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Significance of changes in inflammatory parameters following
uterine artery embolization in pre-menopausal females
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Abstract. The purpose of the present study was to describe
the course of changes in laboratory inflammatory markers
following bilateral uterine artery embolization (UAE) as
a treatment for leiomyomas and adenomyosis. The body
temperature was measured and blood samples were collected
to determine white blood cell (WBC) count and C-reactive
protein (CRP) levels in 270 patients on the day prior to UAE
and for up to 4 days post-embolization. Aside from a single
case with a non-inflammatory complication, none of the other
cases had any complications. Post-UAE leukocytosis with a
mean maximum value of 10.8+3.5x10%1 (range, 5.9-18.6x10°/1)
was observed one-year post-intervention. The mean leukocyte
numbers were indicated to be higher on day 3 post-UAE. The
CRP level was also increased post-UAE, with a mean maximum
value of 7.75+£3.5 mg/dl. Maximum levels were reached in
8 patients on the 2nd and in 11 patients on the 3rd post-oper-
ative day. The maximum pain score was ~5.5 and reached
its lowest level at the end of the 12th week post-intervention.
The present study did not consider an association between the
embolic material used or uterus size with the level of treatment
success. No complications were observed post-UAE; however,
a significant increase in the WBC count was observed within
the first 3 days, indicating mild leukocytosis.
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Introduction

Approximately 20-40% of females of reproductive age are
diagnosed with leiomyomas, which consist of striated muscle
fibers arranged in a spiral pattern separated from the natural
uterine stroma by connective tissue (1,2). The symptoms of
leiomyomas and adenomyosis, the pathology of which includes
the endometrium breaking through the myometrium, include
bleeding abnormalities, mainly menorrhagia (50%) (3). These
symptoms require treatment, which may be conservative or
surgical (3). Treatment is personalized and based on the symp-
toms, the location and size of the leiomyomas and the patient's
preferences regarding preservation of fertility. Surgical
resection includes total hysterectomy, open or laparoscopic
myomectomy or, in cases with submucosal tumors, hystero-
scopic resection (4). Alternative methods for the treatment of
uterine leiomyomas include myolysis, interstitial thermotherapy
and pharmaceutical hormone therapy with the administra-
tion of gonadotropin-releasing hormone agonists, aromatase
inhibitors, oral contraceptives (estrogen-progestogen combina-
tion or progestogen alone) or placement of hormone-releasing
intrauterine devices (5,6). Anti-progestin agents, among which
mifepristone is the most extensively investigated, act at the
level of progesterone receptors, which are abundant in uterine
leiomyomas (7).

Uterine artery embolization (UAE) has been used as an
effective alternative method in the treatment of leiomyomas
and adenomyosis and is performed by percutaneous puncture
of a common femoral artery, selective catheterization of both
uterine arteries and injection of agents, such as polyvinyl
alcohol (PVA) particles or acrylic microspheres, for perma-
nent embolization (8,9). The procedure achieves vascular
hypoxia followed by degeneration and size reduction of the
leiomyomas or adenomyomas/adenomyosis. Pain and inflam-
mation are the most common post-UAE complications (10).
To estimate the degree of inflammation caused by UAE, the
levels of the patients' inflammatory markers were recorded
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immediately after the UAE and on a weekly basis during
their hospital stay and following discharge. The aim of the
present study was to evaluate the course of changes in inflam-
matory parameters and pain post-UAE, in order to evaluate
the effect of UAE on the quality of life of the patients and
to determine whether UAE may be recommended as a safe
alternative treatment option, as compared with hysterectomy,
in pre-menopausal females with uterine leiomyomas and
adenomyosis. It was hypothesized that inflammation was the
major reason for the occurrence of post-interventional pain
[the inflammatory parameters that were investigated were
white blood cell count (WBC) and C-reactive protein (CRP)]
and that WBC count and CRP levels are crucial in acute-phase
reactions and in the inflammatory process triggered by UAE.

