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From Patient Selection to 
Fibroid-Level Prediction: 
Defining the Era of Precision UFE
Advances in imaging, procedural customization, and artificial intelligence are transforming 

uterine fibroid embolization into a precision medicine intervention, enabling more accurate 

patient selection, optimized technique, and improved clinical outcomes. 

By Dominie Miyasato; Erica M. Knavel Koepsel, MD; Gretchen M. Foltz, MD;  
and Dania Daye, MD

U terine fibroids can present with bothersome 
symptoms in 25% to 40% of affected women.1 
Symptoms include menorrhagia and bulk 
symptoms such as pelvic pain and pressure, 

urinary frequency or retention, and constipation.2 
Although hysterectomy remains most frequently uti-
lized in treating symptomatic uterine fibroids, many 
women desire a less invasive option to reduce morbid-
ity and recovery time. Uterine fibroid embolization 
(UFE) was first described in 1995 and has become a 
widely accepted minimally invasive alternative for the 
treatment of fibroids.3

Patients interested in a minimally invasive approach 
for the treatment of symptomatic fibroids must first 
undergo evaluation to determine if UFE is an appro-
priate option. This includes a general medical history, 
gynecologic history, discussion of future pregnancy 
plans, physical exam, and pelvic imaging.4 MRI is the 
preferred modality for the evaluation of uterine anat-
omy and determining the extent and characterization 
of fibroid disease. Particular attention is paid to fibroid 
location, size, number, and extent of contrast enhance-
ment as well as evaluation for potential malignancy.5 
Absolute contraindications to UFE are current preg-
nancy, active untreated infection, and suspected gyne-
cologic malignancy.5 Relative contraindications include 
contrast allergy, coagulopathy, and renal failure.4

Angiographic procedure techniques were initially 
developed using the common femoral artery for arte-
rial access. However, over the past decade, transradial 
access has become a popular approach.6 Bilateral uter-
ine artery catheterization and embolization is necessary 

due to arterial cross-communication within the uterus.4 
Embolization is performed with microbeads with the 
endpoint of embolization being near stasis of the 
uterine artery and pruning of the distal uterine artery 
branches.4,5 The 1- to 2-hour procedure is performed 
under local anesthetic or conscious sedation. For sev-
eral hours after embolization, patients experience pain 
from uterine cramping due to ischemia of the tissue. 
Postprocedural pain management options include opi-
oids, nonsteroidal anti-inflammatory drugs, intravenous 
(IV) acetaminophen, superior hypogastric nerve block, 
and/or epidural anesthesia. Although patients tradi-
tionally required an overnight admission for monitoring 
and pain control, UFE is increasingly being done as an 
outpatient procedure, allowing it to be performed in 
outpatient-based labs as an alternative to hospitals.2

There have been numerous retrospective and pro-
spective studies supporting UFE as a safe and effective 
treatment option for symptomatic fibroids.7-12 The 
most studied outcome is symptom improvement, 
which can be measured by self-reported questionnaires 
like the Uterine Fibroid Symptom and Quality of Life 
(UFS-QOL) questionnaire.13 Volume reduction of the 
dominant fibroid is another outcome that has been 
studied. There is evidence to suggest that a higher per-
centage of volume reduction correlates with greater 
symptom improvement and a lower rate of reinterven-
tion.9 The REST randomized controlled trial enrolled 
157 patients and compared UFE to surgery, including 
hysterectomy or myomectomy. It reported no signifi-
cant difference in quality-of-life (QOL) symptom scores 
at 5 years, with symptom score reduction and high 
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patient satisfaction in both groups.11 A 5-year follow-up 
study of contrast-enhanced MRI findings of the REST 
trial recruits reported a mean uterine volume decrease 
from 670 mL (SD, 503 mL) at baseline to 292 mL (SD, 
287 mL) after 5 years. The mean diameter of the domi-
nant fibroid decreased from 7.6 cm (SD, 3 cm) at base-
line to 5 cm (SD, 2.9 cm) after 5 years.10

The FEMME trial was a multicenter, randomized con-
trolled trial of 254 patients comparing myomectomy to 
UFE for the treatment of fibroids. Using the UFS-QOL 
questionnaire, the study found significantly higher 
QOL scores for patients who underwent myomectomy 
compared to UFE at 2-year follow-up.12 A recent article 
reported the 4-year follow-up of the FEMME trial. 
Investigators found that while women in the myomec-
tomy group still reported higher QOL scores than those 
in the UFE group, the difference was no longer statisti-
cally significant as it had been at the 2-year follow-up. 
Both groups experienced substantial improvements in 
their QOL scores compared to preintervention.14

Because both UFE and surgery are safe and effective 
options for the treatment of fibroids, careful patient 
selection is paramount. Current research investigates 
patient and fibroid characteristics that may increase the 
likelihood of a positive and durable outcome following 
UFE. The results of these studies can help guide provid-
ers as they counsel patients on expected or predicted 
outcomes following this procedure, bringing UFE into 
the era of precision medicine.

