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Background: Compared with nasogastric nutrition, nasojejunal nutrition may prevent some complications of critically ill patients by maintaining better nutritional status, and blind placement of nasojejunal dwelling feeding tubes is widely used. However, the visual placement seems to be safer and more effective than the blind placement, and is still seldom reported.

Objective: We tried to develop visual placement of a nasojejunal feeding tube in intensive care unit patients.

Methods: A total of 122 patients receiving mechanical ventilation were admitted to the Department of Critical Care Medicine of the Fifth Affiliated Hospital of Wenzhou Medical University and received the placement of nasojejunal feeding tubes. These patients were randomly and evenly assigned into two groups, one group receiving visual placement of nasojejunal dwelling feeding tubes and another group receiving blind placement. Actual tube placement was confirmed by X-ray. The primary outcome included the success rates of first placement of feeding tubes. The secondary outcome included the time of tube placement, complications, the total cost, heart rates and respiratory rates.

Results: The primary outcome showed that the success rates of first placement were 96.70% (59 cases/61 cases) in the visual placement group, and two cases failed due to pyloric stenosis and gastroparesis. The success rates were 83.6% (51 cases/61 cases) in the blind placement group and 10 cases failed due to either wrong placement or retrograde tube migration. The success rates in the visual placement group were higher than that in the blind placement group (P = 0.015). The secondary outcome showed that the time of tube placement in the visual placement group was shorter than that in the blind placement group (P < 0.0001). The cost of tube placement in the visual placement group was higher than that in the blind placement group (P < 0.0001). The statistical differences in complications, heart and respiratory rates were insignificant between the two groups (P > 0.05).

Conclusion: Compared with the blind placement, the visual placement shortened the time of nasojejunal tube placement and increased success rates of first placement. The visual placement was more efficient, easy to operate, safe, and has potential clinical applications.
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Introduction

Early enteral nutrition plays a crucial role in the outcome and prognosis of critically ill patients (1, 2). Critically ill patients have acute organ dysfunction, which can lead to significant morbidity or mortality. These patients are best treated in the intensive care unit (ICU) but have the difficulty to get adequate nutrition orally. Nasogastric (NG) tube is passed through the nose, down through throat, and into the stomach, and commonly used during enteral nutrition. The patients cannot be administered by a gastric tube due to the risk factors, such as gastric motility disorder, gastric dysfunction, and or high risk of aspiration (3–5). Compared with NG tube, nasojejunal (NJ) tube is put in through the nose, goes through the stomach and ends in the jejunum. NJ tube may effectively reduce such complications, and better contribute to maintain nutritional status (6). The patients who choose NJ indwelling feeding tube for enteral nutrition therapy are significantly more advantageous than those using a NG indwelling feeding tube. For those critically ill patients at high risk of aspiration, the guidelines recommend post-pyloric feeding (7). Post-pyloric feeding can better improve nutritional status, and reduce gastric retention and inhalation (8). NJ indwelling feeding tube seems to be a safer and more effective choice as compared to NG indwelling feeding one among critical patients (8, 9). Furthermore, the overall success rates of first placement for NG feeding tube sometimes were <70% (10).

Among the intubation techniques of NJ tube, blind bedside placement of feeding tubes is more used in critically ill patients (11, 12). The insertion is involved esophageal, gastric, and postpyloric placement. The key to the successful placement should be certain for the tube tip position at each stage before proceeding to the next (13). Blind placement of NJ feeding tubes is uneasy and many radiographs are required to judge placement, and the placement sometimes cannot be confirmed. The success rates of tube placement, and the time of tube placement still restrict the early implementation of enteral nutrition in critically ill patients (14). Normally, the success rates for blind placement range from 15 to 97% (15). Some studies reported that after a series of training and assessment, the success rate of blind placement can reach more than 80%, but the first success rates and placement time is still long (16). Blind intubation has the risk of misplacement into the airway. A study showed that among 748 critically ill patients, 14 were inserted into the airway by NJ feeding tube, accounting for 2% of the total number of patients (11). For the patients with pulmonary diseases, such as chronic obstructive pulmonary disease, once the pneumothorax is caused by the error of intubation, it will be a fatal operation. Repeated intubation will cause damage to nasal mucosa, esophagus, and stomach (17). Although X-ray examination is used to determine the tube position, children and pregnant women may face the risk of radiation overexposure (17). It has been reported that the use of magnetic navigation (18) and B-ultrasound assistance (19) can improve the success rates of blind intubation, but the two techniques require more manpower and material resources, and require expensive equipment and long-term experiences.

