
P E D I AT R I C  R A D I O L O G Y
O R I G I N A L  A R T I C L E

125

Copyright @ 2026 Author(s) - Available online at dirjournal.org.
Content of this journal is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

Gastrostomy tube check radiographs: performance of an alternative 
diagnostic exam

PURPOSE
The traditional imaging exam to check a gastrostomy tube (G-tube) used fluoroscopy, which re-
quires the presence of a radiologist. Evaluate the effectiveness of an alternative 2-view abdominal 
radiograph exam protocol instituted to replace the prior fluoroscopic G-tube contrast check exam 
and provide 24/7 coverage at 2 affiliated hospitals.

METHODS
An alternative 2-view G-tube check radiograph exam following stratified contrast administration 
was introduced at 2 affiliated children’s hospitals. Gastrostomy-tube radiograph exams performed 
between December 2019 and May 2022 at 2 affiliated hospitals were identified, and a retrospective 
chart review was performed to delineate exam test yield, accuracy, sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV). Additional data collected included 
exam adherence to the protocol, 30-day adverse events, reporting time, and the years of experi-
ence of the reporting pediatric radiologist.

RESULTS
A total of 227 exams were performed among 186 patients. The 2-view radiograph protocol was 
followed in 81.9% (186/227). Additional radiograph views were performed for 18.1% (41/227) of 
cases, and additional contrast volume for 9.3% (21/227) of cases. A fluoroscopic G-tube contrast 
check was requested for 7 of 13 indeterminate readings with high clinical suspicion. Following the 
reclassification of indeterminate exams based on clinical suspicion, exam performance results were 
as follows: test yield, 94.3%; accuracy, 97.8%; sensitivity, 90.0%; specificity, 98.2%; PPV, 69.2%; NPV, 
99.5%. The 1 false negative exam required a second hospital visit 7 days after the initial exam to 
detect and correct G-tube malposition. Reporting time under 1 hour occurred in 79.7% (181/227). 
Delayed radiology reporting in 1 patient led to endoscopic confirmation of abnormal G-tube align-
ment. Furthermore, 5.7% (13/227) exams were reported as indeterminate, adding a median time 
delay of 40 minutes (interquartile range, 90). Indeterminate exam reporting did not correlate with 
the years of experience of the reporting pediatric radiologist (P = 0.189). Reporting time over 1 hour 
occurred more often in the after-hours group (P = 0.032). 

CONCLUSION
This alternative diagnostic exam performed well in terms of high test yield, accuracy, sensitivity, 
specificity, and NPV. The exam mostly followed protocol, allowed for the timely and safe resumption 
of G-tube use, and provided the remote coverage needed for a new satellite hospital.

CLINICAL SIGNIFICANCE
This diagnostic radiograph exam replaced the on-site fluoroscopic exam as the initial imaging exam 
for G-tube checking in our pediatric population.
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Shortages in the pediatric radiologist 
and technologist workforce in North 
America have increased the remote 

reading of diagnostic imaging exams.1,2 Con-
currently, healthcare leaders have demanded 
increased evening/overnight final reads of 
diagnostic imaging exams.3 To avoid perito-
neal leakage complications, imaging checks 
of a replaced or malfunctioning gastrostomy 
tube (G-tube) are often requested to ensure 
appropriate tube alignment prior to resum-
ing tube use for hydration, nutrition, and 
medications. Imaging verification of G-tube 
alignment has traditionally been a fluoro-
scopic exam performed by an on-site pedi-
atric radiologist. An alternative approach is a 
diagnostic abdominal radiograph exam fol-
lowing protocoled contrast administration.4 
An unpublished survey from the Society of 
Chiefs of Radiology at Children’s Hospitals 
(SCORCH) in 2019 provided support for this 
alternative approach, but clinical validation is 
needed to support practice implementation. 
The following report describes our experi-
ence using a 2-view abdominal radiograph 
exam with stratified contrast administration 
for 2 affiliated children’s hospitals, as the sat-
ellite hospital lacked after-hours radiologist 
availability for an on-site fluoroscopic exam. 

