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Nasogastric tube feeding is an essential way of delivering enteral nutrition when the oral route is insufficient or unsafe. Mal-
nutrition is recognised as a reversible factor for sarcopenia and frailty. It is therefore crucial that malnutrition is treated in older
inpatients who have dysphagia and require enteral nutrition. Despite five National Patient Safety Alerts since 2005, “Never Events”
related to nasogastric feeding persist. In addition to placement errors, current practice often leads to delays in feeding, which
subsequently result in worse patient outcomes. It is crucial that tube placement is confirmed accurately and in a timely way.
Medical advancements in this area have been slow to find a solution which meets this need. In this paper, we provide an updated
review on the current use of feeding nasogastric tubes in the older population, the issues associated with confirming correct

placement, and innovative solutions for improving safety and outcomes in older patients.

1. Introduction

A feeding nasogastric tube is a flexible, fine-bore, radio-opaque
tube passed into the stomach via the nose. It is used to deliver
nutritional support and medications to patients who are unable
to swallow or are unable to meet their nutritional requirements
by mouth. Nasogastric feeding is commonly encountered in
older patients (defined as over 65 years old) owing to dysphagia
and malnutrition [1]. Dysphagia in older people is very often
multifactorial [2]. Causes may be neurological, such as stroke,
dementia, and delirium, or mechanical. In addition, poor
dentition, reduced moisture in the oral cavity and age-related
decline in function of masticatory muscles can compound any
swallowing difficulty [3].

Over 790,000 feeding tubes are inserted in the National
Health Service (NHS) each year [4]. There are significant
challenges that can disproportionately impact older people.
This article outlines some of these limitations and identifies
innovative solutions to deliver more efficient care to improve
patient outcomes.

2. Malnutrition

Older patients are a heterogeneous group, with a high
prevalence of malnutrition, sarcopenia, and frailty. Mal-
nutrition is recognised as a crucial reversible factor for
conditions presenting with sarcopenia and frailty [5]. Older
people have an increased risk for comorbid conditions that
predispose them to develop malnutrition [6]. The prevalence
of nutritional deficiency in the elderly is 15% in ambulatory
outpatients, 25%-60% in institutionalised patients, and
35%-65% in hospitalized patients [7]. In order to meet the
nutritional needs of this population, clinicians require skills
for recognising and managing malnutrition [1].
Malnutrition is not an inevitable side effect of ageing, but
many changes associated with the process of ageing can
promote malnutrition. For example, ageing is frequently
associated with decreases in taste, smell, deterioration in
dental health, and decreases in appetite and physical activity
[8]. The main body composition changes observed with
starvation are a loss of fat-free mass (FFM) and fat mass. In
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an elderly population, the size of these losses may be greater,
as they are in addition to age-related losses in these com-
partments. The muscle content of the body is greatly im-
portant because of its interrelationship with physical
function, strength, and morbidity [9].

Enteral feeding is indicated for patients with a functional
gastrointestinal tract, whereas parenteral feeding is more
commonly used for patients with nonfunctional gastroin-
testinal tract [10]. In general, enteral nutrition is preferred to
parenteral nutrition as it is more physiological, simpler,
cheaper, and less complicated [11].

2.1. The Challenges of Nasogastric Feeding in the Elderly.
There are several challenges that are common with nasogastric
tube feeding in the older population. These challenges relate to
placement, confirmation of tube placement, dislodgement, and
acting in patients’ best interest when they lack capacity.

Enteral nutrition has been shown to improve the length
of hospital stay and wound healing in selected populations
[12, 13]. The benefits of early nasogastric feeding in stroke
patients are well established [14]. In addition, Stratton et al.
[15] identified that enteral nutrition can reduce the risk of
developing pressure ulcers by 25% but the study included
enteral tube feeding as well as oral nutritional support [15].

