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Abstract

Fumarate hydratase (FH) is a key enzyme of the Krebs cycle. Germline mutations in the FH gene encoding
fumarate hydratase cause autosomal dominant syndromes multiple cutaneous and uterine leiomyomata and
hereditary leiomyomatosis and renal cell cancer (HLRCC). Few data have been published on the role of FH
gene mutation in development of uterine fibroids outside the context of multiple cutaneous and uterine
leiomyomata /HLRCC. We report two FH gene mutations, one novel and one previously described, in two
young patients with sporadic uterine fibroids and decreased fumarate hydratase activity in lymphocytes. In
patient 1, a novel heterozygous mutation c.892G>C was found. In patient 2 we detected heterozygous mutation
¢.584T>C. Both the patients had a negative family history for renal cancer and cutaneous leiomyomatosis. None
of the relatives, however, underwent renal imaging at the time of writing. FH mutation carriers may be easily
identified by analysis of fumarate hydratase activity in blood lymphocytes. We suggest performing fumarate
hydratase activity or FH mutation screening in women with onset of uterine fibroids in their 20s and family

history of uterine fibroids or other HLRCC-associated malignancies.
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Introduction

Uterine fibroids are the most common gynecological
benign tumors and many uterine fibroids are asymp-
tomatic and remain undiagnosed. Approximately 25%
of women with uterine fibroid suffer from pain, metr-
orrhagia, infertility and pregnancy complications."”
The cause of uterine fibroids is still to be identified.
Risk factors have been described, such as hormonal
factors, nulliparity, early-onset of menarche before
11 years of age, ethnicity and genetics."*

Studies of uterine fibroid specimens have shown
that up to 50% of these tumors bear cytogenetic chro-
mosomal alteration. Most common are deletion in
chromosome 7 and translocation in chromosomes 7, 12
and 14.*

Recently the focus on understanding the molecular
basis of uterine fibroids has been on mutations in the
fumarate hydratase (FH) gene. Germline mutations in
the FH gene are known to cause rare autosomal domi-
nant syndromes of multiple cutaneous and uterine lei-
omyomata (MCUL1) and hereditary leiomyomatosis
and renal cell cancer (HLRCC) characterized by mul-
tiple skin leiomyomatosis, early onset of uterine lei-
omyomas and increased risk of renal cell carcinoma,
papillary type IL'** The incidence of uterine fibroids in
the general population of women increases with age.
In women in the 2nd decennium, the incidence rate is
4.3 per 1000 woman-years compared to 22.5 per 1000
woman-years in women aged 40-44 years.® However
women with HLRCC typically develop uterine fibroids
in the 2nd and 3rd decennium."”
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Patients with germline mutation in FH show redu-
ced activity of fumarate hydratase (fumarase) in
lymphoblastoid and fibroblast cells.®* Our understand-
ing of the pathways of tumorigenesis in fibroids
outside the context of MCUL1/HLRCC is still
limited. There is, however, little evidence that somatic
FH mutation plays a role in development of non-
syndromic leiomyomas.**!® Even though similar in
histological structure, the tumorigenesis in HLRCC
and sporadic fibroids may occur via a different
process.”

We report two cases of young patients with multiple
sporadic uterine fibroids with a detection of FH gene
mutation.

Case Report

Proband 1 was a 25-year-old nulliparous Caucasian
woman diagnosed with uterine fibroids. She under-
went preoperative ultrasound examination that
described two fibroids of 5 and 2 cm in the posterior
wall location (Fig.1). Her major complaint was
abdominal pain and she underwent laparoscopic myo-
mectomy. The histological examination confirmed the
diagnosis of benign leiomyoma. The mother of the
proband had suffered from uterine fibroids at 27 years
of age and underwent hysterectomy at 40 years of age.
The maternal grandmother and sister of the mother
were also diagnosed with uterine fibroids. Detailed

FH mutation in sporadic uterine fibroids

clinical data obtained for first- and second-degree
family members revealed no history of renal cancer or
other malignancy, and none of the family members had
had renal imaging at the time of writing.

Proband 2 was a 30-year-old nulliparous Caucasian
woman with a diagnosis of multiple voluminous
uterine fibroids. Preoperative ultrasound examination
revealed multiple fibroids of =6 cm in the posterior
wall (Fig. 2). The proband suffered from menometror-
rhagia, anemia and bulky symptoms and underwent
open myomectomy. Histology finding verified benign
leiomyoma with partial regressive changes. The
mother of the proband had a history of uterine fibroids
and underwent hysterectomy at 36 years of age. None
of the first- and second-degree relatives had developed
cutaneous leiomyomatosis, renal cancer (no renal
imaging was available at the time of writing) or any
other malignancy.

Definitions

We defined the probands as women under 30 years of
age with =1 symptomatic uterine fibroid sized =3 cm.
The diagnosis of uterine fibroid(s) was confirmed
by ultrasound scan, equipped with a 5-9-MHz vaginal
probe and equipped with a 2-5-MHz abdominal
probe.

Figure 1 Preoperative
proband 1.

ultrasonography image of
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Figure 2 Preoperative
proband 2.

ultrasonography image of
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Healthy controls (n=42) were defined as women
younger than 30 years of age with no history of uterine
fibroids (confirmed by ultrasound scan) and negative
family history for renal cancer and cutaneous leiomyo-
matosis. All patients from this group were informed on
the principles of the study and signed an informed
consent. The study design was approved by the ethics
committee of the First Faculty of Medicine, Charles
University in Prague.

After obtaining the informed consent from pro-
bands, analysis of peripheral blood lymphocytes was
performed as follows: activities of fumarate hydratase''
and citrate synthase'? were measured spectrophoto-
metrically. Activities of fumarate hydratase found in
the proband’s lymphocytes were compared to activi-
ties observed in lymphocytes from healthy controls
(n=42). All ten exons and adjacent intronic regions of
the FH gene were amplified from isolated leukocyte
genomic DNA by polymerase chain reaction (PCR)
(primers and PCR conditions are available upon
request) and sequenced in both directions on an
AbiPrism 3100 Avant Genetic Analyser.

Results

Analysis of isolated lymphocytes revealed decreased
activity of fumarate hydratase in both probands. In
proband 1, the fumarase activity was 11.52 nmol/
min/mg of protein (controls 19-32 nmol/min/mg of
protein), fumarase activity normalized to activity of
control enzyme citrate synthase (CS) was decreased as
well (proband 0.11, controls 0.21-0.39). In proband 2,
fumarase activity was 8.46 nmol/min/mg of pro-
tein (controls 19-32 nmol/min/mg of protein) and
fumarase/CS ratio was border low (proband 0.25, con-
trols 0.21-0.39). Mutation analysis of the FH gene
revealed heterozygous missense mutations in both
probands. In proband 1, heterozygous mutation
¢.892G>C was found. The mutation was also detected in
the proband’s mother. The mutation changes highly
conserved Ala*® into Pro. According to the LOVD data-
base,” the mutation has not been reported previously.
The mutation ¢.892G>C was not found in 200 control
alleles. Mutation p.Ala298Pro is localized near the
active site™ and may possibly interfere with catalytic
mechanism. In proband 2, heterozygous mutation
c.584T>C, inherited from her mother, was found.
The mutation results in amino-acid substitution
p-Metl95Thr and it was previously described in a
family with hereditary leiomyomatosis.”” Mutation
p-Met195Thr, localized in core helices, affects the
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structural integrity of the enzyme by interrupt-
ing intra-subunit interactions. In a formalin-fixed
paraffin-embedded sample of uterine fibroid of
proband 2, molecular genetic analysis confirmed the
presence of c.584T>C mutation in the FH gene in
homozygous status, suggesting loss of heterozygosity
in the uterine fibroid.

Discussion

The fumarate hydratase (FH) gene is localized at
1g42.3-43 and encodes for two fumarase isoenzymes,
mitochondrial and cytosolic. Fumarase is active as a
homotetramer, catalyzes hydratation of fumarate to
malate as a part of the tricarboxylic acid cycle in mito-
chondrial matrix, and its deficiency results in rare
metabolic autosomal-recessive fumaric aciduria. In
2002, it was demonstrated by genetic studies on
HLRCC that FH may act as a tumor suppressor gene
(citace Nature Genetics 2002).

Studies on families affected by HLRCC have shown
that 71-93% of patients have the evidence of FH
mutation.”"” The prevalence of FH mutations in spo-
radic leiomyomas has been reported in three previous
studies.”” Barker et al.* found no FH mutation in a
study on 45 fresh frozen uterine leiomyomas and nine
leiomyosarcomas. One germline mutation of FH was
identified in a patient that did not present any addi-
tional clinical features of MCUL1/HLRCC.*> Kiuru
etal. found no FH mutation in 41 leiomyomas.
However, the analysis of 18 uterine leiomyosarcomas
in this study harvested one germline mutation.> Simi-
larly, Lehtonnen et al. found two somatic mutations in
153 leiomyomas from 46 unselected individuals.’
Barker efal. suggests that germline FH mutations
could cause up to 5% of leiomyomas.> A study of
MCUL1/HLRCC clinical features has indicated that
7% of FH,.,, patients had only uterine fibroids and 9%
were clinically unaffected.” Although Vahteristo et al.
observed that only approximately 20% of HLRCC
families displayed renal cancer, germline FH muta-
tions represent an increased risk of renal cancer and
therefore clinical surveillance is recommended for all
FH mutation carriers.'

We found germline FH mutation in patients and their
mothers with sporadic uterine fibroids and negative
family history for renal cancer and cutaneous leiomyo-
matosis. Therefore, yearly magnetic resonance imaging
of the abdomen and pelvic region and ultrasound of
the kidneys were recommended to all our FH mutation
carriers.

© 2012 The Authors
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Carriers of the FH gene mutation may be easily
detected by fumarase activity measurement in isolated
lymphocytes. Both identified mutations resulted in
significantly decreased fumarase activity. Moreover,
FH mutation ¢.584T>C was homozygous in uter-
ine fibroid sample of patient 2, suggesting a loss of
heterozygosity, which is in accordance with the
hypothesis of pseudohypoxia response activation
providing a growth advantage to cells with fumarase
deficiency.”

Our data confirm that the FH germline mutation can
be found in patients with apparently sporadic uterine
fibroids with no other clinical features of MCUL1/
HLRCC and that the FH mutation carriers may be
easily selected by analysis of fumarate hydratase activ-
ity in blood lymphocytes. Based on our experience
and published data, fumarate hydratase activity or FH
mutation screening should be performed, especially
in women with onset of uterine fibroids in their
20s and family history of uterine fibroids or other
malignancies.
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Supporting Information
Additional Supporting Information may be found in the online
version of this article:

Figure S1 Results of fumarate hydratase (FH) gene sequencing in
DNA isolated from leucocytes of patient 1, patient 2, and control.
The red arrow indicates position of the mutation.

414

Figure S2 Polymerase chain reaction (PCR)-restriction fragment
length polymorphism (RFLP) testing for presence of ¢.584T>C
mutation in FH gene in patient 2 leucocytes and uterine fibroid.
DNA fragments of 249 bp and 150 bp correspond to wild-type
allele. M, molecular size marker.

Table S1 Activities of fumarate hydratase and control enzyme
citrate synthase in isolated blood lymphocytes.
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Reproduction after myomectomy: Comparison of patients with and
without second-look laparoscopy
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Abstract

Myomectomy is associated with a high risk of de-novo adhesion formation that may decrease fertility. The purpose of this study
was to compare the reproductive outcome of patients after laparoscopic or open myomectomy who underwent second-look
(SL) hysteroscopy and laparoscopy including adhesiolysis with patients with no SL intervention. A total of 170 patients
underwent open or laparoscopic myomectomy at one centre. All patients were recommended SL. Reproductive results were
analyzed in 12 and 24 months intervals following myomectomy. Out of 170 post-myomectomy patients 96 signed informed
consent with SL (group A) and 74 withheld (group B). The cumulative pregnancy rate in the 24-months follow-up was: 61.4%
and 66.7% (p = 0.535) in group A and group B respectively. Adhesions of adnexa were observed and lysed in the overall of
34.0% of patients at the time of SL. Intrauterine synechiae were present in 1.56% of patients at the SL hysteroscopy. No case of
uterine rupture during pregnancy or delivery was recorded. Our results show that the pregnancy rate of patients after
myomectomy who underwent SL hysteroscopy and laparoscopy is similar to that of patients with no SL procedure.
Adhesiolysis performed during SL does not seem to improve the reproductive outcome of post-myomectomy patients.

Key words: Adhesiolysis, myomectomy, pregnancy rate, reproductive outcome, second-look laparoscopy

Introduction

Uterine fibroids are the most common benign tumors in
women of reproductive age. In the majority of cases
uterine fibroids are asymptomatic but in approximately
30% of cases may cause menorrhagia, pelvic pain, and/
orinfertility (1). Myomectomy still remains the standard
of care in symptomatic patients desiring to preserve
fertility (2). This procedure is, however, associated
with de-novo adhesion formation that may result in
bowel obstruction, chronic pelvic pain and infertility
(3-6). Pelvic adhesions have been reported to form in up
to 95% of patients within the first several weeks after
major gynecological surgery (7). Whether these adhe-
sions really deteriorate the reproduction of the patients
still remains an enigma. The purpose of this study was to
determine whether SL hysteroscopy and laparoscopy

(including adhesiolysis) has an impact on reproductive
outcome of post-myomectomy patients by means of
comparing reproductive results of patients that under-
went SL procedure with a group of patients with no SL
intervention.

Material and methods

We analyzed 170 women who underwent laparoscopic
(n = 121) and open (n = 49) myomectomy between
March 2002 and April 2008 at the Department of
Obstetrics and Gynecology of the University Teaching
Hospital, Prague, Czech Republic. Patients met the
following inclusion criteria: Future reproductive plans,
fibroid (s) size = 30 mm, intramural or subserous
fibroids requiring myometrium suture, no plausible
factor of infertility. Patients with primary pelvic
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adhesions present at myomectomy were excluded from
the study. No adhesion-prevention barrier was used
during myomectomy. Patients were assigned to open
or laparoscopic myomectomy based on size, number
and location of fibroids. 5.36% of laparoscopic myo-
mectomies were urgently converted for severe bleeding
or technical difficulties in laparoscopic enucleation of
myoma. With regards to the inclusion criteria all the
patients included in the study were eligible for the
second look hysteroscopy and laparoscopy. SL was
performed two to six months following myomectomy.
All procedures were performed by one team using a
unified technique as follows.

Open myomectomy (OM)

In OM a linear vertical incision in the most prominent
part of the fibroid was made by means of a monopolar
electric scalpel. The fibroid was then grasped by a
hooked forceps and enucleated using traction and
counter-traction maneuver and a blunt dissection in
the right plane. The myoma bed was closed in two or
three layers (depending on the size of myoma and on
whether the uterine cavity was opened or not) with
Vicryl 1-0 (Ethicon Inc., Menlo Park, CA, USA)
continuous suture. In the end of the operation uterine
suture was lavaged to ensure the absence of bleeding.

Laparoscopic myomectomy (LM)

LM was performed by use of 10 mm scope (Olympus
Medical, Inc., Tokyo, Japan) with three ancillary
ports. The first step was a longitudinal vertical mono-
polar incision in the most prominent part of the
fibroid. The fibroid was then enucleated combining
adequate traction with a Schroeder’s tenaculum for-
ceps with counter-traction with a grasper and mono-
polar coagulation scissors. The myometrium suture
was made in two or three layers depending on the
uterine wound by means of Vicryl 4-0 (Ethicon Inc.)
combining extracorporeal and intracorporeal knot-
ting. Fibroids were then removed with a 12 mm
electrical morcelator.

The following baseline data were collected: Patient
age, number of fibroids, size and location of the
dominant fibroid. All samples were submitted to
pathological examination.

