis

For analysis, patients were classified into two groups, the
BOFJ group, formed of patients requiring surgery for the
treatment of BOF]J after the primary surgery, and the
Non-BOF] group. Patient characteristics, surgical and
clinical outcomes and the change in BW after surgery
were compared between the two groups. We also ana-
lyzed a relationship between the BOF] and the patient’s
stature. Continuous variables are reported as a median
and the associated range. The Mann-Whitney U test was
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Fig. 1 a. Computed tomography showing a dilation of the duodenum in a 62-years-old man who had been complaining of acute upper
abdominal pain for 18 months after esophagectomy. b. An obstruction of the jejunum, at the site of the feeding jejunostomy, was identified
(whirl sign; arrow), with twisting of the mesenteric vessels

Table 1 Characteristics of the patients who underwent the thoracoscopic esophagectomy for esophageal cancer

Sex, Male, n (%) 81 (81.0)

Age, years, median (range) 71 (43-85)
Histology, Squamous cell carcinoma, n (%) 85 (85.0)

Stage I/ 11/ 11/1V,n 25/25/37/13
Neoadjuvant chemotherapy, n (%) 74 (74.0)

Preoperative body weight, median (range), (kg)
Preoperative body mass index, median (range), (kg / m?)
Laparoscopic procedure, n (%)
Anastomosis, circular stapler / hand sewn, n
Operative time, median (range), (min)
Blood loss, median (range), (mL)
Complications, n (%)

Pneumonia

Anastomotic leakage

Recurrent nerve palsy

Surgical site infection

Hospital stay, median (range), (days)

Residual cancer, n (%)
Adjuvant therapy, n (%)

Chemotherapy

Chemo-radiotherapy

Median postoperative body weight at 1/ 3/ 6/ 12 months after the surgery (kg)
Median postoperative weight rate at 1/ 3/ 6 / 12 months after the surgery (%)

Duration until feeding catheter removal, median (range), (days)

Surgery for BOFJ, n (%)

Duration from esophagectomy to surgery for BOFJ, median (range), (days)

Patient’s stature

Length of the abdominal axis, median (range), (mm)

Distance between the site of jejunostomy and midline, median (range), (mm)
Distance between the site of jejunostomy and navel line, median (range), (mm)

Distance between the site of jejunostomy and xiphoid process line, median (range), (mm)

56.1 (40.0-78.0)
21.2 (15.1-30.0)
87 (87.0)

91/9

612 (456-859)
170 (40-1600)

17.5 (10-201)
11(11.0

45 (45.0)

1(1.0)
522/500/495/515
929/880/852/874
62 (6-316)

17 (17.0)

226 (6-1941)

330 (265-380)
40 (20-70)

30 (0-150)
110 (50-180)

BOFJ; bowel obstruction associated with a feeding jejunostomy
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used to evaluate differences in continuous variables be-
tween the two groups, with Pearson’s chi-squared test
used for categorical variables. Kaplan-Meier estimates of
accumulated occurrence rate were calculated. Logistic re-
gression analysis was used to identify factors associated
with BOF]J. Receiver operating characteristic curve analysis
was used to determine the optimal cut-off values for
multivariate analysis of patients with BOFJ. All analyses
were performed using JMP 13 (SAS Institute Inc., Cary,
NC, USA), with a P-value < 0.05 considered significant.

Results

Patient characteristics are reported in Table 1. The me-
dian length of postoperative hospital stay was 17.5 days.
The median preoperative BW was 56.1 kg, with a post-
operative BW at 1, 3, 6, and 12 months of 52.2, 50.0,
49.5, and 51.5 kg, respectively. The median duration be-
tween esophagectomy to removal of the feeding catheter
was 62 days. The median observation time in this study
was 49 months (range; 6—126 months).

Pathological residual cancer was revealed in 11 pa-
tients. Adjuvant chemotherapy was performed for 9 pa-
tients, and adjuvant chemo-radiotherapy was performed
for 1 patient.