Indications for nasogastric feeding can be broadly di-
vided into two categories: (i) dysphagia (difficulties swal-
lowing) and (ii) anorexia in intercurrent illness or chronic
disease. Most evidence for enteral nutrition involves the first
category of patients [16]. There is a paucity of studies to
evaluate the indications and clinical outcomes of enteral tube
feeding in older patients outside the context of poststroke
dysphagia and advanced dementia. Due to the impact of
multimorbidity and advanced illnesses on malnutrition,
there is limited evidence that enteral feeding achieves a
sustained response in terms of biochemical markers, weight
gain, and other clinical outcomes such as functional status,
quality of life, in-patient morbidity, and mortality [17, 18].

Feeding nasogastric tubes can be unpleasant and lead to
agitation, particularly in individuals with already established
delirium [17]. This leads to an increased risk of dislodge-
ment. Feeding nasogastric tubes can also impair swallowing
mechanics prolonging oral [19] and pharyngeal transit times
[20], although this is not thought to impact overall swallow
function or aspiration risk [21, 22].

Enteral tube feeding in patients with dementia confers
no survival benefit or improvement in the quality of life, and
there may be an increased risk of mortality [17, 23, 24]. The
commonest cause of mortality in nasogastric tube-fed pa-
tients is aspiration pneumonia [25]. Enteral nutrition should
therefore be carefully considered. The risks and benefits of
enteral tube feeding require a holistic assessment and dis-
cussion with patients or their advocates. More conservative
strategies such as swallow rehabilitation programmes should
be considered carefully [3, 26].

2.2. Never Events and Other Safety Risks. One of the main
risks of blind, bedside nasogastric tube insertion is inad-
vertent misplacement anywhere along the gastrointestinal
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tract or the respiratory tract. Feeding or administering
medications into the lung is a ‘Never Event’ due to po-
tentially fatal harm. Between April 2016 and November 2019,
there were 93 ‘Never Events’ attributed to feed delivery into
the respiratory tract via feeding tubes within the NHS [4].
Five National Patient Safety Alerts have been issued since
2005. However, despite this, and mandating training for the
interpretation and communication of X-ray placement,
Never Events persist.

Tube intubation into the lung and the pleura carries the
risk of pulmonary aspiration, pneumothorax, collapse, or
tracheal perforation. Risks of insertion into the gastroin-
testinal tract include displacement, pulmonary aspiration,
oesophagitis, oesophageal stricture, gastrointestinal bleed-
ing, and, very rarely, perforation.

2.3. Confirming Placement

2.3.1. Current Practice. NHS Improvement (NHSI) issued
guidance on safety-critical requirements for confirming
feeding nasogastric tube placement in 2016 [4]. Correct
placement can be confirmed by testing the gastric aspirate
with a pH strip. Feeding can start only when the pH is 5.5 or
below. However, unsuccessful withdrawal of aspirate occurs
in 15% of patients [27]. In such cases, where it is not possible
to aspirate gastric content or confirm with an acidic pH,
verification of tube position is obtained with a chest X-ray.
Between 2011 and 2016, 95 incidents were reported to the
National Patient Safety Agency (NPSA), and alerts have
emphasised the importance of safety checks and interpre-
tation of chest X-rays by trained senior medical staff. The
most recent National Patient Safety Alert was released by
NHSI in July 2016 [28]. This alert was directed at Trust
Boards and not front-line staff as its local investigations
found problems with organisational processes for imple-
menting actions from previous alerts. These actions included
problems with systems ensuring staff checking tube place-
ment had received competency-based training and that
documentation formats included all safety-critical checks.