All patients were given a detailed explanation of the
second look procedure and were offered the SL hyster-
oscopy and laparoscopy to check the uterine scar tenac-
ity, e.g. predict the risk of uterine rupture, to perform a
tubal patency test (patients with no tubal patency were
suggested i vitro fertilization) and to perform pelvic
or intrauterine adhesiolysis in case of presence of
adhesions. All patients were informed that the impact
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of adhesiolysis on pain and infertility might be benefi-
ciary but is still unknown. Seventy-two patients declined
the second look. The remaining 94 patients under-
went SL hysteroscopy and laparoscopy under general
anesthesia with the following technique.

Second look

SL hysteroscopy was performed in lithotomy position.
The uterine cervix was dilated and a 5.5 mm rigid
hysteroscope (Olympus Medical, Inc.) inserted in the
uterine cavity. Normal saline solution (F1/1) was used
a distension medium. The uterine cavity was then
checked for any abnormality including intrauterine
adhesions, intracavitary fibroids, fistula or presence
of stitches. In case of intracavitary fibroids resection
was performed using a bipolar loop electrode (Versa-
Point — Bipolar Resectoscopic System, Gynecare,
Ethicon, Inc., Menlo Park, CA, USA) in a distension
medium (F1/1 normal saline solution). Intrauterine
adhesions, if present, were excised using scissors.

After hysteroscopy the patient was placed in the
Trendelenburg position and the SL laparoscopy was
performed by a 10 mm scope (Olympus Medical,
Inc.) and one to three ancillary ports. The presence,
location and severity of intraabdominal adhesions
were recorded followed by adhesiolysis. The tenacity
of the uterine scar examination as well as the tubal
patency test using Methylene blue dye were per-
formed at the end of the operation.

Reproductive follow-up

All patients were referred to our outpatient department
for a regular check-up every six months. Patients
received a questionnaire regarding reproductive out-
come. All the pregnancies and their outcome occurring
in a 24-month follow-up period after myomectomy
were recorded and included in the study results. We
calculated the cumulative pregnancy and delivery
rates at 12 and 24 months, as well as all abortions
and miscarriages plus all ectopic pregnancies at stated
periods. We also registered the proportion of patients
with spontaneous conception and patients requiring
assisted reproduction techniques.

Statistical analysis

To determine statistical differences between the two
groups the following tests were used: For statistical
comparison of qualitative parameters from both
groups (e.g. pregnancy: YES or NO) Fischer’s and
x> tests, Student’s z-test and Mann-Whitney test for
quantitative parameters. P < 0.05 was determined as
statistically significant.
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Results

A total of 170 patients underwent laparoscopic or
open myomectomy. All patients were eligible for a
SL intervention. Ninety-six patients participated in
the SL (group A) and 74 patients declined (group B).
Five patients were lost to follow-up (four patients in
group A and one in group B). The baseline char-
acteristics of the patients in groups A and B are given
in Table I. Tables II and III show the baseline
characteristics of the subgroups subdivided accord-
ing to the approach to myomectomy and the findings
of SL procedures.

The reproductive results of groups A and B are
shown in Table IV. In patients with SL hysteroscopy
and laparoscopy we recorded a total of 23 and
43 pregnancies in 12 and 24 months follow-up
respectively, with a cumulative pregnancy rate of
25.0% and 46.7%. Five patients required IVF.
One induced abortion for 21 chromosome trisomia
was performed in this group.

In the group of women without SL procedure
21 and 40 pregnancies were observed in 12 and
24 months follow-up respectively, with cumulative
pregnancy rates of 28.5% and 54.1%. Ten patients
in this group conceived after IVF. The delivery rate in
24 months of follow-up was significantly higher in this
group (31.5% in group A versus 47.9% in group B,
p = 0.032).

The reproductive outcome of patients with and
without SL procedure subdivided according to the
type of myomectomy (open, laparoscopic) is demon-
strated in Tables V and VI. The number of pregnancies
and deliveries were similar in both OM sub-groups.
The number of deliveries in patients after LM was
significantly higher in a sub-group of patients without
SL procedure compared to a sub-group of patients
with SL (27 versus 21, p = 0.038).

Based on the questionnaire the patients received on
their reproductive outcome at the time of a regular

Table I. Baseline characteristics of groups A and B.

Group A Group B
(patients (patients
with SL) without SL)) p value

Number of all patients with 96 74
myomectomy
Open myomectomy 28 21
Laparoscopic myomectomy 68 53
Mean age (years) 32.70 32.60 0.906
Mean size of dominant 61.71 59.34 0.682
fibroid (mm)
Number of fibroids removed 1.73 1.62 0.442

per patient

Table II. Baseline characteristics and results of SL hysteroscopy
and laparoscopy in patients with post-myomectomy SL procedure
(group A).

Al A2
(Open (Laparoscopic
Myomectomy) Myomectomy)

Number of patients 28 68
Mean age (years) 32.11 32.95
Mean size of dominant 74.58 56.03
fibroid (mm)
Number of fibroids removed 2.39 1.44
per patient
Normal intrauterine 96.43 95.31
finding
(%)
Intrauterine synechiae (%) 0 1.56
Intracavitary fibroid (%) 3.57 3.23
De-novo inraabdominal 96.65 71.43
adhesions (%)

No adhesions (%) 3.35 28.57

Filmy adhesion (%) 20.05 57,14

Dense adhesions (%) 76.60 14,29
De-novo adhesions of 89.29 10.60
adnexa (%)
Incomplete adhesiolysis 0 0
of adnexa
Fallopian tubes patent (%) 71.43 92.19

check-up, a total of 35 patients (22 in group A and
13 in group B) stated that they did not try to conceive
in the 24 months period and were planning to post-
pone their reproductive plans. Table VII shows
the “purged” cumulative pregnancy and cumulative
delivery rates in 12 and 24 months follow-up where
these patients were excluded. This “purged” delivery
rate at 24-month follow-up was also significantly
higher in patients without SL: 67.4% in group A
vs. 87.5% in group B (p = 0.03).

Out of the total of 64 pregnancies that resulted in live
births, 53 (82.81%) deliveries were by caesarean

Table III. Baseline characteristics of patients without
post-myomectomy SL procedure (group B).

B1 B2
(Open (Laparoscopic
myomectomy) myomectomy)
Number of patients 21 53
Mean age (years) 32.48 32.63
Mean size of dominant 74.00 45.21
fibroid (mm)
Number of fibroids removed 1.38 1.15

per patient
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Table IV. Reproductive results: Comparison of patients with (group A) and without (group B) SL hysteroscopy and laparoscopy.

Group A B A B
Number of patients 92 73 92 73
Follow-up 12 months 12 months 24 months 24 months

p value p value
Pregnancy 23 29 0.587 43 40 0.332
Cumulative pregnancy rate (%) 28,8 25.0 0.587 38.0 49.3 0.332
Delivery 16 18 0.252 29 35 0.032
Cumulative delivery rate (%) 24.70 17.40 0.252 47.90 31.50 0.032
Miscarriage 1 1 1.000 1 1 1.000
Missed abortion 5 0 0.229 9 1 0.114
Abortion 0 1 0.442 0 1 0.442
Induced abortion 1 0 1.000 1 0 1.000
Ectopic pregnancy 0 0 1 1 0.413
Heterotopic pregnancy 0 1 0.442 0 1 0.442
Ongoing pregnancy 0 0 2 0 0.504
IVF 4 3 1.000 5 10 0.067
Uterine rupture 0 0 0 0
section. Forty-three (79.25%) of the caesarean sections Discussion

were elective due to a fear of uterine rupture during
labor, five were acute due to peri-partum fetal distress,
in three patients the indication was a non-progressive
labor and in two patients fetal macrosomia. Six women
(9.38%) had preterm labor (at 26, 32, 33, 35 and
36 weeks) with favorable perinatal outcome.

No case of uterine rupture during pregnancy or
delivery or other myomectomy-related complication
was observed in our study.

At the present time, surgical treatment of uterine
myomas is recommended in symptomatic women
or, depending on the size and location of fibroids, in
women wishing to conceive (2,8). Several studies
have been published on reproductive results after
laparoscopic or open myomectomy for intramural
or subserous myomas suggesting that myomectomy
improves the reproductive outcome of fibroid patients

Table V. Comparison of reproductive results of patients after open myomectomy (patients with SL procedure - Al versus patients without

SL - B1).
Group Al B1 Al B1
Number of patients 28 21 28 21
Follow-up 12 months 12 months 24 months 24 months

p value p value
Pregnancy 5 4 1.000 12 9 1.000
Delivery 4 4 0.710 8 8 0.482
Miscarriage 0 0 0 0
Missed abortion 0 0 2 0 0.500
Abortion 0 0 0 0
Induced abortion 1 0 1.000 1 0 1.000
Ectopic pregnancy 0 0 1 1 1.000
Heterotopic pregnancy 0 0 0 0
Ongoing pregnancy 0 0 0 0
IVF 1 0 1.000 2 2 1.000
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Table VI. Comparison of reproductive outcome in patients after laparoscopic myomectomy (patients with SL procedure - A2 versus patients

without SL - B2).

Group A2 B2 A2 B2
Number of patients 64 73 64 73
Follow-up 12 months 12 months 24 months 24 months

p value p value
Pregnancy 18 17 0.594 31 31 0.218
Delivery 12 14 0.294 21 27 0.038
Miscarriage 1 1 1.000 1 1 1.000
Missed abortion 5 0 0.222 7 1 0.184
Abortion 0 1 0.448 0 1 0.448
Induced abortion 0 0 0 0
Ectopic pregnancy 0 0 0 0
Heterotopic pregnancy 0 1 0.448 0 1 0.448
Ongoing pregnancy 0 0 2 0
IVF 3 3 1.000 3 8 0.051

(1,2,8-10). Our pregnancy rates were comparable to
the results published in those studies.

The main aim of uterus-sparing therapy is to pre-
serve or improve the chances of fibroid patients for an
undisturbed pregnancy resulting in safe and favorable
delivery (8). The choice of operation procedure (open
or laparoscopic myomectomy) depends greatly on the
experience of the surgeon as well as on the size and
location of dominant fibroid and number of fibroids
(11). Mais et al. evaluated the benefits of laparoscopic
myomectomy during the postoperative period stating
that it is associated with a shorter recovery time and
less pain (12). Similarly the rupture of the uterus
during pregnancy and delivery is a rare complication
after laparoscopic myomectomy (13,14). Laparoscopic
myomectomy also seems beneficial for a lower preva-
lence of postoperative adhesions compared to laparot-
omy. The risk factor of adnexal adhesions is posterior
wall myomectomy (6). In our study adnexal adhesions
were observed in 10.60% of patients after laparoscopic
and in 89.3% of patients after open myomectomy.

Adhesion formation associated with myomectomy
is often stated to decrease fertility as well as cause
pelvic pain, bowel obstruction and surgical difficulties
in re-operation (3,5,13,15-17). Diamond et al. state
that infertility is the major morbidity suffered by many
women with adhesive disease. The impairment of
reproductive performance occurs through a variety
of mechanisms. One of the causes is the distortion of
normal tubo-ovarian relationship preventing ovum
capture and transportation through the fimbriated
end of the Fallopian tube (18).

The indications for SL laparoscopy vary from one
study to another. At our institution it was suggested to
all patients desiring pregnancy in order to evaluate
and lyse adhesions not only to affect fertility but also
to prevent per-operative complications in subsequent
cesarean section (bowel or urinary bladder injury) as
well as to check the integrity of the uterine scar and
tubal patency.

Few data on reproductive outcome of patients
after SL laparoscopy have been published to date.

Table VII. “Purged” pregnancy rates in 12 and 24 months follow-up (patients which have not tried to conceive excluded).

Group A B A B
Number of patients 70 60 70 60
Follow-up 12 months 12 months 24 months 24 months

p value p value
Cumulative pregnancy rate (%) 32.86 35.00 0.770 61.43 66.67 0.535
Cumulative delivery rate (%) 69.56 85.72 0.180 67.44 87.50 0.030
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In a study on 26 infertile patients with large fibroids
who underwent SL laparoscopy including adhesio-
lysis six weeks after myomectomy Tulandi et al. state
a cumulative pregnancy rate of 66.7% at 12 months
(19). Pellicano et al. compared the pregnancy rate
after laparoscopic myomectomy in patients treated
with autocrosslinked hyaluronic acid gel (anti-adhe-
sion barrier) with that of untreated women. The
pregnancy rates reported were higher in patients
with application of autocrosslinked hyaluronic acid
gel (77.8% versus 38.8% in untreated group) (4).
However, no clear data on the clinical significance of
post-myomectomy adhesions and efficiency of adhe-
siolysis in infertile patients have been published to
date.

The aim of our study was to evaluate the impact of
second-look laparoscopy (including adhesiolysis if
pelvic adhesions were present) following myomec-
tomy for voluminous intramural or subserous fibroids
on pregnancy outcome in patients with short-term
fertility plans. We did not observe any statistical
difference in pregnancy rates of patients with SL
hysteroscopy and laparoscopy and no SL procedure.
Actually, the delivery rate in the 24-month follow-
up was significantly lower in the group with SL. The
result may be slightly affected by two ongoing preg-
nancies in second and third trimester in this group.

Even though the occurrence of adnexal adhesions
in patients after open myomectomy undergoing SL
procedure was high, the reproductive results of patients
after adhesiolysis in the SL group were not higher
than those in the untreated group. Adhesiolysis does
not seem to improve reproductive results of post-myo-
mectomy patients and the effect of adhesiolysis on
fertility is questionable. Despite of high rates of dense
intraabdominal and adnexal adhesions after OM we did
not record a higher prevalence of ectopic pregnancies in
patients with SL procedure compared to patients with
no SL.

Conclusions

Our study has shown that reproductive outcome
of patients after myomectomy should not be deteri-
orated by adhesions, and thus performing SL lapa-
roscopy in order to improve reproductive results
of patients after myomectomy is not necessary.
We believe, however, that second-look laparoscopy
is a safe tool for the evaluation of uterine scar
and early adhesiolysis is helpful in prevention of
re-operative complications during subsequent cae-
sarian section.

Nevertheless, more data on the clinical and repro-
ductive impact of post-myomectomy adhesion forma-
tion are needed.
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Aim. To determine if hormonal treatment induces apoptosis in uterine fibroids. Methods. Inmunohistochemical examination of
fibroid tissue, using avidin-biotin complex and cleaved caspase-3 antibody for detecting apoptosis, was performed in premeno-
pausal women who underwent 12-week treatment with oral SPRM (6 patients with 5mg and 5 patients with 10 mg of ulipristal
acetate per day) or gonadoliberin agonist (GnRHa, 17 patients) and subsequent myomectomy or hysterectomy for symptomatic
uterine fibroids. Ten patients with no presurgical hormonal treatment were used as controls. Results. Apoptosis was present in a
significantly higher proportion of patients treated with ulipristal acetate compared to GnRHa (P = 0.01) and to patients with
no hormonal treatment (P = 0.01). In contrast to an Al of 158.9 in SPRM patients, the mean Al was 27.5 and 2.0 in GnRHa
and control groups, respectively. No statistical difference in the AI was observed between the two groups of patients treated with
ulipristal acetate (5 mg or 10 mg). Conclusion. Treatment with ulipristal acetate induces apoptosis in uterine fibroid cells. This effect

of SPRM may contribute to their positive clinical effect on uterine fibroids.

1. Introduction

Uterine fibroids are the most common benign gynecological
tumors. Their prevalence in premenopausal patients is 30—
40%, making them one of the most common reasons for
gynecological surgery [1].

The etiology and pathophysiology are still unknown. It is
considered that various genetic, anthropometric, racial, re-
productive, and vascular factors, as well as the role of growth
factors or some hormones, particularly ovarian steroids,
could play a role [2-7].