Patients and methods

Patients and pre-operative examinations. A total of
270 pre-menopausal females with a mean age of 42 years
and 6 months +5 years and 7 months-(range, 38-50 years)
underwent UAE for uterine leiomyomas and/or adeno-
myosis. Patients were examined between November 2013 and
December 2017. CRP and WBC count measurements were
performed prior to and following UAE. All patients provided
written informed consent prior to the UAE and underwent
MRI, either on a 1 Tesla scanner (GE Healthcare) or on a
1.5 Tesla magnet (Philips Multiva) up to 60 days prior to the
procedure. MRI included at least sagittal, coronal and axial
T2-weighted images (with and without fat saturation), trans-
verse T1-weighted images, and transverse, sagittal and coronal
fat saturated T1-weighted images after contrast administra-
tion. Diffusion imaging was applied to the majority of the
patients from 2014 onwards. Ethical approval for this proce-
dure was confirmed by the ethics committee of the University
Hospital in Alexandroupolis, Democritus University of Thrace
(Alexandroupolis, Greece; reference no. 8/37 10/10/13).

Exclusion criteria. Post-menopausal females, patients with
serious comorbidities, patients wishing to preserve their
fertility, patients with known allergy to the contrast agent
utilized during the procedure and patients with a suspected
malignant condition were excluded from the present study.

Procedure. The relevant symptoms noted when recording the
patient history included menometrorrhagia, dysmenorrhea,
dyspareunia and symptoms attributed to bulky disease or
pressure on pelvic organs. Two patients who had undergone
fibromyectomy followed by leiomyoma recurrence were also
included. In all cases, bilateral UAE was performed in one
session, with percutaneous puncture of the right common
femoral artery and insertion of a 4F catheter into the uterine
arteries. The left uterine artery was initially selectively
accessed with the crossover technique and, when the catheter
bypassed the arteries supplying the vagina and cervix, admin-
istration of the embolizing particles was initiated. In the same
manner, catheterization and embolization of the right uterine
artery was then performed. In the majority of the patients, a
2.7 or 2.8 microcatheter was used to access the uterus following
selective catheterization of the uterine artery. Hydrogel-coated
acrylic microspheres (Embozene™; Celonova/Boston
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Scientific) sized 500 or 700 ym were used as an embolic agent
in cases of adenomyosis, and the same microspheres, sized
700 and 900 gm, were administered slowly in cases with
myomas. The criterion for stopping particle administration
was the fluoroscopic identification of ‘almost complete stasis’
in the cases of adenomyosis and ‘complete stasis’ in myomas.

Post-operative care and follow-up. Regarding pain manage-
ment, 50 mg pethidine was intramuscularly administered
post-intervention and after 4 h and then every 4 h as required
for the first 24 h. Tramadol (50 mg) was administered every
6 h and non-steroidal anti-inflammatory drug tablets were
administered every 12 h for 1 week. Pain assessment was
performed based on a visual analogue scale (from O to 10) (10)
using the numbering pain rating scale (NPRS). After 1 day, the
patients were discharged from the hospital and administered
broad-spectrum third-generation cephalosporin antibiotics
for 2 weeks. Antibiotics were also administered during the
intervention, by intravenous injection in all cases. Clinical,
laboratory and imaging follow-up examinations by trans-
vaginal ultrasonography and MRI scans were performed at
1, 3, 6 and 12 months after the procedure.

Leiomyoma size exhibited a mean reduction of 75% over a
follow-up period of 1 year post-UAE compared with the size
prior to treatment.

The present study included only pre-menopausal females,
particularly those who had completed their family planning.
However, two unplanned pregnancies were reported, both of
which were terminated. There were no cases with indications
for emergency hysterectomy.

Statistical analysis. Statistical analysis of the data was
performed using SPSS version 19.0 (IBM, Corp.). The
normality of quantitative variables was determined using
a Kolmogorov-Smirnov test. Body temperature and WBC
counts were expressed as mean + SD, while CRP values and
pain scores were expressed as median value and interquartile
range (25th to 75th percentile). Within group differences of
normally distributed quantitative variables (body temperature
and WBC) were examined by one-way repeated measures
ANOVA while post hoc analysis was performed using the
paired-samples t-test, with adjusted level of significance at
a=0.005 according to Bonferroni's correction. Within-group
differences of CRP values and pain scores were examined
by Friedman test; post hoc analysis was performed using
Wilcoxon signed ranks test, with adjusted level of significance
at 0=0.01. P<0.05 was considered to indicate a statistically
significant difference.

