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Abstract: Background and Objective: The aim of this study was to evaluate the efficacy of DWI in differentiation of
patients with residual cavity and type 1 hydatid cyst (HC) in the liver. Methods: 32 patients were included. 12 of
these patients had type 1 HC and the remainders (n = 20) had postoperative residual cavities. In all patients, axial
T2-weighted and DWI images were obtained. An apparent diffusion coefficient (ADC) map of the images was auto-
matically generated and the ADC values were measured on this map for all patients. Mann-Whitney U test was used
for comparison of continuous variables between two groups. Results: The mean diameters of type 1 hydatid cyst and
residual cavity groups were 83.42 mm, 49.30 mm, respectively (P = 0.001). There were no significant differences
in gender and age between the groups (both P > 0.05). The mean ADC values of type 1 hydatid cyst and residual
cavity groups were 2.58 + 0.13 x 10°s/mmz2, 2.58 + 0.16 x 103 s/mm?2, respectively (P = 0.953). Conclusion: DWI
might not be suitable to differentiate the postoperative residual cavity from the type 1 hydatid cyst in the liver due

to similarity of ADC values between postoperative residual cavity and type 1 hydatid cyst.
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Introduction

Human hydatid disease is caused by the larvae
of cestodes of the genus Echinococcus. This
zoonosis is characterized by long term growth
of metacestode (hydatid) cysts in humans and
mammalian intermediate hosts. Hydatid cysts
mainly locate in the liver or lungs in the endem-
ic areas and two major species of hydatid cysts
which infect humans are E. granulosus and E.
multilocularis, causing cystic echinococcosis
(CE) and alveolar echinococcosis (AE) [1]. If CE
and AE are managed insufficiently, they cause
chronic disease and high mortality [2].

Three therapeutic procedures can be utilized
for the management of hydatid disease: che-
motherapy, PAIR (puncture, aspiration, injec-
tion, re-aspiration), and surgery (partial or total
cyst resection). Surgical management of liver
hydatid cysts necessitates experience and cau-

tion owing to the risk of spread and recurrence
[3, 4]. Radical resections including partial hepa-
tectomy or total pericystectomy are the gold
standard in most patients [5]. Open partial cys-
tectomy, performed for open cyst evacuation
and sterilization of parasitic debris, is easy,
safe, and rapid. Although it has a high incidence
of local recurrence (4-25%), open partial cystec-
tomy can be a plausible procedure in difficult
patients [6-8].

Relapse is a main problem after liver hydatid
cyst operation. Ultrasonography only is not
enough to identify recurrences following surgi-
cal treatment. The antibody titers can remain
positive long after operation, and only demon-
stration of the scolices in the remaining cavity
provides final diagnosis. Residual cavity can be
misdiagnosedasarecurrence. Ultrasonographic
appearance of postoperative residual cavity
can be similar to type 1 hydatid cyst [6, 9]. On
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Figure 1. Flow diagram of the study.

the other hand, type 2, 3 and 5 hydatid cysts
have pathognomonic US and CT findings thanks
to the presence of membrane separation,
daughter cysts surrounded by a capsule and
wall calcification around the cyst [10, 11].
Postoperative residual cavity remains to be a
main problem in endemic regions, because it
may be confused with primer or post-operative
cysts (biloma, lymphocele). Furthermore, there
is no consensus on the diagnostic methods for
detection and follow-up of recurrences [12].
Diagnosis of hydatid cyst involves a combina-
tion of imaging techniques and serological
analysis [13].

Diffusion-weighted magnetic resonance imag-
ing (DWI) is based on the restriction of the ran-
dom microscopic motion of water molecules in
different tissues [14]. To the best of our knowl-
edge, there are studies using DWI in the classi-
fication of hepatic hydatid cysts, in the differen-
tial diagnosis of simple cyst and hepatic hyda-
tid cysts as well as in the differential diagnosis
of abscess and hepatic hydatid cysts [15-18].
But no research study has been performed yet
to examine the efficacy of DWI in follow-up of
patients treated with open partial cystectomy
for liver hydatid cysts. By this way, the aim of
this study was to evaluate the efficacy of DWI in
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informed consents were