Methods
Institutional Review Board (IRB) approval 

(protocol number: 263194) was obtained to 
collect retrospective data of all G-tube ab-
dominal radiograph exams performed using 
an alternative protocol between December 
2019 through May 2022 at an established 
central children’s hospital and a new sat-
ellite children’s hospital with a shared Epic 
electronic health record (Epic Systems, Ve-
rona, WI, USA). Need for informed consent 
was waived by the IRB for this retrospective 
study. Both hospitals had pediatric radiolo-
gy staff coverage during daytime hours; the 
satellite hospital lacked after-hours pediatric 

radiologist or radiology resident coverage. 
Radiograph examinations ordered with the 
description “XR G-tube CHECK W CONTRAST 
ABD 2VW” were identified in a shared pic-
ture archiving and communications system 
(PACS, Fuji Synapse, FUJIFILM, Lexington, 
MA, USA); a Research Electronic Data Capture 
(REDCap, Vanderbilt University, Nashville, TN, 
USA) database was created. Study inclusion 
criteria comprised a completed radiograph 
exam for a G-tube check. Exclusion criteria 
were cancelled radiograph exams or the use 
of this radiograph exam for enteric tubes 
other than G-tubes [e.g., nasojejunal or gas-
trojejunostomy (GJ) tube] (Figure 1). 

The radiograph exam protocol (Figure 2) 
was developed in consultation with physi-
cians from the emergency department and 
pediatric surgery service; a collaborating ra-
diology department supervisor ensured pro-
tocol understanding of the existing and new 
radiology technologists (RTs). Our approach 
included a 2-view abdominal radiograph 
exam following contrast administration [Cys-
to-Conray II, 17.2% (Guebert, Princeton, NJ, 
USA)] by the RT, stratified by patient age: 10 
mL for patients under 1 year, 15 mL for 1–5 
years, and 20 mL for patients over 5 years 
old.5 A cross-table lateral radiograph (Figure 
3a) was followed by a frontal radiograph with 
the patient in a right lateral decubitus posi-
tion (Figure 3b). Upon exam completion, the 
RT contacted the pediatric radiologist cover-
ing the fluoroscopy work assignment or the 
on-call pediatric radiologist via a phone call, 
beeper page, or a Secure Chat message in 
Epic. The reviewing radiologist could request 
additional views and/or additional contrast 
as needed. Overnight radiology residents at 
the central hospital reviewed some exams 

and provided a preliminary report note in 
Epic, which was subsequently reviewed by 
the reporting pediatric radiologist. 

Report results were classified as positive 
(abnormal exam with abnormal G-tube re-
tention component alignment, peritoneal 
air, or extraluminal contrast leakage; see 
Figure 4), negative (normal exam with nor-
mal intraluminal contrast flow and normal 
G-tube retention component alignment; see 
Figure 3), or indeterminate (equivocal G-tube 
retention component alignment or uncer-
tainty of intraluminal contrast; Figure 5a). To 
determine exam sensitivity and specificity, 
indeterminate exams were reclassified based 
on clinical suspicion, a method suggested 
by several researchers.6,7 Specifically, when 
an indeterminate exam was accompanied 
by low clinical suspicion of G-tube malposi-
tion/malfunction by the consulted pediatric 
surgery team or other referring service, no 
further imaging was performed, and the 
study was reclassified as a negative (normal) 
radiograph exam. When there was high clini-
cal suspicion of G-tube malfunction (such as 
pain with G-tube use) by the consulted pe-
diatric surgery team or requesting service, 
a fluoroscopic G-tube contrast check was 
requested, and the radiograph study was re-
classified as a positive (abnormal) radiograph 
exam. 

