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Abstract: Nasojejunal tubes (NJTs) are increasingly used in critically ill patients. NJT insertion with endoscopic- or 
x-ray-guidance can be achieved with success rates above 90%. This systematic review and meta-analysis of ran-
domized controlled trials (RCTs) compares the efficiency and safety of these two methods in critically ill patients. 
We searched Chinese and English databases for RCTs comparing endoscopy- and x-ray-guided NJT placement pub-
lished up to July 5, 2021. Meta-analyses were performed using RevMan5 software to compute mean differences 
(MDs) and odds ratios (ORs). Eleven RCTs (n=676) were included. The endoscopic group had a higher procedure 
success rate (OR=2.14, 95% CI [1.19, 3.85], Z=2.52, P=0.01) and shorter insertion time (MD=-3.70 min, 95% CI 
[-6.90, -0.50], Z=2.27, P=0.02) than the x-ray group. NJT indwelling time and post-insertion complications were 
similar between groups. The x-ray group had fewer complications during placement (OR=8.08, 95% CI [3.58, 18.22], 
Z=5.03, P<0.00001]; on subgroup analysis, only gastrointestinal non-bleeding adverse events differed significantly 
between groups (OR=2.78, 95% CI [1.43, 5.39], Z=3.03, P=0.002). Visual analog scale discomfort scores were 
better in the x-ray group (MD=4.10, 95% CI [3.57, 4.63], Z=15.07, P<0.00001). Compared with x-ray-guided NJT 
placement, endoscopy-guided placement was faster, had a higher success rate, and was associated with fewer 
gastrointestinal non-bleeding adverse events and less discomfort during insertion. Endoscopic guidance is recom-
mended for NJT placement in critically ill patients to improve placement efficiency. X-ray guidance is a good alterna-
tive, depending on the hospital setting, as it is convenient, economical, and potentially safer.
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Introduction

The latest guidelines issued by the American 
Critical Medical Association and the American 
Society of Enteral and Parenteral Nutrition in 
2016 recommended the use of nasojejunal 
tubes (NJTs) for patients with a high gastric 
residual volume, high risk of aspiration, or  
gastric tube intolerance [1]. NJTs have a num-
ber of advantages over nasogastric tubes in 
critically ill patients, including reducing the  
risk of reflux and aspiration of gastric content 
and increasing the tolerance of enteral nutri-
tion [2]. A 2013 systematic review showed  
that NJTs also reduce the risk of pneumonia 
and ventilator-associated pneumonia in criti-

cally ill patients, compared with nasogastric 
tubes [3].

NJT use for nutritional support is increasing 
among critically ill patients [4-6]. Establishing 
methods for improving the success rate and 
safety of NJT placement is an urgent clinical 
issue. A randomized controlled study showed 
that the overall success rate of NJT placement 
with gastric prokinetic agent use was approxi-
mately 40.4% [7]. Another study found that the 
success rate of placing spiral NJTs was only 
53% in patients with normal gastrointestinal 
motility [8]. NJTs can be placed into the desired 
position by many methods, including “blind” 
insertion, use of gastric prokinetic agents, or 
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guidance with endoscopy, x-ray, B-ultrasono- 
graphy, or electromagnetic devices [9, 10].

Many studies have reported NJT placement 
success rates of 90%-100% with endoscopic 
guidance [11, 12] and 84% with x-ray guidance 
[13-15]. Endoscopy-guided NJT placement has 
the advantages of high efficiency, time saving, 
and accurate direct vision. Although x-ray-guid-
ed placement is noninvasive and inexpensive, it 
involves radiation exposure. A previous meta-
analysis comparing endoscopic- and X-ray-
guidance for NJT insertion found no differences 
between these techniques, only there was a 
slight difference in safety [16]. However, multi-
ple randomized controlled trials (RCTs) [17-21] 
have reported significant differences in inser-
tion time and rate of successful placement 
between the two methods. 

Currently, both endoscopy and x-ray are consid-
ered to have advantages, as well as disadvan-
tages, when used for NJT placement. There  
is no clear consensus regarding which is supe-
rior for critically ill patients. To this end, we con-
ducted a systematic review with meta-analysis 
of RCTs comparing endoscopy- and x-ray-guid-
ed NJT placement, with the objectives of ex- 
ploring differences in efficiency and safety 
between the two methods and establishing a 
basis for rapid and safe NJT placement in clini-
cal practice.

