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1
The Health Care Costs of Uterine Fibroids

May-Tal Sauerbrun-Cutler and Eden R. Cardozo

Background

Approximately 588,164 women in the United States seek treat-
ment for fibroids annually [1]. The prevalence estimates range 
from 4.5% to 68.6%, depending on the study population and 
methodology [2]. This wide range is likely due to the fact that the 
majority of fibroids are asymptomatic and will not be detected 
unless the patient becomes symptomatic. The high prevalence 
of uterine fibroids, along with the chronic and relapsing nature 
of the disease (in the absence of curative treatment such as hys-
terectomy) make fibroids one of the most expensive diseases to 
manage. Uterine fibroids are estimated to cost more annually 
than breast cancer, colon cancer and ovarian cancer and are 
almost one-fifth the estimated annual cost of diabetes in the 
United States (Table 1.1) [1].

Fibroids can be treated medically, surgically or alternatively 
through nonsurgical procedures. Generally, only hysterectomy is 
curative, and thus, patients who pursue other treatment modali-
ties may require additional outpatient visits, hospitalizations, 
lost work time, or future procedures, and may experience future 
obstetric complications due to their fibroids. These direct costs 
(surgery, hospitalizations, outpatient visits, medications) and 
indirect costs (lost work time) have been quantified in studies 
through the use of national databases, hospital charges, insurance 
reimbursements and physician charges. Cardozo et al. performed 
a systematic review of the literature and sensitivity analysis that 
included obstetric complications in addition to direct and indirect 
costs and determined that the total annual societal cost of uter-
ine fibroids in the United States is $5.9 billion–$34.4 billion [1]. 
Table 1.2, adapted from Cardozo et al., breaks down the annual 
estimates of costs due to uterine fibroids by direct, indirect and 
obstetric costs.

Direct Costs

Direct costs include surgical, medical management, inpatient 
admissions, outpatient visits and medication costs. Two stud-
ies report an average direct cost of $9473 [5] and $9319 [6] per 
patient during the year after uterine fibroid diagnosis. However, 
direct costs within the year in which a surgical procedure was 
performed are significantly higher, and estimates calculated 
using databases of third-party payers, payments from insurers, 
as well as payments from patients (deductibles and copays) range 
from $15,878 to $21,603 [7–10].

Surgical costs are a large driver of this cost burden. Each 
year, an estimated 200,000 hysterectomies and 300,000 myo-
mectomies are performed for treatment of uterine fibroids 
[11,12]. Hysterectomy, myomectomy and uterine artery 
embolization have fairly similar cost ranges, which have 
been estimated between $6287 and $14,850 per patient, with 

TABLE 1.1

Estimated Annual Cost of Various Diseases in the United States

Disease Estimated Annual Cost

Diabetes [3] $192,728,897,856.00

Uterine Fibroids $34,369,314,704.00

Breast Cancer [4] $16,057,400,853.77

Colon Cancer [4] $14,055,718,520.64

Ovarian Cancer [4] $5,063,759,062.27

Source: � Reprinted from Am J Obstet Gynecol. 2012;206(3), Cardozo ER et al., 
The estimated annual cost of uterine leiomyomata in the United States, 
211.e1–9. Copyright 2012, with permission from Elsevier.

Note:  All costs are reported in 2010 dollars.

TABLE 1.2

Total Annual Estimates of Costs Due to Uterine Fibroids

Estimate of Total Cost

Low
% of 
Total High

% of 
Total

Direct Cost

Medications, 
inpatient 
admissions, 
outpatient visits

$3,271,956,332 55.54% $5,096,441,060 14.83%

Surgery $829,213,571 14.07% $4,312,422,131 12.55%

Indirect Cost

Lost work $1,552,509,693 26.35% $17,201,602,940 50.05%

Spontaneous 
abortion

$983,035 0.02% $110,698,973 0.32%

Preterm delivery $52,056,948 0.88% $1,468,626,480 4.27%

Cesarean delivery $184,938,975 3.14% $6,179,523,120 17.98%

Total Annual 
Estimate

$5,891,658,554 100.00% $34,369,314,704 100.00%

Source: � Reprinted from Am J Obstet Gynecol. 2012;206(3), Cardozo ER 
et al., The estimated annual cost of uterine leiomyomata in the United 
States, 211.e1–9. Copyright 2012, with permission from Elsevier.

Note:  All costs are reported in 2010 dollars.
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endometrial ablation being less costly at approximately $4943 
[8,13]. Table 1.3 shows the estimated low and high costs of each 
surgical procedure and the percentage of women who undergo 
each intervention. Table  1.3 also includes the cost of medical 
management of uterine fibroids, which accounts for medication 
costs as well as inpatient hospitalizations and outpatient doc-
tors’ visits. By multiplying the range of the number of women 
who underwent each treatment annually by a range of published 
estimates of direct costs, it was estimated that the direct cost of 
uterine fibroids annually in the United States is between $4.1 
billion and $9.4 billion [1].

It is important to remember that while surgical costs may be a 
substantial driver of the total health care costs of uterine fibroids, 
the overall lifetime cost of an individual with uterine fibroids 
may be lower if their fibroids are treated surgically. Table 1.3 
indicates that the total annual costs of nonsurgical management 
of uterine fibroids are higher than that of surgical management. 
Carls et al. found that even though surgery cost more than expect-
ant management in the short term, long-term cost savings were 
noted, and 3 years after surgery, there were significantly lower 
medical costs of approximately $1000 per year among hysterec-
tomy patients compared to nonsurgical patients [8].

Indirect Costs

Most studies estimate indirect costs of uterine fibroids by exam-
ining absenteeism and disability costs based on retrospective 
claims analysis from third-party payers and estimated costs to 
employers. For example, Carls et  al. calculated these costs by 
using 70% of daily wage multiplied by days absent from work, 
and estimated that missed workdays in the year after surgery cost 
employers more than for nonsurgical patients [8].

Estimated annual lost work time due to absenteeism and short-
term disability has been calculated to be as high as $30,075 for 
patients who underwent hysterectomy, $25,164 for myomectomy, 
$18,836 for AUE, $17,385 for endometrial ablation, and $14,282 
for nonsurgical treatment [1,6,8].

It should be noted that money due to lost work time, 
estimated  to be $1.6–$17.2 billion dollars annually, is an 
underestimation of the indirect costs of fibroids because it 
measures days absent from work and not costs associated with 
decreased productivity at work [1]. However, the estimated 
cost of lost work remains substantial and contributes 26.4%–
50.1% of the total annual costs attributable to uterine fibroids 
(Table 1.2) [1].

