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Abstract. – OBJECTIVE: Enteral nutrition 
(EN) is the first-choice nutritional support, as 
it is more in line with normal physiological pro-
cesses. During EN, the major goals to achieve 
include accurate confirmation of the feeding 
tube position, monitoring the gastric residu-
al volume, assessing gastrointestinal motility, 
and monitoring the nutritional status of patients. 
With rapid development in technology, point-of-
care ultrasound (POCUS) has become a more 
convenient and effective technical tool for mon-
itoring critically ill patients receiving EN. In this 
review, we have summarized and discussed the 
value of POCUS in the implementation, monitor-
ing, and evaluation of EN therapy to provide a 
reference for nutritional support of critically ill 
patients in critical care settings. 

MATERIALS AND METHODS: This is a narra-
tive review. A literature search for Scopus-indexed 
articles was performed randomly using PubMed 
and MEDLINE databases as the primary sources. 
No specific term was used for the search.

RESULTS: POCUS can be used for positioning 
of nasogastric and nasointestinal tubes, evalua-
tion of gastric residuals and gastrointestinal mo-
tility as well as monitoring of nutritional status.

CONCLUSIONS: POCUS is a real-time, high-
ly repeatable, radiation-free, and non-invasive 
visual inspection technique, with high applica-
tion value in assessing the nutritional status of 
patients receiving EN and guiding the develop-
ment of further nutritional treatment plans. It is 
an important diagnostic and monitoring tool that 
can be used by the clinicians in the ICU.

Key Words:
Point-of-care ultrasound, Enteral nutrition, Nutri-

tional support therapy, Nutritional status. 

Introduction

Intensive Care Unit (ICU) provides compre-
hensive support and treatment for acute organ 
and life-threatening pathophysiological changes 
in hospitalized patients. Nutritional support is 
important for regulating metabolic substrates as 
well as some metabolic processes1. The scope of 
modern nutritional support has progressed beyond 
providing energy and restoring positive nitrogen 
balance. It has evolved from structural support to 
functional support through regulation of metabo-
lism and immune function and exerting pharma-
cological nutritional effects. Thus, it has become 
an important constituent of modern treatment for 
critical illnesses2. The mode of nutrient supply is 
one of the important factors influencing the effects 
of nutritional support. Enteral nutrition (EN) is 
preferred over parenteral nutrition, as it is more in 
line with normal physiological processes and can 
maintain the integrity of intestinal structure and 
function as well as intestinal microbial diversity. 
EN is mainly delivered via nasogastric and naso-
intestinal tubes or gastric/intestinal stoma3. 

Accurate assessment of the nutritional status is 
critical for EN implementation and evaluation of 
EN efficacy4. The principal method for evaluating 
efficacy of traditional EN therapy is to monitor 
the gastric residual volume (GRV) through reg-
ular withdrawal of gastric juice. However, this 
method is influenced by many factors including 
the patient’s position, the position and diameter 
of the feeding tube, method of EN delivery, and 
measurement methods, which makes it difficult 
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to apply this method to evaluate the efficacy of 
EN therapy in clinical practice5. With rapid ad-
vances in technology, point-of-care ultrasound 
(POCUS) has become a more convenient and 
effective tool for monitoring critically ill patients 
receiving EN. POCUS is simple, easily repro-
ducible, has good acceptance, ensures EN safety, 
and allows real-time monitoring of patients. In 
recent years, POCUS has been used to confirm 
the position of nasogastric and nasointestinal 
tubes. It also provides non-invasive assessment of 
the GRV, gastrointestinal motility, and patients’ 
muscle status, thus allowing comprehensive eval-
uation of the nutritional status and EN efficacy 
as well as guiding the development of further nu-
tritional support treatment plans6. In this review, 
we have summarized and discussed the value of 
POCUS in the implementation, monitoring, and 
evaluation of EN therapy to provide a reference 
for nutritional support of critically ill patients in 
critical care settings (Table I).

Role of POCUS in the Assessment of 
Indwelling Nasogastric Tube Positioning

Nasogastric tubes are widely used for EN 
delivery in clinical practice. Liquid food, wa-
ter, medicines, and nutrient solutions can be 
delivered via nasogastric tubes to provide the 
nutrients needed for normal physiological activ-
ities of patients, accelerate their recovery and 
rehabilitation, improve their quality of life, and 
reduce the incidence of malnutrition and other 
related complications7. However, complications 
such as accidental placement of the tube into the 
airway, pneumothorax, mediastinal emphysema, 
subcutaneous emphysema, pneumonia, pulmo-
nary hemorrhage, empyema, hemothorax, bron-
chopleural fistula, perforation of the esophagus, 
or even death can occur during nasogastric tube 
placement8-10. Therefore, accurately assessing the 
position of the nasogastric tube is critical. 