Results

Description of the procedure and technical details. The
procedure was performed without any technical restrictions
in all patients, as punctured and catheterized arteries were
always visible on display when imaged using angiography
(the first step for the UAE procedure) and super-selective
embolization was feasible. In 265 of the 270 patients included
in the present study, the post-interventional course was free
of procedure-associated complications. In 4 patients, embo-
lization resulted in necrosis and liquefaction of submucosal
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lesions. The MRI performed during the 1st month after UAE
revealed dilation of the internal cervical orifice by protrusion
of the necrotic element. Antibiotic coverage and therapeutic
curettage were performed without any further complications.
In 1 patient, undesired embolization was reported due to unat-
tended backflow of particles or spread of particles during the
removal of the embolization catheter. The clinical examina-
tion revealed a small area of skin necrosis on the right buttock
15 days after the intervention, which was successfully treated
by local application of gauzes with fucidic acid of fucidin
compresses with antibiotics and healed 2 weeks later. After
a period of 14 months, the same patient reported a pregnancy
termination due to personal wishes. Based on the laboratory
results, hormonal changes were confirmed only during the
early post-interventional period. No differences were observed
between anti-Miillerian hormone and follicle-stimulating
hormone levels at 12 months post-treatment compared with
the pre-treatment levels and there were no cases of permanent
amenorrhea.

Statistically significant changes in CRP, body temperature
and WBC were observed (all P<0.001). Post hoc analysis
revealed that all markers exhibited a significant increase
on the second post-operative day, reaching peak values on
the third day (from the initial levels; and the WBC count,
17.71+£2.53 K/ul, increased by 143.3%). Subsequently, all
markers returned to the initial levels on the fourth day. The
levels of all three markers were significantly higher in patients
compared with healthy controls at the second and third day
(Figs. 1-3).

Changes in inflammatory parameters. The chronological
course of alterations in the CRP levels was clearer compared
with that of the WBC count. A value of 6.0 mg/dl was set
as the point of reference based on recommendations from
the Department of Microbiology and Biopathology of
Democritus University of Thrace for non-surgical procedures.
None of the patients had an increased CRP value prior to
the procedure. Post-UAE, an increase in the CRP levels to
7.75+£3.5 mg/dl was observed, with level alterations ranging
between 8.3 and 11.9 mg/dl (Fig. 1). The patient who devel-
oped buttock skin necrosis exhibited a value increase of up
to 7.75 mg/dl, whilst the other 4 patients with leiomyoma
necrosis exhibited an increase of 6.4 mg/l. The CRP level
appeared to rise mainly between post-operative days 2 and 4,
followed by normalization. The chronological course of CRP
levels is depicted in Fig. 1. A normalization in CRP levels was
noted within the first 4 days, after reaching a maximum level
increase on post-interventional day 3, due the time needed for
the leiomyoma to be necrotized in aseptic conditions.
Regarding the association of CRP with other parameters,
the maximum CRP level values are known to depend on the
quantity of microsphere UAE material used (11), inferring that
the embolization of the leiomyoma mass may affect the CRP
value increase, no such association was observed in the present
study. The same conclusion was reached when assessing the
association between CRP levels and uterine size. In the current
study the same quantity of embolic agent was always used,
contrary to other published studies that have investigated
various embolic agents (11-14). An increase in the CRP value
to 6.0 mg/dl was observed, while it reached 8.0 mg/dl or higher
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Figure 1. CRP levels, expressed as median and interquartile range (25th to
75th percentile), in control group and women with UAE. The control group is
defined as pre-UAE participants. As variability in CRP levels in the control
group and on the Ist and 4th days post-UAE is small, the respective median
values (25th to 75th percentile) are provided: 0.20 (0.14-0.28) for the control
group, 0.21 (0.14-0.32) for the st day and 0.26 (0.19-0.33) for the 4th day.
CRP, C-reactive protein; UAE, uterine artery embolization.
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Figure 2. Mean temperature in control group and women with UAE. Values
are presented as the mean + SD. The control is defined as pre-UAE. SD:
standard deviation; UAE, uterine artery embolization. P<0.001 vs. control.
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Figure 3. Mean WBC in control group and women with UAE. The control
group is defined as pre-UAE participants. Values are expressed as the
mean + SD. The control is defined as pre-uterine artery embolization. WBC,
white blood cell; SD, standard deviation. P<0.001 vs. control.