Obstetric Costs

Obstetric complications are also a significant contributor to the 
indirect health-care cost burden of uterine fibroids. Fibroids con-
tribute to a large number of pregnancy-related complications, 
including spontaneous abortion, preterm delivery and cesarean 
delivery [1,12,16]. Coronado et al. estimated odds ratios for each 
obstetric outcome by comparing 2065 women with pregnancy 
related complications with fibroids to women who had simi-
lar complications but without fibroids [17]. Cardozo et al. used 
these odds ratios to calculate the proportion of each complica-
tion attributable to uterine fibroids and a prevalence of fibroids in 
pregnancy ranging from 0.37% to 10.7% [17,18] to determine the 
number of cases attributed annually to fibroids. Published costs 
of individual procedures and lifetime expense of a preterm infant 
were used to calculate the estimated annual costs of obstetric 
outcomes attributable to fibroids (Table 1.4) [1], which may cost 
up to $7.76 million annually.

Future Research

As new treatments for uterine fibroids evolve, more research is 
needed to understand the cost effectiveness of various treatment 
modalities. Furthermore, long-term follow-up in these studies is 
critical given the chronic nature of the disease and its high recur-
rence rates.

TABLE 1.3

Estimated Direct Cost of Uterine Fibroids

Range of Women Having Each 
Intervention Cost Estimates Estimate of Total Cost

Medical Management

Medications, inpatient 
admissions, outpatient visits

$5563 [5] – $8665 [6] $3,271,956,332 – $5,096,441,060

Surgical Management

Hysterectomy 21.00% [5] – 52.90% [8] $6287 [13] – $11,538 [8] $776,532,518 – $3,589,921,782

Myomectomy 1.00% [14] – 5.93% [15] $6805 [13] – $14,850 [13] $40,027,010 – $517,938,300

Uterine artery embolization 0.20% [14] – 1.77% [15] $6805 [13] – $12,863 [8] $8,002,680 – $133,916,693

Endometrial ablation 0.16% [5] – 2.43% [15] $4943 [8] – $4943 [8] $4,651,363 – $70,645,356

Total Direct Costs $4,101,169,903 – $9,408,863,191

Source: � Reprinted from Am J Obstet Gynecol. 2012;206(3), Cardozo ER et al., The estimated annual cost of uterine leiomyomata in the United States, 211.
e1–9. Copyright 2012, with permission from Elsevier. 

Notes: � Total women seeking treatment for fibroids was calculated by number of women aged 25–54 (63,930,821) multiplied by baseline prevalence of 
0.92% = 588,164.

         All costs are reported in 2010 dollars.
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TABLE 1.4

Estimated Annual Cost of Obstetric Complications Related to Uterine Fibroids

Obstetric Outcome

Estimated Annual 
Number of Cases 

Attributed to Fibroids

Estimated Cost per Case Estimate of Total CostLow High

Spontaneous abortion 421 – 12,089 $2335 [19] – $9157 [20] $983,035 – $110,698,973

Preterm delivery 906 – 25,560 $57,458 [21] – $57,458 [21] $52,056,948 – $1,468,626,480

Cesarean delivery 13,455 – 304,440 $13,745 [22] – $20,298 [23] $184,938,975 – $6,179,523,120

Combined Cost for Obstetrical Outcomes $237,978,958 – $7,758,848,573

Source:	 Reprinted from Am J Obstet Gynecol. 2012;206(3), Cardozo ER et al., The estimated annual cost of uterine leiomyomata in the United States, 
211.e1–9. Copyright 2012, with permission from Elsevier. 

Note:  All costs are reported in 2010 dollars.
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Environmental Chemicals and Risk of Uterine Leiomyomata

Lauren A. Wise

Environmental exposures may influence risk of uterine leio-
myomata (UL) via multiple mechanisms, including endocrine 
disruption. Endocrine-disrupting chemicals (EDCs) are natu-
rally occurring compounds or synthetic chemicals that can alter 
functioning of the endocrine system by mimicking the activity 
of sex steroids, blocking or altering binding to hormone recep-
tors, altering the production and breakdown of natural hormones, 
or modifying the function of hormone receptors. Exposure to 
environmental chemicals in the US population is widespread 
[1], with reproductive-aged women [1] and African Americans 
[2–5] having the highest exposure levels to several EDCs. Given 
the breadth of animal and human evidence indicating that sex 
steroid hormones (estrogens and progesterone) are involved in 
UL etiology [6], a link between EDCs and UL seems plausible. 
In the following chapter, I review the epidemiologic literature 
investigating risk of UL in relation to a range of environmental 
chemicals, starting with the most widely studied exposures (e.g., 
cigarette smoking) and concluding with less well-studied expo-
sures of emerging interest.

Tobacco

Tobacco smoke constituents can inhibit aromatase [7] and shift 
estradiol metabolism toward less potent forms of estrogen [8,9]. 
Conversely, components of cigarette smoke may also exert 
estrogen-related effects on the uterus that could promote cell pro-
liferation [10]. Early studies, based largely on surgical UL cases, 
have reported that smoking was associated with a reduced risk 
of UL [11–15], with risk reduction ranging from 20% to 50% 
lower among current or ever smokers relative to never smokers. 
However, more recent case-control [16,17] and prospective cohort 
studies [18,19] have found no such association. In the Uterine 
Fibroid Study (UFS), a cross-sectional ultrasound screening 
study, there was a positive relation of smoking with diffuse UL 
but not with submucosal or intramural/subserosal UL [20]. To 
our knowledge, there are no studies of passive smoke exposure in 
adulthood and UL risk. In the sole study of passive smoke expo-
sure in early life, there was no association between in utero expo-
sure to smoke (incidence rate ratio [IRR] = 1.01, 95% confidence 
interval [CI]: 0.94–1.09) and UL risk; passive smoke exposure 
from ages 0–10 was associated with a weak increase in UL risk 
(IRR = 1.06, 95% CI: 1.01–1.11) [21]. Because cigarette smok-
ers are less likely than nonsmokers to seek routine medical care 
[19], and incidental detection of UL is common, caution should 
be used when interpreting the results from studies in which not 

all women are screened with ultrasound. Thus, detection bias is 
a concern in studies of smoking and UL that do not employ sys-
tematic ultrasound screening of its participants.

