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Abstract

Purpose: To retrospectively compare technical success and major complication rates of
laparoscopically versus radiologically inserted jejunostomy tubes.

Materials and Methods: In this single-institution retrospective study, 115 patients (60 men;
mean age, 59.7 y) underwent attempted laparoscopic jejunostomy tube insertion as a standalone
procedure during a 10-year period and 106 patients (64 men; mean age, 61.0 y) underwent
attempted direct percutaneous radiologic jejunostomy tube insertion during an overlapping 6-year
period. Clinical outcomes were retrospectively reviewed with primary focus on predictors of
procedure-related major complications within 30 days.

Results: Patients undergoing laparoscopic jejunostomy tube insertion were less likely to have
previous major abdominal surgery (P <.001) or to be critically ill (£<.001) and had a higher body
mass index (£ =.001) than patients undergoing radiologic insertion. Technical success rates were
95% (110 of 115) for laparoscopic and 97% (103 of 106) for radiologic jejunostomy tube insertion
(P=.72). Major procedural complications occurred in 7 patients (6%) in the laparoscopic group
and in 5 (5%) in the radiologic group (P= 1.0). For laparoscopic jejunostomy tubes, only previous
major abdominal surgery was significantly associated with a higher major procedure complication
rate (14% [5 of 37] vs 3% [2 of 78] in those without; A= .039). In the radiologic jejunostomy
group, only obesity was significantly associated with a higher major complication rate: 20% (2 of
10) vs 3% (3 of 96) in nonobese patients (£ =.038).

Conclusions: Laparoscopic and radiologic jejunostomy tube insertion both showed high success
and low complication rates. Previous major abdominal surgery and obesity may be pertinent
discriminators for patient selection.

Direct gastric feeding via a transabdominal gastrostomy tube is considered to be the first
choice for long-term nutrition in patients who cannot receive oral alimentation (1). Although
gastric feeding provides optimal physiologic benefit and practical bolus capabilities, there
are numerous contraindications to gastrostomy tube insertion, including previous
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gastrectomy, gastric outlet obstruction, hiatal hernia, pancreatitis, gastroparesis, and severe
reflux with aspiration (1-3). For patients who cannot receive transgastric access, a direct
jejunostomy tube is typically the optimal route for nutrition. Historically, jejunostomy tubes
have been inserted with open surgical techniques. More recently, laparoscopic jejunostomy
tube insertion has gained popularity as a less invasive method that is considered to convey
less morbidity and operative stress than open surgical jejunostomy (4-6).

Jejunostomy tube insertion has also been reported with the use of percutaneous radiologic
techniques. Needle puncture of the jejunum can be performed with fluoroscopic, ultrasound,
or computed tomographic (CT) guidance (7-13). The primary challenge to percutaneous
radiologic jejunostomy tube insertion is successful puncture and securement of the mobile
jejunal loop to the anterior abdominal wall, which is typically accomplished with the use of
T-fasteners. One potential advantage of percutaneous radiologic insertion is the ability to use
moderate sedation, whereas general anesthesia is typically required for open or laparoscopic
insertion. Although both laparoscopic and radiologic jejunostomy tube insertion constitute
minimally invasive techniques, comparative outcomes and factors that may influence patient
selection are unknown. Therefore, the purpose of the present study was to compare
outcomes after laparoscopic versus radiologic jejunostomy tube insertion, with analysis of
factors that correlate with complications.

MATERIALS AND METHODS

Patient Population

This retrospective study was approved by the institutional review board, and a waiver of the
requirement for consent was obtained. Review of the surgical database from 2005 through
2015 revealed 115 adult patients (60 men and 55 women; mean age, 59.7 y; range, 18-89 y)
who underwent primary laparoscopic jejunostomy tube insertion as a standalone procedure
(ie, without adjunct abdominal surgery) by the general surgery or surgical oncology services
(Fig). Review of the interventional radiology procedural database revealed 106 adult patients
(64 men and 42 women; mean age, 61.0 y; range, 25-89 y) who underwent percutaneous
radiologic jejunostomy tube insertion at a de novo site between 2010 and 2015. Insertions of
radiologic jejunostomy tubes at the site of a previous jejunostomy tube were not included
because the preexisting jejunopexy may impact outcomes. A portion of this cohort was
previously reported (8). The decision to perform surgical versus radiologic jejunostomy tube
insertion was primarily determined by the referring service, but, in some instances, one
service declined or recommended the other service.

