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Abstract

AIM: To evaluate radiofrequency thermal ablation
(RTA) for treatment of cystic echinococcosis in animal
models (explanted organs).

METHODS: Infected livers and lungs from slaugh-
tered animals, 10 bovine and two ovine, were collect-
ed. Cysts were photographed, and their volume, cyst
content, germinal layer adhesion status, wall calcifica-
tion and presence of daughter or adjacent cysts were
evaluated by ultrasound. Some cysts were treated with
RTA at 150 W, 80°C, 7 min. Temperature was moni-
tored inside and outside the cyst. A second needle was
placed inside the cyst for pressure stabilization. After
treatment, all cysts were sectioned and examined by

histology. Cysts were defined as alive if a preserved
germinal layer at histology was evident, and as suc-
cessfully treated if the germinal layer was necrotic.

RESULTS: The subjects of the study were 17 cysts
(nine hepatic and eight pulmonary), who were treated
with RTA. Pathology showed 100% success rate in
both hepatic (9/9) and lung cysts (8/8); immediate
volume reduction of at least 65%; layer of host tissue
necrosis outside the cyst, with average extension of
0.64 cm for liver and 1.57 cm for lung; and endocyst
attached to the pericystium both in hepatic and lung
cysts with small and focal de novo endocyst detach-
ment in just 3/9 hepatic cysts.

CONCLUSION: RTA appears to be very effective
in killing hydatid cysts of explanted liver and lung.
Bile duct and bronchial wall necrosis, persistence of
endocyst attached to pericystium, should help avoid
or greatly decrease /n vivo post-treatment fistula oc-
currence and consequent overlapping complications
that are common after surgery or percutaneous aspi-
ration, injection and reaspiration. /n vivo studies are
required to confirm and validate this new therapeutic
approach.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Cystic echinococcosis is a helminthic zoonosis that
can occasionally affect human beings. The organs
most frequently involved are the liver and the lungsﬂ’z].
Viability and pathogenicity of the cyst are conditioned by
the integrity of its germinal membrane. For many years
elective treatment has been surgery (organ resection,
cysto—pericystectomy)[3‘41. Recently percutaneous
aspiration, injection and reaspiration (PAIR), using
hypertonic saline or ethanol, has become a valid
alternative option, principally for the liver™. This is now
widely advocated in the treatment of uncomplicated

fluid-filled liver cysts because of lower recurrence and
[3

. 78
complication rates™". There are, however, few reports

in the literature on PAIR treatment of pulmonary
echinococcosis™”. Chemotherapy with albendazole can
be used in combination with interventional procedures,
but is seldom effective alone™"". Both surgery and
PAIR can result in post-procedure complications,
namely, biliary or bronchial fistulae promoted by
endocyst detachment'"*'"; chemical cholangitis or
pneumonia due to passing of hypertonic saline or
ethanol into the biliary or bronchial tree through a
pre-existing communication[9’10’17’18]; and infection or
abscess on the cyst cavity™"", Chemical cholangitis is
a frightful complication since it invariably requires liver
transplantation'”. Radiofrequency thermal ablation
(RTA) is currently used for treatment of neoplasms,
primarily hepatocellular carcinoma” ",

To our knowledge, there is no controlled study in
the literature on possible treatment of hydatid cyst with
RTA. The aim of our study was to evaluate RTA for
treatment of cystic echinococcosis of liver and lung
in animal models (explanted organs). The primary end
point was to evaluate efficacy in killing the parasite. The
secondary end-points were to evaluate germinal layer
adhesion status after the procedure and the effect of
radiofrequency (RF) on host organ tissue outside the

cyst.

MATERIALS AND METHODS

Material

Cystic echinococcosis is an endemic zoonosis in Sicily™?,
To perform our study we used infected livers and lungs
from slaughtered animals, 10 bovine and two ovine.
Samples were provided by the Veterinary Service of the
Region of Sicily within 12 h of their collection. By using
slaughtered animals with endemic zoonosis, our study had
minimal economic costs and raised no ethical concerns.

