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Abstract
Objective Laparoscopic feeding jejunostomy is a safe and effective means of providing enteral nutrition in the preoperative
phase to esophageal cancer patients.
Design This research is a retrospective case series.
Setting This study was conducted in a university tertiary care center.
Patients Between August 2007 and April 2012, 153 laparoscopic feeding jejunostomies were performed in patients 10 weeks
prior to their definitive minimally invasive esophagectomy.
Main Outcome Measures The outcome is measured based on the technique, safety, and feasibility of a laparoscopic feeding
jejunostomy in the preoperative phase of esophageal cancer patients.
Results One hundred fifty-three patients underwent a laparoscopic feeding jejunostomy approximately 1 and 10 week(s)
prior to the start of their neoadjuvant therapy and definitive minimally invasive esophagectomy, respectively. Median age was
63 years. Of the patients, 75 % were males and 25 % were females. One hundred twenty-seven patients had gastroesophageal
junction adenocarcinoma and 26 had squamous cell carcinoma. All patients completed their neoadjuvant chemoradiation
therapy. The median operative time was 65 min. We had no intraoperative complications, perforation, postoperative bowel
necrosis, bowel torsion, herniation, intraperitoneal leak, or mortality as a result of the laparoscopic feeding jejunostomy. Four
patients were noted to have superficial skin infection around the tube, and 11 patients required a tube exchange for
dislodgment, clogging, and leaking around the tube. All patients progressed to their definitive surgical esophageal resection.
Conclusion A laparoscopic feeding jejunostomy is technically feasible, safe, and can provide appropriate enteral nutrition in
the preoperative phase of esophageal cancer patients.
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Introduction

Esophagectomy, whether for benign or malignant disease, is a
complex operation which carries significant morbidity and

mortality both for open and for minimally invasive
techniques.1,2 Furthermore, esophageal cancer patients are
prone to malnutrition due to weight loss resulting from dys-
phagia and side effects from neoadjuvant chemoradiation
therapy.3,4 Ryan et al. reported that 34 % of patients undergo-
ing esophagectomy had presented with severe weight loss as
defined by >10 % in 6 months or >5 % in 1 month.5 The
Department of Veteran Affairs National Surgical Quality
Improvement Program data reported that 32 % of patients
undergoing esophagectomy had presented with severe weight
loss.6 In fact, both severe weight loss and hypoalbuminemia,
markers of severe malnutrition, have been shown to be asso-
ciated with higher postoperative complication rates.6,7

Furthermore, neoadjuvant chemoradiation therapy commonly
utilized for non-early stage esophageal malignancy in order to
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reduce tumor size, increase resectability, and prevent further
metastases is frequently associated with gastrointestinal side
effects such as nausea, emesis, diarrhea, mucositis, and de-
creased appetite—all of which can compromise a patient’s
fluid, electrolyte, and nutritional status.4,8 Despite the com-
plexity of the operation and the potential for malnutrition and,
therefore, higher complication rates, maintaining optimal nu-
trition in patients undergoing esophagectomy is important
throughout the treatment period.

In a study by Gianotti et al., 305 patients undergoing
surgery for gastrointestinal cancer were randomized to three
arms: (1) preoperative nutrition alone (1,000 kcal a day of an
oral liquid diet containing omega-3 fatty acids and arginine),
(2) pre- and perioperative nutrition, and (3) no nutritional
supplementation. A significant reduction in infection rates
(30 to 13%) andmedian length of hospital stay (14 to 11 days)
was seen with preoperative nutrition compared with no nutri-
tional supplementation.9 This study demonstrated the benefit
of preoperative nutrition before gastrointestinal cancer resec-
tion. Additionally, prior reports have suggested the theoretical
beneficial effects of enteral feeding, compared with parenteral
feeding, on gastrointestinal immune function.10,11 Mazaki and
Ebisawa performed a meta-analysis of 29 randomized con-
trolled trials comparing various routes of nutritional support
and found that enteral nutrition significantly reduced the rate
of any complication, any infectious complication, anastomotic
leak, intra-abdominal abscess, and duration of hospital stay.12

Jejunostomy is a means of enteral nutrition that can be
accomplished via a multitude of described techniques, such
as laparotomy, percutaneous, endoscopic or laparoscopy.13