Methods

Study reporting and registration

This systematic review with meta-analysis was 
reported and completed according to the Pre- 
ferred Reporting Item Reporting Guidelines  
for Systematic Evaluation and Meta-analysis 
(PRISMA). It is registered with PROSPERO 
(CRD42021262267).

Eligibility criteria

We included all RCTs published in English or 
Chinese that directly compared endoscopy- 
and x-ray-guided NJT placement. The exclusion 
criteria were randomized crossover, cluster ran-
domized, or quasi-experimental trials. We ex- 
cluded studies that included subjects young- 
er than 18 years of age but did not exclu- 
de studies with different sample sizes, follow-
up times, publication years, or language of 
publication.

Search strategy and study selection

On July 5, 2021, two authors (GZ L, QX) con-
ducted searches of the Cochrane Database of 
Systematic Reviews, PubMed, Web of Science 
database, EMBASE (Ovid), China Knowledge 
Network Infrastructure, Chinese Biomedicine 
Literature Database, VIP Database, and Wan 
Fang Data Knowledge Platform. The searches 
were conducted using a combination of ter- 
ms: ‘nasointestinal tube’ OR ‘jejunal feeding’ 
OR ‘naso intestinal tube’ OR ‘nasoenteric tub- 
es’ OR ‘small-bowel feeding tube’ OR ‘feeding 
tube’ OR ‘gastrojejunal tube’, AND ‘endoscopy’, 
‘endoscopic’ OR ‘fluoroscopy’ OR ‘fluoroscopic’ 
OR ‘X ray’. 

The first step was to download the articles into 
Endnote. The two authors then independently 
screened the titles/abstracts of the articles to 
identify potentially relevant articles. The full-
text version of these articles was evaluated to 
determine whether they met the inclusion and 
exclusion criteria. The final selection of studies 
was made jointly by the two authors, and differ-
ences were resolved through symposium, with 
input from a third author (SW).

Data extraction

The authors (GZ L, QX) independently extract- 
ed the research material using a standard da- 
ta collection form. The retained data included 
the name of the first author, the publication 
year, number of patients, patient characteris-
tics (including mean age), study population, 
type of NJT, and study outcomes. 

When data were missing from the initial stu- 
dy, the corresponding author was emailed two 
times to try to obtain the information. If there 
was no response after the second email, the 
data were considered unreported. 

Study outcomes

The primary outcome measures of this system-
atic review with meta-analysis were the proce-
dure success rate (defined as the percentage 
of successful placement of the NJT at the 
desired location), insertion time (defined as  
the time from onset of the insertion attempt 
until the tube was fixed at the nostril), and 
insertion-related complications (e.g., epistaxis, 
gastrointestinal (GI) bleeding, abdominal pain, 
aspiration, dyspnea). Secondary outcomes we- 
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re post-insertion complications (e.g., dislodge-
ment, sinusitis, lung infection) and NJT indwell-
ing time (defined as the time from insertion 
until the tube was removed).

Validity assessment

Two independent researchers (MY P, XX) per-
formed independent assessments of the risk  
of bias for the main outcome of the included 
studies using the risk of bias assessment tool 
in the Cochrane Reviewers Handbook 5.4.0. 
Differences between the two authors were re- 
solved through discussion or after consultation 
with the third author (SW).

Statistical analysis

Odds ratios (ORs) and their 95% confidence 
intervals (CIs) were used to analyze classifica-
tion variables. In the meta-analysis of ORs, 
studies without events were excluded [22]. 

Mean differences (MDs) and their CIs were cal-
culated for continuous variables. P values of 
effect size estimates were two-sided, and P  
values <0.05 were considered statistically sig-
nificant. Heterogeneity between studies was 
assessed by calculating the I2 statistic, with  
an I2>50% or a P value <0.10 indicating the 
presence of significant heterogeneity. Random 
effects models were used for meta-analysis of 
outcomes with higher between-study heteroge-
neity [17]. A funnel plot was constructed to 
assess publication bias [22]. Statistical analy-
ses were performed using Review Manager 
5.4.0.