Procedure
Each cyst was photographed and evaluated by ultrasound
(US). Cyst volume was calculated with the ellipsoid
volume formula (4/3 1 abc; abe = cyst hemidiameteres).
Cyst content, germinal layer adhesion status, presence of
wall calcification and presence of daughter or adjacent
cysts were also evaluated by US.

The ex-vivo approach, large size and superficial place

RITA needle
External thermometer

A\
©

Sentinel needle” Y = \\‘ ,,,,,,,,,,, Host tissues

Cyst fluid / /
Pericystium Germinal layer

Figure 1 Schematic description of radiofrequency thermal ablation (RTA)
on echinococcal cyst.

of the cysts made US evaluation easy in the lung as well
as the liver.

Each cyst was placed on a RITA® dispersive electrode
and, under US guidance, a 9-tip expandable needle (RITA"
StarBurst TM XL, RITA Medical Systems) was inserted
into the cyst, expanded and connected to a RF generator
(RITA Medical System 1500 X). Temperature inside the
cyst was monitored by RITA needle tip temperature
transducers. Under US guidance a thermometer (bimetal
thermometer 0 + 120°C, probe length: 110 mm - @ 4 mm,
dial @ 45 mm) was also placed outside the cyst, up to
1 cm from its wall, for external temperature monitoring,
Both internal and external temperature was monitored
throughout the procedure and for the following 20 min.

In addition to the RITA needle, a second needle,
which we named “sentinel needle,” was also placed
inside the cyst in order to stabilize internal cyst pressure
during the procedure (Figure 1). In fact, during pre-
study sessions of the treatment that we preliminarily
performed in order to optimize the technical aspects
of the procedure, we observed that while reaching
target temperature, endocytic pressure quickly increases
and invariably causes cyst rupture unless pressure
stabilization is obtained. The increase in endocytic
pressure is likely due to gas formation (water vapor,
COy) at the interface of the fluid/needle because of the
high local temperature.

The RTA parameters we used were: 150 watts, 80C,
7 min. Treated cysts were then sectioned and a pathology
examination was performed. Histology on the samples
evaluated the germinal layer, the presence of scolices,
the pericystium, parenchymal cells, blood vessels, biliary
ducts (liver) and the bronchial walls (lung).

All the data were stored in an Excel database and used
for statistics. In addition to the treated cysts, there were
also some untreated parasitic cysts randomly examined
with US and histology, using the same critetia as that used
for treated cysts, as an addendum to the study.

Viability definition
Alive cyst: histological evidence of preserved germinal
layer; killed cyst: necrotic endocyst at histology.

Statistical analysis
By definition, pilot studies are conducted on a small
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Liver (n = 9) Lung (7 = 8)
Baseline Post-RTA Baseline Post-RTA

Cyst volume (mL)'

Average 40.5 14.9 158.7 57.1

Range 83-61.6  2.0-283 4.2-471 1.3-287.8
Fluid echo pattern”

Anechoic 9 0 6 0

Anechoic + ground 0 2 0

Disomogeneous 0 0 8
Proligera status'

Adhered 9 6 6 6

Focally detached 0 3 2 2

Detached 0 0 0 0
Wall calcification (any)" 0 0 0 0
Daughter/adjacent cysts' 1 1 1 1

Internal 0 0 0 0

External 1 1 1 1
Killing rate (%)’ - 100 - 100
Pericyst necrosis (cm)’

Mean (range) - 0.64 (0-2) - 1.57 (0.8-2.5)
External temperature (C)*

Average of peaks 429 52.6

Range of peaks 23-69 39-64

Gradient T (range)’ 11.9-58.3 16.9-38.7

'Ultrasound and pathology assessment; *Ultrasound assessment;
*Pathology assessment; ‘During the procedure; *Gradient T = Tmax internal
- Tmax external. RTA: Radiofrequency thermal ablation

number of cases, which makes reliable statistical
correlations difficult to establish. Nevertheless, we
performed a statistical analysis of our data in an attempt
to identify significant trends. All values were expressed
as a mean, and the Mann-Whitney U-test was used for
comparison among groups. All P values were two-sided,
and P < 0.05 was considered statistically significant.
The Pearson test was used to investigate the linear
relationship between two groups of data.