Thirty-six out of 89 non-residual cancer patients were
performed the adjuvant chemotherapy. There were no dif-
ferences of the postoperative body weight change between
the patients without and with adjuvant therapy: 1 month,
decrease to 93.9% of initial body weight versus 91.8% (P =
0.171); 3 months, 89.6% versus 87.6% (P=0.237); 6
months, 87.3% versus 85.0% (P =0.250); and 12 months,
87.6% versus 86.8% (P = 0.505).

Cancer recurrence occurred in 26 patients (medias-
tinal local recurrence, 8; supra-clavicular lymph nodes,
2; intrathoracic dissemination, 2; hematological distant
metastasis, 12; distant lymph nodes metastasis, 2). There
were no differences in the postoperative body weight
change between the patients without and with recur-
rence: 1 month, decrease to 92.2% of initial body weight
versus 93.9% (P =0.748); 3 months, 89.0% versus 87.8%
(P=0.910); 6 months, 85.3% versus 85.2% (P =0.573);
and 12 months, 87.6% versus 87.0% (P = 0.435).

Postoperative BOF] developed in 17 of the 100 patients
(17%). Nine patients were observed conservatively because
they didn’t have any abdominal symptoms although their
follow-up CT scan showed the whirl sign. Emergent sur-
gery was required in 9 of these 17 patients for the treat-
ment of acute abdominal pain, with a whirl sign visible on
CT (Fig. 1a, b). The other 8 patients required elective sur-
gery for repeated upper abdominal pain, again with a whirl
sign visible on CT. Two of 8 patients couldn’t be revealed
bowel torsion but adhesion during surgery. The median
deration between the esophagectomy and the surgery for
BOF] was 8.4 months (range; 0.2—-64.7 months). All 17

Page 4 of 8

patients were treated using adhesiolysis at the jejunostomy
site (Fig. 2), with none of the patients requiring a resection
of the jejunum. In these 17 patients, 5 had history of ab-
dominal surgery (appendectomy; 2, colorectomy; 2, ex-
tended cholecystectomy; 1). Two patients were performed
concurrent surgery for hiatus hernia, one had concurrent
appendectomy for appendicitis. There was no patient of
leakage associated with feeding catheter or accidental re-
moval. However, one patient had skin infection around
the catheter. We administrated antibiotics and removed
the catheter. During enteral feeding, luminal obstruction
of the catheter due to kinking occurred in one patient,
then we removed the catheter.

Between-group comparison is reported in Table 2. Com-
pared to the Non-BOF] group, the BOFJ group had a
higher preoperative BW (59.8 kg versus 55.6 kg, P = 0.053)
and BMI (23.3 kg/m? versus 20.9 kg/m?, P =0.022). A lap-
aroscopic procedure was performed in all patients in the
BOEF]J group, and in 84.3% of patients in the Non-BOF]
group, although this difference between the two groups
was not significant (P =0.080). The total operative time
and volume of blood loss, and the incidence of postopera-
tive complications, the length of postoperative hospital
stay, residual cancer, adjuvant therapy, and cancer recur-
rence were not different between the two groups. The
delay between esophagectomy and removal of the feeding
catheter was also not different between the two groups
(43 days versus 67 days for the Non-BOFJ and BOF]
group, respectively; P = 0.636). Postoperative BW (kg) was
not different between the two groups, but the rate of BW
decrease, from the preoperative BW, was greater in the
BOFJ than Non-BOFJ group over the first month after
surgery (Fig. 3). Fig. 4 shows the accumulated occurrence
rate with Kaplan-Meier estimates. The cut-off value of