Methods for assessing the position of the naso-
gastric tube mainly include auscultation, modified 
body surface estimate, and imaging11. For aus-

cultation, 10 ml of air is insufflated through the 
nasogastric tube and then a stethoscope is placed 
over the epigastrium to listen for a whooshing 
sound. However, the volume of gastric fluid and 
intra-abdominal bruits may affect auscultation, 
which can seriously affect its clinical application 
in the assessment of nasogastric tube positioning. 
In the modified body surface estimate method, the 
insertion length of the nasogastric tube is estimat-
ed by measuring the distance from the hairline at 
the center of the forehead to the umbilicus (approx-
imately 53-63 cm), which is obviously longer than 
the conventional length of a nasogastric tube. This 
method can improve the effect of gastrointestinal 
decompression using a nasogastric tube and reduce 
the occurrence of complications. However, it can-
not accurately determine the position of the naso-
gastric tube12,13. Imaging methods used to confirm 
the position of the nasogastric tube mainly include 
radiography, gastroscopy, and POCUS. X-ray ex-
amination is the gold standard for confirming the 
position of the nasogastric tube. It can determine 
the position and placement of the nasogastric tube. 
However, due to the radiation-related risks, this 
method is inappropriate for repeated use within a 
short period. Gastroscopy allows real-time local-
ization of the nasogastric tube under direct vision 
but is an invasive procedure and cannot ensure 
correct length of the nasogastric tube14. 

When compared with the aforementioned 
methods, POCUS has the advantages of being 
non-invasive, radiation-free, and highly repeat-
able15. Moreover, it is not affected by the position 
of the neck and is the most widely used method in 
the clinic16,17. To evaluate the accuracy of POCUS 
in determining the position of the nasogastric 
tube, Vigneau et al16 compared POCUS and X-ray 
examination to detect the position of the nasoga-
stric tube in 33 adult ICU patients and found that 
the sensitivities of POCUS and X-ray examina-
tion were similar at 97% and 100%, respectively. 
However, POCUS was significantly faster than 
X-ray examination (24 min vs. 180 min). Thus, 
POCUS is more suitable for detecting the position 
of the nasogastric tube in critically ill patients. 
Moreover, Atalay et al18 verified the reliability 
and accuracy of POCUS in detecting the position 
of the nasogastric tube in critically ill children.

Role of POCUS in the Assessment 
of Indwelling Nasointestinal 
Tube Positioning

Nasointestinal tube feeding is the most com-
mon form of post-pyloric feeding. For patients 

Table I. Application of POCUS in patients receiving enteral 
nutrition.

Application

Confirmation of nasogastric tube
Confirmation of nasointestinal tube
Assessment of GRV
Assessment of gastrointestinal motility
Monitoring the nutritional status
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who are at a higher risk of reflux and aspiration, 
or intolerant to nasogastric tube feeding, creating 
access routes for the nasointestinal tube to deliver 
nutritional support is recommended19. An enteral 
feeding tube is inserted into the horizontal part of 
the duodenum or jejunum through the nose. The 
insertion length is approximately 105–120 cm, 
which is equivalent to the distance from the tip of 
the nose to the jejunum20. 

Methods for nasointestinal tube placement 
mainly include blind placement, gastrosco-
py-guided tube placement, X-ray-guided tube 
placement, and electromagnetic navigation-guid-
ed tube placement, all of which have various 
limitations21. Although the blind placement tech-
nique is widely used in clinical practice, it is 
more time-consuming and also associated with 
an increased risk of accidental entry of the tube 
into the airway. Moreover, multiple placement 
attempts may result in severe damage. Anesthe-
sia is required during gastroscopy-guided tube 
placement, leading to higher overall treatment 
costs for patients. X-ray fluoroscopy-guided tube 
placement is difficult to perform at the bedside 
due to the need to move the patients, making it 
unsuitable for critically ill patients. Moreover, 
X-ray radiation is harmful to the patients. The 
cost of using electromagnetic navigation is high, 
which hinders its popularity in clinical practice. 
In contrast, POCUS can provide noninvasive, 
bedside, real-time, and repeatable evaluation of 
patients who require nasointestinal tube feeding, 
especially critically ill patients22. 

The most important step in providing EN 
through a nasointestinal tube is to determine 
whether the tip of the nasointestinal tube has 
reached the horizontal part of the duodenum or 
jejunum. Methods for estimating the position of 
the nasointestinal tube tip mainly include auscul-
tation, color of the drainage from the nasointesti-
nal tube, pH testing, and the volume of drainage. 
However, these methods lack objectivity, and 
their accuracy needs to be further verified23. 

Imaging is the gold standard for determining the 
position of the nasointestinal tube but has many 
disadvantages. For example, X-ray examination 
is usually performed after the nasointestinal tube 
has been positioned. Thus, if the nasointestinal 
tube does not enter the jejunum, it needs to be 
adjusted and monitored repeatedly, which can 
cause damage to the body and increase radiation 
exposure to the patients and the operators24. 