RESULTS

A total of 28 cysts, 16 hepatic and 12 pulmonary, were
evaluated. Seventeen, treated with RTA, were the object
of our study (Table 1). In addition, 11 untreated cysts,
seven hepatic and four pulmonary, were randomly
evaluated. All of them were unilocular with anechoic
content, no wall calcification, germinal membrane
adherence were observed at US, and all were alive at
pathology.

Treated cysts

Seventeen cysts were treated with RTA: nine hepatic, aver-
age volume 40.5 mL (range, 8.3-61.6 mL), and eight pul-
monary, average volume 158.7 mL (range, 4.2-471 mL).
Baseline US showed the endocyst was attached to the
peticystium in 100% (9/9) of liver and 75% (6/8) of lung
cysts, and focally detached in 25% (2/8) of lung cysts. Av-
erage time to reach the target temperature inside the cyst
was 6.3 min for the liver (range, 3-14 min) and 9.5 min for
the lung (range, 3-19 min). During RF administration the
internal temperature remained stable at target temperature
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Figure 2 Cyst volume before and after RTA in liver (A) and lung (B). All
treated cysts showed a strong and immediate reduction in volume.

in all treated cysts.

After RTA, 100% of the cysts had volume reduction.
For the liver, the cyst volume average decreased from
40.5 mL before to 14.9 mL after RTA (P = 0.004). For
the lung, the cyst mean volume decreased from 158.7
to 57.1 mL (P = 0.13). Hence, immediate reduction of
mean volume for liver and lung cysts was 65% and 69%,
respectively (Figure 2).

Compared with baseline, the endocyst remained
attached to the pericystium after RT'A in hepatic and
lung cysts. We observed just a small and focal (i.e. few
millimeters) de novo endocyst detachment in three hepatic
cysts. Histology showed a 100% success rate in both
hepatic (9/9) and lung cysts (8/8). A coagulative necrosis
of the endocyst and the pericystium was observed, as
well as a concentric area of host organ tissue necrosis,
variable in size, with an average extension of 0.64 cm
(range, 0-2 cm) for liver, and 1.57 cm (range, 0.8-2.5 cm)
for lung (Figures 3-6). Possible correlation between cyst
volume and size of pericyst necrosis was evaluated. For
the liver, an inverse correlation of 68% was observed
between pre-RTA volume and pericyst necrosis
extension (P = 0.044). For lung cysts this correlation
was 30% (P = 0.471). It is worth noting that within the
necrotic area, parenchymal cells, blood vessels, bile ducts
(liver) and bronchial walls (lung) were all necrotic in all
treated cysts. Organ samples taken from areas far from
the treated cysts showed normal histology in all cases.

Two cysts, hepatic and pulmonary, respectively,

www.wjgnet.com



Lamonaca V et a/. Radiofrequency ablation of hydatid cyst

3235

@21
Post-RITA
1

www.wjgnet.com

Figure 3 Hydatid cyst of the liver
treated with RTA. The upper panel shows
the surface of the liver before (A) and
after (B) RTA. The procedure caused cyst
retraction. The middle panel shows pre-
procedure ultrasound (C) and post-RTA
section (D) of the cyst. A transverse US
scan shows the RITA needle expanded
inside the cyst and a smaller adjacent
cyst (1) situated within the necrotic area
surrounding the treated cyst. Histology
showed the smaller cyst was necrotic and
killed despite no direct treatment. In the
lower panel, histology (HE stain, x 4) of an
untreated cyst (E) is compared with that
of the treated one (F). In the former, all
structures are well recognizable, while in
the latter the cyst layers are totally necrotic.
M: Germinal membrane; P: Pericystium;
L: Liver parenchyma. Arrow tips indicate
necrotic portal tracts. 1: Adjacent cyst.

