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Abstract. - OBJECTIVE: To present the re-
sults of our ten-year case series in simple hepat-
ic and renal cysts sclerosis using minocycline
hydrochloride as a sclerotizing agent, evaluat-
ing the effectiveness, the safety and the feasi-
bility of this agent for percutaneous sclerother-
apy for symptomatic cysts.

PATIENTS AND METHODS: We retrospecti-
vely evaluated our archives of patients treated
(54 patients with 60 renal cysts, 21 patients with
24 hepatic cysts) for symptomatic abdominal cy-
sts. These patients were treated with ultrasound
guided drainage and subsequent minocycline
hydrochloride instillation. In large or recurrent
cysts, we repeated the treatment for the second
time. The patients were evaluated at 6 and 12
months; some patients underwent later, addi-
tional examinations and we also reviewed these
exams for any eventual long-term relapse.

RESULTS: The percentage of sclerosis suc-
cess was found to be 100% for hepatic cysts and
86% for renal cysts. We also found that minimal
complications were encountered.

CONCLUSIONS: Minocycline hydrochloride
has proven to be an effective sclerotizing agent.
In our cases, symptoms disappeared in 100% of
patients with hepatic cysts and in 93% of patients
with renal cysts. It is also a safe sclerotizing agent,
as demonstrated by the few complications encoun-
tered. Percutaneous sclerosis with Minocycline
hydrochloride is a very effective and promising
nonsurgical treatment for patients with symp-
tomatic simple cysts, and it can be performed
without major complications.
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Introduction

Cysts can be located in various abdominal
organs, with the most common sites being liver
and kidneys. The discovery of abdominal cysts

is mostly accidental, occurring during medical
imaging of the abdomen for other reasons (like
an evaluation for kidney stones or gallstones,
or in oncological or trauma patients). Cysts
originate from different cell lineages, including
nephron epithelial cells in the kidney' and duc-
tal epithelial cells in the liver’. The variation
in their origin also explains the differences in
fluids contained within the cysts, and in par-
ticular the specific substances secreted by the
cyst walls.

Most abdominal cysts are usually asymptom-
atic. In some cases, however, they can manifest
themselves®?. The symptoms are non-specific:
the most common symptoms are due to compres-
sion of the adjacent structures or organs, bloat-
ing, shortness of breath, nausea, vomiting, early
satiety, asthenia, obstructive jaundice, hydrone-
phrosis, flank or abdominal pain, hematuria, or
hypertension (if they compress renal parenchyma
or renal arterioles). In some cases, they can break
spontaneously or after abdominal trauma. The
treatment is indicated when the cyst becomes
symptomatic or when it shows an increase in
volume over time, often reaching considerable
size. Although it may be suspected that the cause
of the symptoms is attributable to a cyst, other
possible causes must also be excluded.

Renal Cysts

Simple kidney cysts are benign lesions, most
frequently involving the elderly where they are
practically always present. In the majority of cas-
es they are acquired, and they tend to grow over
time, with a growth trend of approximately 5%
per year. The origin of renal cysts is still unclear;
however, some authors have suggested that they
derive from diverticula of the renal tubules, as
the intracystic fluid is much like pre-urine. The
differential diagnosis from cystic tumors is based
on the Bosniak’s classification* that predicts the
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risk of malignancy on the basis of certain signs:
calcifications, number and thickness of the inter-
nal septa, mural nodules with enhancement after
contrast medium. Cysts classified as 2F, 3 and 4,
which have a higher risk of malignancy, should
be managed with radical therapies (such as sur-
gery) and are, therefore, excluded from sclerosing
treatments.

Regarding treatment, guidelines on the man-
agement of renal cysts (if, when and how to treat
them) have not been defined as yet’. Up to now,
the main indication for the treatment of renal
cysts is the presence of symptoms, largely due to
the increased volume and the subsequent mass
effect. In some cases, this increase in volume
causes compression of the adjacent urinary tract,
often resulting in partial hydronephrosis. Other
indications for treatment are the possible risk of
rupture, infection and intracystic hemorrhage.
Authors have also reported an association with
hypertension, where it is thought that the cysts
can cause stretching of the vascular pedicle of
the kidney because of its weight, and some cases
have been published where cyst decompression
lowered blood pressure.

