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SUMMARY: 31 

Here, we present a uterine artery embolization method for the treatment of symptomatic 32 

uterine fibroids divided into five sections: qualification, preparation, performance, post-33 

procedure care, and follow-up visits. This protocol requires close cooperation between 34 

gynecologists and interventional radiologists, enabling the proper execution of the above 35 

procedure. 36 

 37 

ABSTRACT: 38 

Uterine fibroids are benign tumors originating from smooth muscle tissue, constituting uterine 39 

muscle stroma. Uterine fibroids are the most common benign tumors found in women. In 40 

20%–50% of women, fibroids are asymptomatic and do not require any treatment. The main 41 

symptoms of uterine fibroids are profuse menstrual bleeding, abnormal uterine bleeding, and 42 

pressure symptoms. Pressure symptoms can cause pelvic pain syndrome, urination disorders, 43 

and constipation. 44 

 45 

The treatment methods that are currently used include surgical treatment, pharmacological 46 

therapy, and minimally invasive procedures. The most commonly applied minimally invasive 47 
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method is the embolization of uterine arteries. This procedure is currently a widely accepted 48 

method of treatment for symptomatic uterine fibroids and has been recognized as such by 49 

the National Institute for Health and Clinical Excellence in the guidelines for heavy menstrual 50 

bleeding. 51 

 52 

This is a complicated procedure and requires close cooperation between gynecologists and 53 

interventional radiologists. We present a protocol applicable to uterine artery embolization in 54 

the treatment of symptomatic uterine fibroids. The protocol is divided into five section. The 55 

first two section are intended for gynecologists and interventional radiologists, explaining how 56 

to qualify and prepare a patient for embolization in a step-by-step manner. Section three, 57 

which is directed at interventional radiologists, explains how embolization should be done. 58 

Section four is directed at gynecologists or hospital ward doctors who look after the patients 59 

after embolization. This section of the protocol offers a method for treating post-embolization 60 

pain using the Patient Controlled Analgesia (PCA) pump. Section five completes the procedure 61 

with an assessment of the effects and late complications of uterine artery embolization. 62 

 63 

All five section create a uniform protocol directed at clinicians, experts, and researchers new 64 

to the field. 65 

 66 

INTRODUCTION: 67 

Uterine fibroids are benign tumors originating from smooth muscle tissue, constituting uterine 68 

muscle stroma. They are monoclonal tumors, consisting of a large amount of extracellular 69 

substance containing collagen, fibronectin, and proteoglycans. The fibroids are surrounded by 70 

a thin pseudocapsule made of compressed muscle fibers, collagen fibers, neurofibers, and 71 

blood vessels1,2. The pathophysiology of myomas is not entirely understood but seems to rely 72 

mainly on monoclonal proliferation caused by selective and tissue-specific epigenetic 73 

changes3. No single gene was found to cause uterine fibroids. However, the presence of rare 74 

uterine fibroid syndromes, such as multiple cutaneous and uterine leiomyomatosis, has been 75 

attributed to a gene that codes for fumarate hydratase, a mitochondrial enzyme involved in 76 

the Krebs cycle4. The presence of chromosome 7 deletions and translocations in chromosomes 77 

7, 12, and 14, which occur in 50% of fibroids, seems to be secondary rather than primary5–7. 78 

 79 

The regulators of the growth of uterine fibroids are steroid hormones produced by ovaries 80 

(estrogens and progesterone), growth factors, angiogenesis, and apoptosis. Risk factors for 81 

the development of uterine fibroids have also been identified, including age, early menarche, 82 

African-American race, heredity, nulliparity, obesity, polycystic ovary syndrome, diabetes, 83 

hypertension, vitamin D deficiency, use of soybean milk, alcohol, and caffeine consumption8. 84 

 85 

Uterine fibroids are the most common benign tumors of reproductive organs in women. These 86 

tumors were first described in 1793 by Matthew Baillie at St George's Hospital in London. 87 

Available epidemiological data do not accurately specify the incidence of uterine fibroids, as 88 

their large proportion remain undiagnosed. It is estimated that uterine fibroids occur in 5.4% 89 

to 77% of all patients. Their prevalence is higher in the United States than in Europe, the 90 

probable cause being racial differences8. 91 

 92 

Among women in the childbearing age, approximately 30% of myomas may give clinical 93 

symptoms in the form of abnormal uterine bleeding, resulting in inadequate blood supply in 94 



patients9. In most cases, patients have more than one myoma, which are spherical lesions 95 

located in the uterus. Their dimensions and location may vary. In 90% of the cases, they are 96 

located in the body of the uterus. Their diameter can be from several millimeters to 20 cm10. 97 

 98 

The FIGO (Fédération Internationale de Gynécologie et d’Obstétrique) classification divides 99 

them into groups from 0–8 depending on the proximity of the endometrium (lower the 100 

number, closer will be the endometrium) (Figure 1) 11. In about 50%–75% of the cases, fibroids 101 

are asymptomatic. The most common symptoms of uterine fibroids are profuse menstrual 102 

bleeding, abnormal uterine bleeding, and pressure symptoms. Myomas are associated with 103 

about 10% of the cases of infertility, and in 1%–3% they are the only cause12. Asymptomatic 104 

uterine fibroids usually undergo only a regular medical control, whereas symptomatic fibroids 105 

are an indication for treatment13. 106 

 107 

The treatment methods for uterine fibroids that are currently used include surgical treatment, 108 

pharmacological therapy, and minimally invasive procedures13–18. Surgical treatment includes 109 

myomectomy (abdominal and hysteroscopic) and hysterectomy. Both myomectomy and 110 

hysterectomy have a positive impact on the quality of life19. Hysterectomy is associated with 111 

irreversible loss of fertility; thus, many women seek other treatment options20. 112 

 113 

Abdominal myomectomy allows for the preservation of fertility. Depending on the size and 114 

number of fibroids, as well as the experience of the surgeon, this procedure can be performed 115 

via laparotomy or laparoscopy. Although hemorrhages are less common than in hysterectomy, 116 

overall morbidity is similar. Hysteroscopic myomectomy is a safer, less invasive method than 117 

abdominal myomectomy and allows the treatment of submucous fibroids (FIGO 0). 118 

Subsequent hysteroscopic procedures may be necessary to completely remove larger type-2 119 

fibroids21. 120 

 121 

Levonorgestrel releasing intrauterine devices are an effective treatment for heavy menstrual 122 

bleeding, but they do not reduce the size of the fibroids. Their use is limited in patients with 123 

the deformed uterine cavity. GnRH analogues are mainly used as a pre-operative agent to 124 

reduce the size of fibroids and perioperative blood loss. They also reduce the percentage of 125 

vertical incisions during hysterectomy and myomectomy while increasing the possibility of a 126 

vaginal procedure20. 127 

 128 

In the short term, selective progesterone receptor modulators reduce the myoma volume and 129 

induce amenorrhea. However, the long-term efficacy and safety require further research. 130 

Along with aromatase inhibitors, there may be other options for pre-operative treatment of 131 

anemia and reduction of the myoma volume22. Some studies suggest that vitamin D may slow 132 

down or prevent the growth of fibroids and the onset of symptoms23. 133 

 134 

New methods using 2-methoxyestradiol combined with nanoparticles are also under 135 

development 24. Minimally invasive methods used in the treatment of fibroids include uterine 136 

artery embolization (UAE), magnetic resonance-guided focused ultrasound surgery (MRgFUS), 137 

laparoscopic uterine artery occlusion (LUAO), and radiofrequency myolysis14,25. Ultrasound-138 

guided High-Intensity Focused Ultrasound (US-HIFU) is a new, still experimental, minimally 139 

invasive method26,27. 140 

 141 



Methods of therapeutic vascular occlusion and blocking the blood supply to the uterus were 142 

mentioned over 120 years ago. In 1894, Kelly presented the ligation of internal iliac arteries 143 

during an oncological hysterectomy to control intractable pelvic bleeding, which at that time 144 

was a common complication after the surgical procedure28. Then, Sack (1973) described the 145 

effective use of the same technique in the treatment of massive postpartum hemorrhage after 146 

forceps delivery. In both cases, hemostasis was achieved without hysterectomy29. In 1979, 147 

Heaston et al. and Brown et al., independently described embolization of the pelvic arteries 148 

using absorbable gelatin sponges to control postpartum hemorrhage30,31. 149 

 150 

UAE was first used as a treatment method for symptomatic uterine fibroids in 1991 in 151 

France32. It was initially used to reduce blood loss after myomectomy. In 1995, Ravina et al. 152 

proposed this procedure as the primary treatment method for symptomatic uterine fibroids33. 153 

In the United States, uterine artery embolization was successfully performed in 199734. 154 

 155 

The growing interest in uterine preservation in women with symptomatic fibroids put UAE at 156 

the forefront of minimally invasive fibroids treatment14,18,35–37. In 2000, the Joint Working 157 

Party of the Royal College of Obstetricians and Gynecologists and The Royal College of 158 

Radiologists was created to issue guidelines on UAE. At that time, UAE was considered to be 159 

an experimental method (less than 7,000 procedures performed worldwide). Since the 160 

guidelines were published, more than 100,000 UAE procedures have been performed 161 

worldwide. Also, five randomized controlled trials (RTCs) have been carried out, comparing 162 

the UAE with other surgical procedures. Research results indicate that UAE is highly effective 163 

in the short-to-medium term (up to a few years) with a low risk of medium (e.g., uterine 164 

infection) and serious (life-threatening) complications38,39. In randomized studies, shorter 165 

hospitalization times, faster recovery, and return to daily activities speak in favor of UAE. 166 

Surgical procedures proved to be cheaper and less frequently required re-intervention while 167 

maintaining statistical significance 32. This procedure is currently a widely accepted method of 168 

treatment for symptomatic uterine fibroids and has been recognized as such by the National 169 

Institute for Health and Clinical Excellence (NICE) in the guidelines for heavy menstrual 170 

bleeding40. 171 

 172 

Currently, there are 11 recommendations regarding the use of UAE in the treatment of 173 

symptomatic uterine fibroids, created by scientific societies from Europe, North America, and 174 

Australia. In most cases, the recommendations are consistent while the divergence concerns 175 

two discrepancies. The first is whether pedunculated submucosal (FIGO 0) and subserosal 176 

(FIGO 7) myoma are contraindications for UAE. The second is whether women declaring future 177 

pregnancy should be qualified for this procedure 41. The American College of Obstetricians and 178 

Gynecologists (ACOG) (2008) presented an interesting guideline for the treatment of uterine 179 

fibroids. Based on consistent scientific evidence (Level A), the ACOG defined UAE as an 180 

effective and safe method for appropriately qualified women who wish to preserve the uterus 181 

with typical indications for the treatment of fibroids. At the same time, the ACOG 182 

recommendations emphasized the need for close cooperation between gynecologists and 183 

interventional radiologists. In the published guidelines, the ACOG recognized the desire to 184 

preserve fertility as the only contraindication (relative)42. 185 

 186 

One of the latest recommendations was issued in 2013 by the Royal College of Obstetricians 187 

and Gynecologists (RCOG) and in 2015 by the Society of Obstetricians and Gynecologists of 188 



Canada (SOGC)41. In the remaining part of this article, the authors will use the above 189 

recommendations. According to the guidelines of RCOG and SOGC, any patient with 190 

symptomatic myomas can be a candidate for embolization, provided there are no 191 

contraindications and the benefits of the procedure (resolution of symptoms) outweigh the 192 

risk of complications. It should be noted that the embolization of uterine fibroids as a 193 

minimally invasive procedure carries a negligible number of serious complications. Hence, the 194 

benefits in most cases outweigh the risk of complications 14,32,43. 195 

 196 

An appropriate patient qualification is of crucial importance for high clinical effectiveness and 197 

prevention of complications after UAE. The main indication for UAE is symptomatic uterine 198 

fibroids, resulting in heavy menstrual bleeding, dysmenorrhea, pain, dyspareunia, and other 199 

adverse effects on the urinary or gastrointestinal tract. It is necessary to differentiate fibroids 200 

from adenomyosis or fibroids co-existing with adenomyosis because, in such a situation, UAE 201 

is less effective and requires modification of the procedure technique14,32,43–47. Specific 202 

indications for performing the UAE procedure in women with symptomatic uterine fibroids 203 

include refusal of surgery, no consent for blood transfusion, and previously failed uterine 204 

fibroids surgery. 205 

 206 

In the above indications, UAE should be treated as an alternative to surgical treatment. 207 

However, patients should be advised that in a small number of cases, complications after the 208 

procedure may result in the need for a surgical intervention14,32,43. According to the RCOG 209 

guidelines, the use of UAE in a situation in which myoma is a probable cause of infertility 210 

requires special care and proper assessment of a gynecologist specializing in the treatment of 211 

infertility and assisted reproduction. Infertility due to the presence of fibroids is not absolute, 212 

and many women will become pregnant without any intervention. Therefore, it is reasonable 213 

to exclude other possible causes of infertility, including assessment of the male partner14,32,43. 214 

 215 

Thus, according to the recommendations of RCOG and SOGC, the candidates should be 216 

women with symptomatic uterine fibroids in whom pathologies in the pelvis with fibroid-like 217 

clinical symptoms have been excluded41,43. 218 

 219 

Absolute contraindications to this procedure include current or recent genital infection, 220 

diagnostic doubts due to clinical factors or inadequate imaging, asymptomatic fibroids, viable 221 

pregnancy, and contraindications for the use of radiological contrast agents. 222 

 223 

Relative contraindications include pedunculated submucosal (FIGO 0) and subserosal (FIGO 7) 224 

fibroids, which theoretically may detach from the endometrium due to peduncle necrosis, in 225 

rare cases resulting in sepsis. In these cases, UAE should only be considered if hysteroscopic 226 

or laparoscopic removal of pedunculated myoma before the procedure is planned. 227 