Diethylstilbestrol

Prenatal exposure to diethylstilbestrol (DES), a potent endocrine 
disruptor, has been shown to cause long-term changes in estro-
gen-related gene expression [22] and endogenous hormones of 
premenopausal women; [23] thus, a positive association with UL 
risk is plausible. Although an association between prenatal DES 
exposure and UL has been found in laboratory rodents [22,24], 
the epidemiologic data are conflicting, possibly because prenatal 
exposure to DES is difficult to assess and studies are prone to 
recall and reporting biases. One prospective cohort study, which 
used medical records to document exposure, found no associa-
tion between prenatal DES exposure and UL [25]. A second pro-
spective cohort study found a 21% increased risk of UL among 
women who self-reported exposure to DES in the first trimes-
ter [26]. Two cross-sectional studies [27,28], one of which was 
an ultrasound screening study [28], found a positive association 
between self-reported prenatal DES exposure and UL risk. One 
of these studies found that only “probable,” but not “definite,” 
prenatal DES exposure was associated with UL risk [28], sug-
gesting that recall bias could explain these results. To minimize 
the influence of reporting bias, future studies should seek medi-
cal documentation of DES exposure.

Phthalates

Phthalates are a family of organic chemicals that have been used 
as plasticizers for polyvinylchloride plastics since the 1930s. 
They have been widely used in food packaging, medical devices 
and medications, toys and building materials, as well as cosmet-
ics and personal-care products such as perfume, lotion and nail 
polish [29]. There is increasing concern that exposure to phthal-
ates may have adverse effects on reproductive health. Studies in 
experimental animals suggest that phthalates possess endocrine-
disrupting properties and can adversely affect reproductive func-
tion by altering steroidogenesis [30–38]. In vitro studies indicate 
that some phthalates have antiestrogenic activities [32,35,38], 
while others have weak estrogenic activity [39,40], lending bio-
logic plausibility for an effect of phthalates on hormone-respon-
sive conditions such as UL.
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Exposure to phthalates is typically quantified by measuring 
concentrations of diester phthalate molecules in urine (or blood) 
that were synthesized for commercial use (“parent” molecules), 
or of monoester metabolites that are formed from hydrolysis or 
oxidation of diesters after entering living systems (Table  2.1) 
[41]. Monoester metabolites are rare in the environment because 
they arise only from biotransformation, and thus they are the 
preferred exposure measure. Biomonitoring studies document 
that more than 78% of people in the US general population have 
detectable amounts of phthalates in their bodies [2]. National 
Health and Nutrition Examination Survey (NHANES) data 
indicate that African Americans have significantly higher lev-
els of some phthalate metabolites (MEP, MnBP, MiBP) than do 
Mexican Americans and whites [2,42,43], a disparity that has 
persisted over time and is present among women [44].

Five epidemiologic studies have directly evaluated UL preva-
lence or incidence in relation to phthalate exposure, as measured 
by biomarker concentrations, and have yielded inconclusive 
results [44–48]. All of these studies were retrospective in design 
(cross-sectional [44,47] or case-control [45,46,48]). (A sixth 
study prospectively examined use of hair relaxers as a possible 
proxy for phthalate exposure in relation to risk of UL, finding 
consistent positive associations for age at first use, frequency 
of use and duration of use [49].) The largest of the five “direct” 
studies [44], a cross-sectional nationally representative study of 
1,227 women (151 UL cases), found that women with higher uri-
nary MBP (MnBP + MiBP) concentrations were more likely to 
report a physician diagnosis of UL. There was little evidence of 
an association between UL and MEHP, MEOHP, MEP or MBzP. 
In the subset of women contributing data to the 2001–2004 wave 
of NHANES, when additional data on the oxidative phthalate 
metabolites were measured, the associations between phthalate 
metabolites of DEHP and UL were close to 1.0 [44]. Specifically, 
the odds ratio (OR) for MEHHP was 0.97 (highest versus the 
lowest three quartiles), and the associations for MEOHP and 
MECPP were positive but imprecise.

In a 2016 case-control study of 57 women with and with-
out uterine leiomyoma (n = 30 and 27, respectively), the 
authors calculated the molar sum of DEHP metabolites: 
∑3-DEHP, combining mono-(2-ethylhexyl) phthalate (MEHP), 
mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP) and 

mono-(2-ethyl-5-oxohexyl) phthalate; ∑4-DEHP, ∑3-DEHP 
plus mono-(2-ethyl-5-carboxypentyl) phthalate; and ∑5-DEHP, 
∑4-DEHP plus mono-(2-(carboxylmethyl)hexyl) phthalate (2cx-
MMHP) [48]). After adjustment for age, waist circumference and 
parity using multiple logistic regression analyses, log ∑3-DEHP 
(OR = 10.82, 95% CI: 1.25–93.46) and ∑4-DEHP (OR = 8.78, 
95% CI: 1.03–75.29) were positively associated with UL risk.

A 2015 cross-sectional study of surgically visualized UL 
found no appreciable association between urinary phthalates and 
UL prevalence after adjusting for potential confounders [47]. An 
earlier case-control study reported that urinary MEHP levels 
were higher in UL cases than controls [46]. Another case-control 
study found lower serum levels of DEHP and MEHP in (preva-
lent) surgical cases of UL [45]. In that study, controls were shown 
by ultrasound to be free of UL [45], but they had undergone other 
hospital procedures that could have increased their levels of 
DEHP and MEHP [50]. In addition, that study measured serum 
concentrations of DEHP [44], which are subject to contamina-
tion from laboratory equipment and other external sources. 
Serum MEHP concentrations are also prone to contamination 
from DEHP present in the specimen because serum enzymes can 
hydrolyze DEHP to MEHP during storage [51].

A 2019 publication based on cross-sectional data from women 
undergoing inpatient surgery for UL (n = 57) also reported 
positive associations between urinary phthalate metabolites 
and uterine volume, but did not investigate UL incidence [148]. 
Associations were strongest for individual DEHP metabolites 
(MEHHP, MEOHP, MECPP), ∑DEHP (sum of all DEHP metab-
olites), and ∑AA (i.e., sum of androgenic metabolites: MBP, 
MiBP, MBzP, MEHP, MEHHP, MEOHP, MECPP, MEP, MHBP, 
MCOP, and MHiBP). Specifically, a doubling in ∑DEHP and 
∑AA phthalates was associated with 33.2% (95% confidence 
interval 6.6–66.5) and 26.8% (95% confidence interval 2.2–57.4) 
increase in uterine volume, respectively [148]).

The fact that phthalates do not bioaccumulate and are rapidly 
excreted creates major challenges for the study of phthalates and 
health. Studies of UL are limited by their retrospective design, as 
phthalate exposure assessment may have occurred years after UL 
occurrence. A large interval between the etiologically relevant 
exposure window and the measured exposure window is a form 
of measurement error that may attenuate associations. Another 

TABLE 2.1

Common Phthalates and their Commonly Detected Metabolites

Phthalate (Common Sources of Exposure) Abbrev. Metabolite(s) Abbrev.