Results

Study screening

The PRISMA flowchart is shown in Figure 1. We 
obtained 1,857 records using our database 
search strategy and identified 12 records from 

Figure 1. PRISMA flowchart for study selection. Abbreviations: CBM, Chinese Biomedicine Literature Database; 
CNKI, China Knowledge Network Infrastructure.
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other sources. A total of 1,546 records under-
went title and abstract screening after remov-
ing duplicates. The full text of the 39 studi- 
es remaining after the initial screening was 
reviewed to determine whether they met the 
inclusion/exclusion criteria. A total of 11 stud-
ies meeting these criteria were included in the 
final meta-analysis. 

Characteristics of the included studies

The characteristics of the 11 included studies 
are displayed in Table 1. The studies included a 
total of 676 patients.

Study quality assessment

All of the included studies were RCTs, and each 
had clearly defined inclusion and exclusion cri-
teria for the study population. However, 5 pa- 
pers [17, 19, 21, 25, 26] did not describe in 
detail the method of random sequence ge- 
neration, and 1 study [15] made the allocation 
concealment public, which was associated with 
a high risk of bias. As endoscopy- and x-ray-
guided NJT placement are different methods, it 
is difficult to blind researchers and patients to 
the type of placement. However, because the 
outcomes of the current meta-analysis are 
objective, the lack of blinding would not have a 
substantial impact on our outcomes. Therefore, 
after discussion among our group, we deter-
mined the risk of bias associated with blinding 
was low in all studies, as shown in Figure 2.

Comparison of placement efficiency between 
groups

Comparison of placement success rate: All 
studies [14, 15, 17-21, 23-26] reported the 
success rate of endoscopy- and x-ray-guided 
NJT placement. The heterogeneity of each 
study was small P=0.21, I2=26%). Fixed-effects 
meta-analysis showed that the success rate 
was significantly higher in the endoscopic group 
than in the x-ray group (OR=2.14, 95% CI [1.19, 
3.85], Z=2.52, P=0.01) (Figure 3).

Comparison of tube insertion time: Ten studies 
[14, 15, 17-21, 23-25] reported the insertion 
time of the endoscopic and x-ray groups, and 
the heterogeneity among these studies was 
large (P<0.00001, I2=95%). Sensitivity analysis 
revealed that deleting any study did not signifi-
cantly reduce this heterogeneity. A random-

effects model was therefore used for the meta-
analysis, which showed that the insertion time 
was significantly shorter in the endoscopic 
group than in the x-ray group (MD=-3.70 min, 
95% CI [-6.90, -0.50], Z=2.27, P=0.02) (Figure 
4).

Comparison of tube indwelling time: Two stud-
ies [23, 26] reported the tube indwelling time  
of NJTs inserted using endoscopy or x-ray guid-
ance. There was no heterogeneity between 
these studies (P=0.92, I2=0%). Fixed-effects 
meta-analysis showed no significant difference 
in indwelling time between groups (MD=0.53 
days, 95% CI [-2.49, 3.55], Z=0.34, P=0.73) 
(Figure 5).

Comparison of safety between insertion meth-
ods 

Comparison of placement-related complica-
tions: Nine studies [14, 15, 17, 19, 20, 23-26] 
reported the incidence of placement-related 
complications in the endoscopy and X-ray 
groups. Three studies reported 0 complica-
tions. Placement-related complications occurr- 
ed in 61 cases (35%) in the endoscopy gro- 
up, including 6 cases of epistaxis (9.6%), 37 
cases of GI non-bleeding adverse events (25%; 
abdominal pain, abdominal distension, diar-
rhea), 5 cases of GI tract bleeding (6.7%), 9 
cases of tachypnea (10.4%), and 4 causes of 
aspiration (11.1%). Placement-related compli-
cations occurred in 37 cases (21.6%) in the 
x-ray group, including 4 cases of epistaxis 
(7.4%), 20 cases of GI non-bleeding adverse 
events (12.9%; abdominal pain, abdominal dis-
tension, diarrhea), 6 cases of Gl tract bleeding 
(7.8%), 5 cases of tachypnea (5.7%), and 2 
cases of aspiration (5.4%).

