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Objective: To evaluate the efficacy of roselle flower tea (RFT) administration as oral negative contrast agent
for MRCP study.

Material and Method: Roselle flower tea was prepared by packing 4,000 mg of dry ground roselle flower in
a tea bag and soaked with 480 ml of hot distilled water. RFT was tested in phantom, volunteer subjects and
was studied in patients for MRCP study. Quanlitative analysis was made by evaluation of the conspicuity of
biliary system after RF'T administration. Quantitative comparison was performed by comparing the contrast-
to-noise ratio between each part of the biliary system with stomach and duodenum.

Results: Roselle flower tea can effectively reduce signal intensity of the stomach and duodenum. There was
statistically significant (p < 0.05) improvement in conspicuity of the common bile duct. There was slight
improvement of conspicuity of common hepatic duct, ampulla and main pancreatic duct. Contrast-to-noise
ratios were all statistically significantly improved. RFT contains 0.6 mg of iron and 1.28 mg of manganese
content.

Conclusion: Roselle flower tea is a very efficient oral negative contrast agent. It is natural, safe, inexpensive
and palatable for oral administration.
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Magnetic resonance cholangiopancreatico-
graphy (MRCP) is a noninvasive technique to evaluate
pancreaticobiliary system. The recent development of
fast 2D and 3D MRI technique, half-Fourier turbo
spin echo (HASTE), provide promising image quality
by minimized motion and respiratory artifact. Unfor-
tunately, even though the scan technique has been
improved, there is still a recognized limitation. The
pancreaticobiliary system is usually obscured by
residual high signal fluid in the stomach and small
bowel. This artifact does frequently happen even in
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patients with adequate fasting period. This problem
can be solved by using an oral negative contrast
agent!'». The agents, which have a high component
of high molecular metal ion such as iron and manga-
nese, will shorten T2 relaxation time of water and
null bright, unwanted water signal®>. Blueberry
juice has been tested to be an effective oral negative
contrast agent for MRCP study®. Roselle (Hibiscus
sabdariffa Linn.) has been known as food, dye and
herbal beverage in many countries. Because of its
high mineral content, roselle has been on trial for
treatment of a variety of diseases including hyper-
tension and renal calculus®?. The purpose of the
present study was to investigate the efficacy of
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roselle flower tea as an oral negative contrast agent
for MRCP study.

Material and Method

The study was divided into 3 parts; phantom
study, volunteer human study and clinical study. All
MR images were obtained with a 1.5 T MR machine
(Magnetom Symphony; Siemens, Erlangen, Germany)
with body phased array, multi-channel coil. Maximum
gradient was 30 mT/m. Slew rate was 125 mT/m/s.
MRCP was performed with half-Fourier acquisition
single-shot turbo spin-echo (HASTE) sequence using
multicoronal oblique projection along the pancreati-
cobiliary tract anatomy. The parameters were used as
follows: Repetition time (TR), infinity; effective echo
time (TE), 800-1000 ms; number of excitations, 0.5;
matrix size, 256 x 256; field of view, 35 x 35. No fat
saturation technique was applied. Slap thickness
was 30-60 mm and acquisition time for each slap was 5
seconds. All images were acquired during inspiration.
Overlapping anatomy by fluid containing structure,
such as kidney and cerebrospinal fluid, were reduced
by using various projections.

1. Phantom study

The phantom study was performed to select
optimal concentration of roselle flower tea (RFT).
RFT was prepared by packing 1,000 mg of dry ground
roselle flower in a small tea bag. Phantom was com-
posed of 6 plastic tubes (volume 20 ml) (Fig. 1). One
bag of dry roselle flower was soaked with 240 ml of
hot distilled water for 5 minutes. Ten milliliters of this
RFT was filled in one tube. The other 4 tubes were
filled with diluted RFT in different concentrations
as follows; 80%, 60%, 40% and 20%. The last tube
was filled with distilled water and acted as a control
tube. All 6 tubes were scanned by using a head coil
and HASTE technique with TE of 1000. Subsequently,
the study was repeated with the same technique but
with a different TE value at 500 and 300 ms to deter-
mine the effect of echo time on the RFT.