With the advances in POCUS for intensive 
care, it is widely used to determine the position 

of the nasointestinal tube due to its conve-
nience, rapidity, accuracy, visualization, and 
dynamic reproducibility. Zhang et al25 used 
different methods to detect the position of the 
nasointestinal tube in critically ill patients and 
reported that the sensitivity, specificity, positive 
predictive value, negative predictive value, and 
accuracy were 78.6%, 25.0%, 94.5%, 6.6%, 
and 75.2%, respectively for the auscultation 
method, and 72.7%, 75.0%, 97.9%, 14.2%, and 
72.0%, respectively for the withdrawal method. 
The sensitivity, specificity, and accuracy were 
100% for POCUS, indicating its superiority 
over the auscultation and withdrawal methods 
for detecting the position of the nasointestinal 
tube. Ye et al26 used X-ray examination and 
computed tomography (CT) as gold standards 
for comparison with a POCUS contrast agent in 
45 critically ill patients to detect the position of 
the nasointestinal tube. The results showed that 
POCUS had a success rate of 95.6%. The tube 
was positioned successfully in the first attempt 
in 39 patients, with an average time of 1.6±0.5 
min. The tube was positioned successfully after 
several attempts in four patients, with an aver-
age time of 5.1±0.5 min. These results indicated 
that the POCUS contrast agent with EN fluid 
as the mixing medium can safely, accurately, 
and conveniently determine the position of the 
nasointestinal tube. The key to determining 
the position of the nasointestinal tube with 
POCUS is to detect the tram-track sign of the 
nasointestinal tube in the horizontal part of the 
duodenum. This method can determine whether 
the tip of the nasointestinal tube has entered the 
jejunum. However, it is often difficult to visu-
alize the duodenum in patients with abdominal 
distention, obvious pneumatosis intestinalis, or 
obesity26. 

Role of POCUS in the 
Assessment of GRV

Early EN maintains the integrity of the gastro-
intestinal mucosal barrier, reduces the activation 
of intestinal inflammatory factors, and prevents 
enterogenic infections. However, the incidence 
of feeding intolerance is higher, accounting for 
approximately 30.5% of all critically ill patients, 
which is an important concern in nutritional sup-
port therapy27. Increased GRV is an early sign of 
EN intolerance, which may lead to aspiration, 
malnutrition, prolonged duration of mechanical 
ventilation, longer hospitalization, and increased 
mortality28. Therefore, gastric motility of patients 
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can be dynamically observed to a certain extent 
by monitoring the GRV, and the EN protocol can 
be adjusted accordingly to ensure its safety and 
reduce the incidence of complications29. 

Although GRV monitoring has been exten-
sively used in clinical practice, the criteria for 
GRV monitoring have not been standardized. 
In 2016, the American Society for Parenteral 
and Enteral Nutrition30 suggested that attention 
should be paid to patients who had a GRV of 
200–500 mL and EN should not be stopped 
when the GRV is <500 mL without the signs of 
EN intolerance such as nausea, vomiting, and 
abdominal distention. However, the European 
Society of Intensive Care Medicine guidelines 
(2017)31 suggested that early EN is not recom-
mended for critically ill adult patients with a 
GRV >500 ml every six hours. Currently, GRV 
monitoring is routinely performed during EN, 
which is especially important for critically ill 
patients who are at a higher risk of reflux and 
aspiration. 

There are various methods for monitoring the 
GRV in ICU. (1) Intra-abdominal pressure mea-
surement: Intra-abdominal pressure levels repre-
sent the patients’ intestinal function, which can 
reliably reflect gastrointestinal mucosal damage 
and assist in GRV assessment. However, intra-ab-
dominal pressure measurement can be influenced 
by human factors and has low accuracy32. (2) 
Withdrawal technique: Currently, aspirating the 
gastric contents via a syringe or a gastrointesti-
nal decompression device is the most commonly 
used method for GRV monitoring. This method 
is simple, inexpensive, non-invasive, and easy to 
perform. However, in actual clinical application, 
the monitoring results are affected by various fac-
tors such as the gauge of the gastric tube and the 
method of aspiration. Thus, its accuracy needs 
further improvement33. 

POCUS has the advantages of simplicity, 
non-invasiveness, and dynamic real-time mon-
itoring, which facilitate GRV calculation by de-
termining the antral cross-sectional area (CSA). 
Hence, the use of POCUS has steadily in-
creased in clinical practice. POCUS can quan-
titatively measure the gastric contents (liquid 
or solid). It also allows quantitative evaluation 
by calculating antral CSA via measurement of 
two perpendicular diameters of the antrum and 
GRV estimation34. Delayed gastric emptying 
has been noted in patients with diabetes. Rabab 
et al35 used POCUS to detect gastric emptying 
in 25 fasting diabetic patients and the results 

were compared with those from 25 healthy 
controls. The results showed that antral CSA 
and GRV were higher in diabetic patients than 
in healthy controls (CSA: 13.8 [9.5-19.5] mm2 
vs. 8.8 [5.5-10.5] mm2, p<0.001; GRV: 177 [96-
275] mL vs. 83 [50-109] mL, p<0.001). GRV 
calculated using POCUS was consistent with 
the gastric contents aspirated from the nasoga-
stric tube, indicating that diabetic patients had 
a high GRV even eight hours after fasting. An-
other study showed that monitoring GRV using 
POCUS significantly reduced the incidence of 
reflux and aspiration when compared to mon-
itoring with the withdrawal method (8.3% vs. 
27.8%, p=0.032 and 2.8% vs. 16.7%, p=0.047, 
respectively)36. Therefore, POCUS may be 
more suitable for monitoring GRV compared to 
the withdrawal method.

