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assessment of NGT position on chest radiographs (CXRs) and safe-to-feed decisions.

Methods: A multi-case, multi-reader study was conducted using an online image interpretation platform.
A test bank consisting of 15 CXRs with an NGT in-situ was created. Diagnostic radiographers without
formal qualifications in CXR interpretation were recruited via two international conferences. Participants
placed an electronic marker on each CXR to identify the location of the tip of the NGT and indicated

ﬁiﬁ‘ggg;ic tube whether or not they believed that the tube was safely positioned.

Radiograph Results: 68 participants were recruited. Each participant reviewed 15 CXRs, providing 1020 unique image
Chest x-ray assessments. 76 % (n = 778/1020) image assessments were completely correct (both the position of the
Radiographer tip of the NGT was accurately located and an appropriate safe-to-use decision made). In 5 % (n = 56/1020)
Reader performance of cases the NGT was safely positioned and the location of the tip was correctly identified by the
Accuracy participant but the tube was erroneously determined to be unsafe for feeding. In a further 6 % (n = 59/

1020) of cases the participant correctly located the tip of an NGT in an unsafe position but indicated that
the tube was safe to use. Participants failed to correctly identify the tip of the NGT in the remaining 12 %
(n = 127/1020) of cases.
Conclusion: Consistent with previous studies involving other staff groups, diagnostic radiographers
without formal qualification in CXR interpretation can assess NGT positioning on radiographs with
moderate accuracy but require further training, including strategies for the identification of poorly-
visualised tube tips, to achieve the 100 % accuracy necessary for this safety-critical task.
Implications for practice: A bespoke training programme which includes teaching on image quality, tube tip
identification and assessment of tube positioning using the National Patient Safety Agency (NPSA) four
criteria, should be delivered prior to implementation of a radiographer-led NGT CXR evaluation service.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of The College of Radiographers. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Nasogastric tubes (NGTs) are a frequent intervention in patients
o who are unable to eat or drink by mouth, with approximately one
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down the oesophagus into the stomach but in up to 4 % of cases the
tube may inadvertently enter the lung.”> Alternatively, the tip of
the NGT may be insufficiently advanced and consequently posi-
tioned within the pharynx or oesophagus. Confirmation of tube
position is critical to patient safety; feeding a patient via a mis-
placed NGT can result in aspiration pneumonitis, potentially lead-
ing to severe patient harm or death. Assessment of the acidity or
alkalinity of tube aspirate is the first line investigation for assessing
NGT tip position. A chest radiograph (CXR) is recommended if a
tube aspirate cannot be obtained or if the pH reading of the aspirate
is greater than 5.5.%

Misplacement of an NGT into the respiratory tract, which is not
detected prior to starting a feed, is considered to be a “Never
Event”.” “Never Events” are defined by NHS England as “Serious
Incidents that are entirely preventable because guidance or safety
recommendations providing strong systemic protective barriers are
available at a national level, and should have been implemented by
all healthcare providers.”.” Safety systems introduced to prevent
NGT “Never Events” must not rely on radiographic confirmation of
position unless it can be shown that all involved personnel have the
requisite skills.® Unfortunately these incidents continue to occur
despite multiple alerts and local systems being implemented.”®*

In the future artificial intelligence (AI) assessment of NGT
positioning may become increasingly accurate and widespread, but
is not expected to replace the role of the trained observer in the
foreseeable future.'® The accepted gold standard interpretation of
CXR for confirmation of NGT placement is a clinical report provided
by a radiologist or reporting radiographer. Currently, however, due
to the frequency of NGT use and timing of insertion, the re-
sponsibility for clinical evaluation of NGT placement-check radio-
graphs is not-uncommonly delegated to the referring clinical
team.! Relatively modest levels of competence in NGT CXR inter-
pretation have been identified amongst junior medical staff''? and
misinterpretation of radiographs by junior medical staff has been
cited as a key cause of NGT incidents."> A HealthService Investiga-
tion Branch (HSIB) report into NGT placement highlighted radio-
graphic interpretation as a critical area of weakness in the
healthcare system leading to patient harm' and this finding is
supported by the most recent data on “Never Events”.”

There is a growing appreciation of the role that radiographers
might play in reducing the frequency of “Never Events” related to
misplaced NGTs.'#!>1617 Following training radiographers are
able to accurately and safely assess the position of NGTs on CXRs in
both adult and paediatric patients.!*'>!® NHS England has
commissioned the Royal College of Radiologists to implement the
NHS transformation plan to prevent misplaced NGT Never Events
related to radiographic interpretation using a diagnostic
radiographer-led approach.'® Although NGT training packages have
previously been developed,'®?? as part of this work it is proposed
that a NGT training package for radiographers will be further
developed, updated and refined.