Percutaneous Radiologic Jejunostomy Tube Insertion Technique

All radiologic jejunostomy tube insertion procedures were performed in the interventional
radiology suites by an interventional radiology attending physician, under moderate
sedation, according to a previously described technique (8). The majority of procedures were
performed by an interventional radiologist with less than 10 years of experience, with a few
performed by one with greater than 20 years of experience. Unless patients had previous
colectomy or the colon was determined to be remote from potential target jejunal loops in
the left lower quadrant on a previous CT scan, patients were administered barium orally or
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via nasoenteric tube the day before the procedure to opacify the transverse, left, and sigmoid
colon or per rectum immediately before the procedure. Patients were administered 1 g
ceftriaxone for antibiotic prophylaxis. If a nasojejunal feeding tube was not already present,
a 5-F angled hydrophilic catheter (Terumo, Somerset, New Jersey) was advanced through
the nostril into the proximal jejunum over a hydrophilic guide wire (Glidewire; Terumo)
under fluoroscopic guidance.

Approximately 1 minute after administration of 1 mg intravenous glucagon, digital
subtraction enterography was performed while rapidly insufflating the jejunum with air to
distend and visualize air-filled jejunum until an adequate loop was identified. An adequate
loop was defined as one that was well-distended with air, as proximal as possible, relatively
linear in configuration, and very anterior (ie, just under the abdominal wall). A loop of
jejunum was deemed anterior if it was easily deformable with gentle manual palpation and if
air could be aspirated from the target loop with the use of the 25-gauge, 1.5-inch needle (BD
Bio-sciences, San Jose, California) used for local anesthesia. After administration of local
anesthesia and creation of a 5-mm incision, a T-fastener needle (Saf-T-Pexy; Halyard Health,
Alpharetta, Georgia; or Cope Gastrointestinal Suture Anchor; Cook, Bloomington, Indiana)
was used to access the bowel using a rapid thrust at a 45° angle toward the intended
direction of bowel. Successful puncture was confirmed by injection of iodinated contrast
medium. After the T-fastener was deployed, a guide wire (0.018-in for the Halyard T-
fastener or 0.035-in for the Cook T-fastener) was inserted through the needle. Over the guide
wire, a triaxial introducer system (AccuStick; Boston Scientific, Marlborough,
Massachusetts) for the Halyard T-fastener or 4-F vascular sheath (Brite Tip; Cordis, Hialeah,
Florida) for the Cook T-fastener was inserted. One or two additional T-fasteners were then
deployed through the outer portion of the triaxial introducer or vascular sheath, respectively.
After serial dilation, a custom-length 12-F balloon-retained MIC jejunostomy tube (Halyard
Health) was inserted over the guide wire through a 15-F peel-away sheath. The balloon was
inflated with 3 mL of a fluid mixture consisting of saline solution and approximately 0.5 mL
of iodinated contrast medium (iopamidol 300; Bracco Diagnostics, Princeton, New Jersey).
Injection of iodinated contrast medium into the tube was performed to confirm intraluminal
positioning. The T-fastener sutures were then secured with the accompanying locking bolster
(Halyard) or secured to the jejunostomy tube retention disc (Cook).

For at least 24 hours, the patient was maintained with nothing per mouth or tube, and daily
abdominal radiographs were obtained. If, after 24 hours, the patient had a benign finding on
abdominal examination without evidence of ileus on abdominal radiography, tube feeding
was initiated.