Fig. 2 A torsion of the small intestine at the site of feeding
jejunostomy was observed by laparoscopy, with the congestion of
the jejunum, due to strangulation, improved with relief of

the torsion
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Table 2 Comparison of the outcomes between the two groups
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BOFJ Non-BOFJ P value
(n=17) (n=83)
Sex, Male, n (%) 14 (82.4) 67 (80.7) 1.000
Age, years, median (range) 67 (52-85) 67 (43-81) 0.639
Stage | /11/1/ IV, n 5/6/5/1 20/19/32/12 0.823
Neoadjuvant chemotherapy, n (%) 10 (58.8) 64 (77.1) 0117
Preoperative body weight, median (range), (kg) 59.8 (43.1-75.9) 55.6 (39.9-78.0) 0.053
Preoperative BMI, median (range), (kg / m?) 233 (19.3-29.3) 20.9 (15.1-30.0) 0.022
Laparoscopic procedure, n (%) 17 (100.0) 70 (84.3) 0.080
Operative time, median (range), (min) 591 (456-825) 613 (473-859) 0.891
Blood loss, median (range), (mL) 170 (50-490) 170 (40-1600) 0.920
Complications, n (%)
Pneumonia 1(5.9) 11 (13.3) 0.394
Anastomotic leakage 1 (5.9) 11 (13.3) 0.394
Recurrent nerve palsy 4(23.5) 24 (28.9) 0.652
Surgical site infection 3(017.7) 18 (21.7) 0.710
Hospital stay, median (range), (days) 17 (13-47) 19 (10-201) 0.505
Residual cancer, n (%) 3(177) 8 (9.6) 0.392
Adjuvant therapy, n (%) 11 (64.7) 43 (51.8) 0426
Cancer recurrence, n (%) 2(11.8) 24 (28.9) 0.142
Postoperative weight, median (range), (kg)
1 months 55.2 (38.0-71.0) 52.0 (38.0-74.0) 0317
3 months 51.5 (34.0-68.0) 50.0 (33.5-73.0) 0418
6 months 50.0 (36.0-64.0) 483 (354-70.0) 0.605
12 months 49.0 (37.0-63.0) 52.0 (36.0-70.0) 0.837
Postoperative weight rate, median (range), (%)
1 months 90.1 (84.4-97.5) 93.8 (80.8-109.2) 0.018
3 months 84.2 (76.9-91.6) 89.3 (744-102.6) 0.002
6 months 825 (73.7-88.7) 87.0 (71.1-105.7) 0.001
12 months 804 (69.3-93.6) 88.9 (64.0-111.8) < 0.001
Patient's stature
Length of the abdominal axis, median (range), (mm) 325 (265-380) 330 (270-380) 0.624
Distance between the site of jejunostomy and midline, median (range), (mm) 40 (22-63) 48 (20-70) 0.011
Distance between the site of jejunostomy and navel line, median (range), (mm) 20 (5-75) 35 (0-150) 0.240
Distance between the site of jejunostomy and xiphoid process line, median (range), (mm) 100 (60-180) 110 (50-180) 0.051

BOFJ; bowel obstruction associated with a feeding jejunostomy, BMI; body mass index

preoperative BMI to predict the occurrence of bowel ob-
struction was evaluated as 23.8 with receiver operating
characteristic curve.

In the patient’s stature, the BOF] patients had signifi-
cantly shorter distance between the site of jejunostomy
and midline (40 mm versus 48 mm, P = 0.011), and shorter
distance between the site of jejunostomy and xiphoid
process line (100 mm versus 110 mm, P=0.051), com-
pared to those in the non-BOFJ group. On multivariate
analysis, higher preoperative BMI (odds ratio (OR)=
9.248; 95% confidence interval (CI)=1.344-63.609; p =

0.024), higher postoperative weight loss at 3 months after
the esophagectomy (OR =8.490; 95% CI =1.765-40.837,
p =0.008), and shorter distance between the site of jeju-
nostomy and midline (OR = 8.160; 95% CI = 1.675-39.747,
p=0.009) were independently associated with BOF]
(Table 3).

Discussion

The incidence rate of BOF] after thoracoscopic esopha-
gectomy was 17% in our study cohort. Patients who devel-
oped BOEFJ had as significantly higher preoperative BMI
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Fig. 3 Postoperative change in body weight, expressed as a
percentage (%) of the preoperative weight, between the BOFJ
group and the Non-BOFJ group, with the asterisk indicating a
significant difference between the two groups. In the BOFJ group,
weight continued to up to 12 months after surgery. By comparison,
in the Non-BOFJ group, weight decreased to 6 months after surgery,
with a subsequent increase in weight from 6 to 12 months after
surgery. The rate of body weight decrease over the first month after
surgery was significantly greater in the BOFJ and Non-BOFJ group
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and higher rate of laparoscopic procedure that patients in
the Non-BOFJ group. Of note, the rate of postoperative
body weight loss was greater in the BOFJ than the Non-
BOFJ group. In addition, our study demonstrated that
shorter distance between the jejunostomy and midline or
xiphoid process line might be a risk of BOF]J.