Fluoroscopic exam protocol

For indeterminate radiograph exams with 
high clinical suspicion, a referring physi-
cian ordered a fluoroscopic G-tube contrast 
check, and the RT contacted the pediatric ra-
diologist to perform an on-site exam. The pe-
diatric radiologist traveled to the fluoroscopy 
suite from off-site or an on-site assignment 

Main points

•	 Gastrostomy-tube (G-tube) check radio-
graph exam performance: test yield, 94.3%; 
accuracy, 97.8%; sensitivity, 90.0%; specific-
ity, 98.2%; positive predictive value, 69.2%; 
negative predictive value, 99.5%.

•	 The alternative radiograph exam capably 
replaced fluoroscopy as the initial imaging 
exam for G-tube checking.

•	 Remote readings allowed for after-hours 
coverage in a satellite hospital 3 hours away, 
which lacked the presence of an on-site af-
ter-hours pediatric radiologist or radiology 
resident. Figure 1. Study flowchart. PACS, picture archiving and communications system; XR, X-ray; G-tube, 

gastrostomy tube; W, with; ABD, abdomen; VW, view; GJ, gastrojejunostomy; NJ, nasojejunal.
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and protocoled the exam contrast in Epic [fa-
voring a water-soluble contrast: Cysto-Con-
ray II, 17.2%, or Cystografin-Dilute, 18% 
(Bracco Diagnostics, Princeton, NJ, USA)]. 
This pediatric radiologist then obtained flu-
oroscopic images following the injection of 
a contrast through the G-tube in both later-
al and frontal positions. The exam was tai-
lored to confirm intraluminal contrast flow 
(gastric or gastroduodenal per the pediatric 
radiologist’s judgement), confirm appropri-
ate G-tube retention component alignment 
within the gastric lumen, and detect any ex-
traluminal contrast leakage. The G-tube was 
then flushed with 10 mL of sterile water, and 
the images were sent to the PACS.

Epic data collection included demograph-
ics (age, weight, biological sex), clinical indi-
cation, referral location (Table 1), number of 
radiograph views, contrast volume adminis-
tered, and exam reporting times (under or 
over 1 hour). Reporting time was defined as 
the time from exam uploading into PACS to 
pediatric radiologist report completion; for 
after-hours exams, reporting time was de-
fined as the time of the radiology resident’s 
preliminary report completion. Reporting 
times over 1 hour were compared between 
exams performed during daytime hours 
(Monday–Friday, 08:00–17:00) and those 
performed after-hours.

Any additional time delay for indeter-
minate exams was calculated as the time 
between the reporting of the radiograph 
exam as indeterminate to the onset of a 
fluoroscopic exam or resumption of G-tube 
use. After-hours exams performed at the 
satellite hospital and read remotely by the 
pediatric radiologist at the central children’s 
hospital were identified, as a lack of this ra-
diograph exam may have required an ambu-
lance transport to the established children’s 
hospital 3 hours away. Indeterminate exam 
readings by a pediatric radiologist with less 
experience (5 years or less) were compared 
to indeterminate exam readings by pediatric 
radiologists with greater experience (more 
than 5 years). 

To confirm a negative radiograph exam, a 
chart review was performed to identify any 
30-day adverse events, a standard used by 
the Society of Interventional Radiology.8 Pos-
itive (abnormal) G-tube radiograph exams 
were acted on accordingly by a subspecialist 

Figure 2. G-TUBE checks using radiographs: exam protocol.5 XR, X-ray; G-tube, gastrostomy tube; W, with; 
ABD, abdomen; VW, view; PACS, picture archiving and communications system.