There was high heterogeneity among the  
9 studies [14, 15, 17, 19, 20, 23-26] (P< 
0.000001, I2=86%). Sensitivity analysis reve- 
aled no heterogeneity among studies (P=0.98, 
I2=0%) after excluding 1 heterogeneous sour- 
ce [19]. Fixed-effects meta-analysis including 
the 3 studies with no complications but exclud-
ing the study producing high heterogeneity, 
showed that the rate of complications was 
lower in the x-ray group than in the endoscopy 
group (OR=8.08, 95% CI [3.58, 18.22], Z=5.03, 
P<0.00001) (Figure 6). In subgroup analysis, 
only GI non-bleeding adverse events were sig-
nificantly different between the two groups 
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Table 1. Characteristics of the included studies
Author (year) Placement method Sample size Age (y)a Study population Type of tube Outcomes
Foote 2004 [15] Endoscopy 26 59.0±4.1 Surgical ICU patients 109 cm, 8 F (Corpak Medsystems, Wheeling, IL) ①②③

X-ray 17 58.1±5.6 Surgical ICU patients 109 cm, 8 F (Corpak Medsystems) ①②③

Fang 2005 [23] Endoscopy 50 52 (15-98) Critically ill patients 9 F (Sandoz Nutrition, Minneapolis, MN, USA) ①②③⑤

X-ray 50 55 (13-90) Critically ill patients 8 F, 120 cm polyurethane Fredrick-Miller tube ①②③⑤

Tong 2009 [14] Endoscopy 50 50 (20-64) SAP 3.33 F ①②③

X-ray 50 48 (18-63) SAP 3.33 F ①②③

Sun 2012 [17] Endoscopy 31 51.6±10.9 Critically ill patients 3.33 F ①②③

X-ray 31 52.6±11.7 Critically ill patients 3.33 F ①②③

Xie 2012 [24] Endoscopy 19 37.3 (27-69) SAP 3.33 F ①②③

X-ray 20 39.2 (31-74) SAP 3.33 F ①②③

Song 2013 [25] Endoscopy 24 55.6 (35-76) SAP 3.33 F ①②③

X-ray 28 55.3 (32-73) SAP 3.33 F ①②③

Yang 2015 [26] Endoscopy 15 49.3 (28-71) SAP 3.33 F ①③④⑤

X-ray 15 50 (29-79) SAP 3.33 F ①③④⑤

Ma 2016 [18] Endoscopy 30 57.7±9.1 Critically ill patients NA ①②

X-ray 30 58.2±8.7 Critically ill patients NA ①②

Guan 2018 [19] Endoscopy 38 58.1 (25-79) SAP NA ①②③

X-ray 39 57.2 (27-84) SAP NA ①②③

Shen 2012 [20] Endoscopy 21 49.1±12.2 ICU patients 3.33 F ①②③④

X-ray 22 50.1±10.3 ICU patients 3.33 F ①②③④

Li 2017 [21] Endoscopy 20 53.8±9.7 Critically ill patients 3.33 F ①②

X-ray 20 52.4±10.2 Critically ill patients 3.33 F ①②

Note: ① Procedure success rate; ② insertion time; ③ placement-related complications; ④ post-insertion tube-related complications; ⑤ nasojejunal tube indwelling time. aMean 
± standard deviation or median (range). Abbreviations: ICU, Intensive care unit; 3.33 F, Flocare; 3.33 mm, 130 cm; NA, Not available (data not provided); SAP, Severe acute pancre-
atitis.
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(OR=2.78, 95% CI [1.43, 5.39], I2=68%), as 
shown in Figure 7. 

Comparison of post-insertion tube-related com- 
plications: Three studies [20, 25, 26] report- 
ed 125 NJT-related longer-term complications. 
Post-insertion complications occurred in 27 
patients (45.0%) in the endoscopy group, in- 
cluding 3 cases of nasopharyngitis (8.3%), 11 
lung infections (18.3%), and 13 tube dislodge-
ments (21.6%). Post-catheter complications 
occurred in 21 patients (32.3%) in the x-ray 
group, including 3 cases of nasopharyngitis 
(8.1%), 9 lung infections (13.8%), and 9 tube 
dislodgements (13.8%). There were no signifi-
cant differences in post-insertion complica-
tions between groups for the total complica-
tions or any of the three subgroups of com- 
plications (Figure 8). 