Previous studies have reported on the importance of a
feeding jejunostomy after esophagectomy to provide suf-
ficient caloric intake to compensate for anastomotic
leakage and postoperative weight loss due to insufficient
oral intake after surgery [11, 12]. Although improvement
in surgical technique has improved the rate of anasto-
motic leakage, the incidence of leakage is persisting. As
such, including a feeding jejunostomy after esophagec-
tomy provides a solution to ensure adequate caloric in-
take, via enteral feeding, to avoid rapid weight loss, and
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Fig. 4 Kaplan-Meier curve showing accumulated occurrence rate of
BOFJ and time (months) after the esophagectomy
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can be to supplement oral intake, as needed, after dis-
charge [11]. However, jejunostomy-related complica-
tions, including BOF]J, require close monitoring and
emergent treatment [13].

Laparoscopy has improved the outcomes of esophagec-
tomy, compared to an abdominal approach, reducing the
incidence of abdominal adhesions and postoperative ab-
dominal pain, compared to laparotomy [14]. However,
studies have reported that lower adhesion formation after
laparoscopy might be a risk factor for postoperative BOF]
and internal hernia [15, 16]. We also need to consider that
gastric mobilization creates a large intra-abdominal space,
on the left side of the jejunostomy, into which the jejunum
might invaginate and twist around the feeding jejunost-
omy. This might explain the higher rate of BOF] among
patients who underwent a laparoscopic approach, and
shorter distance between the jejunostomy and midline or
xiphoid process line in our study group.

In the previous report, laparoscopic procedure and fix-
ation of the jejunum only at the catheter insertion point
resulted in 11.5% of BOFJ [17]. On the other hand, open
abdominal surgery and longitudinal fixation of the cath-
eter resulted in less than 6.0% of BOFJ [18-20]. Judging
from these, the reason of our high incidence of BOF]
might be fewer abdominal adhesion condition with
laparoscopy and small area fixation suture around the
catheter via a small abdominal incision, resulted in
shorter distance between the catheter and midline, creat-
ing a large internal hernia space. Although a few reports
described the risk factors of BOF], Choi AH reported
that prolonged duration of tube feeding or internal her-
nia space created after the surgery might be risk-factors
of BOFJ [19]. The BOF] was caused by separation of the
fixation from the jejunum and abdominal wall. After ex-
perience of BOFJ, we added some longitudinal sutures
using non-absorbable silk thread at the anal side of cath-
eter to avoid torsion of jejunum. However, Akiyama et
al. reported 9.1% of BOEF] although use of a non-
absorbable thread for fixation [21].

In our study cohort, patients in the BOF] group had a
higher preoperative BMI and postoperative rate of BW
decrease after surgery, than the BOF] group. The higher
preoperative BMI is likely indicative of fewer symptoms
of esophageal cancer, including dysphagia and pain during
swallowing, and, thus, patients with a higher preoperative
BMI are likely to have maintained a better oral caloric
prior to surgery and, thus, to have insufficient oral intake
after esophagectomy [4]. Postoperative BW loss after sur-
gery might further be accentuated in these patients by the
creation of intra-abdominal spaces, due to abdominal
muscle atrophy and loss of adipose tissue. By contrast, pa-
tients with preoperative symptoms of esophageal cancer
would have a lower preoperative BMI; postoperatively,
however, improvements in symptoms would improve
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Table 3 Multivariate analysis of patients with BOF)J
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Odds ratio 95% Confidence interval P value
Preoperative body weight > 59.8 kg 2.062 0.352-12.089 0422
Preoperative BMI > 238 kg / m? 9.248 1.344-63.609 0.024
Postoperative BW loss at 1 months > 10% 1279 0.300-5.446 0.740
Postoperative BW loss at 3 months > 15% 8490 1.765-40.837 0.008
Distance between the site of jejunostomy and midline <45 mm 8.160 1.675-39.747 0.009
Distance between the site of jejunostomy and xiphoid process line < 100 mm 3.862 0.930-16.043 0.063