 228 

Despite the fact that current literature suggests that the size of the myoma is not a 229 

contraindication by itself, experience shows that extreme caution is required when qualifying 230 

patients with large myomas (especially associated with compression symptoms) for UAE, as 231 

the reduction in volume may be insufficient to relieve symptoms and meet patient 232 

expectations14,32,43,48. 233 

 234 



There are many reports of successful pregnancy after UAE, but existing evidence does not fully 235 

support its use as an alternative to pharmacological or surgical treatment (myomectomy) in 236 

young women49. Therefore, this procedure should be used with great caution in women who 237 

declare a desire to become pregnant (as there is a lower pregnancy rate, a higher miscarriage 238 

rate, uterine rupture, placenta accreta, and adverse pregnancy outcomes after UAE than after 239 

myomectomy)32,50–55. As gynecologists, we do not recommend UAE for women seeking 240 

pregnancy. For us, it is a relative contraindication, provided that there are additional 241 

indications for UAE, such as refusal for surgery or blood transfusions, where the lack of 242 

treatment may be life-threatening. 243 

 244 

According to RCOG guidelines, the desire to preserve or improve fertility in young women with 245 

symptomatic uterine fibroids is a relative contraindication to UAE32. In contrast, SOGC 246 

guidelines recommend that in similar cases UAE should not be proposed as a treatment option 247 

for fibroids, because safety and effectiveness in such women have not been established14,43. 248 

A similar point of view is represented by other scientific societies, including American Society 249 

for Reproductive Medicine (ASRM), American College of Obstetricians and Gynecologists 250 

(ACOG), American College of Radiology (ACR), Royal Australian and New Zealand College of 251 

Obstetricians and Gynecologists (RANZCOG) and others, citing improved fertility outcomes 252 

after myomectomy41,43,56. UAE has been recommended only by NICE for women seeking to 253 

maintain or improve fertility, especially with features unfavorable to myomectomy (multiple 254 

fibroids)57. 255 

 256 

Generally, the procedures of UAE could be performed at any stage of the menstrual cycle32. 257 

However, assuming that there is no ideal method to exclude pregnancy at the stage of 258 

fertilization or implantation, in order to exclude early pregnancy, in our center, it is performed 259 

until the 10th cycle day. In most cases, patients are admitted to the gynecology ward on the 260 

day of the procedure. Admitting a patient to the vascular surgery ward is permissible if 261 

appropriate examinations and gynecological consultation are provided. A gynecologist and an 262 

interventional radiologist perform qualification for embolization of fibroids. Gynecological 263 

qualification includes medical history, examination, an ultrasound assessment of the 264 

reproductive organ and the myoma type. In addition, to exclude any malignancy within the 265 

uterus, a cervical (PAP) smear and endometrial biopsy are necessary. In cases where the 266 

ultrasound scan of the ovaries is questionable, ROMA test (Risk of Ovarian Malignancy 267 

Algorithm) is necessary. 268 

 269 

A separate issue requiring discussion is uterine sarcoma, in particular leiomyosarcoma (LMS), 270 

which accounts for 70% of these uterine tumors. The prevalence of LMS in patients operated 271 

on for myoma is low and is estimated at 0.13%–0.29%58,59. The increase in the incidence of 272 

LMS is observed in women over 40 years of age. LMS is difficult to diagnose before treatment 273 

as it may resemble benign fibroids60. Most LMSs are unrelated to pre-existing fibroids, and 274 

there is no evidence of an association of LMS with uterine fibroids61. Both uterine fibroids and 275 

LMS tend to grow rapidly. Thus, the size or growth rate is not a risk factor for a malignant 276 

uterine tumour60. 277 

 278 

Currently, there are no reliable laboratory or imaging tests that would allow us to clearly 279 

identify leiomyosarcoma and differentiate it from leiomyoma60,62. The sensitivity of 280 

endometrial biopsy in the diagnosis of leiomyosarcoma is 86%. Thus, a negative biopsy result 281 



does not exclude the existence of a malignant uterine tumor. Contrast-enhanced MRI is 282 

currently the optimal diagnostic method for uterine tumors. The sensitivity of this test in the 283 

diagnosis of LMS is 94%60. 284 

 285 

As already mentioned, the above tests do not exclude 100% of malignant uterine tumors. 286 

Therefore, there is a slight risk of prolonging the diagnosis of LMS after treatment, without 287 

the possibility of histopathological verification of the uterine tumor. The patient should be 288 

informed about this during the qualification for UAE. 289 

 290 

Performing a complete blood count (CBC) and coagulation tests (INR, APTT), renal panel 291 

(creatinine, urea), thyroid-stimulating hormone (TSH), the concentration of anti-Mullerian 292 

hormone (AMH) (recommended) or the follicle-stimulating hormone (FSH) at follicular phase, 293 

C-reactive protein (CRP), general urine test, and vaginal smear (aerobic vaginal culture) make 294 

it possible to assess and avoid potential post-embolization complications (infections, 295 

iatrogenic ovarian damage, intensification of previous renal impairment after Gadolinium-296 

based contrast agents, thyrotoxicosis in cases of hyperthyroidism after an iodine-based 297 

contrast agent)63,64. Please note that FSH testing is not recommended under the age of 40, as 298 

FSH is not a sensitive indicator of changes in ovarian reserve in young women50,65. 299 

 300 

An interventional radiologist qualifies patients for the procedure based on medical history and 301 

magnetic resonance imaging (MRI). While gathering medical history, the benefits and possible 302 

complications, as well as the procedure itself, should be discussed with the patient. Patient's 303 

expectations regarding UAE should also be discussed. MRI aims to exclude other pathologies 304 

of the reproductive organ and adjacent structures as well as assessing the morphology and 305 

location of fibroids and anatomy for the technical feasibility of the procedure35–37,57. 306 

 307 

UAE aims to completely block the vasculature of all myomas while maintaining the blood 308 

supply to the uterus, ovaries, and surrounding tissues within the pelvis. The technical aspects 309 

of UAE are still evolving to some extent. 310 

 311 

The embolization of uterine arteries is performed by interventional radiologists with 312 

appropriate competence in the field of intravascular embolization. The procedure is carried 313 

out under fluoroscopy guidance. It involves the percutaneous insertion of a vascular catheter 314 

from the puncture in the inguinal region into the femoral artery, the aorta, the internal iliac 315 

artery, up to the uterine artery. After placing the catheter deep in the uterine artery and 316 

achieving a stable position, the embolization agent mixed with contrast is injected under 317 

fluoroscopic control in such a way as to avoid reflux and "non-target" embolization. The 318 

vascular bed of myomas is closed using particles of 500–900 µm depending on the type of 319 

embolization material—usual sizes are 700 µm. Embolization is continued until stasis blood 320 

flow is achieved. At the end of the procedure, the catheter is removed, and the vascular access 321 

site is secured with manual pressure and dressing or mechanical closer. The procedure lasts 322 

for approximately 0.5–1.0 h. The mean ionizing radiation dose absorbed by the ovary during 323 

UAE ranges from 0.04–0.22 (Gy: gray) and mean estimated effective dose ranges from 22–34 324 

(mSv: millisievert). Mean fluoroscopic time is about 22 min66,67. 325 

 326 

The vasculature of most fibroids comes from the uterine arteries. Only about 5%–10% of 327 

fibroids are additionally supplied by ovarian arteries. Arterial uterine anastomoses occur in 328 



about 10% of cases, while utero-ovarian in 10%–30%. Cutting off the blood supply to the 329 

embolized tissues causes ischemic necrosis, followed by hyaline degeneration or coagulative 330 

necrosis. This process takes several months68,69. 331 

 332 

The effectiveness of UAE depends on the resolution of symptoms or the degree of their 333 

reduction. For the treatment of excessive menstrual bleeding, pelvic pain, and pressure 334 

symptoms, the clinical effectiveness index for UAE is 81%–96%, 70%–100%, and 46%–100%, 335 

respectively. Within 3–6 months after the procedure, the observed reduction in the volume 336 

of fibroids was 25%–60%33,70–72. The mean diameter reduction of the myoma was 2.2 cm57. 337 

 338 

The reduction in the volume of fibroids does not always correlate with the resolution or 339 

reduction of clinical symptoms. In long-term follow-up after UAE, more than 70% of patients 340 

reported resolution or significant reduction of clinical symptoms within 5 years after the 341 

procedure, while 16%–23% of them required re-intervention73,74. 342 

 343 

In assessing the early UAE effect, authors of this publication propose the use of three-344 

dimensional (3D) ultrasound, using Virtual Organ Computer-aided AnaLysis (VOCAL), 345 

performing measurements of vascular indices: vascularization index (VI), flow index (FI), and 346 

vascularization flow index (VFI)75. 347 

 348 

Post-embolization pain is an early (lasting about 24 h) expected after-effect of successful UAE 349 

(not to be confused with a complication) and should be actively treated. This clinical symptom 350 

is caused by the release of tissue breakdown products of ischemic myoma. The treatment 351 

includes adequate pain control, hydration, and possible antibiotic therapy32,43. Epidural 352 

anesthesia (EA) maintained for 24 h after the procedure significantly reduces pain to a 353 

completely acceptable level, but at a higher cost and increased risk of complications compared 354 

to Patient-Controlled Analgesia (PCA)76. 355 

 356 

Other approaches are also available in post-embolization pain management reviews. It is 357 

worth mentioning the use of mixtures of pain medications with polyvinyl alcohol molecules 358 

and electroacupuncture anesthesia during UAE. Both methods were intended to limit the 359 

number of UAE procedures performed in a hospital setting77,78. We do not use these methods 360 

in our and cooperating centers. 361 

 362 

The early complications of UAE are usually local complications associated with the 363 

angiography procedure. This group of adverse events is rare (they occur in less than 1% of 364 

cases) and relates mainly to groin hematoma, arterial thrombosis, arterial dissection and 365 

pseudo-aneurysm, allergic reactions to contrast agents, a spasm in the uterine artery caused 366 

by manipulation of the catheter in the vessel during the procedure (treated as a temporary 367 

event after a few minutes pass and the procedure can be continued, if the spasm persists, 368 

Verapamil (2.5–5 mg) or Nitrate (100–150 µg) intraarterially could be given) and "non-target" 369 

embolization32,37,38. 370 

 371 

There have also been several reports of "non-target" embolization of other pelvic organs and 372 

their subsequent ischemia. This complication can occur as a result of poor execution of the 373 

procedure, as well as due to the presence of anastomoses and anatomical variants of the 374 



pelvic vasculature. A special case of non-target embolization is ovarian damage that results 375 

from anastomoses between the vessels of the uterus and the ovaries in some patients79,80. 376 

 377 

The consequence of myoma necrosis is a post-embolization syndrome occurring within 30 378 

days of the procedure in approximately 10%–15% of patients. The symptoms of this syndrome, 379 

which may occur together or individually, include nausea, vomiting, malaise, low-grade fever, 380 

lower abdominal pain, and elevated leukocyte levels. This is usually a self-limiting syndrome 381 

that usually disappears within 10–14 days. Analgesics and anti-inflammatory drugs are used 382 

to treat this complication32. It is important to differentiate the symptoms of a post-383 

embolization syndrome with more serious complications such as sepsis. This is especially true 384 

in cases where the mentioned symptoms last longer than two weeks32,37,38. 385 

 386 

Infection is potentially the most serious complication after UAE, and it occurs in about 0.5% 387 

of cases32,38. In a case of persistent, high fever (38.5 °C and above) for 24–48 hours and hard 388 

and painful abdomen, a sepsis should be suspected. In this case, treatment may not only 389 

require the use of antibiotic therapy, but also the need to remove the uterus. In the latter 390 

case, in less than 1% of cases, it may pose a threat to the patient's life. Sepsis is more common 391 

when UAE is performed on a large uterus (over 20 cm or when the diameter of a single myoma 392 

is larger than 9 cm, and also in the case of coexistence of large submucous fibroids)37,38. 393 

 394 

A late complication after UAE (more than 30 days after the procedure), occurring after 395 

embolization of submucous fibroids, is the excretion of demarked, necrotic fragments of 396 

fibroids through the cervical canal. It happens in about 10% of cases32,81,82. Approximately 16% 397 

of women, after UAE, may have abundant vaginal discharge for several weeks up to many 398 

months as a result of the excretion of necrotic fibroids from the uterus83. After the UAE 399 

procedure, a significant shortening of menstruation and a decrease in its abundance is 400 

observed, which is considered a beneficial effect of this procedure. However, complete 401 

amenorrhea is treated as the effect of post-embolization ovarian failure50,84. 402 

 403 

Amenorrhea after UAE is usually transient and limited to a few cycles. Permanent amenorrhea 404 

occurs in about 15% of women over 40 years of age and in about 1% of women under this age, 405 

causing symptoms of premature menopause. In our own research, a decrease in fertility in 406 

young women (33–40 years) as a result of the reduction of the ovarian reserve was found65. It 407 

is estimated that about 85% of women who report amenorrhea after UAE are over 45 years 408 

old85. It has been argued that the reason for the increase in the incidence of amenorrhea in 409 

older women is due to the reduced ovarian reserve and greater sensitivity of ovarian tissue to 410 

ischemia caused by "non-target" embolization86. 411 

 412 

The UAE procedure also affects the sexual function of women undergoing the procedure. 413 

Improvement of sexual function after UAE was reported by 26% of women, deterioration was 414 

found in 10%, and unchanged in the remaining 64% of women. A possible cause of sexual 415 

dysfunction is abnormal vasculature of the clitoris, cervix, and corpus uteri as a result of the 416 

UAE procedure74. 417 

 418 

PROTOCOL: 419 

 420 



The authors declare that the protocol follows the guidelines of the local Ethical Committee of 421 

the Medical University of Lublin. 422 

 423 

1. Qualification for the UAE procedure 424 

 425 

NOTE: This is addressed to gynecologists and interventional radiologists. 426 

 427 

1.1. Qualification 428 

 429 

1.1.1. Ensure that there are correct indications for the UAE procedure. Analyze possible 430 

contraindications for this procedure. 431 

 432 

1.1.2. Discuss with the patient the assumptions of UAE and alternative methods (described 433 

in the Introduction) in the treatment of uterine fibroids. 434 

 435 

1.1.3. WARNING! Inform the patient that the UAE is not a radical procedure (the myoma will 436 

not be removed). 437 

 438 

1.1.4. WARNING! Inform the patient that she will not receive a histopathology report of 439 

uterine fibroids after UAE. 440 

 441 

1.1.5. WARNING! Inform the patient that 1–3 cases out of 1,000 uterine tumors can be 442 

malignant (LMS). Discuss with the patient that the endometrial biopsy and MRI performed 443 

during UAE qualification is highly sensitive in the diagnosis of leiomyosarcoma, but not 100%. 444 