Figure 3. A 17-month-old male had gastrostomy tube (G-tube) dislodgement 4 months following surgical 
placement. After the surgery team placed a new G-tube button, a G-tube check radiograph exam was 
ordered, which was observed to be normal. (a) A cross-table lateral abdomen radiograph shows intraluminal 
contrast flow into the gastric lumen (*) and duodenum (arrow). Intraluminal gastric contrast outlines the 
tube retention balloon (arrowheads). (b) A right-lateral decubitus radiograph shows gastric luminal contrast 
(*) and contrast flow into the proximal duodenum (arrow). Gastric luminal contrast outlines the G-tube 
retention balloon (arrowheads) on this normal exam. 

a b
Figure 4. Cross-table abdominal radiograph shows 
the gastrostomy tube (G-tube) retention component 
appears to be within the gastric lumen (arrowheads), 
and gastric luminal contrast flow (*) is seen. However, 
a large pneumoperitoneum is seen (arrows) in this 
patient with pain and tenderness at the G-tube site 
2 days after percutaneous endoscopic gastrostomy 
tube placement. This patient required surgical 
revision of a loose G-tube gastric entry site that was 
leaking into the peritoneal cavity.
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[pediatric surgery team, pediatric interven-
tional radiology (IR) team] to obtain a normal 
G-tube alignment and resume G-tube use. 

Statistical analysis 

Diagnostic test characteristics [yield, ac-
curacy, sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive 
value (NPV)] were calculated according to a 
standard formula,9 excluding the 13 exams 
reported as indeterminate, and again after 
reclassifying the indeterminate exams based 
on clinical suspicion, as described in the 
“Methods” and “Discussion” sections. Confi-
dence intervals (CI) for sensitivity and spec-
ificity were calculated according to the score 
CI formulae of Agresti and Coull9 as described 
in Zhou et al.10 The association between in-
determinate reports and staff experience (5 
years or less vs. more than 5 years), as well as 
the association of after-hours exams with re-
porting times (less than 1 hour vs. more than 
1 hour), was assessed by chi-square using the 
software package StatXact-12 [v.12.0; Cytel 
Studio, 2019 (Cytel, Cambridge, MA, USA)]. A 
value of P ≤ 0.05 was considered statistically 
significant.

Results
A total of 239 G-tube check exams were 

identified, and 12 were found to meet exclu-
sion criteria, leaving 227 exams among 186 
patients over the 2.5-year study period (Fig-
ure 1). Patient demographic details, referral 
location, and clinical indication are provided 
in Table 1. 

The overall test yield was 94.3% (214/227), 
with a normal or abnormal exam reported. 
Normal exams (true negative) were found in 
93.8% (213/227) of cases (Table 2); all nega-
tive exams were confirmed at a 30-day chart 
review. Five of the 227 radiograph exams 
(2.2%) were positive (abnormal) at the ini-
tial (primary) analysis. Findings on true pos-
itive exams at the initial analysis included a 
G-tube retention component in the abdom-
inal wall or superficial gastrostomy tract an-
terior to the stomach (n = 3), intraperitoneal 
contrast leakage (n = 1), and large pneumo-
peritoneum (n = 1). Free extraluminal (peri-
toneal) air was seen on 3 exams, all within 
7 days of the primary G-tube placement. In 
one of these cases, free air was a large vol-
ume in a symptomatic patient, and surgical 
revision was required. In the 2 other cases, 
the post-operative free air was minor and of 
no clinical significance. 

Thirteen exams were reported as inde-
terminate, predominantly due to uncertain-

ty related to G-tube retention component 
alignment within the gastric lumen. The in-
determinate exams had a median time delay 
of 40 minutes [interquartile range (IQR): 90]. 
Indeterminate exam reporting did not cor-
relate with years of experience as a pediatric 
radiologist (P = 0.189). Of the 13 indetermi-
nate exams, 5 had no follow-up imaging (low 
clinical suspicion) and were reclassified as 
true negatives. Seven indeterminate exams 
with high clinical suspicion underwent fluo-

roscopy, 4 of which confirmed normal G-tube 
placement and were reclassified as false pos-
itives. An additional 3 indeterminate exams 
with high clinical suspicion revealed malpo-
sitioned G-tubes at fluoroscopy and were 
reclassified as true positive exams. The re-
maining indeterminate exam was particular-
ly challenging to re-classify due to a delayed 
radiology report and differing clinical suspi-
cion of the surgery and intensive care refer-
ring services. Specifically, the radiograph re-

