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A Novel Technique for Post-pyloric Feeding Tube Placement
in Critically Ill Patients: A Pilot Study
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SUMMARY

Delivery of enteral nutrition in critically ill patients is often hampered by gastric stasis necessitating direct feeding into
the small intestine. Current techniques for placement of post-pyloric feeding catheters are complex, time consuming
or both, and improvements in feeding tube placement techniques are required. The Cathlocator™ is a novel device
that permits real time localisation of the end of feeding tubes via detection of a magnetic field generated by a small
electric current in a coil incorporated in the tip of the tube. We performed a pilot study evaluating the feasibility of the
Cathlocator™ system to guide and evaluate the placement of (1) nasoduodenal feeding tubes, and (2) nasogastric
drainage tubes in critically ill patients with feed intolerance due to slow gastric emptying. A prospective study of eight
critically ill patients was undertaken in the intensive care unit of a tertiary hospital. The Cathlocator™ was used to
(1) guide the positioning of the tubes post-pylorically and (2) determine whether nasogastric and nasoduodenal tubes
were placed correctly. Tube tip position was compared with data obtained by radiology. Data are expressed as median
(range). Duodenal tube placement was successful in 7 of 8 patients (insertion time 12.6 min (5.3-34.4)). All
nasogastric tube placements were successful (insertion time 3.4 min (0.6-10.0)). The Cathlocator™ accurately
determined the position of both tubes without complication in all cases. The Cathlocator™ allows placement and
location of an enteral feeding tube in real time in critically ill patients with slow gastric emptying. These findings

warrant further studies into the application of this technique for placement of post-pyloric feeding tubes.
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Effective, early delivery of nutritional require-
ments is an important component in the management
of critically ill patients'. Enteral feeding is the
optimal mode of nutrient delivery, with advantages
over parenteral nutrition being demonstrated in
numerous prospective, randomized studies>*. A
major limiting factor in the provision of enteral nutri-
tion in critically ill patients is the high incidence of
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slow gastric emptying’. Small bowel motility, on the
other hand, is usually preserved®’. Delayed gastric
emptying may be thus overcome by post-pyloric tube
placement enabling enteral feeding in most critically
ill patients.

A number of approaches to positioning small
intestinal feeding tubes have been described. These
include placement at surgery, under fluoroscopic or
ultrasound-guidance, at endoscopy®’ and blind intro-
duction at the bedside with" or without prokinetic
administration". An ideal placement technique
would be noninvasive, require no special training,
achieve a high success rate and be performed at the
bedside without expensive equipment. None of the
currently available approaches fulfills all of these
requirements.

The Cathlocator™ (Micronix Pty Ltd, Adelaide,
Australia) is a novel device that generates a low
energy electromagnetic field from a coil incorporated
in the tip of a modified enteral feeding tube con-
nected by wires to a proximal interface (see below). A
small receiving plate positioned on the patient’s
abdomen, enabling the position and direction of the
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feeding tube to be determined and displayed, is used
to detect the electromagnetic field. A previous study
showed that this device accurately determined the
position of the tip of a nasogastric tube in healthy
volunteers'?. This pilot study was conducted to assess
the feasibility of using the Cathlocator(tm) device to
guide bedside placement of small intestinal feeding
tubes and confirm placement of nasogastric tubes in
critically ill patients requiring post-pyloric feeding.

MATERIALS AND METHODS
Patients

Nasoduodenal and nasogastric tube insertions
were attempted in eight adult critically ill, mechani-
cally-ventilated patients in whom enteral nutrition
was indicated. All patients had failed nasogastric
feeding with high gastric aspirates (>250 ml/6 hours).
Patients with oesophageal obstruction or previous
gastrectomy were excluded. The patient demo-
graphics and APACHE 11 scores are shown in Table 1.
The study was approved by the Research Ethics
Committee of the Royal Adelaide Hospital. Written
informed consent was obtained from the patients’
next of kin prior to inclusion in the trial.

