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Abstract

The internal organs are designed to move freely and slide over one another during normal body move-
ment. The abdominal organs, however, have a tendency to adhere to the abdominal cavity (peritoneum)
and other abdominal organs after surgery or infection. These adhesions can cause pain, discomfort , in-
flammation, anxiety, depression, problems with conception, trouble eating, and decreased immune
function. There are around 300,000 hospital admissions in the U.S. every year for patients due to adhe-
sions. Part of the problem is that there is no suitable method to diagnose adhesions. Recently there have
been a number of studies which suggest that measuring visceral slides under ultrasound using exagger-
ated respiration may prove to be very promising in diagnosing adhesions non invasively. Yet there are
still weaknesses in the predictive power of these procedures. For such procedures to be successfully
implemented into clinical medicine and offer non invasive methods to diagnosing adhesions, they must
first be able to offer higher percentage predictive values. We have worked on a number of models of an
external abdominal vacuum system which we believe will increase the accuracy and predictive values of
measuring visceral slides under ultrasound using exaggerated respiration.
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Background (An In- depth Overview of Adhesions)

Physical problems and symptoms:

The internal organs are designed to move freely and slide over one another during normal body
movement. For instance, the intestines are very mobile and move via peristaltic motion. In general,
body movements such as bending and stretching require that the organs have the ability to move in or-
der to allow flexibility to the body’s torso. The abdominal organs, however, have a tendency to adhere
to the abdominal cavity (peritoneum) and other abdominal organs after surgery. When internal organs ad-
here to one another the body’s flexibility is lost. Body movements and normal organ functions can then
cause pulling and stretching of the organs which in turn creates pain.

Adhesions may cause a number of other problems as well. The intestines can become twisted,
pinched, or blocked by scar tissue, stopping the flow of food through the intestines. If a complete ob-
struction results, severe pain, nausea, and vomiting can occur. The intestines can also have their blood
supply hindered by scar tissue causing a lack of oxygen to the organ, again resulting in pain. In extreme
cases, adhesions may form fibrous bands around a segment of an intestine. This constricts the blood
flow and leads to tissue death.

Adhesions can also cause thickening of tissues. Thickening of normally flexible tissues can cause
discomfort when these tissues are required to expand and stretch. This occurs in and around the colon as
bowel movements pass through it, and pain occurs when this thickened tissue is unable to stretch. A
similar effect can be found is seen in and around the uterus and vagina which require flexibility during
sexual intercourse. When thickening of these structures occur it can cause discomfort or even pain.

The symptoms of adhesions change from patient to patient and there is no set guide of defined
symptoms. Constipation or obstruction sometimes occurs. Partial obstruction can lead to alternating di-
arrhea and constipation. These adhesions may also trigger waves of cramp like pain in you stomach.
This pain can last for seconds or minutes and it often worsens if you eat food, which increases the activ-
ity of the stomach. Vomiting often relieves the pain. Intestinal adhesions may cause the stomach to be-
come tender and progressively bloated. If a blockage persists the patient may develop a fever. Further
progression can tear the patients intestinal wall and allow bowel contents to pour into your abdominal

cavity.

Adhesions in women can lead to changes in the menstrual cycle, infertility, and pain during
sexual intercourse. Pelvic adhesions may involve an organ within the pelvis, such as the uterus, ovaries,
fallopian tubes, or bladder, and usually occur after surgery. Pelvic inflammatory disease results from an
infection, usually due to a sexually transmitted disease, that frequently leads to adhesions within the fal-
lopian tubes. A woman’s eggs pass through her fallopian tubes into her uterus for reproduction. Fal-
lopian adhesions can lead to infertility and increased incidence of ectopic pregnancy in which a fetus de-
velops outside the uterus.

Adhesions can also effect the heart. Scar tissue may form within the membranes that surround
the heart. These membranes are known as the pericardial sac. The presence of these scar tissues restrict
heart function. Pericardial adhesions may cause chest pain. Infections such as rheumatic fever may lead
to adhesions forming on heart valves and leading to decreased heart efficiency. Adhesions may also
form above the liver. These adhesions may cause pain with deep breathing. They can form in the hand or
around the spine. -3-



Adhesions can cause inflammation resulting in discomfort. In fact, the bodies own inflammation
response to these abnormal tissues could cause them to swell and cause discomfort. Adhesions can also
cause indirect symptoms such as anxiety, depression, problems with conception, trouble eating, and de-
creased immune function.

Forms of Adhesions:

Adhesions can be found in many forms. Some adhesions appear loose, filmy and flexible like
cellophane. Other adhesions can be very dense and inflexible like leather. Still others adhesions produce
very hard thickening of the tissues. This is especially common with other disorders that can invade the
surrounding tissue such as endometriosis or inflammatory bowel diseases. Most severe of all are when
adhesions cause organs to not just adhere to one another but actually fuse together.

Causes:

All of the abdominal and pelvic organs, except the ovaries, are at least partially wrapped in a
clear membrane called the peritoneum. When the peritoneum is traumatized during surgery or in some
other way such as infection or disease, the site of the trauma becomes inflamed. Inflammation is normal
and in fact is part of the healing process. But inflammation also contributes to adhesion formation by en-
couraging the development of fibrous bands of scar tissue.