 
PRECISION MEDICINE AND UFE

Precision medicine, also known as personalized or indi-
vidualized medicine, is the concept that every patient has 
unique genetic, environmental, and behavioral factors 
that may influence response to treatment for disease.15 
Therefore, interventions should be tailored to individual 
characteristics to ensure the best possible outcome.15 
There is growing evidence to suggest that some patients 
may benefit from UFE more than others based on several 
patient and fibroid characteristics. For these patients, 
there are opportunities to customize the procedural 
technique to optimize intraprocedural technical success 
and comfort as well as postprocedure pain control.

Studies have investigated the association between the 
anatomic location of fibroids and post-UFE outcomes. 
Naguib et al found that submucosal fibroids had the 
greatest percent change in volume after UFE, while subse-
rosal tumors demonstrated the least reduction.8 Another 
study reported that pedunculated subserosal fibroids 
were more common in patients who did not have symp-
tom improvement after UFE. These fibroids also had a sig-
nificantly lower reduction in volume compared to fibroids 

in other locations.16 There has been conflicting evidence 
regarding the correlation between size of the fibroid and 
percent volume reduction after UFE, with some studies 
showing a negative correlation between baseline fibroid 
volume and volumetric response while others show a 
positive or no correlation.8,17-19

Recently, studies have explored using MRI features of 
fibroids to predict response to UFE. Employing a logistic 
regression model, two studies found that submucosal 
location and increased T2 signal intensity of fibroids 
prior to treatment were predictive of a greater volume 
reduction after UFE.20,21 Age, number of leiomyomas, and 
baseline uterine volume were not identified as predictive 
factors.21 Another study demonstrated that the signal 
intensity ratio between the dominant fibroid and iliacus 
muscle on MRI T2-weighted sequences can be used to 
predict post-UFE fibroid volume reduction.22

Artificial intelligence (AI) studies have used deep 
learning models to predict symptom improvement 
and fibroid volumetric response after UFE. Luo et al 
designed a residual convolutional neural network model 
trained on manually segmented fibroids on T1-weighted 
contrast-enhanced MR sequences to predict symptom 
improvement after UFE. The model achieved a test accu-
racy of 0.847, outperforming the average of four radiolo-
gists.23 Janghorbani et al developed two deep learning-
based models to predict symptom relief and shrinkage 
of fibroid by > 50%, respectively. The features extracted 
included patient characteristics such as age and body 
mass index as well as characteristics of manually seg-
mented fibroids primarily from sagittal T2-weighted MRI 
slices such as fibroid volume, location, and vascularity. 
The first model achieved an accuracy of 75% for overall 
clinical outcome and 81% to 88% for likelihood of relief 
of various symptoms. The second model achieved 76% 
accuracy at predicting success of fibroid shrinkage.24

In addition to patient selection, procedural tech-
nique, vascular access site, and pain management 
options can be personalized. Studies have shown that 
transradial access (TRA) and transfemoral access (TFA) 
for UFE have similar low rates of access site complica-
tions and overall adverse events.6,25 Both access tech-
niques also result in similar improvement in symptoms, 
devascularization of the fibroids, and uterine volume 
reduction after UFE.25 Therefore, access site can be tai-
lored to the individual patient’s preferences and physi-
cal characteristics.

Another procedural component that can be custom-
ized is the embolic agent used. Han et al conducted a 
randomized controlled trial to compare nonspherical 
polyvinyl alcohol (PVA) particles and tris-acryl gelatin 
microspheres (TAGM) in UFE. Although there was no 
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difference in pain scores and fentanyl dose during the first 
24 hours, use of rescue analgesics was significantly higher 
in the PVA group. Transient global uterine ischemia of 
normal myometrium on MRI day 1 after UFE was found 
more frequently in the PVA group. Three months after 
UFE, symptom severity score, health-related QOL score, 
and complete dominant fibroid necrosis on MRI were 
not different between groups.26 Therefore, this study sug-
gests that while clinical outcomes are similar, the type of 
embolic agent may influence the degree of ischemia and 
thus pain immediately following UFE. Another random-
ized prospective study evaluated PVA particle size and 
outcomes of UFE. Group A was started with 350–500-µm 
particles, while group B was started with 500–700-µm 
particles. UFE in both groups finished with larger particles 
when necessary. Group A had significantly higher pain 
scores post-UFE. At 6 months, there was no significant dif-
ference in size of dominant fibroid or clinical outcome as 
reported on UFS-QOL questionnaires.27

Mapping the vascular supply to fibroids is yet another 
way to tailor the treatment approach to the patient. 
Although preprocedure MRI is critical for evaluating 
uterine anatomy, it can also be used to evaluate com-
mon sources of collateral uterine blood supply like the 
ovarian arteries. For the small number of patients who 
report minimal or no symptom improvement postpro-
cedure, additional collateral supply should be considered 
and patients could benefit from further evaluation with 
CTA, which would better delineate complex vascular col-
lateral anatomy (Figure 1). A case report by Alabdulghani 
et al highlights the utility of intraprocedural CTA to 
demonstrate the extensive collaterals that could be addi-
tionally embolized for improved symptom control.28