Surgery still dominates fibroid treatment; the most
common is myomectomy or hysterectomy depending on
the age and reproductive status of the patient. Nowadays,
pharmacological intervention is used as a symptomatic
therapy in smaller fibroids. There are few drugs that have the
potential to have a direct effect on fibroid growth. The most
promising in this category are the selective progesterone

receptor modulators (SPRMs) that have become the subject
of intense investigation in recent years but have not yet been
introduced into standard clinical practice. The mechanism
of action of these drugs is still unknown but the effect on
myoma-related symptoms and fibroid shrinkage was proven
in early clinical studies [8, 9]. Their selective antiproliferative,
proapoptotic, and antifibrinolytic effect on fibroids has been
demonstrated in human tissue cultures in vitro [10]. The aim
of our study was to determine the eventual higher apop-
tosis rate in fibroids extirpated from patients given SPRM
pretreatment compared with controls.

2. Materials and Methods

2.1. Patient Recruitment. Patients with uterine fibroids were
given ulipristal acetate (PGL4001) during 12 weeks prior to
the planned surgery. This drug, provided by Preglem S.A.,
Switzerland, belongs to the SPRM group. These patients



had participated in a phase III clinical study with ulipristal
acetate. This study, in which patients received daily dose of
5 or 10mg of ulipristal acetate or placebo, evaluated the
efficacy of ulipristal acetate on symptomatic uterine fibroids
[11]. Patients that received active treatment and required
surgery for their fibroids were included in the present study.

For a comparable group, we chose patients with symp-
tomatic fibroids who were treated with gonadoliberin agonist
(GnRHa) triptorelin (Ipsen Pharma Biotech, France) 12
weeks prior to planned surgery at a dose of 3 mg intramus-
cularly 3 times at 28-day intervals. For controls we enrolled
patients with the same diagnosis who were receiving no
hormonal pretreatment and were referred to have either a
hysterectomy or myomectomy. The operation was always
scheduled within 2 weeks from the last SPRM dose or 6 weeks
within the last dose of GnRHa.

Our study did not have a randomized or double-blind
design. Patient recruitment into each group was dependant
on a patient informed choice. In order to reduce anemia and
the risk of perioperative blood transfusion and if patients
met the inclusion criteria (see below), they were given the
option of 12 weeks of hormonal pretreatment with ulipristal
acetate (as part of the multicenter placebo-controlled study
with SPRM) or triptorelin. If the patients preferred early
surgery with no hormonal treatment, they were included in
the control group. Patients were fully informed of all known
advantages, disadvantages, and differences between the two
options of treatment including the fact that if patients choose
the SPRM, they could be randomized into the placebo
subgroup.

All the patients in the study were administered oral iron
supplements (Ferrous sulphate 80 mg once daily) starting
either with the administration of hormonal treatment (both
groups with hormonal pretreatment) or on the day of the
enrolment in the study (control group).

2.2. Inclusion and Exclusion Criteria. Patients aged between
18 and 50 years of age with uterine fibroid/s sized =3 cm
(the largest measurable diameter of myoma measured by
vaginal ultrasonography prior to ulipristal or triptorelin
administration or before surgery in the control group),
typical myoma-related symptoms (menorrhagia with PBAC
(Pictorial Bleeding Assessment Chart) score higher than
100 for the 1st-8th days of menstruation; eventually pres-
sure pelvic symptoms) [12, 13] and significant anemia
(hemoglobin < 100 g/L) were included in the study.
Exclusion criteria were patients with an overall size of
uterus exceeding 16th week of pregnancy, history of uter-
ine surgery, hormonal supplement therapy and hormonal
contraception administration or other hormonal treatment
with estrogen or progesterone within the last month prior
to the study, BMI < 18 or =40, hemoglobinopathy, atyp-
ical hyperplasia or endometrial carcinoma, cervical cancer,
ovarian or breast cancer, endometrial polyp larger than 2 cm,
and ovarian cyst larger than 4 cm. Patients who refused to
sign the informed consent and patients who, regardless of
the reasons, wanted to terminate their participation in the
study were also excluded. We also excluded women whose
histological examination of the extirpated tumor of the
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uterus or the entire uterus brought a different result than
vital (therefore evaluable) leiomyoma and patients (from the
study of PregLem S.A.) that used placebo instead of ulipristal
acetate.

The study protocol was approved by the Ethics Com-
mittee of the first Medical Faculty of Charles University in
Prague. All patients enrolled signed an informed consent.

2.3. Laboratory Examination of Fibroids, and Statistical Anal-
ysis. All study women who underwent myomectomy (open
or laparoscopic) or hysterectomy (laparoscopically assisted
vaginal or open) were subject to standard histological ex-
amination of the removed myoma or the entire uterus and
immunohistochemical tests to detect apoptosis. These exam-
inations were performed and evaluated by the same pathol-
ogist who was not informed of whether the patient received
any hormonal therapy prior to the surgery.

Immunohistochemistry was performed using the avidin-
biotin complex method with antibody against cleaved cas-
pase-3 (dilution 1:250, Cell Signaling Technology, Beverly,
MA). Antigen retrieval was performed with a sodium citrate
buffer (pH 6.0) in a water bath for 40 minutes. The apoptotic
index (AI), the number of apoptotic cells of all cells counted,
was determined manually using an ocular counting grid at
three randomly chosen fields. One thousand cells for each
sample were counted [14, 15].

We used a nonparametric Kruskal-Wallis test and Mann-
Whitney test (with the Bonferroni adjustment of P values for
multiple testing) for statistical comparison of the results of
the Al between the subgroups (SPRM versus GnRHa, SPRM
versus controls, GnRHa versus controls, and SPRM 10 mg
versus SPRM 5 mg). For comparison between patients with
an Al higher than 10, a chi-square test and Fisher test were
used.

3. Results

A total of 41 symptomatic patients who met the inclusion
criteria were recruited to our study between November 2008
and December 2009. Out of these 41 patients, 17 patients
preferred GnRHa and 10 patients requested an early op-
eration with no pretreatment. In the placebo-controlled
study with ulipristal acetate 14 patients were included, of
which 3 patients were subsequently excluded following the
unblinding of data revealing placebo administration. Uterine
fibroids from the remaining 38 patients were examined
histologically after surgery and immunohistochemical tests
were performed to detect apoptosis. The baseline charac-
teristics of each group are summarized in Table 1. Patients
in each group did not significantly differ in age, BMI, size
of dominant fibroid or parity. All the histological findings
revealed conventional lelomyomata.

Based on the results of immunohistochemistry, an Al
was calculated for each patient. Zero or minimal percentage
(less than 1% of 1000 cells examined) of cells with apoptosis
were detected in 18.2% of patients receiving preoperative
SPRM compared to 76.5% of patients receiving GnRHa and
100% in the control group. The differences between SPRM
versus GnRHa (P = 0.01, y? test) and SPRM versus controls
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TasLE 1: Baseline parameters of the groups of the study.

. SPRM GnRHa No treatment
Type of preoperative treatment ) ] )
(11 patients) (17 patients) (10 patients)
Mean age (years) 36.4 333 37.9
Mean BMI (kg/m?) 24.4 23.0 22.8
Mean diameter of dominant fibroid (mm) 58.3 68.1 60.8
Mean number of myomas (larger than 10 mm) 2.5 2.3 2.6
Mean number of deliveries of patients 0.9 0.6 0.8
Mean interval between last tablet intake/last depot injection and surgery (days) 7.5 35.1 —

BMI: body mass index, GnRHa: gonadoliberin agonist, and SPRM: selective progesterone receptor modulator.

TABLE 2: Apoptotic index (AI) in the subgroups of the study.

Number of patients with

Type of preoperative treatment Number of patients ~ Mean AI (+SD)  Median of AI  Range of Al

Al >10
SPRM 11 158.9 (+193.2) 96 0-672 9 (81.8%)
GnRHa 17 27.5 (£62.3) 2 0-196 4(23.5%)
No treatment 10 2.0 (£2.1) 1 0-6 0

Al apoptotic index, GnRHa: gonadoliberin agonist, and SPRM: selective progesterone receptor modulator.
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FIGURE 1: Apoptotic index in separate groups.

(P = 0.001, Fisher’s test), respectively, were statistically sig-
nificant (see Table 2). The highest average Al value was
described in the SPRM group (157.9), which was signifi-
cantly higher than that in GnRHa group (27.5; P = 0.01) and
the control group (2.0; P = 0.01). The results of each single
patient including detailed comparison of the subgroups are
shown in Figure 1 and Table 2.

We also tried to determine if there was any difference in
the incidence of apoptosis between patients with different
doses of ulipristal as well as if a dose-dependent apoptosis
rate in the SPRM group could be found (Table 3). In our
limited group of 11 patients, we did not observe a higher

proportion of cells with apoptosis in women receiving a
higher dose of SPRM (P = 0.144, Mann-Whitney test).

4. Discussion

Uterus-sparing therapy remains an up-to-date topic even in
cases of women no longer desiring pregnancy. Myomectomy
remains the most frequently used surgical technique. There
is a constant search for alternatives to myomectomy because
this operation is both quite invasive for the patient and risky
and devastating for the uterus before planned pregnancy.
Apart from occlusive methods aimed at fibroid devascular-
ization (uterine artery embolization (UAE), and laparoscopic
uterine artery occlusion (LUAO)) new modalities such
as thermoablation of fibroids by focused ultrasound or
radiofrequency ablation are beginning to be used [16-19].

None of the above-stated methods, however, affect pa-
thophysiology of fibroids or have systematic effects. Some
hormonal drugs have the potential to treat the cause of the
disease. Many drug groups, such as progesterone (including
intrauterine application), Danazol, gonadoliberin agonists
and antagonists, selective estrogen receptors modulators,
aromatase inhibitors, or antiprogesterone, have been used
in this indication [20-25]. None of the drugs have made a
significant breakthrough in fibroid treatment.

GnRHa is the most used and studied to date. These drugs
cause hypoestrinism, which, after several months of use,
leads to a slight fibroid volume reduction [15, 26]. The use
of GnRHa is unfortunately accompanied with a number of
drawbacks, which is why their use in the treatment of fibroids
has been limited to three-month pretreatment in selected
patients before myomectomy or hysterectomy [27-29].

Fibroid cells demonstrate higher concentration of estro-
gen receptors compared to surrounding myometrium, equal-
ly higher expression of mRNA and of progesterone receptors
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TasBLE 3: Dependence of the number of apoptotic cells on the dose of SPRM.
Daily dose of SPRM Number of patients Mean Al (+SD) Median of Al Range of Al
Ulipristal 5 mg 6 231.8 (£237.8) 181 26-672
Ulipristal 10 mg 5 71.4 (£71.2) 81 0-173
Al apoptotic index, SD: standard deviation, and SPRM: selective progesterone receptor modulator.
(PRs) A and B. Increase of mitotic activity and fibroid size = == DY a7 ]
in the secretory phase of the cycle has also been described -lr Y R . % N8
[30-32]. Therefore, the logical effort is to use drugs not o P R P S '
only causing hypoestrinism but also affecting PR. In addition S e ves, > : s
to antiprogesterone, Mifepristone, an SPRM, may become - » ], A -
one of the drugs used in fibroid treatment [33, 34], due to = = i e e
their targeted mode of action. Unlike Mifepristone, which : B P &
apart from reduction of menorrhagia and reduction of [ ‘." %= - ;:' ° ' 2 -
uterine and fibroid volume leads to hyperplasia of the ol oo Oy i LR
endometrium, SPRM with its modified both agonistic and g o fehed RO :;‘ < e
antagonistic PR effect does not have this undesirable effect _f’ e o .."” =5 ":’

- - —. . 3

on the endometrium [35, 36]. SPRMs act directly on the
endometrium by maintaining its glandular and stromal
proliferation at low levels and thus causing amenorrhea in
most of the patients without causing hypoestrinism. Similar
morphological changes, as well as a reduction in mitotic
activity, were detected in cells of leiomyomas examined after
hysterectomy of 33 patients receiving 12-weeks treatment
with asoprisnil prior to the surgery [37].

In cell cultures SPRMs lead to reduction of cell viability,
suppression of expression of growth factors and induced
apoptosis through mitochondrial activation and tumor
necrosis factor-related apoptosis inducing ligand (TRAIL)
[38]. Bcl-2 is considered to be the key protein in the
inhibition of apoptosis. It has been demonstrated that a
Bcl-2 promoter interacts with PR by progesterone, sug-
gesting in what other ways SPRMs may induce apoptosis
[39]. But the proapoptotic effect of an SPRM has not
yet been verified in vivo. Asoprisnil (J867) is a typical
example of the SPRM, which selectively induces apop-
tosis in leiomyomas cells in tissue cultures without caus-
ing proliferation or apoptosis in normal cells of the myom-
etrium [10, 40]. In our study, we used ulipristal acetate (PGL
4001 or CDB-2914, 17alpha-Acetoxy-11beta-(4-N, N-dim-
ethylaminophenyl)-19-norpregna-4,9-diene-3,20-dione), a
steroid substance reversibly blocking progesterone receptors.
Despite the limited number of patients in the study we
observed a significantly higher apoptosis rate in fibroid cells
exposed to ulipristal acetate preoperatively compared to
fibroids of patients treated with GnRHa as well as in fibroids
with no preoperative hormonal treatment. Apoptosis may
thus be an important, although apparently not the only,
mechanism of an SPRM suppression effect on uterine fi-
broids. The other factor may be, for instance, uterine artery
flow reduction [9]. However, our results should not be
generalized to all preparations that modify PR because the
group of SPRMs seems to be heterogeneous. The fact that
the apoptosis rate was not significantly higher using twice
the daily dose of ulipristal acetate (10 mg) suggests that a
daily dose of 5 mg ulipristal acetate is sufficient for apoptosis
induction and a higher dose apparently does not increase its

FiGure 2: Immunohistochemical analysis using cleaved caspase-
3 antibody. Note the granular cytoplasmic positivity in apoptotic
cells.

proapoptotic effect. Unfortunately, at the moment we cannot
say if longer use of ulipristal acetate like 6 or 12 months could
lead to even larger proapoptotic effect in fibroids or not.

Apoptosis is one of the main types of programmed cell
death. It incorporates a series of biochemical processes lead-
ing to typical changes in cell appearance. This process is then
followed by removal of the cells (without inflammation),
making apoptosis in the foundations different from necrosis.
The borderline between apoptosis and necrosis is however
not clear and sometimes both processes combine making
the designation of the cell death ambiguous [41]. The fol-
lowing laboratory methods are used in apoptosis detection:
phosphatidylserine-annexin V, DNA fragmentation (ELISA),
Laddering, TUNEL (terminal deoxynucleotidyl transferase
dUTP nick end labeling), Fas, TNFR1, and P53 [42]. In our
study, we used the method of indirect immunohistochem-
istry with cleaved caspase-3 antibody (Figure 2). We used an
avidin-biotin complex (ABC method) technique with visual-
ization using horseradish peroxidase and diaminobenzidine.

Selective proapoptotic and antiproliferative effects of
SPRM preparations could be the ideal mechanism for
suppression of uterine fibroids with a permanent or at least
longer effect compared to GnRHa without adverse events
of hypoestrinism, concurrently with much safer results than
the necrosis caused by the UAE. Their big clinical potential
(cessation of excessive uterine bleeding, correction of severe
anemia, and volume reduction of the fibroids and the
uterus) and safety in women with fibroids have been recently
proved by two large randomized trials [11, 43]. On the
other hand the necrosis after UAE, which can also occur
inside the uterine cavity, can greatly reduce the chances for
patients to have a successful pregnancy and that is why
UAE is considered to be relatively contraindicated in patients
planning pregnancy [44-46].
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A study by Korean authors comparing occlusive methods
in uterine fibroid treatment was targeted at apoptosis detec-
tion. Fibroids extirpated 6 months after occlusive treatment
were examined with the following results: while the typical
finding in fibroids with acute ischemia caused by UAE was
necrosis, in cases after LUAO it was apoptosis [47]. In
8 patients, we also examined fibroids removed following
LUAO, which was performed within the previous year and
had little effect on both fibroid volume reduction and
symptoms. These fibroids were examined with the same
technique as in all patients in our study. We did not observe
a significant apoptosis rate in these 8 patients, the average
Al was 19.3 and thus lower than in women treated with
GnRHa. However, in all 8 patients, the occlusive treatment
failed and was performed in a longer interval prior to
myomectomy (and examination for apoptosis), which could
have substantially affected the results.