obtained from all the

patients. From June-2011
to November-2011 consecutively 32 patients
were included. 12 of these patients had type 1
hydatid cysts and the remainders (nh = 20) had
postoperative residual cavities. Flow diagram
of the study was given in Figure 1. Diagnosis of
type 1 hydatid cysts was performed using the
Gharbi ultrasound classification (Table 1) and
serological tests. Patients with residual cavities
had been operated due to Gharbi type 1 (n = 2),
2(n=7),3(n=10)and 4 (n = 1) HC. Our opera-
tive approach was open partial cystectomy with
external drainage. Postoperative follow-up pro-
gram was routinely done using the enzyme
linked immunosorbent assay (ELISA), indirect
hemagglutination test for echinococcosis (IHA)
and abdominal ultrasonography in the sixth
and the twelfth postoperative month. In follow
up, patients with residual cavities were detect-
ed by US. In these patients, the antibody titers
start to decrease or become negative between
6" and 12" months. Therefore, these patients
were accepted as patients with non-relapse
residual cavity. Then, MRl was performed in all
patients. In the operated population, MRI was
taken at about 12" month of follow-up after the
liver hydatid cyst surgery.

Exclusion criteria for the study were defined as
follows; lesions smaller than 1 cm, other liver
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Table 1. Gharbi and WHO-Informal Working Group on Echinococcosis (WHO-IWGE) classification of
hydatid cysts

Gharbi WHO-IWGE Ultrasound characteristics

- CL Unilocular, cystic lesion with uniform anechoic content, cyst wall not visible

Type 1 CE1 Unilocular, simple cyst with uniform anechoic content or fine echoes called hydatid sand
(“snow flake sign”)

Type 3 CE2 Multivesicular, multiseptated cyst, daughter cysts (“wheel-like”, “rosette-like” or “honey-
comb-like” structures)

Type 2 CE3 Anechoic content with detachment of laminated membrane (“water-lily sign”), cysts which
may contain daughter cysts

Type 4 CE4 Heterogenous hypoechoic or hyperechoic degenerative contents.

Type 5 CES5 Cyst characterized by partial or complete calcified wall

CL: Cystic Lesion; CE: Cystic Echinococcosis.

Figure 2. Magnetic resonance images of 9-year-old girl patient with type 1 hydatid cysts. A. Axial T2-weighted fast
spin-echo MRI. B. ADC map show type 1 hydatid cysts in segment 7-8 of the liver. ADC value of postoperative re-

sidual cavity is 2.56 x 10°s/mm?2.
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Figure 3. Magnetic resonance images of 37-year-old female patient with postoperative residual cavity treated with
open partial cystectomy and external drainage for liver hydatid cysts about 12 months ago. A. Axial T2-weighted fast
spin-echo MRI. B. ADC map show postoperative residual cavity in segment 6 of the liver. ADC value of postoperative

residual cavity is 2.63 x 103 s/mm?2.

Table 2. Comparison of the demographic characteristics, mean diameters and mean ADC values of

type 1 HC and residual cavity groups

Type 1 HC (n = 12) Residual cavity (n = 20) P
Gender, female/male 10/2 15/5 0.587
Age, years 29.17 + 12.60 34.75 £ 20.44 0.533
Mean diameters (mm) 83.42 + 30.20 49.30 £ 19.42 0.001*
Mean ADC values (x 10 s/mm?) 2.58 +0.13 2.58 + 0.16 0.953

Data were given as mean + standard deviation. *P < 0.05 (By Mann-Whitney U Test).

diseases, inadequate MRI studies, contraindi-
cations for MRI. One patient who had major
bleeding into the residual cavity after surgery
and two patients who had biliary fistula were
excluded from the study. Furthermore, 3 cases
of type 1 hydatid cysts located in the left lobe
and 2 cases of the residual cavities located in
the left lobe were excluded from the patient
group in order to reduce the negative effects on
ADC values of breathing artifacts.