Role of POCUS in the Assessment of 
Gastrointestinal Motility

Gastric motility refers to the contraction and 
peristalsis of gastric smooth muscles, including 
the strength and frequency of gastric muscle 
contractions. Detection of gastric motility can 
effectively evaluate the gastrointestinal function 
of patients and assist in adjusting their mode 
of nutrition and nutritional support plan37. The 
criteria for evaluating gastric motility include 
gastric emptying time, gastric electrical activity, 
gastric volume, gastric compliance, and intragas-
tric pressure38. 

Gastric pressure can directly reflect gastric 
contraction39. A pressure catheter is inserted into 
the stomach to measure the changes in intra-
gastric pressure caused by gastric contractions 
during the interdigestive and digestive phases. 
This method allows intragastric pressure mon-
itoring and provides insights into the circadian 
rhythms of the upper gastrointestinal tract. How-
ever, measurement of gastric pressure requires a 
longer recording time, and analysis of the results 
is complex, which limits the popularity of this 
method in clinical practice.

Gastric electrical activity is mainly monitored 
by electrogastrogram (EGG)40. Electrical signals 
are recorded after fasting for 30 min and after a 
meal for 30–60 min. The EGG variables mea-
sured in this method include dominant frequency, 
dominant power, percentage of normal gastric 
rhythm, percentage of bradygastria, percentage 
of tachygastria, and the power ratio before and 
after a meal. EGG is a simple technique, which 
is the first choice for determining gastric motility 
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disorders. However, although EGG provides clear 
information on the frequency of gastric contrac-
tions, it cannot directly reflect the gastric motility 
and volume changes.

In 1980, McDicken et al41 used real-time PO-
CUS to record dynamic images of gastric con-
tractions. POCUS has been routinely utilized 
in clinical practice for the evaluation of gastric 
motility in patients with gastrointestinal disor-
ders. Gilja et al42 used POCUS to evaluate gas-
tric accommodation and the proximal gastric 
volume by measuring the proximal gastric area 
and maximum diameter. They used POCUS to 
assess the cross-section of gastric antrum, body, 
and fundus of 18 fasting healthy volunteers who 
received 250 mL of water, 500 mL of water, 500 
mL of effervescent water, and a solid meal. The 
findings revealed a linear correlation between 
antral CSA and gastric volume >300 ml, but not 
between antral CSA and gastric volume <300 
ml, suggesting that POCUS can determine the 
presence and properties of gastric contents (gas, 
liquid, or solid). A prospective observational 
study by Taskin et al43 evaluated the correlation 
between ultrasonographic gastric antral measure-
ments and GRV in critically ill patients receiving 
EN. The receiver operating characteristic curve 
analysis showed that gastric antral CSA was sig-
nificantly related to GRV ≥250 ml (area under the 
curve: 0.969, 95% confidence interval: 0.94-0.99, 
p<0.0001). In addition, POCUS can assess gastric 
motility by measuring the gastric emptying time. 
Christiane et al44 found that gastric antral CSA 
was significantly correlated with fasting time 
(r=−0.53, p<0.0001) in 22 infants who received 
either breast or formula milk. Gastric antral CSA 
measured at approximately 3 h (199±16 [175-225] 
min) after feeding was similar to that before feed-
ing. The mean gastric emptying time calculated 
using a linear regression model was 218 min, 
indicating that complete gastric emptying could 
be achieved in infants who had breast or formula 
milk 4 h before surgery. With further advances in 
detection technologies and devices, three-dimen-
sional POCUS can directly observe the distribu-
tion of food in the stomach, calculate the total 
gastric volume/proximal volume ratio at different 
times, and evaluate the changes in gastric accom-
modation after a meal with greater accuracy than 
traditional POCUS. However, three-dimensional 
POCUS is a complex technique that is easily 
affected by the presence of gas in the stomach. 
Therefore, its clinical application value needs 
further exploration45. 

Role of POCUS in Monitoring the 
Nutritional Status of Patients

Malnutrition and rapid decline in nutritional 
status are common in critically ill ICU patients. 
The incidence of malnutrition in ICU patients is 
40-100%. Different conditions can lead to rapid 
weight loss. Patients with single organ failure 
can lose approximately 5% of their body weight, 
while patients with multiple organ failure can lose 
up to 25% of their body weight46. The diagnosis 
of malnutrition is recommended to be confirmed 
if patients have two or more of the following con-
ditions: insufficient energy intake, weight loss, 
loss of muscle mass, loss of subcutaneous fat, 
localized or generalized fluid accumulation, acute 
disease or injury, chronic disease, or changes in 
the functional status47. 

Skeletal muscle wasting is more common in 
critically ill patients and is associated with poor 
prognosis including longer duration of mechan-
ical ventilation, longer hospitalization, and in-
creased 1-year mortality.

