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ramnponade balloops mounted over 3 tube gre placed scros the disphragmude histus and
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APPARATUS AND METHOD FOR_CONTINUOUS M T OF PORTAL

BLOOD PRESSURE

BACKGROUND OF THE INVENTIOM

1. Field of the Invegticn

This invention pertains to a method and a device for
the continucus measurement of portal blood pressure. The
methed and device use an inflatabls balloon inserred inco
the stomach and escphagus with a sensor to wmonitor the

portal blood pressure.

2 The Prigr Art

U.5. Patent Na. 5,553,240 to Zimmon, the disclosure
of which is herein incorporated by reference, discloses a
method and davice for measuring portal bloed pressure.
That invention provides a tamponade device and a
technically simple method for measuring portal venous
pressure in patients with esophageal varices during upper
gascreintestinal endoscopy. An advantage of the above
menticned invention is that it allows endogcopic
surveillance of escphageal varices combined with

measuremaent of portal venous pressure, particularly

SUBSTITUTE SHEET {RULE 26}
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during emergency therapy of variceal hleeding.
However, the use of a large endoscope such as used

in the patent menticned akove to observe the ccllapse of

esophageal variges is cumbersome and difficult for the

6 patient, since it requires sedatiocn. Further, the

21

callapse and refilling of varices in the escphaguse may be
difficult to identify when varices are small or obecured
by esophageal peristalsis and respivatory motion. It
would bg dasirable te find a method for measuring portal
blood prezssure that eliminates the need for endoscopy and
makes the use of tamponade with sensors available to

those without enddscopic skills.

SUMMARY OF THE JNVENTION
It is therefore an object of the present invention
to provide a device and a technically simple method for
the continuous measurement of portal pressure during
ballocn tamponade using sensors as alternatives to

standard endoscopic technigues.

These and other objects are accomplished by a device
for measuring portal blood pressure comprising a tube

with proximal and distal open ends, an esocphageal
.2
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inflacable balloon mounted over che tube, a first
inflation lumen opening into the esophageal inflatable
balloon for directing pressurized fluid to inflate the
esophageal inflatable balloon, a gastric inflatable
balloon mounted over the tube between the esophageal
inflatable balloon and the diatal cpen end, a second
inflation lumen opening into the gastric inflatable
ballocn for directing pressurized fluid te inflate the
gascric ballcon. and a non-visual sensor mounted on the
esophageal balloon or a small endoscope or video camera
that is inserted through the tubs, to detect the changes

resulting from tamponade,

The invention alsc comprises a methed of measuring
the portal pressure by backloading the device on an
endesceps by passing the endoscope through the open ends
of tﬁe tube, passing the endoscope down the esophagus
advancing the device along the endoscope and down the
2sophagus Lo & location within the diaphragmatic hiatus,
pasitioning the gastric balloon inside the stomach and
inflating the gastric balloon, pulling the balloon
against the proximal stomach and the diaphragmatic hiatus

with a traction means to seat the gastric balleoon against

3-
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the gastric cardia, inflating the eagphageal inflatable
balloon to fix the device across the diaphragmatic hiatus
by the two opposed balleens, releasing the traction
means, locating the sensor to a position above or
adjacent to the esophageal inflatable balloon. to cbserve
esophageal varices, gradually inflating the ballgons
until bleod flow in the¢ portal veins traversing the
diaphragmatic hiatus occludes, so that the esophageal
varices collapse or bloed flow ceases or is reduced to a
nadir aa derected by said sensor, and monitoring the
pressure inside said esophageal inflatable balloon and
gastric inflatable halloon as sensed by the sensor to
wbtain an indication of the portal blocd pressurs.
Alternacively the tamponade device may be deploved over
an cral-gastric tube to obviate the need for endoscopic
equipment and endoscopic skills as described in UZ patent

# 5,785,224, hereby incorporated by reference.

The device preferably also includes a bridle
attached to the tube te extend up the esophagus to a
traction means. The bridle is manipulated to position the
proximal end of the device within the digestive tract and

maintain the device in traction.

4-
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In additicn, an aspiraticn tube is positioned within
the stomach and a fluid supply tube is positicned
adjacent to the esaphageal balloon for coupling to the

mucosal surface when an ultrasonic sensor iz used.