Hepatic Cysts

Hepatic cysts include a variable range of
focal lesions, ranging from simple cysts to infec-
tious, neoplastic and post-traumatic cysts. Im-
aging, in the vast majority of cases, allows the
differentiation of the various types of cysts and
directs the treatment modality. Although there
isn’t a classification system like the Bosniak®,
the semiologic criteria are similar (essentially
the presence of calcification, nodules of the wall
or septa). We decided to treat only simple hepat-
ic cysts. Histologically, hepatic cysts come from
a malformation of the biliary ducts but usually
they do not communicate with the intrahepatic
biliary system. The cyst wall is formed of a layer
of cuboidal or columnar cells, similar to the ep-
ithelial cells of the bile ducts. The frequency of
hepatic cysts is very high (approximately 18% of
the adult population®), with a higher prevalence
in females, with cysts often being numerous and
small in size.

The finding of hepatic cysts is almost
always incidental, mostly due to ultrasound
examinations being performed for other rea-
sons (such as the evaluation for kidney stones
or cholelithiasis, or in oncological or trauma
patients). More rarely, when the cysts are
voluminous, the imaging is performed due to

the mass effect caused by the cyst and this is
especially true in patients with polycystic dis-
ease (hepatic or hepatorenal). Sometimes pa-
tients may also present with jaundice caused
by compression of the bile ducts. Before the
sclerosing treatment, a thorough examination
with a second-level method, such as con-
trast-enhanced CT or MRI, is highly recom-
mended in order to rule out parasitic cysts
or cystic tumors. A panoramic evaluation is
also useful in preoperative planning to better
decide the puncture site and the needle path,
which must pass through healthy parenchyma,
in order to reduce the risk of bleeding.

This study summarizes our experience of
more than 12 years in the use of minocycline
hydrochloride (Minocin®, Teofarma S.r.l., Valle
Salimbene, PV, Italy) for the treatment of simple
liver and kidney cysts.

Patients and Methods

Study Participants

We retrospectively evaluated our archive of
treated patients (90 patients from 2004 to 2015),
and divided it into two groups, from which we
isolated those patients with at least 12 months
of follow-up data available (Table I). 15 patients
were excluded due to the absence of follow-up
exams.

Renal cysts: 54 patients (26 women, 28 men,
age range 28-73 years) with a total of 60 cysts, all
symptomatic cases. This group also includes 5
patients with polycystic kidney disease (or hepa-
torenal disease) and patients with a large or very
large single cyst (7 patients).

Hepatic cysts: 21 patients (13 women, 8 men,
age range 31-72 years) with a total of 24 cysts,
all symptomatic. While most of these patients
had a single cyst, 3 patients had polycystic liver
or hepatorenal disease and 3 had a large or very
large cyst.

Table I. Summary of patient and cyst details.

Renal cysts Hepatic cysts

Patients 54 21
Single cyst 49 18
Polycystic disease 5 3
Total cysts 60 24
Sex (female/male) 26/28 13/8
Age range (years) 28t0 73 31to 71

(mean 54) (mean 59)
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The diagnosis was made in all cases with an
abdominal ultrasound, except in six cases where
it was made by contrast-enhanced CT and in five
cases that were treated on the basis of MRI find-
ings (made in young patients for radioprotection
reasons). This study was performed according to
the principles of the World Medical Association
Declaration of Helsinki and the patients signed an
informed consent.