BOFJ bowel obstruction associated with a feeding jejunostomy, BMI body mass index, BW body weight

caloric intake after esophagectomy. While we consider
that postoperative BW loss is an outcome of BOF]. We
found that the BW loss of BOF] patients was higher
than those of non-BOF]J patients during 3 months after
the esophagectomy, and the surgery for BOF] was per-
formed 8.4 months (median) after the esophagectomy.
We considered that the pre-BOF] condition including
adhesion or torsion of jejunum might be a cause of
higher weight loss.

Despite the benefits of a feeding jejunostomy after
esophagectomy, an alternative enteral feeding method
would be desirable to avoid BOF]J. Some researchers have
recommended insertion of the feeding catheter into the
gastric tube [20, 22] or duodenum [23], through the round
ligament of liver, rather than through the jejunum. How-
ever, insertion of a feeding catheter into the gastric tube
requires a retro-sternum reconstruction. As such, a duo-
denostomy might be a better option, via a posterior-
mediastinum route, because of the shorter distance from
the abdominal wall, although this approach does require
performance of a Kocher mobilization. It has been pro-
posed that use of a nasoduodenum tube might provide a
safe and useful alternative, avoiding the burdens of enteral
feeding [24]. Since 2018, we changed the feeding catheter
method from jejunostomy to duodenostomy through the
round ligament.

The limitation of our study need to be acknowledged.
This was a retrospective observational study, with a small
sample size. We cannot deny a restricted oral intake prior
to the diagnosis of BOFJ due to upper abdominal pain or
epigastralgia, which would have contributed to the
greater rate of body weight loss after esophagectomy.
Additionally, we did not monitor caloric intake after
discharge. Therefore, large-scale prospective studies are
warranted to determine if a feeding jejunostomy is
beneficial to maintain body weight after esophagec-
tomy, or if it is harmful, with BOF] restricting oral in-
take after esophagectomy.

Conclusion

We identified a higher risk for BOF] among patients
with a higher preoperative BMI and shorter distance be-
tween the site of jejunostomy and midline. In addition,

these patients did experience a greater rate of body
weight loss over the 3 month after surgery, compared to
patients who did not develop BOFJ. This is an important
finding when considering that severe weight loss after
esophagectomy is a known risk factor of a poor progno-
sis. Considering the effect of BOF] on postoperative
weight loss, there is a need to consider alternative
methods of enteral feeding, including use of a duode-
num tube through the round ligament or a nasoduode-
num tube.

Abbreviations

BMI: Body mass index; BOFJ: Bowel obstruction associated with a feeding
jejunostomy; BW: Body weight; Cl: Confidence interva; CT: Computed
tomography; OR: Odds ratio; TSE: Thoracoscopic esophagectomy

Acknowledgements
We would like to acknowledge with gratitude the contribution of the
colleagues of the department of Surgery, Kochi Medical School.

Authors’ contributions

HK and TN designed the protocol and drafted the manuscript and all other
authors participated in the design of the study. HK and TN analyzed the
data. HK, TN, JI, SU, MM, KY, MK and KH interpreted the data. All authors
were involved in editing the manuscript and approved the final text of the
manuscript.

Funding
No external funding was received.

Availability of data and materials
The datasets during and/or analyzed during the current study available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

Informed consent was omitted and information of this study was disclosed
in the form of opt-out on our hospital website. The study has been ap-
proved by the Institutional Review Board at the Kochi Medical School Hos-
pital (accepted number: ERB-104180), and was undertaken in accordance
with the Helsinki declaration and the Japanese Good Clinical Practice
Guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Surgery, Kochi Medical School, Kohasu-Okocho, Nankoku,
Kochi 783-8505, Japan. 2Department of Human Health and Medical Sciences,
Kochi Medical School, Kohasu-Okocho, Nankoku, Kochi 783-8505, Japan.



