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(54) Title: SYSTEM AND METHOD FOR ENHANCED MANEUVERABILITY

FIG. 1A
(57) Abstract: The present invention relates to an imaging apparatus comprising an elongated carrier adapted to be inserted 
through a proximal opening of a gastrointestinal (GI) tract lumen; a piston head, coupled to a distal portion of the carrier, and con
figured to: be inflated so as to form and maintain a pressure seal with a wall of the GI tract lumen, and be advanced distally 
through the GI tract in response to pressure from a fluid pressure source; a distal balloon coupled to the carrier distal to the piston 
head and configured and operable to be inflated so as to dilate the lumen thereby creating a working space; and a control unit, 
configured and operable to control simultaneously a pressure level within the piston head and a pressure level within the distal 
balloon. The control comprises maintaining a constant level of pressure within the piston head thereby maintaining said pressure 
seal and cyclically modulating the level of pressure within the distal balloon facilitating the distal advancement of the piston head 
within the GI tract lumen.
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SYSTEM AND METHOD FOR ENHANCED MANEUVERABILITY

FIELD OF THE INVENTION

The present invention relates generally to a pressure-propelled system, suitable 

for imaging body lumens, such as the gastrointestinal (GI) tract.

BACKGROUND OF THE INVENTION

Many imaging devices are known for producing medical images of body 

lumens, such as the gastrointestinal (GI) tract. For example, endoscopy is widely used 

for observing, photographing tissue, and taking specimens from lesions and the like.

Tubular organs in the body may have a convoluted cavity configuration. The 

gastrointestinal tract, for example, starts from the oral cavity and proceeds through the 

esophagus, stomach, duodenum and small intestine, which is a long tube that folds 

many times to fit inside the abdomen. The small intestine is connected to the large 

intestine, which begins with the cecum, a small saclike evagination, then continues 

with the ascending colon, transverse colon, descending colon and the sigmoid (S- 

shaped) colon to the rectum. These body lumens may suffer from pathologies, which 

can affect the anatomy or configuration of tbe lumen. For example, strictures, 

narrowing or closure of a normally configured lumen can be caused by calcification or 

by the presence of scar tissue or a tumor.

Traditional colonoscopic examination utilizes a thin, tubular fiber optic probe 

inserted into the large intestine (colon) via the rectum. A conventional imaging 

endoscope used for such procedures comprises a flexible tube with a fiber optic light 

guide that directs illuminating light from an external light source to the distal tip of 

the endoscope where it illuminates the region (i.e., tissue, occlusive objects) to be 

examined.

Even the most penetrating colonoscopic inspections are limited to the colon 

and the terminal portion of the small intestine (ileum), due primarily to the tortuosity 

and fragility of the large intestine and ileum. Both endoscopic and colonoscopic 

inspections run a small but significant risk of physical damage to the patient, such as 

perforation of the duodenum or ileum, especially where disease has progressed to an
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advanced stage and the surrounding tissue has weakened or degenerated.

PCT Publication WO 05/065044 to Cabin et al., which is incorporated herein 

by reference, describes apparatus for use with a biologically-compatible-fluid pressure 

source, the apparatus including an elongate carrier, adapted to be inserted through a 

proximal opening of a body lumen, and a piston head coupled to a distal portion of the 

carrier. The piston head is adapted to form a pressure seal with a wall of the lumen 

after the carrier has been inserted into the lumen, and to be advanced distally through 

the body lumen in response to pressure from the fluid pressure source. The apparatus 

is configured to facilitate distal advancement of the piston head by facilitating passage 

of fluid out of the lumen from a site within the lumen distal to the piston head. The 

apparatus additionally includes an optical system, coupled to the carrier in a vicinity 

of the distal portion, the optical system having distal and proximal ends.

In some embodiments of the PCT application, the apparatus is described as 

including an auxiliary piston head, coupled to the carrier at a position proximal to the 

distal piston head. The auxiliary piston head is described as being adapted to be 

inflated so as to attain and maintain direct contact with the wall of the colon. At at 

least one time while the carrier is within the body lumen, the distal piston head is 

described as being adapted to be in a state of being already deflated at least in part 

simultaneously with the auxiliary piston head being already inflated and being 

advanced distally through the colon in response to pressure from the fluid pressure 

source. At at least one other time while the carrier is within the body lumen, the 

auxiliary piston head is described as being adapted to be in a state of being already 

deflated at least in part simultaneously with die distal piston head being already 

inflated and being advanced distally through the colon in response to pressure from 

the fluid pressure source.

For example, the PCT application describes that the system may eventually 

reach an obstacle or tight turn. In such a case, the proximal piston head is described as 

being inflated and the distal piston head as being deflated. In this configuration, the 

pressurized fluid is described as creating greater fluid pressure acting on the proximal 

side of the proximal piston head than on the distal side of the proximal piston head. 