Laparoscopic Jejunostomy Tube Insertion Technique

All laparoscopic jejunostomy tube insertion procedures were performed in the operating
room under general endotracheal anesthesia. All patients received preoperative antibiotic
agents according to Surgical Care Improvement Project guidelines (14). Intraabdominal
access was obtained by using a 5-mm trocar in the left upper quadrant. Following initial
insufflation with carbon dioxide, 3 additional trocars were placed, including a
supraumbilical and 2 right-sided 5-mm ports. Lysis of adhesions was performed as needed.
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A selected loop of jejunum was presented to the left side of the abdomen, allowing
transfascial placement of 4 sutures or T-fasteners under laparoscopic guidance. The bowel
was then accessed with a 10-mL syringe and needle system, with intraluminal confirmation
via air insufflation. A guide wire was passed into the distal jejunal limb, allowing placement
of a peel-away sheath and then a 12-F jejunostomy tube (Flexiflo; Abbott, Abbott Park,
[llinois) or 14-F balloon-retained MIC jejunal feeding tube (Halyard Health). For the
balloon-retained tubes, the balloon was inflated with 2-3 mL of saline solution. The jejunal
tube was anchored to the skin with nylon monofilament sutures, and trocar incisions were
closed with buried absorbable sutures and surgical glue. The patient was maintained with
nothing per mouth or tube for 24 hours, after which time tube feeding was initiated if the
abdominal examination had benign findings.

Data Analysis

Patients were considered critically ill if they were admitted to the intensive care unit before
the jejunostomy tube insertion during the same admission. Patients were considered to have
undergone major abdominal surgery if any portion of stomach or bowel was operated on or
if there was open exposure of the peritoneal cavity. Major surgeries are tabulated in Table 1.
Patients with a body mass index of 30 kg/m? or greater were considered to be obese.

Technical success was defined as successful insertion of the tube intraluminally within the
jejunum. For laparoscopically inserted tubes, procedural abortion after insertion of
laparoscopic trocars or conversion to open surgery constituted a technical failure. For
radiologically inserted tubes, the inability to identify an appropriate loop of bowel for access
and abortion of the procedure constituted a technical failure. Complications were divided
into tube-specific complications and procedural complications, which were separately
analyzed. Tube-specific complications included tube obstruction, peritube leakage, and tube
dislodgment. Tube obstruction was defined as inability to infuse tube feedings, requiring
tube exchange to restore function. Peritube leakage was defined as present if the patient was
referred to the interventional radiology service for tube evaluation or exchange specifically
as a result of persistent excessive leakage from around the outside of the tube. Tube
dislodgment was defined as episodes of inadvertent tube removal requiring reinsertion. All
events were analyzed during the total jejunostomy tube indwell time, which ended when the
tube was removed and no longer needed. Procedural complications occurring within 30 days
after insertion and meeting criteria as a major complication per Society of Interventional
Radiology Clinical Practice Guidelines (ie, requiring therapy or hospitalization or resulting
in permanent adverse sequelae or death) (15) were recorded and described.

Statistical Analysis

Statistical analysis was performed by using SPSS statistical software (version 22; IBM,
Armonk, New York). For demographic variables, continuous variables were compared with
the Student ftest and categoric variables were compared between groups with the XZ or
Fisher exact test. Technical success and complication rates were compared between
laparoscopic and radiologic jejunostomy tube insertions by Xz or Fisher exact test. The rate
of tube-specific complications was reported as events per 1,000 catheter indwell days.
Predictors of major procedural complications were calculated for the entire cohort by using a
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univariate binomial logistic regression analysis. Additional analysis was performed for each
group separately to determine whether there are predictors of major complications that are
specific to either group. For any predictor with a P value less than or equal to .10, a
multivariate analysis was performed for the respective group. The number of tube-related
complications per 1,000 catheter indwell days was compared by Poisson regression with an
overdispersion parameter. A Pvalue less than or equal to .05 was considered statistically
significant.

