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STUDY RATIONALE 

Inadequate food intake and malnutrition is a global concern, both in the community and 

hospitals1. In developed nations, more than a third of hospitalised patients are malnourished2 

which increases morbidity, mortality, hospital stay and costs3–7. Artificial nutritional support 

is required when patients cannot voluntarily meet their nutritional requirements by eating. 

Enteral tube feeding (ETF) is a preferred method for artificial nutrition support8–11. It is part 

of the treatment for many different acute and chronic diseases, including sepsis, burns, 

trauma, transplantation, pancreatitis, major surgery and cancer12–19.  

 

Enteral tube feeding is a common treatment around the world, with approximately 10% of 

hospitalised patients receiving ETF at any time20. Based on 1.2 million case weighted 

discharges per annum in New Zealand21, it is estimated that at least 120,000 patients will 

receive ETF each year in public hospitals. Although ETF is widely used for nutrition support, 

it is often associated with gastrointestinal dysfunction22–26. Gastrointestinal dysfunction could 

be a short-term, self-limiting condition causing abdominal distension, impaired gut motility, 

feeding intolerance, and/or ileus (in the milder form), or increase the risk of non-occlusive 

mesenteric ischaemia (NOMI), intestinal infarction, perforation and/or peritonitis (in the 

severe form)27,28. These complications lead to prolonged hospital stays and morbidity, thus 

having a significant impact on the healthcare industry and increasing the economic burden. 

 

Given the increasing clinical burden of ETF-associated gastrointestinal dysfunction, it is 

critical to detect the early onset of feeding intolerance to prevent symptoms progression. We 

hypothesised that in critically ill or post-surgical patients, the loss of small intestine peristaltic 

contractions and resulting abdominal distension could lead to an increase in the gut luminal 

pressure. The gut pressure could be further elevated by infusion of enteral feed. Therefore, 

measuring intraluminal pressure in patients on ETF might help in the detection of feeding 

intolerance before it became clinically evident. This would prevent patients from getting sub-

optimal nutrition by allowing modification to the ETF rate and/or pattern, minimising the risks 

associated with gastrointestinal dysfunction.  

 

The overall objective of this translational project is to test, improve and implement an 

innovative ETF system that uses pressure biofeedback from the gut to optimise the safe 

delivery of ETF, in turn reducing the risks of feeding intolerance and ischaemia. As part of 



this project preliminary studies from our group have confirmed that gut intraluminal pressure 

can be measured from back-propagated pressure through the fluid feed column in the 

nasogastric tube. However, the back-propagated pressure measurement has not been validated 

against a direct measurement of pressure in the lumen of the stomach. To do so, we have 

designed a dual pressure sensing nasogastric feeding tube (see technical details below) which 

allows simultaneous measurements of back-propagated gastric pressure and direct gastric 

pressure (Figure 1).  

Figure 1. Dual intraluminal pressure measurement setup 

 

The complex back-propagated pressure trace signal is noisy because of respiratory, cardiac, 

and movement artifacts, and requires signal processing to extract meaningful metrics. Hence, 

this approach of dual measurement will confirm the reliability and accuracy of back-

propagated pressure measurement and help with the interpretation of the back-propagated 

pressure signals.  



STUDY AIM 

 

The aim of this study is to validate the performance of the back-propagated pressure 

measurement method using a custom-designed dual pressure sensing nasogastric feeding tube 

in healthy volunteers. The other aim is to further aid interpretation of the pressure signals by 

comparing the pressure measurements with other technologies used for assessing the status of 

the stomach and intestine, used in approved patient studies (AHREC 1130), including body 

surface gastric mapping (Alimetry®, Auckland) and bowel sounds  

 

METHODS 

Recruitment  

Healthy volunteers (n=10) will be identified by word-of-mouth. Those interested in 

participating will be screened for eligibility and recruited. Exclusions include those with any 

functional gastrointestinal disorders (diabetic/ idiopathic and post-surgical gastroparesis, 

chronic motility disorders), pregnancy or postpartum, and those under 18 years of age. 

