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Abstract

Background: Patient preparation for routine abdominal ultrasound, such as fasting for
8 hours and having a light meal the night before the examination, is a common practice
employed to avoid digestive motility and gases, which are considered the main causes of

Keywords artifacts and image quality degradation. Importance of this study: Patient preparation before
pancreas, abdominal ultrasound plays a major role to ensure better visualization of internal organs
activated charcoal, and pathologies by minimizing artifacts, but because abdominal gases are still present in
improvement many patients and in large amounts, causing artifacts, it is important to search for new, safe,

efficient, reliable and cost-effective methods to improve patient preparation by eliminating
excessive abdominal gases. Material and method: This was a prospective study involving
a randomly selected sample of 52 adult patients, both men and women, of different age
groups. The participants met the inclusion criteria and had no history of previous or current
abdominal surgery. Pediatric patients, pregnant women, patients with a history of abdominal
surgery, bedridden patients, and patients with bowel obstruction were excluded. Routine
abdominal ultrasound was performed after usual patient preparation involving fasting for
8 hours. Subsequently, the same patients were asked to come again after 48 hours for re-
scanning and were instructed to follow the same routine preparation and to take one capsule
of activated charcoal 8 hours before re-scanning. The results of both scans were compared
by focusing on the pancreas as the reference. Result: Significant improvement by 57.2% was
noticed in overweight, obese and extremely obese patients. The improvement noted in under-
weight patients and in patients with normal weight was 39.05%. The improvement in males
reached 66.9% while in females: 49.9%. The overall improvement in pancreas visualization
was 63%. Conclusion: Our preliminary study concluded that activated charcoal can be used
to reduce gastrointestinal gases efficiently, providing an inexpensive, safe and easy-to-use
B method to improve visualization in routine abdominal ultrasound scans in adults.
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Introduction

Abdominal ultrasound plays a major role in the diagno-
sis of patients referred from outpatient clinics, receiv-
ing inpatient care and treated at emergency depart-
ments. In recent decades, ultrasound has become a
cornerstone in diagnosis of many acute and chronic
abdominal diseases, such as infections, inflammations,
stones, masses, fluid collections and obstructions. The
use of ultrasonography as the first-choice examination
has become a standard procedure for doctors all over
the world since it is available, safe and non-invasive.
In routine abdominal ultrasound, patient preparation
involving fasting for 8 hours and having a light meal
the night before the examination is a common prac-
tice to avoid digestive motility and gases that may
cause artifacts and degrade image quality. Even though
patient preparation before abdominal ultrasound plays
a major role in ensuring better visualization of internal
organs and pathologies by minimizing artifacts caused
by abdominal gases, which makes the scanning pro-
cess much easier, abdominal gases still exist in many
patients and in large amounts, especially in the pan-
creatic region, causing artifacts. For this reason, it is
important to evaluate new, safe, efficient, reliable and
cost-effective methods to improve patient preparation
in order to eliminate excessive abdominal gases.

Literature review

Ultrasound is a form of mechanical energy used in medi-
cal imaging. Ultrasound waves are produced by the trans-
ducer and can travel within the body. They are reflected
back from different structures with different attenuation
values, thereby creating an image displayed on the moni-
tor after being processed and reconstructed by the com-
puter. Ultrasound is cheap and safe compared to other
modalities. It plays a significant role in ruling out many
pathologies. All sonographers must manage challenging
image artifacts caused by gases present in the gastro-
intestinal tract. Usually, these are dirty shadowing and
reverberation artifacts distal to gases, and they obscure
underlying structures and degrade image quality®.
Factors causing excessive intestinal gas include: intesti-
nal obstruction, motility disorders, infections, irritable
bowel syndrome, malabsorption as well as psychological
and dietary issues. Different drugs and agents are used for
gas reduction; they include: beano, simethicone and acti-
vated charcoal. Some studies support the use of activated
charcoal in the treatment of intestinal gas, while others
do not®. “Activated charcoal is a highly adsorbent pow-
der made from superheated, high surface area, porous
particles produced by pyrolysis of organic material. Its
extensive surface area is covered with a carbon-based
network that also includes functional groups (e.g., car-
bonyl, hydroxyl) that adsorb chemicals within minutes
of contact, preventing gastrointestinal absorption and
subsequent toxicity”®. Many diseases have been treated
with activated charcoal, including epilepsy, vertigo, and
anthrax. Activated charcoal has recently been used as an

