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ABSTRACT

Transporting pediatric patients with severe cardiovascular complications to the fluoroscopy room can 
be difficult. Therefore, we started using a portable imaging device with a flat panel detector (FPD) for 
nasojejunal tube (NJT) placement. The purpose of this study was to investigate the differences in length 
of time of NJT placement and dosage of radiation exposure using a portable imaging device with FPD 
versus fluoroscopy. Pediatric patients who underwent NJT placement between April 2016 and December 
2018 were identified retrospectively from the clinical records. The age, sex, body weight, and height of 
each child at the time of the procedure as well as the procedure time, outcomes of the procedure, and 
dosage of radiation exposure was compared between the two groups. In 76 cases of NJT placement (41 
patients), there was no significant difference in the success rate of NJT placement between the FPD (90%) 
and fluoroscopy groups (95%). However, the NJT placement time was significantly longer in the FPD 
group than in the fluoroscopy group (488 s vs 291 s). According to our calculations, the radiation dosage 
was lower in the FPD group than in the fluoroscopy group (136 μGy per procedure vs 2819 μGy per 
procedure). These results suggest that NJT placement using a portable imaging device with an FPD can 
be an effective method for children who are difficult to transport with an equal success rate and lower 
dosage of radiation exposure compared with conventional fluoroscopy.
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INTRODUCTION

The estimated prevalence of gastroesophageal reflux disease (GERD) in infants (0–23 months), 
children (2–11 years), and adolescents (12–17 years) are 2.2–12.6%, 0.6–4.1%, and 0.8–7.6%, 
respectively.1 Symptoms of GERD usually improve as the child grows older; however, pediatric 
patients with severe cardiovascular complications grow slowly. This results in symptoms of GERD 
lasting for a prolonged period. In Japan, we use an anti-regurgitation formula or medication 
[proton pump inhibitors, H2 receptor antagonists, or serotonin receptor antagonists] to initially 
treat pediatric patients with GERD. When symptoms of GERD do not improve, nasojejunal tube 
(NJT) placement is generally performed to improve nutrition and promote weight gain.

Out of convenience, NJT placement is normally performed under fluoroscopy. Nevertheless, 
patients with severe cardiovascular complications who are intubated and connected to many 
syringe pumps are difficult to transport to the fluoroscopy room. Therefore, NJT insertion has not 
been performed in those patients. Recently, we introduced the use of a portable imaging device 
with a flat panel detector (FPD), which can be used at the bedside of the patient. An FPD is a 
thin sensor that converts an input X-ray image into a digital signal and outputs it as image data. 
Image generation with an FPD is almost a real-time process, with a time lapse between exposure 
and image display of <10 s. Several clinical studies have shown that a newer-generation flat-panel 
system provided superior image quality compared with a conventional image intensifier.2 After 
converting to the use of a portable FPD device, the burden on surgeons appears to be reduced 
due to the ease and rapid detection of the position of the NJT tip.

NJT placement in pediatric patients with critical conditions using the portable imaging device 
with FPD has been performed at our hospital since April 2016. However, the advantages of this 
procedure over conventional placement under fluoroscopy have not been elucidated.

The purpose of this study was to investigate the differences in length of time of NJT placement 
and dosage of radiation exposure using the portable imaging device with FPD versus fluoroscopy.

METHODS

Study design
A retrospective review of pediatric patients who underwent NJT placement was performed. 

The institutional review board of our institution approved this retrospective review. Informed 
consent was obtained in the form of an opt-out through our hospital website.

Pediatric patients at our hospital weighing 1–8 kg who underwent NJT placement between 
April 2016 and December 2018 were included in this study. The participants were restricted 
by weight because our method of measuring the entrance surface dosage can only be applied 
to patients weighing 1–8 kg. If the tube broke or became obstructed, a new NJT was inserted.

We recorded each pediatric patient’s sex, age, body weight, and height at the time of NJT 
placement and noted any severe cardiovascular complications (single ventricle, hypoplastic left 
heart syndrome, coarctation of the aorta, complete atrioventricular septal defect, double-outlet 
right ventricle, complete transposition of the great arteries, truncus arteriosus, total anomalous 
pulmonary venous connection, anomalous origin of the left coronary artery from the pulmonary 
artery, Tetralogy of Fallot, ventricular septal defect, mitral regurgitation, and aortic stenosis).