Figure 4 Hydatid cyst of the lung.
Untreated (left) and treated (right) cysts
are compared. External surface (upper
panel), findings after sectioning (middle
panel), and 4 x HE stained histology
(lower panel) are shown. Untreated cyst
shows normal surface, flaccidity after
sectioning, thin and translucid endocyst
and well preserved cyst layers at histology.
Treated cyst looks dehydrated, rigid, has
a thick and papyraceous-like endocyst
and is totally necrotic at histology. T: RITA-
needle through; M: Germinal membrane; P:
Pericystium; L: Lung parenchyma.
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Figure 5 Echinococcus cyst
of the lung before (A) and after
(B-D) RTA. External surface of
the cyst (upper panel), findings
after sectioning (middle panel),
and histology (lower panel).
After treatment (B) the cyst looks
shrunken, rigid and dehydrated.
Post-RTA section of the cyst
(C) shows the endocyst is thick,
papyraceous-like and attached to
pericystium. Histology (HE stain,
x 4) shows complete necrosis of
the cyst wall (E). An adjacent cyst
(indicated by arrow A in slides
A, B, D) was necrotic and killed
at histology (F) despite no direct
treatment. RN: RITA needle; SN:
Sentinel needle.

Figure 6 Echinococcus cyst of
the liver treated with RTA. The
upper panel shows the surface
of the liver before (A) and after
(B) RTA. Procedure caused cyst
retraction. RITA needle, sentinel
needle and external thermometer,
still in place, can be seen (B). The
left lower panel shows post-RTA
section (C) of the cyst. Histology of
a paramedian section (right lower
panel, HE stain, x 2) shows cyst
walls and surrounding liver closest
to the cyst are totally necrotic and
: i . — o with granular amorphous aspect
10 e, A : (D). RN: RITA needle; SN: Sentinel
Post-Xlie) i 3.8 8 needle; ET: External thermometer.

adjacent (< 1 cm) to the ones treated were killed despite Temperature curves detected inside and outside the
no direct treatment (Figures 3 and 5). Another cyst, cysts during the entite procedure had similar courses, but
an external daughter lung cyst not directly treated, was with clearly lower values in the host tissue near the cysts
partially alive at histology, though the procedure on the (data not shown). The highest temperature gradient
mother cyst was non-optimal because the cyst ruptured (Trmax internal - Tmax external) ranged between 11.9°C and
early. 58.3°C (mean, 38.0°C) in liver cysts and between 16.9°C
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and 38.7°C (mean, 27.7°C) in the lung. The external
temperature peak was never above 70°C, and in 88% of
the samples was below 55°C.

DISCUSSION

Our primary goal was to investigate whether RTA can
kill Echinococcns granulosus cysts in explanted livers and
lungs. We observed that RF (1) warmed the hydatid cyst
fluid and caused endocyst necrosis in both hepatic and
lung cysts in 100% of cases; (2) maintained endocyst
attachment to the pericystium; (3) caused a layer of
host tissue damage outside the cyst; (4) gave lower
temperature values outside the cyst than inside it; and (5)
resulted in a post-procedure volume reduction average
of more than 65%.

From a review of the literature we found only two
case reports on using RTA for treatment of cystic lesions
in humans. No controlled study on RTA treatment of
hydatid cysts is reported. Rhim ez al™ successfully treated
a simple cyst of the liver, though this differs from the
hydatid cyst from biological and pathological points of
view. Brunetti ¢z a/” reported treatment with RTA on
a single patient with cystic echinococcosis of the liver.
However, here, the assessment of treatment efficacy was
based solely on disappearance of scolices upon post-
procedure microscopic examination of cyst fluid. This
1s not sufficient for assessing the definitive killing of the
cyst if long term clinical follow-up is lacking, though the
ideal procedure is microscopic verification of permanent
damage to the germinal membrane, as mentioned
by Brunetti ¢ a/°” themselves in their comments on
Khuroo’s paper™. In this regard, we would like to
underscore that in our study a microscopic examination
with methylene blue stain on cyst fluid collected through
the sentinel needle just before, during, and soon after the
RF administration was initially performed on a limited
number of cysts, looking for scolices and their viability.
This was discontinued in the study because of its total
lack of sensitivity (no scolex was seen in the centrifuged
fluid, even though they were present later at histology).
Finally, Brunetti ¢/ 2/ in their case report say nothing
of pressure stabilization to avoid cyst rupture.