We can summarize that the three-month pre-operative
administration of ulipristal acetate induced natural cell death
in uterine fibroids in premenopausal women. On the other
hand, in women who had three months of preoperative
administration of GnRH analogues or no hormonal therapy;,
a significantly lower proportion of apoptotic cells in leiomy-
omas were observed.
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Abstract

Purpose To compare outcomes of two different types of
occlusive therapy of uterine fibroids.

Methods Women with fibroid(s) unsuitable for laparo-
scopic myomectomy (LM) were treated with uterine artery
embolization (UAE) or laparoscopic uterine artery occlu-
sion (LUAO).

Results Before the procedure, patients treated with UAE
(n = 100) had a dominant fibroid greater in size (68 vs.
48 mm) and a mean age lower (33.1 vs. 34.9 years) than
surgically treated patients (n = 100). After 6 months,
mean shrinkage of fibroid volume was 53 % after UAE and
39 % after LUAO (p = 0.063); 82 % of women after
UAE, but only 23 % after LUAO, had complete myoma
infarction (p = 0.001). Women treated with UAE had
more complications (31 vs. 11 cases, p = 0.006) and
greater incidence of hysteroscopically verified intrauterine
necrosis (31 vs. 3 %, p = 0.001). Both groups were com-
parable in markers of ovarian functions and number of
nonelective reinterventions. The groups did not differ in
pregnancy (69 % after UAE vs. 67 % after LUAO),
delivery (50 vs. 46 %), or abortion (34 vs. 33 %) rates. The
mean birth weight of neonates was greater (3270 vs.
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2768 g, p = 0.013) and the incidence of intrauterine
growth restriction lower (13 vs. 38 %, p = 0.046) in post-
UAE patients.

Conclusion Both methods are effective in the treatment
of women with future reproductive plans and fibroids not
suitable for LM. UAE is more effective in causing com-
plete ischemia of fibroids, but it is associated with greater
risk of intrauterine necrosis. Both methods have low rate of
serious complications (except for a high abortion rate).

Keywords Fertility - Laparoscopic uterine artery
occlusion - Uterine artery embolization - Uterine fibroids

Introduction

Since the introduction of uterine artery embolization
(UAE) to clinical practice 15 years ago, uterus-preserving
approaches have become a hot topic in the therapy of
uterine myomas [1]. Advances in interventional radiology,
coupled with increasing patient interest in uterus preser-
vation, have stimulated the efforts of gynecologists to
develop uterus-preserving surgical alternatives to conven-
tional treatment, mainly in the field of endoscopy and
minimally invasive surgery [2—4]. In addition to increasing
interest in laparoscopic myomectomy (LM), which is
effective but may carry substantial risks in certain cases,
laparoscopic uterine artery occlusion (LUAO) has been
introduced as a less-invasive approach [5, 6].

Both UAE and LUAO can be classified as minimally
invasive therapy, which preserves fertility, but their routine
use in nulliparous or infertile women is controversial and
insufficiently studied [7, 8]. Although similarly effective,
laparoscopic occlusion is considered to be a safer alterna-
tive to embolization (e.g., for lower risk of ovarian failure),
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especially in patients who are not eligible for myomec-
tomy. However, only a few studies are available that
compare clinical outcomes of radiological and surgical
uterine artery occlusion [9-11] and only one study evalu-
ating fertility after those procedures [12].

Materials and Methods
Study Design and Setting

This trial was designed as a prospective, parallel-group,
nonrandomized study and was approved by The Ethical
Committee of the 1st Medical Faculty of Charles Univer-
sity in Prague. We included 100 patients in each arm of the
study. Having a sufficiently large, comparable number of
patients, as well as longer follow-up, was essential for
comparison of reproductive outcomes. The study was
conducted in The Department of Minimally Invasive Sur-
gery of a university hospital that is an international
teaching centre for gynecological endoscopy and tertiary
care national reference centre for the treatment of uterine
myomas in patients with future reproductive plans. We
cooperated with the Department of Radiology, which is the
leading site in UAE as well as magnetic resonance imaging
(MRI) imaging of uterine tumors in the country.

Study Population and Procedure Assignment

Premenopausal women with symptomatic myomas who
preferred minimally invasive procedure to hysterectomy or
open myomectomy (i.e., because of its burden of high
morbidity and a risk of postoperative dense adhesion for-
mation) were screened for the study. We selected patients
who were not eligible for LM [13, 14], which is otherwise
considered to be the “gold standard” in myoma treatment
for patients planning pregnancy [15, 16]. These were
patients with myomas in a risky location (uterine margins
or isthmus), multiple myomas (>5 myomas with diameter
>2 cm), voluminous myoma largely intramural >7 cm in
diameter, or a history of myomectomy.

Patients were not randomized for one or the other type
of treatment; rather, the treatment was chosen based on the
patient’s preferences (catheterization vs. laparoscopy).
Before assignment, Doppler ultrasonographic (USG) and
palpation examination of the uterus was performed, and a
detailed history was taken. The results were discussed with
the patients, and they were fully informed about the pros
and cons and potential risks of both procedures.

If they met the inclusion criteria and agreed to partici-
pate in the study, the study protocol was explained in
detail, and informed consent was signed. Patients were also
assured that they could terminate their participation in the

@ Springer

study at any time if they wished. Subsequently, follicle-
stimulating hormone (FSH) and luteinizing hormone (LH)
serum levels (day 3 of the menstrual cycle) was tested, and
contrast-enhanced MRI (ce-MRI) was performed. All
examinations were performed using the same equipment:
(1) USG with Siemens Acuson Antares (Siemens, Siemens
Medical Solutions USA, Inc., Malvern, PA) using vaginal
probe with frequency 4-9 MHz and abdominal probe with
frequency 2-6 MHz and (2) MRI with Signa Excite II (1.5
Tesla; General Electric). Standard MRI scanning protocol
consisted of T2-weighted (T2W) images in sagital plane
(5 mm slice, 1 mm gap), T2W images (5 mm slice, | mm
gap) in oblique plain (orthogonal to the long axis of the
uterine body), and T1W images (5 mm slice, 1 mm gap) in
identical oblique plane before and after gadolinium con-
trast media administration. Postcontrast scanning was
performed to demonstrate perfusion of fibroids.

Inclusion Criteria

Uterine body tumor with the appearance of myoma with
diameter >3 cm by USG and at least one typical myoma-
related symptom, e.g., excessive or prolonged menstrual
bleeding or pressure in the lower abdomen.

Exclusion Criteria

Age >40 years; submucous myomas largely prominent into
the uterine cavity (primarily suitable for hysteroscopic
resection); largely subserous or pedunculated myoma (easy
for LM); predominantly cervical myoma (suitable for lap-
aroscopically assisted vaginal myomectomy); myomas
with no perfusion or atypical pelvic tumor (compared with
regular myomas) or of suspicious appearance (based on
Doppler USG and/or ce-MRI); clinical signs of premature
ovarian failure and preference for myomectomy (despite
explanation of the risks and invasiveness of this surgery in
the particular case); hysterectomy; other treatment or
patients not wishing to participate in the study; and pre-
operative finding (before LUAO) of myoma suited for LM.
In contrast, infertility of planned pregnancy was not
regarded as exclusion criteria.

Uterine Artery Embolization

Access for the procedure was from the right groin by way
of the right common femoral artery. The aim was to
bilaterally embolize the ascending branches of the uterine
artery supplying the myoma(s) to achieve complete loss of
myomas perfusion and at the same time leave free flow in
the main stems and in the cervicovaginal branches of both
uterine arteries. We refrained from embolizing sites dis-
playing significant utero-ovarian anastomoses of type III
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(main ovarian blood supply arises from the uterine artery)
[17], which could not be overcome by microcatheter.

The technique of “free-flow embolization” was used to
perform all procedures with a S5F catheter (RUC; Cook,
Bjeeverskov, Denmark) and always with the aid of a
coaxially introduced microcatheter (Embocath; BioSphere,
Rockland, MA). Trisacryl gelatin microspheres (TGMs;
Embospheres; BioSphere, Roissy, France), >500 pm in
size, were used for embolization in all cases.

A single intravenous dose of 1.5 g sultamicillin (or
600 mg clindamycin in case of patient history of allergy to
penicillin antibiotics) was administered to every patient 30
minutes before UAE. For pain management during the first
24 h after the procedure, patients were either given epidural
analgesia [10 ml 0.5 % bupivacain plus 5 pg sufentanyl in
50 ml normal saline (administered continually from 5 to
10 ml/h)] or intravenous analgesia (5 pg sufentanyl plus
0.15 mg clonidin in 50 ml normal saline (administered as
continual infusion at 5-10 ml/h). Nausea and postemboli-
zation discomfort during subsequent days were treated by
thiethylperazin, diclofenac, and paracetamol.

Embolization leading to bilateral occlusion of ascending
branches of uterine arteries and a complete loss of myoma
perfusion, as detected by angiography, was considered
technically successful. Dissection or severe spasms of
uterine arteries (i.e., not reacting to vasodilators), adverse
reaction to administered drugs, hematoma in the groin, and
other complications of angiography were considered peri-
procedural complications. All procedures were performed
in the same department by two experienced interventional
radiologists who had completed at least 30 uterine fibroid
embolizations previously.

LUAO

Laparoscopy was performed with the patient in lithotomy
position using CO, as distension medium and transumbil-
ical approach for Veress needle and the first port. Lateral
peritoneum dissection using a harmonic scalpel (SonoSurg
Scissors; SonoSurg-G2, Olympus Medical Systems,
Tokyo, Japan) was started in the line between the round
ligament anteriorly, the infundibulo-pelvic ligament
medially, and the pelvic sidewall laterally. The peritoneum
was opened, and the paravesical and obturator spaces were
developed by blunt dissection. Subsequently, distancing of
uterine arteries from the ureter was performed bilaterally to
continue with their safe occlusion, and they were cut just
medially to their origin from the internal iliac artery.
Surgically treated patients were given the same antibi-
otics and analgesics after LUAO as patients treated with
UAE. Bilateral unequivocal laparoscopic identification and
occlusion of uterine arteries was considered technically
successful. Significant bleeding from iliac, uterine, ovarian,

or obturator vessels (blood loss >300 cc), injury to the
ureter, obturator nerve, or bowel, adverse reaction to
administered drugs, hematoma at the site of the laparo-
scopic ports, conversion to laparotomy, and other general
complications of laparoscopy were considered periproce-
dural complications. All surgical procedures were per-
formed in the same department by two experienced
laparoscopists working together as a team. They both had
performed >30 LUAO procedures before the start of the
study.

Follow-Up

From day 1 until day 30 after the procedure, all patients
from the study were monitored for the following early
postprocedural complications: fever, signs of pelvic infec-
tion, severe vaginal bleeding, severe pain not responsive to
analgesics, prolonged hospital stay (>48 h after the proce-
dure), necessity for antibiotics or blood transfusion, rehos-
pitalization, allergic reactions, wound complications after
surgery, ischemic phenomena after UAE, surgical inter-
vention due to hematoma (pelvic intraperitoneal or retro-
peritoneal, abdominal wall, or inguinal) or infection,
thromboembolic complications, and need for hysterectomy.

Patients were examined (clinically and ultrasonograph-
ically) at 1 and 6 months after their procedure and subse-
quently every 6 months. The levels of FSH, LH, and
estradiol (on day 3 of the menstrual cycle or at another time
in cases of amenorrhea) were measured, and myoma-rela-
ted symptoms were evaluated at 6 months after the pro-
cedure. FSH level was monitored in the subsequent course
of follow-up in women with signs of ovarian failure.
ce-MRI was planned 6 months after UAE or LUAO in all
patients. Patients were examined immediately in case of
difficulties, complications, or signs of pregnancy.

The following late complications were assessed at
>30 days after the procedure: signs of uterine infection or
sepsis, permanent or transient signs of clinical (i.e.,
amenorrhea not related to pregnancy, with or without
vasomotor symptoms of menopause, requiring hormone-
replacement therapy or laboratory tests (i.e., FSH increase
>5 [U/l compared with pretreatment values) ovarian fail-
ure, ischemic phenomena, chronic pelvic pain or dyspa-
reunia, sudden severe uterine bleeding, chronic malodorous
vaginal discharge, signs of paresis of obturator nerve, loss
of libido, emergent myomectomy or hysterectomy, trans-
cervical expulsion of myoma (TCEM), and uterine rupture.

Hysteroscopy
Hysteroscopy was performed in all patients at 3—6 months

after UAE or LUAO. It was performed using a 3.2 mm
rigid hysteroscope with a direct optical system and 7F
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bioptic forceps (Versascope; Gynecare, Ethicon, Johnson
and Johnson, Somerville, NJ). Normal saline solution was
used as distension medium. The procedure was performed
either without anesthesia or with the patient under short-
duration general anesthesia using propofol at 1.5-2 mg/kg
and remifentanyl at 0.1-0.5 ug/kg/min.

The objectives of hysteroscopy were to evaluate the
endometrium, to evaluate the symmetry of the uterine
cavity, to rule out the intrauterine presence of myoma, and
especially to investigate signs of regressive tissue changes.
Endometrial biopsy, plus biopsy of the myoma or other
abnormal lesion (if detected), was performed during the
procedure. All of the specimens were evaluated by one
histopathologist. Standard histopathological evaluation was
performed and included a description of the type of
endometrium as well as any abnormality if present
(necrosis and its type, inflammation, presence and locali-
zation of embolization particles).

Reinterventions and Reproductive Follow-Up

Reintervention was indicated based on patient symptoms,
myoma characteristics per USG and ce-MRI [e.g., size,
perfusion, and relationship of myomag(s) to uterine cavity],
hysteroscopic findings, and, mainly, patient reproductive
plans. In patients with no reproductive plans, reintervention
was suggested only in cases with no symptom relief or in
cases of worsening symptoms or myoma growth during
follow-up. In patients with reproductive plans, reinterven-
tion was suggested even in those who were asymptomatic if
imaging methods described persisting perfusion of the whole
myoma volume and the size of the myoma was >5 cm in
diameter or if the myomas (regardless of perfusion) evi-
dently disfigured the uterine cavity on hysteroscopy.

Reinterventions were divided into the following cate-
gories: (1) urgent, i.e., sudden worsening patient health and
symptoms and (2) elective, i.e., patient choice based on the
previously stated criteria. LM, hysteroscopic myomectomy
(HM), or open myomectomy (OM) was chosen as rein-
tervention in both groups according to the size, number,
and localization of myoma(s). Only in patients after UAE,
sometimes in isolated cases after repeat UAE, was rein-
tervention considered if the risks of LM persisted and the
patient was not discouraged by failure of the primary
treatment.

Reproductive plans and outcomes were recorded during
regular check-ups at every 6 months. In case of missed
appointments, patients were contacted by way of email or
telephone. The patients were always asked about their
attempts to conceive as well as the mode of conception
(spontaneous or medically assisted), including the type of
eventual assisted reproduction. All of the patients were
instructed to report the pregnancy immediately by email
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and to report the course of the pregnancy at weeks 12, 20,
and 30 of the pregnancy as well as after delivery (or mis-
carriage). After pregnancy, the patient was asked to send
her medical report on the delivery (or miscarriage) by mail.
Moreover, many patients were monitored during pregnancy
and subsequently gave birth in our department.