Inform the patient that performing UAE for leiomyosarcoma may delay diagnosis and proper 445 

treatment. Note that fact in the medical record. 446 

 447 

1.1.6. If the patient knowingly wants UAE performed, continue this Protocol. 448 

 449 

1.1.7. Inform the patient that the qualification takes place in two stages. Qualification by a 450 

gynecologist includes analysis of indications and contraindications, while an interventional 451 

radiologist assesses the technical capabilities of UAE. 452 

 453 

1.1.8. Plan or perform a gynecological consultation and plan a consultation with the 454 

interventional radiologist before UAE. 455 

 456 

1.1.9. If possible, perform as many of the qualification procedures as possible at the 457 

outpatient clinic. 458 

 459 

1.2. Ensure that the patient has indications for UAE: symptomatic uterine fibroids 460 

(menometrorrhagia, metrorrhagia, dysmenorrhea, dyspareunia, chronic pelvic pain); the 461 

refusal of surgery treatment; no consent for blood transfusion; previously failed uterine 462 

fibroids surgery. Note them in the medical history. 463 

 464 

1.2.1. Ask the patient about the symptoms of fibroid(s). 465 

 466 



1.2.2. Discuss the effectiveness of UAE and the expectations of the patient (in the 467 

Representative Results). 468 

 469 

1.2.3. Ask whether the patient was treated for uterine fibroids previously. Ensure which 470 

method was used. 471 

 472 

1.2.4. If the patient refuses surgical treatment or blood transfusion, take a written statement. 473 

 474 

1.3. Ensure that the patient who qualified for the UAE procedure does not have absolute 475 

contraindications: asymptomatic fibroids; a viable pregnancy; current or recent genital 476 

infection; diagnostic doubts due to clinical factors or inadequate imaging; contraindications 477 

for the use of radiological contrast agents; features of leiomyosarcoma on MRI; uterine or 478 

ovarian malignant tumor unless it is performed for palliation or as an adjunct to surgery87. 479 

Note them in the medical history. 480 

 481 

1.3.1. If the patient demands UAE despite asymptomatic fibroids, explain that such cases do 482 

not qualify for the procedure. Explain to the patient that asymptomatic fibroids only require 483 

regular gynecological monitoring. 484 

 485 

1.4. If there are relative contraindications to UAE (large fibroids and reproductive plans), 486 

discuss them with the patient and make a note of that fact in the medical record. 487 

 488 

1.4.1. Focus on the possible complications related to relative contraindication, described in 489 

the introduction, ensure the patient understands and agrees to the procedure. 490 

 491 

1.5. Discuss the after-effect and complications of uterine artery embolization with the 492 

patient (see introduction) and note that fact in the medical record. 493 

 494 

1.5.1. When talking to the patient, pay special attention to the post-embolization pain. 495 

 496 

1.5.2. Discuss post-embolization pain treatments. 497 

 498 

1.6. Perform a gynecological qualification. 499 

 500 

1.6.1. Collect medical history and perform a gynecological examination. 501 

 502 

1.6.2. Perform an ultrasound assessment of the reproductive organs to evaluate the size and 503 

type of fibroids (FIGO classification)88. 504 

 505 

1.6.2.1. Use a vaginal probe to estimate the size and location of the myoma (Figure 2). 506 

The uterine fibroids treated with UAE should be 2–5 (ideally, 3–4) according to FIGO 507 

classification, and the diameter should not exceed 10 cm. 508 

 509 

1.6.2.2. Include the protocol of the pelvis ultrasound scan in the medical record. 510 

 511 

1.6.2.3. Ensure that the ultrasound scan result gives indications for qualification for the 512 

UAE procedure. 513 



 514 

1.6.3. Exclude malignant processes within the pelvis. 515 

 516 

1.6.3.1. Ensure that the patient has had a current (preferably performed within 6 517 

months) results of cervical (PAP) smear and endometrial biopsy. 518 

 519 

1.6.3.2. During a pelvic ultrasound, use the vaginal probe to evaluate the ovaries and 520 

confirm that their structure is correct. If in doubt, check the previous ultrasound scan or 521 

perform the ROMA test. 522 

 523 

1.6.3.3. Order an MRI to evaluate the uterine tumor for LMS features and UAE technical 524 

capabilities. 525 

 526 

1.6.3.4. Note the results of the cervical (PAP) smear, the endometrial biopsy, the 527 

ultrasound scan (possibly the ROMA test), and the MRI in the medical record. 528 

 529 

1.6.3.5. If the results are incorrect, disqualify the patient from the procedure. 530 

 531 

1.6.4. Inform the patients about the results of the gynecological qualification. 532 

 533 

1.6.4.1. Note that fact in the medical record. Refer the patient to the hospital. 534 

 535 

1.6.4.2. Make an appointment for the UAE procedure and remember that the patient 536 

should be before the 10th day of the cycle. 537 

 538 

1.6.4.3. Ask the patient if she refuses surgery. In case of refusal note that fact in the 539 

informed consent of the patient or the medical record. 540 

 541 

1.6.4.4. Patients with symptomatic fibroids who refuse surgery qualify for UAE. 542 

 543 

1.6.5. Perform the following tests at least 7 days before UAE to assess and avoid potential 544 

complications: microbiological test of vaginal smear (aerobic vaginal culture); urinalysis; 545 

selected blood tests: CBC, Coagulation tests (INR, APPT), Renal panel (creatine, urea), TSH, 546 

CRP. 547 

 548 

1.6.5.1. Describe the results in the medical record. 549 

 550 

1.6.5.2. Inform the patient that incorrect results disqualify her for the procedure. 551 

 552 

1.6.6. Check the patient’s ovarian reserve by testing AMH (recommended) or FSH (not 553 

recommended under 40 years) serum levels at the follicular phase. Discuss with the patient 554 

that the above test will be helpful to assess ovarian damage as a result of non-target 555 

embolization. Note that fact in the medical record. 556 

 557 

1.6.7. Patients who are qualified for UAE should not declare the will to become pregnant due 558 

to the increased risk of pregnancy complications14,32,38,50–52,89–91. 559 

 560 



1.6.7.1. Inform the patient about the increased risk of pregnancy complications after 561 

UAE. 562 

 563 

1.6.7.2. Note the fact that the patient does not declare the will to become pregnant in 564 

the informed consent of the patient or the medical record. 565 

 566 

1.6.7.3. If the patient still does not exclude pregnancy in the future, but requires UAE, 567 

take a written declaration that she has been informed about possible pregnancy complications 568 

after UAE. 569 

 570 

1.7. Perform radiological qualification. 571 

 572 

1.7.1. Ensure that pelvic MRI has been performed. MRI examination allows to exclude other 573 

pathologies of the reproductive organ and adjacent structures (step 1.6.3.3. of the 574 

Qualification for UAE procedure), assess the morphology and location of fibroids, and 575 

anatomy for the technical feasibility of embolization (Figure 3, Figure 4). If not, arrange the 576 

MRI examination and consultation with an interventional radiologist. 577 

 578 

1.7.2. Analyze the imaging examinations and assess the type and size of fibroids. 579 

 580 

1.7.2.1. If submucosal (FIGO 0–1) fibroids are found, inform the patient about the risk 581 

of sloughing into the uterine cavity. Complete excretion may cause sepsis, while excretion in 582 

fragments is usually asymptomatic50. 583 

 584 

1.7.2.2. If subserosal narrow-stalked, pedunculated (FIGO 7) fibroids are found, inform 585 

the patient about the risk of post-embolization detachment of the fibroid into the abdominal 586 

cavity. It can lead to acute inflammation, and laparoscopic reoperation may be needed92. 587 

 588 

1.7.2.3. If large fibroids are found, inform the patient that the risk of complications 589 

remains unchanged, but the outcome of the procedure is better for small fibroids93. 590 

 591 

1.7.2.4. Note that fact in the informed consent of the patient or medical record. 592 

 593 

2. Preparing for the UAE procedure 594 

 595 

NOTE: This is addressed to gynecologists or vascular surgeons and interventional radiologists. 596 

 597 

2.1. Admit the patient to the hospital (gynecological or vascular surgery department). 598 

 599 

2.1.1. Ensure that she is before the 10th day of the cycle at admission. 600 

 601 

2.2. Perform or order a gynecological examination and an ultrasound scan of the pelvis. 602 

 603 

2.2.1. Ensure that the diagnosis and qualification for the UAE procedure are correct. 604 

 605 

2.2.2. Ensure that no new contraindications have appeared since the qualification for UAE. If 606 

so, suggest other treatment options and change the date of the procedure. 607 



 608 

2.2.3. Perform the 3D transvaginal ultrasound scan (TVUS) and calculate the volume and 609 

vascularization indexes of the fibroid (VI, FI, and VFI) using the VOCAL software exam (which 610 

is used to assess the effectiveness of the UAE procedure72,75) (described in the introduction) 611 

(Figure 5 and Figure 6). 612 

 613 

2.2.4. Note that fact in the medical record. 614 

 615 

2.3. Ensure that the patient qualified for UAE has tests performed during qualification for 616 

UAE (described in steps 1.6.3, 1.6.4, and 1.6.6 of Qualification for UAE). 617 

 618 

2.3.1. If the patient has been pre-qualified by a gynecologist and does not have blood tests, 619 

a urine test, and an MRI, order the tests and arrange a consultation with an interventional 620 

radiologist (step 1.7 of Qualification for UAE). 621 

 622 

2.3.2. Rate or order AMH (recommended) or FSH (not recommended under 40 years) serum 623 

level before UAE to enable the assessment of ovarian damage as a result of "non-target" 624 

embolization. 625 

 626 

2.3.3. Inform the patient that the test results will be available in about a day and the UAE 627 

procedure will be possible only after receiving these results. 628 

 629 

2.3.4. Inform the patient that incorrect results disqualify her for the procedure. 630 

 631 

2.3.5. WARNING! In the case of missing or incorrect results of PAP smear, endometrial 632 

biopsy; the microbiological test of vaginal smear, disqualify the patient from UAE (too long 633 

time to obtain these results). Re-qualify after obtaining the correct results. 634 

 635 

2.3.6. Note that fact in the medical record. 636 

 637 

2.4. Obtain an informed consent to perform UAE. 638 

 639 

2.4.1. Provide the patient with all information about UAE. 640 

 641 

2.4.2. Discuss the possible complications of UAE (described in the introduction). 642 

 643 

2.4.3. Leave the patient time to think and ask questions; allow the patient to give an informed 644 

consent to perform the UAE procedure. 645 

 646 

2.5. Inform the patient that she has the right to change her decision until UAE begins. 647 

 648 

2.5.1. If the patient changes her decision regarding UAE, then suggest other treatment 649 

options for uterine fibroids (described in the introduction). 650 

 651 

2.5.2. Note that fact in the informed consent of the patient or medical record. 652 

 653 



2.6. Immediately before the UAE procedure, check and ensure that the tests described in 654 

sections 1.6.3, 1.6.4, and 1.6.6 of Qualification for UAE as well as 3D TVUS, MRI, and 655 

consultation with an interventional radiologist have been performed, and the results are 656 

correct. 657 

 658 

2.6.1. Disqualify a patient from UAE if the tests are missing or results are incorrect. 659 

 660 

2.6.2. Note that fact in the medical record. 661 

 662 

2.7. Inform the patient and take care of the prohibition on taking food and liquids from 663 

morning until the procedure. The exception is a small amount of liquid needed to take the 664 

morning dose of medication. 665 

 666 

2.7.1. Ensure in the morning (before UAE) that the patient is fasting. 667 

 668 

2.7.2. Ensure that the patient took the medications for own chronic diseases. 669 

 670 

2.7.3. Note that fact in the medical record. 671 

 672 

2.8. Order the patient the following medications: 1 tablet of anxiolytic (for example, 673 

Estazolam) orally, 1 dose of intravenous antibiotics, 1 globule of Metronidazole intravaginally, 674 

Diclofenac 100 mg rectal suppository. 675 

 676 

2.8.1. Give the above medicines about 30–40 min prior to UAE. 677 

 678 

2.8.2. Note that fact in the medical record. 679 

 680 

2.9. Prepare the operative field by ensuring that the left armpit and right groin are shaved. 681 

 682 

2.9.1. If the above areas of skin are not shaved, shave them gently. 683 

 684 

2.9.2. Note that fact in the medical record. 685 

 686 

2.10. Ensure that the patient does not have an intrauterine device (IUD). 687 

 688 

2.10.1. If the patient has an IUD in the uterus, inform her of the increased risk of infection in 689 

the uterine cavity and offer to remove it before UAE. 690 

 691 

2.10.2. If the patient does not agree to remove the IUD, note that fact in the informed consent 692 

of the patient or the medical record. 693 

 694 

2.11. Ensure that the patient reports any allergic reactions to medicines, contrast agents, 695 

and disinfectants and note that fact and results in the medical record. 696 

 697 

3. Performing the UAE procedure 698 

 699 

NOTE: This is addressed to interventional radiologists and anesthesiologists. 700 



 701 

3.1. Perform the procedure in sterile conditions. 702 

 703 

3.1.1. Put the patient on the operating table and disinfect the right inguinal region widely 704 

using a hospital disinfectant (with appropriate approval). 705 

 706 

3.1.2. Glue the surgical drape around the surgical site (right groin). 707 

 708 

3.2. Select the type of anesthesia: local or epidural anesthesia (EA) and note the patient's 709 

choice in the medical record. 710 

 711 

3.3. UAE under local anesthesia. 712 

 713 

3.3.1. Anesthetize (subcutaneous administration) 2% lignocaine solution at the site of the 714 

surgery. 715 

 716 

3.3.2. Administer 5 mg of morphine intravenously as needed. 717 

 718 

3.3.3. Before starting the UAE procedure, make sure that the local anesthesia is operational. 719 

 720 

3.4. UAE under EA 721 

 722 

3.4.1. Prepare the patient properly for the EA. 723 

 724 

3.4.2. Perform the EA before gluing the surgical drape. 725 

 726 

3.4.3. Ensure that the patient qualified for the EA procedure does not have the following 727 

contraindications EA: procedure refusal, coagulopathy, thrombocytopenia, hemolytic disease, 728 

taking anticoagulants, shock, infection at the site of epidural injection, bacteremia, local 729 

anesthetics allergy, anatomical deformities of the spine, increased intracranial pressure, 730 

neurological disease, severe aortic or mitral stenosis 94. Note that fact in the medical record. 731 