Demographic Data

During the study period, a total of 221 patients underwent jejunostomy tube insertion as a
standalone procedure, of which 115 were performed laparoscopically and 106 were
performed with percutaneous radiologic technique (Table 2). A significantly higher
proportion of patients in the radiologic group (29%) were critically ill (ie, requiring intensive
care stay during procedural admission) compared with the laparoscopic group (1%; P
<.001). Previous major abdominal surgery was significantly more common in the radiologic
jejunostomy tube group than in the laparoscopic group (70% vs 32%; P <.001). Patient body
mass index was significantly higher in the laparoscopic group (23.8 kg/m? vs 21.8 kg/m?; P
=.001). There were no significant differences between groups in age, sex, cancer diagnosis,
previous lung transplantation, diabetes, or ascites. In the laparoscopic group, 30 patients
(26%) required intraoperative lysis of adhesions. Patients in the laparoscopic group with
previous major surgery were significantly more likely to require lysis of adhesions compared
with patients with no previous surgery (50% vs 15%; P=.002).

Technical Success

The technical success rate for laparoscopic jejunostomy tube insertion was 96% (110 of
115). Four surgeries were converted from laparoscopic to open because of excessive
intraabdominal adhesions. In one patient, the surgery was aborted as a result of peritoneal
carcinomatosis. In the radiologic jejunostomy tube group, the technical success rate was
97% (103 of 106). In one patient, an acceptable loop of jejunum could not be identified for
puncture. In 2 patients, T-fasteners were deployed into a target loop, but the tube could not
be inserted as a result of loss of guide wire access. There was no difference in technical
success rate between modalities (P=.72).

Tube-Specific Complications

The mean and median follow-up times for laparoscopically placed jejunostomy tubes were
202 and 109 days, respectively, and 221 and 97 days, respectively, for radiologically placed
jejunostomy tubes. Rates of jejunostomy tube exchange as a result of tube obstruction were
0.8 per 1,000 catheter days for the laparoscopic group and 1.6 per 1,000 catheter days for the
radiologic group. Rates of jejunostomy tube exchange as a result of pericatheter leakage
were 0.8 per 1,000 catheter days for the laparoscopic group and 1.6 per 1,000 catheter days
for the radiologic group. Rates of catheter dislodgment requiring replacement were 2.8 per
1,000 catheter days for the laparoscopic group and 1.7 per 1,000 catheter days for the
radiologic group. Statistical analysis of tube complication frequency rates revealed no

J Vasc Interv Radliol. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kim et al. Page 6

significant differences between laparoscopically and radiologically inserted tubes for all 3
categories (P=.13, P=.18, and P= .07, respectively).

Procedural Complications

The occurrence of major procedural complications was similar between groups: 5 in the
radiologic jejunostomy tube group (5%) and 7 in the laparoscopic jejunostomy tube group
(6%; P=1.0). Table 3 describes all major complications. The 30-day rate of mortality as a
result of major complication was 3% for each group, with 3 deaths each. Univariate analysis
of factors correlated with major complications for the combined cohort demonstrated that
only obesity was significantly associated with higher incidence of major complications (5 of
29 [17%] vs 7 of 192 [4%]; £=.006; odds ratio [OR], 5.5; 95% confidence interval [CI],
1.6-18.7; Table 3). Based on multivariate analysis, along with previous major abdominal
surgery and history of cancer, obesity persisted as a significant predictor (P=.016; OR, 4.9;
95% Cl, 1.3-18.1).

Analysis of the laparoscopic jejunostomy group demonstrated that previous major
abdominal surgery and lysis of adhesions during jejunostomy tube insertion were associated
with a significantly higher rate of major procedural complications (Table 4). In patients with
previous major abdominal surgery, 5 of 37 (14%) had major complications, compared with 2
of 78 (3%) of those without (P=.039; OR, 5.9; 95% CI, 1.1-32.2). Patients who underwent
lysis of adhesions had a 15% rate of major complications (5 of 33), compared with 2% (2 of
83) of those who did not (P=.023; OR, 7.1; 95% ClI, 1.3-38.9). Multivariate analysis
including previous major abdominal surgery and obesity revealed that previous major
abdominal surgery persisted as a significant predictor of major complications (£ =.035; OR,
6.5; 95% Cl, 1.1-36.7).