Analysis of the Results

Statistical analysis was performed using the statistical
software SPSS 13.0 (SPSS, Inc, Chicago, IL). For com-
parison of qualitative parameters from both groups (fre-
quency tables, e.g., periprocedural complication [yes or
no]), Pearson chi-square and Fisher’s exact tests were used.
For comparison of quantitative parameters (e.g., body mass
index [BMI]), Mann—Whitney nonparametric test was used
due to uneven distribution of baseline data (as tested by
Shapiro—Wilk test), and p <0.05 was determined consid-
ered statistically significant.

Results

Since September 2004, a total of 207 patients with uterine
myomas that were classified as not suitable for LM were
enrolled in the study. Seven patients, who were initially
assigned to LUAO, were excluded for preoperative find-
ings of myoma suitable for laparoscopic removal. Of the
total of 200 patients after radiological or surgical occlu-
sion, 192 completed at least 6 months of follow-up. Seven
women failed to undergo imaging examination at 6 months
after treatment (however, they maintained telephone con-
tact regarding reproductive results and eventual compli-
cations), and 1 patient underwent hysterectomy at 2 weeks
after LUAO due to a finding of endometrial stromal sar-
coma (ESS) that was misdiagnosed before treatment as
leiomyoma. Table 1 lists baseline characteristics of
patients in both groups.

Results of Imaging Studies

Shrinkage and perfusion of myomas 6 months after
occlusion was evaluated using Doppler USG and ce-MRI
(Table 2). In addition to the above-listed eight women, we
could not evaluate these parameters in eight patients from
the UAE group (seven patients after TCEM and one patient
after LM, which was performed at the patient’s request
3 months after unilateral UAE due to persistence of
symptoms, full perfusion, and unchanged myoma size) and
in two women in the surgical group who were in the early
stage of pregnancy. After UAE, nonsignificantly greater
volume decrease of dominant myoma and significantly
greater incidence of patients with myoma shrinkage and
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Table 1 Baseline characteristics of 200 patients before UAE or LUAO
Characteristics UAE (n = 100) LUAO (n = 100) p
Mean age £ SD (year)/range 33.1 £+ 3.7/20-39 34.9 £+ 4.0/24-39 0.002*
Mean BMI + SD/range 25.2 £5.0/18.8-43.3 234 £ 3.5/17.6-39.0 0.019*
No. of patients with BMI >30 18 5 0.004°
Mean length of follow-up &+ SD (month)/range 45.5 £+ 19.0/8-84 40.4 £ 19.8/6-82 NS*
No. of myomas & SD (on USG)/range* 2.0 £+ 2.0/1-10 2.1 £+ 1.4/1-8 NS*
No. of myomas + SD (on MRI)/range 24 £ 2.4/1-13 23 + 1.4/1-9 NS*
No. of patients with multiple myomas on USG® 36 54 0.011°
No. of patients with multiple myomas on MRI® 47 65 0.011°
Diameter of dominant myoma + SD (mm) on USG)/range 64.7 + 17.7/31-107 45.5 + 11.7/31-86 0.001*
Diameter of dominant myoma = SD (mm) on MRI)/range 68.2 £+ 18.2/32-110 48.3 £ 11.1/32-82 0.001%
Volume of dominant myoma = SD (cm® on MRI)/range 188.7 £ 39.6/14-630 59.9 £ 41.2/14-243 0.001*
NS nonsignificant difference
4 Tested by Mann—Whitney test
® Tested by chi-square test
¢ Tested by Fisher’s test
¢ Only myomas >20 mm were counted
¢ Women with >1 myoma >20 mm in size were counted
Table 2 Shrinkage and ischemia of dominant fibroids in patients 6 months after UAE or LUAO
Status of dominant fibroids UAE (n = 90) LUAO (n =92) p
USG
Mean decrease in diameter of dominant fibroid (%) 28.5 22.3 NS*
No. of patients with dominant fibroid that shrank (%) 85 (94.4) 72 (78.3) 0.006"
No. of patients with dominant fibroid unchanged (%) 2(2.2) 13 (14.1) 0.013°¢
No. of patients with dominant fibroid that enlarged (%) 33.3) 7 (7.6) NS°
No. of patients with complete ischemia of dominant fibroid? (%) 81 (90.0) 62 (67.4) 0.001°
MRI
Mean decrease of volume of dominant fibroid (%) 53.0 39.0 NS*
No. of patients with dominant fibroid that shrank (%) 87 (96.7) 72 (78.3) 0.002°
No. of patients with dominant fibroid unchanged (%) 0 9 (9.8) 0.01°
No. of patients with dominant fibroid enlarged (%) 3(3.3) 11 (11.9) NS¢
No. of patients with complete ischemia of dominant fibroid® (%) 74 (82.2) 21 (22.8) 0.001°

NS nonsignificant difference

* Tested by Mann—Whitney test

® Tested by chi-square test

¢ Tested by Fisher’s test

9" According to color Doppler imaging
¢ According to ce-MRI

complete myoma infarction compared with LUAO was
recorded.

Clinical Results

Technically successful bilateral occlusion of uterine artery
was recorded in 95 UAE and 96 LAUO patients. Of 5

patients with unilateral embolization, 2 underwent OM and
1 underwent LM within 8 months after the primary pro-
cedure, in all cases due to nonshrinkage of the dominant
myoma, persistent myoma perfusion, and symptoms. In all
3 cases, subsequent histology confirmed the finding of
conventional leiomyoma with no regressive changes and
sporadic presence of TGMs. One patient with persistent
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voluminous vascularized myoma was offered myomec-
tomy, but she refused due to the absence of symptoms and
resignation to fertility plans; in 5 years of follow-up her
findings are still without progression. In 1 patient after
unilateral UAE, complete ischemia and 48 % shrinkage of
a solitary myoma was identified, and she is now planning
pregnancy. Of 4 women with uncertain identification of 1
of the uterine arteries during laparoscopy, we performed
LM in 1 case and OM in 1 case within 6 months (leio-
myoma with no regressive changes on histology); the 2
remaining patients are asymptomatic despite the fact that in
one of them a myoma of unchanged size still preserves
perfusion.

Persistence of myoma-related symptoms in the patients,
as well as the recurrence of myomas in 6 months of follow-
up, was quite rare and comparable in both groups
(Table 3). All eight cases of symptomatic failure of
occlusive treatment after LAUO, as well as all four such
cases after UAE, correlated with persistent volume and
perfusion of the dominant myoma. In three patients
6 month after UAE, bleeding difficulties persisted despite
the fact that their myomas shrank and were completely
infarcted. In cases of symptomatic recurrence (within
3 years in one patient and 5 years in two patients after

Table 3 Clinical outcomes of patients with UAE or LUAO

UEA and within 3 years in all three patient after LUAO),
five times it was due to simultaneous myoma regrowth and
reperfusion; only in one patient after LUAO did a nonen-
larged myoma showed reperfusion. Patients after UAE or
LAUO with myoma regrowth and reperfusion remained
asymptomatic in more than half of the cases.

The overall complication rate in this study was rela-
tively low. However, there was a difference between the
groups with a greater number of postprocedural compli-
cations in UAE group. Equally low was the prolonged
hospitalization rate in both groups; the greater incidence of
rehospitalization after UAE was due to TCEM cases. In
both groups, the gravity of complications was low in most
of the cases. In the UAE group, two complications were
considered serious: one case of right-sided venous throm-
bosis of the femoral and iliac veins diagnosed 4 weeks
after UAE and one case of repeated myoma expulsion
complicated by infection, resulting in the need for laparo-
scopic revision and peritoneo-vaginal fistula formation.
The most serious complications of LUAO, however, with
no clear connection to the primary procedure was the
finding of uterine leiomyosarcoma and one case of pre-
mature ovarian failure 4 years after surgery. Of the ovarian
complications, only one case of laboratory and clinically

Clinical outcomes UAE (n = 100) LUAO (n = 100) P
Technical failure of procedure 5 4 NS¢
Length of hospital stay £ SD (day)/range 24 £ 1.1/1-7 23 +£0.8/14 NS*
Prolonged hospital stay (>48 h after procedure) 4 2 NS¢
Patients with readmission to hospital (in association with procedure)® 7 1 0.032¢
Patients with significant increase of FSH (until 6 months after procedure)® 0 3 NS¢
Patients with persistence of symptoms (at 6 months after procedure) 7 8 NS¢
Patients with recurrence of symptoms (any time after 6 months) 3 3 NS°
Patients with regrowth of myoma 4 8 Nsb
Periprocedural complications 1 1 NS¢
Early postprocedural complications (<30 days) 19 8 0.023°
Late postprocedural complications (>30 days) 8 2 0.048°
Overall complications 28 (in 26 patients) 11 (in 11 patients) 0.002°
All patients with reintervention 39 15 0.001°
Patients with reintervention for failure, recurrence, or complication 12 10 NS
Hysterectomy 2 2 NS¢
Regressive changes (%) of removed fibroid (in histology) 35 (92.1) 8 (53.3) 0.006°
Complete regression (%) of removed fibroid (on histology) 29 (76.3) 4 (26.7) 0.002°
Adenomyoma or adenomyosis (% on histology) 0 3 (20.0) 0.018°

NS nonsignificant difference

# Tested by Mann—Whitney’s test

® Tested by chi-square test

¢ Tested by Fisher’s test

9 Nonurgent reinterventions were not included

e
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demonstrable decrease in ovarian reserve occurred after
UAE. In this study, we did not record any cases of sepsis,
emergent hysterectomy, or conversion from LAUO to
laparotomy (Table 4).

Most notably, the two groups differed in postprocedural
evaluation of intrauterine findings. Severe abnormalities of
the type of regressively changed myoma communication
with the uterine cavity, either in the form of myoma pro-
trusion in the cavity or fistula between the myoma and the
cavity, occurred in one third of patients after UAE com-
pared with exceptional cases occurring after LUAO.
Macroscopic hysteroscopic evaluation correlated well with
histology of bioptic findings of necrotic and/or hyalinized
tissues of the uterine cavity (Table 5).

Table 4 List of complications in patients after UAE or LUAO

Reinterventions

Reinterventions were more frequent in patients after UAE.
Most of the reinterventions were elective due to planned
pregnancy or persistent infertility caused by the presence of
asymptomatic well-embolized (i.e., complete regression of
myomas according to histology in 74 % of cases) but still
voluminous myoma compressing or communicating with
the uterine cavity. The reintervention rate due to failure of
the primary treatment or myoma recurrence was approxi-
mately 10 % in both groups (see Table 3). The course of all
reinterventions (22 LM, 8§ OM, 6 HM, and 1 repeated UAE
after UAE plus 6 OM, 5 HM, and 2 LM after LUAO) was
uncomplicated and did not differ from comparable surgery

Timing of Complications after UAE (n = 100) Complications after LUAO (n = 100)
complications
Periprocedural Spasm of uterine artery = 1 (resistant to intra-arterial vasodilators and Bleeding = 1 (from veins in right infundibulo-

leading to only unilateral UAE)
Early (<30 days)

Sloughing of myoma = 3 (leading to readmission in all cases)

Hematoma of the right groin = 3

Deep venous thrombosis = 1 (leading to readmission)

Menorrhagia = 1

Allergic reaction = 1

Late (>30 days)
Dyspareunia/vaginal discharge and odor = 2
Decreased ovarian reserve = 1°

Decreased libido = 1

Fever/antibiotics = 10 (leading to prolonged hospital stay in 4 cases)

Sloughing of myoma = 4 (leading to readmission in 3 cases)

pelvic ligament of ovary)

Fever/antibiotics = 3 (leading to prolonged
hospital stay in 2 cases)

Right-leg limping = 2*

Menorrhagia (ESS-LG) = 1 (leading to
readmission)h

Tingling of the left thigh = 1

Purulent secretion from laparoscopic
suture = 1

Dyspareunia = 1

Ovarian failure = 1¢

 Probably caused by perioperative irritation of obturator nerve, resolved completely using physiotherapy

° Menorrhagia 8 days after LUAO indicated to hysteroscopy and biopsy with histological result of endometrial stromal sarcoma: low grade

(ESS-LG) in a 27 year-old primipara

¢ Repeated increase of FSH >20 TU/1 (from day 3 of cycle) at 2 years after UAE in a 38 year-old patient with sterility resistant to IVF, who was

recommended later for therapy with donated oocytes

4 Oligomenorrhea and secondary amenorrhea with FSH >50 IU/1 at 4 years after LUAO in a 42 year-old woman without reproductive plans

Table 5 Hysteroscopic findings in patients 3—6 months after UAE and LUAO

Findings UAE (n = 91) LUAO (n = 90) p

Normal (%) 38.5 86.7 0.001°
Minor abnormalities (%) 29.7 7.8 0.001°
Major abnormalities (%) 31.9 5.6 0.001°
Regressive changes in histology (from biopsy of myoma or endometrium) (%) 30.8 29 0.001°

* Tested by Mann—Whitney test
® Tested by chi-squared test
¢ Tested by Fisher’s test
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with no occlusive pretreatment. Two patients in each group
underwent hysterectomy: three patients with no further
reproductive plans for myoma recurrence and bleeding 12,
24, and 65 months after occlusive treatment and one
patient due to the above-mentioned oncological finding.

Fertility Outcomes

Based on our regularly updated data, 42 women after UAE
and 48 women after LAUO have attempted conception thus
far. The reproductive results in both groups were compa-
rable despite the fact that there was slight difference in
length of follow-up and age (greater in the UAE group) and
mean BMI (greater in UAE group). The interval between
the procedure and first pregnancy was significantly shorter
in patients after surgical treatment (Table 6). Pregnancy,
delivery (in women who attempted to conceive), and
abortion rates after UAE were 69.0, 50.0, and 34.2 %,
whereas after LUAO they were 66.7, 45.8, and 33.3 %,
respectively. There was no statistical difference in any of
the stated parameters between the two groups (chi-square
test). An interesting correlation indicative of possible pre-
diction of pregnancy outcome based on hysteroscopy
finding after UAE or LAUO is listed in Table 7.

The perinatal outcome (Table 8) of both groups signif-
icantly differed only in lower average newborn birth
weight and greater proportion of newborns with intrauter-
ine growth restriction (IUGR) in patients after LAUQO. The

incidence of severe pregnancy and perinatal complication
was, however, low in the whole study.