Information sheet will be provided, and informed consent will be obtained from all 

participants. 

 

Booking  

Clinic visit date will be scheduled with the participant and an email sent to Clinical Research 

Centre (Lower ground, Building 507, School of Medicine, University of Auckland) to 

confirm room booking.  

 

Protocol 

1. Participants will visit the clinic in a fasted state (>8 hours).  

2. The study procedure will be explained including an explanation of potential 

discomfort e.g., gagging during procedure. Written consent will be obtained and 

questions answered. 

3. Anthropometrics (height, weight, and waist circumference) will be measured.  



4. Prior to inserting the feeding tube in volunteers, the Millar pressure sensor will be 

incorporated into the nasogastric tube. It will be 2cm less than full insertion, so that 

the sensor unit is fully within the tube and not exposed in the hole at the end of the 

tube, to avoid the risk of it being snagged during insertion. The solid-state pressure 

sensing unit will be advanced once the feeding tube is in place which provides the 

opportunity to determine whether the presence of the solid-state sensor and wire in the 

lumen of the tube alters the measurement of back-propagated pressure. 

5. The nasogastric feeding tube will then be inserted via the nose into the stomach 

(nasogastric tube (NG)) as per the Auckland City Hospital clinical guidelines for 

enteral tube management. Briefly, participants will sit in an upright position with the 

head kept straight. The length of the tube will be measured and marked from the tip of 

the nose to ear lobe and then down to the xiphoid process. The end of the tube will be 

lubricated with a gel, and the tube inserted from the nose until the marked length is 

reached. The participant will be offered a glass of water to assist passage of tube 

through the oro-pharynx. The tube will be strapped and secured at the top of the nose 

using a plaster.  

6. Correct positioning of the feeding tube will be confirmed by testing the pH of the 

gastric aspirate. A 60mL enteral tipped syringe will be used to aspirate 5-10 mL of 

gastric fluid and tested with pH indicator sticks (Baker® pHix). A pH reading of ≤5 

would confirm the tube’s position in the stomach.   

7. The Millar sensing unit will be advanced the final 2cm, to allow the sensor to be 

exposed within the terminal hole of the tube without extending into the stomach 

lumen.  

8. Following the feeding tube insertion, three standard ECG dots will be applied to the 

participants chest and abdomen. The ECG dots will be connected to a signal 

processing unit (ProtoCentral Electronics, Bengaluru) and a data acquisition unit to 

interpret the cardiac and respiration rate measurements. 

9. Next, a body surface gastric mapping (BSGM) electrode adhesive array (total area 

approximately 20cm x 30cm, Alimetry®, Auckland) will be placed over the skin on 

the stomach region (as per Alimetry’s protocol). Briefly, the participants will be asked 

to lie in the supine position. Using an algorithm on the Alimetry® app a 64-electrode 

array placement area on the abdomen will be identified and marked. The abdominal 

skin area where the electrode array needs to be placed will be prepared with approved 

hospital-grade bioelectrode skin preparation gel (NuPrep skin gel). Any excess hair 



may be removed by shaving. In women, if the bra wire interferes with the array 

placement, then they will be requested to remove it for the study. The electrode array 

will then be applied to the prepped abdomen area. A recording device to measure 

electrophysiological signals will be attached to the array. Care will be taken to avoid 

overlapping the electrode array with the positioning of the ECG electrodes used for 

cardiac and respiratory rate measurements (Figure 2). 

Figure 2(A). Gastric mapping 66 

electrode array with the recording 

device 

 

Figure 2(B). Schematic representation of the 

electrode array placement  

 

10. Following the BSGM electrode array placement, two digital stethoscopes (Thinklabs 

Medical LLC®, Colorado) will be placed on the participants’ abdomen area for 

recording bowel sounds. Stethoscopes will be placed one on each side of the median 

plane, positioned in the mid-clavicular line, and at least one centimetre below the 

lower edge of the BSGM electrode array. The stethoscopes will be connected to a 

digital recorder for dual bowel sounds recording from the left and right abdominal 

quadrants (Figure 3). 