We divided the patients into two groups according to whether they underwent NJT placement 
using a portable imaging device with FPD (FPD group) or fluoroscopy (fluoroscopy group). We 
compared the time taken for NJT placement between these two groups.
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Portable imaging device with FPD
The devices that we used were a portable imaging device (Mobile Art Evolution®, SHI-

MADZU, Kyoto, Japan), tablet device (iPad Air®, Apple Inc, Cupertino, California USA), and 
FPD (Aero DR®, KONICA MINOLTA, Tokyo, Japan). The tablet device was linked with the 
FPD app (cs-7®, KONICA MINOLTA, Tokyo Japan). It is easy to transport these devices to 
anywhere throughout the hospital.

Before a radiograph was taken, the FPD was inserted under the patient’s body, the irradiation 
field of the portable imaging device was adjusted, and the tablet device was placed in front of 
the doctors. We normally place the tablet device to the left of the patient to reproduce the same 
setup used in the fluoroscopy room (Figure 1). When a radiograph is taken with the portable 
imaging device, the image will appear on the tablet after about 4 s. The X-ray machine’s 
preparation time between each image acquisition was 14 s.

Tube placement
A non-weighted 120-cm enteral feeding tube made of radiopaque polyvinyl chloride (New 

enteral feeding tube®, Cardinal Health Inc, Dublin, Ohio USA) was used. The tube was inserted 
through the nostril with the patient in the supine position. This insertion method involved four 
phases: esophageal, gastric, duodenal, and jejunal. During each phase, the tube’s position was 
assessed using either the FPD or fluoroscopy. The target of the tip of the tube was the jejunum, 
beyond the Treitz ligament. Finally, we used a contrast agent to confirm whether the tube 
placement was appropriate.

There were two points that required repeated X-ray imaging while inserting the NJT using the 
FPD. The first was to check whether the tip of the NJT was beyond the pylorus. In cases where 
difficulty was encountered while inserting the tube, we noted the length of the NJT from the 
nostril to the pylorus and attempted repeated insertion of the tube at that position. The second 
point was during insertion of the NJT beyond the pylorus while pulling out the guidewire. 
When advancing the tip, it was important to maintain optimal tension throughout the insertion 
procedure. Therefore, the NJT placement procedure was performed by two or more doctors with 
more than five years of clinical experience.

Fig. 1 Photographs showing the set-up of the portable imaging device with a flat panel detector
We usually place the tablet device to the left of the patient and reproduce the same arrangement as in the 
fluoroscopy room.
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The tube can occasionally become clogged after it is in place for ≥3 months; to avoid this, 
we exchanged the tube every 3 months or when it was likely to be clogged.

Procedure time
We did not measure the precise procedure time of NJT insertion. In the FPD group, the 

procedure time was defined as the time between the first and last radiographs. In the fluoroscopy 
group, the procedure time was defined as the fluoroscopy time.

Radiation dosage
A preliminary experiment was conducted to measure the amount of radiation exposure in 

both the FPD group and fluoroscopy group using the original phantom model matched to this 
study population.

The department of radiology of our institution had previously reported the presence of a 
correlation between body weight and body thickness in pediatric patients and showed that a body 
weight of 1 kg to 8 kg corresponded to a body thickness of 6 cm to 14 cm (Figure 2).3 The 
entrance surface dosage is commonly measured using a phantom model with a body thickness 
of 16 cm, but this model is too large for this study. We used a phantom model with a body 
thickness of 10 cm, because it is the middle value between 6 cm and 14 cm, to measure the 
entrance surface dosage in each group. The distance between the X-ray generator and the model 
was 100 cm. The entrance surface dosage for the model was measured five times each by a 
dosimeter placed on the model in both settings.

The mean surface dosage per irradiation of the FPD was 13.68 μGy (55 kV, 0.5 mAs), and 
the mean surface dosage per second under fluoroscopy was 9.69 μGy (70 kV, 0.4 mAs, pulsed 
7.5 f/s).

Therefore, we defined the total radiation dosage as the product of 13.68 μGy and the number 
of images in the FPD group, and the product of 9.69 μGy and the procedure time in the 
fluoroscopy group. The dosage of some pictures taken during the fluoroscopy was ignored as 
lower than continuous exposure.

Fig. 2 Association between body thickness and body weight
The department of radiology in our institution had previously conducted a study to measure the body thickness 
of 217 patients aged 0 to 12 months by computed tomography. The association between body thickness and 
body weight among the 217 patients is shown.
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Statistical analysis
All statistical analyses were performed using EZR software version 1.37 (Saitama Medical 

Center, Jichi Medical University, Saitama, Japan). We used Student’s t-test to compare the means 
of normally distributed continuous variables, the Mann-Whitney U test to compare the medians of 
non-normally distributed continuous variables, and Fisher’s exact test to compare the proportions 
of categorical variables. P < 0.05 was considered statistically significant.