Discussion

In recent years, we have noted an increasing incidence of
women with uterine myomas and reproductive plans, and
myomectomy is still, apart from conservative approach or
symptomatic pharmacotherapy, the most commonly used
treatment. In many cases, however, it is not an optimal
treatment. OM for multiple or voluminous myomas is
associated with significant morbidity and high prevalence
of postoperative adhesions with potential consequences,
such as pelvic pain, risk of bowel injury during subsequent
surgery, or infertility [18, 19]. Moreover, in some cases, it
is practically impossible to identify and remove all myo-
mas, and there is a risk of further growth of the residual
myomas and related symptoms. In other cases, myomas are
located in a topographically unfavorable location, thus
carrying a risk of injury to surrounding organs or major
vessels, or the myomas occupy such a significant part of
uterine wall and cavity that it can be extremely difficult to
reconstruct the uterus after myoma removal so that it can
fulfill its physiological functions. Even routine LM of
solitary subserous myoma is not entirely without the risk of
perioperative bleeding, rupture of the uterus during labor,
and need for hysterectomy [20]. Efforts to eliminate these

Table 6 Fertility results of patients trying to conceive after UAE and LUAO

Characteristics

UAE (n = 42) LUAO (n = 48) »

Mean age + SD (year)/range
Mean BMI + SD/range
Mean length of follow-up &+ SD (month)/range

Mean interval between procedure and first pregnancy £+ SD (month)/range

No. of all pregnancies

Pregnancies from IVF (%)

No. of pregnant women

No. of deliveries

No. of abortions

No. of women pregnant now

No. of pregnancy terminations

No. of ectopic pregnancies

No. of women with postprocedural sterility

No. of women with abortion(s) only (and no ongoing pregnancy)

33.1 + 3.5/21-38
245 £ 4.4/18.8-35.3

34.1 £ 3.1/27-39 Ns*
229 £ 3.1/17.6-31.2 Ns*

50.8 + 19.6/8-84 40.3 + 16.7/11-69 0.008*
26.7 + 14.5/7-52 15.1 + 8.8/5-35 0.001*
42 40 NS °
4(9.5) 11 (27.5) 0.0353°
29 32 NS®
23 22 NSP
13 12 NsP
4 NS¢
NS¢
2 1 NS¢
13 16 Ns®
6 6 Ns®

NS nonsignificant difference

4 Tested by Mann—Whitney test
® Tested by chi-square test

¢ Tested by Fisher’s test

4" All abortions (missed or spontaneous) in the first trimester in both groups
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Table 7 Correlation between postprocedural hysteroscopy and fertility results of patients trying to conceive after UAE and LUAO

Correlation of results

UAE (n = 46%)

LUAO (n = 52%

Prospectively
Patients with normal hysteroscopy
After UAE = 24
After LUAO = 46
Patients with abnormal hysteroscopy
After UAE = 22
After LUAO = 6
p (subgroup with normal HS vs. subgroup with abnormal HS)
Retrospectively
Patients with at least one delivery
After UAE = 21
After LUAO = 24
Patients with abortions only
After UAE =7
After LUAO =7
Patients with postprocedural sterility
After UAE = 16
After LUAO = 19

p (subgroup with delivery vs. subgroup with abortions vs. subgroup with sterility)

Pregnancy rate 75.0 %
Delivery rate 58.3 %
Abortion rate 25.0 %
Pregnancy rate 54.5 %
Delivery rate 31.8 %
Abortion rate 50.0 %
NS ¢

Normal HS 66.7 %
Abnormal HS 33.3 %

Normal HS 28.6 %
Abnormal HS 71.4 %

Normal HS 37.5 %
Abnormal HS 62.5 %

0.047°

Pregnancy rate 65.2 %
Delivery rate 43.5 %
Abortion rate 31.4 %
Pregnancy rate 66.7 %
Delivery rate 33.3 %
Abortion rate 33.3 %
NS¢

Normal HS 91.7 %
Abnormal HS 8.3 %

Normal HS 85.7 %
Abnormal HS 14.3 %

Normal HS 84.2 %
Abnormal HS 15.8 %

NSP

HS hysteroscopy; NS nonsignificant difference

? Four women from each group (UAE and LUAO) were counted twice with respect to the change of their hysteroscopic finding after

reintervention
" Tested by chi-square test
¢ Tested by Fisher’s test

Table 8 Perinatal data of women who delivered after UAE and LUAO

Perinatal data UAE (n = 23) LUAO (n = 22) p
Mean age of mothers £+ SD (y)/range 354 + 3.1/26-40 35.0 £ 3.3/28-41 NS?*
Mean completed week of gestation &= SD/range 38.1 £+ 1.6/32-40 38.0 £ 3.5/24-41 NS?*
No. of preterm deliveries® (<36 weeks’ gestation) 1 2 NS¢
Mean birth weight of all newborns £ SD (g)/range 3270 % 451/1980-3910 2768 + 933/490-4130 0.013*
Mean birth weight of singletons + SD (g)/range 3284 + 469/1980-3910 3098 + 502/2060-4130 NS*
Frequency of newborns with IUGR restriction (<3rd percentile) 12.5 (3/24) 37.5 (9/24) 0.046°
Twins 1 2 NS¢
Pre-eclampsia 1 2 NS°
Placenta preavia 0 2 NS¢
Peripartum bleeding 0 0 -
Placenta accreta® 1 0 NS¢
Fetal malposition (at singletons) 0 0 =
Caesarean section rate (%) 78.3 68.2 NSP
Caesarean hysterectomy 0 0 -

NS nonsignificant difference

* Tested by Mann—Whitney test
® Tested by chi-square test

¢ Tested by Fisher’s test

9 At week 32 after UAE and at weeks 25 and 35 (twins in both cases) after LUAO
¢ Managed conservatively peripartally and using hysteroscopic resection after puerperium
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disadvantages of myomectomy and to find alternative
treatments are logical as well as the wish of many women
for other treatment than hysterectomy and less-invasive
treatment than OM.

The role of UAE in patients without fertility plans is
well established, yet there is still an absence of studies
comparing UAE with minimally invasive hysterectomy
(laparoscopic, vaginal, or laparoscopically assisted vagi-
nal). Many patients in their 30s and 40s are interested not
only in the clinical effectiveness but also preservation of
reproductive potential after UAE. A new randomized
British study, regrettably not aimed at fertility outcomes,
showed equal results regarding quality of life, shorter
hospitalization stay, and lower rate of major complications,
but a greater risk of reinterventions within 2 years of fol-
low-up, for women after UAE compared with myomec-
tomy [21]. Nevertheless, embolization is an attractive
alternative to myomectomy or hysterectomy in patients
generally not suited for surgical treatment, such as obese
women or those with a history of multiple surgeries [22].

Initially UAE was used mainly as a symptomatic treat-
ment of uterine myomas in premenopausal women in their
50s. More recently, case reports and small studies evalu-
ating pregnancies after UAE [23-26] and studies compar-
ing fertility outcomes after embolization and myomectomy
have emerged [16, 27]. Goldberg et al. [27], who compared
53 pregnancies after UAE with 139 after LM, concluded
that women after UAE are at greater risk of preterm
delivery (16 %) and malpresentation (11 %) compared
with women after LM (3 % for both parameters). The
investigators also noted a trend toward greater abortion rate
in women after UAE (24 vs. 15 %); IUGR incidence was
comparable and low in both groups (5 and 8 %, respec-
tively). A Canadian multicentre study aimed at several
aspects of UAE, albeit with no control group, described an
increased risk of miscarriage (16.7 %) and prematurity
(22.2 %) [25]. In our previous study, patients after UAE
had similar chances of conception as patients after myo-
mectomy and favorable perinatal results; however, we
recorded a significantly lower delivery rate due to the high
frequency of miscarriages [16].

Similar to UAE, the transitory ischemia of the uterus
caused by LUAO is technically easier, more generalized,
and less traumatizing for the uterus than complicated
myomectomy cases. It is an attempt to imitate the physi-
ological processes leading to myoma regression in the
puerperium [28] or induction of apoptosis rather than
necrosis [11]. Yet, even fewer data are available on fertility
outcomes after LUAO than after UAE [29, 30]. Hald et al.
[10] conducted a randomized controlled trial of 58 patients
comparing the symptomatic effects of UAE and LUAO and
found a comparable decrease of menstrual bleeding, greater
prevalence of patients with heavy bleeding 6 months after
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surgical occlusion, and greater use of analgesics after UAE.
Volume decrease of the dominant myoma described by
individual investigators ranges from 37 to 76 % [6, 9, 31],
which is comparable with UAE [32-39]. In our group of
patients, the volume decrease of the dominant myoma was
greater in UAE compared with LUAO patients [53 vs.
39 % (statistically nonsignificant)] as well as in a number
of cases with complete ischemia of myoma on MRI (82 vs.
32 %), which correlates with greater frequency of patients
with no volume decrease of myoma after LUAO.
Accordingly there was a greater prevalence of cases with
complete tissue regression of myoma surgically removed
after UAE than after LUAO (Tables 2 and 3). However, the
number of necessary reinterventions, which was identical
in both groups, does not correlate with these findings. This
can be probably explained both by a good symptomatic
effect of LUAO, even in cases with incomplete fibroid
ischemia, and the smaller mean size of myomas in the
surgical group.

The nature of UAE, as a more focused and therefore
more effective treatment, but somewhat more aggressive
than LUAO, also corresponds with a greater number of
early and late postprocedural complications after emboli-
zation. Greater prevalence of febrile patients requiring
antibiotics within the first week after treatment, as well as
expulsion of necrotic, odorous, well-devitalized myoma in
seven patients, is an example. Although in older women,
myoma expulsion can be considered a successful comple-
tion of the treatment, in younger women wishing to con-
ceive, the fertility consequences of this episode are
uncertain, even if spontaneous recovery of uterine cavity
can be expected [40]. Regrettably, none of these patients in
our study has attempted to conceive yet. Interestingly, in
our study, we did not observe any cases of TCEM after
LUAO, even though it has been described to occur with
similar frequency as after UAE [41]. Apart from one case
of decreased ovarian reserve and decreased reactivity to
hormonal stimulation with in vitro fertilization (IVF)
treatment within the first year after UAE, we did not record
any ovary-related complication of embolization, which is
consistent with data from previous studies on younger
women [42, 43].

The images of necrotic myomas communicating with
uterine cavity, which were frequent after UAE and rare
after LUAO, have also been seen on hysteroscopy
(Table 5). The expected negative impact of these findings,
at least in the early time period after UAE, is listed in
Table 7, showing lower pregnancy and delivery rates and
increased abortion rate in patients with abnormal hystero-
scopic findings and a greater rate of normal hysteroscopic
findings in the subgroup of women who delivered suc-
cessfully after UAE compared with patients who miscar-
ried or did not conceive.
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The only study primarily aimed at reproductive out-
comes was published by Holub et al. [12], who showed that
20 pregnant patients after UAE had significantly greater
abortion rate (56 %) than 38 pregnant patients after LUAO
(11 %). Our study, conducted in a much larger number of
patients, did not confirm those findings. Although preg-
nancy and delivery rate may be affected by longer follow-
up in favor of embolization (cumulative frequency of
pregnancies and deliveries logically increases in time),
abortion rate is not. Pregnancy rate just lower than 70 % in
both groups is even comparable with pregnancy rates after
LM [44]. The abortion rate was high (respectively, 34.2 vs.
33.3 % compared with 10-15 % in the general population;
however, the abortion rate is expected to be greater in all
patients with myomas) and surprisingly similar in both the
groups. Although in UAE the greater abortion rate can be
explained by detrimental effect of embolization on uterine
cavity and endometrium, in LUAO in contrast the persis-
tent impact of insufficiently infarcted myoma on myome-
trium receptivity remains hypothetical.

Likewise, in our study comparing UAE with myomec-
tomy, the further course of pregnancy was uncomplicated
because the patients overcame the first trimester. We did not
prove greater premature delivery or malpresentation rates as
observed in other studies. Perinatal results significantly
differed only in the lower average birth weight and greater
frequency of IUGR after LUAO. Does complete closure of
the main branch of uterine arteries in surgical occlusion
present a greater risk of decreased perfusion of the uterus
and placenta in pregnancy than more selective UAE?

Limitations

Despite its obvious strengths (large study population, long
follow-up, evaluation of current insufficiently studied fer-
tility outcomes), our study has several limitations that
warrant discussion. Lack of randomization introduced
selection bias, resulting in differences in baseline charac-
teristics of the two groups. Selection of patients with
myomas not amenable to LM only limits universality of the
outcomes of this study to an entire spectrum of patients
with this disease. However, this inclusion restriction was
necessary for ethical reasons because clinical and fertility
outcomes of patients with myomas amenable to LM are
significantly better compared with the previously reported
results after UAE or LUAO. The usual drawback of
reproductive studies, apart from studies aimed solely at the
effectiveness of IVF, is lower predictive value of repro-
ductive results due to other plausible factors of infertility or
the inability to compare the motivation of the couple to
conceive. Finally, evaluation of some parameters and
perinatal complications of lower incidence is limited by the
small number of patients who conceived or gave birth.

We conclude that in a highly selected group of women
with symptomatic uterine fibroids not suited for standard
myomectomy, the radiological or laparoscopic occlusion of
uterine arteries offers a minimally invasive treatment with
high technical success rate, low risk of serious complica-
tions, and high symptomatic effectiveness. UAE ensures
greater chances of complete myoma infarction and results
in greater volume decrease, but it also carries a greater risk
of communication of necrotic myoma with the uterine
cavity, which may cause infertility and miscarriages.
However, the abortion rate after LUAO is similar
(approximately 30 % for both methods) and unlike UAE,
LUAO is also associated with a risk of intrauterine growth
restriction. Given the low frequency of serious complica-
tions, including perinatal, we can consider occlusive ther-
apy of uterine myomas in this preselected group of patients
a viable alternative to open myomectomy, which is more
invasive and often incomplete. This hypothesis should be
confirmed by further studies with randomized, strictly
defined design focused on late complications, reinterven-
tions, and fertility.
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Genetické faktory v etiopatogenezi déloznich myomu

Genetic factors in etiology of uterine fibroids

Kubinova K., Mara M., Horak P., Kuzel D.
Gynekologicko-porodnickd klinika VEN a 1. LF UK, Praha, pfednosta prof. MUDr. A. Martan, DrSc.

ABSTRACT

Uterine fibroids are the most common pelvic tumors in women of reproductive age. The cause of
development of uterine fibroids is still unknown, however recent cytogenetic and genetic studies led to
advancement in understanding of etiology of these tumors. In accordance with the latest findings up to
40% of uterine fibroids bear some chromosomal abnormalities. The most common are aberration of
chromosomes 6, 7, 12 and 14. Uterine fibroids have been linked to mutations of fumarate hydratase (FH)
gene. Germline mutations in FH gene cause autosomal dominant syndromes MCUL1 (multiple cutaneous
and uterine leiomyomata) and HLRCC (hereditary leiomyomatosis and renal cell cancer), characterized
by multiple uterine and cutaneous leiomyomata and renal cancer. This paper reviews recent findings in
the role of genetic in etiology of uterine fibroids.

Key words: uterine fibroid, cytogenetic, chromosomal aberration.

SOUHRN

Cil studie: Podat piehled novych poznatku o etiopatogenezi déloZznich myomii.

Typ studie: Souhrnny ¢lanek.

Ndzev a sidlo pracovisté: Gynekologicko-porodnicka klinika VFN a 1. LF UK v Praze.

Metodika: Analyza dostupnych literarnich zdroji.

Zdvéry: Délozni myomy jsou nejcastéjSimi panevnimi nadory Zen v reprodukénim véku. Presna pricina
vzniku déloznich myomu zistava do dnesni doby neznidmad, prestoZe v oblasti cytogenetiky a genetiky
doslo k zna¢nému pokroku v objasnéni etiopatogeneze déloznich myomi. Podle nejnovéjsich poznatki
az 40 % déloznich myomu vykazuje chromozomalni abnormality. Nej¢astéjSim typem jsou aberace
chromozomu 6, 7, 12 a 14. Vyskyt déloznich myomu byva spojovan také s mutacemi genu pro fumarat
hydratiazu (FH). Germinalni mutace tohoto genu zpusobuji autozomalni dominantni onemocnéni
MCULI1 (multiple cutaneous and uterine leiomyomata) a HLRCC (hereditary leiomyomatosis and renal
cell cancer), charakterizované mnohocetnymi koZznimi a déloZznimi leiomyomy a renalnim karcinomem.
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déloznich myomu.

Kli¢ovd slova: déloini myom, cytogenetika, chromozomalni aberace.

UvVOD

Délozni myomy predstavuji nejCastéjsSi novotvary
Zenského reprodukéniho dustroji. Leiomyomy se
mohou vyskytnout i v jinych lokalizacich, nejcastéji
vsak postihuji pravé myometrium [12]. Se symptomy
déloZnich myomi se setkdvame u 20-25 % Zen
v reprodukénim véku, ackoli incidence déloZnich
myomu je ve skuteCnosti vys$i. Systematicka studie
histologickych preparati po hysterektomii u premeno-
pauzdlnich pacientek prokdzala vyskyt déloZnich
myomu az u 77 % pfipadd s primérnym poctem myo-
mu 6,5/pacientku [2, 12, 19]. Vyznamné procento
déloznich myomu je tedy asymptomatickych, pfesto
délozni myomy stile predstavuji znacny zdravotni
i ekonomicky problém.

Mezi nejcastéjsi symptomy déloznich myomu fadime
menoragii, bolest, ,bulky”“ symptomy, infertilitu,

a pokud jsou d€lozni myomy pfitomny v gravidité,
mohou byt pfi¢inou spontdnnich abortd, predcasnych
porodu a dystokie [12].