This pressure difference is described as propelling the proximal piston head together 

with the carrier distally. This distal movement brings the distal deflated piston head 

past the obstacle.
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The system is described as continuing its distal movement in the body lumen 

until the proximal piston head reaches the obstacle. At this point, the distal piston 

head is described as being inflated and the proximal piston head as being deflated. 

The pressurized fluid is described as creating greater fluid pressure acting on the 

proximal side of the distal piston head than on the distal side of the distal piston head. 

The pressure difference is described as propelling the system distally in the body 

lumen, bringing the proximal deflated piston head past the obstacle. The cycle is 

described as being repeated as often as necessary.

GENERAL DESCRIPTION
There is a need for an improved imaging medical device being advanced 

distally through the GI tract and which is especially used as an imaging apparatus 

navigating into the lower gastrointestinal tract with enhanced maneuverability. Such 

need is associated with the following. The lower GI tract is made up of the rectum and 

the large intestine or colon. The colon, extends upwards from the lower right 

quadrant, traverses the width of the body just below the diaphragm, extends 

downwards along the left side of the abdomen and then loops in a retrograde manner 

before linking up with the rectum and the anus. The large intestine is difficult to 

cannulate with a flexible endoscope due to the flexible nature of the endoscope shaft 

and the floppy nature of the colon. In some people, the sigmoid colon can be very 

long and is unfixed, except by its mesentery, and so can be extremely difficult to 

cannulate due to its predisposition to form loops when an endoscope is pushed 

through it. Some anatomical landmarks, such as the rectosigmoidal junction, the 

splenic flexure and the hepatic flexure, are difficult to pass through simply because of 

their tortuous nature. Problems traversing these areas are exacerbated by looping of 

the endoscope in the sigmoid colon.

Endoscopy is thus a difficult technique that can only be mastered after 

performing many hundreds of examinations. The ability to speedily cannulate the 

bowel and traverse the entire colon all the way to the caecum is a skill that is only 

enjoyed by a minority of endoscopists. Published research on the subject of difficulty 

encountered in endoscopy shows that the procedure fails in up to 15 percent of cases 

where failure is defined as inability to reach or visualise the caecum. Up to 35 percent 

of cases axe considered to be difficult as defined by extended duration of the
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3 procedure and experience of pain by the patient. Other research shows that up to 29 

percent of cases are considered to be technically difficult.

An endoscope is typically 100-150 centimeters long and may be inserted into 

either end of the digestive system. Generally, the devices have specific design features

5 adapted to the bodily opening through which the endoscope is inserted. The 

endoscope is pushed from the bottom and guided through tortuous passages using 

external manipulation.

In embodiments, the invention provides an imaging apparatus, which is 

generally an imaging apparatus movable through a lumen in a body.

10 An elongate carrier is inserted through a proximal opening of a gastrointestinal

tract (GI) tract lumen ("proximal" and "distal" being understood as being with respect 

to the physician). A piston head, coupled to a distal portion of the carrier, is inflated 

so as to form and maintain a pressure seal with a wall of the GI tract lumen. The 

piston head is advanced distally through the GI tract in response to pressure from the

15 fluid pressure source. A distal balloon is coupled to the carrier distal to the piston 

head. A control unit cycles the pressure level within the distal balloon while 

maintaining the pressure seal. Typically, the control unit cycles the pressure level 

when distal movement of the piston head is impeded. In some embodiments, the 

control unit additionally cycles the pressure level within the distal balloon even when

20 distal movement of the piston head is not impeded.

It should thus be understood that for the purposes of the invention, the term

"pressure seal" should be interpreted in its general meaning in which occlusion of at 

least a portion of a body lumen propels the piston head distally.

Some embodiments of the present invention provide an imaging system which

25 is propelled by fluid pressure through a body lumen, such as the gastrointestinal (GI) 

tract. Embodiments of the invention are described herein with reference to the GI 

tract, but it is understood that these embodiments are not limited to use in the GI tract, 

and may be used for other body lumens as well.

There is therefore provided, in accordance with an embodiment of the present

30 invention, apparatus for use with a biologically-compatible-fluid pressure source, 

including: an elongate carrier, adapted to be inserted through a proximal opening of a 

gastrointestinal (GI) tract lumen; a piston head, coupled to a distal portion of the 

carrier, and configured to: be inflated so as to form and maintain a pressure seal with a

2549097_2 (GHMatters) P86303.AU
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3 wall of the GI tract lumen, and be advanced distally through the GI tract in response 

to pressure from the fluid pressure source; a distal balloon coupled to the carrier, 

distal to the piston head and configured and operable to be inflated to dilate the lumen 

thereby creating a working space; and a control unit, configured and operable to

5 control simultaneously the pressure level within the piston head and a pressure level 

within the distal balloon, said control comprising maintaining a constant level of 

pressure within the piston head thereby maintaining the pressure seal between the 

piston head and the wall of the GI tract lumen and continuously cyclically modulating 

the level of pressure within the distal balloon facilitating the distal advancement of

10 the piston head within the GI tract lumen.

