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Abstract 

Background and objective: At present, the enteral nutrition approaches via nose 
and duodenum (or nose and jejunum) are the preferred method of nutritional sup-
port in the medical engineering field, given the superiority of in line with physiologi-
cal processes and no serious complication. In this study, the authors adopted saline 
as the acoustic window, and gave enteral nutrition support to critically ill patients, via 
the nasogastrojejunal approach guided by semi-automated ultrasound. These above 
patients benefited a lot from this kind of nutrition support treatment, and we aimed to 
report the detailed information.

Methods: Critically ill patients (n = 41) who had been treated with hospitalized 
intestine nutrition were identified. The Apogee 1200 ultrasonic diagnostic apparatus, 
and nasogastrojejunal tubes were adopted to carry out intestine nutrition treatment 
guided by semi-automated ultrasound. In order to confirm the specific positions of car-
dia, gastric body, antrum of stomach, and pylorus, the semi-automated ultrasound was 
utilized to probe the stomach cavity. And then, the ultrasonic probe was placed in the 
cardia location, and the nasogastrojejunal tube was slowly inserted through the metal 
thread. After operation, the nursing service satisfaction of patients and mean operation 
time were calculated, respectively.

Results: All the patients were treated with enteral nutrition via nasogastrojejunal tube, 
and the whole procedure was under the guidance of semi-automated ultrasonog-
raphy. The end of the feeding tube is attached to the surface of the stomach with a 
greater curvature, which can be bent on account of a no gastric peristalsis squeeze 
function, and thereby were prevented from entering into the antrum and pylorus loca-
tions. After this procedure, the mental thread was taken out, and the tube was pushed 
forward by a “drift” approach in order to allow it to enter into the intestine. The total 
nursing service satisfaction of patients was 90.24%, and the total incidence of adverse 
reactions was 17.07%.

Conclusions: In summary, the application of saline can be taken as sound window, 
and the metal wire as the tracking target, the bedside nasogastrojejunal tube guided 
by semi-automated ultrasound is an effective feeding tube placement method, with 
relatively good clinical application value in medical engineering.
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Background
Nutrition support is one major development of clinical medicine in the twentieth cen-
tury, and has become an indispensable constituent part in the treatment of critically ill 
patients, in order to alleviate the nutritional deficit [1, 2]. Enteral nutrition has achieved 
significant advances in decades, and is beneficial for the patients who have functional 
guts but can not meet their nutritional requirements via normal diet, on account of can-
cer, HIV, stroke, multiple sclerosis, dementia, etc. [3–5]. This kind of enteral feeding can 
be delivered by means of various approaches, including nasogastric tube, percutaneous 
endoscopic gastrostomy, jejunostomy. In general, during the period of enteral nutri-
tion, the providers also need to assess the nutritional status, and evaluate the nutritional 
requirements of patients [6]. Besides, the development of enteral nutrition also requires 
multidisciplinary teams, such as the extended roles for dietitians and nurses, etc. [7]. In 
addition, more and more serious aging society, various diseases mentioned above, the 
swallowing difficulties and malnutrition resulted from various complications, are all the 
main reasons why rapidly increasing enteral nutrition is needed [8, 9].

At present, the enteral nutrition approaches via nose and duodenum (or nose and 
jejunum) are the preferred method of nutritional support in medical engineering, given 
the superiority of in line with physiological processes and no serious complication [10, 
11]. In this study, the authors adopted saline as the acoustic window, and gave enteral 
nutrition support treatment to critically ill patients, via the nasogastrojejunal approach 
guided by semi-automated ultrasound. These above patients benefited a lot from this 
kind of nutrition support, and we reported the detailed information as followed.

Methods
Clinical data of the identified patients

This research was approved beforehand by the institution ethics committee in our hospi-
tal. According to the relevant regulations of ethics, the informed consent of patients had 
been obtained before investigation. 41 critically ill patients who would be treated with 
hospitalized intestine nutrition were identified in our department, from February 2015 
to January 2017. In detail, 34 males and 7 females, the age ranged from 21 to 86 years 
old. 15 cases suffered from primary acute severe pancreatitis, 21 cases suffered from 
chronic obstructive pulmonary disease and respiratory failure, 3 cases suffered from cer-
ebral hemorrhage, 1 case suffered from erosive gastritis, 1 case suffered from multiple 
organ failure, as shown in Table 1 and Fig. 1. And, Fig. 2 illustrated the case number per 
year from 2015 to 2017.