Figure 5. A 17-year-old female with an indeterminate abdomen radiograph exam and high clinical suspicion 
who underwent a fluoroscopic gastrostomy tube (G-tube) contrast check exam confirming a true positive 
(abnormal exam).5 (a) Right lateral decubitus abdomen radiograph shows definitive intraluminal contrast 
flow into the gastric lumen (G) and duodenum (D). However, alignment of the G-tube retention component 
(arrow) within the gastric lumen is uncertain. (b) Left posterior oblique view during a fluoroscopic G-tube 
contrast check shows the G-tube retention component (arrow) outside of the gastric luminal contrast (*).

a b

Table 1. Patient characteristics

Variable Overall 
(n = 227)

Age (years), median (IQR) 1.5 (8.3)

Weight (kg), median (IQR) 10 (16.8)

Biological sex
 Female – n (%)
 Male – n (%)

98 (43.2%) 
129 (56.8%)

Indications

 G-tube dislodged with routine replacement, n (%) 90 (40.1%)

 G-tube dislodged with difficult replacement, n (%) 40 (17.6%)

 G-tube leaking, n (%) 32 (14.1%)

 Pain with G-tube feeds, n (%) 23 (10.1%)

 Vomiting with G-tube feeds, n (%) 23 (10.1%)

 G-tube partially dislodged, n (%) 9 (4%)

 G-tube malfunction (not specified), n (%) 4 (1.8%)

 Resistance to G-tube flush/infusion, n (%) 2 (0.9%)

 Other, n (%) 26 (11.5%)

Referral location

 Emergency department 154 (67.8%)

 Inpatient 57 (25.1%)

 Outpatient 16 (7%)

IQR, interquartile range; ... G-tube, gastrostomy tube.
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port described the presence of a small bowel 
contrast but no visualization of gastric lumi-
nal contrast and raised suspicion of transpy-
loric malposition of the distal G-tube seg-
ment (note: this patient had a longer G-tube 
type that was atypical for this study cohort 
with a variable tract length). This indetermi-
nate exam was reported 2 hours after the 
exam was uploaded into PACS; the surgery 
team had already completed their consulta-
tion, had low clinical suspicion, and conclud-
ed that the radiograph exam was normal (no 
fluoroscopic exam recommended). However, 
the intensive care team remained concerned 
due to high gastric residuals via the nasogas-
tric tube and requested an endoscopy, which 
confirmed gastric obstruction due to migra-
tion of the retention balloon of the G-tube. 
This indeterminate radiograph exam was, 
therefore, reclassified as a true positive exam. 

The one 30-day adverse event involved a 
patient with autism, where the initial radio-
graph exam was read as normal. This patient 
returned to the emergency department 7 
days later with increased abdominal pain and 
leakage at the ostomy site, and G-tube reten-
tion component malposition was confirmed 
on a repeat G-tube abdominal radiograph 
exam. Subsequent peer review of the initial 
G-tube check exam demonstrated G-tube 
retention component tract malpositioning, 
resulting in reclassification of this exam as a 
false negative exam (Figure 6). 

Excluding indeterminate results, the exam 
performance metrics were as follows: sen-
sitivity, 83.3%; specificity, 100%; PPV, 100%; 
NPV, 99.5%; accuracy, 99.5%. After reclas-
sifying the indeterminate exams based on 
clinical suspicion, the performance metrics 
were as follows: sensitivity, 90.0%; specifici-
ty, 98.2%; PPV, 69.2%; NPV, 99.5% (Table 2); 
[95% CI for sensitivity (59.4%, 98.1%); 95% CI 
for specificity (94.5%, 98.4%)]. Test accuracy 
(true positives + true negatives/total exams) 
was 99.5% when excluding indeterminate 
results and decreased slightly to 97.8% after 
reclassification of the indeterminate exams. 