Dimethyl phthalate (insect repellants, plastics) DMP Mono-methyl phthalate MMP

Diethyl phthalate (fragrances) DEP Mono-ethyl phthalate MEP

Dibutyl phthalates (nail polish, cosmetics, pharmaceutical 
coatings, insecticides)

DBP Mono-n-butyl phthalate
Mono-isobutyl phthalates

MnBP
MiBP

Benzylbutyl phthalate (adhesives, vinyl flooring products, 
sealants, car-care products)

BzBP Mono-benzyl phthalate (includes some  
mono-n-butyl phthalate)

MBzP

Di-2-ethylhexyl phthalate (flexible plastics including food 
containers, toys, packaging film)

DEHP Mono-2-ethylhexyl phthalate
Mono-(2-ethyl-5-oxohexyl) phthalate
Mono-(2-ethyl-5-hydroxyhexyl) phthalate
Mono-(2-ethyl-5-carboxypentyl) phthalate

MEHP
MEOHP
MEHHP
MECPP

Di-n-octylphthalate (flexible plastics) DOP Mono-3-carboxypropyl phthalate MCPP

Di-isononyl phthalate DiNP Mono-carboxyoctyl phthalate MCOP

Di-isodecyl phthalate DiDP Mono-carboxynonyl phthalate MCNP
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source of exposure measurement error is related to the number of 
measurements. Unless exposures are constant over time, measure-
ments taken at a single point in time are less reliable indicators of 
typical exposures than multiple measurements. In their study of 
46 women aged 35–49 who provided first morning urinary voids 
on 2 consecutive days, Hoppin et al. [52] reported intraclass corre-
lation coefficients (ICCs) ranging from 0.53 to 0.80 for creatinine-
corrected urinary levels of MBP, MEP, MEHP and MBzP. Other 
studies have observed good to excellent ICCs for urinary phthal-
ate levels measured up to 6 weeks apart (0.33–0.66) [53,54], but 
ICCs were lower for longer periods of time: >3 months, ICCs in 
19 men ranged from 0.28–0.52 [55]; >6 months, ICCs in 29 chil-
dren were <0.30, except for MBP (0.35) and MBzP (0.62) [56]. To 
optimize exposure assessment, measurement of urinary phthal-
ates at multiple time points is critical.

Bisphenol A (BPA)

BPA is one of the most common chemicals in use, with over six 
billion pounds produced annually for the manufacture of polycar-
bonate plastics and epoxy resins, which are used as dental seal-
ants, food-can linings and other products. Biomonitoring studies 
have shown that 93% of the US general population have detectable 
amounts of BPA in their bodies [57], and BPA has been detected 
in the blood, urine and breast milk of most women [1,58–60]. 
Chemically, BPA is closely related to the potent nonsteroidal 
estrogen diethylstilbestrol (DES), which is known to have adverse 
reproductive effects [61,62] and is positively associated with UL 
in most [26–28,63], but not all [25], studies. In animals, BPA 
disrupts oocyte maturation [64–72], intraovarian steroidogenesis 
[73–75], development of female reproductive organs [76,77], and 
fertility [78]. Outbred female CD-1 mice treated with subcutane-
ous injections of BPA neonatally were more likely to develop UL 
than unexposed mice [79], and estrogen-responsive genes were 
repressed in BPA-exposed rats [80]. In tissue culture studies, BPA 
promotes myometrial cell proliferation, UL cell proliferation and 
uterine tumorigenesis [81,82].

BPA exposure has been associated with an increased risk of UL 
in most [83–85], but not all [47], previous epidemiologic studies. 
In a 2013 case-control study of Chinese women, mean (+/−SD) 
urinary BPA concentrations were significantly higher among 
cases (17.6 +/− 2.3 ng/mL) than controls (11.8 +/− 1.7 ng/mL) 
[83]. In another 2013 study of Chinese women (unknown study 
design and method of UL classification) [85], urinary BPA was 
non-significantly higher in cases (13.9 +/− 12.7 ng/mL) than 
controls (8.50 +/− 12.2 ng/mL). Another phenol, nonylphenol, 
was significantly higher in cases than controls [85], a finding 
that has since been replicated [86]. In a 2011 study of Chinese 
women, cases were divided into three groups (mild, moderate 
and severe) according to tumor size. Controls were shown to 
be free of UL based on transvaginal ultrasound examination. 
Higher serum BPA levels were found for “moderate/severe UL 
cases” relative to “mild UL cases/controls.” [84] However, blood 
is not an optimal matrix for assessing exposure to nonpersistent 
chemicals such as BPA because of potential for external con-
tamination [50]. Also, serum BPA levels are approximately an 
order of magnitude lower than those in urine, with serum levels 
for many people below the limit of detection [87].

Two replacement chemicals for BPA (bisphenol S and bisphe-
nol F) have been introduced to the market and are now part of the 
latest phenols panel that can be assayed at the Centers for Disease 
Control and Prevention (CDC).

Polychlorinated Biphenyls (PCBs)

PCBs are ubiquitous organochlorine chemicals found in the 
environment that accumulate in body fat and exhibit endocrine-
disrupting properties. Although PCB levels have been declining 
in the US because they have been banned from use [88], they are 
still found in most of the population [5,89,90]. Serum levels of 
PCBs reflect long-term exposure [88]; depending on the congener 
type, PCBs have half-lives of 1–10 years [90]. In vitro and animal 
models show that PCBs can bind to estrogen receptors [91–93], 
increase gonadotropin-releasing hormone levels, and affect pro-
duction and release of luteinizing hormone from the pituitary 
gland [94]. PCBs are associated with greater UL risk in the Baltic 
gray seal (Halichoerus grypus) [95,96] and are hypothesized to 
increase UL risk in humans. In a cross-sectional analysis from 
the Great Lakes Study [97], UL risk was positively associated 
with serum levels of PCBs. Increases in risk were associated with 
total PCBs, estrogenic PCBs, antiestrogenic PCBs and dioxin-
like PCBs, with ORs ranging from 1.6 to 1.9 per ng/g increment 
[97]. In a case-control study [98], significantly higher concentra-
tions of PCBs were detected in the subcutaneous fat of UL cases 
compared with controls. In a 2015 cross-sectional study, PCBs 
measured in omental fat (PCBs 99, 138, 146, 153, 196 and 206) 
were associated with surgically diagnosed UL, with ORs ranging 
from 1.5 to 1.9 per 1-SD increment [99].