With the continuous development of clinical medicine, visualization has become the “gold standard” (20, 21). A feeding tube system is constructed to receive the signal of the image from the endoscope on another end and to exactly control the position of the indewelling tube inside human body. In-dwelling NJ feeding tube through the visualization system can avoid the risk of NJ tubes entering the airway and fatal complications in critically ill patients. Real-time imaging through visualization can be used to observe the anatomical structure. After the catheter placement is completed, there is no need to judge the position of the NJ feeding tube through auxiliary examinations, and timely feeding can be achieved. With visual placement, the tubes can reach the ideal position compared with those with the blind placement.

Considering these points, we developed visual placement of NJ indwelling feeding tube with the inside diameter in 14Fr (French gauge) or less. The endoscope tip can be moved in two directions to guide the indwelling NJ tubes into the duodenum under visualization. After being familiar with the visual placement of feed tube process, a comparative study was conducted with blind placement, and the position of the feeding tube was determined by X-ray after the tube intubation.



Materials and methods


Participants

From January 2020 to December 2021, a total of 122 patients receiving mechanical ventilation were admitted to the intensive care department and required NJ tubes, and selected in this study. This study was approved by the Hospital Ethics Committee of The Fifth Affiliated Hospital of Wenzhou Medical University, Lishui Central Hospital (Lishui 323000, China). Before the placement of NJ tubes, the patients were fully informed of the risk of tube intubation, and the patients signed the informed consent and participated this study voluntarily.



Inclusion criteria

All the patients were more than 18 years, unable to eat orally, receiving mechanical ventilation, and needing enteral nutrition. There were feeding intolerance, regurgitation and aspiration. They had swallowing dysfunction, and high risk of aspiration. They would receive tracheal intubation or tracheotomy.



Exclusion criteria

The following patients were excluded from this study: (1) they were conscious and it was not necessary to receive endotracheal intubation; (2) they had esophageal varices, intestinal obstruction, intestinal perforation, intestinal absorption disorders, upper gastrointestinal bleeding, pyloric obstruction, esophagus, stomach, duodenal lesions, and other most gastrointestinal disorders that affected the experiment and surgery; (3) they had other tube placement contraindications of NJ tubes; (4) the patient's family members (or patient legal representatives) did not agree to sign the informed consent form.



Visual placement of NJ tubes

A feeding tube (model, WII-4.7-1200 mm; Jiangsu Jianzhiyuan Medical Equipment Technology Co., Ltd., Yangzhou, China) and electronic NJ tubes endoscope from Jiangsu Jianzhiyuan Medical Equipment Technology Co., Ltd. (model, VGT-200, GT-300, Yangzhou, China) were used. The system for visual placement of NJ tubes consists of the following parts: a NJ feeding tube (Figure 1A) has the bullet shaped tip (Figure 1B). An operable handle is connected with the guide wires, and an endoscope is connected with the wires on another end (Figures 1C,D). The end of the guide wires has a tiny snake-shaped metal steer, which can be adjusted to guide the direction of endoscope (Figure 1D, the supporting video with the title: direction control). The steer also promotes the tube progression by the peristalsis. The endoscope consists of a three-layer structure (the inner and outer layers are made of polyether-block-amide, and the middle layer is woven with 304 stainless steel wire). The front end is the complementary metal-oxide semi-conductor (CMOS) image sensor and lens, and there is a tiny light-emitting diode (LED) lamp. CMOS and LED wires, and two traction steel wires are all in the sheath tube (Figure 1E). The guide wires are placed in the feeding tube and controlled by an operation handle (Figure 1F). The handle is also connected with a power cord (Figure 1G). Endoscopic image can be visualized via a display screen (Figure 1H). The whole process was provided via the supporting video (title: Visual techniques). The endoscope (its diameter is <2.6 mm) can be placed in a standard 14Fr NJ tubes, and the tube can reach the target position through the endoscope at the front end of the NJ tubes (Figure 1E). The lens of the endoscope maintains a clear view through the cold light source, and can be self-cleaned by water injection. The other end of the endoscope has a wireless real-time image, which guides the placement of NJ tubes and is obtained via the display screen. In this study, the operation was completed by a physician alone.