V 1écbé déloznich myomi stidle dominuje 1écba chi-
rurgicka. U pacientek planujicich graviditu je myomek-
tomie, zachovavajici reprodukéni schopnosti Zeny, atrak-
tivni alternativou k hysterektomii. Dale jsou v 1é¢bé
u pacientek s pfanim zachovat délohu vyuZivany metody
okluzni a nebo abla¢ni. Lé¢ba hormondlni je v soucasné
dobé vyuzivana spiSe jako lécba symptomaticka ¢i jako
pretreatment pfed operacni 1écbou [7, 9, 12, 13].

GENETIOCKY PODKLAD DELOZNICH
MYOMU

Pficina vzniku a ristu déloZnich myomu zlistava z vel-
ké casti neobjasnéna, ackoli geneticky podklad byl pod-
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pofen fadou epidemiologickych, molekuldrnich a cyto-
genetickych studii.

Bylo prokazano, Ze délozni myomy se vyskytuji Cas-
té&ji u Zen s pozitivni rodinnou anamnézou. Piibuzné prv-
niho stupné Zen s déloZznimi myomy maji az 2,5krat vys-
$1 riziko vzniku dé€loZnich myomu. Stejné tak je
popisovan vyssi vyskyt myomid u monozygotnich dvoj-
Cat v porovnani s dizygotnimi. Rizikovym faktorem
vzniku déloznich myomi je také rasova pfislusnost.
U Afroamericanek je popisovana az 2,9krat vyssi inci-
dence déloznich myomu v porovnani s bilym etnikem.
Myomy jsou u Afroamericanek castéji mnohocetné,
objemné a diagnostikovany v ¢asnéjsim veku [3, 12, 16,
19].

CYTOGENETICKE ABNORMALITY
BUNEK DELOZNICH MYOMU

Cytogenetické studie vzorkl resekovanych leiomyo-
mi vedly ke zjisténi, Ze 40-50 % déloznich myomu
vykazuje chromozomadlni aberace. NejcastéjSimi jsou
translokace chromozomu 12 a 14, delece chromozomu 7
a trizomie chromozomu 12. Rein et al. ve studii na 114
myomech prokazal pozitivni korelaci mezi velikosti
myomu a pfitomnosti chromozomalni aberace. Myomy
s chromozomalni aberaci byly signifikantné objemné;jsi
neZ myomy s normalnim karyotypem, lze tedy fici, Ze
pritomnost cytogenetickych abnormalit bunék myomi
ovliviiuje riist myomu [21]. Vztah mezi typem aberace,
vékem pacientek a paritou nebyl prokazan. Ukazuje se
vSak, Ze existuje souvislost mezi anatomickou lokalizaci
myomu a pritomnosti cytogenetické abnormality. Sub-
mukézni myomy vykazuji méné abnormalit neZ myomy
intramuralni a subser6zni (12 % vs. 35 % resp. 29 %) [7,
12, 19].

ABNORMALITY CHROMOZOMU 7

Dalsim castym typem aberace, vyskytujicim se
u 17-20 % d€loznich myomu je delece chromozomu 7.
Tento typ aberace se vyskytuje Castéji v bunikach déloz-
nich myomt nez v jinych tumorech, byl vSak identifiko-
véan i v lipomech, endometridlnich polypech a u nékte-
rych hematologickych malignit [6]. Delece chromozomu
7 v myomech nalézame Casto v kombinaci s dal$imi
abnormalitami, jako je translokace chromozomd 12 a 14
[12].

Je pozoruhodné, Ze u bunéénych kultur s deleci ¢i
translokaci chromozomu 7 vétSinou nachazime mozaiku,
tedy 1 butiky s normalnim karyotypem [23]. Tyto kultury
vykazuji pomaly rist ve srovnani s buiikami, v nichz je
zaroven pritomna translokace chromozomd 12 a 14.
Délozni myomy s aberaci chromozomu 12 jsou také cas-
to objemné;j$i neZ myomy s abnormalitami chromozomu
7. Tato skutenost naznacuje, Ze gen v oblasti 7q22 hra-
je roli v regulaci bunééného rustu [21].

MENE CASTE TYPY
CHROMOZOMALNICH ABERACI

Aberace chromozomu 6, konkrétné 6p21 jsou popiso-
vany u vySe zminénych mezenchymélnich tumort (lipo-
my, endometridlni polypy, plicni hamartomy) a v déloz-
nich myomech se vyskytuje s frekvenci <5 % [18].

Mezi dal§i méné Casté chromozomalni abnormality
pozorované v buiikdch déloznich myomu patfi zmény
chromozomu X, strukturdlni pfestavby mezi chromozo-
my 1 a 3, zejména ve formé ring chromozomu 1 a dile
momozomie a delece dlouhého raménka chromozomu
10 [12, 14].

TRANSLOKACE CHROMOZOMU
12A 14

Pfiblizné ve 20 % piipadi myomi s abnormalnim
karyotypem nachdzime translokaci 12. a 14. chromo-
zomu, kterd byla zarovenl prvni cytogenetickou abnor-
malitou popsanou v buiikdch leiomyomi [15]. Objeyv,
Ze chromozomadlni aberace stejné oblasti genu 12q jsou
pritomné i v fadé dal§ich mezenchymalnich tumortd
(napriklad fibroadenomy prsu, lipomy, endometrialni
polypy, angiomyxomy a adenomy slinnych 714z), vedl
k ptfedpokladu, Ze kliCové geny pro tumorogenezi se
nachazeji pravé v oblasti 12q14-15 [4, 5, 12, 17]. Dal-
§1 podrobné mapovani této oblasti vedlo k identifikaci
skupiny genovych proteinti (High Mobility Group) tzv.
HMGA. Tyto non-histonové komponenty chromatinu
slouzi jako architektonické faktory ovliviiujici bunécné
procesy jako diferenciaci, smrt, rist a proliferaci a jsou
pravdépodobné zodpovédné za odliSny rist myo-
mu [20].

FUMARAT HYDRATAZA

Vyznamnym dikazem o genetickém podkladu déloz-
nich myomt je existence dvou vzacnych syndromti: mul-
tiple cutaneous and uterine leiomyomatosis (MCUL)
a hereditary leiomyomatosis and renal cell cancer
(HLRCC). MCUL je autozomalné dominantni predispo-
zici k mnohocetné kozni a dé€lozni myomatéze. HLRCC
byl roku 2001 popsan Launonenem et al. ve studii na
dvou rodinich s anamnézou vyskytu rendlniho karcino-
mu, déloZznich myomi a leiomyomsarkoml, koZnich lei-
omyomu a dalSich nespecifikovanych malignit [10]. Poz-
déji byl identifikovan lokus HLRCC a MCUL na
chromozomu 1g43. Bylo zjiSténo, Ze germinalni mutace
genu pro fumarat hydratizu (FH) — kédujici fumarat
hydratazu, klicovy enzym Krebsova cyklu, vedou k auto-
zomalné dédi¢né predispozici k déloznim a koZnim leio-
myomum a papilarnimu rendlnimu karcinomu typ II
[22]. Vyskyt déloZznich myomu je u postizenych Zen
popisovan v nizkém véku, mezi 2. a 3. decenniem. FH
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ma, pravdépodobné, funkci tumor supresorového genu,
protoZe jeji aktivita je velmi nizka ¢i nulové v burikach
tumort pacientt postizenych MCUL/HLRCC [5].

Identifikace mutaci FH u hereditarnich, syndromic-
kych forem tumorti vedla k vyzkumu, zda mutace FH
hraji roli i ve vzniku sporadickych myomi. Studie zkou-
majici vyskyt mutaci FH u non-syndromickych myomut
prokazaly, Ze mutace FH jsou u sporadickych myomu
pritomny v nizkém procentu. Kiuru et al. na 41 vzorcich
leiomyomi neprokazal Zddnou mutaci FH, Lehtonen ve
studii na 153 leiomyomech prokazal 2 mutace FH [8,
11]. Baker et al. se domniva, Ze mutace FH by se mohly
vyskytovat u 5 % sporadickych myomu. Ackoli maji tedy
délozni myomy u pacientek s HLRCC a sporadické
délozni myomy shodnou histologickou strukturu, proces
tumorogeneze v obou piipadech pravdépodobné probiha
odliSnym mechanismem [1].

ZAVER

Cytogenetické a epidemiologické studie bezpochyby
poukazuji na geneticky podklad vzniku déloznich
myomu. Ackoli je vyskyt chromozomalnich aberaci
popisovan jen u 40-50 % déloznich myomi, muiZze jit
v ostatnich ptfipadech o zmény sekundarni ¢i submik-
roskopické. Tyto zmény se mohou podilet v iniciaci
ristu tumoru.

Identifikace mutaci genu pro FH spojuje vyskyt déloz-
nich myomu s dal§imi malignitami v rdmci syndromi
MCUL/HLRCC. Pacientky, u nichZ byla identifikovana
mutace FH, maji kromé vyskytu délozZnich myom v niz-
kém véku i zvySené riziko vzniku rendlniho karcinomu.
Vzhledem k nizké prevalenci téchto syndromi v popula-
ci je otazkou do budoucna vyhledavani téchto pacientek.
Vychézime-li z vySe uvedenych poznatki, je tedy vhod-
né u mladych pacientek s déloZnimi myomy a pozitivni
rodinnou anamnézou déloZnich a/nebo koZnich leiomyo-
md ¢i rendlniho karcinomu provést screening na mutace
FH a v piipadé pozitivity tyto pacientky dispenzarizovat.

Tato price byla podporena grantem IGA MZ CR
NS 9798-4.
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Laparoscopic uterus sparing treatment of uterine fibroids

Kubinova K., Mara M., Novotna M., Kuzel D.

Gynekologicko-porodnické klinika VEN a 1. LF UK, Praha, pfednosta prof. MUDr. A. Martan, DrSc.

ABSTRACT

Objective: To report up-to date knowledge on laparoscopic, uterine sparing treatment of uterine fibroids.

Study design: Review.

Setting: Uterine Fibroids Center, Department of Obstetrics and Gynecology, Charles University, Prague.

Methods: Analysis of our clinical experience and available literature resources.

Results: The management of uterine fibroids depends on the symptoms, location, and size of fibroids and
on the reproductive plans of the patient. The surgical treatment has changed from laparotomy to
minimally invasive surgery. In general, laparoscopic myomectomy (LM) is considered the best option in
symptomatic patients with pregnancy plans. The laparoscopic approach is associated with lower
postoperative morbidity as well as lower incidence of massive postoperative adhesion formation
compared to laparotomy. The limitation of laparoscopic myomectomy is the size and the number of
fibroids but also the location and the accessibility for the laparoscopic suturing. Laparoscopic uterine
artery occlusion (LUAOQO) represents one of the alternatives to LM in patients with multiple small myomas
or in patients with fibroids in unfavorable location. LUAO may be advantageously used prior to LM in
order to reduce peroperative blood loss or to prevent the persisting fibroids from growing. However
there is no universal treatment of uterine fibroids in fertile patients and in each single patient the
indication and surgical method should be thoroughly considered.

Key words: uterine fibroid, myomectomy, laparoscopy, uterine artery occlusion.

SOUHRN

Cil studie: Podat prehled aktualnich poznatkia o laparoskopické, délohu zachovavajici 1é¢bé déloznich

myomu.

Typ studie: Souhrnny ¢lanek.
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Ndzev a sidlo pracovisté: Centrum pro komplexni diagnostiku a 1é¢bu déloznich myomii; Gynekologicko-
porodnicka klinika VFN a 1. LF UK v Praze.

Metodika: Analyza naSich klinickych zkuSenosti a dostupnych literarnich zdroja.

Zdvery: Lécba déloznich myomu zavisi na jejich symptomatologii, velikosti a lokalizaci a na
reprodukénich planech pacientky. Chirurgicka 1é¢ba zaznamenala logicky vyvoj od otevireného pristupu
k minimalné invazivni chirurgii. Obecné plati, Ze laparoskopickd myomektomie (LM) je u vétSiny Zen
planujicich téhotenstvi metodou volby. Laparoskopicky pristup je, ve srovnani s laparotomii, spojen
s vyrazné nizs$i pooperac¢ni morbiditou a nizSim vyskytem adhezi. Limitaci LM jsou velikost a pocet
myomu, erudice operatéra (niro¢nost laparoskopické sutury) a v nékterych pripadech i lokalizace
a pristup k adekvatni sutuie. Laparoskopicka okluze déloznich arterii (LUAQ) predstavuje jednu
z alternativ k LM u pacientek s mnohocetnou drobnou myomatézou ¢i u pacientek s myomem
v nepriznivé lokalizaci. LUAO lze s vyhodou provést i pied samotnou LM k minimalizaci krevni ztraty
béhem operace nebo k zamezeni rustu ponechanych myomi. V soucasné dobé neexistuje univerzalni
metoda na lécbu déloznich myomu ve fertilnim véku a u kazdé pacientky je tieba peclivé zvaZovat

indikaci a volbu operacniho pristupu.

Kli¢ovd slova: délozni myom, myomektomie, laparoskopie, okluze délozZnich tepen.

UvVOoD

Délozni myomy jsou nejcastéj$i benigni tumory
déloZniho téla, jejichZ incidence u Zen v reprodukc-
nim véku se udava v rozmezi 677 % v zavislosti na
pouzité diagnostické metodé [12]. Pfiblizné 25 %
pacientek s myomy je symptomatickych, mezi nejcas-
téjS$i priznaky patii panevni diskomfort, menoragie,
infertilita a téhotenské komplikace [25]. U vétSiny
pacientek jsou déloZni myomy diagnostikovany
ndhodné pii ultrazvukovém vySetfeni ¢i pifi operaci
z jiné indikace [1]. Prevalence myomu se zvySuje
s vékem pacientek a maxima dosahuje ve 4. decenniu.
Jejich etiopatogeneze neni doposud jednoznacné
objasnéna, hlavni roli zfejmé hraji faktory hormonalni
a genové mutace [25]. Proto dodnes neexistuje kauzal-
ni 1é¢ba a v 1é¢bé pokrocilej$ich nalezd tak dominuji
chirurgické postupy.

V nasledujicim textu uvadime piehled laparoskopic-
kych metod 1é¢by myoma u Zen preferujicich zachovani
délohy. Na tyto vykony se na naSem pracovisti cilené
zaméfujeme a v poslednich 12 letech postupné vstoupily
do nasi kazdotydenni praxe.

LAPAROSKOPICKA MYOMEKTOMIE

Minimdlné invazivni pfistup byl do spektra 1écby
déloZnich myomi zafazen pfed vice nez dvéma deseti-
letimi [19]. S rozvojem instrumentéria a erudici opera-
téra se laparoskopicka myomektomie (LM) stala domi-
nantni metodou v 1é¢bé d€loznich myomi u Zen
s reprodukénimi plany a ve vétSiné indikaci nahradila
myomektomii laparotomickou. Laparotomickd myom-
ektomie ma vSak i dnes své misto, zejména u pacientek
s objemnymi ¢i mnohocetnymi myomy. Laparoskopic-
ka, minimalné invazivni operativa déloznich myomu
vyZaduje schopnost provadét laparoskopickou suturu

[1, 17]. Peclivé provedena sutura defektu myometria
v nékolika vrstvach zajistuje dostate¢nou pevnost sutu-
ry v gravidité a jen nizké riziko ruptury délohy v gravi-
dité ¢i béhem porodu (pod 1 %). V minulosti zveiejné-
né ojedinélé piipady ruptury délohy v jizvé po LM
pravdépodobné souvisely s excesivnim pouZitim elek-
trokoagulace a s tim souvisejici nekrézou tkéani a také
inadekvatni suturou [1, 3].