Puthucheary et al48 observed a decrease of 
12.5% in the rectus femoris CSA (RF-CSA) 
on day 7 and 17.7% on day 10 in critically ill 
patients after ICU admission. Moreover, there 
was a significant association between change 
in the RF-CSA and the length of ICU stay, in-
dicating that skeletal muscle wasting occurred 
early in critically ill patients. Therefore, skeletal 
muscle wasting is an important factor affecting 
the prognosis and quality of life of critically ill 
patients and has received increasing attention for 
monitoring the nutritional status of these patients. 
CT is the principal method for the measurement 
of skeletal muscles, which can analyze the en-
tire muscle by measuring the CSA of a specific 
muscle. Other methods used to measure skeletal 
muscles include dual-energy X-ray absorptiome-
try and magnetic resonance imaging. However, 
these imaging methods are only limited to stable 
patients who can undergo examinations outside 
the patients’ room, but unsuitable for critically 
ill patients in the ICU. In addition, these imaging 
methods involve exposure to high doses of radi-
ation and cannot be used for daily monitoring of 
critically ill patients49. 

With the widespread application of POCUS 
in the ICU, peripheral skeletal muscle POCUS 
has become the most commonly used tool for 
the diagnosis of skeletal muscle wasting and risk 
stratification due to its rapid and non-invasive 
nature. POCUS can measure the thickness and 
CSA of the upper and lower limb muscles. The 
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thumb adductor pollicis muscle thickness (AP-
MT), quadriceps muscle layer thickness (QMLT), 
and RF-CSA are the most commonly measured 
parameters using POCUS50. (1) APMT: This pa-
rameter is significantly associated with the nu-
tritional status. It can predict malnutrition after 
surgery, with good sensitivity and specificity. 
APMT can assess the nutritional status and pre-
dict mortality in critically ill patients. Caporossi 
et al46 found that APMT values of both hands 
were significantly lower in severely malnourished 
patients when compared to patients with normal 
nutritional status. Moreover, the risk of death 
was approximately six times higher in patients 
with abnormal APMT values than in those with 
normal APMT values. In patients undergoing ma-
jor abdominal surgery, the risk of postoperative 
death was approximately 25% higher in patients 
with low APMT values. These patients also had a 
higher incidence of postoperative complications. 
(2) QMLT: The quadriceps femoris muscle in-
cludes the rectus femoris, vastus lateralis, vastus 
medialis, and vastus intermedius. For critically ill 
patients who are immobilized, quadriceps muscle 
size and function as well as persistent quadriceps 
muscle injuries are considered important contrib-
utors to reduced exercise capacity, and increased 
morbidity and mortality. Thus, these factors have 
important implications for patient prognosis. 
The quadriceps femoris muscle is surrounded 
by well-defined fascia. Hence, QMLT is easy to 
identify and measure, especially in patients with 
acute renal failure. QMLT is not affected by fluid 
overload and rapid transfer of body fluids and has 
unique advantages over other forms of assess-
ment51. However, the VALIDUM study52 suggest-
ed that assessment of the nutritional status using 
QMLT may not be accurate in patients with low 
muscle mass, and other predictive factors such 
as age, gender, and body mass index need to be 
considered. (3) RF-CSA: During immobilization, 
the type II fibers from the postural muscles are 
initially consumed and subsequently replaced by 
type I fibers. Hence, rectus femoris is maximally 
consumed during immobilization. A study by 
Palakshappa et al53 involving patients with sepsis 
showed a moderate correlation between muscle 
strength and the rate of change in the RF-CSA 
at seven days after admission. However, there 
was no significant correlation between muscle 
strength and static RF-CSA measurements at ad-
mission or on day 7. Similarly, Puthucheary et al54 
found that 10 days after ICU admission, reduction 
in the RF-CSA was greater in mechanically ven-

tilated patients who developed muscle weakness 
than in those who did not. Moreover, changes in 
muscle thickness did not correlate with muscle 
weakness. Changes in the RF-CSA may provide 
a more accurate assessment of muscle strength 
rather than muscle thickness.

Limitations and Future Prospects
The main disadvantages of POCUS are as fol-

lows: POCUS needs to be performed by highly 
skilled operators to obtain consistent measure-
ments and minimize measurement errors. Pres-
ence of gas in the stomach might lead to errors 
in POCUS findings due to comet-tail artifacts 
(reverberation artifacts). POCUS is unsuitable for 
obese patients or those with anatomical variations 
of the stomach. POCUS cannot be used for eval-
uation of cases where the fundus is located poste-
rior to the rib cage, making it difficult to observe 
the gastric structures. In addition, POCUS is 
highly dependent on operator’s skills for evaluat-
ing skeletal muscles. Excessive compression with 
the probe, probe orientation, and the presence of 
subcutaneous edema can markedly alter the PO-
CUS images and influence the results55. 