[image: Figure 1]
FIGURE 1
 The system for endoscopic placement of nasojejunal feeding tubes. (A) A nasojejunal feeding tube. (B) The bullet shaped tip of the feeding tube. (C) Operable handle, guide wire, and endoscope connected with another end of the wire. (D) The end of guide wire and endoscope. (E) The tip structure of an endoscope. (F) The assembly is composed of an operable handle, guide wire, an endoscope, and a nasojejunal feeding tube. (G) Power cord and an operation handle. (H) The instrument of for endoscopic placement of feeding tubes.




Patients grouping

All patients were evenly assigned into two groups according to different tube placements: the patients received visual placement of NJ tubes were assigned as the VG group and the patients received blind placement of NJ tubes as the CG group. The operator was senior physician with rich experiences in ICU. The operator had many years of experiences in the operation of blind placement of NJ tubes, and was proficient in the instruction of the Corpak 10-10-10 protocol (200 cases of NJ tubes) according to a previous report (22). Both methods were performed by the same operator to avoid other confounding factors.

In the CG group, the Corflo NJ feeding tube was used (Corpak MedSystems, Inc., Wheeling, IL, USA). The operator performed the tube placement according to the Corpak 10-10-10 protocol (22). The vital signs and adverse reactions of the patients were traced during the whole process. Corflo feeding tube (Model, 20-9551; Gauge, 10FR (140 cm); IncHalyard Health Inc, Atlanta, GA, USA) was placed according to the following steps: step 1, metoclopramide hydrochloride was intramuscularly injected (specification, 10 mg; Sichuan Tianfeng Pharmaceutical Co., Ltd., Chengdu, China) before 10 min of tube placement. The tip of a feeding tube was lubricated with paraffin oil (specification, medium; batch number, 2110CC0592; Henan Yadu Industrial Co., Ltd., Zhangyuan, China). The Nose Ear and Xiphoid (NEX) method was used to evaluate the length of tube insertion; Step 2, the patient was placed in a semi-horizontal position, and then the tube was inserted into the stomach through the nose at 30°; Step 3, tube was pushed forward in 5 cm after flushing the tube with 10 ml of normal saline, and adjusted by feeling the change in resistance until the tube reached 95-cm distance. The guide wire was completely withdrawn, and the tube was fixed; Step 4, abdominal X-ray examination showed that the NJ tube was located behind the pylorus, indicating successful placement.

In the VG group, the tube was placed according to the following steps: step 1, metoclopramide hydrochloride was intramuscularly injected 10 min before tube placement. The tube head and core were lubricated with paraffin oil; Step 2, the patient was placed in a semi-horizontal position, and the tube was inserted from the nose at 30°, through the nasal cavity, pharynx, esophagus, and then into the cardia through real-time imaging of the visualization device; Step 3, with the help of the real-time imaging and adjustable function of the visualization device, the tube entered the duodenum through the gastric body, gastric antrum, and pylorus. After the tube placement, the stylet was pulled out and the tube was fixed; Step 4, abdominal X-ray examination showed that the NJ tube was located behind the pylorus, indicating successful placement.



Primary outcomes

The primary outcome measure was successful rate of postpyloric placement of the feeding tube only for one time. The time of the first placement of feeding tube refers to the time from the NJ tube entering the nasal cavity, to the removal of the guide wire or tube placement, and NJ tubes was successfully placed and confirmed by X-ray. The success rates of first placement were calculated by successful cases/total cases × 100%. In the CG group, tube placement was evaluated by using X-ray films. The result shows that the tube tip was located behind the pylorus, and was regarded as success of the tube placement. Otherwise, the placement of the tube failed; In the VG group, the tube tip was located behind the pylorus and the position was confirmed via X-ray too.



Secondary outcomes

Secondary outcomes included the time needed for the feeding tube placement, complications including bleeding, asphyxia, and misplacement into the trachea during catheter placement, and the cost of tube placement including NJ tubes consumables, X-ray examination and other items. Heart rates and respiratory rates were measured by using Philips IntelliVue M40 M8003A Patient Monitor (Hewlett-Packard, Boeblingen, Germany).