in certain cases. These CRP changes occurred with a relative
delay on post-operative days 2-4. In the majority of cases, the
values subsequently returned to the normal range (Fig. 1).
Post-interventional body temperature changes are provided
in Fig. 2. No cases showed an increased temperature of >38°C.
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Following UAE, a mild increase in the WBC count was
observed with the value remaining at the upper limit of the
normal range (3.5-10.80 K/ul) suggested by the Department
of Microbiology and Biopathology of Democritus University
of Thrace).

Association between leukocytosis and time. Following UAE,
an increase in the WBC count was noted from 7.22+1.75x10%1
prior to UAE to a mean maximum WBC count of 10.8+3.5 K/ul
(range, 5.9-18.6 K/ul). In 2 patients, the WBC count appeared
slightly elevated at 11 K/ul prior to UAE (the upper limit of
the normal value is 10 K/ul based on reference values from the
Department of Microbiology and Biopathology of Democritus
University of Thrace).

Post-UAE, leukocytosis was observed in the majority of the
patients on days 2 and 3 (10.6 K/ul). An elevation was observed
on day 2, with a peak reached at day 3, which returned to base-
line levels on day 4 (Fig. 3), as well as days 8-10, with a further
increase on day 11 (11.5 K/ul) post-intervention. In patients
with leiomyoma necrosis, leukocytosis of up to 15 K/ul was
observed (Fig. 3).

Pain score. A statistically significant reduction of post-oper-
ative pain was observed over time (%?=913.494; degrees of
freedom=11; P<0.001). Post-hoc analysis using Wilcoxon's
signed-ranks test, with an adjusted level of significance at
0=0.01, was then performed. At 6 h after UAE, the pain score
ranged from 3 to 8§, with a median score of 5 (interquartile
range, 4-6; mean score, 5.23+1.32); it remained unchanged
during the 1st post-interventional day (12th vs. 6th post-inter-
ventional hour; P=0.752). A significantly lower pain score was
observed in the morning of the 2nd post-interventional day
(P<0.001), remaining at the same level throughout the day.
Post-intervention the patients received an anti-pain medication
(50 mg Tramadol) that was prescribed for 1-4 times per day for
4-7 days after the procedure, which positively influenced the
pain course after the procedure.

The pain score exhibited a statistically significant reduction
in the morning of the 3rd post-interventional day (P<0.001)
and continued to decrease until the afternoon of the same day.
The pain score continued to decline significantly throughout
the follow-up period, reaching its lowest point at the 12th week
(range, 0-3; median, 0; mean, 0.30+0.55). The mean pain score
is shown in Fig. 4.

Summary. The major results of the present study on UAE
in were as follows: No significant changes in inflammatory
parameters, specifically the CRP values and WBC counts;
no marked fluctuation in pain levels and no life-threatening
complication post-interventional UAE occurred. No case of
permanent amenorrhea was encountered. The second, third
and fourth measurements of the inflammatory parameters
were performed at 3, 6 and 12 months post-intervention.

Discussion

A number of molecular and cytogenetic studies have indicated
that leiomyomas are tumors that originate from a single cell
(monoclonal origin) and that multiple uterine leiomyomas in
the same uterus are of completely independent origin (15-18).
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Although the majority of uterine leiomyomas appear to have a
normal karyotype, ~40% display chromosomal abnormalities,
which may be divided into 7 major cytogenetic subcategories:
i) Reciprocal translocation of the 12th and 14th chromosomes
[t (12;14)]; i1)) chromosome 6 (6p21) short-arm rearrange-
ment; iii) deletions in the long arm of chromosome 7 [del (7)
q22q32)]; iv) deletions in the long arm of chromosome 3;
v) long-arm rearrangements in chromosome 10; vi) trisomy12;
and vii) rearrangements in chromosome X.