A national roll-out of a diagnostic radiographer-led service would
require a very large number of radiographers to undertake training
and would involve a significant investment of staff time. This will be
a particular issue in an already stretched workforce.?'*? Even in the
absence of specific training, however, many diagnostic radiographers

Table 1
Inclusion/exclusion criteria.
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may have extensive undergraduate knowledge and post-graduate
experience of reviewing CXRs. The availability of data on radiogra-
phers’ current performance in evaluating NGT check CXRs might
facilitate the development of a training package which fulfils the
learning needs of radiographers more efficiently and effectively.

The aim of this study was to provide baseline data on the accu-
racy, prior to undergoing specific training, of radiographers’ assess-
ment of NGT position on CXRs, and to highlight any associated
training needs.

Method

Ethical approval for the study was granted by Canterbury
Christchurch University Ethics Committee (ETH2223-0131, 2nd Feb
2023).

A multi-case, multi-reader study was conducted using an online
image interpretation platform. A convenience sample of diagnostic
radiographers attending the European Congress of Radiology 2023
(ECR, 1st — 5th March 2023) and the UK Imaging and Oncology
Conference 2023 (UKIO, 5th — 7th June 2023) were recruited to the
study via dedicated ‘Research Hubs'. Informed consent was ob-
tained from all participants.

Demographic data were collected from diagnostic radiographer
conference delegates who met the inclusion criteria (Table 1) via an
online questionnaire available in the research hubs. Participants then
used a computer workstation and the RAIQC clinical simulation
platform (www.raiqc.com) to view a series of 15 anonymised CXRs
from a validated image bank, each of which demonstrated a NGT in-
situ. This series included correctly sited NGTs (n = 6) as well as NGT
tips located in the oesophagus (n = 6) and the lungs (n = 3). The
image set was independently viewed by each participant in a
random order.

For each image, participants were required to complete two
tasks:

1. Place an electronic marker to identify the location of the tip of
the NGT on each image.

2. Indicate whether or not they believed that the NGT was safely
positioned for feeding (safe-to-feed).

Participants were able to window and/or zoom images as
required. No criteria for determining safe positioning of a NGT
were provided to the participants. The participant's review of the
images typically lasted around 15 min but no time limit was
enforced. Each participant undertook the image viewing session
only once. On completion of the image viewing activity, partici-
pants were informed of their total score but did not receive
detailed feedback. To encourage recruitment participants were
offered entry to a raffle with a small prize, but inclusion in the
raffle was optional.

Data analysis
Demographic details and accuracy data for the participants were

summarised using descriptive statistics. Percentage accuracy was
calculated for each participant and each image.

Inclusion

Exclusion

HCPC registered diagnostic radiographer (or equivalent if practising
outside of the UK)

Has practised as a radiographer/radiography educator in the
last 6 months.

Therapeutic radiographer, student radiographer, assistant practitioner,
radiology assistant, radiologist
Post-graduate chest x-ray image interpretation qualification
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Ground-truth regions of interest for the position of the tip of the
NGT and ground-truth safe-to-feed decisions were determined via
consensus review of two experienced radiologists.

To facilitate visual analysis a Python script was developed us-
ing Pandas library?® in conjunction with Matplotlib® to plot the
coordinates of the tip position identified by each participant for
each image alongside the corresponding ground-truth tip loca-
tions. The accuracy of each participant's response was calculated
using Shapely;?° this library enabled the plotting of a polygonal
shape on the coordinate plane to represent the ground-truth re-
gion. Each plot generated by the Python script included the
ground truth region of interest coordinates (polygon shape), a
marker representing the NGT tip position marked by the partici-
pant, annotations displaying the case number and participant ID,
and a message stating whether the participants' response was
correct or not. This visual analysis aided understanding of overall
participant accuracy and identifying areas for improvement in
training.

Results

The study recruited 68 conference delegates (33 at ECR, 35 at
UKIO). Participants had a wide range of post-qualification experi-
ence (Table 2). Most of the participants (n = 62) had experience of
projectional (plain film) radiography, and this was the primary area
of practice for just over a quarter (n = 19; Table 3). Participants
were employed in public hospitals (n = 40), academic institutions
(n = 25) or private practice (n = 3). The majority of participants
were practising in the UK (n = 46), but a wide range of countries
were represented within the sample (Table 4).

Participants marked on each CXR their perceived location of the
tip of the NGT and indicated whether they considered the NGT was
safe-to-feed (Fig. 1). Each participant reviewed 15 CXRs, generating
a total of 1020 unique image assessments.