MRI protocol and imaging analysis

Magnetic resonance imaging was performed
using a 1.5 Tesla Magnetom Symphony A Tim
System (Siemens, Erlangen, Germany). In all
patients, axial T2-weighted and DWI images
were taken directed at the upper abdomen.
Images were taken with the patient in a supine
position with a 16-channel body coil placed
over the liver. Cardiac gating was not used in all
patients. Respiratory triggering was simultane-
ously applied in 3 patients with residual cavi-
ties and 2 patients with type 1 hydatid cysts.
Breath holding was preferred in the remaining
patients. T2-weighted images were taken as TR
3440, TE 87, and NEX 1. By selecting TR 6000
ms, TE 88 ms, FOV 380 mm, matrix 128 x 256,
NEX 4 on single shot, spin echo, echo planar
(SS-SE-EP) DWI, images were obtained with val-
ues of b 0, 1000 s/mm?2. An ADC map of the
images was automatically generated and the
ADC values were measured on this map for all
patients. The circular region of interest (ROI)
used for quantitative measurements of ADC
values of the type 1 hydatid cysts and the resid-
ual cavities was located to cover almost the
entire lesion (Figures 2, 3). The ROl was set so
that the measurement area did not extend
beyond the cyst. For each patient meeting the
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criteria defined above, three measurements
were taken from the same level. The mean of
the three ADC values obtained was used for
evaluation. A comparison was made of type 1
hydatid cysts and residual cavities which result-
ed from the obtained values. Localization and
mean diameter of the lesions were recorded.
The readers were blinded to all clinical informa-
tion. All DWI assessments were performed by
the two experienced radiologists.

Statistical analysis

All statistical analyses were performed using
SPSS for Windows version 15.0 (SPSS, Chicago,
IL, USA). Kolmogorov-Smirnov tests were used
to test the normality of data distribution. The
data were expressed as median, minimum and
maximum values. The chi-square test was used
to compare the categorical variables between
groups. Mann-Whitney U test was used for com-
parison of continuous variables between two
groups. A two-sided p value < 0.05 was consid-
ered statistically significant.

Results

Type 1 hydatid cysts were located in segment
4-5-8(n=1),5(n=1),5-6(n=1),6(n=1),6-7
(n=2), 7-8 (h = 3), and 8 (n = 3) of the liver.
Residual cavities were located in segment 5 (n
=3),56(n=1),5-8n=1),6n=4),6-7(n=
2), 7 (n=23), 7-8 (n =3),and 8 (n = 3) of the liver.
The mean diameters of type 1 hydatid cyst and
residual cavity groups were 83.42 mm, 49.30
mm, respectively (P = 0.001) (Table 2).

Demographic characteristics and mean ADC
values of the patients were presented on Table
2. There were no significant differences in gen-
der and age between the groups (both P >
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prevalence of the hydatid
disease has raised in Europe
and North America [21-24].
The management is primarily
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In the current study open
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of 10-12 mg/kg of albenda-
zole for 1 week prior to sur-
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Figure 4. Box plots demonstrate ADC values for the patient groups. The boxes
stretch from the 25th to the 75th percentiles. The horizontal line across each
box is the median. The vertical lines with whiskers extending below and above
the boxes indicate the minimal and maximal values respectively.

0.05). The mean ADC values of type 1 hydatid
cyst and residual cavity groups were 2.58 +
0.13 x 103 s/mm2, 2.58 + 0.16 x 103 s/mm?2
respectively. Compared to patients with residu-
al cavity, patients with type 1 hydatid cysts had
almost similar ADC values (P = 0.953) (Figure
4).

Discussion

To the best of our knowledge, this is the first
report to evaluate and compare the ADC values
of patients with type 1 hydatid cysts and resid-
ual cavities. The main findings of this study
were that, (i) ADC values were not different
between these patients, and (ii) DWI was not
found to be a predictor in the differentiation of
patients with residual cavity and type 1 hydatid
cyst.

Echinococcosis is a zoonotic illness character-
ized by slowly growing cysts, mostly in liver and
lungs. Hydatid diseases are found in sheep-
farming areas, mainly in developing countries
with poor hygiene [19]. Hydatid disease is
endemic in particular areas of the world, includ-
ing the Mediterranean countries, the Middle
East, Eastern Europe, South America, Australia
and New Zealand [20]. With immigration, the
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T
Residual Cavity

At present, diagnosis of
hydatid cysts is easier than it
was formerly thanks to the
advance in new imaging
techniques (US, CT, MRI), as
well as in the development of
reliable serological tests
[26]. Hydatid immunoelectro-
phoresis, enzyme-linked immunosorbent assay
(ELISA), and indirect hemagglutination (IHA)
tests were performed for the diagnosis and
post-operative follow up [27]. Serological tests
have limitations for follow-up of patients after
chemotherapy, PAIR, and surgery. The antibody
titers increase after PAIR and surgery and then,
the titers start to decrease at 3 months and
become negative in a period of 12-14 months
[28]. When the antibody titers start to increase
according to the baseline values and/or residu-
al cavities start to increase in size in the cross-
sectional imaging, recurrence is considered.
Postoperative residual cavity may be confused
with primer or post-operative cysts in endemic
regions. Furthermore, there is no consensus on
the diagnostic methods for detection and fol-
low-up of recurrences [12]. In our patients, the
antibody titers started to decrease or became
negative between 6" and 12" months and
there was no the increase in the sizes of the
residual cavities in follow-up ultrasound.