2.3.2. Is pH a Robust First-Line Test? Gastric pH is usually
1-5, while respiratory and intestinal pH is usually above 7
[29]. Oesophageal pH is variable due to the influence of
refluxed gastric contents and ingested salivary contents [29].
A pH cut-off of 5.5 or less is the practical first-line measure
for confirmation of feeding tube placement stipulated in the
NHSI guidelines [28]. This is guided by a balance between
diagnostic accuracy and cost and utility analysis. It only has a
sensitivity of 89% with a specificity of 87% [30]. Analysis of
some of the data from the National Reporting and Learning
System showed that tube misplacement still occurred in 10
out of 75 cases [31]. At lower cut-off values, there is better
differentiation of gastric intubation from oesophageal and
pulmonary placement [32, 33]. However, lowering the
threshold would increase the number of false negatives,
requiring more x-rays for verification [32]. The conse-
quences of this include unnecessary radiation exposure to
the patient and a delay in the time to start feeding.
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It is estimated that, in almost 45% of patients, it is not
possible to obtain an aspirate in the first instance [33, 34].
There is also a risk of operator variability in the interpre-
tation of pH strips, and inability if suffering from colour
blindness [35]. In addition, falsely raised pH is associated
with acid-suppression therapy. Studies have found that one
in nine older patients are on longer-term proton pump
inhibitors [29, 36, 37]. These factors preclude pH testing as
an effective confirmation test in a significant proportion of
older people.

2.3.3. Limitations of X-Ray Confirmation. As a result of the
limitations described with pH testing, X-ray is commonly
required to confirm correct placement. When the appro-
priate safety checks by a trained clinician are adhered to,
X-ray confirmation of placement is a safe and robust
mechanism. However, a study looking at feeding tube
placements in stroke patients demonstrated that tube in-
sertion occurred within 2.5 hours of request but the addi-
tional time required for X-ray confirmation led to a delay in
using the tube of 8-9 hours per case [38]. Figure 1 depicts the
typical delays that are encountered from a decision being
made about enteral feeding, to the start of feeding.

2.4. Cost Implications for Feeding Tube Confirmation. The
overall financial cost of feeding tube placement confirmation
is unknown. Simplistically, pH strips cost as little as £0.07
and the results can be instantly interpreted by a trained
nurse, whereas X-rays cost between £50- and £75 and formal
reporting by a radiologist are usually required. But the true
cost could spiral when clinician, radiographer, and portering
time is taken into account, especially when considering the
impact of delayed nutrition on the patient.

Few studies have evaluated the true financial cost of
feeding tube placement. McFarland [39] set out to “evaluate
the effectiveness of pH paper testing of aspirate and chest
X-ray for determining nasogastric tube placement in terms
of cost and patient outcome” [40]. In this study, the costs of a
pH test are estimated to be £43.20 and X-ray £158.64. If this
is extrapolated, a conservative estimate based on numbers
inserted per year in the UK alone would be more than £30
million.

In addition, the financial cost can be further explored by
assessing the impact of complications from misplacement.
Aguilar-Nascimento et al. [40] identified misplaced tubes
were more likely to expedite a stay in intensive care [40].

2.5. Dislodgement. Dislodgement of feeding is common and
ranges from 25 to 82% of patients [38, 41]. Given the
prevalence of delirium and chronic neurological disorders in
older people, dislodgement of feeding tubes is a common
occurrence, thus increasing the risks of adverse events and
aspiration to the patient.

In individuals where tube feeding is considered essential
and in their best interests and dislodgement is feared, the
benefits of some forms of restraint should be considered.
This may include retaining devices or mittens. One to one

(specialing) supervision is less restrictive and should always
be attempted in the first instance, as all forms of restraint are
examples of deprivation of liberty. The use of physical re-
straints can hinder the promotion of self-reliance and can
impact the individuals” autonomy and dignity [42]. Both the
Care Quality Commission (CQC) (United Kingdom De-
partment of Health) and National Institute for Health and
Care Excellence (NICE—United Kingdom) state that re-
strictive interventions should be minimized and used for the
shortest amount of time [43, 44].

Retaining systems utilise an anchor device, usually
inserted via a stylet and a probe with magnetic ends that loop
around the vomer bone or the nasal septum. The ends are
tied to the nasogastric tube. Bridles reduce the rate of tube
removal, increase caloric feeding, and minimise the use of
resources [45-47]. Their use has not become common
practice due to the perception of reduced tolerability and
risk of skin ulceration, traumatic epistaxis, and nasal rupture
[46]. There is no evidence yet to suggest a statistically sig-
nificant difference in adverse events [47].