Table 1 General information of patients identified in this study

Diseases Number Gender (male/female) Average age

Primary acute severe pancreatitis 15 13/2 48.20 ± 7.80

Chronic obstructive pulmonary disease 21 18/3 59.22 ± 7.77

Cerebral hemorrhage 3 1/2 68.21 ± 6.11

Erosive gastritis 1 1/0 35

Multiple organ failure 1 1/0 62
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Instrument and methods

The Apogee 1200 portable ultrasonic diagnostic apparatus (Japan), and Ch 12 nasogas-
trojejunal tubes (Manufacturer: Bai Tong in China) were adopted to carry out intestine 
nutrition treatment guided by semi-automated ultrasound. These included patients 
fasted for 6–8  h, and then received gastrointestinal decompression treatment for 1  h 
in order to vent the gas and food residues in the stomach, so that the images could be 
clearly displayed. The patients kept sober and took semi-recumbent, in order to make 
them coordinate work during treatment. The routine abdomen ultrasound was utilized 
to probe the stomach cavity, in order to confirm the specific positions of cardia, gastric 
body, antrum of stomach, and pylorus. And then, the ultrasonic probe was placed in the 
cardia location, and the nasogastrojejunal tube was slowly inserted through the metal 
thread. The ultrasonic diagnostic apparatus could capture the image of metal thread, 
and the intubationist slowly injected pre-heated physiological saline 300–400 ml. After-
wards, the ultrasonic probe was used to perform fan-shaped scan, with the purpose of 

Fig. 1 Distribution of primary diseases involved in this research

Fig. 2 Case number per year from 2015 to 2017
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Fig. 3 Captured image when the nasogastrojejunal tube entered into pylorus and duodenal bulb

knowing the specific location of nasogastrojejunal tube and the status of gastric motility. 
The intubationist slowly rotated the guide wire to make it follow the gastric motility, and 
at the same time slowly pushed the tube. The nasogastrojejunal tube straightly went into 
the pylorus, and was forwarded smoothly. When the intubationist felt empty, the tube 
entered into duodenum. The location of ultrasonic probe was adjusted, the duodenal 
bulb could be observed, and the ultrasonic echo of metal thread was stronger. And then 
the thread was pushed forward to another 110–120  cm. The bedside abdomen radio-
graphs were obtained to confirm whether the tube position was proper, and then the 
guide wire was took out. And then, the operator made sure that the patient was in a good 
condition, and then another 20 ml saline was injected again to assure the tube was unob-
structed, the gas over the water tone could be heard by umbilical auscultation. At last, 
the enteral nutrition pump was connected with the tube. After operation, the nursing 
service satisfaction of patients and mean operation time were calculated, respectively.

Results
General information

All the patients were treated by using nasogastrojejunal tubes via guidance of semi-auto-
mated ultrasonography, and the status of the patients during operations were all good. 
40 cases were successfully implanted, 1 case failed. The failed case suffered from mul-
tiple organ failure, and the gastric motility disappeared. The end of the feeding tube is 
attached to the surface of the stomach with a greater curvature, which can be bent on 
account of a no gastric peristalsis squeeze function, and thereby prevented from enter-
ing into the antrum and pylorus locations. After this procedure, the mental thread was 
taken out, and the tube was pushed forward by a “drift” approach in order to allow it to 
enter into the intestine. Nevertheless, the operation time lasted longer, and the nasogas-
trojejunal tube was placed into the intestine after 2 h. And, Fig. 3 illustrated the captured 
image when the nasogastrojejunal tube entered into pylorus and duodenal bulb.
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Average operation time of intubation

The average operation time of intubation in this study was displayed in Table 2. 15 cases 
suffered from primary acute severe pancreatitis, and the average operation time was 
48.20 ± 12.50 min. 21 cases suffered from chronic obstructive pulmonary disease, and 
the average operation time was 26.80 ± 6.52 min. 3 cases suffered from Cerebral hem-
orrhage, and the average operation time was 44.21 ± 4.59 min. 1 patients with Erosive 
gastritis, and 1 case failed.

Patients’ satisfaction degree

Besides, we made another questionnaire survey to investigate the patients’ satisfaction 
degree of nasogastrojejunal tube, and the result was illustrated in Table  3 and Fig.  4. 
The total nursing service satisfaction of patients was 90.24%. The satisfactory degree of 
patients with primary acute severe pancreatitis was 93.33%, the satisfactory degree of 
patients with chronic obstructive pulmonary disease was 90.48%, the satisfactory degree 
of patients with cerebral hemorrhage and erosive gastritis both were 100%. In general, 
the total nursing service satisfaction appeared high, more than 90%, which suggested 
that this kind of technique could be acceptable very well. Nevertheless, several serious 
complications occurred, on account of the diseases or the operators, and the nursing 
service satisfaction of these patients decreased.