antidote for different poisons and as an anti-gas agent.
Large doses of activated charcoal administered over a
long time have been demonstrated to be very safe and to
produce no side effects®. Higher BMI, abdominal wall
thickness and waist circumference are the main factors
that can predict the presence of excessive intestinal gas,
which impairs the visualization of the upper abdominal
structures and pathologies by ultrasound®. In abdominal
ultrasound, the gall bladder must be full and there should
be as little gas in the gastrointestinal tract as possible. The
intestinal contents (gas and food particles) have a direct
impact on the diagnostic value of abdominal ultrasound
since they can induce confusing shadows and inconclu-
sive images. All patients undergoing ultrasound examina-
tion are always instructed to fast for several hours prior
to the scan, mostly for 8 hours, sometimes for as long as
12 hours, to get the full, extended gall bladder. Otherwise
the gall bladder will be contracted and difficult to assess.
In addition, fasting patients will have less gas in the duo-
denum and colon. Patient preparation in the form of a
two-day low-calorie diet, administration of laxatives and
fasting have reported favorable results®.

Oral simethicone is used as a pre-medication to reduce
the amount of gas in the gastrointestinal tract. In the
comparison of two protocols of simethicone pre-medi-
cation for ultrasound examination, where patients in
one group were given a single dose for three days and
patients in the other group were administered one sin-
gle dose of simethicone 1 hour before ultrasound exami-
nation, it was found that the single dose administered
1 hour before scanning was superior in terms of the cost
and benefit ratio®. Significant improvement in the visu-
alization of the pancreas and other retroperitoneal struc-
tures was reported after the use of simethicone-coated
cellulose as an oral contrast agent. This combined agent
was used in order to decrease gas-related artifacts from
the bowel. Also, it can serve as an effective oral contrast
agent for non-fating patients and in emergency cases”.
In Italy, activated charcoal is widely used to reduce
intestinal gas and to prepare patients for abdominal US
examinations. The results of using activated charcoal
and alpha-galactosidase indicate a significant improve-
ment in abdominal ultrasound in the study settings, but
more evidence is needed regarding the time and cost of
this form of preparation®.

Our research was conducted to confirm or disprove the
efficiency of using activated charcoal to improve the visu-
alization of upper abdominal organs and achieve better
image quality in ultrasound of the abdomen.

Methodology

A prospective research involved a population sample of
52 adult patients and volunteers, including both genders,
persons at different age groups, with different body mass
indices (BMI) (Tab. 1) and with no history of previous
major abdominal surgery or acute illness. Pediatric
patients, pregnant women, persons with a history of
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Tab. 1. Body mass index

Body Mass Index
Underweight <185
Normal weight 18.5-24.9
Overweight 25-29.9
Obesity 30-34.9
Extreme obesity >35
Tab. 2. Gender and age group classification
S Age Group
ex
16-25 | 26-35 | 36-45 | 46-55 | 55-65 | Total
Males 3 7 7 3 3 23
Females 6 3 2 4 2 17
Total 9 10 9 7 5 40
Tab. 3. Body mass index classification
Body Mass Index

Sex . Normal . .. | Extreme

Underweight weight Overweight | Obesity obesity
Male 0 8 4 8 3
Female 2 5 4 3 3
Total 2 13 8 11 6

abdominal surgery, bedridden patients, and patients
with bowel obstruction where excluded. The Ethics
Committee of King Abdulaziz University approved the
study protocol. Informed consent was obtained from all
patients and volunteers. The routine upper abdominal
ultrasound was preceded with usual preparation involv-
ing fasting for 8 hours prior to the examination (only
water was allowed). Each patient was scanned twice;
the first scan was conducted after the routine prepara-
tion, while the second scan was conducted after modified
preparation where the same patient was instructed to
keep fasting and additionally take one charcoal capsule
orally 8 hours prior to the examination. Subsequently,
we compared image quality using the pancreas as the
reference. Ultrasound images obtained in both examina-
tions from each patient were evaluated by a qualified
radiologist and a senior sonographer using a specially
designed evaluation form.

Results

A sample size of 52 patients and volunteers included both
genders. Twelve of them were excluded and only 40 can-
didates were included: 23 men and 17 women at the age
range from 18 to 61 years, and with different BMI values
(Tab. 1, Tab. 2, Tab. 3).

The images obtained before and after administration of an
activated charcoal capsule were evaluated by two physi-
cians experienced in radiology at King Abdulaziz University
Hospital (KAUH): body-imaging radiologist and a senior
sonographer with a PHD degree in ultrasound. They evalu-
ated and classified the images into three categories: very
good, good and poor. As for images of the head of the

pancreas obtained before charcoal administration, 10% were
classified as very good, 47.5% as good and 42.5% as poor. The
results of the neck of the pancreas were as follows: 33.75%
of very good images, 42.5% of good images and 28.75% of
poor images. The images of the body of the pancreas were
very good for 15% of images, good for 33.75% of images and
poor for 51.2% of images. As for the tail of the pancreas, there
were 0 very good images, 21.2% of good images and 78.75%
of poor images, which was the highest result recoded (Fig. 1).
The mean values regarding the visualization of the head of
the pancreas after charcoal administration were: 35% in the
very good group, 45% in the good group and 20% in the poor
group. The results for the neck of the pancreas were as fol-
lows: 45% of very good images, 45% of good images and 10%
of poor images. The images of the body of the pancreas were
very good in 17.5% of cases, good in 60% of cases and poor
in 22.5% of cases. The respective values for the tail of the
pancreas were: 7.5%, 30% and 62.5% (Fig. 2).

