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Purely laparoscopic feeding jejunostomy:
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Abstract

Background: Laparoscopic procedure has inherent merits of smaller incisions, better cosmesis, less postoperative
pain, and earlier recovery. In the current study, we presented our method of purely laparoscopic feeding jejunostomy
and compared its results with that of conventional open approach.

Methods: We retrospectively reviewed our patients from 2012 to 2019 who had received either laparoscopic jejunos-
tomy (LJ, n=29) or open ones (OJ, n=94) in Chang Gung Memorial Hospital, Linkou. Peri-operative data and postop-

erative outcomes were analyzed.

vs. 74.5%; P=0.143).

enhance intracorporeal suture techniques.

Results: In the current study, we employed 3-0 Vicryl, instead of V-loc barbed sutures, for laparoscopic jejunos-
tomy. The mean operative duration of LJ group was about 30 min longer than the OJ group (159 457.2 mins vs

128 434.6 mins; P=0.001). There were no intraoperative complications reported in both groups. The patients in

the LJ group suffered significantly less postoperative pain than in the OJ group (mean NRS 2.03+09vs. 2.79+1.2;
P=0.002). The majority of patients in both groups received early enteral nutrition (<48 h) after the operation (86.2%

Conclusions: Our study demonstrated that purely laparoscopic feeding jejunostomy is a safe and feasible proce-
dure with less postoperative pain and excellent postoperative outcome. It also provides surgeons opportunities to
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Background

Compared to the parenteral route, oral or enteral nutri-
tion is deemed more favorable due to its lower cost,
fewer complications, and preservation of gut function
[1-3]. Clinicians thus extreme their efforts to apply
enteral nutrition in as many patients as possible. Patients
with upper gastrointestinal tract or oropharyngeal
malignancy, or patients with old cerebrovascular insult
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complicated with recurrent aspiration pneumonia, on
the other hand, are usually intolerant to per oral feed-
ing. Feeding jejunostomy is thus commonly performed in
these patients to maintain their nutrition. For obstructed
upper gastrointestinal malignancies, feeding jejunostomy
also serves as a route for nutritional support during neo-
adjuvant chemotherapy [4-6].

Owing to the advent of minimally invasive surgery,
feeding jejunostomy could also be performed under
laparoscopy. Laparoscopic feeding jejunostomy was
first described in 1990 by O’Regan [7]. Compared to the
conventional open procedure, laparoscopic approach
has inherent merits of smaller incisions, better cosme-
sis, less postoperative pain, and earlier recovery. With
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advancement of surgical equipment and laparoscopic
skills, several different methods of laparoscopic jeju-
nostomy have been developed [8-19]. However, given
challenging intracorporeal suture, purely laparoscopic
feeding jejunostomy without the aids of fancy sutur-
ing instrument or intricate technique has rarely been
described. Furthermore, jejunostomy is believed to be an
insignificant procedure by many surgeons; few studies
have tried to discuss the benefits of laparoscopic jejunos-
tomy as a result. In the current study, we described our
method of purely laparoscopic feeding jejunostomy and
compared its outcome with that of conventional open
approach.

Methods
Patients
Under the approval of the Institutional Review Boards
of Chang Gung Memorial Hospital (CGMH), we retro-
spectively reviewed patients who received feeding jeju-
nostomy in Linkou CGMH between 2012 and 2019. The
patients were divided into two groups: laparoscopic jeju-
nostomy (L]) group and conventional open jejunostomy
(OJ) group. The recruited patients’ clinical characteris-
tics (age, gender, body mass index, surgical indications,
etc.), peri-operative variables (operative time, blood loss,
concomitant procedure), and postoperative outcomes
(postoperative pain scale, early and late complications)
were retrieved from the prospectively collected database.
Patients who did not have detailed preoperative/intraop-
erative clinical records, or who did not have regular post-
operative follow-up were excluded from our study.

The conventional open jejunostomies (OJ) were per-
formed by experienced surgeons in the same surgical
department. Laparoscopic jejunostomy (L]), on the other
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hand, was conducted by a single surgeon who had a spe-
cial interest in the laparoscopic procedures. The index
surgeon had received a 5-year postgraduate training as a
surgical resident at Linkou Chang Gung Memorial Hos-
pital. The surgeon received, in addition to trainings in
conventional open hepatobiliary and gastrointestinal sur-
geries, comprehensive training in both the fundamental
and advanced laparoscopic procedures including lapa-
roscopic cholecystectomy (LC), laparoscopic appendec-
tomy (LA), laparoscopic gastrectomy (LG), laparoscopic
pancreatectomy (LP), and laparoscopic hepatectomy
(LH) during the past few years. Since the index surgeon
had become a board-certified gastrointestinal surgeon in
2012, the L] also started from 2012. The index surgeon, in
the meanwhile, did not operate patients in the OJ group.