 732 

3.4.4. Call an anesthesiologist and ask for EA. 733 

 734 

3.4.5. Place a thin catheter to the epidural space in the lumbar region and give an anesthetic 735 

(procedure addressed for anesthesiologists). 736 

 737 

3.4.6. Before starting the UAE procedure, make sure that the EA is operational. 738 

 739 

3.5. The UAE procedure 740 

 741 

3.5.1. Perform the UAE procedure in Angio Suit under fluoroscopy guidance. 742 

 743 

3.5.2. Obtain access to the vascular system using the Seldinger technique95,96 (Figure 7, 744 

Figure 8, and Figure 9). 745 

 746 

3.5.3. Insert a pigtail catheter into the abdominal aorta just below the renal arteries. 747 



 748 

3.5.4. Perform angiography to visualize the vessels. 749 

 750 

3.5.5. Perform aortonephrography to assess the anatomy of the vessels that supply the 751 

fibroids and to plan the procedure (Figure 10). 752 

 753 

3.5.6. Perform angiography of the internal iliac artery in anterior-posterior and oblique 754 

projection to reveal the uterine artery ostium. 755 

 756 

3.5.6.1. Start from the left side, then the right one, due to the site of a puncture and 757 

specific shape of the catheter. Depending on the caliber of the vessel, the main catheter or 758 

microcatheter is selectively introduced into the uterine artery (Figure 11). 759 

 760 

3.5.7. Place the catheter deep in the uterine artery. Embolize the vessel with hydrogel 761 

particles. Due to the presence of uterine-ovary anastomosis, the size of which is estimated at 762 

approximately 500 μm, the suggested size of the particles for embolization is 700 μm to reduce 763 

the risk of "non-target embolization". 764 

 765 

3.5.8. Continue embolization until the blood flow in the vessel is completely blocked. The 766 

endpoint of treatment is contrast stasis in the vessel, which proves its effective closure. 767 

 768 

3.5.9. Perform the embolization of the uterine artery on the opposite side with the same 769 

access. The treatment lasts for about 0.5 to 1.0 h66,67 (Figure 12). 770 

 771 

3.5.10. Assess the effectiveness of the embolization from a catheter placed in the internal iliac 772 

artery during control angiography. The absence of an active inflow of shading blood (to the 773 

uterine arteries) indicates that the procedure is considered technically correct (Figure 13). 774 

 775 

3.5.11. Carefully remove the catheter. 776 

 777 

3.5.12. Close the puncture site through manual compression with pressure dressing, which 778 

should be maintained for the next 6 h or closure device (Figure 14). 779 

 780 

3.5.13. Describe the course of the UAE in the medical record. 781 

 782 

4. Patient care after the UAE procedure 783 

 784 

NOTE: This is addressed to gynecologists or vascular surgeons and anesthesiologists. 785 

 786 

4.1. Start analgesic treatment: patient controlled analgesia (PCA) pump or EA. 787 

 788 

4.1.1. Inform and discuss the options of analgesic treatment with the patient. 789 

 790 

4.1.2. Inform the patient that EA provides better pain control and faster rehabilitation, 791 

compared to the PCA pump76. 792 

 793 

4.1.3. Note that fact and the patient’s choice in the medical record. 794 



 795 

4.2. Analgesic treatment of post-embolization pain using a PCA pump. 796 

 797 

4.2.1. Prepare the syringe for the PCA pump with the morphine solution. 798 

 799 

4.2.1.1. Fill the 50 mL syringe for the PCA pump with 50 mg of morphine and solution 800 

of 0.9% NaCl (concentration 1 mg/mL). 801 

 802 

4.2.2. Prepare the PCA pump for intravenous use. 803 

 804 

4.2.2.1. Join the drain to the syringe. 805 

 806 

4.2.2.2. Insert the venipuncture using a cannula. 807 

 808 

4.2.2.3. Insert the syringe into the PCA pump. 809 

 810 

4.2.2.4. Fill the drain, launch the PCA pump. 811 

 812 

4.2.2.5. Turn on the START button. 813 

 814 

4.2.2.6. Lock the PCA pump. 815 

 816 

4.2.3. Set the PCA pump parameters (listed below) (Figure 15).  817 

 818 

WARNING! Higher doses of Morphine may cause respiratory depression. 819 

 820 

4.2.3.1. Use a Morphine concentration of 1 mg/mL. Use a dose of morphine infusion 821 

on-demand (intravenous bolus) (Bolus p.) of 0.5 mg with a time interval after which the next 822 

on-demand infusion can be provided (Lockout interval/[Karencja]) of 5 min (to avoid 823 

respiratory depression). Use a time of intravenous morphine injection during on-demand 824 

infusion of 10 s. 825 

 826 

4.2.4. Ensure that all the above steps are done. 827 

 828 

4.2.5. Order morphine in the PCA pump for up to 24 h. 829 

 830 

4.2.5.1. Monitor pain according to the Numerical Rating Scale (NRS). Note the NRS value 831 

in the medical record. 832 

 833 

4.2.5.2. Use the Pain Assessment Card (PAC). 834 

 835 

4.2.6. Inform the patient that when the pain symptoms come, she should press the “joy-836 

stick” herself, thereby obtaining the medicine on demand. 837 

 838 

4.2.6.1. Ensure that the patient understands the instructions. 839 

 840 



4.2.6.2. Observe the amount of on-demand “intravenous bolus” to “empty bolus” 841 

(launched during lockout interval - section 2.3 of the Patient care after the UAE PROTOCOL) 842 

(Figure 16). 843 

 844 

4.2.6.3. If the ratio of “empty bolus” to on-demand “intravenous bolus” reaches a value 845 

higher than 2/1 (67% / 33%), use the procedure below (Figure 17, 18). 846 

 847 

4.2.6.4. To improve the effectiveness of pain relief therapy using a PCA pump, and 848 

reduce the risk of morphine side effects, consider using paracetamol or non-steroidal anti-849 

inflammatory drugs in intravenous injections and standard doses. 850 

 851 

4.2.7. Take care of the situations when the patient needs to leave the bed. 852 

 853 

4.2.7.1. Do not turn off the pump. 854 

 855 

4.2.7.2. Disconnect the drain and secure it with a stopper. 856 

 857 

4.2.7.3. When the patient returns, reconnect the drain. 858 

 859 

4.3. Analgesic treatment of post-embolization pain using EA. 860 

 861 

4.3.1. Continue EA if it was used for the UAE procedure. 862 

 863 

4.3.2. If local anesthesia was used for the UAE procedure and the patient orders EA, before 864 

epidural catheter placement, ensure that CBC and coagulation tests are correct. 865 

 866 

4.3.3. Ensure that the patient qualified for the EA procedure does not have the contradictions 867 

described in section 3.4.3 of Performing the UAE procedure. Note that fact in the medical 868 

record. 869 

 870 

4.3.4. Call an anesthesiologist and ask for EA. 871 

 872 

4.3.5. Make sure that the EA is operational. 873 

 874 

4.3.6. Determine the EA work mode (bolus or continuous) with the anesthesiologist. Note 875 

that fact in the medical record. 876 

 877 

4.3.6.1. In continuous mode (CEA), consult with an anesthesiologist and check the 878 

infusion pump settings. 879 

 880 

4.3.6.2. In bolus mode (BEA), discuss with the anesthesiologist the time intervals 881 

between administering the local anesthetic agent. 882 

 883 

4.3.7. Maintain the catheter for 24–48 h, depending on the needs. 884 

 885 

4.3.7.1. Monitor the pain with the NRS scale. Note the NRS value in the medical record. 886 

 887 



4.3.7.2. Use the PAC. 888 

 889 

4.3.7.3. Continue CEA/BEA until needed, no longer than 48 h. 890 

 891 

4.3.8. Continue analgesic treatment after PCA or EA if necessary. 892 

 893 

4.3.8.1. Order Paracetamol 3 x 1.0 g intravenously. 894 

 895 

4.3.8.2. Order Diclofenac 2 x 50 mg rectal suppository. 896 

 897 

4.3.9. If the above analgesic treatment is not enough, include supportive analgesics. 898 

 899 

4.3.9.1. Order Ketoprofen 2 x 100 mg intravenously. 900 

 901 

4.3.10. Treat urinary tract symptoms by ordering Furazidin 3 x 100 mg orally. 902 

 903 

5. Control visit after the UAE procedure 904 

 905 

NOTE: This is addressed to gynecologists. 906 

 907 

5.1. Perform the first control examination on the first day after UAE. 908 

 909 

5.1.1. Assess the general condition of the patient. 910 

 911 

5.1.2. Measure the patient’s body temperature. 912 

 913 

5.1.3. Rate pain after UAE according to the NRS scale. Use the PAC. 914 

 915 

5.1.4. Assess the wound where the vascular catheter was inserted. 916 

 917 

5.1.5. Perform CBC and coagulation tests. 918 

 919 

5.1.6. Perform a TVUS to assess the condition of the pelvic organs after UAE. 920 

 921 

5.1.7. Perform a 3D TVUS using volume probe to assess the volume and vascularization 922 

indexes of the fibroid (VI, FI, and VFI). 923 

 924 

5.2. If there are no complications, and the post-embolization pain has been controlled by 925 

oral analgesics, discharge the patient home. 926 

 927 

5.2.1. Inform the patient that if fever, abdominal pain, and purulent vaginal discharge occur 928 

after hospitalization, the patient should immediately seek medical attention. 929 

 930 

5.3. Perform the next control visit 3 months after UAE. 931 

 932 

5.3.1. Perform a gynecological examination, CBC test, and AMH or FSH serum level. 933 

 934 



5.3.2. Perform MRI or TVUS to assess the condition of the pelvic organs after UAE (Figure 19). 935 

 936 

5.3.3. Perform 3D TVUS using volume probe to assess the volume and vascularization indexes 937 

of the fibroid (VI, FI, and VFI). 938 

 939 

5.4. Perform the last control visit 6 months after the UAE. 940 

 941 

5.4.1. Perform a gynecological examination, CBC test, and AMH or FSH serum level. 942 

 943 

5.4.2. Perform a TVUS to assess the condition of the pelvic organs after UAE. 944 

 945 

5.4.3. Perform 3D TVUS using volume probe to assess the volume and vascularization indexes 946 

of the fibroid (VI, FI, and VFI). 947 

 948 

5.5. Assess the effectiveness of UAE. 949 

 950 

5.5.1. Compare the results of the CBC test before and after UAE. 951 

 952 

5.5.2. Compare the volumes and vascularization indexes of the fibroid (VI, FI, and VFI) before 953 

and after UAE. 954 

 955 

5.6. Compare serum AMH or FSH levels before and after UAE to assess the possibility of 956 

iatrogenic damage to the ovaries during UAE as a result of "non-target" embolization. 957 

 958 

5.7. Inform the patient that after uterine artery embolization, she should undergo regular 959 

gynecological check-ups. 960 

 961 

5.8. In selected cases (no reduction of fibroid’s symptoms, suspected tissue demarcation, 962 

or doubt in other additional examinations), perform an MRI one year after UAE. 963 

 964 

REPRESENTATIVE RESULTS: 965 

557 UAE procedures were performed in the period from 2009 to 2019. A mean of the patients’ 966 

age was 38 years (31–53 years of age). Technical success was achieved in 547 patients (98.2%). 967 

 968 

The mean reduction of the fibroid volume (MRI volume assessment) 3 months after UAE 969 

procedure performed in the period from 2009 to 2013 in the group of 206 patients aged 32 to 970 

52 years (mean age: 39 years) was 62%. The smallest reduction was 9% (patient with 971 

hyalinized fibroid). Complete reduction (100%) was achieved in patients with the separated 972 

submucosal fibroid (FIGO 0). 90% of patients reported satisfaction after the UAE procedure 64. 973 

 974 

The mean reduction of the fibroid volume 3 months after UAE (ultrasound VOCAL volume 975 

assessment) in a group of 65 patients aged 29–52 years (mean age: 43.1 years) was 50.1% 976 

(2.7%–93.5%). Before the UAE procedure, median fibroid volume was 101 cm3 (range from 977 

23.6 to 610.0 cm3), whereas, after 3 months, the reduction of median fibroid volume to 50.4 978 

cm3 (range from 6.9 to 193.9 cm3) was observed. The Spearman correlation test showed a 979 

statistically significant, but relatively weak, positive correlation (R = 0.33; p = 0.006) between 980 

the initial dominant fibroid volume and percentage volume reduction. Interestingly, smaller 981 



fibroids showed a great variability of fibroid volume reduction at 3 months after UAE, while 982 

larger fibroids showed a stable, predictable reaction to UAE 72. 983 

 984 

Reduction of doppler vascular indices (VI, FI, and VFI) in the group of 17 patients 3 months 985 

after UAE was observed. The percentage reduction in VI and VFI was 95.4%, whereas in FI the 986 

reduction was 58.3% 75. 987 

 988 

Assessment of ovarian reserve was performed in 30 patients aged 33–40 years (mean age: 35 989 

years) 3 months after UAE. The mean dominant fibroid volume was 107.75 cm3 (range from 990 

87.4 to 131.1 cm3). The following markers of the ovarian reserve were investigated: antral 991 

follicle count (AFC), AMH, inhibin B (INHB), FSH, and estradiol (E2). A significant decrease in 992 

AFC (56.7%; p < 0.001), AHM (36.7%; p < 0.001), INHB (46.7%; p < 0.001), and E2 (43.3%; p < 993 

0.001) was observed. Simultaneously, a significant increase in FSH serum level (43.4%; p < 994 