Sample size calculation

Sample size was calculated using following calculation (23).

[image: image]

where Zα is factor corresponding to type 1 error and assumed as 1.96 for a 2-tail test. Zβ is factor corresponding type 2 error i.e., power is taken as 80% and the value corresponding to 0.84. We retrospectively assessed the repeated endoscopy rate after visual placement of NJ tubes, and 5% patients would undergo a repeated endoscopy for feeding tube replacement because the feeding tube was located in the stomach, due to either wrong placement or retrograde tube migration. The successful rate p1is 96% and q1 = 1−p1 is 4%. Comparatively, the successful rate p2 of blind placement of NJ tubes is 78% as previously reported (24) and q2 = 1−p2 is 22%. The sample size of each arm will be 51 and the calculated sample size is increased by 20 percent to allow for withdrawal and noncompliance. Therefore, the final number is 61 for each group.



Statistical analysis

IBM SPSS Statistics 20 (SPSS Inc., Chicago, IL, USA) was used to analyze and analyze the data. The measurement data were expressed in the form of mean values ± standard deviation (S.D.). The difference between the two groups of measurement data was compared by t-test. The counting data were compared by a Chi-square test. P < 0.05 was used as the standard for statistical significance.




Results


Baseline characteristics

All patients were divided into the VG group (n = 61) and the CG group (n = 61) by a random number method. The statistical differences for gender distribution, disease types and causes, Body Mass Index (BMI, a person's weight in kilograms divided by the square of height in meters), Glasgow Coma Scale (GCS, it provides a practical method for assessment of impairment of conscious level) and Acute Physiology and Chronic Health Evaluation Score II (APACHE II, it is designed to measure the severity of disease for the patients admitted to ICU) scores, and the levels of serum albumin and albumin were insignificant between the two groups (Table 1, P > 0.05).


TABLE 1 Baseline characteristics of the patients receiving nasojejunal indwelling feeding tube.
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Primary outcomes

The success rates of first placement was 96.70% (59 cases/61 cases) in the VG group, and two cases failed due to pyloric stenosis and gastroparesis. The two cases succeeded after the second time of feeding tube placement. The success rates of first placement was 83.6% (51 cases/61 cases) in the CG group and 10 cases failed because the feeding tube was located in the stomach due to either wrong placement or retrograde tube migration. Among the 10 failed cases, 6 cases succeeded after the second time of feeding tube placement, 3 cases succeeded after the second time of feeding tube placement, and 1 case was unsuccessful even after the third time of feeding tube placement. success rates of first placement in the VG group was higher than that in the CG group (P = 0.015, Table 2).


TABLE 2 The comparison of time, success rate and cost of feeding tube placement.
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Secondary outcomes

The time of feeding tube placement in the VG group was shorter than that in the CG group (P < 0.0001, Table 2). The average cost of feeding tube placement in the VG group was significantly higher than that in the CG group (P < 0.0001, Table 2). The complications of endoscopy of feeding tube placement were similar between the two groups (P > 0.05, Table 3). The statistical difference for the complications was insignificant between the CG and VG groups. The results suggest that new visual equipment will not affect the complications of endoscopy during the feeding tube placement. Similarly, the heart and respiratory rates were also similar between the two groups (P > 0.05, Table 4). The results suggest that new visual equipment slightly affects affect the heart and respiratory rates during the feeding tube placement.


TABLE 3 Complications during tube placement between the two groups (n).

[image: Table 3]


TABLE 4 Complications during tube placement between the two groups (n).

[image: Table 4]



The examination of gastrointestine

The images of the general structure of the stomach were clearly visualized by the gastroscope (Figure 2A, stomach. Figure 2B, pylorus. Figure 2C, duodenum). The images were also obtained by using the present visual endoscope in indwelling feeding tube (Figure 2D, stomach. Figure 2E, pylorus. Figure 2F, duodenum). Most of the images obtained by this system were near to the gastrointestinal wall and the details of the gastrointestinal mucosa were very clear (Figure 2G, cardia. Figure 2H, gastric antrum. Figure 2I, intestinal villi). It would be helpful to locate and identify the direction of the pylorus by using the orientation of gastric mucosa and folds against the gastrointestinal wall. Through this study, the situation and trend of gastrointestinal mucosal changes were obtained by this system, which would be useful in the guiding and locating the position and direction of NJ tubes.