Surgical procedures of laparoscopic and open jejunostomy
For L], the patients were placed in the supine position.
Most procedures were performed by two surgeons, with
the index operating surgeon and camera man standing
on the right side of the patient (Fig. 1a). The video lapa-
roscope was introduced via a 5 mm vertical incision at
about 3 c¢cm below the umbilicus. Pneumoperitoneum
was kept at 8 to 10 mmHg. Another 5 mm working port
was created below the umbilical level at around left mid-
clavicular line. The third 5 mm working port was created
slightly above the umbilical level at right paramedian area
(Fig. 1b). The peritoneal cavity was inspected carefully
to confirm the patency of bowel loops and stages of the
disease. Bowel graspers were introduced to lift the trans-
verse colon upward and identify the Treitz ligament. The
cutaneous exit of jejunostomy tube over the left abdomi-
nal wall was determined first. It should be located at
about the midpoint of left costal ridge and umbilical line,
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Fig. 1 Operation room settings and the placement of trocar ports. a The patient was placed in supine position. The procedures were performed
by two surgeons, with the index operating surgeon and camera man standing on the right side of the patient. b The video laparoscope was
introduced via a 5 mm vertical incision at about 3 cm below the umbilicus. Another 5 mm working port was created below the umbilical level at
around left mid-clavicular line. The third 5 mm working port was created slightly above the umbilical level at right paramedian area
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with around an 8 to 10 cm distance to the two working
ports. Two fixation stiches were then made between the
peritoneal surface of this exit and the proximal jejunum,
which was usually about 15 to 20 cm distal to the Tre-
itz ligament (Fig. 2a). We preferred absorbable braided
sutures such as 3—0 Vicryl (Ethicon Inc.) for purely lapa-
roscopic jejunostomy. A bite over the peritoneal surface
would be made first, followed by the bite over the sero-
muscular layer of the selected jejunum. While securing
the surgical tie, a manual pressure from the outside of
the abdominal wall would be applied over the exit area
to reduce the distance between the anterior abdominal
wall and the jejunum. After securing these two stiches,
the proximal jejunum should be anchored to the ante-
rior abdominal wall. A small enterotomy was then made
by monopolar electrocautery at an appropriate location
just opposite to the cutaneous exit (Fig. 2a). A skin inci-
sion was made at this cutaneous exit and one 14Fr feed-
ing tube was inserted through this incision into the distal
jejunum. The tube was advanced to a designated length
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and one purse-string sero-muscular suture around the
tube was performed (Fig. 2b). Several more interrupted
peritonization sutures were then carried out to approxi-
mate the jejunum to the peritoneal side of the anterior
abdominal wall (Fig. 2c). Similar manual pressure would
be applied at each surgical tie. The feeding tube was
finally tested for patency and leakage after these proce-
dures (Fig. 2d). No drainage tubes were routinely placed.
For O], a vertical midline incision was made at upper
abdomen at appropriate levels. The wound was deepened
and the peritoneum was entered. The proximal jejunum
was identified and a small enterotomy was made at about
15 to 20 cm distal to the Treitz ligament. One to two non-
absorbable purse string sutures were placed around the
enterotomy. A skin incision was then made at the prede-
termined cutaneous exit site, and one 14Fr feeding tube
was inserted through this incision into the enterotomy.
The tube was advanced to a designated length, and the
jejunal loop around the tube was approximated and fixed
to the peritoneal side of the cutaneous exit by multiple

Fig. 2 Stepwise procedures of laparoscopic feeding jejunostomy. a Two fixation stiches were made between the peritoneal surface of the
cutaneous exit and the proximal jejunum, which was usually about 15 to 20 cm distal to the Treitz ligament. A small enterotomy was made

by monopolar electrocautery at an appropriate location just opposite to the cutaneous exit. b A skin incision was made at the predetermined
cutaneous exit and one 14Fr feeding tube was inserted through this incision into the distal jejunum. The tube was advanced to a designated length
and one purse-string sero-muscular suture around the tube was performed. ¢ Several more interrupted peritonization sutures were carried out to
approximate the jejunum to the peritoneal side of the anterior abdominal wall. d The feeding tube was finally tested for patency and leakage after
these procedures
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interrupted peritonization sutures made between the
peritoneum and jejunum. The feeding tube was tested for
patency and leakage after these procedures. No drainage
tubes were routinely placed.