Normally, these fibrin bands eventually dissolve through a biochemical process called fibrinoly-
sis, and the traumatized site continues to heal. But sometimes the nature of the surgery or infection re-
sults in decreased blood flow to these areas called ischemia, which can suppress fibrinolysis. If the fibrin
bands do not dissolve, they may develop into adhesions that grow to connect or bind together pelvic or-
gans or tissues that normally are separate.

Previous surgery is by far the most common cause of adhesions. Everything from cutting, pow-
der from surgical gloves, lint from sponges and suturing can cause enough irritation to form scar tissue
which is the basis for adhesions. During surgery blood present in the operating field as well as blood
from other tissues can cause adhesions to form. Also bleeding can often occur after surgery is com-
pleted. In addition, constricting or pinching of blood vessels causing restricted blood flow encourages
the formation of adhesions. Other contributing conditions include trauma, radiation therapy, pelvic in-
flammatory disease and infection. All of these can promote and encourage the formation of adhesions.

A number of gynecological procedures and diseases are also associated with adhesions including
hysterectomies, cesarean sections, ovarian surgeries, dilation and curettage, myomectomy, reconstruc-
tive tubal surgery, and endometriosis.

A hysterectomy is a procedure to remove the uterus, or womb, and may also be performed in
conjunction with the removal of one or both ovaries. Adhesions that form after this procedure may at-
tach to the small intestine, causing pelvic pain, constipation, and sometimes a more serious complica-
tion, such as small bowel obstruction (blockage of the intestine that limits or stops passage of its con-
tents). Bowel obstruction may occur soon after surgery or develop many years later.

Adhesions may also form after a birth performed by cesarean section. These adhesions typically
do not cause pain. They can sometimes make subsequent cesarean sections more difficult, however,
-4-



because the physician must cut through these adhesions to get to the uterus and the baby, which can in-
crease the length of the procedure and the amount of time the mother and baby are under anesthesia.

Ovarian surgery is often performed to remove ovarian cysts (small sacs filled with fluid that grow on the
ovaries). The ovary is one of the most common sites where adhesions form. Adhesion formation after
surgery can lead to pelvic pain, pain during intercourse, and infertility.

Dilaton and curettage is a surgical procedure in which the doctor widens (dilates) the opening of
the cervix and scrapes away tissue from the lining of the uterus. Adhesions may form after a dilation and
curettage in response to the trauma inflicted on the uterine wall.

Myomectomy is a surgical procedure to remove fibroids from the uterus. Adhesion formation
where the incision is made on the uterus is a common complication of the procedure. These adhesions
can also affect the ovaries and fallopian tubes, potentially causing infertility and pelvic pain.

The repair of blocked fallopian tubes is a delicate procedure that often includes the removal of
existing adhesions. Unfortunately, the surgery itself can also lead to the formation of new adhesions and
the complications they can cause, such as pelvic pain and infertility.

Endometriosis is a condition in women where small bits of the lining of the uterus escape
through the fallopian tubes and enter the abdominal cavity. These cells then become implanted on the
surface of the abdominal organs causing them to adhere to one another. In addition, the endometrial tis-
sue remains hormonally active even after leaving the uterus. Therefore this tissue has the potential to
cause pain and bleeding in the abdomen. Also as the tissue grows on the ovaries, fallopian tubes, and
uterine wall sheds, scar tissue can form. This can block the fallopian tubes, disrupt the shape of the
uterus, or interfere with ovulation. Endometriosis can cause painful periods, pain during ovulation, deep,
stabbing pain during intercourse, painful bowel movements, painful urination, and heavy bleeding or
bleeding between periods. Endometrial tissue can also cause pelvic adhesions, in which organs vital to
reproduction stick together. As a result, many women suffering from endometriosis cannot become
pregnant.

Treatment:

Once adhesions are formed, there is no current medicine that can dissolve them. Treatment of the
symptoms with pain , anti-nausea or hormonal medications for endometriosis are sometimes helpful.
The main treatment for adhesions, however, is their surgical removal, known as adhesiolysis. This re-
quires cutting the connections between the abdominal organs to once again separate them. In the past
this was done using an open surgical incision, but since surgery itself is the cause of adhesions, surgical
operations to remove adhesions were often unsuccessful as the adhesions simply re- formed.

Now with the introduction of laparoscopic surgery, the adhesions can be divided using laparo-
scopic techniques with lesser re- formation. . Still, Laparoscopic surgery is very specialized and requires
a great deal of advanced laparoscopic surgical skill. It also requires specialized surgical instruments in-
cluding the laparoscopic and needlescopic instrumentation and the use of lasers and ultrasonic dissection
devices. For these reasons, many surgeons do not perform surgical treatment of adhesions.
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Also recently a number of soft tissue physical therapies have been developed to help patients
with the symptoms of adhesions. Some of these, such as the Wurn Technique administered by Clear Pas-
sage Therapies clinics are believed to be very good at assuaging these symptoms. In two scientific stud-
ies the Wurn technique was found to decrease the pain of adhesions and even increase the function of
reproductive organs. These studies are available at http://www.medscape.com/viewarticle/480429.