Analysis of the radiologic jejunostomy tube group demonstrated only obesity to be
predictive of major complications (2 of 10 [20%] in obese patients vs 3 of 96 [3%] in
nonobese patients; £=.038; OR, 7.8; 95% Cl, 1.1-53.4). There was no association between
previous major surgery and major complications: 4 of 75 (5%) in the radiologic jejunostomy
group versus 1 of 31 (3%; P=.65) in the laparoscopic jejunostomy group. No other
variables met the criteria for inclusion in a multivariate analysis.

DISCUSSION

For patients who need long-term enteral nutrition, laparoscopic and radiologic techniques
for jejunostomy tube insertion have demonstrated high technical success rates and low rates
of major complications. Previous abdominal surgeries were associated with challenges for
laparoscopic jejunostomy tube insertion, including a significantly higher need for lysis of
adhesions and a higher major complication rate, whereas no correlation was found with
radiologic jejunostomy tube insertion. Obesity was a significant risk factor for radiologic
jejunostomy tube insertion but not for laparoscopic insertion. These findings suggest that
previous major abdominal surgery and obesity may serve as discriminators in the choice of
the optimal technique.
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The high success rate for radiologic tube insertion in the present study is similar to those
reported in the literature. Multiple studies of percutaneous radiologic jejunostomy tube
insertion in sample sizes of 14-51 patients (4—10) report technical success rates ranging
from 87% to 100%. Mortality rates resulting from radiologic jejunostomy tube placement
have been reported at 0%-5%, which are similar to that found in the present study, despite
29% of patients undergoing radiologic jejunostomy tube placement in the present study
being categorized as critically ill, compared with only 1% in the laparoscopic insertion
group. Although critically ill intensive-care patients are typically considered at high risk for
general anesthesia and surgery, this factor did not correlate with major complications in the
radiologic placement group in the present study.

The high technical success rate for laparoscopic jejunostomy tube insertion in the present
study was also similar to the 88%—-100% range reported in the literature (4-6,16,17). In the
present study and others, the primary reason for technical failure was conversion to open
surgery as a result of excessive intraabdominal adhesions, with previous abdominal surgery
correlating with a significantly higher rate of lysis of adhesions and major complications in
the present study. Lysis of adhesions has been reported to be a factor not only for a high
conversion rate from laparoscopic to open insertion, but also unintentional enterotomies
(16). Accordingly, studies with no technical failures may be related to exclusion of patients
in whom severe adhesions were expected (18). In a systematic review of laparoscopic
jejunostomy tube insertions (5), the overall complication rate was 17%, with 1.8% requiring
repeat laparotomy. The severity of complications was not delineated in that study (5).

Although previous major abdominal surgery was found to be associated with a higher major
complication rate for laparoscopic jejunostomy tube insertion in the present study and others
(16), there was no association found in the percutaneous radiologic jejunostomy tube
insertion cohort. The presence of intraabdominal adhesions may be a potential explanation
for this observation. One of the primary challenges for percutaneous radiologic insertion is
jejunal loop mobility, which causes needle access of the target loop to be technically difficult
(1). Bowel adhesions, however, may serve to decrease bowel loop mobility and thereby
enable more reliable needle access.

Obesity, which has been shown to be a general risk factor for surgical complications (19),
was a significant risk factor for major complications in the overall cohort and in the
radiologic jejunostomy tube group, but not in the laparoscopic group. Although the reason or
this difference is uncertain, it is possible that pannus mobility may exert more stress and
cause more movement at the single-site T-fastener jejunopexy, which is theoretically less
secure than the circumferential jejunopexy achieved laparoscopically.