Definition

Operation duration was defined as the time interval
elapsed from anesthesia induction to extubation. The
numeric rating scale (NRS) was adopted in our hospi-
tal to assess the degree of postoperative pain [20-24].
Late postoperative complications defined complications
occurring 1 month after surgery and comprised cath-
eter kinking requiring reintubation, poor wound healing/
infection requiring wound debridement/repair or antibi-
otics treatment, catheter dislodgement requiring fluoro-
scopic intervention or reoperation, and ileus requiring
prolonged fasting, parenteral nutrition, or operation.
Cases with surgical mortality, defined as death within
one month of surgery, were excluded from the current
analyses.

Statistics

The statistical analysis was performed with IBM SPSS
Statistics 21 (IBM Corporation, Software Group, Somers,
NY, USA). Fisher’s exact test or Pearson’s x> test was used
to analyze categorical data. Student’s t test was used to
analyze continuous variables. Statistical significance was
defined as P values < 0.05 in two-sided tests.

Results
There were 29 patients in the L] group and 94 patients
in the OJ group. The procedures were well tolerated in
both groups. Table 1 summarized the patient demo-
graphics. As shown in the table, there were no signifi-
cant differences in terms of patient gender, history of
previous abdominal operations, preoperative albumin,
preoperative hemoglobin level, body mass index (BMI),
and performance status (ECOG) between the two groups
(all P>0.05). On the other hand, patients in the L] group
were significantly younger than patients in the OJ group
(mean age 54.34+9.5 vs. 61.64+12.3, P=0.004). As for
the indications for surgery, malignancy remains the most
common indication for jejunostomy, with more than 80%
of patients in both groups undergoing operation due to
underlying malignancy. Among malignancies, esopha-
geal cancer was the most common type, followed by
head/neck cancer and gastric cancer. In the meanwhile,
it is noteworthy that 18.1% of O] group had non-can-
cer related indications, compared to only 3.4% in the L]
group (P=0.070).

As for surgical variables, the L] group had a sig-
nificantly longer operation time than the O] group
(159+£57.2 mins vs. 128 + 34.6 mins, P=0.001). Only one
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Table 1 Patient demographics
N=123 Laparoscopic Open P value
Patient number 29 94
Gender (n (%)) 0.731
Male 27(93.1) 83(883)
Female 2 (6.9) 1101.7)
Age© 543495 61.6+123 0.004
Indications of jejunostomy 0.070
Cancer-related (n (%)) 28 (96.6) 77 (81.9)
Head/neck 7 25
Esophageal 21 40
Gastric 0 9
Others 0 3
Non cancer-related (n (%)) 1(3.4%) 17(18.1%)
Caustic injury 0 8
Recurrent aspiration 1 7
Others 0 2
Previous abdominal operations 1 (3.4%) 12(12.8%) 0.297
(n (%))
Pre-OP albumin (mg/dL)¢ 341406 335407 0694
Pre-OP hemoglobin (mg/dL) 115+21 113+24 0756
BMI? (mg/dL)
<18.5 (underweight) (n (%)) 10 (34.5) 31(33.0) 1.000
18.5-25 (n (%)) 19 (65.5) 63 (67.0)
BMI (Mean £ SD) 199+24 199+£37 0969
ECOGP 0449
0-2 (n (%)) 28(96.6) 85(90.4)
3-4(n (%)) 1(34) 9(9.6)

2 Body mass index
b Eastern cooperative oncology group
¢ Expressed as mean + standard deviation

patient underwent conventional open jejunostomy under
local anesthesia. Forty-two patients (45.2%) in the O]
group underwent concomitant procedures, in contrast
to only 5 patients (17.2%) in the L] group (P=0.008). No
serious intraoperative complications were recorded in
both groups (Table 2).

Table 3 summarized the postoperative outcome follow-
ing feeding jejunostomy. The pain scale on postopera-
tive day 1 (POD1) was significantly lower in the L] group
than in the OJ group (P=0.002). The implementation of
early enteral feeding, i.e. feeding within 48 h of surgery,
was comparable between the two groups (P=0.216).
The mean feeding time was around 2 days postopera-
tively in both groups (P=0.525). The occurrence of late
postoperative complications was minimal in both groups
(P=1.000). As for the application of chemotherapy, there
was no significant difference in terms of date of chemo-
therapy initiation between the two groups. Both groups
had started their chemotherapy at about 20 days after
surgery (P=0.950).
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Table 2 Surgical variables of patients receiving feeding jejunostomy
N=123 Laparoscopic (29) Open (94) P value
Operation duration (mins, mean 4= SD) 159+57.2 128+346 0.001
Estimate blood loss, mL 540 6.3+4.1 0.081
Range Minimal-5 1-20
Anesthesia method All GA? 1LAP
Catheter size 14 Fr 14 Fr
Concomitant procedures (%) 5(17.2%) 42 (45.2%) 0.008
Port-A 4 20
Tracheostomy 1 5
Enterolysis 0 13
Others® 0 8
More than 1 concomitant procedure 0 4

@ General anesthesia
b Local anesthesia

¢ Includes tumor excision/biopsy, umbilical/ventral hernia repair, etc.