Sclerosing Treatment

Before treatment, all patients underwent a
surgical visit and other tests to confirm that the
symptoms were caused by the cyst. Patients were
treated on an inpatient basis at our hospital, usu-
ally for 2 days and 1 night. They presented to us
with hematological and chemical tests (complete
blood count, coagulation tests). The sclerosing
of cysts was almost always carried out under
ultrasound guidance in an angiography suite,
always by prior arrangement with surgeons from
our center, to ensure coverage in case of major
surgical intra-procedural complications, which
never occurred.

After antiseptic skin preparation and local an-
esthesia, we chose in real time both the puncture
site and the corresponding needle to use. In most
cases we used a thin needle (18-20 G, length 10-
20 cm); a thin needle is less traumatic but it slows
down the procedure, so for bigger cysts the use of
6F catheters is advisable. Ultrasounds were used
continuously to assess: the position of the needle
tip, any potential intracystic bleeding and the
gradual emptying of the cyst. In the case of sus-
pected communication with the renal excretory
system, we performed a cystography to evaluate
any possible communication (it was never docu-
mented).

After emptying approximately half to
three-quarters of the cyst fluid, a quantity of
minocycline hydrochloride equal to 1 mg per
ml of the volume of the native cyst (i.e. cysts of
200 ml were treated with 200 mg of minocycline
hydrochloride), dissolved in 20 cc of saline was
introduced. The instilled minocycline hydrochlo-
ride was left in place and not drained. We never
administered more than 600 mg of a sclerosing
agent, even in cysts that exceeded 600 ml in
volume, to prevent excessive dosage of the drug.
Therefore, in some cases, a second treatment was
also given. A preventive or post-procedural anti-
biotic was never given. Some of the aspirated flu-
id was sent to the laboratory for cytological study
and chemical analysis, to confirm the simple
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benign nature of the cyst. No signs of bacterial or
parasitic infections were present in the aspirated
fluid.

Patients remained in bed until the next day,
with preferential decubitus on the side of the
cyst treated, and then they were discharged the
following day after a complete blood count and
an ultrasound check to rule out abdominal or in-
tracystic bleeding and iatrogenic injuries.

A follow-up ultrasound was performed for all
patients after 6 and 12 months. Most of the patient
underwent subsequent evaluation (US, CT or
MRI) performed for other reasons, and these ex-
ams were also used as follow-up. Many patients
had up to 10 years of follow-up data, and we de-
cided to use this data as a conclusive assessment
of the treatment and to identify cases where the
cyst was subsequently reformed.

We considered as a complete radiological re-
sponse the reduction of the cyst volume of at least
80%, partial success the reduction of up to 50%
of the volume, failure the reduction of less than
50% of the volume. We considered as a good
clinical response the complete symptoms relief.

Statistical Analysis

For analysis, we divided the cysts into three
subcategories based on volume (100-499 ml, 500-
1000 ml, and 1000-5000 ml) and calculated the ra-
diological response for each subgroup. Data were
analyzed with SPSS (SPSS v22.0, IBM, Chicago,
IL, USA). The distribution of the continuous vari-
ables was assessed by the Kolmogorov-Smirnov
test, which showed a normal distribution of the
variables considered. A statistical study (z-test
for paired samples) was conducted for every sub-
group to compare the volume before and after (6
months) sclerotherapy. A p-value of less than 0.05
was considered statistically significant.

Results

As shown in Table II, the results of this ret-
rospective study highlight the effectiveness of
sclerotherapy with minocycline hydrochloride,
with the resolution of the symptoms in almost all
patients treated: 100% of hepatic cysts and 93%
of renal cysts. We found a significant radiological
response in 100% of hepatic cysts and 86% of
renal cysts. The effectiveness of this treatment
was evident as soon as 6 months post-treatment
(Tables 111 and 1V), and remained even up to 10
years later.
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Table Il. Cyst volume and clinical presentation, and summary of the radiological, clinical and adverse responses of abdominal

cysts to Minocycline hydrochloride sclerotherapy.