It should be understood that the stomach and other lumens in the GI tract have

highly mobile walls and tend to be easily displaced when acted on by a force. They 

are also highly muscular and expand and contract in various cycles. At any time, the 

lumen can be open or closed, but is most often in more of a collapsed state. Therefore,

15 the distal balloon of the present invention is configured and operable to dilate the 

lumen to thereby create a working space within the lumen to facilitate the 

advancement of the piston head as well as to facilitate the imaging of the lumen. 

Dilating the body lumen is accomplished by cyclically modulating the pressure within 

the distal balloon. The balloon therefore creates and stably maintains an imaging

20 working space within a body lumen. This results in a reduction of friction forces of 

the entire apparatus advancing along the lumen.

It should also be noted that to advance distally the piston head has to be 

continuously in contact with the walls of the lumen and therefore a pressurized cycled 

modulation cannot be applied to the piston head.

25 In an embodiment, the piston head and the distal balloon are arranged in a

spaced art configuration of a distance in the range of about 1 mm to 50 mm, 

preferably 10 mm.

In an embodiment, the hardness of at least a portion of the carrier coupling 

between the piston head and the distal balloon is selected to be in the range of about

30 30 to 60 shore A. The portion of the carrier coupling between the distal balloon and

the piston head may be a separate or integral portion of carrier. It should be 

understood that the flexibility of the carrier is a critical feature of the apparatus to be 

selected appropriately. On one hand, to be inserted into the GI tract, the apparatus has

2549097.2 (GHMatters) P86303.AU

P86303.AU


6WO 2010/013247 PCT/IL2009/000748

5

10

15

20

25

30

to be flexible enough, and on the other hand, to be advanced within the GI tract and 

not to be bent, the carrier has to be rigid enough. Therefore, the hardness of at least a 

portion of the carrier has to be selected to enable insertion and advancement along the 

GI tract. The hardness can be variable along the carrier. For example, a spring-like 

member can be introduced within the carrier to control its hardness.

In an embodiment, the control unit is configured and operable to identify 

impeded movement of the piston head and to cycle the level of pressure within the 

distal balloon responsively to the identified impeded movement.

In an embodiment, the control unit is configured to cycle the level of pressure 

within the distal balloon irrespective of any indication of impeded movement of the 

piston head.

In an embodiment, the control unit is configured to cycle the level of pressure 

within the distal balloon substantially whenever the pressure seal between the piston 

head and the wall of the GI tract lumen is maintained during the distal advancement of 

the piston head.

In an embodiment, the control unit is configured to receive a user-generated 

input indicative of impeded movement of the piston head, and to cycle the level of 

pressure within the distal balloon responsively to the input.

In an embodiment, the piston head is configured to have a diameter in the 

range of about 25 mm to 100 mm while the piston head is in an inflated state thereof.

In an embodiment, a maximum diameter of the distal balloon is in the range of 

about 10 mm to 65 mm while the control unit cycles the level of pressure within the 

distal balloon.

In an embodiment, the control unit is configured to cycle the level of pressure 

within the distal balloon according to a cycle having a length in the range of about 0.5 

seconds to 10 seconds, in particular a length in the range of about 2 seconds to 6 

seconds.

In an embodiment, the control unit is configured to cycle the level of pressure 

within the distal balloon according to a cycle having a length in the range of about 1.5 

seconds to 4 seconds.
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In an embodiment, the control unit is configured to set a minimum pressure 

level of the distal balloon during a plurality of cycles to be less than 10 mbar, 

preferably less than 1 mbar and/or to be substantially zero mbar.

In an embodiment, the control unit is configured to set a maximum pressure 

level of the distal balloon during a plurality of cycles to be in the range of about 20 to 

100 mbar. In an embodiment, the apparatus includes a suction source configured to 

suck fluid from the distal balloon, the control unit being configured to cycle the level 

of pressure within the distal balloon by controlling the suction source.

In an embodiment, the control unit is configured to cycle the level of pressure 

within the distal balloon by passively allowing fluid to vent from the distal balloon.

In an embodiment, the control unit is configured to cycle the level of pressure 

within the distal balloon to selectively collapse or expand a proximal and/or distal 

ends of the balloon and thus adjust the dimensions of the working space according to 

the desired clinical result.

In an embodiment, the apparatus comprises at least a first and second fluid 

pressure sources; a first passageway in fluid communication with the first pressure 

source and the piston head for inflating the piston head; and a second passageway in 

fluid communication with the second pressure source and the distal balloon; such that 

the control unit control simultaneously and independently the pressure level within the 

piston head and the pressure level within the distal balloon by driving the first 

pressure source to maintain the pressure seal between the piston head and the wall of 

the GI tract lumen and by driving the second pressure source to cyclically modulate 

the level of pressure within the distal balloon.