Conclusions

POCUS is a real-time, highly repeatable, ra-
diation-free, and non-invasive visual inspection 
technique. It has high application value in as-
sessing the nutritional status of patients receiving 
EN and in guiding further nutritional treatment 
plans, contributing to improvement in the prog-
nosis of critically ill patients. It is an important 
diagnostic and monitoring tool that can be used 
by the clinicians in the ICU.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Arabi YM, Casaer MP, Chapman M, Heyland DK, 
Ichai C, Marik PE, Martindale RG, McClave SA, 
Preiser JC, Reignier J. The intensive care med-
icine research agenda in nutrition and metabo-
lism. Inten-sive Care Med 2017; 43: 1239-1256.

 2) Singer P, Blaser AR, Berger MM, Alhazzani W, 
Calder PC, Casaer MP, Hiesmayr M, Mayer K, 
Mon-tejo JC, Pichard C. ESPEN guideline on clin-
ical nutrition in the intensive care unit. Clin Nutr 
2019; 38: 48-79.



Application of point-of-care ultrasound in patients receiving enteral nutrition

3925

 3) McClave SA, Taylor BE, Martindale RG, War-
ren MM, Johnson DR, Braunschweig C, McCar-
thy MS, Davanos E, Rice TW, Cresci GA. Guide-
lines for the Provision and Assessment of Nutri-
tion Support Therapy in the Adult Critically Ill Pa-
tient: Society of Critical Care Medicine (SCCM) 
and American Society for Parenteral and Enter-
al Nutrition (A.S.P.E.N.). JPEN J Parenter Enteral 
Nutr 2016; 40: 159-211.

 4) Ruiz-Santana S, Arboleda Sánchez JA, Abilés J. 
[Guidelines for specialized nutritional and meta-
bolic support in the critically-ill patient. Update. 
Consensus of the Spanish Society of Intensive 
Care Medi-cine and Coronary Units-Spanish So-
ciety of Parenteral and Enteral Nutrition (SEMI-
CYUC-SENPE): nutritional assessment]. Med In-
tensiva 2011; 35: 12-16.

 5) Minnelli N, Gibbs L, Larrivee J, Sahu KK. Chal-
lenges of Maintaining Optimal Nutrition Status in 
COVID-19 Patients in Intensive Care Settings. 
JPEN J Parenter Enteral Nutr 2020; 44: 1439-1446.

 6) Smith S, Madden AM. Body composition and 
functional assessment of nutritional status in 
adults: a narrative review of imaging, impedance, 
strength and functional techniques. J Hum Nutr 
Diet 2016; 29: 714-732.

 7) Artinian V, Krayem H, DiGiovine B. Effects of ear-
ly enteral feeding on the outcome of critically ill 
me-chanically ventilated medical patients. Chest 
2006; 129: 960-967.

 8) Guthrie DB, Pezzollo JP, Lam DK, Epstein RH. 
Tracheopulmonary Complications of a Malposi-
tioned Nasogastric Tube. Anesth Prog 2020; 67: 
151-157.

 9) Yanagawa Y. Pneumothorax induced by the in-
correct insertion of a nasogastric tube. Acute Med 
Surg 2020; 7: e590.

10) Zatelli M, Vezzali N. 4-Point ultrasonography to 
confirm the correct position of the nasogastric 
tube in 114 critically ill patients. J Ultrasound 
2017; 20: 53-58.

11) Mordiffi SZ, Goh ML, Phua J, Chan YH Confirming 
nasogastric tube placement: Is the colorimeter as 
sensitive and specific as X-ray? A diagnostic accu-
racy study. Int J Nurs Stud 2016; 61: 248-257.

12) Levy H: Nasogastric and nasoenteric feeding 
tubes. Gastrointest Endosc Clin N Am 1998; 8: 
529-549.

13) Liao GS, Hsieh HF, Wu MH, Chen TW, Yu JC, 
Liu YC. Knot formation in the feeding jejunostomy 
tube: a case report and review of the literature. 
World J Gastroenterol 2007; 13: 973-974.

14) McFarland A. A cost utility analysis of the clini-
cal algorithm for nasogastric tube placement con-
firma-tion in adult hospital patients. J Adv Nurs 
2017; 73: 201-216.

15) Bitar ZI, Maadarani OS, Zaalouk TM, Mohsen MJ, 
Elshabasy RD, Elzoueiry MM. The use of point-
of-care ultrasound to guide clinical management 
in intra-abdominal hypertension. J Ultrasound 
2021; 24: 183-189.

16) Vigneau C, Baudel JL, Guidet B, Offenstadt G, 
Maury E. Sonography as an alternative to radiog-
raphy for nasogastric feeding tube location. Inten-
sive Care Med 2005; 31: 1570-1572.

17) Piton G, Parel R, Delabrousse E, Capellier G. 
Echography for nasogastric tube placement veri-
fication. Eur J Clin Nutr 2017; 71: 669-670.

18) Atalay YO, Aydin R, Ertugrul O, Gul SB, Polat AV, 
Paksu MS. Does Bedside Sonography Effective-
ly Identify Nasogastric Tube Placements in Pedi-
atric Critical Care Patients? Nutr Clin Pract 2016; 
31: 805-809.