Approximately three quarters (76 %, n = 778/1020) of image
assessments were completely correct (both the position of the tip of
the tube was identified accurately and an appropriate safe-to-feed
decision made). Participants were more likely to identify incorrect
NGT placement when the tip of NGT was in the lung, and less likely
when the tube was in the oesophagus (Table 5).

Individual participants made correct assessments for between 5
and 15 of the images. The mode was 13 correct assessments, and 4 %
(n = 3) of participants achieved a maximum score by accurately
identifying the NGT tube tip and making a correct safe-to-feed
decision for all 15 images. The sample size was too small to
perform reliable sub-group analysis but visual inspection of the
data indicates that there were no clear associations between ac-
curacy and experience, primary modality, employment type or
country of practice.

There were three cases where all of the participants unani-
mously agreed with the reference standard. Incorrect identification
of NGT tip position occurred in 12.4 % (n = 127/1020) of the unique
image assessments. The most frequent mis-identifications occurred
on images where the NGT tip was not optimally visualised and

Table 2
Experience of participants.

Experience (years) No. of participants

0—4 11
5-9 7

10-14 17
15-19 13
20+ 20
Total 68
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Table 3
Primary area of practice of participants.

Primary area of practice No. of participants

21
19

Education

Projectional (plain film) radiography
MRI

CT
Fluoroscopy/intervention
Ultrasound

Other

Research

Breast imaging

MSK reporting

Nuclear medicine

Total

D= = = NWWWwU o
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Table 4
Country of practice of participants.

Country of practice No. of participants

46

United Kingdom
Malta
Ireland
Denmark
Portugal
Belgium
Germany
Hong Kong
Italy
Switzerland
Total

o
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required extensive windowing; in the majority of these cases the
location marked was along the line of the tube but proximal to the
tip. Other less common errors included marking the tip of the NGT
guidewire rather than the tip of the tube itself, or mistaking a co-
existing endotracheal tube for the NGT.

The NGT was safely positioned for 408 image assessments. In
13.7 % (n = 56/408) of these assessments the participant correctly
identified the position of the tip within the stomach, but errone-
ously determined the tube to be unsafe for feeding. The NGT was in
an unsafe position for feeding for 612 image assessments. Partici-
pants correctly located the tip of the NGT in an unsafe position
(either the oesophagus or the lung) but subsequently indicated that
the tube was safe-to-feed in 9.6 % (n = 59/612) of these cases;
overwhelmingly this occurred for images where the tip of the tube
was in fact located within the oesophagus (n = 51/59).

The NGT tip was projected over the lung in 3 of the 15 images in
the test series, providing 204 opportunities for participants to
identify a pulmonary-placed NGT. In 99 % (n = 203/204) of these
unique image assessments the location of the tip of the NGT was
correctly identified by the participant but, despite this, 3 % (n = 7/
204) of the pulmonary-sited NGTs were incorrectly deemed to be
safe-for-feeding.

Discussion

The current study is the first evaluation of the ability of an in-
ternational cohort of diagnostic radiographers to assess NGT posi-
tion on CXRs. The participants in this study were able to identify
NGT positions and make appropriate decisions regarding safety for
use in the majority of cases (76 %, n = 778/1020), broadly consistent
with junior emergency medicine physicians (79 %, n = 266/335)%°
but below the 100 % accuracy required for this safety-critical task.
Performance was also below the 98.5 % (n = 4383/4449) accuracy
achieved in a clinical audit of radiographers who had received
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Mark the location of the tube’'s tip. *

Figure 1. Collection of tube tip location and safe-to-feed responses via the RAIQC platform.

Table 5
Participant responses (numbers in brackets indicate percentage of row total).

Actual location No. of cases No. of participant Tip location Safe-to-feed Tube position and

of tube tip responses correct decision correct safe-to-feed decision correct
Stomach 6 408 360 (88 %) 325 (80 %) 304 (74 %)

Oesophagus 6 408 330 (81 %) 347 (85 %) 278 (68 %)

Lung 3 204 203 (99 %) 197 (97 %) 196 (96 %)

Total 15 1020 893 (87 %) 869 (85 %) 778 (76 %)

bespoke training on NGT assessment,'® although the images

assessed in the current study may have been more challenging than
those encountered in the audit. In line with the current study,
however, few participants in evaluations of medical students®’ and
residents”® made correct safe-to-feed decisions for all cases.

The majority of participating radiographers were able to reliably
identify the NGT, even in the presence of other lines and tubes. In
many cases where an error was made, the participant had marked a
position along the line of the tube but proximal to its tip. This
occurred most commonly on images where the tip was not optimally
demonstrated. These findings support the concerns of previous au-
thors regarding image quality of radiographs for NGT visualisation,
which is not always optimal in clinical practice.?*>%313233 Good
radiographic technique and the use of line-enhancement software
tools, where available, will mitigate the risk of interpretation errors,
regardless of the professional background of the individual evalu-
ating the tube position.