Laparoscopic Adhesiolysis

Laparoscopic lysis of adhesions or laparoscopic adhesiolysis is the primary treatment for Adhe-
sions. For the operation, the patient is placed under general anesthesia in an advanced laparoscopic Op-
erating Room where the necessary instruments are available. A number of small holes ranging between
and 3 to 10 mm (1/8 to 3/8 of an inch) are made in various locations on the abdomen. Small tubes, or
trocar sleeves, are placed through these small incisions to keep the skin, fatty tissue, and muscle open for
the introduction of instruments into the abdominal space. Carbon dioxide is pumped in through one of
these tubes to inflate the abdomen giving the surgeons room to work. A laparoscope is introduced
through one of these tubes, which is attached to a powerful light system and digital camera system. This
allows for the intra-abdominal space to be viewed on a television monitor alongside the patient. The sur-
gical team, which generally consists of the primary surgeon, an assistant surgeon, a physician’s assistant,
and a scrub nurse, then carry out the operation. The operation consists of dividing the abnormal connec-
tions (adhesions) between the various intra-abdominal organs. Depending on the severity of the adhe-
sions, this operation may last anywhere between 1-6 hours with a common average time being ap-
proximately 2 hours. Once all of the adhesions are divided and the intra-abdominal space is completely
free, the small tubes are removed and the small skin incisions are sewn shut using absorbable suture on
the skin that does not need to be removed.

Recovery is variable depending on a variety of patient characteristics, including the severity of
the adhesions. A hospital stay of between 1-3 days is typical. The hospitalization is required for observa-
tion while the patient returns to eating and activity to be sure that there are no problems that develop and
to see that the internal organs, primarily the stomach and intestines, return to their normal function now
that they are freed from the adhesions.

Risks of laparoscopic lysis of adhesions include general medical complications, general surgical
complications, and problems specific to adhesiolysis. General medical complications include heart at-
tack, pneumonia, blood clots, and stroke, along with many other medical problems. These are dependent
on the patient’s overall medical history and are generally the result of the stress placed on the patient’s
system by the surgery itself and primarily by anesthesia. This requires a complete medical evaluation by
a person’s doctor to determine their readiness for surgery. A person who has multiple medical problems
including previous heart attacks, lung problems, diabetes, or other problems have increased risk of un-
dergoing any type of surgery and require medical stabilization prior to their surgery. People who are oth-
erwise healthy have very little risk of general medical complications.

Complications that are common to any surgical procedure include bleeding, infection, and inci-
sional hernias. Bleeding can occur during or after the operation, and in rare cases may require transfu
sion or re-operation to control bleeding. Bleeding complications are somewhat reduced with adhesion
surgery because generally adhesions contain minimal blood vessels, and major organs are not being cut
into. Infection can result after any operation. Infection can result inside the abdomen causing abscess
formation. This also is extremely rare, but can require that a catheter be placed to drain infection or re-
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operation to drain infection may be necessary. Adhesiolysis carries a very low risk of infectious compli-
cations, again because the internal organs are not being entered directly. Infection at the small skin inci-
sions is possible but these are rare due to their very small size. When infection at an incision occurs it is
generally easily resolved with oral antibiotics, again because the incisions are so small. Whenever the
abdominal wall is cut through during a surgical operation it must heal to re-form a complete abdominal
wall. When healing of the muscular layer is incomplete, a hole can result causing herniation of the intra-
abdominal contents out through that hole. This is called an incisional hernia. This is possible with lap-
aroscopic incisions although it is rare because of their small size. When it occurs, it will generally re-
quire re-operation to repair the muscle layer under the incision at a later date. Hernias can present sig-
nificant problems if intra-abdominal organs, such as intestines, become stuck in the hole in the muscle in
which case emergency surgery is required to repair hernia. Fortunately, laparoscopy has greatly reduced
the incidence of this complication as well.

The most important complication that relates specifically to the adhesion surgery is injury to the
organs on which the adhesions have formed. The extent of adhesions and the type of adhesions found
determines the amount of risk. Loose filmy adhesions are divided fairly easily and carry a very low risk.
Thick, leathery adhesions carry a somewhat greater risk but can still be divided safely. When adhesions
are so severe that structures become fused, it becomes very difficult to divide these structures without
some risk of entering one or the other of the fused organs. While injury to an internal organ is rare in the
hands of an experienced laparoscopic surgeon, it is possible, and needs to be considered when weighing
the risks of surgery. When injury to organs occurs, it can most frequently be dealt with by repairing the
injured organ using laparoscopic techniques. In rare cases it can require additional surgery, and can re-
quire that an open operation be performed. Injury to the intestines can cause leakage of intestinal fluid,
which contains bacteria, which can raise the risk of infection. Finally, because laparoscopic lysis is by its
very nature a surgery it inevitably has the potential to cause more adhesions or the reformation of old ad-
hesions if not performed with the utmost of care. This all underscores the need to seek out surgeons ex-
perienced with this procedure.

Prevention:

The most important factor in the treatment of adhesions is prevention. A number of new tech-
niques and devices are being developed to reduce the amount of adhesions that occur following surgery.
Many new laparoscopic surgical techniques are replacing standard surgical alternatives with the intent of
lowering the amount of adhesions seen in the future. Even very large operations, which have been dif-
ficult to perform laparoscopically, can now be carried out using Hand Assisted Laparoscopic techniques.
(See www.dexteritysurgical.com for more information) This significantly reduces the size of the incision
and decreases the amount of adhesions from larger operations.