Feeding jejunostomy tubes (JT) have been commonly utilized
either in the preoperative phase or at the time of an operation in
patients undergoing esophagectomy.14–16 Due to potential
complications of JT placement, the need for routine use of
feeding JTs in foregut surgery has been studied.17–19 If morbi-
dity and mortality from JT placement could be minimized, this
would potentially justify its routine use in patients undergoing
esophagectomy—given the substantial benefit of maintaining
optimal nutrition. A landmark study of needle catheter
jejunostomy by Myers et al. reported 2,022 needle catheter
jejunostomies performed during laparotomy over a 16-year
period. There were 34 complications (1.5%), themost common
of which was a minor complication—premature loss of catheter
(N=15, 0.74 %)—and the most devastating of which was
bowel necrosis (N=3, 0.15 %).20 Controversy exists whether
or not standard tube jejunostomy is associated with more com-
plications compared with needle catheter jejunostomy.21 Now
with the availability of laparoscopic techniques of jejunostomy,
routine use of laparoscopic feeding JT may be justified in the
preoperative or neoadjuvant phase for esophageal cancer pa-
tients, when they are most at risk of becoming malnourished
before undergoing definitive surgical therapy. We describe our
technique and outcomes of laparoscopic JT placement.

Methods

Methods

Under an IRB protocol, we evaluated all of our esophageal
cancer patients who have had a minimally invasive
esophagectomy between August 2007 and April 2012. We
identified 153 patients whose evaluation included an endo-
scopic ultrasound followed by a positron emission tomog-
raphy and computerized tomography scans. We included all
patients who were staged as T2–T4 or regional-node posi-
tive, received preoperative neoadjuvant chemoradiation, and
had a laparoscopic feeding jejunostomy prior to their defin-
itive esophageal resection.

Operative Description

Under general anesthesia, the abdominal cavity is entered via
a 5-mm left subcostal incision under direct visualization.
Three additional trocars are placed with the use of a 5-mm
30° angle scope. Our technique is similar to the methods
previously described.22 A jejunotomy was performed 40–
50 cm distal to the ligament of Treitz (Fig. 1). A 16 Fr T-
tube is cut so that the back wall is hemisected in order to
prevent occlusion (Fig. 2). The T-tube is inserted through the
12-mm trocar and advanced into the jejunotomy (Fig. 3a, b).
The T-tube is soft and pliable, especially when a portion of the
back wall is removed. The enterotomy is widened with a
Maryland dissector. The T-tube is placed into the small bowel
utilizing the Maryland. The T-tube is secured with an absorb-
able purse-string suture (Fig. 4a, b). The distal end of the T-
tube is brought out through a separate skin incision in the left
upper quadrant. The seromuscular layer of the jejunum is
fixed to the abdominal wall at four points surrounding the T-
tube site using non-absorbable suture with the aid of the
Carter–Thomason device; a single additional suture is placed
proximal and distal to the T-tube site in order to prevent
kinking or twisting of the small bowel mesentery (Fig. 5a,

Fig. 1 Enterotomy
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b). The T-tube is flushed with saline in order to assess for
patency and for leak. The T-tube is brought out through the left
abdominal wall in the standard location for a feeding
jejunostomy since this does not interfere with a subsequent
minimally invasive esophagectomy in our experience (Fig. 6).
The tube is secured externally on the skin in a circular fashion
using interrupted sutures.

Statistics were performed utilizing t test or chi-square
when appropriate. Significance was defined as P<0.05.

Results

Between August 2007 and April 2012, we identified 221
patients who had a minimally invasive esophagectomy. One
hundred fifty-three patients who were staged as T2 to T4, or
regional-node positive, scheduled to receive neoadjuvant
chemoradiation therapy had a laparoscopic feeding
jejunostomy tube placement prior to their definitive esophageal
resection. Of them, 127 patients had adenocarcinoma of the
distal esophagus, and 26 had squamous cell carcinoma. The
demographics, underlying esophageal disease, cancer type,
clinical stage, and pathological features are shown in Table 1.

All 153 patients had a successful laparoscopic feeding
jejunostomy placed utilizing a 16 Fr T-tube as described in this
article. The mean operative time was 65 min. No intraoperative

complications, perforation, postoperative bowel necrosis, bow-
el torsion, herniation, intraperitoneal leak, or mortality. The
postoperative complications are listed in Table 2. Four patients
were noted to have superficial skin infection around the tube,
and 11 patients required a tube exchange for dislodgment,
clogging, and leaking around the tube, for an overall minor
complication rate of 10 %. Although neoadjuvant treatment
interruptions did occur, rates of completion of planned
chemoradiotherapy were greater than 90 % in those patients
undergoing a laparoscopic feeding jejunostomy placement.
Tube complications or placement did not compromise future
access for laparoscopic esophagectomy.