Table 3 Post-operative outcome of patients receiving
feeding jejunostomy

N=123 Laparoscopic (29) Open (94) P value
Immediate post-OP out-
come
POD1° pain scale®™ 2034+09 279412 0002
Enteral feeding 0216
£48h 25(86.2) 70 (74.5)
>48h 4(13.8) 24 (25.5)
Exact feeding time (day) 20405 2274+193 0525
Late post-OP complication 0(0) 3(3.2) 1.000
(n (%))
Catheter kinking 0 2
Poor wound healing/ 0 1
infection
Catheter dislodgement 0
lleus
Post-OP chemotherapy (yes, 18 (62.1) 43 (45.7)
n (%))
Initiation date (POD)“ 202+15.1 199+£164 0950
Initiation date (Range) 1-64 7-90

@ Postoperative day 1
b Assessed by numeric rating scale (NRS)

¢ Mean =+ standard deviation

The mean duration of enteral feeding was
8.70+2.00 months and 10.36 4+ 1.69 months in the L] and
OJ groups, respectively (P=0.610). More than 90% of the
jejunostomies (93.1% in the LJ group and 92.6% in the
OJ group, P=1.000) were still functional after periods of
feeding. Among these patients with functional jejunosto-
mies, continued enteral feeding via jejunostomy was nec-
essary in some patients due to persistent or progressive

underlying disease while others may have their stomies
closed after curative treatment was completed.

Discussion
Laparoscopic surgery has been proven to be an effec-
tive surgical approach in many abdominal diseases,
including acute cholecystitis, colon cancer, and gastroe-
sophageal reflux disease [25-27]. With improvements
in surgical techniques and laparoscopic instruments,
laparoscopic surgery has also shown promising results
in major abdominal operations in recent decades [28].
Laparoscopic feeding jejunostomy, however, did not
attract much attention from surgeons worldwide. It may
be due to the fact that feeding jejunostomy by nature is
not a complex or important procedure. Surgeons would
not spend their time investigating the benefits of an
insignificant operation. We, in contrast, hold the oppo-
site opinion. Since enteral feeding is superior to paren-
teral nutrition, feeding jejunostomy should be indicated
for patients intolerant to per oral feeding. Given inherent
merits of smaller incisions, better cosmesis, less postop-
erative pain, and earlier recovery, laparoscopic feeding
jejunostomy should be the preferable approach and thus
cannot be overlooked! In the current study, we described
our method of purely laparoscopic feeding jejunostomy
and compared the result with that of conventional open
counterpart. Our study is thus one of the first in the Eng-
lish literature to imply the advantages of laparoscopic
feeding jejunostomy over the open ones. Since all of the
L] in the present study were conducted by one single sur-
geon, we also believe the results should be more homoge-
neous and reliable.

Our purely laparoscopic feeding jejunostomy possesses
plenty of advantages. First, we demonstrated that the L]
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group did have significantly less pain than the OJ group,
which although was not a surprising finding but rarely
described [29, 30]. Secondly, the postoperative recovery,
in terms of enteral feeding, was not compromised by the
laparoscopic approach. More than 85% of patients in the
LJ group started enteral feeding within 48 h of surgery,
which was similar to previous studies [30]. The initiation
of chemotherapy in cancer patients was also comparable
between L] and OJ. Our findings indicated that the lapa-
roscopic procedure can not only reduce the postopera-
tive pain but also maintain the intrinsic effectiveness of
conventional open approach.

Next, in the current laparoscopic procedure, we used
3-0 Vicryl, instead of V-loc barbed suture, for the intra-
corporeal sutures. Since it has been described that the
V-loc sutures may cause small bowel obstruction or
ileus, our choice of 3-0 Vicryl may thus reduce the risk
[31-33]. One may argue that it would be very challeng-
ing to secure the stich over the peritoneal side of the
anterior abdominal wall without the aids of fancy sutur-
ing instrument such as V-loc barbed suture [30]. We
believe this obstacle can be overcome by our technique
of external manual pressure and pneumoperitoneum of
8 to 10 mmHg. Furthermore, we employed three 5 mm
trocar ports, instead of 10—-18 mm ports, in the current
procedure [10]. It would definitely reduce the scar and
postoperative pain. Last but the least, through these
repetitive intracorporeal sutures and ties, younger sur-
geons can excel their laparoscopic suturing techniques
before advancing to more complicated intra-abdominal
operations.