For this purpose, deaerated fluid is gradually
infused adjacent tc the esophsgeal balloon while

aspirating the stemach.

The stomach is aspirated and the fluid is infused
adjacent to the esophageal balloon while deflating the
esophageal inflatable ballcon and gastric inflatable
Palloon until the esophageal varices distend or blood
flow increases as determined by the sensor. The pressure
within the balleons is then measured with a monometer or

a second sensor.

Repeated measurements would be useful in menitoring
portal pressure during the adwinistration of drugs for
the control of portal hypertension, partzicularly in
patisnzs with active or recent bleeding. The =fficacy of
drug cherapy in reducing portal pressure must be

determined to identify patiencs who can be spared other

-5-
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it

interventions. Conversely, patients who fail teo respend
te drug therapy with a sufficient decrease in portal
pressure, which reduces the risk ¢f hemorrhage, would

raguire alternative therapy.

Blocd flow in esephageal varices is rapid and
produces bulging blue vieible vessels in the esophageal
wall. A pensor that identifies a change in diameter of
the varices, such as an ultrasound probe; a change in the
color of the esophageal wall when the blue veasels
diminish in size, such as reflectance spectrometry as in
oximetry; or a change in velocity of flow as indicated by
temperature, electrical impedance or deppler ultrasound,

could be used.

Improvements in endoscopes have allowed the
development of 2mm diameter bartery powered andoscopes
and small video cameras. Where electronic measursments
or endoscopic ultragound probes that require complex
electrical monitocring devices are not available, a small
endoscope or video camera can serve to identify varix
collapse when placed through the patienc's nose to the

appropriate site abeove the tamponade. This endoscope

-
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2

could be used in conjunction with the present invention
te wvisualize whether ths varices are expanded and vigible
or collapsed and tamponade pressure adjusted to obtain a
pressure measurement. Similar periodic measurements

would similarly be made using the sensors described.

The preferrsd method for measuring portal pressure
wonid have a tamponade balloon such as that described in
United States Patent Mo. 5,308,226, the disglogure of
which is herein incorporated by reference, an expandabie
comoression disc or other similar device located in the
stemach and held in place by a similar device in the
escophagus. A patent lumen connecting the esophagus and
gstomach to egualize pressure is important, since without
such a lumen, swallowing and escphageal peristalsis
periogically increazes aescphageal pressure to oppose
variceal pressure and influsances pressure and flow in

esophageal varices,

A similar disability is presant during routine
endoscopic observation of varices in the esophagus since
air inflation is esaential to allew visualization of the

varices. This is the distinct advantage of using & non-
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wisual senser since air pressure would not be required.

The tamponade device must be provided with a bridle
for introduction and communicaticn with the balloon or
compression discs as well ag the ssnsor. This would be
similar to the eacphagogastric balloon tamponade device
bridie described in US Patent No. 5,308,326, that ia
hereby incorporated by reference. With ultrasound or
ultrasound doppler sensors, an additicnal source of flunid
te ceuple the transducer to the escphageal wall is
required. This is provided by a fine rube within or
ocutsgide the bridle carrying a trickle of deaerated water

or other fluid,

BRIET D RIPTICN OF THE DRAWINGS
Other objects and features of the present invantion
will become apparent from the following detailed
description considered in connecticn with the
accompanying drawings. It is to be understood, however
that the drawings are designed as an illustration only

and not as a definition of the limits of the inventisn.

3
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Tn the drawings, wherein similar reference

charactars denete similar slementcs throughout the several

views:

FIG. 1 is a pergpective view of one embodiment of a
device used to practice this invention, for illustrative
purpeses, the full lengths of the wires 12 and of the

lumens 16 and 38 are not shown; and

FIGE. 2 to B are step-by-step sectional views of the
device illustrated in FIG. 1 baing placed in a patient

according to one embodiment of this invention.