In an embodiment, the apparatus comprises an image-capturing device 

configured and operable to image the GI track mounted on the carrier distally to the 

distal balloon. The distal balloon is configured and operable to create a space between 

the GI track and the image-capturing device to facilitate the imaging of the GI track.

It should be understood that it is difficult to image the tissue of interest when 

the image-capturing device is positioned in contact with the lumen. Therefore, the 

balloon creates a space between the tissue of interest away from the tip of the imaging 

apparatus in which the image-capturing device is accommodated.

Moreover, it should be understood that the carrier on which the image-
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capturing device is mounted is flexible and therefore the image-capturing device is 

attracted downward due to gravity forces. Therefore, the distal balloon is configured 

and operable to place the carrier near the center of the GI track, such as the colon, 

whose diameter is larger than that of die carrier, and maintain a longitudinal carrier 

orientation. The walls of the colon within the panoramic FOV are then nearly 

equidistant from the image-capturing device, reducing the required depth of field and 

simplifying exposure.

In an embodiment, the distal balloon has a diameter smaller than the diameter 

of the piston head in its inflated state.

In other embodiments, the distal balloon forms a pressure seal with the GI 

track to enable the distal advancement of the apparatus.

There is further provided, in accordance with an embodiment of the present 

invention, a method including: forming a pressure seal between a piston head and a 

wall of a gastrointestinal (GI) tract lumen, the piston head being disposed proximally 

to a distal balloon; advancing the piston head and the distal balloon distally through 

the lumen by applying fluid pressure to an external surface of the piston head; and 

cyclically modulating a level of pressure within the distal balloon, while maintaining 

the pressure seal between the piston head and the wall of the GI tract lumen to dilate 

the lumen thereby creating an imaging working space through which advancement of 

the piston head is facilitated.

In an embodiment, forming the pressure seal between the piston head and the 

wall of the GI tract lumen comprises forming the pressure seal between the piston 

head and the wall of the GI tract lumen, a distal surface of the piston head being 

disposed at a distance in the range of about 1 mm to 50 mm proximally from a 

proximal surface of the distal balloon.

In an embodiment, the method further comprises identifying impeded 

movement of the piston head, wherein cyclically modulating the level of pressure 

within the distal balloon comprises cyclically modulating the level of pressure within 

the distal balloon responsively to the identified impeded movement.

In an embodiment, the method comprises receiving a user-generated input 

indicative of impeded movement of the piston head, wherein cyclically modulating 

the level of pressure within the distal balloon comprises cyclically modulating the 

level of pressure responsively to the input.
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3 In an embodiment, cyclically modulating the level of pressure within the distal 

balloon comprises cycling the level of pressure within the distal balloon irrespective 

of any indication of impeded movement of the piston head and/or substantially 

whenever the pressure seal between the piston head and the wall of the GI tract lumen

5 is maintained during the distal advancement of the piston head.

In an embodiment, cyclically modulating the level of pressure within the distal 

balloon comprises modulating the level of pressure within the distal balloon such that 

a maximum diameter of the distal balloon during a plurality of cycles is 10 mm to 65 

mm.

10 In an embodiment, cyclically modulating the level of pressure within the distal

balloon comprises at least one of the followings: modulating the level of pressure 

within the distal balloon according to a cycle having a length of 0.5 seconds to 10 

seconds, in particular a length of 2 seconds to 6 seconds; setting the level of pressure 

within the distal balloon to be at a minimum for at least 0.5 seconds in a plurality of

15 cycles and at a maximum for at least 10 seconds in a plurality of cycles; setting a 

minimum pressure level of the distal balloon during a plurality of cycles to be less 

than 10 mbar, in particular less than 1 mbar, in particular substantially 0 mbar; setting 

a maximum pressure level of the distal balloon during a plurality of cycles to be 

greater than 20 mbar, in particular greater than 60 mbar.

20 In an embodiment, cyclically modulating the level of pressure within the distal

balloon comprises actuating a suction source to suck fluid from the distal balloon.

In an embodiment, cyclically modulating the level of pressure within the distal 

balloon comprises passively allowing fluid to vent from the distal balloon.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Embodiments of the invention will now be described with reference to the

following drawings which are exemplary only and in which:

Figs. 1A-1B are schematic illustrations of a piston head and a distal balloon 

disposed within a subject's GI tract, in accordance with an embodiment of the present 
invention;

30 Figs. 2A-2B are schematic illustrations of the distal balloon respectively in

deflated and inflated states thereof, in accordance with an embodiment of the present 

invention; and

2549097.2 (GHMatters) P86303.AU

P86303.AU


WO 2010/013247 10 PCT/IL2009/000748

5

10

15

20

25

30

Figs. 3A-3B are graphs illustrating cyclical modulation of the pressure within 

the distal balloon, in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS
Reference is now made to Figs. IA, which is a schematic illustration of an 

example of an imaging apparatus 100 according to an embodiment of the present 

invention. The imaging apparatus 100 comprises a piston head 20 and a distal balloon 