No studies have looked at the efficacy of mittens or 1:1
observational measures in tube securement, although an
observational study reported that patients with mittens were
eight times more likely to remove the tube [38]. This may be
confounded by the fact that mittens are usually reserved for
very agitated, confused patients at the highest risk of tube
removal.

2.6. Potential Solutions and Innovative Options for Placement
Checks. Recent times have seen tremendous advancements
in medical technology and innovation. Artificial intelligence,
machine learning, and virtual reality have led to a trans-
formation in the way healthcare is delivered [48]. However,
despite persistent patient safety concerns and the challenges
of obtaining a timely confirmation of tube placement there
has been a paucity in the development of placement checks.
The existing practice is archaic and a breakthrough to
transform feeding tube placement confirmation is well
overdue. We have highlighted the areas of development
which are being pioneered and may lead to solutions and
transformation of how checks could develop.

2.6.1. Alternatives to Current Standards of pH Testing.
The British Gastroenterology Society lent support to the
evidence that the pH cut-off should be 5 or below to improve
diagnostic accuracy [31, 41]. This however would lead to an
increase in false negative results and an increased need for
x-rays. This would lead to additional delays without nec-
essarily improving patient care. If this change were to be
introduced it would further substantiate our calls for live
bedside imaging to confirm placement checks.
Alternatively, other gastrointestinal biomarkers such as
bilirubin and digestive enzymes as an adjunct to routine pH
testing have been shown to detect misplacement. [30, 49, 50].
The development of commercially viable test-kits requires an
understanding of the stability, storage, and buffering of these
reagents for calorimetric application. However, it provides
scope for practical, point of care testing if further research
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FIGURE 1: Schematic representing multistep process of feeding tube placement confirmation that leads to delays.

TaBLE 1: Summary of the various techniques that have been explored (v pros, ¥cons).

Novel strategies to enable “real-time” confirmation of nasogastric placement

Ultrasound

An alternative technique for live imaging is through ultrasound (US). The feeding tube can
also be visualised at the gastrooesophageal junction with longitudinal and angled US scans
of the epigastrium. Various studies support the use of US [54].

v Reduced delay in administering enteral nutrition
® Requiring appropriately trained individuals
® Availability of US scanners
®Lack of studies looking at adverse events [55]

Electromagnetic placement devices

CORTRAK 2 enteral access system has received FDA approval. The nasogastric catheter has
an electromagnetic coil at the end. As the tube is advanced, a receiver unit placed externally
along the xiphoid process captures electromagnetic signalling and converts it into a 3-
dimensional image of the tube tip relative to the diaphragm. This is displayed on a monitor.
+ Comparable accuracy in confirming NG positioning compared to X-ray [56,57]

v/ Reduced delay in administering enteral nutrition
 Real-time visualisation shown to reduce misplacement [52]
® Real-world data has highlighted the risk of pulmonary complications. The FDA issued an
alert regarding 51 medical device reports about pneumothorax related events, including 11
patient deaths between 2012 and 2017
® The majority of adverse events are due to misinterpretation of tracings by the operator
highlighting the expertise and skill required for this device
® Estimated additional cost of £70-£76 per treatment session. Thus, it has not been
approved by NICE, unless there is evidence that it obviates the need for X-rays and pH
testing.

Integrated real-time imaging system (IRIS)
technology

The kangaroo feeding tube (Covidien Commercial 1td.) has an IRIS in the form of a 3 mm
camera attached to the end of the feeding tube, which allows direct visualisation of
anatomical landmarks. It has received FDA approval and is currently authorised for

research use in the UK. A prospective study on 21 patients in a neurological ITU showed

that 90% of patients were successfully intubated, and correct placement was confirmed in
all, using abdominal X-ray with contrast [58]
v Real-time tracking
v Scope for the camera to verify placement regularly, prior to enteral feeding, and reduce
the need for check X-rays.
*® It is anticipated that outcomes will be operator-driven, but the training expertise
required needs to be evaluated.
Further studies are needed to ascertain safety, accuracy, cost-efficiency, and camera
visualisation performance and endurance.

