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Introduction: Uterine fibroids occur in 20% - 70% of women of reproductive age (1) and are the most frequent indication for hysterectomy in pre-menopausal women. Fibroids represent a major public health issue. Most are asymptomatic and require no treatment but others may cause menorrhagia, dysmenorrhoea, dyspareunia, abdominal distension, pressure effects on adjacent structures, infertility and pregnancy loss. Conventionally fibroids are treated by hysterectomy but new forms of minimally invasive treatments are now available. 

Uterine artery embolization [UAE] is a recently described treatment for uterine fibroids (2). Ravina in 1995 published results from a pre-operative embolization programme originally aimed at reducing haemorrhage during hysterectomy and myomectomy. UAE alone was found to be sufficient to treat fibroid-related symptoms in many women (2). Other series using like methods have reported similar results (3-6). 

Materials and Methods: Accurate pre-treatment diagnosis is essential. Usually it is the responsibility of the gynaecologist to make the diagnosis and to exclude if possible contra-indicating pathology e.g. active salpingitis, urinary tract infection, tubo-ovarian abscess, ovarian tumour, atypical endometrial hyperplasia, endometrial carcinoma and uterine leiomyosarcoma. An assessment of follicle-stimulating hormone (FSH) on the third day of the cycle before the procedure, is helpful for patients under the age of 45, to allow some evaluation of post-treatment amenorrhoea, should this occur. The incidence of post-procedure ovarian failure and loss of regular menses varies from <1% - 14% and is significantly more likely to occur in women above the age of 45 (7). The menstrual history should be checked and a pregnancy test done to exclude the possibility of pregnancy. Fibroid embolization procedures should be avoided in an early pregnancy. If the patient has taken adequate contraceptive precautions, embolization may be performed at any stage of the menstrual cycle. If adequate contraception has not been used treatment should only be given in the early to mid-follicular phase of the cycle (equivalent to the ‘ten-day rule’). 

Pre-procedure magnetic resonance imaging (MR) or ultrasound (US) are needed to determine the size, number and location of the fibroids. The MR appearances of fibroids are well described (8). MR is currently considered to be the most accurate imaging technique for detection and localization of fibroids (9,10). MR is more sensitive than US in the detection of fibroids because of its ability to detect individual tumours (11). MR may also accurately assess an enlarged fibroid uterus (>140 ml ), which is not possible with US because of the limited field of view. The capability of MR to demonstrate the uterine zonal anatomy allows accurate classification of individual masses as submucosal, intramural, or subserosal (10). 

The use of prophylactic antibiotics to reduce post-treatment infection is debatable. Evidence from the use of prophylactic antibiotic therapy in association with vaginal hysterectomy, caesarean section and colorectal surgery suggests that single-dose prophylactic antibiotic therapy is reasonable, using a combination of metronidazole with a cephalosporin or a quinolone drug e.g. ciprofloxacin (12).

UAE is most commonly carried out under intravenous sedoanalgesia. It takes approximately 60-90 minutes to perform, requires a hospital stay of one night and a convalescence period usually of around month. Successful catheterisation of both uterine arteries may be achieved with a unilateral femoral artery approach using a monoaxial 4 Fr Right Internal Mammary (RIM) catheter in nearly all cases. Use of a RIM catheter obviates the need to form a Waltman loop, which helps to reduce fluoroscopy time and radiation dose. Co-axial catheter systems may be used for exceedingly tortuous proximal uterine arteries. 
An awareness of the uterine artery normal variants is important for the angiographer. These include demonstrable ovarian artery collaterals (26%)(13), multiple uterine arteries (2%) and partial uterine artery replacement (2%). Collateral flow via an ovarian artery may be a cause of uterine artery embolization treatment failure and non-target effects (14). In addition the rectal and vesicle branches of the internal iliac artery may simulate the uterine artery. Nonselective abdominal aortography for demonstration of ovarian artery collaterals, significantly increases the radiation dose to the patient (15) and should be avoided.
Most operators use polyvinyl alcohol particles (PVA) 355-500? as embolic material. In early series, platinum coils were sometimes used to terminally plug each uterine artery but should the procedure need to be repeated they will prevent re-entry. Alternative varieties of embolic particles (tris-acryl calibrated gelatin microspheres) are now available and are currently undergoing evaluation (16).

With operator experience and attention to technique, UAE may be performed at radiation exposures comparable to those used in routine diagnostic studies. By limiting fluoroscopy time, the use of magnified and oblique views, non-pulsed fluoroscopy and road-mapping, the absorbed ovarian dose (AOD) may be minimized (17-19).

Pain control, particularly in the first twelve hours, is important as some patients develop pelvic pain of severe intensity. Drug regimens should be able to provide rapid relief of pelvic pain both on an inpatient and on an outpatient basis. Post-procedural pain cannot be predicted from baseline uterine or fibroid volume and the severity of pain experienced cannot be used to predict outcome (20).
A written patient information leaflet dealing with post-embolization complications and contact details should be given to the patient upon discharge from hospital.