Comparison of VAS discomfort scores: Two 
studies [14, 26] used visual analogue scale 
(VAS) discomfort scores to quantify patient 
comfort associated with NJT placement. VAS 
discomfort scores were used to objectively 
evaluate the degree of pain, with lower scores 
representing less subjective patient discom-

applying topical anesthetic spray to the naso-
pharyngeal area, the NJT is inserted into the 
stomach through one naris, while the endo-
scope is passed via the other naris into the 
stomach. The endoscope aids NJT insertion by 
allowing visualization of the anatomy of the 
upper GI tract. It also provides a means to help 
maneuver the tube into the appropriate posi-
tion: if there is difficulty passing the tube 
through the pylorus, closed biopsy forceps can 
be placed through the endoscope’s working 
channel and be used to grasp the tip of the NJT, 
moving it through the pylorus and into the prop-
er place. At the end of the procedure, an x-ray is 
obtained to confirm that the NJT is properly 
positioned [14, 15, 23]. 

X-ray-guided placement of NJTs is performed by 
radiologists in the radiology department, using 
a fixed-type C-arm x-ray fluoroscopy machine 
positioned at the abdomen. After applying local 
anesthetic (lidocaine) gel to the throat, the NJT 
is inserted 50 to 55 cm through one nostril. At 
this point, the tip of the NJT is located at the 
pylorus. The NJT guidewire is then removed and 
replaced with a radiation guidewire, which is 
inserted until it is 3 cm beyond the tip of the 

Figure 2. Risk of bias assessment. (A) shows the risk of bias graph: review 
authors’ judgements about each risk of bias item presented as percentages 
across all included studies, and (B) shows the risk of bias summary: review 
authors’ judgements about each risk of bias item for each included study.

fort. The results showed that 
the mean VAS discomfort 
score during the procedure 
was significantly lower in the 
x-ray group than in the en- 
doscopic group (MD=4.10, 
95% CI [3.57, 4.63], Z= 
15.07, P<0.00001], as shown 
in Figure 9.

Publication bias

We assessed publication bias 
using a funnel plot. The pri-
mary outcome of the includ- 
ed studies (insertion success 
rate) was used to create the 
plot. As shown in Figure 10, 
there was no significant fun-
nel plot asymmetry. 

Discussion  

Endoscopy-guided placement 
of NJTs is typically performed 
by endoscopists at the bed-
side (usually in an ICU). After 
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NJT. Intermittent or continuous x-ray visualiza-
tion is used, depending on the individual 
patient. Next, the NJT is advanced until it is at 
the level of the ligament of Treitz. The radiation 
guidewire is then removed, and the NJT is fixed 
after confirming it is in proper position by fluo-
roscopy [14, 15, 23]. 

X-ray-guidance during NJT placement has the 
advantages of being non-invasive, requiring no 
special equipment, and providing direct visual-
ization. The direction of the GI tract is seen by 

radiography and the position of the tip of the 
NJT can also be well visualized. However, 
domestic and foreign scholars generally believe 
that endoscopy-guided nasoenteral nutrition 
tube placement has a higher one-time success 
rate [11, 12].

Our study showed that the efficiency of endos-
copy-guided NJT placement was higher than 
that of x-ray-guided placement. Specifically, the 
endoscopic group had a significantly higher 
insertion success rate (OR=2.14) and shorter 

Figure 3. Forest plot for insertion success rate.

Figure 4. Forest plot for tube insertion time.

Figure 5. Forest plot for tube indwelling time.
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tube insertion time (MD=-3.70 min). In the 3 
included studies [18, 21, 26], the success  
rate of endoscopic tube placement was 100%. 
The tube indwelling time was not significantly 
different between the two placement methods. 
Studies [27] have shown that experience and 
techniques of the operators affect the succ- 
ess rate and insertion time of NJT placement. 
Endoscopy technology is evolving and now 
includes deep enteroscopy, endoscopic ultra-
sonography, ultra-thin transnasal endoscopy, 
and laparoscopic-assisted surgery. Advanc- 
es have improved the efficiency of NJT place-
ment and enabled endoscopists to successful-
ly place NJTs in patients who previously requir- 
ed open surgery [28]. Endoscopy-guided NJT 
placement is not only efficient, time-saving, 
and technologically advanced, but it is also 
especially suitable for critically ill patients  
[29]. A disadvantage is the need for endoscopy 
physicians and equipment to be moved to criti-
cally ill patients for bedside catheter insertion, 
which increases the workload of medical staff. 