In the Study of Environment Lifestyle and Fibroids (SELF), 
the strength of some associations between selected predic-
tors and PCBs varied by degree of PCB chlorination [149]. For 
instance, a 5-kg/m2 higher BMI was associated with a 2.9% 
lower summed concentration of tri- and tetra-substituted PCBs 
(95% CI: 4.6%–1.2%), an 8.3% lower summed concentration of 
penta- and hexa-substituted PCBs (95% CI: 10.0%–6.5%), and a 
12.2% lower summed concentration of hepta-, octa-, nona- and 
deca-substituted PCBs (95% CI: 13.8%–10.5%). Likewise, asso-
ciations for age and being breastfed in infancy were stronger for 
higher-chlorinated PCBs. These results generally agree with 
previous studies on predictors of PCB body burdens. Table 2.2 
shows examples of PCB groupings that are commonly used in 
epidemiologic research.

Finally, the Black Women’s Health Study reported an increased 
risk of UL among women with higher consumption of marine 
long-chain omega-3 fatty acids and fatty fish [100], which are 
more likely to contain PCBs [90,101,102]. The incidence rate 
ratio (IRR) for the highest versus lowest quintiles of marine fatty 
acid intake—sum of eicosapentanoic acid, docosapentaenoic 
acid and docosahexaenoic acid—was 1.18 (95% CI: 1.05–1.34; 
P-trend

 = 0.005) [100]. The IRR for highest versus lowest catego-
ries of fatty fish was 1.13 (95% CI: 1.00–1.28) [100]. Results from 
the SELF cohort, a prospective ultrasound study, also support 
an association between intake of marine long-chain omega-3 
fatty acids and UL incidence: intake of docosahexaenoic acid 
was associated with a 49% higher incidence of UL (quartile 4 
vs. 1: IRR 1.49, 95% CI: 1.04, 2.14; P-trend = 0.01) [150]. Intakes 
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of total marine omega-3 fatty acids were associated with a 
similarly-elevated UL incidence (HR 1.35, 95% CI: 0.94, 1.93; 
P-trend = 0.03). It remains unclear whether the fatty acids them-
selves or persistent environmental pollutants (e.g., PCBs) drive 
the association.

Trace Elements

Several trace elements have been shown to have endocrine-
disrupting properties, with the ability to interfere with the 
hypothalamic-pituitary-gonadal axis, and bind to and activate 
the estrogen receptor α. Elements with these properties include 
lead, mercury, cadmium, chromium, cobalt, copper, nickel and 
tin [103–107]. Current and former cigarette smoking were asso-
ciated with higher cadmium and lead levels in uterine tissues 
(see Tobacco section) [108,109]. Studies of heavy metals and UL, 
including two in vitro studies of uterine tissue from women with 
and without UL [110,111] and two epidemiologic studies using 
cross-sectional designs [112,113], have been scarce and inconsis-
tent. The following text focuses only on the elements that have 
been previously studied in epidemiologic studies of UL: lead, 
cadmium, cobalt and mercury.

Lead

Primary sources of lead exposure in humans are lead-based 
paint, food, drinking water, ambient air, dust and soil [114]. 
Data suggest that lead exposure interferes with ovarian steroid 
stimulation of the endometrium [107,115]. Timing of exposure 
may matter. In a study of rats exposed to lead acetate in drinking 
water in utero, prepubertally or postpubertally, the most severe 
effects were observed in the group exposed in utero, with dis-
rupted estrous cycling [116]. These effects suggest direct effects 
of lead on the hypothalamic pituitary axis and on gonadal steroid 
biosynthesis.

In humans, the association between lead exposure and self-
reported UL diagnosis was assessed in the NHANES, 1999–
2002, a nationally representative study population of 1425 
women aged 20–49 years who were premenopausal and neither 
pregnant nor breastfeeding [112]. Lead was measured in whole 
blood. In unadjusted analyses, geometric mean levels of lead 
were significantly higher among women with UL than those 
without UL, and positive associations were found between 

lead and the odds of UL (3rd versus 1st tertile: 1.41, 95% CI: 
0.70–2.84). However, after adjusting for age, race/ethnicity, use 
of oral contraceptives prior to diagnosis and smoking status at 
diagnosis, the association was 0.82 (95% CI: 0.39–1.74) [112]. 
In a 2014 cross-sectional analysis of data from 473 women aged 
18–44 undergoing surgery for benign gynecologic indications 
(ENDO study) [113], investigators analyzed 20 trace elements 
in whole blood and three trace elements in urine. The odds of a 
UL diagnosis were higher among women in the highest tertile 
of whole blood lead (adjusted OR = 1.31, 95% CI: 1.02–1.69) 
relative to the lowest tertile. However, urinary lead was not asso-
ciated with UL diagnosis. Given the cross-sectional design and 
the lack of ultrasound screening of all participants, it cannot be 
determined whether increased exposure to lead contributes to 
UL development or whether the neoplasms themselves serve as 
a reservoir for lead.

Cadmium

Primary  sources of cadmium exposure in humans are cigarette 
smoke, air pollution and contaminated food [117]. Cadmium 
has been shown to have estrogen-disrupting effects on repro-
ductive development in rodents [118]. Sprague-Dawley rats 
exposed to cadmium 3 weeks after ovariectomy had increased 
uterine wet weight, promoted growth and development of 
the mammary glands, and induced hormone-regulated genes 
[119]. In the uterus, the increase in wet weight coincided with 
proliferation of the endometrium and induction of progester-
one receptor (PgR) and complement component C3. In utero 
exposure to the metal also mimicked the effects of estrogens 
[119]. In a study investigating whether cadmium stimulates pro-
liferation of estrogen-responsive human UL cells and uterine 
smooth muscle cells through classical interactions with ERα 
and ERβ, or by nongenomic mechanisms, the study found that 
low concentrations of cadmium indeed stimulated cell prolifer-
ation in estrogen-responsive uterine cells, but via nongenomic 
activation of MAPK, not through classical ER-mediated path-
ways [120].