Head of the pancreas

The results regarding the visualization of the head of the
pancreas in 40 examined patients changed from 10% before
charcoal administration to 35% after charcoal administra-
tion in the very good group, from 47.5% to 45% in the good
group, and from 42.5% to 20% in the poor group, respec-
tively; therefore the overall improvement was 50%.

Neck of the pancreas

As for the neck of the pancreas, the results were as fol-
lows: 33.75% and 45% of very good images, 42.5% and
45% of good images, and 28.75% and 10% of poor images,

78,75%

mVerygood mGood mPoor

47,50% 51.20%

42,50%

Head Neck Body Tail

Fig. 1. Average values from two evaluations before activated char-
coal administration

mVerygood mGood = Poor

60% 62%

45%  45%

Head

Neck Body Tail

Fig. 2. Average values from two evaluations after activated charcoal
administration
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respectively for images obtained before and after charcoal
administration. The overall improvement was 32.5%.

Body of the pancreas

For the body of the pancreas, the results were as follows: 15%
and 17.5% in the very good group, 33.75% and 60% for the
good group, and 51.2% and 22.5% for the poor group, respec-
tively for images obtained before and after charcoal adminis-
tration. The overall improvement was therefore 57.45%.

Tail of the pancreas

There were 0 and 7.5% of very good images, 21.2% and 30% of
good images, and 78.75% and 62.5% of poor images, respec-
tively for images obtained before and after charcoal adminis-
tration. The overall improvement was therefore 32.55%.

Overall evaluation of image qualit
after administration of activated charcoal

The mean result obtained by both evaluators in terms of the over-
all criteria (much better, better, no difference and worse) was
21% for “much better,” 42% for “better,” 33% for “no difference”
and only 4% for “worse.” The overall improvement in pancreas
visualization was therefore 63% in all 40 cases (Fig. 3).

Improvement in relation to body mass index

The overall improvement of 57.2% (much better and bet-
ter) was noted for overweight, obese and extremely obese
patients, whereas the value of only 39.05% was noted for
underweight patients and for patients with normal body
weight. In overweight, obese and extremely obese males
the overall improvement reached 66.9% and the respective
value for females was 49.9% (Tab. 4).

No improvement

The overall value for no improvement (no difference) was
62.4% in overweight, obese and extremely obese patients

42%

I 33%

Better No Difference

21%

Much Better Worse

Fig. 3. Average values for individual categories

Tab. 4. Improvement in two evaluations in relation to BMI and gender

Body Senior- Mean

Result . .

radiologist | sonographer value
Improvement (overweight, 53.39% 61.1% 5729
obese, extremely obese)
Improvement (l.,lnderwelght 40% 38.09% 30.045%
and normal weight)
Improvement in males 58.8% 75% 66.9%
Improvement in females 46% 53.8% 49.9%

and only 37.2% for underweight patients and for patients
with normal weight. In overweight, obese and extremely
obese males the “no difference” value reached 36.9%,
and the respective value for females was 62.5% (Fig. 4).

Relationship of BMI
with the individual categories

The mean results from both analyses in relation to the BMI
were as follows: the “much better” category: 12% in under-
weight patients, 29% in patients with normal weight, 29%
in overweight patients, 18% in obese patients and 12% in
extremely obese patients; the “better” category: 3% in under-
weight patients, 35% in patients with normal weight, 29%
in overweight patients, 21% in obese patients and 12% in
extremely obese patients; the “no difference” category: 4% in
underweight patients, 35% in patients with normal weight,
4% in overweight patients, 38% in obese patients and 19%
in extremely obese patients; the “worse” category: 67% in
obese patients and 33% in extremely obese patients (Fig. 5).

The mean results from both analyses in relation to the gen-
der were as follows: the “much better” category: 11% in
males and 35% in females; the “better” category: 43% in
males and 41% in females; the “no difference” category:
39% in males and 24% in females; the “worse” category 7%
in males and 0 in females (Fig. 6).