RESULTS

We collected the details of 110 cases (54 patients) who underwent NJT placement between 
April 2016 and December 2018. Among the 110 cases, 12 cases were excluded because the pa-
tients weighed >8 kg, 14 cases were excluded because they underwent NJT placement for either 
postoperative ileus or adhesive small bowel obstruction, and 8 cases (1 patient) were excluded 
because there was no success in inserting the NJT due to abnormal form of the duodenum. 
Contrast radiography of the upper gastrointestinal tract of this last patient who was excluded 
showed that the abnormality was the presence of an acute angle between the descending part 
and the horizontal part of the duodenum.

Of the remaining 76 cases (41 patients), 30 cases (39%) underwent NJT placement by the 
FPD method (FPD group) and 46 cases (61%) underwent the procedure under fluoroscopy 
(fluoroscopy group). Four patients underwent both procedures. Table 1 shows the characteristics 
of the two groups.

There were no significant differences in sex, age, body weight, and height at the time of 
NJT placement between the two groups. However, the cardiovascular complication rate was 
significantly higher in the FPD group (97%) than in the fluoroscopy group [69%; p = 0.003; 
odds ratio (OR): 12.37; 95% confidence interval (CI): 1.68–553.06; Table 1], and the rate of 
admission in the pediatric intensive care unit (PICU) was significantly higher in the FPD group 
(97%) than in the fluoroscopy group [20%; p < 0.001; OR: 108.85; 95% confidence interval 
(CI): 14.54–4826.70; Table 1].

There was no significant difference in the success rate of NJT placement between the two 

Table 1 Characteristics and complications in the FPD and fluoroscopy groups

FPD
 (N = 30 cases)

Fluoroscopy
 (N = 46 cases)

P-value

Sex (male) [number (percentage)] 18 (60%) 19 (41%) 0.16

Age (months)* 8.5 (5–20) 14.0 (5.25–22) 0.44

Body weight (kg)** 5.32 (1.66) 5.68 (1.44) 0.32

Height (cm)** 65.37 (10.16) 63.90 (6.82) 0.45

Cardiovascular complication (Yes) 29 (97%) 32 (69%) < 0.01

Admission in PICU 29 (97%) 9 (20%) < 0.01

Seventy-six cases of NJT placement performed in 41 patients were included in this study.
*Data are shown as median (interquartile range).
**Data are shown as mean (standard deviation).
FPD: flat panel detector
PICU: pediatric intensive care unit
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groups [90% (FPD) vs 96% (fluoroscopy)]. However, the procedure time for tube insertion was 
significantly longer in the FPD group [median time, 488 s (8 min 8 s)] than in the fluoroscopy 
group [median time, 291 s (4 min 51 s; p = 0.04)]. In the FPD group, the median number of 
images was 11 (Table 2).

We calculated the approximate entrance surface dosage in the two groups. Based on the data 
of a previous study,3 a body weight of 1 kg to 8 kg corresponds to a body thickness of 6 cm 
to 14 cm, and we defined the patient’s body thickness in this study to be approximately 10 cm. 
The entrance surface dosage per procedure in the FPD group was vastly lower than that in the 
fluoroscopy group (136.80 μGy vs 2819.79 μGy, median; p < 0.001; Table 2).

We experienced some complications during NJT placement. There were no significant dif-
ferences in the rates of dislodgment, intussusception, and perforation between the FPD and 
fluoroscopy groups. However, the rate of clogging was significantly lower in the FPD group 
than in the fluoroscopy group (6% vs 26%; p = 0.038; Table 3). No cardiovascular complications 
such as hypotension, bradycardia, or new arrhythmias were observed during NJT placement in 
any patient.

There were three failure cases of NJT placement in the FPD group and two failure cases 
in the fluoroscopy group. In one failure case in the FPD group, the NJT could not be placed 
beyond the Treitz ligament; therefore, the patient was moved to the fluoroscopy room for NJT 
placement. In the second failure case in the FPD group, the NJT was placed in front of the Treitz 
ligament in the middle of the night and the X-ray obtained the next morning confirmed that it 
had been placed beyond the Treitz ligament. In the third failure case in the FPD group, we tried 
to place the NJT in between other procedures, but it was difficult; therefore, we attempted NJT 
placement by the FPD method again after the other procedures were completed and succeeded.