Kitagawa et al. BMC Gastroenterology

(2019) 19:104

Received: 13 March 2019 Accepted: 20 June 2019
Published online: 25 June 2019

References

1.

Takeuchi H, Miyata H, Gotoh M, Kitagawa Y, Baba H, Kimura W, Tomita N,
Nakagoe T, Shimada M, Sugihara K, Mori M. A risk model for
esophagectomy using data of 5354 patients included in a Japanese
nationwide web-based database. Ann Surg. 2014,260:259-66.

Osugi H, Takemura M, Higashino M, Takada N, Lee S, Kinoshita H. A
comparison of video-assisted thoracoscopic oesophagectomy and radical
lymph node dissection for squamous cell cancer of the oesophagus with
open operation. Br J Surg. 2003;90:108-13.

Kitagawa H, Namikawa T, Munekage M, Fujisawa K, Munekgae E, Kobayashi
M, Hanazaki K. Outcomes of thoracoscopic esophagectomy in prone
position with laparoscopic gastric mobilization for esophageal cancer.
Langenbeck's Arch Surg. 2016;401:699-705.

Kitagawa H, Namikawa T, Munekage M, Fusijawa K, Munekage E,
Kawahishi Y, Kobayadhi M, Hanazaki K. Analysis of factors associated
with weight loss after esophagectomy for esophageal cancer.
Anticancer Res. 2016;36:5409-12.

D'Journo XB, Ouattara M, Loundou A, Trousse D, Dahan L, Nathalie T,
Doddoli C, Seitz JF, Thomas PA. Prognostic impact of weight loss in 1-year
survivors after transthoracic esophagectomy for cancer. Dis Esophagus.
2012;25:527-34.

Peng J, Cai J, Niu ZX, Chen LQ. Early enteral nutrition compared with
parenteral nutrition for esophageal cancer patients after esophagectomy: a
meta-analysis. Dis Esophagus. 2016;29:333-41.

Weijs TJ, Berkelmans GH, Nieuwenhuijzen GA, Ruurda J, Hillegersberg R,
Soeters P, Luyer MD. Routes for early enteral nutrition after esophagectomy.
A systematic review. Clin Nutr. 2015;34:1-6.

Ando N, Kato H, Igaki H, Shinoda M, Ozawa S, Shimizu H, Nakamura T,
Yabusaki H, Aoyama N, Kurita A, lkeda K, Kanda T, Tsujinaka T, Nakamura K,
Fukuda H. A randomized trial comparing postoperative adjuvant
chemotherapy with cisplatin and 5-fluorouracil versus preoperative
chemotherapy for localized advanced squamous cell carcinoma of the
thoracic esophagus. Ann Surg Oncol. 2012;19:68-74.

Kitagawa H, Namikawa T, lwabu J, Fujisawa K, Uemura S, Tsuda S,
Hanazaki K. Assessment of the blood supply using the indocyanine
green fluorescence method and postoperative endoscopic evaluation of
anastomosis of the gastric tube during esophagectomy. Surg Endosc.
2018;32:1749-54.

Sobin LH, Gospodarowicz MK, Wittekind C. TNM classification of malignant
tumors. 7th ed. Oxford: Wiley-Blackwell; 2010.

Donohoe CL, Healy LA, Fanning M, Doyle SL, McHugh A, Moore J, Ravi N,
Reynolds JV. Impact of supplemental home enteral feeding post
esophagectomy on nutrition, body composition, quality of life, and patient
satisfaction. Dis Esophagus. 2017;30:1-9.

Tomaszek SC, Cassivi SD, Allen MS, Shen KR, Nichols FC, Deschamps C,
Wigle DA. An alternative postoperative pathway reduces length of
hospitalisation following oesophagectomy. Eur J Cardiothorac Surg.
2010;37:807-13.