Results: UAE is technically successful in 98-99% of cases (

 HYPERLINK "http://www.bsir.org/" \l "3" 3,21-23). Smaller baseline fibroid size and submucosal location are more likely to result in a positive imaging outcome (24). Clinical results show that in approximately 90% there is improvement in abnormal bleeding and bulk-related symptoms. Of those presenting with menorrhagia 90% return to a normal cycle within one-month following the procedure (25). Temporary amenorrhoea was reported in 2.6% [2/76] of cases (25). At 3 months after UAE, most women experience uterine volume reduction of 30-60%. The proportion of volume of individual fibroids is often more than the proportion of volume reduction of the whole uterus. Many fibroids under 5 cm in diameter may become undetectable after UAE. There is evidence that volume reduction continues for up to one year in many women. Patient satisfaction with UAE is high, with 85-90% of patients indicating that they would again choose UAE as therapy. Overall success is 89.4% (68/76) as determined by those patients requiring no further treatment (25)

Complications: Complications of UAE are rare but may be serious if not dealt with promptly. Patients should be instructed to contact their interventional radiologist in the first instance if they feel unwell. The radiologist is best placed to see patients initially following UAE. Fever, pelvic pain and elevated white blood cell count, constituting the post-embolization syndrome, occur in approximately 4% [2/53] of patients, necessitating readmission for treatment with intravenous antibiotics and analgesics (3). Spontaneous expulsion of a necrotic fibroid may occur following the procedure and hysteroscopic assistance may be required.

Serious infections are reported in about 1% of cases. Most respond to oral antibiotic therapy. Patient presenting with abdominal cramps, pressure symptoms and a foul smelling discharge not responding to antibiotics within 48 hours should be referred for hysteroscopy and dilatation & curettage 
Death within 30 days of UAE has been reported (26,27). Appropriate patient selection, pre-procedure assessment, post-embolization management and follow-up are therefore vital. UAE has a lower risk of morbidity and mortality than hysterectomy or myomectomy (28).

Discussion: Pre-procedure MR helps to exclude patients referred with an incorrect diagnosis as well as those with a normal uterus or small insignificant fibroids. The differential diagnosis of uterine fibroids includes adenomyosis, a solid adnexal mass, focal myometrial contraction and uterine leiomyosarcoma. MR may differentiate fibroid from adenomyosis, solid adnexal mass or focal myometrial contraction but differentiation of fibroid from leiomyosarcoma on the basis of MR signal characteristics is not reliable (29). The incidence of uterine sarcoma in patients undergoing surgery for presumed leiomyoma ranges from 0.23% - 0.4% (30), (31). Malignant degeneration may be suspected if a fibroid enlarges suddenly, especially following menopause (29). The presence of an indistinct border or irregular contour at MR is suggestive of sarcomatous transformation (32), but the specificity of this finding has not been established. The malignant potential of fibroids is sufficiently low to make consideration of resection warranted only if symptoms develop. Biopsy of a fibroid is not routinely performed prior to embolization or hysterectomy. UAE of a malignant tumor masquerading as a fibroid may be unavoidable, because the imaging characteristics of leiomyosarcoma do not allow confident differentiation from uterine fibroids. The rare possibility of malignant change should not be regarded as a contra-indication to UAE but recurrent hemorrhage and uterine enlargement after UAE should raise suspicion of uterine malignancy and prompt referral to a gynecological oncologist for appropriate treatment (33,34).

Fertility may be preserved following UAE as demonstrated by a number of successful post UAE pregnancies (35,36). Currently there is still insufficient data to make any firm prediction about fertility rates after UAE or to recommend unreservedly the procedure to patients desiring future pregnancies. It is highly likely that this position will change in future. 
Which patients will benefit most from UAE? Fibroids do not constitute a homogeneous pathological group. Sub-groups may be defined according to size, site, number, age of the patient and fertility wishes. Further analysis may in the future define subsets of patients for which UAE is the preferred procedure. 
To date a formal prospective cost benefit analysis has not been performed. A very interesting pilot study indicates the facility cost of UAE ($3,080) compares favourably with hysterectomy, the cost of which ranges from $3,100 to $4,900 depending on the type of procedure performed (37). Hysterectomies have higher facility costs than UAE because of longer hospital stays and procedure times. On average UAE requires a 1-day hospital stay, whereas the mean hospital stay is 2.6 days for laparoscopic hysterectomy, 3.9 days for open hysterectomy, and 2.9 days for vaginal hysterectomy. The average procedure time is 92 minutes longer for laparoscopic hysterectomy than for UAE (158 min vs. 66 min), 57 minutes higher for open hysterectomy (123min vs. 66 min), and 22 minutes higher for vaginal hysterectomy (88 min vs. 66 min) (37)
Once fully evaluated UAE has the potential to be performed widely wherever interventional radiology personnel and facilities are available. Training standards for physicians performing UAE for fibroids have recently been published (38). 

Conclusion: UAE has the potential to become the initial treatment of choice for symptomatic uterine fibroids. UAE is well tolerated and usually has a shorter recovery time compared with surgical alternatives. If patient demand for UAE increases and the procedure becomes more commonly performed, changes in work flow and reallocation of resources will be required. In the future UAE may be recommended unequivocally for those women desiring maintenance of fertility and future pregnancies.
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