Renal cysts Hepatic cysts
Total number of cysts 60 24
Mean cyst volume (ml) = SD
From 100 ml to 500 ml 271.81 +103.66 2247+ 127.8
From 501 ml to 999 ml 618.33 +£121.23 557.1 £53.45
From 1000 ml to 5000 ml 2200 + 15574 2167 +971.3
Clinical presentation
Mass effect 44 (73%) 21 (87%)
Pain 12 (20%) 2 (8%)
Hemorrhage 4 (7%) 1 (4%)
Radiological response
Complete 52 (86%) 24 (100%)
Partial 7 (12%) 0 (0%)
Failure 1 (2%) 0 (0%)
From 0 ml to 499 ml 35 cysts 16 cysts
Success 33 (94%) 16 (100%)
Partial success 2 (6%) 0 (0%)
Failure 0 (0%) 0 (0%)
From 500 ml to 999 ml 18 cysts 5 cysts
Success 12 (67%) 5 (100%)
Partial success 5 (27%) 0 (0%)
Failure 1 (6%) 0 (0%)
From 1000 ml to 5000 ml 7 cysts 3 cysts
Success 7 (100%) 3 (100%)
Partial success 0 (0%) 0 (0%)
Failure 0 (0%) 0 (0%)
Clinical response
Complete 56 (93%) 24 (100%)
Partial 3 (5%) 0 (0%)
Failure 1 (2%) 0 (0%)
Number of adverse events 5 3
Intra-procedural pain 1 0
Hemorrhage 2 (1 intracystic, 1 perirenal) 3 (intracystic hemorrhage)
Fever 2 (lasted less than 24 h) 0

We found a significant statistical reduction of
volume before and after sclerotherapy in almost
every subgroup.

For renal cysts:

* From 0 to 499 ml we found a significant reduc-
tion of volume from 271.8 £ 103.6 ml to 36.4
ml (p <0.001)

* From 500 to 999 ml we found a significant
reduction of volume from 618.3 = 121.2 ml to
154 ml (p < 0.001)

From 1000 to 3000 ml we found a significant
reduction of volume from 2200 + 1557.4 to 314
ml (p <0.01)

For hepatic cysts:

From 0 to 499 ml we found a significant reduc-
tion of volume from 224.7 = 127.8 ml to 16.3
ml (p <0.001)

* From 500 to 999 we found a significant reduc-
tion of volume from 557.1 + 53.4 ml to 33.3 ml
(p <0.001)

* From 1000 to 3000 ml we found a reduction
of volume from 2167 + 971.3 ml to 85 ml, but
without a statistical significance
Three cases (all renal cysts) demonstrated a re-

lapse at the first follow-up at 6 months; the first cyst
regained 78% of the original volume, the second
61% and the third 45%. The first two of these cysts
were treated a second time, with complete success.
The third was not retreated due to personal prob-
lems of the patient. Furthermore, a patient with a
very large cyst (5500 ml) was treated twice because
after the first treatment the volume of the cyst was
still approximately 1000 ml. At 6 months after the
second treatment, the final volume was just 60 ml.
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Table Ill. Renal cyst volume (ml) reduction relative to cyst size pre-minocycline hydrochloride sclerotherapy. The last follow-

up range between 24 and 120 months.

Pretreatment 6 months 12 months At last follow-up
Renal cysts
Mean cyst volume (ml) £ SD
From 100 ml to 500 mI* 271.8 +£103.6 36.4 25.8 254
From 501 ml to 999 ml* 618.3+121.2 1541 117.5 98.6
From 1000 ml to 5000 mI** 2200 + 1557.4 314.2 264.2 234.2

* p <0.001; ** p <0.01

We never encountered major complications
but only 8 small adverse effects: 4 cases of in-
tracystic bleeding, 1 case of bleeding along the
needle tract, 2 cases of post-procedural mild fever
(well controlled with paracetamol) and 1 case of
intra-procedural pain, which receded after tem-
porary suspension of the treatment.