In addition to using microsurgical or laparoscopic techniques, prevention of infection is essential
to the prevention of adhesions. Thus general antibiotics should be administered prior to surgery. In addi-
tion, surgeons take a number of other steps to try and prevent the formation of adhesions. Surgeons limit
any unnecessary handling of the organs, avoid using dry sponges, make sure to constantly irrigate the
cavity during a surgical procedure, avoid unnecessary damage to organs, tissues or blood vessels, and
use the finest size suture thread appropriate to the surgery.

Also there are currently many products on the market which have been created to prevent the
contact of two separate raw tissue surfaces as they heal, thus hindering the formation of adhesions.
-7-



These include barriers in membrane and liquid/gel form. One of these products is known as Seprafilm.
In studies it has been shown to reduce the risk of first adhesive small bowel obstruction up to 47%. Sep-
rafilm is indicated for the reduction of post surgical adhesions in patients undergoing abdominal or pel-
vic laparotomy. It is not labeled for use in preventing small bowel obstructions in colorectal surgeries.
Another product is known as Gynecare Interceed. Studies with the Gynecare Interceed barrier demon-
strate that the barrier enhances good surgical technique and its use reduces adhesion formation up to
50% more than good technique alone. These two products are the only two products currently approved
by the FDA to aid adhesion prevention in post- surgical situations. Another product is Adhibit. There are
also studies which confirm the ability of this product to reduce formations up to 50%, however, because
this product is delivered in a sprayable form it can provide adhesion protection even in laparoscopic sur-
geries. Adhibit is currently approved in Europe to reduce adhesion formation in pediatric cases of car-
diac surgery. Most of these products are short lived. They are biodegradable and are absorbed by the
body a couple of days after the surgery. Also while there is little evidence yet to support there use, some
surgeons use saline (salt water), heparin (blood thinning medication), steroids or fibrinolytics ( sub-
stances that effect clot formation), and antihistamines to reduce adhesion formation.

Statistics:

Ten to twenty percent of women of child bearing age in America, about 5.5 million suffer from
some degree of endometriosis . Nearly one out of every seven American women between the ages of 18
and 50 suffer from chronic pelvic pain. Of these an estimated thirty eight percent have adhesions. Stud-
ies have also linked adhesions to the cause of sixty to seventy percent of small bowel obstructions in
adults. Those women suffering from pelvic pain for reasons including but not limited to adhesions ac-
count for twenty percent of all laparoscopic surgeries and twelve to sixteen percent of all histerectomies.
Though studies vary wildly it is generally agreed upon that of those patients who have had abdominal
surgery, sixty seven (Weibel and Majno, 1973) to ninety three percent (Menzies and Ellis, 1990) will de-
velop some form of post operative adhesion within six months and of those patients who have had pelvic
surgery fifty five to one hundred percent will develop some form of post operative adhesion within six
months of surgery (Ellis, 1997) In fact nearly half of all female infertility is attributed to adhesions. Ab-
dominal adhesions also occur in 10.4 percent of people who have never had surgery. Of these, it has
been shown that only around thirty percent of adhesions patients are symptomatic. Of these forty nine to
seventy four percent have small bowel obstruction, fifteen to twenty percent have problems with infertil-
ity and twenty to fifty percent have chronic pelvic pain. Studies have found that a patient undergoing
pelvic or abdominal surgery will be readmitted on average 1.9 times over the ten years following surgery
fora problem related to adhesions (Lower et al., 2000). There are around 300,000 hospital admissions in
the U.S. every year for patients due to adhesions. Over the last five years, the number of people in the
U.S. that have died with a diagnosis of intestinal obstruction to adhesions has varied between 2100 and
2500 death per year. Woman form 60% of these deaths. In 2001 alone, there were 67,000 discharges
with the primary diagnosis being adhesion related obstruction. The average time of hospitalization was
9.8 days with the average charge being $32,000 which comes to a total economical cost of $2.15 Billion.
Adhesions tend to gain more prominence with age. Nearly 30% of adhesion related obstruction occurred
in the 45- 64 age range and 53% occurred in the 65+ age range. The greatest risk of death (10%) oc-
curred after age 85.



Introduction
Diagnosing:

One of the most difficult steps in the treatment of adhesions formation is accurately diagnosing
the presence of adhesions and their location. One problem is that adhesions have no unique symptoms of
their own . From person to person the symptoms can differ. They can range from pain to discomfort to
inflammation and they can cause any number of indirect symptoms such as anxiety, depression, prob-
lems with conception, trouble eating, and decreased immune function. Another problem is that there is
currently no non invasive test which will clearly identify the presence of adhesions.

Diagnosis of patients with adhesions begins with a careful review of their medical history, cor-
relating their symptoms with other activities , looking at previous medical evaluations and previous at-
tempts at correcting their symptoms. A physical examination by a physician, who is knowledgable of ad-
hesion induced problems is important. It may also be necessary to examine abdominal scars for possible
signs of hernia, poor healing or other problems. Use and review of old x-rays, CAT scans, and ultra-
sounds can also be helpful. For women, a gynecologic examination may be necessary, particularly when
symptoms relate to their gynecologic system. The results of these tests and examinations can only sug-
gest the presence of adhesions. Currently, there is no one x-ray or other non invasive test that will
clearly identify adhesions in the body.