There are several limitations to the present study. Given its retrospective nature, there was
selection bias, as evidenced by several factors with significantly different distributions,
including a significantly lower proportion of patients in the laparoscopic group with
previous major abdominal surgery, which is known to be a risk factor for technically
challenging laparoscopic jejunostomy tube insertion (16). Conversely, adhesions may be
beneficial for percutaneous radiologic insertion. Therefore, if the groups were equivalently
represented, there could theoretically be higher complication rates in both groups. Another
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limitation of the study is the relatively high level of experience with percutaneous radiologic
jejunostomy tubes in the authors’ institution, meaning the results may not be generalizable
to other operators. However, the success and complication rates in the present study are
similar to those in existing literature. Finally, the low number of complications and modest
number of patients in this study limit robust analysis of factors associated with
complications.

In conclusion, the present study found that laparoscopic and percutaneous radiologic
insertion of jejunostomy tubes both have a high technical success rate and acceptable
complication rates. Although the 2 groups had different population characteristics, the
finding of different risk factors for major procedural complications suggests that certain
patients may be better suited for one or the other modality. Therefore, a randomized
controlled trial to determine which modality is superior for “all-comer” patients may not be
helpful. The present data suggest that patients expected to have extensive intraabdominal
adhesions may be better served with percutaneous radiologic jejunostomy tube insertion.
Conversely, patients without previous abdominal surgery, particularly those who are obese,
may be better suited for laparoscopic jejunostomy tube insertion. Therefore, availability of
both methods for jejunostomy tube insertion may be ideal for achieving optimal outcomes
for patients in need of long-term enteral feeding.

ABBREVIATIONS

Cl confidence interval

OR odds ratio
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EDITORS’ RESEARCH HIGHLIGHTS

This large single-center retrospective study compares outcomes of
laparoscopic versus radiologic placement of jejunostomy tubes in 211
patients. Rates of technical success (95% and 97%) and major complications
(6% and 5%) were similar for laparoscopic and radiologic placement,
respectively.

Previous major abdominal surgery was a risk factor for major complications
in the laparoscopic insertion group, whereas obesity was associated with
major complications in the radiologic insertion group.

Interventional radiologic approaches are valid primary approaches to routine
jejunostomy tube placement. Obesity or previous major abdominal surgery
may further guide patient allocation for laparoscopic versus radiologic
jejunostomy tube placement.
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Figure.

Flow diagram of subject enrollment. CPT = Current Procedural Terminology.
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Tabulation of All Major Surgeries in the Total Jejunostomy Tube Cohort

Major Surgery Type
Exploratory laparotomy
Esophagectomy
Esophagogastrectomy
Gastrectomy

Gastric fundoplication
Gastric bypass
Gastrojejunostomy anastomosis
Pancreaticoduodenectomy
Other pancreatic surgery
Other Roux-en-Y surgery
Liver transplant

Open cholecystectomy

Prior jejunostomy tube (separate site)

Colectomy

Other

No. of Pts.
6

(8}

10

Note-The table includes surgeries undergone by >3 patients.
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Demographic Information for Laparoscopic and Radiologic Jejunostomy Tube Groups
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1duosnuep Joyiny

Variable Laparoscopic (n =115)  Radiologic (n =106) P Value
Male sex 61 (53) 63 (59) .34
Age 59.7 61.0 1.0
BMI 23.8 21.8 .001
Obesity (BMI =30 kg/m?) 19 (17) 10 (9) 16
Cancer 75 (65) 60 (57) 21
Lung transplant 4 (3) 10 (9) 1
Diabetes 13 (11) 17 (16) 33
Ascites 5(4) 6 (6) .76
Critical illness 1(1) 31(29) <.001
Prior major abdominal surgery 37 (32) 75 (71) <.001

Note-Values in parentheses are percentages.

BMI = body mass index.
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