 

 

 

Figure 3(A). Bowel sounds recording 

digital stethoscope with recorder 

 

 

Figure 3(B). Digital stethoscopes and 

BSGM electrode array placement 

 

 

Measurements  

Measurements will be done at eight timepoints over approximately 75-90 minutes. The 

measurements will include intraluminal pressure (via the prototype NG tube), gastric 

mapping (by BSGM), heart rate and respiratory rate (by three lead electrocardiogram (ECG)), 

and bowel sounds (via a digital stethoscope).  

For timepoints 1-3, participants will lie in the supine position to measure the effects of 

feeding. 

• Timepoint 1: Once the participant lies on the bed, all the recording devices will be 

turned on. After a devices ‘warm-up’ period of 15 minutes, fasting baseline 

measurements will be taken for 10 minutes. 

• Timepoint 2: The feeding tube will then be adjusted (advanced 5cm and withdrawn 

2cm) and measurements repeated for 5 minutes.  

• Timepoint 3: An enteral feed (Nutricia® Nutrison Energy (feed) pack) will be given at 

a rate of 400 mL/hour for 15 minutes (total energy content 150 kcal). After 15 

minutes, the feeding pump will be turned off. Measurements will be recorded for 10 

minutes. 



The recordings for timepoints 4-8 will measure the effects of body movement. The feeding 

pump will be off for the following measurements.  

• Timepoint 4: Participants will be asked to turn to their side (right side down) from 

supine position and 5 minutes of measurements recorded. 

• Timepoint 5: Participants will be sat up (60 - 90 degrees from horizontal) and 5 

minutes of measurements recorded. 

• Timepoint 6: Participants will be asked to cough for 15 seconds, and measurements 

continued through this period.  

• Timepoint 7: Participants will be asked to perform Valsalva’s manoeuvre for 30 

seconds and measurements continued through this period.  

• Timepoint 8: Participants will resume supine position (as in Time point 1) and a 

further 10 minutes of measurements will be taken. 

After completion of this protocol the feeding tube, BSGM electrode array, and stethoscope 

attachments will be carefully removed.  

 

Analysis of results 

The suite of measurements will be analysed for the following 

1. Comparison of pressure measurements obtained from two methods: back-propagated 

pressure and direct solid-state pressure measurements. 

2. Determine the effect of feeding on pressure, electrophysiology, and bowel sounds. 

3. Determine the effect of catheter position, body position, coughing and raised 

abdominal pressure on the intraluminal pressure measurements, electrophysiology, 

and bowel sounds. 

4. Analysing the pressure trace to optimise the pressure signal analysis, particularly to 

filter out the effects of feeding, body movement, cardiac and respiratory 

rate/movement.  

 

Statistical analyses 

Descriptive and comparative statistical analyses will be conducted by a contract 

biostatistician.  



• Pressure data (mmHg) will be presented as mean ± SD.  

• Heart rate (BPM) and respiration rate (BPM) will be presented as mean ± SD, and 

these parameters will be used to optimise intraluminal pressure signal interpretation. 

• Bowel sounds will be correlated with pressure measurements to determine its 

accuracy as a predictor of feeding intolerance symptoms.  

• Body surface gastric mapping will provide additional information on 

electrophysiological changes underlying gastric pressure measurements.  

 

This is a pilot study to investigate changes in intraluminal pressure in healthy volunteers 

using a custom-designed dual pressure sensing nasogastric feeding tube hence there is 

insufficient data for sample size power calculation.  