Diagnostic laparoscopy or needleoscopy can be performed to detect adhesions. Laparoscopy is a
form of surgery where a small tube is used to enter the abdomen. A telescope, referred to as a laparo-
scope, is then placed through this tube and the internal abdomen examined. Needleoscopy is a form of
laparoscopy that uses very small instruments which are about the size of a needle. Diagnostic laparos-
copy or needleoscopy allow the physician to diagnose adhesions with very high accuracy. The two pro-
cedures do, however, have one big down side. Since these procedures are surgical in nature, they them-
selves can cause adhesions. Therefore the use of these procedures to diagnose a patient for adhesions,
whether or not he or she actually has adhesions, risks the forming of adhesions in the patient post sur-

gery.

Not only is a non invasive diagnostic system needed to diagnose possible adhesion in people
with symptoms, but it is needed to diagnose adhesions for people without symptoms undergoing any
type of laprascopy. In all abdominal laparoscopic procedures an incision must be made through which a
trocar or gas insulffation needle is passed. The incision usually takes place about the umbillicus. After
the incision is made the abdomen is filled with gas, typically carbon dioxide, which expands the abdo-
men allowing the physician to view the innards of the abdomen and possible adhesions in a clear man-
ner. To make sure that they do not cut underlying organs when making the initial incision, physicians
pull up the top layer of skin with their hand as they cut. Yet it is quite possible that an adhesion exists
between internal organs and the abdominal wall itself, unknown to the doctor and patient . This would
make it impossible to properly pull up the wall of the abdomen giving clearance to cut since the organ
itself is stuck to the abdomen wall. In such a case if a physician were to incise the patient they would cut
through the organ along with the wall and cause massive bleeding and possible future trauma. Therefore
using the only method available to them, physicians feel for adhesions directly under the abdomen wall
by hand. This process of feeling is not entirely effective and results in incisions directly into underlying
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adhesions. Therefore there is a great need to have effective non invasive and diagnostic tools both to di-
agnose symptomatic patients and patients undergoing any type of laparoscopy, regardless of their symp-
toms.

To answer these problems, many researchers have conducted experiments testing the ability of
ultrasound to diagnose adhesions in the body. Most of these studies center around one type of adhesion
formation, where there is an adhesions attaching the bowels to the overlying anterior abdominal wall. In
these studies, the physicians analyzed the motility of the viscera (intestines or omentum), as seen on ul-
trasound, as a possible marker for indicating the presence of such adhesions. Kodama et al tested five
patients with little risk of adhesion formation and no previous history of abdominal surgery They
showed that all five patients with no previous history of surgical operation had ultrasound-visualized
movement of the underlying viscera (visceral slide) of at least 2.5 cm during forced and exaggerated res-
piration. They also tested 13 patients at risk for adhesions formation and showed that of the seven out of
thirteen that had visceral slides less than 1 cm, all had adhesions beneath the scar. Caprini et al studied
30 patients with previous abdominal surgery, successfully identifying all 4 patients with infraumbilical
adhesions while excluding the 26 normal patients, using the same cutoff. In contrast, Uberoi et al, using
visceral slide thresholds of 1.2 to 1.5 cm in all 4 abdominal quadrants, studied 48 patients undergoing
abdominal surgery. They reported a sensitivity of 21% and specificity of 94%, and expressed concern
for the large number of false positives they encountered. It is however worth noting that the Caprini et al
study and the Uberoi et al study observed visceral slide during spontaneous respirations, rather than ex-
aggerated respiration. Following these studies and understanding the benefits of using exaggerated respi-
ration to diagnose adhesions, Tu et al conducted their own study testing 60 women for adhesion forma-
tion in the umbilical area. Firstly, testing a number of cut offs, they found that 1 cm offered the best cut
off between a normal visceral slide and a hindered visceral slide due to adhesions. Secondly they found
that the positive predictive value for people with adhesion risk factors was 73% at this cut off and the
negative predictive value for the same group was 90% at this cut off. Also they found the positive and
negative predictive value for their not at risk group to be 100%.

The results of studies measuring visceral slides under ultrasound using exaggerated respiration
are very promising. Yet there are still weaknesses in the predictive power of these procedures, especially
with regard to positive predictive values. For such procedures to be successfully implemented into clini-
cal medicine and offer non invasive methods to diagnosing adhesions, they must first be able to offer
higher percentage predictive values. We propose a model of an external abdominal vacuum system
which will increase the accuracy and predictive values of measuring visceral slides under ultrasound us-
ing exaggerated respiration. Thus we propose a system, which combined with ultrasound, will increase
the accuracy of properly diagnosing the presence of and location of adhesions in patients.
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Materials and Methods

Choosing a Method:

To answer the need for a non invasive method of diagnosing adhesions we considered three
methods. The first method of was transillumination. Transillumination is a method where a bright light
is shown through a surface of the body, allowing a physician to diagnose certain physical abnormalities
such as hydrocephalus in an infant brain, lesions or cysts on the breast of a woman, and pneumothorax
in an infant chest. Studying transillumination we determined that although it is possible to transil-
Juminate through the chest of an infant it is not possible to transilluminate from the dorsal side to the
ventral side of the abdomen of an adult. Instead we considered a system where the outer surface of the
abdomen was pulled up in certain sections at a time and light was transilluminated perpendicularly
through the pulled up section and parallel to the surface of the abdomen.