19) Heiselman DE, Vidovich RR, Milkovich G, Black 
LD. Nasointestinal tube placement with a pH sen-
sor feeding tube. JPEN J Parenter Enteral Nutr 
1993; 17: 562-565.

20) Metheny NA, Smith L, Stewart BJ. Development 
of a reliable and valid bedside test for bilirubin 
and its utility for improving prediction of feeding 
tube location. Nurs Res 2000; 49: 302-309.

21) Westhus N. Methods to test feeding tube place-
ment in children. MCN Am J Matern Child Nurs 
2004; 29: 282-287.

22) Li de C, Li RH, Tian Q. Efficacy of intestinal de-
compression with long nasointestinal tube and 
selec-tive contrast radiography in the treatment of 
small bowel obstruction in elderly patients. Miner-
va Chir 2016; 71: 85-90.

23) Metheny NA, Stewart BJ, Smith L, Yan H, Diebold 
M, Clouse RE. pH and concentrations of pepsin 
and trypsin in feeding tube aspirates as predic-
tors of tube placement. JPEN J Parenter Enteral 
Nutr 1997; 21: 279-285.

24) Metheny NA, Stewart BJ, Smith L, Yan H, Die-
bold M, Clouse RE. pH and concentration of bil-
irubin in feeding tube aspirates as predictors of 
tube placement. Nurs Res 1999; 48: 189-197.

25) Zhang MQ, Chen H, Zhang K, Shen Y, Li G, Han 
NN, Li SQ, Xu QR. [Rapid location of nasointes-
ti-nal tube by bedside ultrasound for critical pa-
tients in emergency intensive care unit]. Zhong-
hua Yi Xue Za Zhi 2016; 96: 2307-2310.

26) Ye RZ, Peng CZ, Sun RH, Liu JQ, Yang XH, Du 
LP, Wu WH. [Preliminary application value of ul-
tra-sound contrast agent with enteral nutrition-
al suspension as mixed medium in locating in-
dwelling naso-intestinal tube in critically ill pa-
tients]. Zhonghua Yi Xue Za Zhi 2019; 99: 2586-
2591.

27) Deitch EA. Role of the gut lymphatic system in 
multiple organ failure. Curr Opin Crit Care 2001; 
7: 92-98.

28) Leaphart CL, Tepas JJ, 3rd. The gut is a motor 
of organ system dysfunction. Surgery 2007; 141: 
563-569.

29) Wilmore DW. Rhoads lecture. The practice of 
clinical nutrition: how to prepare for the future. 
JPEN J Parenter Enteral Nutr 1989; 13: 337-
343.

30) Warren M, McCarthy MS, Roberts PR. Practical 
Application of the Revised Guidelines for the Provi-



H.-Y. Wang, Y.-H. Lin, W.-T. Chen, J.-B. Chen

3926

sion and Assessment of Nutrition Support Therapy 
in the Adult Critically Ill Patient: A Case Study Ap-
proach. Nutr Clin Pract 2016; 31: 334-341.

31) Reintam Blaser A, Starkopf J, Alhazzani W, Berg-
er MM, Casaer MP, Deane AM, Fruhwald S, Hies-
mayr M, Ichai C, Jakob SM. Early enteral nutri-
tion in critically ill patients: ESICM clinical practice 
guidelines. Intensive Care Med 2017; 43: 380-398.

32) Soler-Morejón CD, Lombardo-Vaillant TA, Tam-
argo-Barbeito TO, Wise R, Malbrain M. Re-op-
erative abdominal predictive score: a prognostic 
model combining Acute Re-intervention Predic-
tive Index and intra-abdominal pressure. Anaes-
thesiol Intensive Ther 2017; 49: 358-365.

33) Elke G, Felbinger TW, Heyland DK. Gastric resid-
ual volume in critically ill patients: a dead marker 
or still alive? Nutr Clin Pract 2015; 30: 59-71.

34) Bouvet L, Mazoit JX, Chassard D, Allaouchiche 
B, Boselli E, Benhamou D. Clinical assessment 
of the ultrasonographic measurement of antral ar-
ea for estimating preoperative gastric content and 
volume. Anesthesiology 2011; 114: 1086-1092.

35) Sabry R, Hasanin A, Refaat S, Abdel Raouf S, 
Abdallah AS, Helmy N. Evaluation of gastric re-
sidual volume in fasting diabetic patients us-
ing gastric ultrasound. Acta Anaesthesiol Scand 
2019; 63: 615-619.

36) Chen WT, Yuan DQ, Du MJ, Chen Y. Application 
of point-of-care ultrasound in monitoring gastric 
re-sidual volume in neurosurgical critical patients 
with enteral nutrition support. Int J Clin Exp Med 
2019; 12: 7465-7471.

37) Rostas JW, 3rd, Mai TT, Richards WO. Gastric 
motility physiology and surgical intervention. Surg 
Clin North Am 2011; 91: 983-999.

38) Maurer AH. Enhancing Scintigraphy for Evalua-
tion of Gastric, Small Bowel, and Colonic Motility. 
Gastroenterol Clin North Am 2020; 49: 499-517.