Incidence of adverse drug reactions

In addition, in terms of incidence of adverse drug reactions among the identified patients 
in this study, we calculated them and listed in Table 4 and Fig. 5. The main adverse drug 
reactions in this research were stomachache, headache, nausea and vomiting. The inci-
dence of adverse reactions of primary acute severe pancreatitis was 6.67%, the inci-
dence of chronic obstructive pulmonary disease was 14.29%, the incidence of cerebral 

Table 2 Average operation time of intubation in this study

Diseases Number Average operation time (min)

Primary acute severe pancreatitis 15 48.20 ± 12.50

Chronic obstructive pulmonary disease 21 26.80 ± 6.52

Cerebral hemorrhage 3 44.21 ± 4.59

Erosive gastritis 1 32

Multiple organ failure 1 Failed

Table 3 Nursing service satisfaction of patients identified in this study

a Great satisfaction; b satisfaction; c dissatisfaction

Diseases Number 1a 2b 3c Total satisfactory (%)

Primary acute severe pancreatitis 15 6 8 1 93.33

Chronic obstructive pulmonary disease 21 7 12 2 90.48

Cerebral hemorrhage 3 1 2 0 100

Erosive gastritis 1 0 1 0 100

Multiple organ failure 1 0 0 1 0

In total 41 14 23 4 90.24
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Fig. 4 Nursing service satisfaction of patients suffering from different diseases

Table 4 Incidence of adverse reactions among the identified patients in this study

a Stomachache; b headache; c nausea and vomiting

Diseases Number 1a 2b 3c Total rate (%)

Primary acute severe pancreatitis 15 0 0 1 6.67

Chronic obstructive pulmonary disease 21 0 0 3 14.29

Cerebral hemorrhage 3 0 1 1 66.67

Erosive gastritis 1 0 0 0 0

Multiple organ failure 1 0 0 1 100

In total 41 0 1 6 17.07

Fig. 5 Adverse reactions resulting from different diseases
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hemorrhage was 66.67%, the incidence of erosive gastritis was 0%. At last, the total inci-
dence of adverse reactions was 17.07%.

Discussion
With the rapid development of medical engineering, the medical care of patients with 
critical illness has become increasingly complicated [12–14]. And the nutrition support 
has long been recognized as supportive therapy in critical care. In recent decades, the 
clinical nutrition has been evolving all the time, and it has been deemed as a form of 
therapy, rather than just a way of delivering nutrition [15–17]. Because several nutri-
tion might exert therapeutic effects via immunomodulation or liver protection, etc. For 
instance, among cancer patients, the enteral nutrition contributes to decrease the post-
operative complications and prolong survival time [18]. At present, the application of 
immune-enhancing enteral nutrition is an integral part of surgical guidelines. On the 
basis of latest ESICM clinical practice guidelines, the initiating enteral nutrition has 
been recommended to be provided within the first 24–48  h after intensive care unit 
admission, if the patients can not eat by themselves [19, 20].

The main approaches of enteral nutrition are various, but the commonly used and 
noninvasive method is nasogastrojejunal tube. The traditional method of intubation 
tube always depends on X ray or gastroscope, or only relies on the operator experi-
ence. When the intubationist just operates by his own experience, the success rate of 
intubation appears lower [21, 22]. When the intubationist operates under the guidance 
of X ray, the patients have to be moved, but the majority of patients are critically ill in 
the intensive care unit and are hard to be carried, especially for the patients who need 
mechanical ventilation [23, 24]. Nasogastrojejunal tube insertion is based on minimally 
invasive catheterization procedure that is combined with ultrasound guidance. This 
semi-automated device pertains to a class of medical imaging assisted equipment that 
can help patients in terms of enteral nutrition [25].

On the other hand, the superiorities of intubation guided by semi-automated ultra-
sound are as follows. (1) The operation by the bed is permitted, without moving the 
patient. And the operator can observe the location of nasogastrojejunal tube. (2) The 
operation guided by semi-automated ultrasound do not bring about radioactive injury, 
and the painful feeling of patients was smaller when receiving this noninvasive method. 
(3) It is cost-effective method, when compared with digital subtraction angiography and 
gastroscope. In addition, there are several points need to be addressed during imple-
mentation. (1) Before operation, the abrosia for 6–8 h is needed, as well as gastrointes-
tinal decompression for 1 h, in order to exclude interference resulted from food residue 
and gas in the stomach, and thereby to improve the image quality, to clearly display the 
tube position, and to reduce the failure rate of operation. (2) When the tube enters into 
gastral cavity, another 300–400 ml saline should be injected into tube. The saline should 
be placed in the incubator and be heated to 37 °C, to avoid unnecessary stimulation. The 
injected saline forms an acoustic window, so that the nasogastrojejunal can be clearly 
displayed. (3) The tube should be carried forward, with the help of gastric peristalsis, and 
this is also the pivotal point. The stomach cavity has two physiological curves, namely, 
stomach angle and pyloric region. The metal wire always remains extended position, 
and it is difficult to go through the two bending angles. When the peristaltic wave gets 
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through the two physiological bending, the bending angles disappear, and the extrusion 
force pushes forward the tube, until entering into duodenum. The only one failure case 
attributed to the disappearance of gastric motility in the patient suffering from multiple 
organ failure.