Relationship with age group
The results for the “much better” category were as follows:

41% in age group 16-25 years (the highest value), 23% in
age group 36-45 years and 18% in two age groups: 26-35

®radiologist  ®Sonographer = Mean Value
66.60% 62.40% 62.50%
58.80%
53.80%
41.10%
I I 37.20% I 36.90% I

Under &
Normal Weight

Male

Female

Overweight, Obese,
Extrem Obese

Fig. 4. Images that were not improved in relation to BMI and gender
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® Much Better ®Better = No Difference  ®Worse

67%

35% 35% 3%

29%

33%
29% 29%

0%

18% 19%

12% 12%

12%

Underweight Normal weight Overweight Obese Extremely Obese

Fig. 5. Average values from two evaluations for individual catego-
ries in relation to BMI

years and 46-55 years. For the “better” category, the fol-
lowing values were noted: 29% (the highest value) in age
group 36-45 years, 26% in age group 26-35 years, 21% in
age group 16-25 years and 12% in two age groups 26-35
years and 46-55 years. The highest result in the “no differ-
ence” category was 31% in age group 26-35 years, followed
by 23% in age group 56-65 years, 19% in age group 46-55
years, 15% in age group 16-25 years and only 12% in age
group 36-45 years The “worse” category was selected only
in two age groups: 33% in age group 36-45 years and 66%
in age group 46-55 years.

Discussion

Activated charcoal is a highly adsorbent powder made
from superheated, high surface area, porous particles pro-
duced from organic material®. It is an excellent adsorbent
of many chemical substances, including gases®. The unsat-
isfactory ultrasound scans of the pancreas are frequently
caused by an excessive amount of abdominal gases. This
study showed that activated charcoal can improve pan-
creas visualization in ultrasound. The results mentioned
above indicate that considerable improvement concerned
the head of the pancreas and the body of the pancreas,
where the highest improvement rates were obtained. The
total improvement in the visualization of the pancreatic
head was 50%, which was expected since the head of the
pancreas is easy to access compared to other parts of the
pancreas. Administration of activated charcoal to patients
undergoing abdominal ultrasound contributed to a notice-
able reduction of gases, which led to an increase in the

u Male ® Female

3%

4%

39%

No Difference Worse

Much Better

Better

Fig. 6. Average values from two evaluations for individual catego-
ries in relation to gender

quality of the visualization of the pancreatic head. As for
the neck of the pancreas, the improvement in visualization
was also observed (32.5%) for images obtained after char-
coal administration compared to pre-administration scans.

Moreover, the study showed that the greatest improve-
ment concerned the visualization of the body of the pan-
creas compared to the rest of the organ, where the over-
all improvement was 57.45%. The tail of the pancreas is
usually very difficult to visualize with routine preparation
for abdominal ultrasound because of its location between
the stomach and the spleen. In this case, image quality
improved by 32.5% after activated charcoal administration.

We found that significant overall improvement was related
to BMI; in overweight, obese and extremely obese patients,
improvement of image quality reached 57.2%, which is higher
than the result for underweight patients and in patients with
normal weight (only 39.05%). The improvement of image
quality after charcoal administration in males was 66.9%
while in females 49.9%, as shown in Tab. 4. On the other
hand, the “not improved” images in males were found for
36.9% of cases. The respective value for females was 62.5%,
and this had a negative effect on the overall improvement in
females, which was 49.9%, as shown in Fig. 4. A low level of
physical activity in females as seen in our society may be the
major factor that affects the efficiency of activated charcoal in
women. From our study, we concluded that adding one cap-
sule of activated charcoal to the patient preparation routine
in a sample of 40 patients directly improved the visualization
of the pancreas by 63%. Image quality was not improved in
37% of the cases, as shown in Fig. 3.

Conclusion

Our preliminary study concluded that activated charcoal
is useful, safe and cost-effective, and can be used to reduce
gastrointestinal gases and improve the visualization of the
pancreas and other structures in routine abdominal ultra-
sound in adults. Patient preparation for a routine abdomi-
nal ultrasound examination can be updated by adding an
activated charcoal capsule to eliminate gases that usually
degrade image quality in abdominal ultrasonography.

Limitations

e Limited time to complete the research

* The sample size was not large as patients refused partici-
pation in this research as additional preparation and a
re-scan were needed.

Recommendations

e It is recommended to conduct further investigation with
an increased dose to two capsules of activated charcoal
instead of one.

e The sample size should be increased in future research
for both genders.
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J Ultrason 2020; 20: e12-e17



Effect of adding a capsule with activated charcoal
to abdominal ultrasound preparation on image quality

* It is recommended to fine-tune patient preparation by
instructing patients to restrain from having fizzy drinks
and avoid heavy meals for two days before the examina-
tion in addition to administration of activated charcoal.

* Patient instructions should be revised and the statement
“avoid milk, coffee and smoking on the day of the exami-
nation” should be added.
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