Table 3 provides data on protocol adher-
ence and shows that the standard 2-view 
radiograph protocol was followed in 81.9% 
(186/227) of cases. On a retrospective review 
of additional radiograph views, a majority 
appeared to have been performed for diag-
nostic purposes (to confirm G-tube retention 
component alignment or duodenal contrast 
flow) and less commonly for technical fac-
tors (radiograph coverage, faintly adminis-
tered contrast, radiograph exposure issue). 
Furthermore, 78.9% (179/227) of the exams 
adhered to the contrast volume protocol. A 
contrast volume greater than the stratified 
volume was administered in 9.3% (21/227) of 
the studies. 

Exam reporting time occurred under 1 
hour in 79.7% (181/227). Reporting times 
longer than 1 hour occurred more often in 
the after-hours group (P = 0.032). Radiology 
resident preliminary readings were found in 
36.1% (82/227) of the exams and concurred 
with the final pediatric radiologist report 
in 96.3% (79/82) of the exams. Conversely, 
5.7% (13/227) exams were reported as in-
determinate, adding a median time delay of 
40 minutes (IQR: 90). Ten exams, performed 
after-hours at the satellite hospital, were in-
terpreted remotely at the central children’s 
hospital, thereby potentially avoiding an in-
ter-hospital ground transport. 

Discussion
In this retrospective study of 227 G-tube 

radiograph exams, we found a high over-
all exam yield (94.3%), with high accura-
cy (97.8%), sensitivity (90.0%), specificity 
(98.2%), and NPV (99.5%). These results 
demonstrate that a 2-view abdominal radio-
graph exam with stratified contrast admin-
istration can reliably evaluate G-tube posi-
tioning. With a shared PACS workstation, 2 
affiliated hospitals received 24/7 reporting, 
despite limited on-site pediatric radiologist 
and radiology resident coverage.

The current shortage of pediatric radiol-
ogists is expected to continue into future 

Figure 6. A 14-year-old male with autism and 
abdominal pain at the gastrostomy tube (G-tube) 
site. The right lateral decubitus radiograph 
shows separation between the G-tube retention 
component (arrow) and gastric luminal contrast 
(arrowheads). This exam was reclassified as a false 
negative exam on pediatric radiology group peer-
review assessment.5

Table 2. G-tube check radiographs: exam performance

Primary analysis

+
(G-tube 
malfunction)

-
(G-tube in normal position)

+
(Positive)

5 
True positive

0 
False positive

Indeterminate (13)

-
(Negative)

1 
False negative

208 
True negative

Secondary analysis (indeterminate exams re-classified with clinical suspicion)

+
(G-tube 
malfunction)

-
(G-tube in normal position)

+
(Positive)

9 
True positive

4 
False positive

-
(Negative)

1 
False negative

213 
True negative

Test yield 94.3%

Accuracy 97.6%

Sensitivity* 90.0%

Specificity** 99.2%

Positive predictive value 69.2%

Negative predictive value 99.5%

*Sensitivity: 95% confidence interval (59.4%, 98.1%); **Specificity: 95% confidence interval (94.5%, 98.4%); G-tube, 
gastrostomy tube.
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years, as the number of pediatric radiology 
fellowship trainees has been decreasing for 
several years and the advancing age of pe-
diatric radiologists nearing retirement.11,12 
This shortage comes at a time when the 
leadership of children’s hospitals has great-
er expectations of 24/7 final reads of im-
aging exams, as well as expectations of 
coverage for a greater number of affiliated 
institutions.13,14 During the coronavirus dis-
ease 2019 pandemic, the remote reporting 
of pediatric radiology exams experienced a 
marked increase, as evidenced by a SCORCH 
survey; 95.8% of groups now incorporate 
remote reading work assignments into their 
staffing schedules, up from 50% prior to the 
pandemic.1 