The various mutation types in leiomyomas indicate that
genetic mechanisms underlie their development. A different
expression profile of miRNAs has been identified in uterine
leiomyomas compared with that in the normal myome-
trium (15-18). Leiomyomas display intense mitotic activity
in the smooth muscle cell component and reduced apoptosis
(programmed cell death). These two factors are considered to
be a result of progesterone activity and lead to an increase in
tumor size (15-18). Progesterone increases the protein expres-
sion of Bcl-2, which prevents cell apoptosis, and at the same
time, it inhibits the expression of tumor necrosis factor-a,
a factor promoting apoptosis. Estrogens are considered to
promote leiomyoma development by increasing the levels of
the growth factors insulin-like growth factor-1, epidermal
growth factor receptor, transforming growth factor (TGF)-pl1,
TGF-p3 and platelet-derived growth factor, and contribute
to the abnormal survival of uterine leiomyoma cells by
reducing factor p53, increasing anti-apoptotic factor purkinje
cell protein 4 expression and antagonizing peroxisome
proliferator-activated receptor-y signaling (15-18).

UAE is aminimally invasive procedure that aims to improve
symptoms by interrupting the blood flow to leiomyomas and
reduce blood flow to the muscles at the arteriolar level, using
bilateral hyperselective catheterization of the myometrial
feeder arteries and release of embolizing particles (particles
500-900 ym in diameter, usually beads of acrylic polymers
or PVA particles) to induce irreversible ischemic damage
and degeneration/shrinkage of the leiomyomas (19-22).
According to previous studies, the treatment success rate for
menometrorrhagia is 80-100% and for pressure phenomena, it
is 60-100% (23-26). In these studies a decrease in leiomyoma
size of 40-70% was observed in the first 6 months, followed
by 50-80% in the months that ensued (23-26,27). A number
of studies include uterine size in the success criteria, whilst
others use the number of leiomyomas as well as uterus size to
assess treatment success (23-26).

Adenomyosis may be diffuse or focal (adenomyoma), and
it may be pure or, more commonly, mixed (coexistent with
leiomyomas), asymmetrically affecting the uterine wall of
pre-menopausal females (12,26,28). The disease is common
in clinical practice, manifesting with non-specific symptoms
and signs, including bleeding/anemia, dysmenorrhea, dyspa-
reunia, bulk symptoms/sensitive uterus or a combination
of the above caused by leiomyomas (12,26,28); therefore, it
is difficult to diagnose based on the clinical criteria alone.
Adenomyosis occurs predominantly in multiparous females
with an incidence of 5-70%. In 80% of females, adenomyosis
coexists with another uterine condition: Leiomyoma (up to
53% of females with adenomyosis), pelvic endometriosis
and endometrial polyps (2-20%), endometrial hyperplasia
and adenocarcinoma (12,26,28,29). Approximately 35% of
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Figure 4. Mean post-interventional pain. Values are expressed as the mean + SD. The graph indicates that the post-interventional pain gradually decreased.

SD, standard deviation.

females with adenomyosis are asymptomatic and the diagnosis
is based on routine gynecological transvaginal ultrasound;
MRI contributes decisively to the diagnosis. For the differ-
ential diagnosis and staging of the disease, MRI is clearly
the examination of choice due to its sensitivity (88-93%) and
specificity (66-91%) (12,26,28-30). However, clinical diagnosis
of adenomyosis is only hypothetical and the disease is defini-
tively diagnosed based on histological examination following
hysterectomy (12,26,28-30).