 

CUSTOM-DESIGNED DUAL PRESSURE SENSING NASOGASTRIC FEEDING 

TUBE 

Two pressure sensors will be used to measure and validate the measurement of intraluminal 

gastric pressure. Firstly, a commercially available pressure transducer (TruWave PX600, 

Edwards Lifesciences, California, USA) typically used for invasive arterial pressure 

monitoring. The sensor is placed in-line between the feed pump giving set and feeding tube 

(Corflo 40-9361, Avanos (Halyard), Georgia, USA) to measure the intraluminal pressure via 

back-propagation through the fluid (feed) filling the feeding tube's lumen. This setup has 

been utilised previously. Secondly, a catheter (SPR-524, Millar, Texas, USA) with a solid-

state pressure sensor at its tip, will be passed through the feeding tube’s lumen to directly 

measure the intraluminal pressure at the distal end of the feeding tube where feed exits. The 

solid-state pressure sensor (Millar®) does not change the dimension of the feeding tube 

because the pressure sensing unit which sits within the exit hole of the feeding tube (Figure 

4). 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Millar® microtip solid-state pressure sensor inserted in a feeding tube 

 

The pressure catheter will be introduced via a haemostatic valve (Tuohy Borst Adapter 

80330, Qosina, New York, USA) connected to one of the two feeding tube ports. The 

pressure catheter body diameter is 2.3 French (0.8mm) with a 3.5 French (1.2mm) tip. This 

will have minimal effect on feed flow through the feeding tube as the pressure catheter body 

occupies 11 percent of the 2.3 mm diameter in lumen’s cross-sectional area. Correct 

placement of the pressure catheter, Figure 4, will ensure the wider tip has little to no impact 

on flow.  

 

Cardiac rate and respriation rate measurement 

Cardiac and respiration rate will be determined from measurements taken with a three-lead 

ECG. Three standard ECG dots will be applied to the participants chest and abdomen. A 

cable will connect the ECG dots to a signal processing unit (PC-4116, ProtoCentral 

Electronics, Bengaluru, India) and custom battery powered data acquisition unit as described 

below. The PC-4116 system uses a signal processing circuit (ADS1292R, Texas Instruments, 

Texas, USA) to interpret heart rate and respiration rate from ECG signals.  

 

Signal processing, data acquisition, and control systems 



Signal data from both pressure transducers and the three-lead ECG will be recorded to 

memory card by a custom recording device this group previously developed for such 

applications. This device is battery powered and is charged via the same connector used by 

the pressure transducer. Therefore, the pressure transducers must be disconnected before 

charging, thus eliminating electrical safety risks. This device has been approved for use at 

Auckland City Hospital by their clinical engineers.  

Data from the recording devices will be extracted as measurement files into a password 

protected e-Data Grabber software. This data will be retrospectively filtered and analysed in 

MATLAB. A filtering algorithm will be used to strip the signal of biological noise (heart rate, 

movement, and respiration artefacts) to give clean pressure measurements over time.  
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CLINIC VIST FLOWCHART 

 

  Participant screening and recruitment (word-of-

mouth).  

 

Exclusion criteria 

• <18 years 

• Any functional gastric disorders (diabetic/ 

idiopathic and post-surgical gastroparesis, 

chronic motility disorders)  

• Pregnancy/ postpartum 

• Did not consent 

Participants will visit the clinic in a fasted state (>8 

hours). Anthropometrics to be taken. 

 

Nasogastric insertion of custom-engineered feeding 

tube. Gastric mapping electrode array and digital 

stethoscopes will be placed over the abdominal 

region.  

Baseline fasted measurements to be taken for 10 

minutes (Timepoint 1) 

Participants will lie in a supine position. After a 15 

minutes warm-up of recording devices, 

measurements will be started 

 

Feeding tube adjusted and measurements repeated for 

5 minutes (Timepoint 2) 

Feeding pump turned off 

Enteral feed given at a rate of 400mL/hr for 15 

minutes 

 



 

 

 

 

 

 

 

 

Measurements taken for 10 minutes in supine position 

(Timepoint 3)  

Measurements taken for 5 minutes with participants 

turned over to their right side (Timepoint 4) 

Measurements taken for 5 minutes with participants 

in a seated position (Timepoint 5) 

Participants will be asked to cough, and 

measurements taken for 5 minutes (Timepoint 6) 

 

Participants will be asked to perform Valsalva’s 

manoeuvre and measurements taken for 5 minutes 

(Timepoint 7) 

Participants to resume supine position and 

measurements taken for 10 minutes (Timepoint 8) 

 

 

 