Magnetic technology

A small magnet at the distal end of the nasogastric tube can be used to drag its placement
infradiaphragmatically and through the transpyloric sphincter, using an external magnet.
Successful transpyloric placement has been demonstrated
% Does not enable real-time localisation
% Hand-held external magnets can be difficult to use in a ward environment with other
magnetic sources contraindicated in patients with implantable cardiac devices

Passive magnetic localisation technology
using magnetic sensors

The magnetic tip can be traced by the use of stationary electric sensors positioned externally
on the body. An experimental study used a cervical device embedded with magnetic sensors
to differentiate the trajectory of the nasogastric catheters in the cervical oesophagus from
the trachea, ex vivo [59]. Improved sensitivity of magnetic sensors and improved cost-
efficiency provide favourable incentive to develop this technology further
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supports its improved diagnostic value compared to pH
alone. The main issue relating to these measures, however, is
that they rely on an aspirate, which can be difficult to obtain
as mentioned above.

2.6.2. Alternatives to Aspirate Analysis. A possible solution
to obtaining an aspirate is direct intragastric detection of pH
via the nasogastric tube. A small study has shown successful
placement of nasointestinal tubes attached to a pH sensor,
guided by a change in pH readings measured by an external
pH monitor [51]. This is a promising innovation which may
prove to provide an accurate and reliable point of care test.
However, the fibre optic sensor would need to be reinserted
each time a pH check is required.

With the establishment of catheter-based intra-
oesophageal monitoring in the evaluation of gastro-
oesophageal reflux disease over the past decade, its potential
for adaptation to facilitate a probe that continually records
the pH to an external monitor offers an avenue to explore.

2.6.3. Alternatives to X-Rays. Real-time tracking or visual-
isation of the feeding tube as it travels from the nasal cavity
into the stomach would allow timely identification of any
misplacement, immediate confirmation of nasogastric
placement, and, thus, earlier initiation of feeding. This would
be ideal and prevent potential misplacement. By the time the
tube is placed, the X-ray performed and interpreted the
damage may have already occurred particularly with regard
to a pneumothorax.

Bedside imaging using ultrasound guided insertion and
electromagnetic placement devices have been trialled [52].
These approaches require highly technical skills in inter-
pretation. The equipment can be bulky and often inap-
propriate for bedside evaluation. The Kangaroo feeding tube
uses real-time imaging through an intraluminal camera
which is less than 3mm and fits within the tube. This
mechanism has proved to be beneficial but would require
expert training and prove to be a costly alternative.

A colorimetric capnograph is a device designed to detect
carbon dioxide gas; changing levels of gas results in a change
in the colour of the device. Meyer et al. [53] found cap-
nography was able to accurately ensure correct gastric tube
insertion [53]. The only limitation is that the majority of
studies look at capnography in critically unwell intubated
patients. More research is required (Table 1).

3. Conclusion

Nasogastric tube feeding is a common form of short-term
enteral feeding in older people and has clear benefits in
selected patients. The confirmation of placement is of critical
importance and the existing process requires an innovative
solution to transform current practice. This article highlights
the inadequacies that exist with the current methods of
confirming feeding tube placement, particularly in frail
patients, and the delays to feeding and patient harm that
occur as a result. Hospital guidelines should emphasise the
expeditious safety checks by a senior clinician, and local

protocols should focus on minimising delays in starting
feeding. There remains an urgent need to direct future re-
search and biotechnological advances into making naso-
gastric tubes safer, easier to tolerate, and simpler to use.

4. Clinical Implications

Nasogastric tube feeding is a common form of short-
term enteral feeding in older people

Current methods of confirming tube placement, par-
ticularly in frail patients, results in delays in feeding,
and patient harm can occur as a result.

Confirmation of tube placement is of critical impor-
tance and the existing process requires an innovative
solution to transform current practice.

There remains an urgent need to direct future research
and biotechnological advances into making nasogastric
tubes safer, easier to tolerate, and simpler to use.
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