ILED DESCRIPTIC TIHE PREF EMBODIMENT
Referring now in detail to the drawings and, in

particular, PIG. 1 2 preferred esophago-gastric balloon
device 11 is shown. The devige 11 inciudas an elongate
member 12, preferably a tube, having a proximal end 12
and a distal end 14, where both ends are prefaerably open.
An esophageal inflatable halloen 15 is mounted over the
elongate member 12, and an inflation lumen 16 is provided
for directing pressurized fluid in and cut the esophagesl

inflatable balloon 15. A gastric inflatable bhalloon 17 is

-g.
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mounted over the elongate member 12 and is adapted to
seat against the gastric cardia when inflated in the
stomach, and when the device 11 is pulled by the wires 1%
in a direction up the esophagus. A separate inflation
lumen 18 is provided to inflate and deflate the gastric

inflatakle balloon 17,

The escphageal inflatable balloon 15 is mounted over
the elongate member 12, As to the method of mounting the
ezophageal inflatable ballceon over the tube, it may be
mounced by silk ties, bonding or wvulecantzing, or any

ther suitable airtight manner known in the art. Aan
inflation lumen 16 for directing pressurized fluid to
inflate the esophageal inflatable ballcon 15 ia alsc
provided and preferably is bonded to the side of the

=longate member 1z.

The gastric inflatable pallcoon 17 is mounted cver
the elongate member 12 near its distal end 14 to provide
& seating surface within the stomach. The gastric
inflatable balloon 17 has an inflated diameter which is
sufficiently large, so that when positicned in the

scomach and inflaterd, the gastric inflatable balloon L7

-10-
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seabts against and compresses the gastric cardia when the
device 11 is pulled by the wires 1%, or pulled by the
proximal end of the elongate wember 12 in a direction up
the esophagus. The gastric inflatable balleoon 17 can be
mounted using silk ties, bonding or vulcanizing, or any

other suitable airtight method known in the art.

A non-visual sensor 20 is mounted to one of balloons
15 and 17 for measuring the pressure. Senscr 20 can be
any one of a variety of sensors, such as a sensor that
identifies & change in diamecer of the varices, guch as
an ultrasound prabe; a change in the coler of the
esophageal wall when the blue vessels diminish in size,
such ag reflectance spectromscry as in oximetry; oY a
change in wvelocity of flow as indicated by temperature
electrical impedance or doppler ulrrasound. Sensor 29
can be mounted in any of a variety of positicns on the
device, depending cn the type of senscr to be used. The

various positions of senser 20 are siown in FIGS. 2-8.

An inflation lumen is alse provided to direct
opressurized fluid to inflate the gastric inflatable

palleon 17. This lumen could be the same one which

-11-
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inflares the esophageal inflatable balleon 15, but in a
preferred device, a second and separate inflation lumen
18 is provided for the gascric inflatable ballosn 17, and
is alsc bonded to the side of the elongare member 12. The
inflation lumen 18 paases through the esophageal
inflatable balloon 15 and into the gastric inflatable
balleon 17, opening only inte the lakter. This enables
the selective inflation of the esophageal inflatable

balleorn 18 and rhe gastric inflatable balloon 17.

A vreferred device 11 also includes a plurality of
wires 1% which are attached te the =longate member 12 and
generally form 2 bridle. In the preferred devies 11, the
wires 12 are of sufficient length that, when the davice
11 is in place, the wires 19 extend up the =sophagus and
externally extend from the patient. Thus, the bridle is
adapred and operable to allow the device 11 to be secured
in place in the patient while having the proximal open
end 13 of the elongate membar 12 positioned within the
eacphagus. This provides a convenient passage through
which materials may pass to the stomach and enables
normal feeding and swallowing. The wires 19 are attached

£o the eleongate member 13 by securing them through small

-12-
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apertures 20 provided near the proximal open end 13 of

the elongate member 12.

It is understocd, however, that bonding or any other
suitable means known in the art could be used to atcach

the wires 1% to the elongate membey 12.

As an initial step to practice this invention, the
device ic passed down the escphagus, to a location within
the patient’'s stemach. The device is backloaded on the
endoscope or oral-gastric ruba by passing the endoscope
or oral-gastric tube througsh the open ends of the device.
The endoscope or tube is then pagsed Through the
patient’s moutch, down the escphagus, and into the
stomach, usuvally z distance of abour 50 cm past the

patient’'s incisors.

Next and referring to FIG. 2, the device 11 is
advanced by pushing with an overtube until the gastric
inflatable balloen 17 is positicned within che stomach
while leaving a portion of the bridle external to the

patient.