0.001) was observed 65. 995 

 996 

Three months after UAE procedure, in two patients with submucosal fibroids (FIGO 0) (with 997 

diameters of 6 cm and 8 cm) uterine inversion was observed during excretion of demarked, 998 

necrotic fragments of fibroids through the cervical canal, which resulted in an emergency 999 

hysterectomy. 1000 

 1001 

Post-embolization pain reduction (according to PAC) with the use of PCA (procedure 2 of the 1002 

Patient care after the UAE Protocol) was assessed in 60 patients on the NRS scale on the day 1003 

after the UAE procedure. The median NRS immediately after UAE was 10 (range 5–10), while 1004 

after treatment the median NRS was rated 4 (range 1–5). The Spearman's correlation test 1005 

between the initial volume of fibroids (median 194.5 cm3, range 79–411 cm3) and NRS 1006 

immediately after UAE showed a statistically significant, strong positive correlation (R = 0.6; p 1007 

< 0.001), whereas the correlation between the initial volume of fibroids and NRS after 1008 

treatment showed a statistically significant, weak positive correlation (R = 0.34; p < 0.001). 1009 

Analyzing the above relationships, it can be concluded that major fibroids after UAE cause 1010 

stronger post-embolization pain after UAE. However, the treatment of post-embolization pain 1011 

after UAE of smaller fibroids with the use of PCA gives better results. 1012 

 1013 

Summarized data for Representative Results are provided in Table 1. 1014 

 1015 

FIGURE AND TABLE LEGENDS: 1016 

 1017 

Figure 1. FIGO uterine fibroids classification. 1018 

 1019 

Figure 2. Pelvic examination using a transvaginal ultrasound scan. Visible a uterine fibroid 1020 

(FIGO 5) with dimensions of 73 x 50 x 55 mm. 1021 

 1022 

Figure 3. Pelvic MRI examination in pre-qualification for UAE. Visible in the sagittal section a 1023 

big uterine fibroid (FIGO 2–5) with mass effect. 1024 

 1025 

Figure 4. Pelvic MRI examination in pre-qualification for UAE. Visible in the sagittal section a 1026 

uterine fibroid (FIGO 2–5). 1027 

 1028 



Figure 5. Assessment of uterine fibroid’s volume using VOCAL software. In this case, the 1029 

volume is estimated at 119.7 cm3. 1030 

 1031 

Figure 6. Assessment of uterine fibroid's vascularization using VOCAL software. In this case, 1032 

the vascularization indexes were calculated (VI 4.85, FI 25.38, and VFI 1.23). 1033 

 1034 

Figure 7. The picture shows a fragment of the angiographic laboratory. In the lower-left 1035 

corner, the patient with an exposed groin through which more tools are introduced. In the 1036 

upper-left corner, the C-arm of the angiograph can be seen. In the upper-right corner, the 1037 

monitors are visible, where the operator tracks the input tool. 1038 

 1039 

Figure 8. A set for arterial punctures. From the bottom: a needle, a vascular lock with an 1040 

introducer, and a guide. 1041 

 1042 

Figure 9. Close-up of the groin with visible vascular lock inserted into the femoral artery. 1043 

 1044 

Figure 10. On the left, angiography from a catheter placed in the abdominal aorta. The visible 1045 

vascular bearing of uterine myomas. For comparison (on the right), a control test performed 1046 

after UAE. 1047 

 1048 

Figure 11. Selective angiography using RUC catheter placed in the proximal parts of the 1049 

uterine arteries. Visible vascular bed of uterine fibroids. 1050 

 1051 

Figure 12. The single X-ray imaging showing the stasis of the contrast agent in the right 1052 

uterine artery. 1053 

 1054 

Figure 13. Control angiography performed from the main catheter located, respectively, in 1055 

the left and right iliac artery, confirms the lack of inflow of fresh blood (shading) into the 1056 

uterine arteries. 1057 

 1058 

Figure 14. The vascular access site after the completion of UAE. Visible 2 mm incision near 1059 

the right groin. 1060 

 1061 

Figure 15. PCA pump parameter settings for post-embolization pain after UAE treatment 1062 

(section 2.3 of the Patient care after the UAE PROTOCOL). 1063 

 1064 

Figure 16. PCA pump in operation. The ratio of on-demand intravenous bolus to "empty 1065 

bolus" (section 2.6.2. of the Patient care after the UAE PROTOCOL) 1:1 (50%:50%). 1066 

 1067 

Figure 17. PCA pump in operation. The ratio of on-demand intravenous bolus to "empty 1068 

bolus" (section 2.6.3. of the Patient care after the UAE PROTOCOL) 1:2 (33%:67%). This 1069 

requires additional analgesic treatment (procedure 2.6.4. of the Patient care after the UAE 1070 

PROTOCOL). 1071 

 1072 

Figure 18. PCA pump in operation. The ratio of on-demand intravenous bolus to "empty 1073 

bolus" (section 2.6.3. of the Patient care after the UAE PROTOCOL) 1:3 (25%:75%). This 1074 



requires continuing additional analgesic treatment (procedure 2.6.4. of the Patient care after 1075 

the UAE PROTOCOL). 1076 

 1077 

Figure 19. Pelvic MRI examination 3 months after the UAE procedure (the same case as in 1078 

Figure 3). Visible in the sagittal section is a uterine fibroid (FIGO 5), significantly smaller than 1079 

before the procedure, different density of the fibroid tissue. 1080 

 1081 

Figure 20. Pelvic MRI examination 1 year after UAE procedure (the same case as in Figure 4). 1082 

Visible in the sagittal section is a uterine fibroid (FIGO 2–5), with a very large volume reduction 1083 

after UAE. MRI was performed due to suspected tissue demarcation after the procedure (no 1084 

possibility to assess the fibroid structure in a bimanual examination). 1085 

 1086 

Table 1. Representative Results of UAE technique in the treatment of symptomatic uterine 1087 

fibroids performed in accordance with Lublin Protocol. 1088 

 1089 

DISCUSSION: 1090 

Because of the differences in the structure, size, localization, and symptoms of uterine 1091 

fibroids, the creation of a uniform UAE protocol has not been an easy task. There have been 1092 

many discrepancies regarding the assumptions of this therapeutic method with the 1093 

expectations of patients, both at the stage of qualification and the effects of treatment. More 1094 

than once, patients referred for UAE did not report any clinical signs of fibroids and were not 1095 

aware that these uterine tumors would not be removed radically. The only explicit expectation 1096 

was to get rid of fibroids without surgery. 1097 

 1098 

Therefore, it is important that the patient understands the assumptions of this method, 1099 

accepts it, and knows the differences regarding alternative methods of uterine fibroid 1100 

treatment. Her conscious choice (section 1.4. of the Qualification for UAE Protocol) is a critical 1101 

point, and its proper implementation will allow the protocol to be continued. 1102 

 1103 

During the implementation of the protocol, some procedures are repeated. This is intended 1104 

and results from the formula adopted by this journal, in which individual commands are 1105 

written in imperative mode and are directed to one person. However, several doctors are 1106 

often involved in the qualification, preparation, and other UAE stages. These are also critical 1107 

points of the protocol; their omission may result in UAE under non-optimal conditions or with 1108 

the presence of contraindications. Hence the division of the protocol into 5 chapters. This 1109 

allows it to be continued by various specialists, and the repeated protocol points are then 1110 

independently checked. 1111 

 1112 

An additional difficulty in creating a uniform protocol of uterine artery embolization in the 1113 

treatment of uterine fibroids is the current large number of recommendations (as many as 11) 1114 

that relate to the same procedure41. Although their assumptions are similar, as always, "the 1115 

devil is in the detail", which details required unification. Relative contraindications regarding 1116 

the location of fibroids or reproductive plans of patients undergoing UAE are the most 1117 

controversial during qualifications. Applying more stringent criteria proposed by SOGC, 1118 

patients should be excluded from this procedure, while more liberal RCOG recommendations 1119 

allow qualification for UAE14,32,43. The question is what to do. During the protocol creation, we 1120 

based the decision (apart from extensive literature) on the analysis of our cases and 1121 



experience gained, which requires an individual approach to each patient. Therefore, the 1122 

protocol does not exclude the performance of UAE in patients with relative contraindications 1123 

(sections 4, 6.8, and 7.3 of the qualification for UAE Protocol). The right qualification and 1124 

preparation for UAE seem to be the key to therapeutic success. The technique itself is also 1125 

very important, as well as UAE care, which ensures not only therapeutic success or patient 1126 

satisfaction but also the lack of complications described above. 1127 

 1128 

Regardless of the number of fibroids, all lesions are embolized during one procedure. Usually, 1129 

more the fibroids, more will be the embolization material that will be injected. This extends 1130 

the duration of the embolization but does not change the procedure. UAE can be modified if 1131 

we see an obvious connection to the ovarian artery, which may result in an increased risk of 1132 

non-target embolization. We can then close such a connection (e.g., using coils), thus 1133 

separating the supply of the ovaries and the uterus, and then continue embolization with the 1134 

use of 700 μm particles. If it is not possible to implant coils, then we increase the particle 1135 

diameter to 900 μm. 1136 

 1137 

There are also some cases when the fibroids can be supplied from the side of the ovarian 1138 

arteries; then, the uterine arteries are hypoplastic. In these cases, to successfully perform 1139 

embolization, a microcatheter should be inserted into the ovarian artery and past the ovary, 1140 

depositing the embolization material into the uterine vascular bed, while maintaining proper 1141 

ovarian supply. 1142 

 1143 

The undoubted advantage of embolization is the fact that it is not a technically difficult 1144 

procedure and does not require sophisticated equipment. 1145 

 1146 

The strong points of the protocol are the points regarding the treatment of post-embolization 1147 

pain, which at least half of the patients had not heard about when qualifying for UAE. The 1148 

standard procedure that we propose is the use of a PCA pump (section 2 of the Patient care 1149 

after the UAE Protocol), and the results obtained confirm the high effectiveness of such a 1150 

treatment. 1151 

 1152 

Regarding future modifications to the UAE protocol, it seems possible to change section 10 of 1153 

the preparing for the UAE Protocol, which requires removal of the IUD from the uterus before 1154 

the procedure due to the risk of inflammation and sepsis. In large follow-up studies, the risk 1155 

of infection in the pelvis combined with the presence of an IUD is less than 1 in 130049. 1156 

 1157 

UAE has been treated as an experimental method since its first use because it required 1158 

assessing the effectiveness and examining the complications that this procedure may give in 1159 

short and long-term periods. During these years, indications and contraindications have been 1160 

modified based on new test results and clinical observation. Current data, including several 1161 

randomized controlled studies, recognize UAE as a valuable treatment method for 1162 

symptomatic uterine fibroids, whose effectiveness and safety have been well established. 1163 

 1164 

The creation of the above protocol is due to a thorough analysis of current literature, relevant 1165 

recommendations and experience gained as a result of the close cooperation of gynecologists 1166 

and surgical radiologists during the decade. 1167 

 1168 
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Name of Material/ Equipment Company
Catalog 

Number
2% lignocaine in an ampoule

Access to Angio Suite for Minimally Invasive Vascular Surgery

Angiogarfic set Balton INT5F

Angiografic kit Panep 44000291

Cervical (PAP) smear kit

Diagnostic lab (possibility to use)

Disinfectant

Dressings

Embozene  700 μm Varian Medical 17020-SI

Epidural anesthesia kit

Equipment for gynecological examination

Intravaginal antibiotic

Intravenous antibiotic

Intravenous nonsteroidal anti-inflammatory drug

Morphine in ampoules

MRI lab (possibility to use)

Oral anxiolytic

Oral Furazidin

Oral Paracetamol or nonsteroidal anti-inflammatory drug

Pain Assessment Card

Patient Controlled Analgesia PumpProgreate Microcathete PROGREA 2.7 Fr x 130 cm STR w/Marker + GW 100 mm x 2.7 

Fr Terumo ​MC-PE27131

RADIFOCUS GUIDE WIRE M Standard Angled 0.032”/0.81 mm 180 cm 30 mm flex Terumo RF-GA32183M

RADIFOCUS OPTITORQUE 5 Fr x 80 cm Cobra 2 Middle SH0 Terumo RH-AB55108M

RADIFOCUS OPTITORQUE 5 Fr x 80 cm UFE Type 1 19 SH0 Terumo RH-AUB5108M

Rectal nonsteroidal anti-inflammatory drug

Shaving kit

Single-use Endometrial Biopsy Kit

Solution of 0,9% NaCl
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Ultrasound machine with 3D-transvaginal probe

Ultrasound machine with transvaginal probe



Comments/Description

Intended for interventional radiologist (section 3)

Intended for interventional radiologist (section 3)

(5 Fr sheath, needle, guidewire) Intended for interventional radiologist (section 3)

(Sterile Disposable Angiography DRAPE) Intended for interventional radiologist (section 3)

Intended only for the gynecologist (section 1)

Necessary to perform laboratory tests (section 1, 2 and 5)

Intended for interventional radiologist (section 3)

Intended for interventional radiologist (section 3)

(Particles) Intended for interventional radiologist (section 3)

Intended only for the anesthesiologist (section 3 and 4)

Intended only for the gynecologist (section 1 and 2)

Intended for the gynecologist or vascular surgeons (section 2)

Intended for the gynecologist or vascular surgeons (section 2)

Intended for the gynecologist or vascular surgeons (section 4)

Intended for interventional radiologist and gynecologist or vascular surgeons (section 3, 4)

Intended for interventional radiologist (section 1 and 2)

Intended for the gynecologist or vascular surgeons (section 2)

Intended for the gynecologist or vascular surgeons (section 4)

Intended for the gynecologist or vascular surgeons (section 4)

Intended for the gynecologist or vascular surgeons (section 4)

Intended for the gynecologist or vascular surgeons (section 4)

(Microcatheter) Intended for interventional radiologist (section 3)

(Guidewire) Intended for interventional radiologist (section 3)

(Catheter) Intended for interventional radiologist (section 3)

(Catheter) Intended for interventional radiologist (section 3)

Intended for the gynecologist or vascular surgeons (section 2, 4)

Intended for the gynecologist or vascular surgeons (section 2)

Intended only for the gynecologist (section 1)

Intended for the gynecologist or vascular surgeons (section 4)



Intended only for the gynecologist (section 2 and 5)

Intended only for the gynecologist (section 1 and 2)
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To begin with, I would like to express my sincere thanks to the Editor. Thanks to this 

review, the weaknesses of the manuscript have been improved, which surely increases the 

quality of the manuscript. 