Actually, in our pre-study sessions of treatment, all
the cysts we treated invariably “exploded” a few minutes
after the start of the procedure, independently of their
baseline volume. That no longer happened after we
started placing a “sentinel needle” inside the cyst. We
also observed that ruptured cysts, despite reaching the
target internal temperature faster, were still alive and
often contained well preserved scolices on pathology
examination. This suggests that RTA kills the parasite
by using its own fluid, which assures homogeneous and
sustained values of high temperature inside the whole
cyst. If there is a rupture of the cyst and its fluid is
released, RF causes only focal damage, probably where
the needle tips are in contact with the cyst wall.

It has been demonstrated that during PAIR on cystic
echinococcosis, the germinal membrane usually detaches
entirely and collapses inside the cyst™" This always

occurs, by definition, during peri-cystectomy. Endocyst
detachment can cause the appearance of biliary or
bronchial fistulae inside the cyst cavity. This is more
likely if a pre-existing virtual communication between
the parasitic cyst and the biliary or bronchial tree is
presentw’m’”’zs]. The biliary fistula is one of the most
frequent complications after surgery or percutaneous
treatment of liver hydatid cysts!™>*!] though at lower
rates after PAIR. It often evolves into infected
collection and abscess, thus increasing hospital length of
stay, economic costs and patient discomfort™. The heat-
related coagulative necrosis we obtained with RTA can
explain both the killing effect on the parasite and also
why the endocyst remained attached to the pericystium.
Based on that, it seems reasonable to suppose a low (if
not lack of) incidence of fistula occurrence after RTA
in vivo. Furthermore, the layer of host tissue necrosis
we observed outside the treated cysts, whether thinner
or thicker, could further increase the killing effect (by
stopping iz vivo blood vessel supply) and decrease the
incidence of post-procedure fistula occurrence (by
causing bile duct or bronchial wall necrosis). This, of
course, must still be proven by controlled iz vivo studies.
Nevertheless, an indication of this possibility emerged
in a recently published case report by Thanos e# al™,
who successfully treated a post-surgical biliocystic
communication and cystocutaneous fistula with RE
Based on our results we expect that iz vivo blood
flow would have no significant effect on the intra-
cystic killing power of RTA. In fact, data on treatment
of hepatocellular carcinoma and other hepatic tumors
show how RTA can cause 7 vivo necrosis of vascularized

1920 and up to 8.5 cm in size

[21]

nodules up to 5 cm in size
if associated with occlusion of tumor blood supply
This should occur even more on a hydatid cyst that has
no internal blood flow (and therefore no internal heat
sink effect), that is full of fluid and that has a relatively
thick wall that creates a physical barrier from the outside,
as also demonstrated by the gradient we calculated
between the temperature inside the cysts and outside. In
any case, only # vivo controlled studies can definitively
answer this question.

Several studies report a volume reduction of the
cyst of 65% or more after PAIR or pericystectomy,
and such rates ate described usually 6-19 mo after the

16,31,34,35 . .
U645 Tn our study, compared with baseline,

treatment
we observed this level of volume reduction immediately
after treatment. This is probably due to necrosis and
dehydration of the cyst wall and the surrounding host
tissues (Figures 5 and 6). The volume decrease after
RTA and correlation of cyst volume with extension of
pericyst necrosis were significant for the liver but not
for the lung. This is probably due to different tissue
characteristics (liver is solid, while lung has some air
inside); to the small number of cases analyzed; and,
lastly, to the fact that the lung cysts provided were larger
and mainly exophytic compared with the hepatic cysts.
An optimal statistical investigation of such correlations
would require larger numbers.