The second method we looked at involved laying a piece of material on the patient’s abdomen
and running a small current from the dorsal side of the abdomen to ventral side of the abdomen and
through the material. The material chosen would need to have the ability to change color in the places
where the current was passed through it. For this method to work, we hypothesized that the internal re-
sistance of the abdominal fluid and the internal resistance of the adhesion would be different. Therefore,
the current would run through the less resistant of the two. If no adhesion was present then the material
would be unvarying in color. If an adhesion was present then there would be spots of discoloration on

the material to indicate adhesions.

The third method we looked at involved moving the body and using ultrasound to diagnose the
presence of adhesions. To do this the ultrasound would be used to measure the movements of the inter-
nal organs and a physician could predict the presence of an adhesion from the loss of movement in a cer-
tain area. Upon researching the idea, we found that this third method had already been experimentally
tried. The results of these trials proved promising but not yet entirely successful. Looking at this third
method in more depth we determined that we could create a mechanical device which would increase
the accuracy of diagnosing adhesions using ultrasound, therefore we chose to pursue this third method.

The Abdominal Vacuum System:

The main purpose of the device was to allow for the use of ultrasound and at the same time to
create a vacuum on the outside of the abdomen to pull up the outer surface of the abdominal wall and
create more space in the abdominal cavity. To create this vacuum we constructed a closed system cre-
ated out of a clear, plastic, rectangular container. The container would have one open side which would
be placed on the outer surface of the abdomen to form a closed system. A vacuum would then be run
through a hole in the top of the container creating a difference in pressure in the container which would
pull up the surface of the abdomen.

Since our device had to operate in conjunction with ultrasound, the device had to allow the ultra-
sound transducer to come in contact with the abdominal surface exposed to the vacuum. In other words
the mechanical device had to allow for the abdominal transducer to be placed in the vacuum. To do this
a hole needed to be made separate from the hole for the vacuum through which the transducer would be
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inserted into the container. The hole then needed to be sealed to contain the vacuum. Since the trans-
ducer needed to operate within the vacuum and it is traditionally moved by hand, we needed to create a
system where we could move the transducer from the outside of the container.

Transducer:

The ultrasound transducer which we modeled our device around was a Phillips manufactured ab-
dominal convex transducer. The model was C5-2 and it operated between five and two mega hertz. The
Phillips transducer was provided to us by North American Imaging Inc. free of charge. This Phillips
transducer runs on both the Phillips HDI5000 and HDI3000 ultrasound systems. For the purposes of fur-
ther research these two operating systems can be rented from Medcorp. for $300 a month. The Phillips
transducer we received is composed of three segments, which are not separable. One segment is the
transducer itself (Please see Fig 1), which is five inches tall and three by one inches wide at the bottom.
The second segment is a long extension of cord, five feet long and a half inch in diameter, connecting
the transducer to a control box. Directly after the top of transducer the cord is stiff for one and half
inches. The third segment is the control box (Please see Fig 2). The control box is two inches tall and
five by four inches wide.

First Model:

Before we received the Phillips transducer we developed a model using a clear, plastic, polyeth-
ylene container through which the vacuum could be run to the surface of the abdomen. This original
container had only one hole for the vacuum. Because we did not know the dimensions of the transducer
and the cord we could not make an appropriate second hole for the transducer. The dimensions of this
container were three inches tall, six by eight inches wide, and one eighth inch thick. It was important
that the container be a quarter inch thick so that the polyethylene did not collapse inward due to the pres-
sure of the vacuum. This effect would cause there to be no upward force on the surface of the abdomen.
After receiving the Phillips transducer we realized that the container was not tall enough to house the
transducer, therefore we needed develop a new model.

Second Model:

We developed a new model using a new clear, polyethylene container which was nine inches tall,
eight inches in diameter, and one eighth inch thick. This new container had a small, quarter inch hole
for vacuum attachment. It also had a second hole four inches in diameter through which we could fit the
abdominal transducer. We set up a system to move the transducer in the vacuum from the outside of the
container using a U-bent piece of steel which was inserted into the container through two holes, each a
quarter in diameter. Velcro was glued to the ends of the U-bent steel piece. Velcro was also glued to the
sides of the transducer allowing us to move the transducer within the vacuum by moving the curve of the
U-bent steel from the outside. Inserting and sealing the transducer in the container proved to be quite a
difficult task. Sealing the transducer in the container required that the four inch diameter hole be con-
verted to a half an inch diameter hole which would seal around the cord. Typically, sealing a hole
around a cord in this type of situation could be done with an inverted lip seal, however, because of the
control box at the other end of the cord the cord could not be run through the lip seal. Therefore, a seal
had to be created which could open and close around the cord. In the meantime we used duct tape to seal
the holes in the container.
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Third model:

In our next model we used the same cylindrical polyethylene container, but this time we
switched the control which moved the transducer from the U-bent steel, inserted through the side, to a
long, straight steel rod inserted through the top. We found this method gave much better control. The rod
was five inches in diameter, as well as the hole, and the rod was seven inches long. Again it had Velcro
glued to it at the bottom, which attached to the Velcro glued to the sides of the transducer. In this model
the holes were again sealed with duct tape.