22 disposed within a subject's GI tract lumen 24 and a control unit 25, in accordance 

with an embodiment of the present invention. The piston head 20 is coupled to a distal 

portion of the carrier, and is configured to be inflated so as to form and maintain a 

pressure seal with a wall of the GI tract lumen, and be advanced distally through the 

GI tract in response to pressure from a fluid pressure source. The distal balloon 22 is 

coupled to the carrier, distally to the piston head and is configured and operable to be 

inflated so as to dilate the lumen thereby creating an imaging working space. The 

control unit 25 is configured and operable to control simultaneously the pressure level 

within the piston head and the pressure level within the distal balloon by maintaining 

a constant level of pressure within the piston head thereby maintaining the pressure 

seal between the piston head and the wall of the GI tract lumen and by cyclically 

modulating a level of pressure within the distal balloon facilitating the distal 

advancement of the piston head within the GI tract lumen.

An elongate carrier 28 is inserted into the lumen through a proximal opening 

of a gastrointestinal (GI) tract lumen. In the specific but non-limiting example of Fig. 

IA, a guide member 26 is inserted into a proximal opening of a lumen of a subject's 

body, for example, a GI tract lumen 24, the elongated carrier 28 being inserted into 

the lumen through a bore in the guide member. An image-capturing device 30 

configured to image the GI track lumen is typically mounted on carrier 28 distal to 

distal balloon 22.

It should be understood that the distal balloon is also configured and operable 

to create a space between the GI track and the image-capturing device to facilitate the 

imaging of the GI track.

Reference is made to Fig. IB illustrating an enlarged view of a portion of the 

imaging apparatus 100. Carrier 28 includes a piston head passageway 34 in fluid 

communication with piston head 20, connected to a source 32 of a pressurized
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biologically-compatible fluid, such as but not limited to, a source of pressurized air, 

COo or water (not shown) for inflating piston head 20. In some embodiments, guide 

member 26 is formed with a source passageway 29 connected to the same source 32 
or to another source.

For some applications, the piston head-inflation fluid pressure source is 

regulated to maintain a generally constant pressure within piston head 20, regardless 

of changes of volume of the piston head which occur in response to diameter changes 

of GI tract lumen 24. For example, the piston head is configured to have a diameter of 

25 mm to 100 mm when the piston head is in its inflated state thereof.

A vent tube 38 may pass through or around piston head 20 (and through or 

around distal balloon 22), having an opening 40 distal to piston head 20 through 

which fluid is ventable to the outside. That is, the proximal end of vent tube 38 vents 

the fluid past guide member 26 to the outside.

A power supply tube 42 (e.g., containing electrical wires, fiber optics, etc.) 

may pass through carrier 28, for connection to image-capturing device 30.

In some embodiments, a fluid supply tube 44 passes through carrier 28 and is 

connected to a fluid source (not shown), e.g., pressurized water, for cleaning the area 

near image-capturing device 30, or, in combination with vent tube 38, for cleaning GI 

tract lumen 24 itself.

The piston head 20 is advanced through the GI tract by applying pressure to 

the piston head, by passing fluid (e.g., air) into the portion of the GI tract that is 

proximal to the piston head, via passageway 34. During advancement of the piston 

head, vent tube 38 vents to the outside the pressure that accumulates due to the 

advancement of the piston head. The piston head is typically withdrawn proximally 

through the GI tract by creating a pressure difference in a reverse manner, to actively 

propel piston head 20 together with carrier 28 proximally. Pressurized fluid (e.g., air) 

from another (e.g. third) fluid pressure source (not shown) is introduced to the distal 

side of piston head 20, via a pressure-application tube passing through or around 

piston head 20. The distal balloon is therefore controlled independently from the 

piston head via a different fluid pressure source.

Optionally, vent tube 38 serves as the pressure-application tube during 

withdrawal. The pressurized fluid creates greater fluid pressure acting on the distal
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side of piston head 20 than on the proximal side of piston head 20, thereby proximally 

propelling the piston head and the carrier. During the advancement and/or the 

withdrawal of the piston head through the GI tract, imaging device 30 images the GI 

tract.

In some embodiments, a further passageway 46 passes through or around 

piston head 20. The apparatus 100 may a further fluid pressure source (not shown) in 

fluid communication with the further passageway 46 and the distal balloon 22. A 
control unit 25 controls simultaneously and independently a flow of fluid from the 

further fluid pressure source into distal balloon 22, via passageway 46. Fluid is 

removed from distal balloon 22 past guide member 26 to the outside, via passageway 

46.