Conclusion
To sum up, the application of saline can be taken as sound window, and the metal wire as 
the tracking target, the bedside nasogastrojejunal tube guided by semi-automated ultra-
sound is an effective feeding tube placement method, with relatively good clinical appli-
cation value in medical engineering.
Authors’ contributions
Performed the literature review: YL; Carried out research: YL, YM, HR, and YY; Gave advice for setup: YY; Checked the valid-
ity of data: YL, YY. All authors read and approved the final manuscript.

Author details
1 Department of Critical Care Medicine, Second People’s Hospital of Shenzhen, Shenzhen 518035, People’s Republic 
of China. 2 Department of Neurosurgery, Longgang Central Hospital of Shenzhen, Shenzhen 518116, People’s Republic 
of China. 

Acknowledgements
The ICU research team leaded by Prof. Yongming Yao in the First Affiliated Hospital of PLA General Hospital gave the 
financial support for this research (Shenzhen’s Sanming Project, Grant No. SZSM201612011).

Competing interests
The authors declare that they have no competing interests.

Ethics approval and consent to participate
All the clinical information were obtained with informed consent (or a formal waiver of consent) with approval by the 
Research Ethics Boards in our hospital. And, the informed consents of patients were obtained beforehand [26, 27].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Received: 13 December 2017   Accepted: 27 January 2018

References
 1. Bloomer MJ, Clarke AB, Morphet J. Nurses’ prioritization of enteral nutrition in intensive care units: a national survey. 

Nurs Crit Care. 2017. https://doi.org/10.1111/nicc.12284.
 2. Boland K, Maher N, O’Hanlon C, O’Sullivan M, Rice N, Smyth M, Reynolds JV. Home enteral nutrition recipients: 

patient perspectives on training, complications and satisfaction. Frontline Gastroenterol. 2017;8:79–84.
 3. Buyukcoban S, Akan M, Koca U, Eglen MY, Ciceklioglu M, Mavioglu O. Comparison of two different enteral nutrition 

protocol in critically ill patients. Turk J Anaesthesiol Reanim. 2016;44:265–9.
 4. Chen ZH, Lin SY, Dai QB, Hua J, Chen SQ. The effects of pre-operative enteral nutrition from nasal feeding tubes on 

gastric outlet obstruction. Nutrients. 2017;9:E373.
 5. Heerasing N, Thompson B, Hendy P, Heap GA, Walker G, Bethune R, Mansfield S, Calvert C, Kennedy NA, Ahmad T, 

Goodhand JR. Exclusive enteral nutrition provides an effective bridge to safer interval elective surgery for adults 
with Crohn’s disease. Aliment Pharmacol Ther. 2017;45:660–9.

 6. Klek S, Scislo L, Walewska E, Choruz R, Galas A. Enriched enteral nutrition may improve short-term survival in stage IV 
gastric cancer patients: a randomized, controlled trial. Nutrition. 2017;36:46–53.

 7. Ma L, Luo GY, Ren YF, Qiu B, Yang H, Xie CX, Liu SR, Liu SL, Chen ZL, Li Q, Fu JH, Liu MZ, Hu YH, Ye WF, Liu H. Concur-
rent chemoradiotherapy combined with enteral nutrition support: a radical treatment strategy for esophageal 
squamous cell carcinoma patients with malignant fistulae. Chin J Cancer. 2017;36:8.

 8. Ojo O, Brooke J. Recent advances in enteral nutrition. Nutrients. 2016;8:E709.
 9. O’Leary-Kelley C, Bawel-Brinkley K. Nutrition support protocols: enhancing delivery of enteral nutrition. Crit Care 

Nurse. 2017;37:e15–23.
 10. Reintam Blaser A, Starkopf J, Alhazzani W, Berger MM, Casaer MP, Deane AM, Fruhwald S, Hiesmayr M, Ichai C, Jakob 

SM, Loudet CI, Malbrain ML, Montejo Gonzalez JC, Paugam-Burtz C, Poeze M, Preiser JC, Singer P, van Zanten AR, De 
Waele J, Wendon J, Wernerman J, Whitehouse T, Wilmer A, Oudemans-van Straaten HM. Early enteral nutrition in 
critically ill patients: ESICM clinical practice guidelines. Intensive Care Med. 2017;43:380–98.