Inflammation appears at a rate of 1-2% and is based on
tissue reaction to post-interventional ischemia; inflam-
mation is an interaction between cells and cytokines and
should be diagnosed at an early stage in order to prevent
sepsis, emergency hysterectomy and death (11,13,14,31).
The inflammatory reactions resulting from UAE interven-
tion in combination with post-ischemic and post-necrotic
reactions is the major explanation for the occurrence of
pain. Serious complications may appear even at 6 months
post-treatment (11,13,14,31). Any alterations in inflamma-
tory parameters, body temperature or leukocytosis, along
with CRP levels and pain evaluation, should be monitored
until 6 months post-embolization (11,13,14,31-36). CRP is an
acute-phase pro-inflammatory cytokine, which is crucial in
the acute phase of inflammation and increases progressively
in association with the inflammatory process (11,13,14,31-36).

In the present study, leukocytosis of up to 16.0 K/ul and an
increase in CRP levels of up to 8.0 mg/l were not considered
alarming based on the recommendations of the Departments
of Microbiology and Biopathology, Democritus University of
Thrace, Greece. It is recommended that patients should be
informed in detail in case of abdominal pain, heavy vaginal
bleeding and an increased temperature, and advised to contact

their doctor. To date, ~100,000 successful UAEs have been
performed in total worldwide (20). In our institution, (the
Department of Interventional Radiology and Medical Imaging,
Democritus University of Thrace) approximately 400 embo-
lizations have been performed. It is evident that leiomyoma
embolization, similarly to laparoscopic or endoscopic myolysis,
should be performed following strict criteria and parameters.
A gynecologist and an interventional radiologist must confirm
therapeutic indications. The frequency of complications
among the participants in the present study was low. Necrosis
and liquefaction of submucosal leiomyomas were reported in
4 cases and a small area of skin necrosis on the right buttock
developed in 1 case; these were successfully treated either
by fractional curettage or, in the latter case, by conservative
local therapy. Various retrospective and prospective studies on
UAE, as well as case reports on associated complications, have
been published in the international literature (37,38).

Complications are generally caused by either the catheter-
ization procedure or the effects of uterine ischemia, which
may cause necrosis, pain and sepsis. The ovaries may also
be affected. Deaths following UAE are rare (1:1,600) and
are mainly attributed to pulmonary embolism, which may
be due to the effect of the necrotic tissue on activation of the
coagulation cascade and on inflammation (37,38).

The complications of catheterization, including hematoma,
allergy to contrast media and pseudo-aneurysm or vascular
separation, are rare (<1%) (37,38). Elimination of uterine
leiomyomas occurs in 5% of cases and may cause inflamma-
tion requiring a repeat uterine embolization or hysterectomy.
Necrotic tissue, if not removed in a timely manner, may become
infected and the condition may be severe (37,38). Cases with
submucosal leiomyomas should be treated hysteroscopically.
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Ischemia may lead to the development of endometritis, pelvic
inflammation and pyometra, with poor outcome unless
hysterectomy is performed (37,38).

It has been reported that in 11% of the cases, an addi-
tional circulatory network is present between the ovaries
and the uterus, while in 5% of cases the ovaries are supplied
exclusively by uterine vessels (27). The rates of transient or
permanent amenorrhea may vary according to the age of the
patient. While among young females, the rates range from O to
5%, they may reach 43% in females aged >45 years (27). It has
been estimated that, if a patient experiences amenorrhea for a
period of 3-11 months, menopause is likely to occur (~95%)
within the next 4 years (27). On the other hand, females who
have amenorrhea for 1 year have a 10.5% chance of having a
normal menstrual cycle in the future if their age is between
45-49 years (27).

The rate of post-UAE complications is markedly lower
compared with that after hysterectomy, as reported in previous
studies. In retrospective studies comparing myomectomy with
UAE, there was a requirement for transfusion in 12% of cases
and the incidence of complications was 19-25% after fibromyo-
mectomy vs. 0 and 4.2% after UAE, respectively (39,40). The
duration of hospitalization and the time until patients returned
to work after UAE were ~1 and 10 days, respectively, which
were significantly shorter compared with those for surgical
methods (39,40).

The present results are consistent with those of other
studies (27,37,39,40) that stated that inflammatory parameters
are not important prognostic factors following UAE. It is
crucial to develop an objective method for assessing bleeding
during menstruation in order to select the most suitable candi-
dates to undergo effective therapeutic approaches other than
invasive surgery, including UAE.
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