Since its first introduction by Gauderer et al., percu-
taneous endoscopic gastrostomy (PEG) has become one
of the most popular routes of nutritional support world-
wide [34, 35]. Due to lower cost, less need for general
anesthesia and less invasive nature, PEG has been con-
sidered as a better choice for enteral feeding over the sur-
gical methods. Nevertheless, complications, which range
from minor ones such as wound infection, gastric out-
let obstruction, and peritonitis to major complications
including bleeding, bowel perforation, and necrotizing
fasciitis, do occur after PEG [34]. Laparoscopic jejunos-
tomy, in contrast, was found to have few complications
based on the current study. Additionally, PEG is inappro-
priate in patients with gastric or duodenal malignancies.
Moreover, PEG requires specialized endoscopist, radiolo-
gists, custom-made feeding tubes, and fixations devices
to securely complete the procedure. The replacement
of PEG tubes, unlike the LJ tubes, also requires special
equipment. Last but not the least, L] provides opportu-
nity to perform thorough abdominal exploration in the
first place, which can assess the extent of disease prior
to the initiation of chemotherapy. The inherit merit of
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laparoscopic surgery to reduce post-operative adhesions
could also facilitate the following curative surgery. Given
these potential benefit over PEG, we believe laparoscopic
jejunostomy should become a fair alternative to PEG
in hospitals where PEG techniques or facilities are not
available.

Despite our remarkable findings, the current study still
had several drawbacks. First, the two groups were not
homogeneously distributed. There seemed to be selection
bias when performing the procedure. The L] group was
much younger and received less prior abdominal opera-
tions. There was also less caustic injury in the L] group,
and more patients in the OJ group underwent concomi-
tant procedures. We believe there are some explanations:
Since the index surgeon is a dedicated surgical oncolo-
gist, while the surgeons who perform the OJ also include
general surgeons, the distribution of patient population
may thus be heterogeneous. Next, younger patients were
expected to have less comorbidities and better cardio-
pulmonary reserve, who may thus sustain better under
pneumoperitoneum. The history of prior abdominal
operations and the necessity of thorough gastrointestinal
tract evaluation in cases with caustic injury may render
surgeons less willing to perform the operation under lap-
aroscopy. As for concomitant procedures, the frequency
of concomitant extra-abdominal procedures was not that
diverse between the two groups (17.2% and 26.6% in the
L] and OJ groups, respectively). Nevertheless, we still
believe a well-designed randomized study with matched
variables is warranted to investigate the actual effect of
laparoscopic feeding jejunostomy.

Secondly, the operation duration was about 30 min
longer in the LJ group in the current study. This pro-
longed operation time was due to our initial inexperi-
enced technique. After excluding the first two cases, the
mean operation duration would reduce to 146.8 min,
158 min faster than the initial experience. We believe
the operation duration would be even shorter when the
learning curve is overcome. Next, there is still a discrep-
ancy between our operation duration and those of previ-
ous research [4, 10, 13-15, 17-19, 30, 36—39]. We believe
this is due to different definitions regarding operation
time. Finally, the sample size is too small; future larger
scale studies with matched variables are thus warranted
to validate our findings.

Conclusion

In conclusion, the current study demonstrated that our
purely laparoscopic feeding jejunostomy is a safe and fea-
sible procedure with less postoperative pain and excellent
postoperative outcome. In addition, it provides surgeons
opportunities to enhance intracorporeal suture tech-
niques. Therefore, we believe, in selected patients such



Tsai et al. BMC Surg (2021) 21:37

as those of younger age, with better performance status,
or without prior abdominal operations, laparoscopic
feeding jejunostomy should become a standard surgical
procedure and should not be neglected. Further large
scale prospective studies are warranted to validate our
findings.

Abbreviations

BMI: Body mass index; CGMH: Chang Gung Memorial Hospital; ECOG: Eastern
Cooperative Oncology Group; Hr: Hour; IRB: Institutional review boards; LA:
Laparoscopic appendectomy; LC: Laparoscopic cholecystectomy; LG: Laparo-
scopic gastrectomy; LH: Laparoscopic hepatectomy; LJ: Laparoscopic jejunos-
tomy; LP: Laparoscopic pancreatectomy; IRB: Institutional review boards; NRS:
Numerical rating scales; OJ: Open jejunostomy; POD: Post-operative day; PEG:
Percutaneous endoscopic gastrostomy.