Besides customizing procedural techniques, pain 
management protocols for UFE can be personalized to 
maximize patient comfort. Standard intraprocedural pain 
management and sedation often includes IV fentanyl, 
midazolam, or ketorolac, as well as injection of lidocaine 
at the vascular access site.29 Superior hypogastric nerve 
block (SHNB) is another option that is utilized by some 
providers for pain management. A randomized double-
blinded clinical trial demonstrated that SHNB led to 
a significantly lower pain score immediately post-UFE 
and lower amount of fentanyl needed in the postan-
esthesia care unit compared to a sham procedure.30 
A recent report details the case of a patient allergic to 
most opiates and with a history of becoming agitated 
with IV midazolam who underwent successful UFE with 
intra-arterial ropivacaine, SHNB with ropivacaine, and IV 
acetaminophen with good pain control. This provides 
an example of how pain regimens can be tailored to the 
individual patient case.31

Lastly, it is generally believed that the degree to 
which near-stasis of uterine artery flow is achieved 
influences long-term symptom control.29 Operators 
often must strike a balance between ensuring fibroid 
devascularization and limiting normal myometrial 
ischemia to minimize postprocedural pain. Indeed, 
Katsumori et al conducted a retrospective study to 
evaluate the relationship between the degree of infarc-
tion of fibroids on enhanced MRI 1 week after embo-
lization and long-term symptom control. They found 

Figure 1.  A woman in her early 40s with preprocedure sagit-
tal T1 MRI demonstrating enhancement of multiple uterine 
fibroids (A). Digital subtraction angiography (DSA) showed 
catheterization of the right uterine artery (B) and left uterine 
artery, with filling of inferior fibroids but not the complete 
uterus (C). CTA demonstrated collateral blood supply from 
right ovarian artery (D, blue arrow) and branch of inferior 
mesenteric artery (IMA; yellow arrow) and left round ligament 
artery (E, red arrow) to the fibroids. DSA showed selective 
catheterization of a branch of the IMA (F) and intraprocedural 
CTA confirmed filling of the fibroid without filling of the 
bowel (G). DSA showed selective catheterization of the left 
round ligament artery with filling of the fibroid (H). In total, 
the bilateral uterine arteries, right ovarian artery, a branch of 
the IMA, and a left round ligament artery were embolized.
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that the group with 100% infarction on MRI had a 
significantly higher rate of symptom control and lower 
rate of gynecologic intervention after embolization at 
5 years.32 Thus, tools to assist operators in finding the 
right combination of embolization techniques and 
pain management protocols for each patient may be a 
future direction of research.

 
EMERGING APPLICATIONS FOR  
PRECISION UFE

There is great potential for further personalization 
of UFE, especially as AI models become more sophis-
ticated and integrated into the clinical workflow. For 
example, AI can be leveraged to create a calculator, 
combining patient- and fibroid-specific factors, to 
predict percent decrease in the volume of fibroids and 
improvement in menorrhagia and bulk symptoms. 
A randomized controlled trial across multiple institu-
tions would be necessary to investigate the efficacy 
of the prediction calculator. AI can also be used for 
chart review to assist referring providers in identifying 
patients who may be appropriate candidates for UFE.

Another potential application of AI is using patient-
facing chatbots to improve patient education about UFE. 
A recent study evaluated the use of the large language 
model ChatGPT 4.0 to provide personalized, evidence-
based treatment recommendations for fibroids. Overall, 
patients and gynecologists found the algorithm to be 
user-friendly and helpful for understanding treatment 
options.33 As current literature suggests that public pop-
ularity of UFE lags behind myomectomy, chatbots may 
increase awareness of UFE to encourage more shared 
decision-making in patient-provider conversations.34

There are many opportunities to build on the current 
research highlighted in this paper. Similar to a recent 
study investigating four-dimensional flow measure-
ments,35 vasculature can be quantified to predict the 
amount of embolic required to optimize fibroid infarc-
tion. AI tools can assist with choosing vascular access 
site based on height, vascular anatomy on imaging, and 
physical exam to reduce site complications, prioritize 
patient comfort, and reduce recovery time in the hos-
pital. Future research can investigate which patients 
would benefit the most from adding a SHNB to the pain 
management protocol.

CONCLUSION
Precision UFE aims to select the right patient for 

the procedure to maximize the likelihood of symptom 
improvement postprocedure. Personalization could 
focus on optimizing the procedural technique and 
pain management regimen to achieve the best clini-

cal response, limit postprocedure pain, and maximize 
patient satisfaction. There has been a recent surge in 
research efforts for precision UFE, and there is immense 
potential for future progress, particularly as more AI 
tools are developed for this application. A multisite 
clinical trial that integrates AI tools will be needed 
to demonstrate improved outcomes and value for 
patients. Research can also be expanded to other 
indications of uterine artery embolization, such as 
adenomyosis and postpartum hemorrhage. The goal of 
precision UFE is to enhance the shared decision-making 
between physician and patient and provide tools to 
physicians to tailor treatment plans optimizing out-
comes and patient experience.  n
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