Patients also have more discomfort during 
endoscopy-guided NJT placement (with higher 
VAS discomfort scores), but they can benefit 
from concurrent diagnostic upper gastrointesti-
nal endoscopy for screening suspicious lesions 
[30]. Therefore, this method has been widely 
used in clinical settings.

Among the 8 studies included in the final com-
plication analysis (excluding the 1 study lead- 
ing to high heterogeneity), 58 patients (24.5%) 
in the endoscopic group developed epistaxis, 
abdominal pain, dyspnea, or other complica-
tions during placement. Only 26 of 233 patients 
(11.1%) developed complications in the x-ray 
group. Our meta-analysis results revealed no 
serious complications (perforation, hemody-
namic instability, or death) in any patient, sug-
gesting that endoscopy- and x-ray-guided NJT 
placement are both safe. However, x-ray-guided 
placement was associated with a lower risk of 
complications during placement and less 
patient discomfort during placement, suggest-
ing that the safety and comfort of NJT place-

Figure 6. Forest plots for tube placement-related complications. (A) shows the plot with all studies included in the 
analysis, and (B) shows the plot after the study producing high heterogeneity (Guan 2018) was removed from the 
analysis.
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ment were better using x-ray guidance. By com-
paring VAS discomfort scores before and aft- 
er NJT insertion with the scores during inser-
tion, it is obvious that patients experience  
substantial discomfort during the insertion  
process. Therefore, it is important to prioriti- 
ze the catheterization method that will most 
likely reduce patient discomfort. The reduced 
complication risk and discomfort with x-ray 
guidance may be attributed to being able to 
directly determine the location of the tube at 
any time during insertion using this method, 

thereby allowing the position to be adjusted 
whenever necessary. The x-ray method avoids 
the possibility of direct stimulation (or even 
damage) of the GI tract lining by the endoscope 
[25]. 

The relative frequency of x-ray-guided NJT 
placement increased from 11.8% in 2010 to 
19.4% in 2017, while there was a correspond-
ing decrease in frequency of endoscopic place-
ment from 87.3% to 78.8% [31]. X-ray guidance 
as a standard method of NJT placement has 

Figure 7. Forest plots of subgroup analysis for placement-related complications.
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the advantages of not requiring preoperative 
medication or a skilled endoscopic operator 
and being able to be performed in a hospital of 
any size. However, it requires patients who are 

conscious, cooperative, and breathing on their 
own to complete the procedure. It also involves 
radiation exposure, which may lead to radia-
tion-induced side effects and is thereby contra-

Figure 8. Forest plots for tube-related complications.

Figure 9. Forest plots for VAS discomfort score*.
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indicated in patients with leukopenia or aplas-
tic anemia and in pregnant women.

While conducting this review, we also noted a 
difference in the cost of NJT placement be- 
tween the two methods. The single study that 
reported cost results showed that in 2004,  
the cost of radiographic NJT placement was 
$250.99, while the cost of endoscopic NJT 
placement was $619.24 (including $51.66  
for an abdominal x-ray to confirm successful 
placement) [23]. Unfortunately, because only 1 
included study examined this issue, we could 
not perform a meta-analysis. By contrast, a  
survey study [31] reported that between 2010 
and 2017, the cost of x-ray-guided placement 
decreased from $186 to $167, while the cost of 
endoscopy-guided placement decreased from 
$189 to $154. These differing results may  
be related to insufficient outcome indicators 
included in the survey study. Further investiga-
tions are required to evaluate differences in 
costs of the two methods of NJT placement.

Conclusions

Based on the results of this systematic review 
with meta-analysis, we suggest endoscopic te- 
chnology as first-choice guidance when placing 
NJTs to increase the likelihood of success and 
shorten the insertion time. However, the choice 
of insertion method requires consideration of 
the specific conditions at the individual hospi-
tal. In smaller hospitals with more limited medi-
cal resources, x-ray-guided NJT placement is a 
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