In some embodiments, a first passageway supplies fluid to the distal balloon 

and a second passageway removes fluid from the distal balloon. Typically, the fluid 

pressure source supplies a pressurized biologically-compatible fluid, such as but not 

limited to, pressurized air, CO2 or water. For some applications, fluid is vented from 

the distal balloon via passageway 46 in a passive manner (i.e. by permitting the 

passage of the fluid out of the lumen). Alternatively, passageway 46 is coupled to a 

suction source, and the suction source actively sucks fluid from the distal balloon. For 

example, control unit 25 controls the suction source.

Reference is now made to Figs. 2A-2B, which are schematic illustrations of 

distal balloon 22 respectively in deflated (2A) and inflated states (2B) thereof, in 

accordance with an embodiment of the present invention. In some embodiments, 

piston head 20 is inflated so as to form and maintain a pressure seal with a wall of GI 

tract lumen 24 (as shown, for example, in Fig. IA). The piston head is advanced 

distally through the GI tract in response to pressure from a fluid pressure source, as 

described hereinabove. Control unit 25 (shown in Fig. IA) cycles the pressure level 

within the distal balloon while maintaining the pressure seal between the piston head 

and the wall.

In some embodiments, the control unit cycles the level of pressure within the 

distal balloon when distal movement of the piston head is impeded. The control unit 

25 identifies movement of piston head 20 (for example, by using an acceleration 

sensor coupled to the piston head), and cycles the level of pressure within distal



WO 2010/013247 13 PCT/IL2009/000748

5

10

15

20

25

30

balloon 22 responsively to a parameter of the identified movement. Alternatively or 

additionally, the control unit receives a user-generated input indicative of impeded 

movement of the piston head, and cycles the level of pressure within the distal balloon 

responsively to the input. For some applications, the control unit cycles the level of 

pressure within the distal balloon irrespective of any indication of impeded movement 

of the piston head. For example, the control unit may continuously cycle the level of 

pressure within the distal balloon substantially whenever the pressure seal between the 

piston head and the wall of the GI tract lumen is maintained during the distal 

advancement of the piston head.

For some applications, a maximum diameter D2 of distal balloon 20 is 10 mm 

to 65 mm, while control unit 25 cycles the level of pressure within the distal balloon. 

Distal balloon 22 is typically coupled to piston head 20 by a tube 50 which may be a 

separate or integral portion of carrier 28. In some embodiments, tube 50 has a 

hardness of 30-38 shore A. Typically, length L of tube 50 is 5 mm to 30 mm in 

embodiments in which the maximum diameter D2 of the balloon is 10 mm to 50 mm, 

and is 20 mm to 50 mm in embodiments in which the maximum diameter D2 of the 

balloon is 50 mm to 65 mm.

In some embodiments, the control unit is configured to cycle the level of 

pressure within the distal balloon to selectively collapse or expand a distal and/or 

proximal ends (22A and 22B) of the balloon.

Reference is now made to Figs. 3A-3B, which is a graph illustrating cyclical 

modulation of the pressure within distal balloon 22, in accordance with an 

embodiment of the present invention. The graph 3A shows a 4 second cycle, 

according to which the balloon pressure is at a minimum pressure of zero mbar for 2 

seconds of each cycle, and at a maximum of 25 mbar for 2 seconds of each cycle. The 

graph 3B shows an 8 second cycle, according to which the balloon pressure is at a 

minimum pressure of zero mbar for 4 seconds of each cycle, and at a maximum of 50 

mbar for 4 seconds of each cycle.

Typically, cyclic modulation of the pressure within distal balloon 22 facilitates 

the advancement and/or withdrawal of piston head 20, if advancement and/or 

withdrawal had been impeded by interactions between the apparatus and the GI tract 

lumen.
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It should be understood that the apparatus has the ability of to be withdrawn 

proximally through the body lumen in response to pressure from the fluid pressure 

source by applying fluid pressure to an external surface of the piston head creating a 

pressure difference. Pressurized fluid (e.g., air) from a fluid pressure source is 

introduced to the distal side of piston head 20, via a pressure-application tube passing 

through or around piston head 20. Optionally, vent tube 38 serves as the pressure- 

application tube during withdrawal. The pressurized fluid creates greater fluid 

pressure acting on the distal side of piston head 20 than on the proximal side of piston 

head 20, thereby proximally propelling the piston head and the carrier. A vent tube 

between the proximal side of piston head 20 and outside the lumen may assist in 

creating the pressure difference across piston head 20, either passively or actively via 

applied suction. During the withdraw of the piston head, the pressure level within the 

distal balloon is not cyclically modulated, but maintained at a constant minimum 

pressure, inflating the distal balloon to create a space between the GI track and the 

image-capturing device mounted on the carrier distally to the distal balloon to 

facilitate the imaging of the GI track as described above. The distal balloon being 

inflated enables to flood the image capturing device within the body lumen.

In some embodiments, the apparatus 100 includes a suction source (not 

shown) configured to actively sucks fluid from the distal balloon. The control unit 25 

is configured to cycle the level of pressure within the distal balloon by controlling the 

suction source The cycle of the level of pressure of the suction source has a length in 

the range of about 0.5 seconds to 5 seconds.