Al-Taan OS, Williams RN, Stephenson JA, Baker M, Nyasavajjala SM, Bowrey
DJ. Feeding jejunostomy-associated small bowel necrosis after elective
esophago-gastric resection. J Gastrointest Surg. 2017,21:1385-90.

Nozaki |, Mizusawa J, Kato K, Igaki H, Ito Y, Daiko H, Yano M, Udagawa
H, Nakagawa S, Takagi M, Kitagawa Y. Impact of laparoscopy on the
prevention of pulmonary complications after thoracoscopic
esophagectomy using data from JCOG0502: a prospective multicenter
study. Surg Endosc. 2018;32:651-9.

Kojima K, Inokuchi M, Kato K, Motoyama K, Sugihara K. Petersen's hernia
after laparoscopic distal gastrectomy with roux-en-Y reconstruction for
gastric cancer. Gastric Cancer. 2014;17:146-51.

Yoshikawa K, Shimada M, Kurita N, Saro H, Iwata T, Higashijima J, Chikakiyo
M, Nishi M, Kashihara H, Takasu C, Matsumoto N, Eto N, Eto S.
Characteristics of internal hernia after gastrectomy with roux-en-Y
reconstruction for gastric cancer. Surg Endosc. 2014;28:1774-8.

Koterazawa Y, Oshikiri T, Hasegawa H, Yamamoto M, Kanaji S, Yamashita K,
Matsuda T, Nakamura T, Suzuki S, Kakeji Y. Routine placement of feeding
jejunostomy tube during esophagectomy increases postoperative
complications and does not improve postoperative malnutrition. Dis
Esophagus. 2019. https.//doi.org/10.1093/dote/doz021.

20.

22.

23.

24.

Page 8 of 8

Venskutonis D, Bradulskis S, Adamonis K, Urbanavicius L. Witzel catheter
feeding jejunostomy: is it safe? Dig Surg. 2007,24:349-53.

Choi AH, O'Leary MP, Merchant SJ, Sun 'V, Chao J, Raz DJ, Kim JY, Kim J.
Complications of feeding Jejunostomy tubes in patients with
gastroesophageal Cancer. J Gastrointest Surg. 2017;21:259-65.

Kawai R, Abe T, Uemura N, Fukaya M, Saito T, Komori K, Yokoyama Y,
Nagino M, Shinoda M, Shimizu Y. Feeding catheter gastrostomy with the
round ligament of the liver prevents mechanical bowel obstruction after
esophagectomy. Dis Esophagus. 2017;30:1-8.

Akiyama Y, Iwaya T, Endo F, Nikai H, Sato K, Baba S, Chiba T, Kimura T,
Takahara T, Nitta H, Otsuka K, Mizuno M, Kimura Y, Koeda K, Sasaki A.
Evaluation of the need for routine feeding jejunostomy for enteral nutrition
after esophagectomy. J Thorac Dis. 2018;10:6854-62.

Watanabe M, Etoh K, Nagai Y, Baba Y, Iwatsuki M, Ishimoto T, Sakamot
Y, Miyamoto Y, Yoshida N, Baba H. Feeding tube insertion through the
round ligament of liver: a safe approach to placing a feeding tube for
retrosternal gastric tube reconstruction after esophagectomy. J Am Coll
Surg. 2011;213:e21-2.

Oya H, Koike M, Iwata N, Kobayashi D, Torii K, Niwa Y, Kanda M, Tanaka C,
Yamada S, Fuijii T, Nakayam G, Sugimoto H, Nomoto S, Fujiwara M, Kodera
Y. Feeding duodenostomy decreases the incidence of mechanical
obstruction after radical esophageal cancer surgery. World J Surg. 2015;39:
1105-10.

Han-Geurts 1J, Hop WC, Verhoef C, Tran KTC, Tilanus HW. Randomized
clinical trial comparing feeding jejunostomy with nasoduodenal tube
placement in patients undergoing oesophagectomy. Br J Surg. 2007;
94:31-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1093/dote/doz021

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Insertion of a feeding catheter in the jejunum
	Postoperative management
	Diagnosis of BOFJ
	Outcome parameters
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