39) Ashkenazi E, Kovalev Y, Zuckerman E. Evaluation 
and treatment of esophageal varices in the cirrhot-
ic patient. Isr Med Assoc J 2013; 15: 109-115.

40) Riezzo G, Russo F, Indrio F. Electrogastrography 
in adults and children: the strength, pitfalls, and 
clin-ical significance of the cutaneous recording 
of the gastric electrical activity. Biomed Res Int 
2013; 2013: 282757.

41) Holt S, McDicken WN, Anderson T, Stewart IC, 
Heading RC. Dynamic imaging of the stomach by 
re-al-time ultrasound--a method for the study of 
gastric motility. Gut 1980; 21: 597-601.

42) Gilja OH, Hausken T, Odegaard S, Berstad A. 
Monitoring postprandial size of the proximal 
stomach by ultrasonography. J Ultrasound Med 
1995; 14: 81-89.

43) Taskin G, Inal V, Yamanel L. Does ultrasono-
graphic assessment of gastric antrum correlate 
with gastric residual volume in critically ill pa-
tients? A prospective observational study. J Clin 
Monit Comput 2021; 35: 923-929.

44) Beck CE, Witt L, Albrecht L, Winstroth AM, Lange 
M, Dennhardt N, Boethig D, Sümpelmann R. 

Ul-trasound assessment of gastric emptying time 
in preterm infants: A prospective observational 
study. Eur J Anaesthesiol 2019; 36: 406-410.

45) Pal M, Singh P, Tayal R, Dehmiwal D, Behl SM, 
Kumar S, Chandolia RK. A comparative study 
of two-dimensional and three-dimensional ultra-
sonography in evaluation of gastric affections in 
dogs. Vet World 2015; 8: 707-712.

46) Caporossi FS, Caporossi C, Borges Dock-Nasci-
mento D, de Aguilar-Nascimento JE. Measure-
ment of the thickness of the adductor pollicis 
muscle as a predictor of outcome in critically ill 
patients. Nutr Hosp 2012; 27: 490-495.

47) Dres M, Dubé BP, Mayaux J, Delemazure J, Reuter 
D, Brochard L, Similowski T, Demoule A. Coex-is-
tence and Impact of Limb Muscle and Diaphragm 
Weakness at Time of Liberation from Mechanical 
Ventilation in Medical Intensive Care Unit Patients. 
Am J Respir Crit Care Med 2017; 195: 57-66.

48) Puthucheary ZA, Rawal J, McPhail M, Connolly 
B, Ratnayake G, Chan P, Hopkinson NS, Phadke 
R, Dew T, Sidhu PS. Acute skeletal muscle wast-
ing in critical illness. JAMA 2013; 310: 1591-1600.

49) Wallace JD, Calvo RY, Lewis PR, Brill JB, Shack-
ford SR, Sise MJ, Sise CB, Bansal V. Sarcopenia 
as a predictor of mortality in elderly blunt trau-
ma patients: Comparing the masseter to the pso-
as using computed tomography. J Trauma Acute 
Care Surg 2017; 82: 65-72.

50) Wijntjes J, van Alfen N. Muscle ultrasound: Pres-
ent state and future opportunities. Muscle Nerve 
2021; 63: 455-466.

51) Parry SM, El-Ansary D, Cartwright MS, Sarwal A, 
Berney S, Koopman R, Annoni R, Puthucheary Z, 
Gordon IR, Morris PE. Ultrasonography in the in-
tensive care setting can be used to detect chang-
es in the quality and quantity of muscle and is re-
lated to muscle strength and function. J Crit Care 
2015; 30: 1151-1159.

52) Paris MT, Mourtzakis M, Day A, Leung R, 
Watharkar S, Kozar R, Earthman C, Kuchnia A, 
Dhaliwal R, Moisey L. Validation of Bedside Ultra-
sound of Muscle Layer Thickness of the Quadri-
ceps in the Critically Ill Patient (VALIDUM Study). 
JPEN J Parenter Enteral Nutr 2017; 41: 171-180.

53) Palakshappa JA, Reilly JP, Schweickert WD, Ander-
son BJ, Khoury V, Shashaty MG, Fitzgerald D, Fork-
er C, Butler K, Ittner CA. Quantitative peripheral mus-
cle ultrasound in sepsis: Muscle area supe-rior to 
thickness. J Crit Care 2018; 47: 324-330.

54) Puthucheary ZA, McNelly AS, Rawal J, Connol-
ly B, Sidhu PS, Rowlerson A, Moxham J, Har-
ridge SD, Hart N, Montgomery HE. Rectus Femo-
ris Cross-Sectional Area and Muscle Layer Thick-
ness: Comparative Markers of Muscle Wasting 
and Weakness. Am J Respir Crit Care Med 2017; 
195: 136-138.

55) Zieleskiewicz L, Bouvet L, Einav S, Duclos G, Le-
one M. Diagnostic point-of-care ultrasound: ap-
plica-tions in obstetric anaesthetic management. 
Anaesthesia 2018; 73: 1265-1279.