During this time period, an additional 25 patients
underwent laparoscopic feeding jejunostomy placement for
potentially resectable esophageal cancer. However, these pa-
tients did not undergo surgical resection due to either compli-
cations of chemoradiotherapy, progression of disease, or patient
refusal of surgery. None of these patients were deemed
unresectable due to complications of laparoscopic feeding
jejunostomy placement. The mortality rate of the 153 patients
undergoing feeding placement and subsequent esophageal re-
section was less than 1 %. The morbidity rates for the majority
of these esophagectomy patients has been previously reported.25

In general, patients were admitted postoperatively for 1–
2 days to obtain a nutritional consult and help set up appro-
priate nutritional intake via the feeding jejunostomy tube.
Regardless of their dysphasia severity, they were all
counseled and provided 40 to 60 g of daily protein intake
with 1,500 to 1,800 kcal per 12 to 24 h. During the course of
their neoadjuvant chemoradiation therapy, the patient’s
weight, body mass index (BMI), and albumin improved
from their initial presentation to the time prior to their
esophageal resection while receiving supplemental nutrition
via their laparoscopic feeding jejunostomy (approximately a
10-week course) as noted in Table 3.

Discussion

Feeding jejunostomy complication rates have a reported
incidence of 1 to 20 % and often include bowel torsion,

Fig. 2 Cut T-tube

Fig. 3 Insertion of T-tube
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herniation, dislodgement, intraperitoneal leak, bowel necrosis,
infection, and an associated mortality rate of 2 to 9.6 %.17–19

In fact, Date et al. performed a retrospective analysis of
patients undergoing either palliative or adjunctive feeding
jejunostomy at the time of major esophageal or gastric surgery
and found that 9 of 42 patients (21.4 %) had procedure-related
complications; 7 (16.7 %) of which were minor, and 2 (4.7 %)
of which were major requiring emergency laparotomy.19

Fenton et al. published a series of 143 feeding JTs placed in
151 patients undergoing esophagectomy for esophageal car-
cinoma or high-grade dysplasia. Of the 143 JTs, 33 (23.1 %)
were being used for nutritional support at the time of dis-
charge, and further analysis showed that only BMI less than
18.5 was predictive of the need for JT on discharge.
Postoperative JT-specific complications occurred in 26 pa-
tients (18.2 %) and included 3 cases (2.1 %) of ileus or small
bowel obstruction, 5 cases (3.6 %) of JT dysfunction (i.e.,
irreversible clogging or technical error in suture securing the
JT), and 18 cases (12.8%) of skin or subcutaneous infection.14

Llaguna et al. reported a series of 73 patients who
underwent placement of JT at the time of esophagectomy.
There were 21 complications (28.8 %), 10 major—as de-
fined by requiring a reoperation—and 11 minor. Two pa-
tients (2.7 %) required reoperation for small bowel
obstruction, and 8 complications (11 %) were managed by
an interventional radiologist. Of the minor complications,
five (6.8 %) were managed by bedside procedure, and six
(8.2 %) required no intervention. On discharge, 39 patients
(54 %) required JT feeding.15 The authors described several

technical considerations in potentially reducing JT-
associated morbidity: (1) utilizing a more lateral entry site
for the J-tube, perhaps making small bowel volvulus less
likely due to the tube lying more laterally, rather than
anteriorly; (2) fixing the bowel in at least three locations:
the jejunostomy site, 2 cm proximal and 2 cm distal; (3)
utilizing a smaller 12 Fr tube with a 3 to 5-mL retention
balloon (as opposed to their previous 14 Fr tube with a 7 to
10-mL retention balloon), thus reducing the likelihood of
bowel obstruction secondary to filling of the balloon, which
is done to prevent dislodgement. Consequently, we have
been using a 16 Fr T-tube, eliminating the need for filling
of a retention balloon. Additionally, we cut along the hori-
zontal limbs of the T-tube, to remove the back wall, in order
to minimize the potential for clogging as well as allowing
wire access if ever needed for outpatient tube exchange.
Lastly, the longitudinal configuration of the T-tube within
the small bowel further minimizes the potential for the
bowel, or its mesentery, to volvulize around the fixed exit
site of the feeding tube. An additional non-absorbable fixa-
tion suture is placed proximal and distal to the initial
seromuscular sutures to the abdominal wall in order to
prevent this from happening.