In NHANES [112], a positive association was found between 
cadmium measured in whole blood and self-reported UL diag-
nosis before, but not after, adjustment for age, race/ethnicity, use 
of oral contraceptives prior to diagnosis and smoking status at 
diagnosis. In the ENDO study [113], the odds of a UL diagno-
sis were higher with increased whole blood cadmium (adjusted 

TABLE 2.2

Potentially Useful Groupings of Polychlorinated Biphenyls in the Study of UL

Group PCB Congeners Included

Wolff Group 1B (weak phenobarbital inducers, persistent) 187

Wolff Group 2A (potentially antiestrogenic and immunotoxic, dioxin-like, moderately 
persistent)

66, 74, 105, 118, 156, 167

Wolff Group 2B (potentially antiestrogenic and immunotoxic, limited dioxin activity, 
persistent)

138/158, 170

Wolff Group 3 (phenobarbital, CYP1A and CYP2B inducers, biologically persistent) 99, 153, 180, 196/203, 183

Dioxin-like 105, 114, 118, 156, 157, 167, 189, 170, 180

Tri- and tetra-substituted 28, 66, 74

Penta- and hexa-substituted 99, 105, 114, 118, 138/158, 146, 153, 156, 157, 167

Hepta-, octa-, nona- and deca-substituted 170, 178, 180, 183, 187, 189, 194, 196/203, 199, 206, 209
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OR = 1.44, 95% CI: 1.02–2.04). However, urinary cadmium 
was not associated with UL diagnosis (adjusted OR = 0.99, 
95% CI: 0.77–1.29). Urinary cadmium is considered a better bio-
marker of exposure. Moreover, given the cross-sectional nature 
of the study design, it is unclear whether the positive associa-
tion between cadmium and UL, if real, indicates that cadmium 
contributes to UL development, or that cadmium simply accu-
mulates in UL tissue.

Cobalt

Primary sources of exposure to cobalt are soil, water, plants and 
animals (natural sources) and fossil fuel and waste combustion, 
vehicular and aircraft exhausts, processing of cobalt and cobalt-
containing alloys, artificial hip and knee joints, use of cobalt 
chemicals and fertilizers derived from phosphate rocks (anthro-
pogenic sources) [121]. Cobalt is an essential element and has 
an important role in female reproduction, but at high concentra-
tions, it is toxic [122]. Animal studies have found an increase in 
the length of the estrous cycle in female mice exposed to 11.4 mg 
of cobalt/m3 for 13 weeks [123], but no effects were observed in 
rats similarly treated for 13 weeks [124,125].

In a 2014 cross-sectional analysis of data from the ENDO study 
[113], the odds of a UL diagnosis were higher with increased 
urine cobalt (adjusted OR = 1.31, 95% CI: 1.02–1.70) [113]. 
Again, owing to the cross-sectional nature of the study design, 
it is not clear whether increased exposure to cobalt affects UL 
development or whether UL serve as a reservoir for cobalt 
accumulation.

Mercury

Humans may be exposed to mercury via fish intake, air pollution 
and dental amalgams [126]. Limited data are available from epi-
demiological studies on the relation between mercury and female 
reproductive function. A number of effects have been described 
in experimental animals exposed to mercury, including altera-
tions in ovulation and the estrous cycle [127–130] and changes in 
pituitary levels of FSH and LH [131].

In NHANES [112], unadjusted geometric mean levels of 
whole blood mercury were significantly higher among women 
with UL than those without UL, and positive associations were 
found with self-reported UL diagnosis before and after adjusting 
for age, race/ethnicity, use of oral contraceptives prior to diag-
nosis and smoking status at diagnosis, only mercury showed a 
positive association with UL (3rd versus 1st tertile: 1.40, 95% CI: 
0.75–2.64), albeit the association was imprecise [112]. In a 2014 
cross-sectional analysis of data from the ENDO study, based on 
473 women aged 18–44 undergoing surgery for benign gyneco-
logic indications [113], neither whole blood nor urinary mercury 
was appreciably associated with UL.

Other EDCs

Other EDCs that have been studied in relation to UL risk include 
dioxin and benzophenone-type UV filters (found in sunscreens). 
High serum levels of dioxin measured after a chemical explo-
sion in Seveso, Italy, were associated with reduced UL risk [132]. 

The inverse association may be explained by dioxin’s antiestro-
gen effects and its ability to limit extracellular matrix production 
via TGF-β pathways [133]. No appreciable association was seen 
for five benzophenone-type chemicals in relation to UL risk in 
the ENDO study [47].

Analysis of Chemical Mixtures

Given that many chemicals travel together in the environment 
and are correlated with each other, there has been growing inter-
est in developing novel biostatistical approaches to evaluate mix-
tures of chemicals, not merely individual chemicals. Although 
little consensus has been reached about which methods work 
best, several methods are being implemented and tested. For 
example, weighted quantile sum (WQS) regression can estimate 
the association between mixtures and health outcomes while 
addressing the complex correlation structure among mixture 
components [134,135]. By using the WQS approach, investiga-
tors can estimate a weighted sum (across chemicals) of quantiles 
most associated with a given health outcome and perform infer-
ence on the regression coefficient characterizing the association 
between the outcome and this weighted sum. WQS regression 
can be run using SAS statistical software. In addition, Bayesian 
kernel machine regression (BKMR) can be used to nonparamet-
rically estimate and test the joint effects of multiple exposures 
[136–138]. Simulation studies have demonstrated the success of 
BKMR in estimating exposure-response functions and in identi-
fying components of mixtures that contribute most to health out-
comes [136]. Advantages of BKMR over standard multivariable 
regression models are that this method allows for non-linearity 
in relationships between exposures and outcomes, and can more 
fully capture uncertainty in the exposure-response function by 
conducting variable selection and health-effect estimation simul-
taneously. BKMR analyses can be run with R statistical software. 
Finally, random forest analysis is a novel method that produces 
single measures of importance for each predictor variable and 
takes into account interactions among variables without requir-
ing model specification. The advantages of random forest analy-
sis over multivariable regression models are that this approach 
allows for complicated interactions among constituents and does 
not assume a linear exposure-outcome relationship. Random for-
ests analyses can be run using the RandomForest package in the 
R statistical software package [139].

Recommendations for Future Research

•	 Use of a prospective study design with incident cases of 
UL can reduce misclassification and help to clarify tem-
porality. With retrospective studies, if levels of chemi-
cals are influenced by having UL (e.g., by affecting 
metabolism of chemicals, behaviors or lifestyle factors 
that influence chemical levels), results could be biased. 
The collection of biospecimens and covariate data before 
the occurrence of UL can avoid reverse causation and 
differential misclassification of exposure and covariates.

•	 Studies that use ultrasound screening to detect UL 
incidence repeatedly over time will be able to reduce 
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outcome misclassification. Transvaginal ultrasound is 
excellent for assessing UL status and mapping size and 
location when there are four or fewer tumors and uterine 
size is <375 mL [19]. UL can go undiagnosed for years 
prior to symptom occurrence. Ultrasound performed 
in a clinic setting is considered to be the best method 
for detecting UL, even asymptomatic UL, because it 
has high sensitivity and specificity relative to histologic 
evidence [140]. It also is less invasive than other types 
of diagnostic imaging (e.g., MRI) [6]. The removal of 
asymptomatic subclinical UL cases from the “control” 
(or “non-case”) group decreases attenuation of associa-
tions by misclassification of case status.