Acknowledgements

We are grateful to all our colleagues in the Division of General Surgery, Depart-
ment of Surgery, and Department of Hematology-Oncology, Chang Gung
Memorial Hospital, Linkou Medical Center, and Graduate Institute of Clinical
Medical Sciences, Chang Gung University for their technical assistance. We are
also grateful to Yi-Ping Liu for her assistance in data retrieval and processing.

Authors’ contributions

HIT and TCC designed the study and drafted the manuscript. They contributed
equally in the present study. MTP, CHH, PJS, CEW, and YCK collected the clini-
cal data, edited the operative images, and revised the manuscript. PJS, who
expertizes in data science and statistics, also confirmed the statistical analysis.
CCC assisted the operations and revised the manuscript. CNY and MCY
performed the conventional open jejunostomy, analyzed the clinicopatho-
logical data and conducted the statistics. CWL coordinated the entire study,
performed the laparoscopic feeding jejunostomy, and revised the manuscript.
All authors read and approved the final manuscript.

Funding

This study was supported by Chang Gung Memorial Hospital (CMRPG3J1691
and CMRPG310301). The grants supported data collection, statistical analysis,
data interpretation, and manuscript preparation.

Availability of data and materials

All data generated or analyzed during the study are included in this published
article. Raw data may be requested from the authors with the permission of
the institution.

Ethics approval and consent to participate

This study was approved by the Institutional Review Boards (CGMH IRB No:
202000084B0) of Chang Gung Memorial Hospital (CGMH). For retrospective
study, informed consent was waived according to our institutional guideline.

Consent for publication
Not applicable.

Competing interests

Hsin-1Tsai, Ta-Chun Chou, Ming-Chin Yu, Chun-Nan Yeh, Meng-Ting Peng,
Chia-Hsun Hsieh, Po-Jung Su, Chiao-En Wu, Yung-Chia Kuo, Chien-Chih Chiu,
and Chao-Wei Lee have no conflicts of interest or financial ties to disclose.

Author details

! Department of Anesthesiology, Chang Gung Memorial Hospital, Linkou
Medical Center, Guishan, Taoyuan, Taiwan, Republic of China. 2 College

of Medicine, Chang Gung University, Guishan, Taoyuan, Taiwan, Republic

of China. > Graduate Institute of Clinical Medical Sciences, Chang Gung Uni-
versity, Guishan, Taoyuan, Taiwan, Republic of China.  Department of Surgery,
Keelung Chang Gung Memorial Hospital, Keelung, Taiwan, Republic of China.
° Division of General Surgery, Department of Surgery, Chang Gung Memorial
Hospital, Linkou Medical Center, No.5, Fuxing St., Guishan Dist., Taoyuan 33305,
Taiwan, Republic of China. ® Department of Surgery, New Taipei Municipal

Page 7 of 8

Tu-Cheng Hospital (Built and Operated By Chang Gung Medical Founda-
tion), Tu-Cheng, New Taipei City, Taiwan, Republic of China. ” Department

of Hematology-Oncology, Chang Gung Memorial Hospital, Linkou Medical
Center, Guishan, Taoyuan, Taiwan, Republic of China. & Division of Hematol-
ogy and Oncology, Department of Internal Medicine, New Taipei Municipal
Tu-Cheng Hospital (Built and Operated by Chang Gung Medical Foundation),
Tu-Cheng, New Taipei City, Taiwan, Republic of China. ® Graduate Institute

of Data Science, Taipei Medical University, Taipei, Taiwan, Republic of China.
19 Department of Nursing, Chang Gung Memorial Hospital, Linkou Medical
Center, Guishan, Taoyuan, Taiwan, Republic of China.

Received: 8 June 2020 Accepted: 4 January 2021
Published online: 13 January 2021

References

1. Zeng S, XueY, Zhao J, Liu A, Zhang Z, Sun'Y, et al. Total parenteral nutri-
tion versus early enteral nutrition after cystectomy: a meta-analysis
of postoperative outcomes. Int Urol Nephrol. 2019;51(1):1-7 (Epub
2018/11/23).

2. Heyland DK, Cook DJ, Guyatt GH. Enteral nutrition in the critically
ill patient: a critical review of the evidence. Intensive Care Med.
1993;19(8):435-42 (Epub 1993/01/01).

3. Abdelgadir MA, Mahadi SE, Nasr AO, Ahmed ME. Role of jejunos-
tomy feeding catheter as a model for nutritional support. Int J Surg.
2010;8(6):439-43 (Epub 2010/06/12).

4. Jenkinson AD, Lim J, Agrawal N, Menzies D. Laparoscopic feeding jejunos-
tomy in esophagogastric cancer. Surg Endosc. 2007;21(2):299-302 (Epub
2006/11/24).