Signal intensity in each tube was measured
and compared with background noise. Signal inten-
sity of the tube with 100% RFT appeared equal to
background noise in the standard MRCP technique
(TE = 1000). Other tubes showed increased signal
intensity as the concentration reduced (Fig. 2).
When TE was decreased, all tubes showed slightly
increased signal intensity. The authors concluded
that the optimal concentration should be at least
equal to 100% RFT (1 roselle flower tea bag in 240 ml
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of distilled water). This concentration was selected
for clinical study.

Dry ground roselle flower was sent to the
Laboratory of the Department of Chemical Engi-
neering, King Mongkutis University of Technology
Thonburi for iron and manganese content analysis
by atomic absorption spectrophotometer.

2. Volunteer subjects

The purpose of volunteer subjects examina-
tion was to determine the optimal delay time between
the RFT consumption and MRCP study. Because
patients usually have preexisting fluid content in
the stomach and duodenum, the RFT might be diluted
and lose its property. The average adult stomach has
a capacity of about 1,500 ml, the authors decided to
increase the concentration and volume of the RFT to
4 bags (4,000 mg) soaked with 480 ml of distilled
water®, Precontrast images were obtained before the
RFT was administered to evaluate pre-existing fluid
content in the stomach and duodenum. Subsequently,
480 mL of the RFT was given to volunteers orally
through a straw to prevent alteration of the patientis
position. MRCP studies were performed at 5, 10 and
15 minutes delayed time after consumption. The
images were reviewed and showed that after 5
minutes, the RFT could eliminate most of the high
fluid signal in the stomach and duodenum. There was
no significant difference in images at 5, 10 and 15
minutes scan. Therefore, 5 minutes delayed time was
selected for clinical study.

3. Patients study

There were 19 consecutive patients enrolled
in the present study (13 male, 6 female, mean age =54.5
years). All patients were suspected to have pancreati-
cobiliary diseases. Written consent was obtained from
all patients. MRCP was performed with and without
oral RFT administration and the data were recorded
on a compact disc in Dicom format for analysis.

Statistic analysis

Qualitative analysis

The images were reviewed by 2 radiologists
independently in computer without clinical history
or other imaging findings. Pre and post RFT MRCP
images were displayed side by side. The pancreati-
cobiliary system was divided into 7 segments; gall-
bladder (GB), cystic duct (CD), common bile duct
(CBD), common hepatic duct (CHD), intrahepatic duct
(IHD), ampulla and main pancreatic duct (MPD).
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Fig. 1 Roselle flower tea (RFT) phantom. The far right tube is 100% concentration of RFT.
The far left tube is distilled water. Other 4 tubes are RFA with diluted concentration of
80%, 60%, 40% and 20% from right to left, repectively

Fig. 2 Roselle flower tea (RFT) phantom was scanned with standard MRCP technique and
showed that signal intensity of the tube with 100% RFT concentration appeared equal
to the background noise. Other tubes shows increased signal intensity as the concentration
reduced

The radiologists accessed the visualization of each
segments in both pre and post RFT examination by
using the 4 points scale: grade 0 = poor (anatomy
was difficult to detect or no visualization of the
segment); grade 1 = fair (anatomy was partly obscured);
2 = good (anatomy was well visualized with minimal
obscuration); 3 = excellent (excellent depiction of
anatomical structure).

All information was recorded on information
data sheets for statistical analysis. If results from both
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radiologists were different in more than 1 point scale,
the images were retrospectively reviewed and the
final assessments were made by consensus.

Quantitative analysis

Signal intensity of CBD, CHD, MPD, GB,
stomach, and duodenum was measured by placing
spherical, 2 cm?, region-of-interest (ROI) over these
structures. The background noise was measured by
placing the same size of ROI over the air outside the
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human body. Contrast-to-noise ratio (CNR) between
CBD and duodenum, CHD and duodenum, GB and
duodenum, MPD and stomach in pre and post RFT
administration were calculated.