Table 2 Placement time, radiation exposure, and success rate in nasojejunal tube placement  
in the FPD and fluoroscopy groups

FPD 
(N = 30 cases)

Fluoroscopy 
(N = 46 cases)

P-value

Nasojejunal tube placement time (s)* 488 (317–915) 291 (219–479) 0.04

Number of images* 11 (8–14) — —

Radiation exposure (μGy)* 136.80  
 (109.44–164.16)

2819.79  
 (2122.11–4646.35)

< 0.01

Number of successful cases (percentage) 27 (90%) 44 (96%) 0.72

*Data are shown as median (interquartile range).
FPD: flat panel detector

Table 3 Number and rate of complications with nasojejunal tube placement  
in the FPD and fluoroscopy groups

FPD (N=30) Fluoroscopy (N=46) P-value

Clogging 2 (6%) 12 (26%) 0.04

Dislodgement 6 (20%) 5 (11%) 0.33

Intussusception 1 (3%) 2 (4%) 1.00

Perforation 0 (0%) 0 (0%) 1.00

FPD: flat panel detector
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The two failure cases in the fluoroscopy group were due to difficulties in placing the NJT. 
Therefore, we attempted NJT placement under fluoroscopy again at a later date and succeeded 
in both cases.

We excluded these five failure cases of NJT placement and performed the statistical analysis 
again because we thought that there was a possibility that the failures in these five cases pro-
longed the procedure time. Of the remaining 71 cases (41 patients), 27 cases (38%) underwent 
NJT placement by the FPD method (FPD group) and 44 cases (62%) underwent the procedure 
under fluoroscopy (fluoroscopy group). Three patients underwent both procedures. Table 4 sum-
marizes the characteristics of the two groups, while Table5 shows the placement time, radiation 
exposure, and success rate of the two groups. There were no clear differences in the results of 
the analyses between the original data and the data in which the five failure cases were excluded.

Table 4 Characteristics and complications in the FPD and fluoroscopy groups excluding the five failure cases 
of nasojejunal tube placement

FPD
 (N = 27 cases)

Fluoroscopy
 (N = 44 cases)

P-value

Sex (male) [number (percentage)] 16 (59%) 18 (41%) 0.15

Age (months)* 9 (5–20) 14 (5–22) 0.44

Body weight (kg)** 5.31 (1.70) 5.68 (1.47) 0.34

Height (cm)** 65.28 (10.12) 63.91 (6.94) 0.50

Cardiovascular complication (Yes) 26 (96%) 31 (70%) 0.012

Admission in PICU 26 (96%) 9 (20%) < 0.01

Seventy-one cases of NJT placement performed in 41 patients were included in this analysis.
*Data are shown as median (interquartile range).
**Data are shown as mean (standard deviation).
FPD: flat panel detector
PICU: pediatric intensive care unit

Table 5 Placement time, radiation exposure, and success rate in nasojejunal tube placement in the FPD and 
fluoroscopy groups excluding the five failure cases of nasojejunal tube placement

FPD 
(N = 27 cases)

Fluoroscopy 
(N = 44 cases)

P-value

Nasojejunal tube placement time (s)* 480 (316–861) 284 (214–456) < 0.01

Number of images* 10 (8–13) — —

Radiation exposure (μGy)* 136.80
 (109.44–164.16)

2756.80
 (2076.08–4421.06)

< 0.01

Number of successful cases (percentage) 27 (100%) 44 (100%) 1.00

*Data are shown as median (interquartile range).
FPD: flat panel detector
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DISCUSSION

Pediatric patients at our hospital weighing 1–8 kg who underwent NJT placement were divided 
into two groups according to whether they underwent NJT placement by the FDP method or 
under fluoroscopy in this study. There was no significant difference in age, body weight and 
height between the FPD and fluoroscopy groups. Hence, we deduced that physical differences did 
not contribute to the difficulty of NJT placement. In this study, the cardiovascular complication 
rate was significantly higher in the FPD group than in the fluoroscopy group. Typically, it is 
difficult to transport a child admitted to the PICU due to the child having intravenous lines 
or being intubated. The number of children admitted to the PICU before and after surgery for 
cardiovascular disease is high in our hospital; hence, the rates of cardiovascular complications 
and PICU admissions were higher in the FPD group.

The success rate of NJT placement under fluoroscopy varied from 92.4–100% across various 
studies, and the procedure time varied from 5–10 min.4-7 In the present study, the success rate 
of NJT placement was 90% in the FPD group and 96% in the fluoroscopy group. While there 
was no significant difference in the success rate of NJT placement between the two groups, the 
success rates were slightly lower than in other studies. In the present study, the median procedure 
time was 488 s (8 min 8 s) in the FPD group and 291 s (4 min 51 s) in the fluoroscopy group, 
showing a significant difference. However, the procedure time in the FPD group in the present 
study was comparable to the procedure time under fluoroscopy in previous studies.4-7