•	 Repeated measures of exposure are critical for nonper-
sistent chemicals, such as urinary phthalate metabolites 
and BPA, which have higher intra-individual varia-
tion due to shorter half-lives. Chemicals that are more 
persistent in the environment and biologically can be 
assessed with fewer measurements will save on costs. 
The analysis of mixtures of chemicals within and 
across chemical classes can help address the problem 
of correlation among chemicals and answer questions 
about whether or not a particular chemical or a group 
of chemicals is of concern health-wise.

•	 Collection of additional data on environmental (behav-
ioral, psychosocial, socioeconomic) factors will allow 
for control of a wide range of potential confounders and 
exploration of factors likely to be modifiers of associa-
tions (e.g., obesity).

•	 Finally, the evaluation of mechanistic pathways, which 
is beyond the scope of epidemiologic studies, can help 
increase the specificity of results. For example, there is 
a growing body of research on epigenetics as a mecha-
nism by which early life exposures to EDCs affect 
future risk of UL [141–144].

Future Research

Future studies that use prospective designs, have sufficient 
study size, collect data on a wide range of confounding fac-
tors, and examine classes of chemicals with large exposure 
variation will permit a powerful assessment of the associations 
between environmental chemicals and UL. An NIEHS-funded 
study that was launched in 2010, SELF, is well-equipped to 
address important research questions about the influence of 
environmental chemicals on UL incidence [145,146]. SELF has 
enrolled 1300 African American women aged 23–34 years who 
were free of ultrasound-detected UL at baseline (2010–2012). 
Comprehensive questionnaire data were collected at base-
line, and participants are being followed for 5 years. Every 20 
months, blood and urine are collected to allow for repeated 
measurement of environmental chemicals, and ultrasounds are 
performed by trained sonographers to detect UL. This study of 
African Americans, a high-risk population for EDC exposure 
and UL, has the potential to provide informative data on the 
effects of widespread pollutants on UL and seek explanations 
for the racial disparity in UL risk.

Conclusion

In summary, there is biological plausibility for a role of envi-
ronmental chemicals, particularly EDCs, in UL pathogenesis. 
Exposure to environmental chemicals is widespread in the 
United States and, given the large numbers of chemicals that 
travel together in the environment, it is important to consider 
both their individual and combined influence on UL. Earlier 
reports on prenatal DES exposure indicated a possible role of 
EDCs on UL development, and emerging human data suggest 
an association between selected EDCs and UL [44–46,83–
85,97–99], with recent studies showing suggestive evidence 
of an increased prevalence of UL among women with greater 
exposure to phthalates, PCBs and BPA, but much more equivo-
cal evidence for a role of lead [113,147], cadmium [113,147], 
mercury [147], cobalt [113], and other trace elements. Although 
many of these studies support the hypothesis that exposure to 
higher levels of EDCs increases UL risk, some indicate biologi-
cally-plausible inverse associations (e.g., dioxin [132]), and most 
epidemiologic studies on EDCs and UL have been small, retro-
spective in design, and have relied on suboptimal measures of 
UL and chemical exposures (e.g., blood samples for nonpersis-
tent EDCs). Thus, the extent to which exposure to environmental 
chemicals explains the Black–White disparity in UL incidence 
remains to be shown.

The identification of EDCs that influence UL risk could 
increase understanding of mechanisms for UL development. 
EDCs are potentially modifiable risk factors, thereby offering the 
opportunity for primary prevention of UL (e.g., government reg-
ulation of chemicals) should research find that they deleteriously 
affect UL. Given the ubiquitous nature of many EDCs (>90% 
exposed) and the high lifetime risk of UL among reproductive-
aged women (>30%), even small associations, if real, could have 
an enormous public health impact. However, the evidence link-
ing UL with EDCs is still weak, and more research is warranted 
in this area.
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3
Dietary Factors and Uterine Fibroids

Holly R. Harris, Stacey A. Missmer, and Kathryn L. Terry

Dietary factors may play a role in fibroid etiology due to their 
potential to modify endogenous hormones as well as their 
inflammatory effects; however, few studies have examined diet 
and UL risk, and few clear dietary associations have been estab-
lished. Characteristics of the peer-reviewed studies that have 
examined dietary factors and uterine fibroids though June 2016 
are provided in Table 3.1, and the observed associations are sum-
marized in Table 3.2.

Fruits and Vegetables

Fruits and vegetables contain vitamins, minerals, antioxidants and 
phytochemicals that may decrease fibroid risk. One of the most 
consistent associations between diet and fibroid risk has been with 
fruit and vegetable consumption (Table 3.3). The prospective Black 
Women’s Health Study (BWHS) cohort and case-control studies in 
China and Italy all reported decreased risk of fibroids with fruit 
and vegetable intake [1–4]. Specifically, the BWHS reported a sta-
tistically significant decreased risk with total fruits and vegetables 
combined, with a stronger association for fruits than vegetables, 
which appeared to be driven by a significant inverse association 
with citrus fruits [2]. He et al. also reported a significant inverse 
association with total fruit and vegetable intake [1], while Shen 
et  al. reported significant inverse associations for broccoli, cab-
bage, Chinese cabbage, tomatoes and apples [4], and Chiaffarino 
et  al. reported a significant inverse association with fresh fruit 
and green vegetable consumption [3]. Animal data have sug-
gested that lycopene, a carotenoid with strong antioxidant proper-
ties, decreases fibroid risk [5]. However, in both case-control and 
cohort studies, lycopene, other carotenoids, vitamins C and E, 
folate and fiber did not explain the decreased risk observed with 
fruits and vegetables [2,6,7]. The BWHS observed an inverse asso-
ciation with dietary vitamin A and fibroids risk that appeared to 
be driven by preformed vitamin A, not pro-vitamin A carotenoids 
[2]. In contrast, a cross-sectional study in the National Health and 
Nutrition Examination Survey examined serum micronutrient lev-
els and reported higher serum vitamin A concentrations among 
women with fibroids compared to those without, but no serum dif-
ference was observed for other carotenoids or micronutrients [8].