McNemar test was used to assess statistical
significant difference of conspicuity of various
segments between pre and post RFT study. Inter-
observer variation was calculated by using Kappa
test. Wilcoxon signed ranks test was used to assess
statistically significant difference of CNR between
each pair. P-value less than 0.05 was considered as
statistically significant.

Results

In 19 patients enrolled in the present study,
there were 8 patients who had had cholecystectomy
and were excluded from the statistical analysis. In
observer 1, the conspicuity of post RFT study showed
statistical significant improvement (p <0.05) in CBD,
ampulla and MPD. In observer 2, the conspicuity
showed statistical significant improvement in CBD
and CHD (Table 1).

There was no interobserver variation in
most of the anatomical structures, except for CHD in
the pre RFT study and ampulla in post RFT study
(Table 2).

The quantitative comparison between con-
trast to noise ratio in pre and post RFT study showed
statistical significantly improvement in CBD vs duo-
denum, CHD vs duodenum and MPD vs stomach
(Table 3). The example of MRCP images in pre and
post RFT administration are illustrated in Fig. 3 and 4.

The amount of iron and manganese were 0.15
mg and 0.32 mg, respectively, in 1,000 mg of dry
ground roselle soaked with 240 mL of hot distilled

water. Therefore, the total dose of iron and maganese
for one patient (4,000 mg of dry ground roselle
soaked with 480 mL of hot distilled water) was 0.6 mg
for iron and 1.28 mg for manganese.

Discussion

Oral negative contrast agent is composed
of a high concentration of high molecular metal ions
such as iron or manganese. The paramagnetic and
superparamagnetic property of these high molecular
ions will increase magnetic susceptibility and shorten
T2 relaxation time because of rapid T2 decay. This is
responsible for nulling the bright unwanted-water
signal. There are several negative oral contrast agent
products on the market, such as GastroMARK
(Mallinckrodt Inc, St. Louis, MO, USA) and Abdoscan

Table 1. Comparison between the conspicuity of different
anatomic structure in pre and post roselle flower
tea administration

Structure Observer 1 Observer 2
p value p value
GB 0.999 0.999
CD 0.999 0.999
CBD 0.003* 0.002*
CHD 0.999 0.002*
IHD 0.289 0.375
Ampulla 0.022%* 0.125
MPD 0.001* 0.065

GB, gallbladder; CD, cystic duct; CBD, common bile duct;
CHD, common hepatic duct; IHD, intrahepatic duct; MPD,
main pancreatic duct; *, if p < 0.05, conspicuity is signifi-
cantly different between pre and post roselle flower tea ad-
ministration

Table 2. Comparison between interobserver grading of conspicuity in pre and post roselle flower

tea administration

Structure Pre

Post

Agreement %

Kappa value

Agreement % Kappa value

GB 72.22 0.44 72.22 0.40
CD 72.22 0.62 72.22 0.60
CBD 72.22 0.63 72.22 0.52
CHD 44.44 0.11%* 77.78 0.50
IHD 55.56 0.24 72.22 0.55
Ampulla 55.56 0.35 38.89 0.11%*
MPD 50.00 0.30 77.78 0.64

GB, gallbladder; CD, cystic duct; CBD, common bile duct; CHD, common hepatic duct; THD,
intrahepatic duct; MPD, main pancreatic duct; *, if p > 0.05 there is no interobserver variation
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Table 3. Comparison between contrast-to-noise ratio in pre and post roselle flower tea adminis-

tration
Structure Pre Post p value
Mean SI SD Mean SI SD
CBD vs duo -8.06 17.48 10.95 10.07 <0.001%*
CHD vs duo -5.76 16.49 11.76 11.46 <0.001%*
GB vs duo 12.87 28.88 31.95 23.75 0.007*
MPD vs stomach -47.33 45.40 6.56 7.76 <0.001*