V jediné randomizované studii srovnavajici fertilitu po
laparoskopické a laparotomické myomektomii Serac-
chioli a spol. udavaji vyssi pooperacni morbiditu po
myomektomii laparotomické (vyS$si vyskyt febrilii a nut-
nosti podani krevni transfuze) pfi krat§i dobé hospitaliza-
ce a kratsi rekonvalescenci po LM. Reprodukéni vysled-
ky obou skupin se statisticky neliSily. Pregnancy rate
(55,9 % po laparoskopii a 53,6 % po laparotomii), abor-
tion rate (12,1 % vs. 20 %) a frekvence cisarskych fezl
(77,8 % vs. 65 %) byly srovnatelné v obou skupinach
a nebyl zaznamenan Zadny ptipad ruptury délohy v gra-
vidité ¢i béhem porodu [23].

Vyhodou laparoskopického pfistupu ve srovnéni
s laparotomii je tedy kratSi doba hospitalizace, niZsi
spotfeba analgetik a rychlej$i rekonvalescence, oproti
tomu je laparoskopie zatiZena delSim operacnim ¢asem
a s tim souvisejici del$i anestezii [1, 9, 17, 18, 21].
Laparotomie je spojena s vy$§im vyskytem pooperac-
nich adhezi, a to zejména adhezi denznich, hife rozru-
Sitelnych [2].

Vybér pacientek a zkuSenosti operatéra, zejména
erudice v laparoskopickém S§iti, jsou klicové faktory pro
uspéch a vysledek LM. KaZzdé pracovisté, zabyvajici se
pokrocilejsi laparoskopickou operativou, md své krité-
ria pro indikace k této operaci. Na naSem pracovisti za
optiméalni povaZujeme pro laparoskopicky pfistup obec-
né uzndvana kritéria, tedy velikost myomu do 7 do 8 cm
a pocet myomu (nad 2 cm) nizsi neZ 5. Je vSak potieba
individudlné zvazit tato doporuceni u kazdé pacientky
s ohledem na lokalizaci dominantniho myomu a dalsi
faktory, jako jsou obezita ¢i predchozi bfisni operace
[1, 17, 21].
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Predoperacni podani analog gonadoliberinu

U pacientek, které nesplituji vyse uvedena kritéria, 1ze
pred operaci zvazit tiimési¢ni podani analog gonadolibe-
rinu (GnRHa), urcené ke sniZeni prokrveni a zmenSeni
objemu myomu, a tim vyssi nadéji na GspéSnou laparo-
skopickou enukleaci. Jako vyhoda tohoto postupu se
uvadi korekce predoperacni anémie spojend s nizsi potie-
bou perioperacni transfuze a nizsi peroperacni krevni
ztrata; k signifikantnimu zkraceni operacniho casu vSak
podle dostupnych tdaji nedochézi [13]. Pouziti GnRHa
také mlze vést k vymizeni typického vrstveni myomu,
coz znemoziuje standardni laparoskopickou enukleaci
a zvySuje riziko konverze na laparotomii [4, 9]. Dalsi
nevyhodou GnRHa jsou vedlejsi klimakterické ucinky
a bohuzel nestandardni objemova redukce myomd, kdy
v nékterych pfipadech se myom zmensi jen nevyrazné.
Na nasi klinice pouZivame pre-treatment GnRHa nejCas-
téji u nélezu solitarniho intramurdlniho myomu o priamé-
rumezi 7 a 10 cm.

Technika laparoskopické myomektomie

LM provadime v celkové anestezii v Trendelenburgo-
vé poloze. Peroperacné aplikujeme single shot antibiotic-
kou profylaxi. NejCastéji vyuzivime tfi 10mm a jeden
Smm port. Pfi objemnéj§im myomu, lokalizovaném
zejména ve fundu déloZnim, 1ze vyuZit supraumbilikalni
umisténi portu pro kameru.

Operaci obvykle zahajujeme hysteroskopickou vizua-
lizaci dutiny déloZni k posouzeni dileZitého faktu, zda
a pfipadné jakou casti svého objemu myom(y) zasahuje
intrauterinné. U Zen sterilnich ¢i brzy planujicich otéhot-
nét je hysteroskopie vhodna také k vylouceni (a ev. sou-
¢asnému feSeni) mozné pridruZené intrauterinni patolo-
gie (polypy, vrozené vady). Krvaceni navic vZdy nemusi
byt symptomem pouze déloZnich myomd, ale setkali
jsme se uzZ i u Zen mladSich 40 let s histologicky verifi-
kovanym nélezem karcinomu endometria ¢i endometridl-
niho stromdlniho sarkomu.

Pokracujeme laparoskopii. Po zavedeni kapnoperito-
nea zhodnotime ndlez v panvi a vlastni myomektomii
zahajujeme incizi ser6zy délohy v misté¢ maximalniho
vyklenuti myomu pomoci monopolarni koagulace. Ve
velké vétsing pripadt preferujeme vedeni incize ve verti-
kalnim sméru (sniZeni krvaceni, vyhneme-li se déloZnim
rohiim a hranam). Jako potencidlné vyhodnou, ale nikoli
nutnou, vidime aplikaci roztoku vazokonstrikéniho
agens (napf. zfedény adrenalin nebo vazopresin) mezi
myom a zdravé tkan& délohy. Tento krok obvykle pfispi-
va k redukci krevni ztraty a k snaz$i enukleaci myomu.
Po dosazeni vrstvy je myom uchopen do jednozubych
americkych kle$ti a kombinaci trakce klesti a tupé i ost-
ré preparace je myom postupné enukleovan [1, 17].
Béhem operace se snaZime vyhnout excesivnimu pouZiti
elektrokoagulace, abychom ptedeSli nadmérné nekroti-
zaci tkéni [3] a, pokud je to mozné, i nitrodéloznimu pra-
niku, coZ je nékdy zvladnutelné i u intrauterinné promi-
nujicich myomi, pokud existuje dobré ohraniceni
myomu od okolnich tkéni.

Nasleduje kli¢ova faze vykonu a tou je sutura vzniklé-
ho defektu délozni stény ve vrstvach, nejlépe s vyuzitim
kulaté jehly a atraumatického navleku. Stehy volime bud
jednotlivé, ¢i pokracujici, podle zvyklosti operatéra.
Myom z dutiny bfiSni odstraiiujeme elektrickym ¢i
mechanickym, vétS§inou 20mm morcelatorem, coz upted-
nostiiujeme pred vyuZzitim zadni kolpotomie nebo mini-
laparotomie [17]. Ke sniZeni vyskytu pooperacnich
adhezi Ize na zavér operace na oblast sutury po myomek-
tomii aplikovat néktery z antiadhezivnich, bariérovych
prostedka [9, 22, 26].

Vedeni porodu po laparoskopické myomektomii

Pfi rozhodovani o vedeni porodu po LM casto hraji
roli pfidruZené indikace (vék, dlouho lécCend sterilita,
biometrie a poloha plodu, pfedchozi cisatsky fez) a moti-
vace rodicky k vaginalnimu porodu. U pacientek, u nichz
byl odstranén objemny (nad 6 cm), hluboce intramuralné
zasahujici myom vyZadujici rozsdhlou suturu myometria
nebo doslo-li béhem myomektomie k priniku do dutiny
délozni, doporucujeme primarné porod elektivnim cisar-
skym fezem, obvykle v ukonc¢eném 39. tydnu gestace.
U kaZzdé pacientky pfistupujeme k vedeni porodu piisné
individudlné. Pokud se rozhodneme pro vaginalni porod,
je nutné k rodic¢ce pfistupovat stejné jako k rodi¢kam po
cisarském fezu [17].

LAPAROSKOPICKY
ASISTOVANA MYOMEKTOMIE

Laparoskopicky asistovand myomektomie (LAM)
byla do klinické praxe uvedena roce 1994 bratry Nezha-
ty jako alternativa k laparoskopické a oteviené myomek-
tomii [20]. Technika LAM je shodnd s LM, sutura
a odstranéni myomu jsou vSak provedeny z minilaparo-
tomie o délce 4—-6 cm. Metoda je hodné oblibena a rozsi-
fend v zemich jihovychodni Asie, kde jsou tak u Stihlych
pacientek operatéfi schopni fesit i velmi pokrocilé pfipa-
dy myomatéz [16]. Mezi vyhody této metody autofi uva-
déji moZnost pfimé palpace délohy, mensi technickou
naro¢nost provedeni sutury ve srovnani s LM a moZnost
odstranit objemnéjSi myomy neZ pfi LM [1, 19, 24].

LAPAROSKOPICKY ASISTOVANA
VAGINALNI MYOMEKTOMIE

Laparoskopicky asistovanou vaginalni myomektomii
(LAVM) poprvé popsali roku 2000 Wang a spol. jako
alternativu k laparoskopické myomektomii u myomu
uloZenych ve fundu nebo zadni sténé délozni [27].
LAVM se technicky neliSi od LAM, rozdilem je odstra-
néni myomu a provedeni sutury zadni kolpotomii [10,
27]. Podle studie Holuba a spol. je pti LAVM vyznamné
zkricena délka operace ve srovnani s LM [8]. Na naSem
pracovisti provddime LAVM v pfipadé¢ tzv. cervikélnich
myomi, pokud jsou uloZeny vyrazné kauddlné v oblasti
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délozniho isthmu a cervixu a pokud alesponl z¢asti pro-
minuji poSevni klenbou do vaginy.

LAPAROSKOPICKA OKLUZE
DELOZNICH ARTERII

V néavaznosti na uspéchy intervencnich radiologt
s embolizaci uterinnich arterii (UAE) byla gynekology
vyvinuta podobna chirurgickd metoda: laparoskopickd
okluze uterinnich arterii s/bez koagulace pfipadnych ana-
stomOz a. uterina s a. ovarica [14, 15]. Tato metoda byla
dale modifikovana Holubem roku 2002, ktery k retro-
peritonedlni preparaci i k pferuSeni uterinni arterie v mis-
té odstupu z vnitini ilické arterie vyuzival bezpecnéjsi ult-
razvukovou energii harmonického skalpelu [6].

Laparoskopickd okluze d€loznich arterii (LUAO) je
v porovnani s UAE spojena s nizsi spotfebou analgetik
post-procedurdlné, jde vSak o chirurgicky vykon zatiZe-
ny vSemi riziky spojenymi s laparoskopickym vykonem
a celkovou anestezii. Hald a spol. publikovali roku 2009
randomizovanou studii srovnavajici dlouhodobé vysled-
ky UAE a chirurgické okluze na souboru 66 pacientek.
Rekurence myomi byla signifikantné vyssi ve skupiné
pacientek po LUAO. U pacientek oSetfenych embolizaci
byla zaznamenana vyznamnéjs$i objemova redukce myo-
mu a také vyssi procento pacientek s kompletni infarza-
ci myomu [5].

V soucasné dobé€ neni k dispozici dostatek statisticky
zhodnocenych dat o reprodukénich vysledcich pacientek
po okluzivni 1é€bé myomu. Prace tchaiwanskych autorti
z roku 2003 uvadi vysoky abortion rate u pacientek po
LUAO (41,2 %) [11]. Reprodukénimi vysledky LAUO
a UAE se zabyvala studie publikovana ¢eskymi autory
roku 2008 v casopise Fertility Sterility. Obé skupiny se
statisticky neliSily v pregnancy rate (46,9 % po LUAO
a 51,2 % po UAE) ani ve frekvenci pred¢asnych poroda
(15,3 % vs. 20 %), po UAE byla vS§ak vyznamné vyssi
frekvence ¢asnych abortd (56 % vs. 11,1 %). Ani v jed-
né ze sledovanych podskupin nebyl prokazin signifi-
kantné vyssi vyskyt preeklampsie, IUGR ¢i jinych zavaz-
nych perinatdlnich komplikaci [7].

Technika laparoskopické okluze déloznich arterii

Pii LUAO vstupujeme do retroperitonea v trojihelni-
ku vymezeném anteriorné ligamentem teres, medio-dor-
zalné ligamentem infundibulo-pelvicum a laterdlné
panevni sténou s vasa ilica externa. Poté postupné,
pomoci tupé a ostré disekce vypreparujeme paravezikal-
ni a obturatorni fossu. Tahem za ligamentum umbilicale
mediale si ozfejmime a skeletizujeme odstup a. uterina
z a. ilica interna. Po vizualizaci ureteru a jeho odsunuti
medidlné je moZno a. uterina prerusit pomoci bipolar-
nich klesti a/nebo harmonického skalpelu. Peritonealni
defekt ponechavame bez sutury [8]. Vykon je nutné (aby
byl dostatecné efektivni), podobné jako v ptipadé UAE,
provést bilaterdlné, a to nehledé na pifipadnou lateralni
lokalizaci myomu.

ZAVER

Laparoskopickd myomektomie je bezpochyby bez-
pecnou lé¢ebnou metodou, zatizenou minimélnim rizi-
kem komplikaci a nizkou morbiditou a je v dneSni dobé
metodou volby u vétSiny pacientek v reprodukénim
véku se signifikantnim, symptomatickym déloZznim
myomem ¢i myomy. LM je vSak zaroveni technicky
i Casov€ naro¢nou operaci, vyzadujici dostate¢nou eru-
dici operatéra, zejména v provadéni laparoskopické
sutury. V 1é¢bé déloznich myomi u Zen planujicich oté-
hotnét vSak ani dnes neexistuje univerzalni terapeutickd
metoda a u kazdé pacientky je nutno 1écbu pfisné indi-
vidualizovat, a to i vzhledem ke zkuSenostem operatéra
¢i pracoviste.

Seznam pouzitych zkratek:
GnRHa - analoga gonadotropin releasing hormonu

(gonadoliberinu)
IUGR - nitrodélozni rstova retardace plodu
LM — laparoskopickda myomektomie
LAM - laparoskopicky asistovand myomektomie
LAVM - laparoskopicky asistovand vaginalni myomektomie
LUAO - laparoskopicka okluze uterinnich arterii
UAE - embolizace uterinnich tepen
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the 11-14 ultrasound scan in an unselected population

Detekce hlavnich fetalnich strukturalnich anomalii béhem ultrazvukového
vySetireni v 11.-14. tydnu téhotenstvi v neselektované populaci

Novotna M., Haslik L., Svabik K., Zizka Z., BeloSovic¢ova H., Bfestak M., Calda P.
Department of Obstetrics and Gynecology, First Faculty of Medicine, Charles University in Prague and
General University Hospital in Prague, Czech Republic. Chairman Prof. MUDr. A. Martan, DrSc.

ABSTRACT

Objective: The aim of the study was to determine the efficacy of the 11-14 week scan in detecting fetuses
with structural anomalies.

Study design and methods: Prospective interventional study in an unselected population of pregnant
women in a 5-year period (2003-2008) in a single ultrasound unit. 8889 fetuses with median CRL 65mm
(45-84mm) were examined. Continuing pregnancies were rescanned at 20-22 weeks. Actual structural
anomalies among newborns from the studied group were obtained from our computerized database.

Results: The median maternal age was 30 years (14-50 years). The incidence of anomalies was 16.08 per
1000 (143/8889). Of these, 99 of the 143 were detected with prenatal sonography. 46.9% (67/143) of all
anomalies were detected at the 11-14 week scan. Later in pregnancy, another 22.3% (32/143) of
structural anomalies were detected.

Conclusions: 67.7% of all antenatally detected malformations by ultrasound were recognized in the 11-14
week scan. Obviously, the second trimester scan cannot be abandoned, as it provides effective detection
of other anomalies.

Key words: fetal structural abnormalities, first trimester, prenatal diagnosis, ultrasound.

SOUHRN

Cil studie: Cilem studie bylo zjistit efektivitu ultrazvukového vySetieni v 11.-14. tydnu téhotenstvi pri
odhalovani plodu se strukturalni anomalii.

Typ studie a metodika: Prospektivni intervenc¢ni studie v neselektované populaci téhotnych Zen
v obdobi 5 let (2003-2008) na jediném ultrazvukovém pracovisti. Bylo vySetieno 8889 plodu
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