The Cathlocator™ System

The Cathlocator™ system comprises a modified
feeding tube, an electronic interface module, a
receiver and a graphic computer display (Figure 1).
The nasoduodenal feeding tubes were modified
110 cm, 10F polyvinyl chloride, non-weighted feeding
tubes with removable stylets (Corpak Medsystems,
Wheeling, I, U.S.A.). The nasogastric drainage tubes
were modified 100 cm, 14F polyvinyl chloride, non-
weighted feeding tubes without stylets (Maersk
Indoplas Pty Ltd, Sydney, N.S.W., Australia). One
hundred and twenty coils of 0.125 mm diameter poly-
ester-insulated copper wire were wound around the
tips of the tubes, i.e. the wire remained outside the

tube and was coated by a polyester sheath such that
no occlusion of the internal feeding lumen occurred.
Two wires from the coil were passed along the inside
of the feeding tube to a connector at the proximal
end that was connected to the electronic interface
module. The coil and wires were securely bonded to
the tip of the feeding tube using cyanoacrylate glue.
The conducting wires and coil were coated with a bio-
compatible silicon sealant that completely embedded
the added components into a resin matrix. Electrical
continuity is thus maintained throughout the duration
of the tubes placement enabling serial measurements
to be performed (Figure 2).

The electronic interface module generated a
source signal for the coil in the tip of the feeding tube.
The power output of the signal generator was
0.25 mW at a frequency of 40 kHz resulting in energy
emitted at the tip of the feeding tube of less than
0.25 mW. This is well below the limit of exposure for
humans recommended by the United States Food
and Drugs Administration”. The source signal was
synchronized with the signal detected by the receiver
(see below) to remove background noise.

During the study, the passive receiver was placed
on the midline of the patient’s abdomen, with the
xiphoid process as a reference point (Figure 1). The
receiver contained three sets of three coils to detect
the source signal generated by the coil in the tip of the
feeding tube. Each set of coils was arranged on the
apices of an equilateral triangle and the three coils
within each set arranged at right angles to each other.
This geometric arrangement enabled a measurement
of the precise distance and direction of the signal
source on the feeding tube tip to each set of coils
using the inverse square law, which governs the re-
lationship between the intensity of an electro-
magnetic signal and the distance from its source.
These measurements were used to determine the
relationship of the signal source in three dimensions,

TABLE 1

Patient demographics, outcome of post-pyloric tube placement using the Cathlocator(tm) device and relevant past medical and surgical history.
The figures in bold are a mean of the data

Patient# Age Sex APACHEII Height Weight BMI Post-pyloric Admission diagnosis
) (cm) (kg) (kg/m?)  placement?
1 47 M 17 178 90 28.4 Yes Organophosphate poisoning
2 62 M 36 185 95 27.7 Yes Major burns
3 62 F 20 160 115 44.9 Yes Multiple trauma
4 62 F 30 145 130 61.8 Yes Necrotising fasciitis
5 34 M 20 177 105 335 Yes Urosepsis
6 28 M 22 178 80 25.2 Yes Multiple trauma
7 68 F 34 165 85 31.2 No Lobectomy for lung cancer
8 77 M 22 161 90 34.7 Yes Laparotomy for bowel obstruction
Mean 51 SM:3F 25 169 99 36
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FIGURE 1: Components of the Cathlocator™ system. The receiver unit is placed on the xiphisternum to track the passage of the transmitter
located on assembly tip as it is moved along the upper gastrointestinal tract. The position is displayed on the computer screen to assist the
operator in manoeuvring the tip of the nasoenteric assembly through the stomach and beyond the pylorus.
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FIGURE 2: Diagram of the Cathlocator™ catheter.
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to a set reference point in the device and hence dis-
play the distance and direction of the tip of the tube.
Using the xiphoid process as a fixed reference point,
together with the surface anatomy of the stomach, the
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position of the tube tip within the gastrointestinal
tract was determined. These data were then pro-
cessed by the computer, which converts the received
data into a graphical display (Figure 3). The elec-
tronic interface module, receiver and computer were
powered by low voltage battery packs providing Class
II electrical protection.