-13-
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Referring to FIG. 2, the gastric inflatable ballcon
17 is inflated and the elongate member pulled with the
bridle wires until the gastric inflatable ballcon is felt
O Seat against the gastric cardia. Once in poaition, the
pressure within the gastric inflatable balloon is

preferably adjusted to about 50 mmHg.

Referring to FIG. 4, after the inflation of the
gastric inflatable balloon 17 and its placement against
the gastric cardia, the pushing tube ig withdrawn from
the sromach re a location above the device 11.

Referring to FIG. 5, the esophagezl inflatable
balloon 1% is then inflated to fix the devipe 11 into
position by compressing the diaphragmatic hiatus and
surrounding tissue. A preferable initial inflation
pressure is about 50 mmHg. Once device 11 is fixed, the
excernal pulling er traction to device 11 is then
preferably released. The release of traction allows the
patient’'s diaphragm to move in normal respiration which
otherwise might prevent an accurate mesasure of the

patient's portal blocd preasure.

-14-
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Once in poaition, the esophageal and gastric
inflatahle palloons are inflated and fixed into position
by compressing the diaphragm and surrounding tissue from
oppesing sides of the diaphragm. The secphageal and
gastric inflatable balloons are then further inflated and

deflated, as needed, to measure portal blood pressure,

hdditiomally, prior to advancing the device down the

esophagus, suitable hemostaric (such as microfibriliar
collagen hemosrat), coagulant (such as Thrombin, USE), or
cytoprotective {such as sugralfate) substances can be
spplied to esophageal inflatable ballcoon 15 and/or
gastric inflatable ballecn 17. Such

applicacions facilitate the later removal of the device
by preventing adherence cof the balleoona to any bleeding
sites. Referring to FIGS. € and 7, a preferred method for
securing a bridle is shown. Cnece it has been coniirmed
that the device 11 is properly placed, a flexible guide
tube having first and second open ends is provided. The
first end of the guide tube is then placed through the
nege and out the mouth of the patiepr, with the second
end of the guide rube remaining externzl of the nose.

Next, the bridie wires 19 and the inflation lumens 1% and

-15-
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18, which are extending out of the mouth, are rassed into
fgaid first end and cut the szcond end of the guide tube.
The guide tube is then withdrawn £rom the nose to leave
bridle wires 1% and lumens 16 and 18 positriocned through

the patient's nose.

The established nasal bridle position is generally
shown in FIG. 7. The gastric inflatable balloon 17 and
the esophnageal inflatable balloen 15 are inflated, and
the wires 1% and the inflation lumens 16 and 18 are
extending out of the nose. The appropriate connectors can
then he placed on the inflation lumens 16 and 18 and the
bridle wires 1% can be connected Lo a tracricn device as
necessary. Having the lumens 16 and 18 and the bridile
wires 1% positioned through the patient's nose increases
patient comfort and reduces trauma to the nose and

pharynx.

Referring to FIG. 8, the sensor measures the portal
pressure as follows: pressure in the esophageal and
gastric inflatable ballown is slowly reduced until the
varices distend and reappear. Pressure is then increased

in the esophageal and gastric inflatable balloon while

16-
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monitoring the inflation pressure. When the pressure
inside the gastric inflatable balloon is high encugh to
ccclude blood flow in the portal veins traversing the
diaphragmatic hiatus, the varices above the esaphageal
inflatable balloon collapse. The halloon pressure
required to occlude these portal cellateral veins is
about identical to the pressure in the main portal vein.
Upon occlusion, the ballocons may be deflated to allow the
ezophageal varices to distend and this pressure iz aleo
meazured. The sensor identifies the change in diameter
of the varices (using an ultrasound probe), a change in
the color of the esophageal varices when the blue vessels
diminish in size (uging & reflectance spectrometry as in
oximetry), or a change in velocity of flow as indicated
by temperature or by using electrical impedance or
doppler ultrascund. Sensor 24 is sreferably mounted on
the escphageal balloon. However, sensor 20 could also be

mounted on the endoscope, tamponade shaft or kridle.

Although a balloon is the preferred embodiment of
this invention, it must be understood that similar
functions could be served by any type of compresasion

device including a disc or cage activated by gas

17-
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1 préssure, a calibrated spring or any mechanical means.