The Society for Pediatric Radiology has raised some concerns over fluoroscopy dose optimiza-
tion and dosage reduction in pediatric patients. Last image hold, or fluoro save, is the display 
of the last fluoroscopic image on the display monitor when the fluoroscopy pedal is released to 
terminate the fluoroscopic run. By using this function, the operators can spend as much time as 
necessary studying the anatomy and other findings without incurring any additional radiation dos-
age to the patient.8 Hoffer et al reported that the mean fluoroscopic time for NJT placement was 
6.2 min.4 In contrast, Rao et al showed that it was possible to reduce the fluoroscopic radiation 
time using the fluoro save technique, resulting in a median fluoroscopy time of 1.25 min (75 s) 
for nasoenteral tube placement.9 We often tended to overuse fluoroscopic imaging to follow the 
tip of the NJT under fluoroscopy; in contrast, it was easier to prevent overuse of radiation when 
using a portable imaging device with FPD because it took about 14 s to be able to irradiate 
again after the initial irradiation procedure; thus, the fluoro save technique was automatically 
instituted. This may be the reason for the lower entrance surface dosage in the FPD group than 
in the fluoroscopy group.

Many attempts have been made to reduce the radiation exposure of children under fluoroscopy, 
such as through the use of pulsed fluoroscopy or the fluoro save technique. However, there is no 
optimal method of NJT placement in children who are difficult to transport to the fluoroscopy 
room. Some studies have investigated NJT placement by using ultrasonography; however, the 
tip of the tube could only be confirmed to pass beyond the pylorus, and procedure times were 
longer.10-12 In a study of adults, insertion of a spiral NJT was performed by placing the NJT in 
the stomach and allowing it to naturally migrate to the duodenum. The patients in that study 
were divided into three groups according to whether they received metoclopramide, domperidone 
or no medication. The success rate of post-pyloric placement after 24 hours was 55.0%, 51.5%, 
and 27.3%, respectively.13 In a pediatric study, the NJT whose tip had been processed with some 
silk thread, was inserted into the stomach and was allowed to naturally migrate to the duodenum 
using metoclopramide. The success rate was 70% after 4 hours, 88% after 24 hours and 94% 
after 48 hours.14 In any case, the technique of placing an NJT in the stomach and allowing it to 
naturally advance to the duodenum is time-consuming and has a low success rate. Comparatively, 
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the burden on the operator using the FDP method may be reduced because the image during 
tube placement using an FPD is closer to the image under fluoroscopy, and the position of the 
tube can be identified accurately.

Pediatric GERD guidelines showed that NJT placement was associated with high rates of 
complications including clogging (29%), dislodgment (66%), intussusception (20%), and perfora-
tion (2–3%).2 In our study, there were no significant differences in the rates of dislodgment 
(20% vs 11%), intussusception (3% vs 4%), and perforation (0% vs 0%) between the FPD and 
fluoroscopy groups. However, the rate of clogging was significantly lower in the FPD group than 
in the fluoroscopy group (6% vs 26%; p = 0.038). We believe that this was because the number 
of patients whose NJT was placed for a long period of time or who required a new NJT due 
to a broken or obstructed tube was higher in the FPD group. 

None of the five failure cases of NJT placement in the present study was due to complications 
that interrupted NJT placement. In one case, NJT placement by the FDP method was difficult, 
and the patient was transported to the fluoroscopy room for NJT placement under fluoroscopy. 
In the other four cases, NJT placement could not be performed in the allotted time due to time 
constraints.

We were concerned about excessive pressure to the intestine during the blind insertion 
procedure in the FPD group. However, we discovered that we felt more tension in the tube 
during NJT placement using an FPD than during NJT placement with fluoroscopy. There were 
no recorded cases of perforation.

The department of radiology in our institution had studied extra-radiation exposure on patients 
who were near the patient being irradiated.3 Per irradiation, the exposure dosage using a portable 
imaging device with an FPD 50, 100, and 200 cm away from the X-ray generator was 0.037, 
0.008, and 0.004 μSv, respectively. In our PICU, the distance between other patients and the FPD 
was more than 200 cm. Therefore, we believe that there was minimal extra-radiation exposure 
to other patients in the FPD group.

There were some limitations in our study. First, the number of cases was small. Second, we 
could not measure the precise procedure time of NJT placement or entrance surface dosage in 
either group because of the retrospective nature of the study. Third, the cardiovascular complica-
tion rate and the rate of admission in the PICU were significantly higher in the FPD group than 
in the fluoroscopy group. This may have been a selection bias.

In conclusion, NJT placement using a portable imaging device with an FPD can be an effective 
method for children who are difficult to transport with an equal success rate and lower exposure 
dosage compared with conventional fluoroscopy.
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