Participants correctly identified the tip of the tube, but subse-
quently made an incorrect decision regarding the suitability of the
position of the tube for feeding in 11.2 % (n = 115/1020) of cases.
These errors were relatively evenly split between describing a
correctly sited tube as unsafe, and indicating that an unsafe tube
was safe to feed. Both of these errors are known to occur in clinical
practice; an audit of 1934 NGT CXRs identified 10 radiologist re-
ports in which a NGT deemed unsafe by the researchers was
described as safe (all <10 cm from the gastro-oesophageal junc-
tion), and 5 which erroneously advised removal of an appropriately
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placed NGT.>® Similar errors were also identified in a clinical audit
of radiographers following bespoke training; 30 false negative and
36 false positive errors were identified from a sample of 4449 ex-
aminations.'® Any radiographer training package should, therefore,
include clear instruction on the four criteria for safe NGT placement
originally described by the NPSA (i.e. the NGT must follow the path
of the oesophagus bisecting the heads of clavicles, bisect the
bronchi at the carina, remain in the midline at level of diaphragm
and deviate to the left below the diaphragm).**

In keeping with a previous studies involving trained radiogra-
phers'® and medical students,?’ participants in the current study
found it particularly difficult to distinguish between NGT tips in the
distal oesophagus and those in the stomach. Where NGTs were
erroneously identified as safe to feed, the tips of the tubes were
most commonly located too proximal in the digestive tract, thereby
increasing the risk of aspiration of feed. In clinical practice radi-
ographers may also find difficulty interpreting nasogastric tube tips
located within a hiatus hernia,>>>° although no examples were
included in the current study.

For images where the NGT was positioned within the lung, it was
incorrectly deemed safe-to-feed by the participant in 3 % (n = 7/204)
of cases. In the clinical setting this would be considered a “Never
Event” and could have fatal consequences. Whilst the frequency of
this type of error in the current study is lower than that identified in
a study involving junior emergency medicine physicians (4 %, n = 5/
125)?% it is nevertheless concerning, and notably higher than the
0.1 % error rate identified in a previous study of medical students®*



A. Creeden, S. McFadden, C. Rainey et al.

and 0 % in an audit of clinical practice in which radiographers who
had undergone a bespoke training course.'®

The results of the current study provide evidence that, for a
radiographer-led NGT radiographic interpretation service to be safe
and effective, investment in staff training is required. A standalone
training programme can improve confidence,'"'> knowledge'' and
performance?’ in interpreting NGT positioning check radiographs
but no nationally or internationally accepted and uniform training
package exists.® A bespoke training package which specifically meets
the needs of radiographers should therefore be devised. On the basis
of this study, it is recommended that the training should include:

« reinforcement of the importance of good image quality for ac-
curate interpretation, particularly in the context of mobile ra-
diographs in the ward environment

e instruction on the use of image manipulation tools such as
contrast and brightness in order to improve tube visualisation

e guidance on the application of the NPSA four criteria for safe
NGT placement>

This study has a number of limitations. Firstly, a relatively small
sample of conference delegates were recruited, whose knowledge,
skills and experience may not be representative of the wider popu-
lation of radiographers. Projectional radiography was the primary
area of practice for 30 % of the participants in this study, and
therefore the results may not be fully generalisable to clinical prac-
tice. It was noted however that participants' clinical experience and
specialty were not obviously correlated with accuracy. Secondly,
where radiographers are uncertain in clinical practice it would be
expected that they seek advice from colleagues, but this option was
not available to the study participants. Thirdly, viewing conditions in
the conference Research Hubs were not optimised for image
reporting. This, however, likely reflects the conditions in which
radiographers would evaluate NGT radiographs in practice. Finally,
performance of observers in retrospective laboratory experiments
can be significantly worse than their performance in the clinical
environment.>” All limitations mentioned may have led to an un-
derestimation of participants’ clinical performance in this study.

Conclusion

Diagnostic radiographers without formal qualifications in chest
reporting assess the positioning of NGTs with moderate accuracy,
but below the 100 % level required for this safety-critical task. For a
radiographer-led NGT radiographic evaluation service to be safe
and effective investment in staff training is required. A bespoke
training package which includes teaching on image quality, stra-
tegies for the identification of poorly-visualised tube tips, and
assessment of tube positioning using the NPSA four criteria, should
be devised. Further studies will be required following deployment
of any training package to assess the efficacy of the training and to
confirm that the required standard has been attained.
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