Fourth Model:

We then created a forth model. In this model we used a new clear polyethylene container. To
minimize the volume of the container and still allow the container to house the transducer we created a
container which was seven and a half inches tall and six by six inches wide. The container was again one
eighth inch thick. The container again had a quarter inch hole for the vacuum. On the top surface of the
container, around the hole, we attached a piece of black, cylindrical rubber to form as a connection site
to vacuum hose. We created a four inch diameter hole through which the transducer could be placed. In
forming the four inch diameter hole we accidentally created a few cracks in the top surface of the con-
tainer. The cracks were temporarily sealed using clear tape.

To seal the four inch hole we used a specially constructed rubber stopper. The rubber stopper
needed to be slightly over four inches in diameter with lips that reached out another quarter of an inch.
The stopper was cut halfway down the center and at its center a one half inch hole was drilled so the
cord could run through the stopper. (Please see Fig 3) First the transducer was placed into the hole, and
then the stopper was places around the cord and into the hole by opening the cut in the stopper and slid-
ing the cord to center hole in the stopper. The stopper was then closed. Because the stopper was slightly
larger then the hole it was able to form a good seal around the cord.

Again we used a metal rod inserted through the top of the container, however this time the rod
was one quarter inch in diameter. The rod was also longer, this time the rod was one and a half feet long
and had a screw driver handle at the end for grip. Again Velcro was glued to the bottom of the rod which
could attach to the Velcro on the side of the transducer. (Please see Fig 4). To seal the hole of the control
rod proved difficult. Because the transducer needed to move within the container, the control rod also
needed the ability to move. Due to this need the control rod needed a seal which could provide the con-
trol rod with the freedom of pivoting in all directions. Temporarily we used regular clear tape which was
effective in providing a seal to the hole for the control rod and still allowed the rod some freedom to
pivot. The seal we plan to implement is a seal with a swivel joint similar to the ones seen in shower
heads.
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Results

Fifth Model

Using what we learned from the physical and ergonomic problems of our earlier models we de-
veloped a fifth model. In this model we chose a new, clear, lexan container. The lexan container would
be created using vacuum forming. The lexan container would be eight inches high, six by eight inches
wide and one eighth inch thick. (Please see CAD Fig. 7-12). To give physicians a clearer view of the lo-
cation of the ultrasound in the container we moved the vacuum hole and the cord hole for the transducer
to the lower part of the sides of the container. The vacuum hole and the cord whole can be separated
with two different seal or together in the same seal. In the CAD drawings we can see the two holes are
separated. If, however, we use the same large cord whole for both we can design a special seal which
will allow us to run a cord and a vacuum through the same area under the same seal. (Please see Fig 5).
Therefore the only hole on the top of the container was the control rod hole. Because we found it was
ergonomically easier to control the transducer from the top of the container as opposed to the sides we
left this hole on the top of the container. We did, however, move this hole to the edge of the top surface
of the container, giving the physician more room to clearly see the location of the transducer on the outer
abdominal surface. We also added an appropriate seal for this control rod which would seal the hole ef-
fectively and at the same time give the rod leeway to pivot. (Please see Fig 6) This seal is three quarter
inches in diameter at the top and has a one quarter inch whole for the rod to go through. Yet it is unique
in the fact that it spread out radially to one inch in diameter as we go to the bottom surface. The bottom
surface is also sealed except for a one quarter hole allowing the rod to pas through. Finally the bottom
surface is sealed with very flexible rubber so the rod has freedom to pivot and the hole remains sealed.
To fit in this seal we raised the diameter of our hole to one inch in diameter on the top of our device. The
vacuum hole remained at one quarter in diameter and the cord hole at three inches in diameter. In addi-
tion, to improve the ergonomic nature of our model, we created a shallow curve on the open surface of
the container to more accurately fit the shape of the human abdomen when the open surface is pressed
up against the outer surface of the human abdomen during vacuum suction. This curve, on the open sur-
face, had a radius of curvature of twenty four inches.

Trying to create the fifth model above we learned that it is extremely hard to stretch lexan to the
distances we wanted (six and eight inches) using vacuum forming. So we replaced lexan in our model
with glycol-modified polyethylene terephthalate or PETG for short. In vacuum forming this material a
complication arose where although the PETG itself was clear the vacuum formed product composed of
PETG was not. Instead it was cloudy. To allow the physician to see inside we then created windows all
around our device. After cutting away the extra plastic from the vacuum forming process, the device is
the same as the CAD model in shape and dimensions except that it uses the one seal system for both the
vacuum and the cord.