GB, gallbladder; CBD, common bile duct; CHD, common hepatic duct; MPD, main pancreatic duct;

duo, duodenum *, if p < 0.05, there is significantly difference in

pre and post roselle flower tea administration

contrast-to-noise ratio between

Fig. 3 A 68-year-old male, status post cholecystectomy, presented with recurrent jaundice

Fig. 3A Pre roselle flower tea (RFT) study shows high signal fluid in the stomach, duodenal bulb and duodenum C-loop. Signal
of common bile duct (CBD) is obscured by the signal of duodenal bulb. There are several filling defects in CBD from
CBD stone. Choledochoceles with stone is also presented

Fig. 3B Post RFT study shows absence of fluid signal in the stomach, duodenal bulb and duodenal C-loop. The CBD and main
pancreatic duct are well visualized

(Nycomed SA, Oslo, Norway) and FerriSeltz (Otsuka
Pharmaceutical, Tokushima, Japan). These contrast
media are expensive and not widely available.

The present study used 480 mL of RFT as an
oral negative contrast agent. Quantitative analysis
showed that the conspicuity showed statistical
significant improvement in CBD by both observers.
CBD is the anatomical structure which has the most
affect by fluid in duodenal bulb and duodenal C-loop.
Therefore, unsurprisingly, CBD was clearly seen
significantly by both observers after the RFT adminis-
tration, which served the purpose of the present study.
CHD, ampulla and MPD showed statistical significant
improvement only in 1 observer and probably due to
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interobserver variation. This was graded as slight
improvement.

The results of the present study correspond
to the study by Chan et al® and Papanikolaou et al®.
Chan et al used diluted gadopentetate dimeglu-
mine with his MRCP studies in 23 patients with
pancreaticobiliary disease and reported that diluted
gadopentetate dimeglumine with a concentration of
1:15 can also be used effectively. Their results
indicated that depiction of CBD and MPD was
markedly improved. The depiction of GB and CD was
slightly and moderately improved by oral diluted
gadolinium. There was no evaluation of CHD, THD
and ampulla.
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Fig 4. A 50-year-old male presented with abdominal pain and jaundice

Fig. 4A Pre roselle flower tea (RFT) study shows obscuration of common bile duct (CBD) and common hepatic duct (CHD)
by high signal fluid in the duodenal blub. Part of the main pancreatic duct (MPD) is also obscured by residual high
signal fluid in the body of the stomach (Gallbladder is not included in this projection)

Fig. 4B Post RFT study reveals total absence of high signal fluid in the stomach, duodenal bulb an duodenal C-loop. CBD,
CHD and MPD are clearly seen

Papanikolaou et al performed MRCP study
with 430 mL of blueberry juice in 37 patients suspected
to have obstructive jaundice. They observed that
CBD, CHD, ampulla and MPD depiction improved
statistically significant. There was no statistically
significantly difference in IHD.

Quantitative analysis in the present study
showed significantly (p <0.05) reduced CNR between
CBD and duodenum, CHD and duodenum, GB and
duodenum, MPD and stomach. The significant
reduction in CNR between CBD and duodenum is
similar to the Papanikolaou et al study.

Mineral component analysis by atomic
absorption assay shows that the dose of iron and
manganese for a patient is 0.6 mg and 1.28 mg. In the
Papanikolaou et al study, the concentration of iron
and manganese content in 430 ml of blueberry juice
was 8.17 and 1.32 mg. The present data showed that
RFT has much lower amount of iron and manganese
concentration than blue berry juice but is still as
effective.

There was one limitation in MRCP with oral
negative contrast agent. It is inability to delineate
ampullary region after RFT is given due to lack of
contrast between high signal fluid in duodenum
and ampulla. To solve this problem, MRCP is
encouraged to be performed with and without the
RFT administration. The alternative method is an
additional 300 ml of water may be given after MRCP
with RFT is done if pathology at ampullary region
is suspected.
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In conclusion, roselle flower tea is a very
efficient oral negative contrast agent for MRCP study
in reduction of high signal intensity fluid in the
stomach and duodenum. It is natural, safe, inexpen-
sive, palatable, and locally available.
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