Alternatively or additionally, the fluid is vented from the distal balloon 

passively. The cycle of the level of pressure within the distal balloon has a length, in 

the range of about 1.5 seconds to 10 seconds. In some embodiments, the cycle is such 

that the distal balloon pressure level is at a minimum for about 0.5-4 seconds in a 

plurality of cycles and at a maximum for at least 0.5-4 seconds in a plurality of cycles.

In some embodiments, the minimum pressure within the distal balloon during 

a plurality of cycles is less than 10 mbar, for example, less than 1 mbar, e.g., 

substantially zero mbar. In some embodiments, the maximum pressure within the 

distal balloon during a plurality of cycles is greater then 20 mbar, e.g., greater than 65 

mbar.
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For example, the distal balloon is pulsed with a target pressure of about 50-60 

mbar. Several modes of operation are possible: (7) a constant pressure is applied 

during a cycle in the range of about 0 to 6 seconds (preferably 2 seconds). An active 

deflation is then performed and no pressure is applied for about 0-2 seconds. (2) A 

constant pressure is applied for 0 to 6 seconds (typically 2) with a closed channel (in 

this case, the balloon is not controlled or cannot reduce its volume even if surrounding 

pressure rises). An active deflation is then performed and no pressure is applied for 

about 0-2 seconds. (3) The distal balloon may be deflated and inflate again 

immediately (fastest frequency).

It should be understood that as described above, the lower part of the GI track 

linking up with the rectum is a thin portion in which the insertion of the piston head 

and its inflation is a difficult task. To solve the above-mentioned problem, the distal 

balloon having a diameter substantially smaller than the piston head, and being 

inserted before the piston head in the lumen, may be inflated to form a pressure seal 

with the GI track by maintaining a constant level of pressure to enable the distal 

advancement of the apparatus.

In some embodiments, the distal balloon is used to drive the piston head and 

the entire apparatus distally. The piston head is then inflated with a pressure which is 

lower than the supplied rear pressure (i.e. the pressure acting on the proximal side of 

the piston head). In this mode, the piston head is normally collapsed due to the lower 

pressure than its surrounding, but once a leakage is observed (for example when the 

distal balloon does not create a pressure seal with the colon wall), the rear pressure is 

rapidly reduced (due to the leakage), causing the piston head to create a pressure seal 

with the colon. Therefore, the capability of the system of the present invention to 

control the piston head and the distal balloon separately enables this type of operation 

needed in particularly when a leakage exists between the piston head and the wall of 

the colon and when the pressure at the proximal side of the piston head drops. By 

using this mode of operation, the piston head increase its volume due to the 

surrounding pressure drop, enabling a better seal with the colon wall and the 

prevention of further leakage.

It will be appreciated by persons skilled in the art that the present invention is 

not limited to what has been particularly shown and described hereinabove. Rather, 

the scope of the present invention includes both combinations and subcombinations of
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3 the various features described hereinabove, as well as variations and modifications 

thereof that are not in the prior art, which would occur to persons skilled in the art 

upon reading the foregoing description.

It is to be understood that, if any prior art publication is referred to herein, such 

5 reference does not constitute an admission that the publication forms a part of the

common general knowledge in the art, in Australia or any other country.

It is to be understood that, if any prior art publication is referred to herein, such 

reference does not constitute an admission that the publication forms a part of the 

common general knowledge in the art, in Australia or any other country.

10
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3 CLAIMS

1. An imaging apparatus, comprising: an elongated carrier adapted to be inserted 

through a proximal opening of a gastrointestinal (GI) tract lumen; a piston head, 

coupled to a distal portion of the carrier, and configured to: be inflated so as to form

5 and maintain a pressure seal with a wall of the GI tract lumen, and be advanced 

distally through the GI tract in response to pressure from a fluid pressure source; a 

distal balloon coupled to the carrier distal to the piston head and configured and 

operable to be inflated so as to dilate the lumen thereby creating a working space; and 

a control unit, configured and operable to control simultaneously a pressure level

10 within the piston head and a pressure level within the distal balloon, said control 

comprising maintaining a constant level of pressure within the piston head thereby 

maintaining said pressure seal and continuously cyclically modulating the level of 

pressure within the distal balloon facilitating the distal advancement of the piston 

head within the GI tract lumen.

15 2. The apparatus according to claim 1, wherein said distal balloon and said piston

head are arranged in a spaced apart configuration of a distance in the range of about 1 

mm to 50 mm.

3. The apparatus according to claim 1 or 2, wherein the control unit is configured 

and operable to identify impeded movement of the piston head and to cycle the level

20 of pressure within the distal balloon responsively to the identified impeded 

movement.