 

Regarding the: 1. Please take this opportunity to thoroughly proofread the manuscript 

to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your 

manuscript and any errors in the submitted revision may be present in the published version. – 

As required, the manuscript has been proofread by authors and language specialist.  
 

Regarding the: 2. Please format the manuscript as: paragraph Indentation: 0 for both 

left and right and special: none, Line spacings: single. Please include a single line space between 

each step, substep and note in the protocol section. Please use Calibri 12 points. - The 

manuscript has been formatted as required. 

 

Regarding the: 3. Please make the title concise and do not include any punctuations: 

Hypens, colons etc. - The title has been changed as recommended - The Lublin Protocol of 

the Uterine Arteries Embolization in the treatment of symptomatic uterine fibroids. 
 

Regarding the: 4. Please make the entire document crisp. Please see example 

manuscripts attached. - The entire manuscript has been revised to make it crisp. 

 

Regarding the: 5. Please rephrase the Short Abstract/Summary to clearly describe the 

protocol and its applications in complete sentences between 10-50 words: “Presented here is a 

protocol …” - The short abstract has been modified as recommended - Presented here, a 

protocol of Uterine Artery Embolization in the treatment of symptomatic uterine fibroids is 

divided into five chapters: qualification, preparation, performing, post-procedure care and 

follow-up visits. This protocol requires close cooperation between gynaecologists and 

interventional radiologists, enabling the proper execution of the above procedure. [46 words] 

 

Regarding the: 6. Please ensure that the long Abstract is within 150-300-word limit 

and clearly states the goal of the protocol. - The long abstract has been revised to clearly 

states the goal of the protocol. The word count is 270.  
 

Regarding the: 7. Please revise the Introduction to make it crisp and include all of the 

following with citations: 

a) A clear statement of the overall goal of this method 

b) The rationale behind the development and/or use of this technique 

c) The advantages over alternative techniques with applicable references to previous studies 

d) A description of the context of the technique in the wider body of literature 

e) Information to help readers to determine whether the method is appropriate for their 

application - The introduction has been revised as required to make it crisp and includes 
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Regarding the: 9. Please reword lines 345-356, 393-394, 573-575, 771-773, as it 

matches with previously published literature. - The following lines have been reworded: 345-

356; 393-394 and 573-575. According to the comments of the Reviewer 1, lines 771-773 

has been removed from manuscript. 
 

Regarding the: 10. Please include an ethics statement before the numbered protocol 

steps, indicating that the protocol follows the guidelines of your institution’s human research 

ethics committee. – As required, an ethics statement was included before the numbered 

protocol steps.   
 

Regarding the: 11. Please adjust the numbering of the Protocol to follow the JoVE 

Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if 

necessary. Please refrain from using bullets, alphabets, or dashes. - The protocol has been 

modified as required. 
 

Regarding the: 12. Please ensure that all text in the protocol section is written in the 

imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” 

etc.). The actions should be described in the imperative tense in complete sentences wherever 

possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout 

the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” 

- The protocol has been modified as required. 

 

Regarding the: 13. The Protocol should contain only action items that direct the reader 

to do something. Please move the discussion about the protocol to the Discussion. -The 

discussion about protocol has been removed from the protocol.  
 

Regarding the: 14. Please ensure you answer the “how” question for each step, i.e., 

how is the step performed? The protocol has been revised as required.  

 

Regarding the: 15. Please ensure that individual steps of the protocol should only 

contain 2-3 actions sentences per step. - The protocol has been revised as required. 

 

Regarding the: 16. In the JoVE Protocol format, “Notes” should be concise and used 

sparingly. They should only be used to provide extraneous details, optional steps, or 

recommendations that are not critical to a step. Any text that provides details about how to 

perform a particular step should either be included in the step itself or added as a sub-step. - 

The discussion and extra notes about protocol has been removed from the protocol . 
 

Regarding the: 17. Please use complete sentences throughout the protocol text. – As 

required, complete sentences have been used throughout the protocol text. 
 

Regarding the: 18. There is a 10-page limit for the Protocol, but there is a 2.75-page 

limit for filmable content. Please highlight 2.75 pages or less of the Protocol (including 

headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the 

steps that should be visualized to tell the most cohesive story of the Protocol. As required, the 

protocol has been shortened below 10 pages. Furthermore, 2.75 pages has been 

highlighted (yellow) for the video. 
 



Regarding the: 19. Please ensure the results are described with respect to your 

experiment, you performed an experiment, how did it help you to conclude what you wanted to 

and how is it in line with the title. - We ensure that the results are described with respect to 

our experiment. 
 

Regarding the: 20. Please include a figure or a table in the Representative Results 

showing the effectiveness of your technique backed up with data. As required, a table 

representing results has been added.  

 

Regarding the: 21. Please obtain explicit copyright permission to reuse any figures 

from a previous publication. Explicit permission can be expressed in the form of a letter from 

the editor or a link to the editorial policy that allows re-prints. Please upload this information 

as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately 

in the Figure Legend, i.e. “This figure has been modified from [citation].” - No figures from 

previous publication are used in the manuscript. therefore, copyright permission is 

unnecessary 
 

Regarding the: 22. Each Figure Legend should include a title and a short description of 

the data presented in the Figure and relevant symbols. Each figure Legend have been revised. 

 

Regarding the: 23. As we are a methods journal, please ensure that the Discussion 

explicitly cover the following in detail in 3-6 paragraphs with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique - The discussion section has been revised as 

required to make it crisp and includes all of the requirements. 
 

Regarding the: 24. Please do not make a separate abbreviation section. All 

abbreviations need to be defined during the first time use. – As required, all of abbreviations 

have been defined during the first time use. 
 

Regarding the: 25. Figure 15-18: Please do not show the commercial terms. - We have 

not seen in figures 15-18 the commercial items. 
 

Regarding the: 26. Some of the figures can be moved to the supplementary figures 

instead. We believe that in the case of Uterine Arteries Embolisation the above figures are 

key to present crucial steps 

 

 

 

 

 

 

 

 

 

 

 



Comments to the Reviewer 1: 

 

To begin with, I would like to express my sincere thanks to the Reviewer. Thanks to 

this review, the weaknesses of the manuscript have been improved, which surely increases the 

quality of the manuscript. 

 

Regarding the: Line 67: ….. structure in the form of a mesh. What about mesh? I have 

NEVER heard of a mesh surrounding the fibroids. More than anything else I have heard of a 

pseudocapsule that surrounds the fibroid as a fibrovascular network. Please edit the text 

appropriately and in accordance with the anatomy. I went to review references 1 and 2 and they 

are extremely dated. I would suggest to use the most updated references on the anatomy of 

myomas, as: 1) Tinelli A, Malvasi A, Rahimi S, Negro R, Cavallotti C, Vergara D, Vittori G, 

Mettler L. Myoma pseudocapsule: a distinct endocrino-anatomical entity in gynecological 

surgery. Gynecol Endocrinol. 2009 Oct;25(10):661-7; 2) Tinelli A, Sparic R, Kadija S, Babovic 

I, Tinelli R, Mynbaev OA, Malvasi A. Myomas: anatomy and related issues. Minerva Ginecol. 

2016 Jun; 68 (3): 261-73. As suggested by the reviewer, the following fragment has been 

changed: Uterine fibroids are benign tumours originating from smooth muscle tissue, 

constituting uterine muscle stroma. They are monoclonal tumours, consisting of a large 

amount of extracellular substance containing collagen, fibronectin and proteoglycans. The 

fibroids are surrounded by a thin pseudocapsule made of compressed muscle fibers, collagen 

fibers, neurofibers and blood vessels 1, 2.  

 

Regarding the: Line 67: adding comments to pathophysiology of uterine fibroids, I 

suggest to stress, at least briefly, how uterine fibroids pathogenesis relies mainly on monoclonal 

proliferation due to selective and tissue-specific epigenetic changes (see: Laganà AS, Vergara 

D, Favilli A, et al. Epigenetic and genetic landscape of uterine leiomyomas: a current view over 

a common gynecological disease. Arch Gynecol Obstet. 2017 Nov;296(5):855-867.). - As 

suggested by the reviewer, the following fragment has been changed: The pathophysiology 

of myomas is not entirely understood but seems to rely mainly on monoclonal proliferation 

caused by selective and tissue-specific epigenetic changes 3. No single gene was found to 

cause uterine fibroids. However, the presence of rare uterine fibroid syndromes, such as 

multiple cutaneous and uterine leiomyomatosis, has been attributed to a gene that codes for 

fumarate hydratase, a mitochondrial enzyme involved in the Krebs cycle 4. The presence of 

chromosome 7 deletions and translocations in chromosomes 7, 12 and 14, which occur in 

50% of fibroids, seems to be secondary rather than primary 5–7. 

 

Regarding the: Lines 75-80 and 85-92: I read a long list of references to epidemiology, 

which frankly are excessive and lengthening the introduction too much. The authors can easily 

shorten this part, referring to a single updated article: Sparic R, Mirkovic L, Malvasi A, Tinelli 

A. Epidemiology of Uterine Myomas: A Review. Int J Fertil Steril. 2016 Jan-Mar; 9 (4): 424-

35. - As suggested by the reviewer, the following fragment has been changed: The 

regulators of uterine fibroids growth are steroid hormones produced by ovaries (estrogens 

and progesterone), growth factors, angiogenesis and apoptosis. Risk factors for the 

development of uterine fibroids have also been identified, including age, early menarche, 

African American race, heredity, nulliparity, obesity, polycystic ovary syndrome, diabetes, 

hypertension, vitamin D deficiency, use of soybean milk, alcohol and caffeine consumption 

8. 

Uterine fibroids are the most common benign tumours of reproductive organs in women. For 

the first time, these tumours were described in 1793 by Matthew Baillie of St George's 

Hospital in London. Available epidemiological data do not accurately specify the incidence 



of uterine fibroids, as their large proportion remain undiagnosed. It is estimated that uterine 

fibroids occur in 5.4 to 77% of all patients. Their prevalence is higher in the United States 

than in Europe, the probable cause being racial differences 8. 

 

Regarding the: Line 95-155: The discussion of fibroids seems like a short summary of 

a chapter in a short book. I do not think this issue should be dealt with in full in this paper, 

which should not concern the fibroid clinic, but rather the aspect of the manuscript title. I 

suggest referring to these very important papers to summarize what is written in a few lines 

(maximum 10): 1) Al-Hendy A, Myers ER, Stewart E. Uterine Fibroids: Burden and Unmet 

Medical Need. Semin Reprod Med. 2017 Nov;35(6):473-480.; 2) De La Cruz MS, Buchanan 

EM. Uterine Fibroids: Diagnosis and Treatment. Am Fam Physician. 2017 Jan 15;95(2):100-

107. 3) Stewart EA. Clinical practice. Uterine fibroids. N Engl J Med. 2015 Apr 

23;372(17):1646-55.; 4) Bulun SE. Uterine fibroids. N Engl J Med. 2013 Oct 3;369(14):1344-

55. As suggested by the reviewer, the following fragment has been changed:  In most cases, 

patients have more than one myoma, which are spherical lesions located in the uterus. Their 

dimensions and location may vary. In 90% of cases, they are located in the body of the uterus. 

Their diameter can be from several millimetres to 20cm 10. 

The FIGO (Fédération Internationale de Gynécologie et d’Obstétrique) classification 

divides them into groups from 0 to 8 depending on the proximity of the endometrium (the 

lower the number, the closer the endometrium) (Fig. 1) 11. 

In about 50-75% of cases, fibroids are asymptomatic. The most common symptoms of 

uterine fibroids are profuse menstrual bleeding, abnormal uterine bleeding and pressure 

symptoms. Myomas are associated with about 10% of cases of infertility, and in 1-3% they 

are the only cause 12.  Asymptomatic uterine fibroids usually undergo only a regular medical 

control, whereas symptomatic fibroids are an indication for treatment 13. 

 

Regarding the: Line 159-188: I suggest to shorten the paragraph and to refer only to 

these references: 1) Rogers TS, Bieck AM. Management of Uterine Fibroids. Am Fam 

Physician. 2019 Mar 1;99(5):330-333. 2) Chwalisz K, Taylor H. Current and Emerging Medical 

Treatments for Uterine Fibroids. Semin Reprod Med. 2017 Nov;35(6):510-522.; 3) Saridogan 

E. Surgical treatment of fibroids in heavy menstrual bleeding. Womens Health (Lond). 2016 

Jan;12(1):53-62. As suggested by the reviewer, the following fragment has been changed:  

Surgical treatment includes myomectomy (abdominal and hysteroscopic) and hysterectomy. 

Both myomectomy and hysterectomy have a positive impact on the quality of life 19. 

Hysterectomy is associated with irreversible loss of fertility; thus, many women seek other 

treatment options 20. 

Abdominal myomectomy allows for the preservation of fertility.  Depending on the 

size and number of fibroids, as well as the experience of the surgeon, this procedure can be 

performed via laparotomy or laparoscopy. Although haemorrhages are less common than in 

hysterectomy, overall morbidity is similar. Hysteroscopic myomectomy is a safer, less invasive 

method than abdominal myomectomy and allows treatment of submucous fibroids (Figo 0-

2). Subsequent hysteroscopic procedures may be necessary to completely remove larger type 

2 fibroids 21. 

 

Regarding the: Line 189-211: Once again, the discussion on the pharmacological 

treatments of uterine fibroids is too long. Please cut back and use only these few references: 1) 

Fritton K, Borahay MA. New and Emerging Therapies for Uterine Fibroids. Semin Reprod 

Med. 2017 Nov;35(6):549-559.; 2) Chwalisz K, Taylor H. Current and Emerging Medical 

Treatments for Uterine Fibroids. Semin Reprod Med. 2017 Nov;35(6):510-522.; 3) Friend DR. 