DWI is a non-invasive magnetic resonance
imaging technique that is commonly chosen
today. It identifies the tissues according to the
diffusion properties of their water content, par-
ticularly with high b values. Initially, DWI was
used in cases of acute brain infarction. Recently

Int J Clin Exp Med 2014;7(12):5090-5096



Open partial cystectomy of liver hydatid cysts

it has been used for the differentiation of epi-
dermoid and arachnoid cysts, differential diag-
nosis for focal hepatic lesions and the discrimi-
nation of malignant and benign masses [29,
30]. When compared with benign tumors, the
cellular density of malignant tumors is higher.
Hence the diffusion of water molecules is
restricted in malignant tumors which have
lower ADC values [31, 32]. Hydatid fluid con-
tains the scoleces, sodium chloride, protein,
glycose, ion, lipid and polysaccharide content
[33, 34]. Some studies demonstrated that the
ADC values of hydatid cysts were significantly
lower than those of simple cysts [16, 18]. We
believe that the ADC values of hydatid cysts
lessen because of the scoleces, sodium chlo-
ride, protein, glycose, ion, lipid and polysaccha-
ride content.

Sonmez et al. [18] the mean ADC values of the
type-1 HCs and the simple cysts were 2.27 x
103 s/mm2, 2.67 + 0.04 x 103 s/mm2 respec-
tively. A statistically significant difference was
found between the ADC values of the simple
cysts and the type 1 HCs (P = 0.01). When the
cut-off value was accepted as 2.5 x 103 s/
mm?, sensitivity, specificity, PPV, NPV and accu-
racy rates were 50%, 95%, 88%, 72% and 76%,
respectively. Oruc et al. [17] the mean ADC
value of simple cysts was 3.08 + 0.17 x 103 s/
mm?2, whereas that of type 1 HCs was 2.84 +
0.38 x 103 s/mm=2. There was no statistically
significant difference between the ADC values
of simple cysts and those of type 1 HCs (P >
0.05). Inan et al. [16] the mean ADC value of
simple cysts was 3.5 + 0.5 x 103 s/mm?2,
whereas that of type 1 HCs was 2.5 + 0.9 x
102 s/mm=2. There was statistically significant
difference between the ADC values of simple
cysts and those of type 1 HCs (P = 0.012).

In the current study the mean ADC values of
type 1 hydatid cyst and residual cavity groups
were nearly the same values. A statistically sig-
nificant difference was not determined between
the groups. Our results emphasized that ADC
measurements might not be suitable to differ-
entiate the postoperative residual cavity from
the type 1 hydatid cyst in the liver due to simi-
larity of ADC values between postoperative
residual cavity and type 1 hydatid cyst. The
cause of decreased ADC values of post-opera-
tive cavities may be due to postoperative hem-
orrhage and infection within this cavity.

Certain limitations of the present study should
be considered. First of all, a sample size was
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relatively small because of the rarity of the dis-
ease. The second limitation was the reduction
in signal-to-noise ratio (S/N ratio) of artifacts
associated with cardiac movements. The third
limitation was the reduction in S/N ratio of arti-
facts associated with respiratory movements
due to no used respiratory triggering in most
patients. Another limitation is that although we
paid attention not to include patients with hem-
orrhagic or infected fluid collection in postop-
erative period; to find out and exclude all of the
patients in this group might not be clinically
possible. Future studies would be improved
with a larger number of patients by the applica-
tion of pulse triggering, respiratory triggering,
and particularly the use of 3T MRI to increase
the S/N ratio.

Conclusion

This is the first report to evaluate the ADC val-
ues of patients with residual cavities, and also
the first one to compare patients with type 1
hydatid cyst. Although DWI offers rapid, nonin-
vasive, and quantitative assessment of these
conditions, especially these results highlighted
that using DWI might not be rational in deter-
mining recurrence of hydatid cysts.
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