Discussion

Historically, the treatment of abdominal
cysts was the prerogative of surgery’, first with
laparotomy and later with laparoscopy. The first
proposed approach was the fenestration of the
cyst, a surgical technique that has also been
subsequently refined®’. Surgery, however, al-
ways presents a small amount of risk (although
reduced with laparoscopy), and it is frequently
associated with functional consequences for the
patient (splenectomy in case of splenic cysts,
liver resections in case of deep hepatic cysts that
cannot be easily extracted or fenestrated). The
risks of general anesthesia must also be consid-
ered. Also, the benign nature of abdominal cysts
has made feasible those treatments that aim at
simply reducing the volume of the cyst, rather
than at its complete removal. These methods
are much less invasive, less dangerous and less

expensive, and, therefore, easily repeatable in
the case of failure!®. Nonetheless, even today,
some authors believe the surgical approach to be
safer'’!?, However, several studies have shown
that the sclerosing of cysts has a similar efficacy
to surgery, with the added advantage of fewer
complications and lower costs'>'>.

The first nonsurgical technique proposed was
the simple suction of the intracystic fluid'®. This
method, as well documented in the past, was
followed by relapses in a high number of cases,
making it ineffective. The high rate of recurrence
is because the drainage of the cyst does not solve
the reason why the cysts born and grow (the walls
of the cysts are constituted by a layer of epithe-
lial cells that produce liquid). The percutaneous
aspiration was then modified with the instillation
of sclerosing agents into the cyst to damage the
secretory epithelium of the wall".

When analyzing the data (Tables III and 1V),
the reduction in size of the cyst was significant
as early as 6 months after treatment, while the
variation in size between successive follow-up
time points was minimal, and there were no
cases of cyst enlargement. These results are very
important because they allow a reduction in the
number of the follow-up exams and demonstrate
that 6 months are sufficient to assess the outcome
of the treatment.

Table IV. Hepatic cyst volume (ml) reduction relative to cyst size pre-minocycline hydrochloride sclerotherapy. The last follow-

up range between 24 and 120 months.

Pretreatment 6 months 12 months At last follow-up*
Hepatic cysts
Mean cyst volume (ml) + SD
From 100 ml to 500 m1* 2247+ 127.8 16.3 12.4 10.9
From 501 ml to 999 ml* 557.1+£53.4 333 30 28.3
From 1000 ml to 5000 m]** 2167 +971.3 85 50 50

* p <0.001; ** not statistically significant
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We also note that even larger cysts showed a
great reduction in volume (Tables II, III and IV),
although we never exceeded 600 mg of sclerosing
agent, preferring to repeat sclerotherapy if the
volume reduction had proven to be insufficient.
However, the safety of minocycline hydrochlo-
ride (highlighted by the low number of compli-
cations) and the absence of peri-procedural diffi-
culties, may allow a higher dose administration.
This option is usually needed in patients with
polycystic disease where the high number of cysts
may require the treatment of up to 5-6 lesions in
the same session.

As evidenced by the review of the literature
and as confirmed by our case load, this treatment
modality allows the possibility of repetition in
cases of partial success or failure of the initial
treatment’. We have treated two patients twice,
both times achieving a complete response. How-
ever, if the symptoms resolve, patients may also
feel satisfied with the first treatment only, without
repeating the procedure.

Regarding the effectiveness of the treatment,
we had symptoms disappearing in 100% of the
hepatic cysts and in 93% of renal cysts. Specif-
ically, for renal cysts, we had a symptom relief
rate of 93.7%, while other authors had relief rates
ranging from 89.7%'" to 100%". Furthermore,
for hepatic cysts we had a symptom relief rate of
100%, in line with other reports®.

Comparing data with other authors expe-
riences, we had an 86% radiological success
rate for renal cysts, slightly better than other
authors who have used minocycline hydrochlo-
ride (Ohkawa et al?! reported a 77% of radio-
logical success) and 100% for hepatic cists, in
line with literature??.