Drug delivery for the treatment of endometriosis and uterine fibroids. Drug Deliv Transl Res. 



2017 Dec;7(6):829-839.; 4) Ciavattini A, Delli Carpini G, Serri M, Vignini A, Sabbatinelli J, 

Tozzi A, Aggiusti A, Clemente N. Hypovitaminosis D and "small burden" uterine fibroids: 

Opportunity for a vitamin D supplementation. Medicine (Baltimore). 2016 Dec;95(52):e5698. 

As suggested by the reviewer, the following fragment has been changed: Levonorgestrel-

Releasing intrauterine devices are an effective treatment for heavy menstrual bleeding, but 

they do not reduce the size of fibroids. Their use is limited in patients with the deformed 

uterine cavity. 

GnRH analogues are mainly used as a pre-operative agent to reduce the size of 

fibroids and perioperative blood loss. They also reduce the percentage of vertical incisions 

during hysterectomy and myomectomy while increasing the possibility of vaginal procedure 

20. 

In the short term, selective progesterone receptor modulators reduce myoma volume 

and induce amenorrhea. However, the long-term efficacy and safety require further 

research. As well as aromatase inhibitors, they may be another option for pre-operative 

treatment of anaemia and reduction of myoma volume 22. 

Some studies suggest that vitamin D may slow down or prevent the growth of fibroids 

and the onset of symptoms 23.  

New methods using 2-methoxyestradiol combined with nanoparticles are also under 

development 24. 

 

Regarding the: However, there is something that the authors should deal with, which 

instead is NEVER treated in the comparison in conferences and conventions. When embolizing 

a uterine myoma, the myoma is left in place and not removed. Since the surgeons have 

undergone real media trials for the non-operative diagnosis of leiomyosarcoma and have 

removed fibroids that were not myomas but leiomyosarcomas (with all the medico-legal 

repercussions ....), what the authors of the problem say to leave a myoma in utero (after 

embolization) against the risk of developing a leiomyosarcoma, not having the possibility to 

perform a histological examination ????? Discuss this huge bias that is NOT discussed during 

conference discussions. As suggested by the reviewer, the discussion on leiomyosarcoma 

has been completed. 

In protocol: 

QUALIFICATION: 

1.6. WARNING! Inform the patient that 1-3 cases out of 1,000 uterine tumors can be 

malignant (leiomyosarcoma). Discuss with the patient that the endometrial biopsy and MRI 

performed during UAE qualification is highly sensitive in the diagnosis of leiomyosarcoma, 

but not 100%. Inform the patients that performing UAE for leiomyosarcoma may delay 

diagnosis and proper treatment. Note that fact in the medical record. 

3.1. Absolute contraindications for UAE are: asymptomatic fibroids; a viable pregnancy; 

an active uterine infection; contraindications for the use of radiological contrast agents; 

features of leiomyosarcoma on MRI; uterine or ovarian malignant tumor unless it is 

performed for palliation or as an adjunct to surgery 87. 

6.3.3. Order an MRI to evaluate the uterine tumor for leiomyosarcoma features and UAE 

technical capabilities. 

 

In text: 

A separate issue requiring discussion is uterine sarcoma, in particular leiomyosarcoma 

(LMS), which accounts for 70% of these uterine tumours. The prevalence of LMS in patients 

operated on for myoma is low and estimated at 0.13–0.29% 58, 59. The increase in the 

incidence of LMS is observed in women over 40 years of age. LMS is difficult to diagnose 

before treatment as it may resemble benign fibroids 60. Most LMS are unrelated to pre-



existing fibroids, and there is no evidence of an association of LMS with uterine fibroids 61. 

Both uterine fibroids and LMS tend to grow rapidly. Thus, the size or growth rate is not a 

risk factor for a malignant uterine tumour 60. 

Currently, there are no reliable laboratory or imaging tests that would allow us to clearly 

identify leiomyosarcoma and differentiate it from leiomyoma 60, 62. The sensitivity of 

endometrial biopsy in the diagnosis of leiomyosarcoma is 86%. Thus, a negative biopsy result 

does not exclude the existence of a malignant uterine tumour. Contrast-enhanced MRI is 

currently the optimal diagnostic method for uterine tumours. The sensitivity of this test in the 

diagnosis of LMS is 94% 60. 

As already mentioned, the above tests do not exclude 100% of malignant uterine tumours. 

Therefore, there is a slight risk of prolonging the diagnosis of LMS after treatment, without 

the possibility of histopathological verification of the uterine tumour. The patient should be 

informed about this during the qualification for the UAE.   

 

Regarding the: Line 305: embolization of uterine fibroids MUST NOT be performed 

in women seeking pregnancy, NEVER. Please, consider this sentence in absolute 

contraindications. - As an obstetrician and gynecologist, I fully agree with the reviewer. In 

women seeking pregnancy, UAE should not be performed in the treatment of 

symptomatic fibroids and it should be an absolute contraindication. Possible 

consequences are described in the manuscript, including those that threaten the life of a 

pregnant woman. However, the literature describes cases of full-term pregnancies after 

UAE. Furthermore 8 out of 11 current guidelines allow conditional UAE in these women. 

Accordingly, we regard "seeking pregnancy" as a relative contraindication in women 

with an additional indication for UAE, such as refusing surgery or blood transfusions, 

where the lack of treatment may be life-threatening. This detail was added to the 

manuscript. – There are many reports of successful pregnancy after UAE, but existing 

evidence does not fully support its use as an alternative to pharmacological or surgical 

treatment (myomectomy) in young women 49. Therefore, this procedure should be used with 

great caution in women who declare a desire to become pregnant (a lower pregnancy rate, a 

higher miscarriage rate, uterine rupture, placenta accreta and adverse pregnancy outcomes 

after UAE than after myomectomy) 32, 50–55. As gynaecologists, we do not recommend UAE 

for women seeking pregnancy. For us, it is a relative contraindication, provided that there 

are additional indications for UAE, such as refusal for surgery or blood transfusions, where 

the lack of treatment may be life-threatening. 

 

 

Regarding the:  Line 344: how much are the radiation exposure doses that can be taken 

during exposure? a minimum duration of 50 minutes for an embolization of the uterine arteries 

seems to me somewhat exaggerated, just as 1.5 hours is exaggerated. The optimal interval 

seems to be 30-60 minutes. – As suggested by the reviewer, the following fragment has been 

completed: The procedure lasts on average from 30 to 60 minutes. In the 2019 meta-analysis 

Nocum DJ 1 et al we read that mean absorbed ovarian dose (Gy) ranges from 0,04 to 0,22 

and mean estimated effective dose (mSv) ranges from 22 to 34.  Mean fluoroscopic time is 

about 22 minutes. 
 

Regarding the: Line 349: the problem of hyaline degeneration or coagulative necrosis 

leads to an intense inflammatory reaction and pelvic pain. How are patients treated in the 

opinion of doctors who complain of intense post-embolization pain (Line 365)? The reviewer's 

comment concerns the sentence “Lack of vasculature of myomas leads to ischemic 

necrosis within the embolized tissues, which consequently leads to hyaline degeneration 



or coagulative necrosis. This process develops within a few months. In the majority of 

patients who underwent UAE, and followed for 6 months after this procedure, no 

symptoms of intense inflammation were observed. However, in the event of intense 

inflammation, patients should comply with section “Control visit after the UAE 

procedure” of the protocol. 
 

Regarding the: Line 369: Epidural anesthesia (EA), maintained for 24 hours after the 

procedure is not reasonable for 3 problems: 1) costs; 2) risks; 3) inability to perform day surgery 

treatment with early discharge. The ERAS protocol (Enhanced recovery after surgery) 

allows the use of EA for 48 or even 72 hours. (Melnyk M, Casey RG, Black P, Koupparis 

AJ. Enhanced recovery after surgery (ERAS) protocols: Time to change practice ?. Can 

Urol Assoc J. 2011; 5 (5): 342-348. doi: 10.5489 / cuaj.11002) 
 

Regarding the: What about the medicated microspheres with analgesic drug? Thank 

you for recalling this issue. Information on the use of mixtures of analgesics with polyvinyl 

alcohol molecules during the UAE appears in the literature. The authors conclude that 

the method significantly reduces pain up to several hours after UAE. Thereafter, no 

significant differences in pain scores were observed. The authors' assumption was to limit 

UAE performance in a hospital setting. We do not use this method in our center and 

cooperating centers. Also, there are no current publications regarding the use of pain 

medications in a mixture with embolization material during UAE. Information on this 

type of analgesic treatment is provided at the beginning of this manuscript. - Other 

approaches are also available in post-embolisation pain management reviews. It is worth 

mentioning the use of mixtures of pain medications with polyvinyl alcohol molecules and 

electroacupuncture anaesthesia during UAE. Both methods were intended to limit the 

number of UAE procedures performed in a hospital setting 77, 78. We do not use these 

methods in our and cooperating centers. 

  

Regarding the: Line 386: A special case of non-target embolization is ovarian damage. 

This, it should be emphasized, is one of the major problems of embolization which also entails 

the risk of POF and possible menopause. It would be useful to stress this problem from the 

endocrinological point of view. The paragraph on "non-target embolization" in the 

introduction extensively describes the effect of embolization on the ovarian reserve. The 

endocrine effects are premature menopause and decreased fertility of women undergoing 

UAE. The aspect of decreased fertility is widely described in the introduction, protocol 

and the representative results itself. The endocrinological aspect of menopause seems to 

me to extend beyond the scope of this manuscript. As suggested by the reviewer, a section 

on decreased fertility was added.: Permanent amenorrhea occurs in about 15% of women 

over 40 years of age and in about 1% of women under this age, causing symptoms of 

premature menopause. In our own research, a decrease in fertility in young women (33-40 

years) as a result of the reduction of the ovarian reserve was found. [Czuczwar, P., Stepniak, 

A., Milart, P., Paszkowski, T., Wozniak, S. Comparison of the influence of three fibroid 

treatment options: Supracervical hysterectomy, ulipristal acetate and uterine artery 

embolization on ovarian reserve - An observational study. Journal of Ovarian Research. 11 

(1), doi: 10.1186/s13048-018-0420-1 (2018)] 

 

 

 

 

 



Comments to the Reviewer 2: 

 

To begin with, I would like to express my sincere thanks to the Reviewer. Thanks to 

this review, the weaknesses of the manuscript have been improved, which surely increases the 

quality of the manuscript. 

 

Regarding the: While the authors refer to the RCOG and SOGC guidelines they make no 

mention of the ASRM guidelines in re:fertility concerns in the setting of a UAE. I haven't 

found a good reason for the omission in the manuscript. As suggested by the reviewer, the 

data has been completed. The following reference has been added: According to RCOG 

guidelines, the desire to preserve or improve fertility in young women with symptomatic 

uterine fibroids is a relative contraindication to UAE (50). In contrast, SOGC guidelines 

recommend that in similar cases UAE should not be proposed as a treatment option for 

fibroids, because safety and effectiveness in such women has not been established (16 58). 

A similar point of view is represented by other scientific societies, including American 

Society for Reproductive Medicine (ASRM), American College of Obstetricians and 

Gynecologists (ACOG), American College of Radiology (ACR), Royal Australian and New 

Zealand College of Obstetricians and Gynaecologists (RANZCOG) and others, citing 

improved fertility outcomes after myomectomy (57 58 + Practice Committee of American 

Society for Reproductive Medicine in collaboration with Society of Reproductive Surgeons 

Myomas and reproductive function. Fertility and Sterility. 90 (5 Suppl.), 125–130, doi: 

10.1016/j.fertnstert.2008.09.012 (2008).. UAE has been recommended only by NICE for 

women seeking to maintain or improve fertility, especially with features unfavorable to 

myomectomy (multiple fibroids). (67) 

 

 

Regarding the: Line 95- I would reword the sentence to read "uterine fibroids rarely 

appear alone" The fragment containing the above sentence has been removed from the 

manuscript. 

 

Regarding the: Line 235-the authors erroneously scribe RCTs as "RTCs". An 

abbreviation RCTs has been removed from manuscript as after revision it was used only 

once.  

 

Regarding the: Line 237-No clear definition of short and medium term (in terms of 

time) and "medium and serious complications" As suggested by the Reviewer, the data has 

been updated: Research results indicate that UAE is highly effective in the short to medium 

term (up to a few years) with a low risk of medium (e.g. uterine infection) and serious (life-

threatening) complications 38, 39 
 

Regarding the: Line 446(i) unclear sentence "if possible make outpatient 

consultations" The sentence has been clarified.  

  

i)   if possible, perform as many qualification procedures as possible at the 

outpatient clinic. 

 

Regarding the: Line 481-why was an FSH instead of an AMH level used as a marker 

of ovarian reserve? As suggested by the reviewer, the data has been completed. The choice 

of the ovarian reserve marker is dictated by economic considerations (FSH is cheaper and 

faster to perform). - The sentence was changed to "AMH (recommended) or FSH (not 



recommended under 40 years)". - Performing a complete blood count (CBC) and 

coagulation tests (INR, APTT), renal panel (creatinine, urea), thyroid-stimulating hormone 

(TSH), the concentration of anti-Mullerian hormone (AMH) (recommended) or the follicle-

stimulating hormone (FSH) at follicular phase, C-reactive protein (CRP), general urine test 

and vaginal smear (aerobic vaginal culture) makes it possible to assess and avoid potential 

post-embolisation complications (infections, iatrogenic ovarian damage, intensification of 

previous renal impairment after Gadolinium-based contrast agents, thyrotoxicosis in cases 

of hyperthyroidism after an iodine-based contrast agent) 63, 64. Please note that FSH testing 

is not recommended under the age of 40, as FSH is not a sensitive indicator of changes in 

ovarian reserve in young women 50, 65. 

 

Regarding the: Line 531- what exact microbiological test of the vaginal smear are the 

authors referring to? As suggested by the reviewer, the data has been completed:  

6.6.1. Microbiological test of vaginal smear (aerobic vaginal culture), urinalysis 

 

Regarding the: Line 963- AMH has been incorrectly transcribed at AHM The 

abbreviation AMH has been corrected. 
 