Protocol for Tibe Placement

Prior to introduction of the assembly, each patient
was placed supine and the Cathlocator™ receiver was
positioned immediately caudal to the xiphoid process
on the anterior abdominal wall. The nasoduodenal
tube was passed through the nose into the proximal
stomach by the same investigators (RY or MC) and
its position confirmed by the Cathlocator™ (Figure
3), aspiration of acidic gastric contents and ausculta-
tion over the left upper quadrant during insufflation
of 50 ml of air. Air (500 ml) was insufflated into the
stomach through the tube, which was then advanced.
Using the graphic display of the Cathlocator™ for
guidance the tip was viewed as it manoeuvred to pass



232 R.J. YOUNG, M. J. CHAPMAN ET AL

beyond the pylorus. The tip was considered to have
passed the pylorus when the tip advanced >2 cm to
the right of the midline and its track followed the
surface markings of the duodenum (i.e. posteriorly*).

Following placement of the nasoduodenal tube, a
nasogastric tube was then passed to ensure con-
tinuous drainage of gastric contents during duodenal
feeding. The tube’s position was confirmed by the
Cathlocator™, aspiration of acidic gastric contents
and/or auscultation over the left upper quadrant of
50 ml of insufflated air.

When both tubes had been placed or if duodenal
placement could not be achieved, the position of the
tubes was checked by plain abdominal X-ray as per
standard clinical practice prior to initiation of feed-
ing. Subjects were monitored until approximately 48
hours following removal of the enteric feeding tube
for adverse events.

RESULTS

TABLE 2

Time taken to reach the fundus and the duodenum using the
Cathlocator™ in critically ill patients

Patient Tube type Time to Time Duodenum
Number Fundus (min:s) (min:s)
1 NG 5:00
ND 17:00
2 NG 1:28
ND 12:00
3 NG 0:51
ND 34:25
4 NG 10:00
ND 14:52
5 NG 0:45
ND 11:18
6 NG 0:39
ND 12:37
7 NG 1:17
ND 5:16
8 NG 6:01
ND >21:19

There were no adverse events. Post-pyloric place-
ment of the nasoduodenal tube was successful in
seven of the eight patients. In the remaining patient
the tube could not be advanced through the pylorus
and the procedure was abandoned after 21 minutes.
The median time for successful insertion was 12.6
minutes (5.3-34.4 min). All nasogastric tube place-
ments were successful with median insertion time 3.4
minutes from opening the packet to verification of
tube position (0.6-10.0 min). The Cathlocator(tm)
accurately determined the position of both tubes in
all cases, when compared with plain abdominal X-ray.

Successful feeding of the patients (90% of desired
energy requirements for two consecutive days) was
achieved in six of the eight patients.

DISCUSSION

In the current study the Cathlocator™ guided rapid
placement of post-pyloric intubation of feeding tubes
in seven of eight critically ill patients with slow gastric
emptying allowing successful feeding (90% of the
ideal energy requirement for two consecutive days®)
in six of the patients. In addition, the Cathlocator™
correctly determined the placement of the naso-
gastric and nasoduodenal feeding tubes in all patients
compared with plain abdominal X-ray.