5. Tsujimoto H, Hiraki S, Takahata R, Nomura S, Ito N, Kanematsu K, et al.
Laparoscopic jejunostomy for obstructing upper gastrointestinal malig-
nancies. Mol Clin Oncol. 2015;3(6):1307-10 (Epub 2016/01/26).

6. Nagata K, Tsujimoto H, Nagata H, Harada M, Ito N, Nomura S, et al.
Nutritional benefit of laparoscopic jejunostomy during neoadjuvant
chemotherapy for obstructing esophageal cancer. Mol Clin Oncol.
2019;11(6):612-6 (Epub 2019/11/07).

7. O'Regan PJ, Scarrow GD. Laparoscopic jejunostomy. Endoscopy.
1990;22(1):39-40 (Epub 1990/01/01).

8. Duh QY, Way LW. Laparoscopic jejunostomy using T-fasteners as retrac-
tors and anchors. Arch Surg. 1993;128(1):105-8 (Epub 1993/01/01).

9. Saiz AA, Willis IH, Alvarado A, Sivina M. Laparoscopic feeding jejunos-
tomy: a new technique. J Laparoendosc Surg. 1995;5(4):241-4 (Epub
1995/08/01).

10. Gedaly R, Briceno P, Ravelo R, Weisinger K. Laparoscopic jejunostomy
with an 18-mm trocar. Surg Laparosc Endosc. 1997;7(5):420-2 (Epub
1998/02/12. eng).

11. Gui GP, Cheruvu CV, Fiennes AG. Surgical technique. Intracorporeal
laparoscopic-guided feeding jejunostomy. Ann R Coll Surg Engl.
1997,79(6):462-3. Epub 1998/01/10.

12. Senkal M, Bauer KH, Kemen M, Zumtobel V. [Laparoscopic fine needle
catheter jejunostomy]. Zentralbl Chir. 1998;123(11):1306-8. Epub
1999/01/09. Laparoskopische Feinnadelkatheterjejunostomie.

13. Senkal M, Koch J, Hummel T, Zumtobel V. Laparoscopic needle catheter
jejunostomy: modification of the technique and outcome results. Surg
Endosc. 2004;18(2):307-9 (Epub 2004/01/07).

14. Mohiuddin SS, Anderson CE. A novel application for single-incision lapa-
roscopic surgery (SILS): SIL jejunostomy feeding tube placement. Surg
Endosc. 2011;25(1):323-7 (Epub 2010/07/08).

15. Jimenez Rodriguez RM, Lee MR, Pigazzi A. Trocar guided laparoscopic
feeding jejunostomy: a simple new technique. Surg Laparosc Endosc
Percutan Tech. 2012;22(5):e250-3 (Epub 2012/10/11).

16. Patel K, Melhado R, Whiting J. Laparoscopically assisted insertion of
feeding jejunostomy. Ann R Coll Surg Engl. 2012;94(3):210 (Epub
2012/04/18).

17. Ye P Zeng L, SunF, An Z, Li Z, Hu J. A new modified technique of laparo-
scopic needle catheter jejunostomy: a 2-year follow-up study. Ther Clin
Risk Manag. 2016;12:103-8 (Epub 2016/02/13).

18. Siow SL, Mahendran HA, Wong CM, Milaksh NK, Nyunt M. Laparoscopic
T-tube feeding jejunostomy as an adjunct to staging laparoscopy for



Tsai et al. BMC Surg

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2021) 21:37

upper gastrointestinal malignancies: the technique and review of out-
comes. BMC Surg. 2017;17(1):25 (Epub 2017/03/23).

Shiraishi O, Kato H, Iwama M, Hiraki Y, Yasuda A, Peng YF, et al. A simple,
novel laparoscopic feeding jejunostomy technique to prevent bowel
obstruction after esophagectomy: the “curtain method!” Surg Endosc.
2019;34:4967-74 (Epub 2019/12/11).

Haefeli M, Elfering A. Pain assessment. Eur Spine J. 2006;15(Suppl 1):517-
24 (Epub 2005/12/02.eng).

Jensen MP, Karoly P, Braver S. The measurement of clinical pain intensity: a
comparison of six methods. Pain. 1986,27(1):117-26 (Epub 1986/10/01.
eng).

Kremer E, Atkinson JH, Ignelzi RJ. Measurement of pain: patient prefer-
ence does not confound pain measurement. Pain. 1981;10(2):241-8
(Epub 1981/04/01.eng).

Closs SJ, Barr B, Briggs M, Cash K, Seers K. A comparison of five pain
assessment scales for nursing home residents with varying degrees of
cognitive impairment. J Pain Symptom Manage. 2004;27(3):196-205
(Epub 2004/03/11.eng).