At our institution, a change from the tra-
ditional fluoroscopic contrast checking of 
a G-tube by an on-site pediatric radiologist 
was necessitated after a new affiliated sat-
ellite children’s hospital opened that lacked 
after-hours pediatric radiologist availability 
for an on-site fluoroscopic exam. Prior to this 
alternative protocol, such after-hours exams 
usually required a pediatric radiologist trav-
eling to the hospital for an on-site fluoro-
scopic G-tube check. This study validates the 
prior single institution report of a radiograph 
exam performance where patients received 
either a radiograph exam or a fluoroscopic 
exam for both G-tube and GJ-tube checks, 
based on the availability of an attending ra-
diologist in the hospital.4 At our institution, 
the radiograph exam was the initial imaging 
exam for all G-tube checks; potential GJ-tube 
malfunctions at our institution are assessed 
by the IR service and were not intended to be 
included in this radiograph exam protocol.

Regarding the 2-view abdominal radio-
graph exam, the cross-table lateral view 
was chosen to look for pneumoperitoneum, 
G-tube alignment relative to the gastric lu-
men (Figure 3a), and intraluminal contrast 
flow. The subsequent right lateral decubitus 
radiograph was chosen to optimize detect-
ing the duodenal contrast flow (Figure 3b). 
An age-based protocol for the volume of 
contrast to administer was devised to simpli-
fy this step for the RT performing the study, 
as an up-to-date weight may be lacking in 
the medical record at the time the study is 
ordered. 

Indeterminate exams were mainly relat-
ed to the uncertainty of the position of the 
G-tube retention component in the gastric 
lumen or the gastrostomy tract (Figure 4). 
Publications reporting the performance of a 
diagnostic study often exclude or mishandle 

the indeterminate exams. One study found 
that only 35% of the published studies re-
viewed reported indeterminate results accu-
rately.6 Excluding indeterminate exams may 
falsely elevate exam performance parame-
ters, as observed with the PPV of this cohort, 
which decreased from 100% to 69.2% when 
including the indeterminate exams on sec-
ondary analysis. Handling of indeterminate 
results is a complex issue, and clinical suspi-
cion is considered a reasonable approach to 
reclassify indeterminate exams6 and is sup-
ported by the Standard for Reporting Diag-
nostic Accuracy 2015 guidelines.7 Specifical-
ly, if an indeterminate exam had high clinical 
suspicion (such as pain during G-tube use), a 
fluoroscopic G-tube contrast check exam was 
performed, and the abdominal radiograph 
exam was reclassified as a positive (abnor-
mal) exam. If the indeterminate abdominal 
radiograph exam had low clinical suspicion, 
no fluoroscopic exam was performed, and 
the radiograph exam was reclassified as a 
negative (normal) exam. After this second-
ary analysis, including all exams, the new 
abdominal radiograph exam performed well, 
with particularly high accuracy (97.8%), sen-

sitivity (90.0%), specificity (98.2%), and NPV 
(99.5%). This study builds on a prior report of 
G-tube radiograph exam performance (75% 
sensitivity and 100% specificity) in a larger 
number of patients (227 vs. 126), while ef-
fectively managing indeterminate exams.4 
To improve the sensitivity of the exam, our 
group intermittently reviewed abnormal 
exam findings at our monthly peer-review 
meetings.