Vacuum Testing

Simultaneous to our construction of the various models of our abdominal vacuum system we
tested two main aspects of the device. The first aspect was the ability of our system to create a success-
ful vacuum without leaking. Testing our third and forth models on the human abdomen of a patient at
low risk of adhesion formations, with the aid of a vacuum cleaner, we found that both models were able
to successfully create a vacuum within the container. This was seen by a visible extension in the abdo-
men of about one to one and a half inches in this low risk patient. It is worth noting that the patient had
an average amount of body fat. -14 -



The second aspect which we tested was whether or not, and to what extent, our vacuum system
would cause discomfort to the patient upon pulling up their abdomen. To answer this question, the pa-
tient in the above tests was asked to describe the level of discomfort during the experiment. It was then
promising to note that the patient described no discomfort in any of the experiments.
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Discussion

A non invasive accurate diagnostic system to diagnose organ adhesions is highly needed. Not
only is such a system needed to diagnose possible adhesion in people with symptoms, but it is needed to
diagnose adhesions for people without symptoms undergoing any type of laprascopy. No method cur-
rently is in use for inexpensive and non invasive identification of abdominal adhesions before laparos-
copy. Studies by Kodama et al., Caprini et al, and Tu et al suggest that measuring visceral slides under
ultrasound using exaggerated respiration may prove very promising in diagnosing adhesions non inva-
sively. Ultrasound is readily available to gynecologists and surgeons, and is commonly used to guide
percutaneous procedures. Yet there are still weaknesses in the predictive power of these procedures. For
such procedures to be successfully implemented into clinical medicine and offer non invasive methods
to diagnosing adhesions, they must first be able to offer higher percentage predictive values. We pro-
pose that our model of an external abdominal vacuum system will increase the accuracy and predictive
values of measuring visceral slides under ultrasound using exaggerated respiration.

In the above studies and under normal ultrasound conditions, all of the internal organs remain in
close proximity to one another, scrunched up due to the limited volume of the abdominal cavity, even
during exaggerated respiration of a patient with no internal adhesions. Thus typically the visceral slides
are very low, on the order of one to three centimeters. For patients with internal adhesions, the organs
may be slightly hindered, but the organs still do move a bit relative to each other causing small visceral
slides which are not much less than those experienced by patients with no internal adhesions. Thus it is
difficult to get a high percentage of accuracy when diagnosing the presence of an adhesion . Our ab-
dominal vacuum system will lower organ movement in the area of an adhesion and raise it in areas un-
connected by adhesions. This will provide decreased visceral slides in the presence of an adhesion and
increased visceral slides in an area not containing an adhesion. Then using ultrasound, physicians will be
able to accurately diagnose the presence of and location of adhesions by measuring the new visceral
slides. For our system to work the patient is first put in the traditional Trendelenburg position. In this po-
sition the head is inclined down and the knees up. While the patient is in this position their organs fall
towards the diaphragm and to the back of abdominal cavity. The external abdominal vacuum system
will then slightly lift the upper wall of the abdomen out causing a separation between the internal organs
and the inner wall of the abdominal cavity. If there are any adhesions between internal organs and the
abdominal wall they will be stretched slightly outwards. Stretching these adhesions in the tensile direc-
tion (outward) will limit the ability of the adhesions as well as any attached organs to move in the plane
of the body (up and down and side to side). Thus these areas containing adhesions will have lower vis-
ceral slides. On the other hand, since we have expanded the abdominal cavity using the abdominal
vacuum system, the rest of the organs will be spaced by fluid in between and have a greater ability to
move. Thus these areas with no adhesion formation will have increased visceral slides.

As an addendum to our system, a physician must only tilt the table a little in every direction to
increase the visceral slides in non adhesion areas. If the vacuum is working the adhesion and connected
organs will still remain immobile and not move relative to the umbilicus which is the reference on the
ultrasound. Since we have created an excess of space in the abdominal cavity using our abdominal
vacuum system, the organs will be free to move with the tilt of the table even where they would not have
moved under exaggerated respiration.
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The presence of any adhesion connecting the internal organs to the abdominal wall will effect
our ability to pull out the abdominal wall. In cases of no adhesion formation, we will be able to pull the
wall out more for a given pressure difference than for cases with adhesion formation. Identically for
cases with more elastic adhesions (earlier stage) we will be able to pull out the wall more than for case
with more fibrous adhesions (later stage) . Thus the mere measurement of the extension of the abdomen
under different pressure differentials can offer a means of indicating the presence of and form (early or
late stage) of an adhesion. This combined with the visceral slide procedure will further increase the ac-
curacy of non invasively diagnosing abdominal adhesions.

There is one novelty to the vacuum abdominal approach. For patients with greater amounts of
body fat pulling up the outside of the stomach does not necessarily assure movement of the inner ab-
dominal cavity. We may simply be sucking up fat. This problem, however, is not unique to us. The same
problem arises when physicians must lift the patient’s upper abdominal wall by hand before making
their initial incision. Their solution is that they simply apply more force. For our product to work on pa-
tients with greater amounts of fat we too must use our system under a greater force or pressure dif-
ferential. To do so we need only increase the pull of the vacuum. Thus it becomes important to find what
level of pressure differential is appropriate for patients with different amounts of fat. Directly related to
this, to use the measurement of the extension of the abdomen to indicate the presence of and form of ad-
hesions we must keep in mind the amount of body fat on the patient. Patient’s with more body fat will
give more extension under equal differentials in pressure. Thus this method can still be used, but it is im-
portant to experimentally determine and have references for given extensions relative to different fat
amounts.

There is a lot of further research which must be done into these methods, but we see that there

are also many different ways that our vacuum abdominal system can be adapted along with ultrasound
imaging to determine the presence of, location of, and forms of adhesions non invasively.
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