With respect to our goals, we believe the results of
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our pilot study are very interesting, particularly the 100%
success rate we observed despite different baseline cyst
volumes and types of organs treated.

Potential advantages expected with 7z vivo RTA on
cystic echinococcosis as follows: (1) While PAIR some-
times requires more sections to assure definitive killing
of the cyst, RTA can kill a hydatid cyst in a single sec-
tion, since the entite cyst wall is made necrotic by a heat-
related mechanism; (2) Given that RTA avoids the use
of chemical media there is no risk of chemical cholan-
gitis related to its accidental passing into the biliary tree.
Hence, pre-existence of cysto-biliary communication is
no longer a contraindication to percutaneous treatment;
(3) Compared with PAIR or surgery, persistence of en-
docyst attachment to pericystium in a high percentage
of cases should help avoid or greatly decrease post-RTA
fistula occurrence, and consequent overlapping compli-
cations.

The results, and the experimental hypothesis raised
by out study, must be confirmed by 7 vivo study.
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Background

Treatment of cystic echinococcosis is surgery or percutaneous aspiration,
injection and reaspiration (PAIR) using hypertonic saline or ethanol, and it
is aimed to cause permanent damage to the endocyst. Surgery and PAIR
can result in biliary or bronchial fistulae, prompted by endocyst detachment;
chemical cholangitis or pneumonia, due to passing of hypertonic saline or
ethanol into the biliary or bronchial tree; and infection or abscess on residual
cyst cavity. Radiofrequency thermal ablation (RTA) is currently used for
treatment of neoplasms, primarily hepatocellular carcinoma.

Research frontiers

Features of an ideal therapy for hydatid cysts should include the following: (1)
certainty of killing the parasite; (2) avoidance of post-procedure fistulae and
consequent overlapping complications; (3) mini-invasive approach. The authors
experimented with the use of RTA trusting in its heat-related killing power as
well as on the possibility that, after heat-related coagulative necrosis of cyst
wall, the parasitic endocyst could have remained attached to the pericystium.
This approach is unlike surgery or PAIR, which invariably cause endocyst
detachment.

Innovations and breakthroughs

The research showed that radiofrequency is able to warm and irreversibly dam-
age hydatid cysts in a single section, since the entire cyst wall is made necrotic
by a heat-related mechanism. Avoiding the use of chemical media, there is no
risk of chemical cholangitis. Unlike PAIR, the existence of cysto-biliary com-
munication would no longer be a contraindication to percutaneous treatment of
the hydatid cyst. The persistence of endocyst attachment to pericystium should
help avoid or greatly decrease post-RTA fistula occurrence and consequent
overlapping complications.

Applications

This pilot study suggests that a new therapeutic approach in treatment of
hydatid cyst is possible and, indeed, very effective. The ex vivo model is
expected to be predictive of what would be the in vivo effect of RTA, since
cystic lesions have no internal blood vessels. In vivo blood flow would not have
a significant impact, particularly in view of the fact that HCCs of several cm
can be currently ablated with RTA despite being vascularized (heat sink effect),
and that RTA power is increased by occlusion of tumor blood supply. The study
also seems to suggest that RTA could potentially be used to attempt treatment
of other types of cystic lesions (symptomatic treatment in polycystic disease,

cystic neoplasms, pancreatic pseudocysts, efc).

Terminology

Cystic echinococcosis is a helminthic zoonosis that can affect human beings,
most frequently involving the liver or the lungs, where it causes expansive cystic
lesions. Endocyst or prolifera membrane is the thin, delicate, and translucid
inner membrane that produces the cyst fluid and generates new larval elements
able to expand the infestation.

Peer review

This is an ex vivo pilot study on RFA in cystic echinococcosis in a relatively
small animal sample size. The authors report 100% success rate in treating
cysts and several innovative technical aspects. Results and literature data
reported in the paper discussion suggest that this technique is very promising.
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