Farrar JT, Young JP Jr, LaMoreaux L, Werth JL, Poole RM. Clinical impor-
tance of changes in chronic pain intensity measured on an 11-point
numerical pain rating scale. Pain. 2001;94(2):149-58 (Epub 2001/11/03.
eng).

Salminen P, Hurme S, Ovaska J. Fifteen-year outcome of laparoscopic and
open Nissen fundoplication: a randomized clinical trial. Ann Thorac Surg.
2012;93(1):228-33 (Epub 2011/11/22.eng).

Law WL, Poon JT, Fan JK, Lo SH. Comparison of outcome of open and
laparoscopic resection for stage Il and stage Il rectal cancer. Ann Surg
Oncol. 2009;16(6):1488-93 (Epub 2009/03/18.eng).

Lo CM, Liu CL, Fan ST, Lai EC, Wong J. Prospective randomized study of
early versus delayed laparoscopic cholecystectomy for acute cholecysti-
tis. Ann Surg. 1998,227(4):461-7 (Epub 1998/05/01.eng).

Lee CW, Tsai HI, Cheng HT, Chen WT, Hsu HY, Chiu CC, et al. Stapleless
laparoscopic left lateral sectionectomy for hepatocellular carcinoma:
reappraisal of the Louisville statement by a young liver surgeon. BMC
Gastroenterol. 2018;18(1):178 (Epub 2018/11/30.eng).

Young MT, Troung H, Gebhart A, Shih A, Nguyen NT. Outcomes of
laparoscopic feeding jejunostomy tube placement in 299 patients. Surg
Endosc. 2016;30(1):126-31 (Epub 2015/03/25.enq).

Yang SM, Hsiao WL, Lin JH, Huang PM, Lee JM. Laparoscopic percutane-
ous jejunostomy with intracorporeal V-Loc jejunopexy in esophageal
cancer. Surg Endosc. 2017,31(6):2678-86 (Epub 2016/10/19.eng).

31

32.

33

34.

35.

36.

37.

38.

39.

Page 8 of 8

Ovesen RJ, Friis-Andersen H. [lleus caused by V-loc sutures]. Ugeskr
Laeger. 2014;176(25A). Epub 2014/12/17.

Salminen HJ, Tan WS, Jayne DG. Three cases of small bowel obstruction
after laparoscopic ventral rectopexy using the V-Loc((R)) suture. Tech
Coloproctol. 2014;18(6):601-2 (Epub 2013/10/02).

Sakata S, Kabir S, Petersen D, Doudle M, Stevenson AR. Are we bury-

ing our heads in the sand? Preventing small bowel obstruction from

the V-loc(R) suture in laparoscopic ventral rectopexy. Colorectal Dis.
2015;17(9):0180-3 (Epub 2015/07/02).

Rahnemai-Azar AA, Rahnemaiazar AA, Naghshizadian R, Kurtz A, Farkas
DT. Percutaneous endoscopic gastrostomy: indications, technique, com-
plications and management. World J Gastroenterol. 2014;20(24):7739-51
(Epub 2014/07/01.eng).

Gauderer MW, Ponsky JL, Izant RJ Jr. Gastrostomy without laparotomy:

a percutaneous endoscopic technique. J Pediatr Surg. 1980;15(6):872-5
(Epub 1980/12/01.eng).

Edelman DS, Unger SW. Laparoscopic gastrostomy and jejunostomy:
review of 22 cases. Surg Laparosc Endosc. 1994;4(4):297-300 (Epub
1994/08/01).

Duh QY, Senokozlieff-Englehart AL, Siperstein AE, Pearl J, Grant JP,
Twomey PL, et al. Prospective evaluation of the safety and efficacy

of laparoscopic jejunostomy. West J Med. 1995;162(2):117-22 (Epub
1995/02/01).

Esposito C, Settimi A, Centonze A, Capano G, Ascione G. Laparoscopic-
assisted jejunostomy: an effective procedure for the treatment of neuro-
logically impaired children with feeding problems and gastroesophageal
reflux. Surg Endosc. 2005;19(4):501-4 (Epub 2005/06/17).

Bobowicz M, Makarewicz W, Polec T, Kopiejc A, Jastrzebski T, Zielinski J,
et al. Totally laparoscopic feeding jejunostomy—a technique modifi-
cation. Wideochir Inne Tech Maloinwazyjne. 2011;6(4):256-60 (Epub
2012/12/21).

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

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

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

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




	Purely laparoscopic feeding jejunostomy: a procedure which deserves more attention
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patients
	Surgical procedures of laparoscopic and open jejunostomy
	Definition
	Statistics

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