Han-Geurts et al. studied 1,387 patients who underwent
esophagectomy, of which 1,166 patients underwent concur-
rent needle catheter feeding jejunostomy, and reported 13
(1.1 %) JT-associated complications requiring re-laparotomy
for intraperitoneal leakage (5), dislodgement (4), herniation
(3), and torsion (1). There were five mortalities (0.4 %)

Fig. 4 Pursestring suture

Fig. 5 a Seromuscular sutures
to the abdominal wall. b
Stammed T-tube
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resulting from JT-associated complications.23,24 In our patient
series, all feeding J-tubes were performed laparoscopically,
completely reducing the incidence of herniation from a lapa-
rotomy. However, one of the limitations in attempting to
derive from the literature expected complication rates of JTs
is the variability in the outcome measures reported and the
likelihood of underestimating and not capturing certain com-
plications. The major complications of death, reoperation, and
bowel ischemia are more clinically significant and relevant
and, at the same time, less likely to be missed in retrospective
reviews. The rate of major complications such as reoperation
ranges from 1.1 to 2.7 %, and JT-associated mortality rate
ranges from 0.4 to 2.4 %.14,15,17–19,23 Thus, we chose to report
our outcomes in terms of these uniformly agreed-upon
major complications in what is one of the largest series
of laparoscopic feeding JTs in esophageal cancer pa-
tients. Our low morbidity and mortality suggest the

safety and feasibility of routine use of feeding JT in
esophageal cancer patients either in the preoperative
phase for those undergoing neoadjuvant therapy or at
the time of esophagectomy. In fact, most of our patients
had neoadjuvant chemoradiation followed by minimally
invasive esophagectomy, and we previously have
reported a series of 105 consecutive patients who
underwent minimally invasive esophagectomy with a
mortality rate of 1 %.25 We have also demonstrated that
there were no significant differences in postoperative
morbidity between patients who received chemoradiation
and those who did not.26 We believe that the establishment of
preoperative JT and maintenance of optimal nutrition via
supplemental enteral feeding were important factors in reduc-
ingmorbidity andmortality of definitive surgical therapy. This
is likely due to an improvement in the patient’s weight, BMI,
and preoperative albumin when they are maintained on cycled
or daily feeding as previously described during their
chemoradiation treatment phase.

Fig. 6 Port placement and T-tube

Table 1 Demographics, preoperative stage, and pathologic characteristics

Number

Patients 153

Median age 63

Gender

Male 115

Female 38

Esophageal disease

Adenocarcinoma 127

Squamous cell carcinoma 26

Cancer stage

T2 37

T3 116

N0 96

N1 25

N stage unknown 32

Tobacco use 108

Table 2 Jejunostomy tube-associated complication

Number

Minor complication

Dislodgement

Inpatient 0

Outpatient 2

Leak

Inpatient 0

Outpatient 4

Clogging 5

Superficial wound infection 4

Major complication

Perforation 0

Bowel necrosis 0

Bowel torsion 0

Herniation 0

Table 3 Nutritional parameters before and after placement of feeding
jejunostomy

Before After P value

Mean weight (lbs) 166.7 178.5 0.016

(range) (114–247) (117–247)

N=153

Body mass index (kg/m2) 24.4 26 0.09

(range) (18–37) (21–37)

N=153

Albumin (g/dL) 3.8 3.9 0.34

(range) (3.3–4.2) (3.6–4.2)

N=87
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Markides et al. performed a systematic review that includ-
ed five randomized controlled trials and one case–control
study to evaluate the most effective means of supplemental
nutrition in patients undergoing esophagectomy. These six
studies compared different routes of nutritional support, and
although none of these studies used identical methods, the
systematic review suggested that if enteral feeding is to be
used during post-esophagectomy, feeding jejunostomy should
be performed over nasojejunal or nasoduodenal tubes due to
lower dislodgement rates.27 Additionally, Mistry et al. in India
described a similar technique to ours, indicating that this
method of placing a feeding jejunostomy is cost-effective
since it does not require special equipment or a specially
designed or manufactured feeding tubes.28 In fact, the actual
cost of a 16 Fr T-tube at our institution is US$9 versus a
US$127 charge for a manufactured feeding tube requiring
operative placement.

Conclusion

In conclusion, there has been much debate regarding the
risks and/or benefits of routine use of feeding JTs in esoph-
ageal cancer patients. Part of the controversy stems from the
variability in reported outcomes, and the safety of JTs
should be assessed in terms of the major complications of
reoperation, bowel ischemia, or death—especially given the
feasibility of salvage techniques for minor complications
such as dislodged or obstructed JTs. Although the literature
has demonstrated the benefits of maintaining optimal nutri-
tion in patients undergoing major gastrointestinal surgery,
routine use of feeding JTs has not been universally adopted
due to the risk of devastating complications and/or death,
albeit low. We reported our technique of laparoscopic JT and
its associated outcomes in one of the largest series of lapa-
roscopic JTs in esophageal cancer patients. Devastating
morbidity and mortality have not occurred, and we would
argue that given the known benefits of maintaining optimal
nutrition in patients undergoing esophagectomy, routine use
of laparoscopic feeding JT should be strongly considered in
this patient population.
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