Deviations from the prescribed 2-view 
exam protocol occurred when the interpret-
ing radiologists asked for additional radio-
graphs or contrast to improve the diagnostic 
information of the exam, or exam technical 
factors (exposure issue, RT error). Given the 
equivocal gastric intraluminal alignment of 
the G-tube retention component on all 13 
indeterminate exams, consideration of a dif-
ferent view (left lateral decubitus view) may 
be a helpful consideration, providing a dif-
ferent view to potentially outline the G-tube 
retention component with contrast. This al-
ternative radiograph exam replaced fluoros-
copy as the initial imaging exam for G-tube 
checking, which was well received by our 
pediatric radiologists providing after-hours 

Table 3. Protocol adherence/variance 

Correct radiograph views per protocol, 81.9% (186/227)

Additional radiograph views, 18.1% (41/227)

View Total 

Cross-table lateral 27

Right lateral decubitus 16

Frontal supine 11

Left-lateral decubitus 5

Total 59*

Potential reasons for additional radiograph views on retrospective review

Diagnostic interpretation 31

Retention component alignment 15

Duodenal contrast flow 14

Interpreter judgement
(need more definitive findings) 2

Technical exam factors 15

Radiograph coverage incomplete 6

Faint contrast on radiograph 5

Exposure issue
(radiograph too light/too dark) 4

RT protocol deviation 6

Incorrect initial view 4

Scout view incorrectly obtained 2

Correct contrast volume per protocol documented, 79.3% (180/227)

Additional contrast documented, 9.3% (21/227)

Administered contrast not documented, 11.5% (26/227)

*59 additional radiograph views were performed in 41 radiograph exams; RT, radiology technologist. 
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fluoroscopy call coverage. This transition was 
also well-received by our RTs, who were also 
short-staffed during the study period. Only 
one 30-day adverse event (repeat hospital 
visit to detect and correct G-tube malpo-
sition) occurred with this diagnostic exam 
transition.

Exam reporting time was studied, given 
its relation to the resumption of G-tube use 
for nutrition, hydration, and medications in 
a timely fashion. Here, 79.7% (181/227) of 
exams were reported under 1 hour, allowing 
for the timely resumption of G-tube use for 
hydration, medications, and nutrition in a 
majority of patients. Delayed reporting (over 
1 hour) of exams occurred more often in the 
after-hours group, when pediatric radiolo-
gist coverage was reduced. Delay in report-
ing time can impact clinical management, 
as described for the patient with a delayed 
radiology report entry (after surgery team 
consult entry), leading to endoscopic (not 
fluoroscopic) confirmation of transpyloric 
G-tube malposition, causing gastric outlet 
obstruction.

The limitations of this study start with the 
inherent limitations of a retrospective chart 
review. For instance, when reviewing the rea-
son for additional radiograph views, a given 
patient may have had an overlapping need 
for more diagnostic information in addition 
to the technical limitations of the initial 
2-view exam (faintly administered contrast). 
Regarding protocol adherence, the contrast 
volume was not documented in Epic in 26 of 
the 227 exams. A limitation affecting exam 
reporting time occurred as the study period 
was before our pediatric radiology group 
converted to 24/7 attending pediatric radiol-
ogist reads of diagnostic radiology exams; 
a portion of study exams included an over-
night preliminary reading made by radiology 
residents. Following completion of this study, 
our institution eliminated the beeper pag-
ing system. Epic Secure Chat is now used to 
message pediatric radiologists, a factor that 
could also influence reporting times in the 
future. A limitation regarding adverse events 
would be if a patient presented to a different 
institution during that 30-day period for any 
G-tube-related issue; this scenario should be 

infrequent, as the 2 affiliated hospitals com-
prise the only comprehensive pediatric care 
system across the state. Comparison of radia-
tion doses among the alternative radiograph 
exam and the traditional fluoroscopic exam 
is not addressed, but was reported using the 
limited data of this study cohort.5 

This new exam was efficiently incorporat-
ed by RTs and pediatric radiologists (as well 
as radiology residents) on 2 campuses. The 
same standard of care was maintained, de-
spite reductions in the number of pediatric 
radiologists and RTs. 

In conclusion, this alternative diagnostic 
exam performed well with a high test yield, 
accuracy, sensitivity, specificity, and NPV. The 
exam mostly followed protocol, allowed for 
the timely and safe resumption of G-tube 
use, and provided the remote coverage 
needed for a new satellite hospital. 
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