Further details regarding the device can be found in
Method and Device for Measuring Portal Bleood Fresaure,

U.S. Patent No. 5,553,240 which is incorporated inte thig

] specificaktion by reference,

Accordingly, while only cne smbodiment of the
present invention hag been shown and described, it is
obvicus that many changes and modifications may be made

11 thereunte without departing from the spirit and scope of

the invention.
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WHAT 13 CIATIMED T3:

1. & method for the continuous measurement of portal
blocd pressured, comprising the steps of:

providing a device having a tube with proximal

and distal open ends, an escphageal inflatable balicon
mounted over said tube, a first inflation lumen opening
into said esophageal inflatable balloon fox directing
presgurized fluid to inflate said esophageal inflatable
balloon, a gastric inflatable balloon mounted over said
tube between 3aid escphageal inflatable balloon and said
distal cpen end, a second inflation lumen opening into
said gastric inflatable balloon for directing pressurized
fluid to inflate said gastric balloon, and a sensor

atrtached to one of said balleoons;

backloading said device on an endoscops, oral-
gastric tube or other tube introducer by passing the

introducer through said cpen snds of said tube;

passing the introducer down the esophagus:

advancing said device along the introducer wich

a pusher down the esophagus to a location within the

-19-

SUBSTITUTE SHEET (RULE 26)

JP 2004-500180 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

21

(32)

WO 01/50951 PCT/U501/09585

atomach;

positioning mBaid gastric balloon inside the

stomach and inflating said gastric balloon;

pulling said gastric balloon against the
proximal stomach and the diaphragmatic hiatus with a
traction means to seat said gastric balloon against the

gastric cardia;

inflating the esophageal inflatable balloon to
fix said device acruss the diaphragmatic hiatus by the

two opposed ballogns;

releasing said tracticn means;

locating said sensor to a position above or
adjacent to the escphageal inflatable balloon, to menitor

esophageal varices;

gradually inflating gaid ballcons uncil blcod
flow in the portal veina travarsing the diaphragmacic

hiatus occludes, whereby the esophageal varices collapse
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or blood flow ceasmes, or is reduced to a nadir as

detected by said sensor; and

monitoring the pressure inaide said esophageal
inflatable balloon and said gastric inflatable ballsom to

obtain an indication of the portal blood Pressure.

2. The method of claim 1, wherein said providing
step further includea a bridle attached to said tube,
said bridle adapred to extend up the =gophagus to a

tracticn means.

3. The method of claim 2, furtheér comprising
manipulating the bridle to position the proximal end of
the member within the digestive tract and waintain the

device in traction,

4. The method of claim 1, further comprising the
step of pesitioning an aspiration tube within the stomach
and a fluid supply tube adjacent to the escphageal

ballcaon.

5. The method of claim 4, further comprising the
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step of gradually infusing deaerated fluid adjacent to

the esophagesl balloon while aspirating the stomach.

6. The method of claim 1, further comprising
aspirating the stomach and infusing the fluid adjacent to
the egophageal balloon while deflating said esophageal
inflatable balloon and said gastric inflatable balloon
until the escphageal varices distend or blocd flow
increases as determined by said sensor and measuricg the

presgure within said ballocons.

7. A device for continucusly measuring portal

blood pressurs, comprising:

a tube with proximal and distal open ends,

an esophageal inflatable balloon mounted

over said tube;

a first inflation lumen opening inteo said
esophageal inflatable balloon for directing pressurized

fluid to inflate said esophageal inflatable balloon;

a gastric inflatable balleon mounted over said
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tube between said esophageal inflatable balloon and said

distal open end;

a sensor Mounted to one of said balloons;
and

a gecond inflation lumen opening into said
gastric inflatable balloon for directing pressurized

fluvid te inflate said gastric balleon.

g The device agcording to claim 7, further
comprising a trastion means to seat said gastric balloon

against the gastric cardia.

9. The device according to claim &, further
comprising a bridle attached to each balloon and adapted

to extend up the esophagus to a Craccion means.

10. The devige according to claim 7, further
couprising a monitor connected to said sensor for

monitoring the blood pressure seneed by said sensor.

11. The device according to claim %, wherein the

sensor is selected from the group consisting of an
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ultrascund probe and an ultrascund doppler probe.

12. The device according to claim 11, further
comprising a fine tube near the bridle carrying a trickle

of deaerated water or other fluid across the sensor.
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