 11. Shu XL, Kang K, Gu LJ, Zhang YS. Effect of early enteral nutrition on patients with digestive tract surgery: a meta-
analysis of randomized controlled trials. Exp Ther Med. 2016;12:2136–44.

https://doi.org/10.1111/nicc.12284


Page 9 of 9Li et al. BioMed Eng OnLine  (2018) 17:21 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

 12. Fletcher J. Giving nutrition support to critically ill adults. Nurs Times. 2015;111:12–6.
 13. Kiss N. Nutrition support and dietary interventions for patients with lung cancer: current insights. Lung Cancer 

(Auckl). 2016;7:1–9.
 14. Lheureux O, Preiser JC. Role of nutrition support in inflammatory conditions. Nutr Clin Pract. 2017;32:310–7.
 15. Marshall S, Agarwal E, Young A, Isenring E. Role of domiciliary and family carers in individualised nutrition support 

for older adults living in the community. Maturitas. 2017;98:20–9.
 16. Mulherin DW, Cogle SV. Updates in nutrition support for critically Ill adult patients. Hosp Pharm. 2017;52:17–26.
 17. Sajeev M, Cohen J, Wakefield CE, Fardell JE, Cohn RJ. Decision aid for nutrition support in pediatric oncology: a pilot 

study. JPEN. 2017;41:1336–47.
 18. Wei J, Chen W, Zhu M, Cao W, Wang X, Shi H, Dong B, Sun J, Chen H, Zhou Y, Zhou S, Xu J. Guidelines for parenteral 

and enteral nutrition support in geriatric patients in China. Asia Pac J Clin Nutr. 2015;24:336–46.
 19. Zhang H, Wang Y, Jiang ZM, Kondrup J, Fang H, Andrews M, Nolan MT, Mu SY, Zhang J, Yu K, Lu Q, Kang WM. Impact 

of nutrition support on clinical outcome and cost-effectiveness analysis in patients at nutritional risk: a prospective 
cohort study with propensity score matching. Nutrition. 2017;37:53–9.

 20. Holzinger U, Brunner R, Miehsler W, Herkner H, Kitzberger R, Fuhrmann V, Metnitz PG, Kamolz LP, Madl C. Jejunal 
tube placement in critically ill patients: a prospective, randomized trial comparing the endoscopic technique with 
the electromagnetically visualized method. Crit Care Med. 2011;39:73–7.

 21. Li J, Gu Y, Zhou R. Rhubarb to facilitate placement of nasojejunal feeding tubes in patients in the intensive care unit. 
Nutr Clin Pract. 2016;31:105–10.

 22. Li RH, Li DC, Lv XP, Quan B. Radiophotographically controlled nasointestinal intubation to treat recurrent postopera-
tive adhesive ileus. Cell Biochem Biophys. 2015;72:509–14.

 23. Li RH, Li DC, Tian QZ, Wu P, Zhang XH. Diagnosis of small bowel obstruction using targeted enterography during 
nasointestinal decompression. Cell Biochem Biophys. 2015;72:833–7.

 24. Stimac D, Poropat G, Hauser G, Licul V, Franjic N, Valkovic Zujic P, Milic S. Early nasojejunal tube feeding versus nil-by-
mouth in acute pancreatitis: a randomized clinical trial. Pancreatology. 2016;16:523–8.

 25. Wong KKL, Tu JY, Sun Z, Dissanayake DW. Methods in research and development of biomedical devices. Singapore: 
World Scientific Publishing Co.; 2013.

 26. Wong KKL, Hui SCN. Ethical principles and standards for the conduct of biomedical research and publication. Aus-
tralas Phys Eng Sci Med. 2015;38(3):377–80.

 27. Wong KKL, Chu WCW. Ethics policies and procedures in imaging and interventional radiology. Australas Phys Eng 
Sci Med. 2015;38(2):375–6.


	Semi-automated ultrasound guidance applied to nasogastrojejunal tube replacement for enteral nutrition in critically ill adults
	Abstract 
	Background and objective: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Clinical data of the identified patients
	Instrument and methods

	Results
	General information
	Average operation time of intubation
	Patients’ satisfaction degree
	Incidence of adverse drug reactions

	Discussion
	Conclusion
	Authors’ contributions
	References