[image: Figure 2]
FIGURE 2
 The comparison of endoscopy examination of gastrointestinal parts via a gastroscope and an indwelling endoscope. (A) Endoscopic examination of the stomach using a gastroscope. (B) Endoscopic examination of the pylorus using a gastroscope. (C) Endoscopic examination of the duodenum using a gastroscope. (D) Endoscopic examination of the stomach using an indwelling endoscope. (E) Endoscopic examination of the pylorus using an indwelling endoscope. (F) Endoscopic examination of the duodenum using an indwelling endoscope. (G) Endoscopic examination of the cardia using an indwelling endoscope. (H) Endoscopic examination of the gastric antrum using an indwelling endoscope. (I) Endoscopic examination of intestinal villi the duodenum using an indwelling endoscope.





Discussion

Most of the critically ill patients admitted to the ICU were in the state of tracheal intubation or tracheotomy, and mechanical ventilation. Such patients often took sedative and analgesic and other related drugs in the early treatment. These treatments had significant inhibitory effects on gastric peristalsis, and a large amount of nutrient solution could not be digested and absorbed immediately. Nutritional support by a gastric tube would cause insufficient nutrient intake, digestion and absorption obstacles, which increased the risk of reflux aspiration. An indwelling NJ tube was hoped to be used to improve the complications. If the patient was conscious and did not undergo tracheal intubation or tracheotomy in the ICU, they generally chose oral diet to avoid the discomfort caused by indwelling NJ tubes. Moreover, the patients who were conscious and without endotracheal intubation had poor compliance, and these patients were rarely admitted to the ICU. Consciousness can affect gastric motility and even via placebo (25). Compared with conscious persons, unconscious ones would likely to have delayed gastric motility. Thus, the former needed the help of NJ tubes much less than the latter. Furthermore, some conscious patients were intolerant of indwelling NJ tubes and became extremely uncooperative, or even resisted, which could significantly affect the final results. Therefore, the conscious persons were excluded from this study.

Compared with blind placement of NJ tubes, visual placement of NJ tubes significantly improved success rates of first placement, shortened the time of tube placement, and had no obvious adverse reactions and a little inconvenience. The reduction in intubation time, various auxiliary operations, radiation exposure and the damage caused to patients would be of great clinical significance for promoting nutrition and improving prognosis of critically ill patients. The placement of the 14Fr or 12Fr NJ tubes (26) with the visual device, the diameter of the endoscope should be controlled at about 2.0–2.6 mm (27), and the length of tube should be controlled at about 140–150 cm (28, 29). The bending part of endoscope camera controller guided the direction of the feeding with the help of endoscope. With the advancement of the miniaturization of visual equipment, the clinical vision can be improved. The lens has a clear field of view with the light source (the video was provided from supporting material). The situation and trend of gastrointestinal mucosal changes obtained by this system can guide and locate the position and direction of NJ tubes, and guide the intestinal tube to reach behind the pylorus. The required operating techniques and operating procedures of this system are different from those of gastroscopes.

The success rates of first placement of visual placement of NJ tubes was higher than that of blind placement of NJ tubes and time of tube placement was shorter than that of blind placement of NJ tubes. The workload of medical staff for placing the feeding tube with the visualization device was significantly reduced. Because of its visualization, no other assistance was needed. Enteral nutrition could be carried out in shorter time, effectively avoiding delayed feeding, and improving the nutritional status and prognosis of patients. Theoretically, one-time success of feeding tube placement will be safer than repeated tube placement by avoiding the damage to the patient's digestive tract mucosa caused by repeatedly inserting the feeding tubes. Notably, the cost of visual placement of NJ tubes was still higher than that of blind placement of NJ tubes. The difference was mainly caused by the high operation price in visual placement of NJ tubes, which was authorized by our local government. We hope the cost will be reduced with the promotion of visual placement of NJ tubes. Theoretically, X-ray examination may be unnecessary at the end of visual placement of NJ tubes. However, for a better comparison, X-ray examination was performed in the VG group too.