Currently, in literature, there are no clear
indications on which substance must be used as
sclerosing agent. At least 10 substances have been
used’, including tetracycline, 3% polidocanol, po-
vidone-iodine, and 50% acetic acid, with variable
and not always satisfying results. Up to now, the
most frequently sclerosing agent used is ethyl al-
cohol, which has various drawbacks. Ethanol has
a variable concentration, ranging between 95%
and 99%, and it is administered in a high volume
(but never greater than the pretreatment cyst
volume). It also induces the necrosis of the cells
of the cyst wall in 1-3 minutes. Notably, peri-pro-
cedural complications are frequent. In addition to
the immediate burning pain and fever (common
to all techniques of sclerotherapy), the increase of
blood alcohol concentration is frequent as ethanol

can filter through the wall of the cyst and end up
in the bloodstream. In some cases, these values
are particularly high, with patients receiving al-
cohol poisoning®. However, it takes between 4
and 12 hours to overcome the capsule of the cyst
and to spread into the adjacent tissue, thus giving
the operator more than adequate time for its re-
moval®. This effect depends on the total amount
of alcohol injected (depending on the volume of
the treated cysts) and the time the alcohol is left
in the cyst. Other complications are due to the
leakage of ethanol along the route of the needle or
in the renal calyces, with local inflammation and
sometimes fibrosis>.

Most publications do not indicate the presence
of peri-procedural complications, but when they
were reported, the rate was quite variable, rang-
ing from 0%?%*% to 30%?%. In our case (Table II),
their frequency was minimal (9.5%)

Given that minocycline hydrochloride is as
effective as alcohol, possible complications of
minocycline hydrochloride are less serious than
those of alcohol. For example, a recent case report
showed the effects of alcohol extravasated in the
urinary tract in a patient where the cyst commu-
nication with renal pelvis had not been properly
excluded.

Minocycline hydrochloride can be used as
sclerotizing agent because of the extremely low
pH of the solution that causes a reaction of the
wall cells with fibrosis and adhesions of the
walls?”. We found this sclerotizing agent most ef-
fective on hepatic cysts than renal cysts probably
due to the difference of the epithelial cells lining
the cysts. An advantage of minocycline hydro-
chloride is that it can be left in place with a pro-
longed effect on the secreting epithelium of the
cyst. Minocycline hydrochloride can also be used
at multiple sites simultaneously. Among our pa-
tients we treated eight cases with renal or hepatic
polycystosis (five with hepatic cysts, three with
renal cysts), treating more cysts simultaneously,
with minimal discomfort of the patient. Fol-
low-up controls have been more difficult (in these
patients the kidney and liver were completely
subverted by numerous cysts), but the therapeutic
effect was demonstrated by the decrease of the
organ size and the decrease of the mass-feeling
sensation of patients.

The subsequent follow-up of these patients
must be performed by physicians experienced in
the post-treatment evaluation. This is highlighted
by one case of sclerotized renal cyst being mis-
taken for a kidney tumor (it happened at our in-
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stitution, but it is also reported in the literature'’),
while another case report showed the occurrence
of a tumor in a treated cyst?.

This work is a retrospective evaluation of more
than 10 years of treatment. Therefore, one limita-
tion is that the data presented may be affected by
the technique learning curve of the various oper-
ators. However, with refinement of the technique,
we could reduce the appearance of complications
even further. Also, another shortcoming of the
study is its retrospective nature; thus, a prospec-
tive study should also be performed to determine
the optimal dose of Minocycline hydrochloride to
be administered.

Conclusions

The data presented demonstrate that minocy-
cline hydrochloride is a safe and valid sclerosing
agent, which is also effective for the treatment of
large cysts. In particular, it seems that minocy-
cline hydrochloride is highly effective in hepatic
cysts.

This technique is less aggressive and better
tolerated than surgical therapy (even laparoscopy)
and alcohol sclerotherapy. Our data suggest that
sclerosis can be the first choice treatment for renal
and hepatic cysts for its simplicity and its capabil-
ity to obtain collapse and durable sclerosis.
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