Early enteral nutrition is believed to optimise gut
function in critically ill patients”. However slow gas-
tric emptying frequently hampers feeding’® and post-
pyloric intubation is required to ensure adequate
nutrient delivery. The main barrier to post-pyloric
feeding has been the technical difficulty in placing a
tube beyond the pylorus. In the current study a new
system (the Cathlocator™) was evaluated and found
to guide the rapid placement of post-pyloric enteral
feeding tubes. The median time taken for transpyloric
insertion using the Cathlocator™ was 13 minutes.
These findings compare favourably with both the
blind intubation technique described by Zaloga (the
“corkscrew” technique)" and an approach utilizing
gastric insufflation of air'. These three techniques
have the advantage of being minimally invasive, and
can be performed at the bedside without expensive
equipment. Although the gastric insufflation with air
technique took only two to four minutes to perform'
it was less successful (60% success rate). The cork-
screw technique has been reported to allow successful
placement in up to 92% of patients but is consider-
ably more time-consuming (mean 40 minutes)".
Furthermore, not all operators are able to achieve the
same high rate of success. Thus the Cathlocator™
appears to have the advantage of increased efficiency
and reduced time of insertion. With greater fami-
liarity with the Cathlocator™ equipment it is highly
likely that the insertion time could be further re-
duced. A further advantage to the technique is that it
allows immediate verification of tube location. We
have previously shown the device discriminates
between the positions of a feeding tube above and
below the lower oesophageal sphincter”, and that
tube depth and deviation from the midline measure-
ments also provide an accurate indication of mal-
position within the trachea®.

Other approaches currently used for placement of
post-pyloric feeding tubes (surgical, fluoroscopic,
ultrasound-guided, and endoscopic)®*”'" have sig-
nificant limitations. Surgical jejunostomy is highly
invasive, and is not feasible or practical in many
critically ill patients. Radiological placement utilizes
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FIGURE 3: Computer screen display, showing tracking of the feeding tube relative to the diaphragm and midline. Position identified at

10 second intervals, represented by arrows.

expensive equipment and is not generally available at
the bedside; additionally fluoroscopy requires patient
and technician exposure to ionising radiation. Endo-
scopic and ultrasound-guided nasoenteric tube place-
ment are as effective as fluoroscopy with success rates
of 90-95%"". They can be performed at the bedside
with mean insertion times comparable to those
reported in this study (15-16 min). However they
require expensive equipment and specialised training,
and the logistics associated with finding appropriately
trained medical staff frequently delays initiation of
feeding. The simplicity of the Cathlocator™ has the
potential for its use by other clinicians such as nursing
and allied health staff. Additional studies are re-
quired to ascertain the ease and accuracy with which
the Cathlocator™ can be used to place post-pyloric
feeding tubes by non-medical staff.

There were no adverse events seen during the use

Anaesthesia and Intensive Care, Vol. 33, No. 2, April 2005

of the technique. Modifications to the feeding
catheter can potentially increase the risk of problems
with feeding such as catheter blockages or even
intestinal perforation. However, the fine electrode
does not encroach on the feeding tube and is not
likely to increase the risk of damage or blockage. In
addition, once bonded, the ends of the catheter are
smooth. Bench testing showed that the wiring and
bonding become an intrinsic part of the assembly and
do not vary the flexibility or stiffness of the assembly.
Given the minimal invasiveness, low power output of
the equipment and the extremely low intensity of the
magnetic field generated, it is also unlikely that
significant physiological effects or interference with
medical equipment will occur.

Whilst this pilot study was performed in a small
number of patients, the medical and surgical diag-
noses of the patients who participated was varied,



234

suggesting that the Cathlocator™ provides a feasible
alternative for placing post-pyloric feeding tubes in a
range of critically ill patients with slow gastric empty-
ing. The Cathlocator™ system for post-pyloric tube
placement also has the potential to eliminate the
need for abdominal X-ray, facilitating an earlier start
to feeding. Further studies are required to establish
this capability.

In conclusion, it appears feasible to use the
Cathlocator™ system to guide duodenal feeding tube
placement at the bedside in critically ill patients. The
technique is simple, safe and allows rapid initiation of
enteral nutrition. Further studies are required to
determine its utility and cost effectiveness compared
with blind techniques of post-pyloric feeding tube
placement.

Data from this paper has been presented in
abstract form at the International Symposium on
Intensive Care and Emergency Medicine, Brussels.
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