In the VG group, two cases failed because of either wrong placement or retrograde tube migration. Although the structure of the digestive tract was visible using visual placement of NJ tubes, we still found some shortcomings during the operation. For example, the endoscope was only be adjusted in two directions, up and down. In order to operate more reasonably and conveniently, the endoscope is hoped to be adjusted in all directions, up and down, side to side, and back and forward. In addition, the existing machine only has the function of pumping water and inflating air. We want to add a suction device in future design, so that patients with insufficient stomach preparation and high gastrointestinal pressure. Decompression will be reached via the suction device (30).

Visual placement of NJ tubes is currently not widely used and related products are still lacking. Bronchofiberoscope in the ICU is used in indwelling tube in a way similar to the clamp of the gastroscope, but it has a limited field of vision, and its length limits its application (31). We tried to use this method to place the indwelling feeding tube, but we found that the method had poor visual field and could not see the general anatomy of the stomach. It was difficult to find the pylorus and was unsuitable to be used in clinical trials. Under the gastroscope, visual placement made NJ tubes reach behind the pylorus under full visibility, with a near 100% success rate. Enteral nutrition was performed immediately after the tube placement, and a skilled gastroscope physician completed the tube placement within 10–20 min. However, for critically ill patients, due to the large diameter of the gastroscope, the balloon needs to be inflated for patients who need mechanical ventilation with endotracheal intubation (30). This operation will require positive end-expiratory pressure (PEEP) (32). It is unsuitable for the patients with pulmonary edema and patients who need high PEEP support. This method is unsuitable for severe patients with cardiac insufficiency, circulatory instability, hypoxemia, and abdominal distension, etc. In addition, if the hospital does not carry out bedside gastroscopy, the risk of transporting critically ill patients to the gastroscope room is very high. The patients with esophageal strictures are unsuitable for the tube placement with the aid of gastroscope. When the gastroscope is withdrawn, the feeding tube can easily be drawn out. Although the method of inserting feeding tube guided by gastroscope is the most indwelling method, and it has not been widely used in ICU yet (33). However, its large diameter has adverse effects on critically ill patients (34, 35).

Early enteral nutrition in critically ill patients is an important treatment measure to prevent complications such as enterogenic infection (36), and to improve patient nutrition and prognosis (37, 38). It has positive significance for improving the success rate of critically ill patients. The above research shows that visual placement of NJ tubes has significant clinical application potential. Visual placement of NJ tubes can provide a guarantee for adequate nutritional support for critically ill patients in the ICU and promote the recovery and prognosis of these patients.

There are some limitations to the present study. This study had no registration because we still lacked of a double-blind experiment in the included ICU trials, which was a major concern. Meanwhile, the shortage led to bias and decreased the study reliability without a double-blind experiment. The present single-center study did not allow for improvement of reproducibility, generalizability, as well as availability of the special equipment and clinical ICU patients. Obviously, the equipment was only tried to be applied to ICU patients with limited treatment and still needs significant improvement. Finally, its utilization in other patient population still needs mining. Gastrointestinal dysfunction was absent in all the patients receiving mechanical ventilation in this study. Therefore, this criterion limits the population who may be suitable to receive visual placement of NJ tubes. The work should be done in the future investigations.



Future improvements

Air insufflation is the most commonly used in standard endoscopic settings. However, later swelling of the bowel often causes abdominal pain because the air is difficult to be absorbed. CO2 has been increasingly used for insufflation during endoscopy because of its safety and better tolerance with few side effects (39). CO2 insufflation causes lower abdominal discomfort because it can be quickly reabsorbed by human body (40). Thus, developing of the present equipment with CO2 insufflation will be of greatly helped to ICU patients.

The patients who cannot get enough nutrition through eating will rely heavily on indwelling feeding tube, which can be placed well with the help of the endoscope (41). Bacterial colonization of reusable endoscopes can leads to following infectious outbreaks and still is an important issue although many efforts have been tried to prevent infection (42). Obviously, developing a single-use device with an endoscope can certainly eliminate the potential for device-associated outbreaks.



Conclusion

Compared with the blind placement of NJ tubes, the visual placement shows more potential clinical application by shortening the time of feeding tube placement, lowering the cost of the operation, increasing success rates of first placement. Visual placement of NJ tubes is more efficient, easier to operate, safer, and hoped to widely developed in clinical application in ICU patients. To reduce its side effects caused by air insufflation and possible bacterial infection caused by the reusable equipment, visual placement of NJ tubes still needs a significant improvement by developing CO2 insufflation and a single-use device.
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