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Ventilator associated pneumonia (VAP) is a leading cause of morbidity and mortality in ICU 

patients. Current measures to control and prevent VAP are limited. Prevention of gastro-esophageal 

reflux (GER) may reduce the incidence of VAP. The aim of this study was to assess the safety 

and tolerance of a novel Peristaltic Feeding Tube (PFT/LunGuard) in a pig model and healthy 

volunteers, and to assess its initial efficacy in preventing GER.

Introduction:

A pig model for an assessment of safety (n=6) and initial efficacy (n=1) was used. Technical 

parameters and GER model were based on a pilot study in 4 additional pigs.

Balloon cycle – each cycle was about 30sec of inflation followed by 60sec of deflation at an 

external target pressure (effective pressure on the esophageal wall) of 30 mmHg  Efficacy – 

PH at the proximal esophagus (above the proximal balloon), was measured following a direct 

injection of diluted HCL (PH=4) into the distal esophagus at the GE junction (below the distal 

balloon), in a sedated and ventilated pig. The HCL was injected at incremental rates (8-16 ml/

sec for 5 sec/injection) to assess efficacy at different flows.

Safety – The PFT was operated for 8 hours in sedated and ventilated pigs. Safety parameters 

included vital signs (HR, BP, blood oxygen saturation) and macroscopic and microscopic inspection 

of the esophagus after sacrifice of the animals at the end of the study. 

animal studies:

Human studies:

Conclisions:

Animal study:

Efficacy – The PFT effectively prevented induced GER at a maximum rate of 16 ml/sec over 

5 sec based on a PH measurement at the proximal esophagus. This flow rate is significantly 

higher than the estimated flow of GER in the human esophagus; 2 ml/sec (Ghosh et al. 

Am J Physiol Gastrointest Liver Physiol, 2008)

Safety – The PFT was well tolerated by the sedated and ventilated pigs based on vital signs 

monitoring over 8 hours of PFT operation. Visual inspection of the esophagus at the end 

of the study showed normal mucosa without any damage to the esophageal wall (Figure 

4). Full thickness biopsies taken from the balloons area as well as control biopsy from 

the proximal esophagus, showed no evidence of necrosis, ulceration, inflammation or cell 

damage (Figure 4). 

Human studies: 

The PFT was well tolerated by 3 healthy volunteers (Figure 5). Vital signs were stable during 

8 hours of PFT operation. The PFT did not interfere with normal drainage of oropharyngeal 

secretions and no episodes of chest pain, siallorrhea or aspiration were noted. 

Healthy volunteers reported a minimal sensation of PFT rhythmic movement at the nares 

and minimal discomfort in the nose and hypopharynx. All patients reported on no pain or 

minimal pain at 2, 4, 6 and 8 hours of PFT operation (Figure 6). The patients reported on 

an excellent well being at 24 and 48 hr after the procedure with no significant complaints. 

Upper endoscopy before and after the PFT operation was normal in all patients. The 

esophagus was intact with no signs of eryhtema, edema, bleeding or ulceration (Figure 7). 

results:

Methhod
The Device: The PFT is a NG feeding tube with 3 longitudinal balloons located at its distal end 

(Figure 1) The tube is placed in the lower esophagus with the distal balloon positioned 2-3cm 

above the GE junction. The balloons are inflated and deflated sequentially (Figure 2) in a peristaltic 

manner by an external control unit (Figure 3) to prevent GER. The control unit synchronizes the 

peristaltic wave and continuously measures and controls the internal pressure of the balloons 

as well as the pressure of the balloons on the esophagus wall. 

Figure 1: LunGuard’s 
Peristaltic Feeding Tube (PFT)

Figure 2: 
The PFT peristaltic wave)

Figure 3:
The external control unit

Figure 4: 
Macroscopic and microscopic 
assessment of the pig esophagus 
following 8 hours of PFT operation

Figure 5:
Supine healthy volunteer during 
PFT operation

Figure 6:
Pain scores during
PFT operation

Figure 7:
Distal esophagus before and 
after 8 hours of PFT operation

 Following the animal studies, the PFT was placed and operated for 8 hours in 3 healthy 

volunteers. Balloons cycles and pressure parameters were identical to the animal study. Tolerability 

and safety were assessed by the following: vital signs, ongoing patient observation and clinical 

assessment, patient questionnaire and pain scale during operation of the PFT followed by a 

phone questionnaire at 24 and 48 hr post procedure and upper endoscopy before and after 

operation of the PFT.

The novel PFT is safe, well tolerated and may reduce the risk of VAP by preventing GER in 

ICU patients on mechanical ventilation who are receiving enteral nutrition. Prospective clinical 

trials to assess PFT efficacy and safety in ICU patients will be conducted in the near future.