Regarding the: Line 1058- "What to do" ought to be followed by a question mark The 

sentence has been corrected. 

 

Regarding the: Line 1079-What does the line starting with "Strongside embolization" 

mean? The above line has been clarified: The undoubted advantage of embolization is the 

fact that it is not a technically difficult procedure and does not require sophisticated 

equipment. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Comments to the Reviewer 3: 

 

To begin with, I would like to express my sincere thanks to the Reviewer. Thanks to this review, 

the weaknesses of the manuscript have been improved, which surely increases the quality of 

the manuscript. 

 

Regarding the: Lines 264-267: "It is necessary to exclude adenomyosis on its own or 

coexisting with myomas because in such cases it is necessary to modify the procedure. 

However, this method of treatment may be considered after appropriate diagnostics (including 

ultrasound using elastography) and qualification 16, 50, 58-62." - I would - at least - rephrase 

this issue. See ref. 50 (RCOG and RCR guidline, 2013), Part 4 (page 8). As suggested, the 

following fragment has been rephrased: It is necessary to differentiate fibroids from 

adenomyosis or fibroids co-existing with adenomyosis because, in such a situation, UAE is 

less effective and requires modification of the procedure technique 16, 50, 58-62. 

 

Regarding the: Lines 301-304: "Another relative contraindication is the size of the 

myoma, especially associated with compression symptoms. In such cases, extreme caution is 

needed when qualifying for UAE, as the reduction in volume may not be sufficient to relieve 

symptoms and meet patient expectations 16, 50, 58." Most data in the literature suggest that 

size by itself is not a contraindication. See also reference 50 (RCOG and RCR guidline, 2013), 

Part 5 (page 9) or Berczi V et al: Safety and Effectiveness of UFE in Fibroids Larger than 10 

cm. Cardiovasc Intervent Radiol. 2015 Oct;38(5):1152-6. doi: 10.1007/s00270-014-1045-4. 

See also Lines 401-404, lines 512-514, and other parts of this review. Thank you for recalling 

this issue. The data has been completed: Despite the fact that current literature suggests 

that size of the myoma is not a contraindication by itself, our experience shows that extreme 

caution is required when qualifying for UAE patients with large myomas (especially 

associated with compression symptoms), as the reduction in volume may be insufficient to 

relieve symptoms and meet patient expectations. (RCOG and RCR guidline, 2013), Part 5 

(page 9) or Berczi V et al: Safety and Effectiveness of UFE in Fibroids Larger than 10 cm. 

Cardiovasc Intervent Radiol. 2015 Oct; 38 (5): 1152-6. doi: 10.1007 / s00270-014-1045-4) 
 

Regarding the: Line 309: "The procedures of UAE are performed until the 10th cycle 

day." - disagree with this statement. See also reference 50 (RCOG and RCR guidline, 2013), 

Part 8 (page 12): " Embolisation can be carried out at any stage of the menstrual cycle provided 

pregnancy is ruled out". See also Line 585 and other places in this review. As suggested by the 

Reviewer, the daa has been completed: Generally, the procedures of UAE could be 

performed at any stage of the menstrual cycle (RCOG and RCR guideline, 2013). However, 

assuming that there is no ideal method to exclude pregnancy at the stage of fertilization or 

implantation, in order to exclude early pregnancy in our center is performed until the 10th 

cycle day. 
 

Regarding the: Lines 340-342: "Embolization continues until the blood flow in the 

vessel is completely closed." - would alter to "near stasis blood flow". As suggested by the 

reviewer, the sentence has been reworded: Embolization is continued until stasis blood flow 

is achieved 

 

Regarding the: Lines 532-533: ". . . avoiding potential post-medical complications 

(infections, renal insufficiency after Gadolinium-based contrast agents, . . ." - disagree: "The 

risk of PC-AKI is very low when gadolinium-based contrast agents are used in approved doses." 

see ESUR guideline, page 21, 



http://www.esur.org/fileadmin/content/2019/ESUR_Guidelines_10.0_Final_Version.pdf As 

suggested by the reviewer, the data has been completed - literature item was attached 

(Schieda N, Blaichman JI, Costa AF, et al. Gadolinium-Based Contrast Agents in Kidney 

Disease: A Comprehensive Review and Clinical Practice Guideline Issued by the 

Canadian Association of Radiologists. Can J Kidney Health Dis. 

2018;5:2054358118778573. Published 2018 Jun 12. doi:10.1177/2054358118778573): 

Performing a complete blood count (CBC) and coagulation tests (INR, APTT), renal panel 

(creatinine, urea), thyroid-stimulating hormone (TSH), the concentration of anti-Mullerian 

hormone (AMH) (recommended) or the follicle-stimulating hormone (FSH) at follicular 

phase, C-reactive protein (CRP), general urine test and vaginal smear (aerobic vaginal 

culture) makes it possible to assess and avoid potential post-embolisation complications 

(infections, iatrogenic ovarian damage, intensification of previous renal impairment after 

Gadolinium-based contrast agents, thyrotoxicosis in cases of hyperthyroidism after an 

iodine-based contrast agent) 63, 64  
 

Regarding the: Line 537: "(results valid no longer than 7 days)." - I think this is much 

too rigid in every day practice. It may be valid for women with earlier renal or coagulation or 

other major disease, but most patients have no history of such diseases. The indication for 

UAE is symptomatic uterine fibroids. These symptoms were presented in the manuscript 

(uterine bleeding and lower abdominal pain as a result of uterine pressure on adjacent 

organs). Contraindications include inflammation in the pelvis. The selection of laboratory 

tests is not accidental and ensures optimal patient preparation for UAE. Due to the fact 

that in a bleeding patient, blood cell count and coagulopathy tests change dynamically, 

the tests must be up-to-date. The same in the case of assessing the functions of the kidneys, 

which may be insufficient due to the uterine tumour pressing against the ureters. For this 

reason, lab tests valid no longer than seven days are required both in our center and 

cooperating centers:     6.6. Perform the following tests at least 7 days before UAE to assess 

and avoid potential complications 
 

Regarding the: Line 675-680: "2.4. The patient cannot have an intrauterine device 

(IUD). a) Ensure that the patient does not have an IUD. b) If the patient has an IUD in the 

uterus, offer it removed. c) If the patient does not agree to remove the IUD, inform her of the 

increased risk of infection in the uterine cavity. d) Note that fact in the informed consent of the 

patient or medical record." - this is not a general consensus, many experts say there are no 

convincing and solid data to support this. Also, see ref. 50, page 12, where the statement is not 

as solid as in the manuscript. As suggested by the reviewer, the data has been completed. 

10. Ensure that the patient does not have an intrauterine device (IUD). 

10.1. If the patient has an IUD in the uterus, inform her of the increased risk of 

infection in the uterine cavity and offer it removed before UAE. 

10.2. If the patient does not agree to remove the IUD, note that fact in the informed 

consent of the patient or medical record. 

 

Regarding the: Lines 903-905: "5.4.3. Step 3. a) Perform MRI and transvaginal 

ultrasound scan to assess the condition of the pelvic organs after UAE (Fig. 19)." - I think 

BOTH are unnecessary, either MRI OR US is more than enough at 3 OR 6 months if there are 

no complication following UFE. As suggested by the reviewer, the data has been completed: 

"5.4.3. Step 3. a) Perform MRI OR transvaginal ultrasound scan to assess the condition of 

the pelvic organs after UAE (Fig. 19)." 

 

http://www.esur.org/fileadmin/content/2019/ESUR_Guidelines_10.0_Final_Version.pdf


Regarding the: In such a detailed review, I would also include the most recent ACOG 

guideline despite the fact that it is from 2008 (ACOG practice bulletin. Alternatives to 

hysterectomy in the management of leiomyomas. American College of Obstetricians and 

Gynecologists. Obstet Gynecol. 2008 Aug;112(2 Pt 1):387-400. doi: 

10.1097/AOG.0b013e318183fbab.). Reference 56, NICE guidelines are from 2007. See also 

lines 244-249. As suggested by the reviewer, the data has been completed: The American 

College of Obstetricians and Gynecologists (ACOG) (2008) presented an interesting 

guideline for the treatment of uterine fibroids. Based on consistent scientific evidence (Level 

A), the ACOG defined UAE as an effective and safe method for appropriately qualified 

women who wish to preserve the uterus with typical indications for the treatment of fibroids. 

At the same time, the ACOG recommendations emphasised the need for close cooperation 

between gynecologists and interventional radiologists. The ACOG in the published guideline 

considered the wish to preserve fertility as the only contraindication (relative). [Ref: 

American College of Obstetricians and Gynecologists. ACOG practice bulletin. Alternatives 

to hysterectomy in the management of leiomyomas. Obstet Gynecol. 2008;112(2 Pt 1):387-

400. doi:10.1097/AOG.0b013e318183fbab] 

 

Regarding the: Line 95: "Uterine fibroids rarely appear singly (only in about 10%)." - 

would use the phrase "solitaer", instead of "singly". The fragment containing the above 

sentence has been removed from the manuscript. 
 

Regarding the: Lines 97-98: "They can be several millimeters 98 in diameter but can 

also grow to large sizes and fill the entire pelvis . . ." - would give some number here, e.g. ". . 

.can also grow to large sizes (15-20 cm) . . ." The fragment containing the above sentence 

has been removed from the manuscript. 
 

Regarding the: Lines 164-166: "In addition, after the removal of the fibroids, a high 

rate of their recurrence and the appearance of adhesions in the peritoneal cavity are observed 9, 

15, 16, 18, 20, 31." - please, provide number of typical range for the "high rate of recurrence" 

The fragment containing the above sentence has been removed from the manuscript. 

Regarding the: Line 213: "magnetic resonance-guided ultrasound surgery 

(MRgFUS)," - should be "magnetic resonance-guided focused ultrasound surgery 

(MRgFUS)," The sentence has been corrected. 

Regarding the: Line 280: "Therefore, it is reasonable to exclude other possible causes 

of infertility 16, 50, 58." - would add: ". . including assessment of the male partner." As 

suggested by the reviewer, the data has been completed: Therefore, it is reasonable to 

exclude other possible causes of infertility including assessment of the male partner. 16, 50, 

58 
 

Regarding the: Lines 283-286: "Therefore, this procedure should be used with caution 

in women who declare a desire to become pregnant (a lower pregnancy rate, a higher 

miscarriage rate, and adverse pregnancy outcomes after UAE than after myomectomy) 50, 64-

66." - would add ""Therefore, this procedure should be used with caution in women who declare 

a desire to become pregnant (a lower pregnancy rate, a higher miscarriage rate, and adverse 

pregnancy outcomes after UAE than after myomectomy) is suggested by some studies 50, 64-

286 66." As suggested by the reviewer, the data has been completed: Therefore, this 

procedure should be used with caution in women who declare a desire to become pregnant 

(a lower pregnancy rate, a higher miscarriage rate, and adverse pregnancy outcomes after 

UAE than after myomectomy)  is suggested by some studies 50, 64–66. 



 

Regarding the: Lines 331-332: "The technical aspects 332 of UAE are still evolving." 

- would add: "The technical aspects 332 of UAE are still evolving to some extent." As 

suggested by the reviewer, the data has been completed: UAE aims to completely block the 

vasculature of all myomas while maintaining the blood supply to the uterus, ovaries and 

surrounding tissues within the pelvis. The technical aspects of UAE are still evolving to some 

extent.  

 

Regarding the: Lines 339-341: "The vascular bed of myomas is closed using particles 

of 500-800 um depending on the type of embolization material." - usual sizes are 500-700 and 

700-900 µm. Also "um" should be changed to "µm". As suggested by the reviewer, the data 

has been completed: The vascular bed of myomas is closed using particles of 500-900 µm 

depending on the type of embolization material." - usual sizes are 700 µm 

 

Regarding the: Lines 379-381: "a contraction in the uterine artery caused by 

manipulation of the catheter in the vessel during the procedure, treated as a temporary event 

after a few minutes pass and the procedure can be continued;" - would change "contraction" to 

the phrase "spasm", and would add: "in such cases, intraarterial nitrate (100-150 µgr) usually 

causes relief of the spasm; blood pressure monitoring is essential before giving nitrate". As 

suggested by the reviewer, the data has been completed: A spasm in the uterine artery 

caused by manipulation of the catheter in the vessel during the procedure, treated as a 

temporary event after a few minutes pass and the procedure can be continued, if the spasm 

persists, Verapamil (2,5 – 5 mg) or Nitrate (100-150 µgr) intraarterialy could  be given;" 
 

Regarding the: I would omit Figs. 17. and 18, Figs 16 and 17 are more than enough for 

this purpose. Thank you for the advice, however, we believe that in the case of 

postoperative pain treatment using a PCA pump with morphine, the above figures are 

key to presenting key device settings. Our experience shows that improper analgesic 

treatment is the most common reason for complaints from patients after UAE. 

 



REPRESENTIVE RESULTS / THE LUBLIN PROTOCOL 64,65,72 

The number of UAE procedures performed 
in the period from 2009 to 2019 

557 

Technical success  Achieved in in 547 patients (98.2%) 

The mean reduction of the fibroid volume 
(MRI volume assessment) 3 months after 
UAE in the group of 206 patients aged 32 
to 52 years (mean age - 39 years) 

62.0% (9.0-100.0%) 

The mean reduction of the fibroid volume 
(ultrasound VOCAL volume assessment) 3 
months after UAE in the group of 65 
patients aged 29-52 years (mean age – 
43.1 years)  

50.1% (2.7-93.5%) 

Assessment of 
ovarian reserve  

Decrease in AFC 56.7% (p<0.001) 

Decrease in AMH  36.7% (p<0.001) 

Decrease in INHB  46.7% (p<0.001) 

Decrease in E2  43.3% (p<0.001) 

Increase in FSH  43.4% (p<0.001) 

Post-embolization 
pain reduction 
(according to PAC) 
with the use of PCA 
(procedure 2. of the 
“Patient care after 
the UAE” 
PROTOCOL) 
assessed in the 
group of 60 patients 

The median NRS 

immediately after 
UAE 

10 (range 5-10) 

The median NRS on 
the day after UAE  

4 (range 1-5) 
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