4. The apparatus according to claim 1 or 2, wherein the control unit is configured 

to receive a user-generated input indicative of impeded movement of the piston head, 

and to cycle the level of pressure within the distal balloon responsively to the input.

25 5. The apparatus according to any one of the preceding claims, wherein at least a

portion of the carrier coupling between the piston head and the distal balloon is 

selected to have hardness in the range of about 30 to 60 shore A.

6. The apparatus according to any one of claims 1 to 5, wherein the piston head

is configured to have a diameter in the range of about 25 mm to 100 mm while the

30 piston head is in an inflated state thereof.
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3 7. The apparatus according to any one of claims 1 to 6, wherein the distal balloon has 

a diameter in the range of about 10 mm to 65 mm.

8. The apparatus according to any one of claims 1 to 7, wherein the control unit 

is configured to cycle the level of pressure within the distal balloon according to a

5 cycle having a length in the range of about 0.5 seconds to 10 seconds.

9. The apparatus according to any one of claims 1 to 8, comprising a suction 

source configured to suck fluid from the distal balloon, the control unit being 

configured to cycle the level of pressure within the distal balloon by controlling the 

suction source.

10 10. The apparatus according to any one of claims 1 to 9, wherein the control unit

is configured to cycle the level of pressure within the distal balloon by passively 

allowing fluid to vent from the distal balloon.

11. The apparatus according to any one of claims 1 to 10, wherein the control unit 

is configured to cycle the level of pressure within the distal balloon to selectively

15 collapse or expand a proximal and/or distal ends of the balloon.

12. The apparatus according to any one of claims 1 to 11, comprising at least a 

first and second fluid pressure sources; a first passageway in fluid communication 

with said first pressure source and said piston head for inflating the piston head; and a 

second passageway in fluid communication with the second pressure source and the

20 distal balloon; such that said control unit controls simultaneously and independently 

the pressure level within the piston head and the pressure level within the distal 

balloon by driving the first pressure source to maintain the pressure seal between the 

piston head and the wall of the GI tract lumen and by driving the second pressure 

source to cyclically modulate the level of pressure within the distal balloon.

25 13. The apparatus according to any one of claims 1 to 12, comprising an image

capturing device configured and operable to image said GI tract mounted on said 

carrier distally to said distal balloon.

14. The apparatus according to claim 13, wherein said distal balloon is configured 

and operable to create a space between the GI tract and said image-capturing device to

30 facilitate the imaging of said GI tract.

15. The apparatus according to any one of claims 1 to 14, wherein the distal 

balloon has a diameter smaller than the diameter of the piston head in its inflated 

state.
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3 16. The apparatus according to any one of claims 1 to 14, wherein the distal 

balloon forms a pressure seal with the GI tract to enable the distal advancement of the 

apparatus.

17. A method comprising: forming a pressure seal between a piston head and a 

5 wall of a gastrointestinal (GI) tract lumen, the piston head being disposed proximally

to a distal balloon; advancing the piston head and the distal balloon distally through 

the lumen by applying fluid pressure to an external surface of the piston head; and 

continuously cyclically modulating a level of pressure within the distal balloon, while 

maintaining the pressure seal between the piston head and the wall of the GI tract

10 lumen to dilate the lumen thereby creating an imaging working space through which 

advancement of the piston head is facilitated.

18. The method according to claim 17, comprising identifying impeded movement 

of the piston head, wherein cyclically modulating the level of pressure within the 

distal balloon comprises cyclically modulating the level of pressure within the distal

15 balloon responsively to the identified impeded movement.

19. The method according to claim 17, comprising receiving a user-generated 

input indicative of impeded movement of the piston head, wherein cyclically 

modulating the level of pressure within the distal balloon comprises cyclically 

modulating the level of pressure responsively to the input.

20 20. The method according to any one of claims 17 to 19, wherein cyclically

modulating the level of pressure within the distal balloon comprises modulating the 

level of pressure within the distal balloon according to a cycle having a length of 

about 0.5 seconds to 10 seconds.

21. The method according to any one of claims 17 to 20, wherein cyclically

25 modulating the level of pressure within the distal balloon comprises setting a

minimum pressure level of the distal balloon during a plurality of cycles to be less 

than 10 mbar.

22. The method according to claims 17 to 21, wherein cyclically modulating the 

level of pressure within the distal balloon comprises setting a maximum pressure level

30 of the distal balloon during a plurality of cycles to be greater than 20 mbar.
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3 23. The method according to any one of claims 17 to 22, wherein cyclically 

modulating the level of pressure within the distal balloon comprises actuating a 

suction source to suck fluid from the distal balloon.

24. The method according to any one of claims 17 to 23, wherein cyclically 

5 modulating the level of pressure within the distal balloon comprises passively

allowing fluid to vent from the distal balloon.

25. An imaging apparatus substantially as herein described with reference to the 

accompanying drawings.

26. A method substantially as herein described with reference to the 

10 accompanying drawings.
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