Dietary Fat

Trans fat intake influences circulating levels of IL-6, IL-1β, TNF-α 
and other inflammatory markers [9–11], and markers including 

IL-6, IL-1 and TNF-α have been reported to influence the secre-
tion of enzymes that digest endometrial extracellular matrices 
[12]. In contrast, dietary intake and plasma levels of omega-3 fatty 
acids have been inversely associated with inflammatory cytokines, 
including IL-6, TNF-α and TNF-α receptors [13,14]. Omega-6 
fatty acids have also been hypothesized to reduce fibroid risk 
through their anti-inflammatory properties. However, few studies 
have examined the associations between dietary fats and fibroid risk 
[3,7,15]. The BWHS examined the association between dietary fats 
and fibroid risk, reporting statistically significant increased risks of 
fibroids with intake of specific long-chain omega-3 fatty acids but 
no significant associations with total fat or other fat subtypes [15]. 
However, no associations between dietary fats and fibroids were 
observed in a cross-sectional study of Japanese women enrolled 
through a health check-up program [7] or in an Italian case-control 
study that examined butter, margarine and oil intake [12].

Dairy Foods

Dairy foods also contain multiple components that may protect 
against fibroids through their anti-tumorigenic and anti-inflam-
matory effects [16,17], as well as through influences on circulating 
estrogens [18]. In mouse models, a milk diet has been demon-
strated to reduce markers of oxidative and inflammatory stress, 
including tumor necrosis factor alpha and IL-6 [17]. In addition, 
milk consumption has also been shown to increase circulating 
insulin-like growth factor-I (IGF-I) levels [19–21], and IGF-I 
has been shown to promote fibroid cell proliferation in culture 
[22,23]. Baird et al. has reported a suggestive inverse association 
between high circulating IGF-I levels and fibroid prevalence [24]. 
The BWHS has examined the association between dairy intake 
and fibroids, reporting a reduced risk of fibroids with increas-
ing consumption, with similar associations observed for low-fat 
and high-fat dairy foods [16]. In contrast, case-control studies in 
China and Italy reported no significant associations with dairy 
foods [1], milk or cheese [3]. Wise et al. also examined vitamins, 
minerals and fatty acids commonly found in dairy foods but, 
after adjustment for total dairy intake, did not observe significant 
associations with any of these dietary factors [16].

Vitamin D

Although human levels of vitamin D are primarily derived 
from sun exposure, vitamin D is naturally occurring in some 
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foods such as fatty fish, liver and eggs, while other foods, such 
as milk or orange juice, are fortified with vitamin D. Dietary 
vitamin D was not associated with fibroid risk in the BWHS or a 
China-based case-control study [4,16]. However, given that only 
a small portion of vitamin D comes from diet, plasma levels 
may be a more accurate indicator of an individual’s vitamin D 
level, and three cross-sectional studies have reported a reduced 
risk  of  fibroids among women with higher levels of plasma 
vitamin D [25–27].

Fish

Four studies conducted in three different geographic regions have 
examined fish intake. While fish can be rich in polyunsaturated fats, 
it also can be a source of toxin exposure—particularly persistent 

organic pollutants (POPs) and other phytoestrogenic compounds. A 
case-control study from China reported no association between fish 
consumption and fibroid risk [1], while an Italian case-control study 
reported a protective effect of fish consumption on fibroid risk [3]. 
In the US, the BWHS observed the suggestion of an increased risk 
with consumption of dark-meat fish [15]. In the midwestern US, 
consumption of sport fish, which are known to be high in a number 
of POPs, was marginally associated with increased fibroid risk [28]. 
The varied types of fish consumed in different countries, assorted 
preparation methods and differing POP burdens across studies 
make the interpretation of these results challenging.

Soy

Soy intake has been examined in populations with high and 
low intakes of soy products with no clear association. In a case-
control study in Japan, no significant association was observed 
between soy isoflavones and fibroid risk [7]. Soy intake was also 
not associated with fibroid risk in a case-control study in China 
or in the BWHS in the US [1,16].

Meat

Only two studies have examined meat intake in relation to fibroid 
risk, with inconsistent results. Chiaffario et al. observed a sig-
nificant increased risk of fibroids with higher beef and other red 
meat consumption [3] while He et  al. observed no association 
between meat intake and fibroid risk [1].

Alcohol

Alcohol consumption has been associated with an increased 
risk of fibroids in two of three studies that have examined this 

TABLE 3.2

Summary of Associations between Selected Dietary Factors and 
Uterine Fibroids

Dietary Factor Summary of Association(s) References

Fruits and vegetables Consistently decreased risk [1–4]

Carotenoids No associations [2,6]

Fats No associations overall, 
suggestion of increased risk with 
specific long chain omega-3 fatty 
acids

[3,7,15]

Dairy Inconsistent [1,3,16]

Dietary vitamin D No associations [4,16]

Plasma vitamin D Consistently decreased risk [25–27]

Fish Inconsistent [1,3,15,28]

Soy No associations [1,7,16]

Meat Inconsistent [1,3]

Alcohol Suggestion of increased risk 
among beer drinkers

[3,7,30]

TABLE 3.3

Main Results from Studies Evaluating the association(s) between Fruit and Vegetable Intake and Uterine Fibroids

Author/Year Selected Exposure(s)
Multivariable Hazard Ratio (HR) or Odds 

Ratio (OR) and 95% Confidence Intervals (CI) Serving Categories

Shen 2016 [4] Broccoli OR = 0.55; 95% CI = 0.32–0.96 Continuous servings

Cabbage OR = 0.45; 95% CI = 0.21–0.95
Chinese cabbage OR = 0.31; 95% CI = 0.10–0.95
Tomato OR = 0.45; 95% CI = 0.24–0.85
Apple OR = 0.41; 95% CI = 0.21–0.81

He 2013 [1] Vegetables and fruits OR = 0.4; 95% CI = 0.2–0.9 High vs. low consumption (reference)

Wise 2011 [2] Total fruits and vegetables HR = 0.90; 95% CI = 0.82–0.98 ≥4 servings/day vs. <1/day (reference)
Total vegetables HR = 0.97; 95% CI = 0.89–1.05 ≥2 servings/day vs. <4/week (reference)
Cruciferous HR = 0.97; 95% CI = 0.89–1.06 ≥6 servings/week vs. <1/week (reference)
Green leafy HR = 0.93; 95% CI = 0.85–1.01 ≥6 servings/week vs. <1/week (reference)
Yellow-orange HR = 1.00; 95% CI = 0.92–1.09 ≥6 servings/week vs. <1/week (reference)

Total fruits HR = 0.89; 95% CI = 0.81–0.98 ≥2 servings/day vs. <2/week (reference)
Citrus HR = 0.92; 95% CI = 0.86–1.00 ≥3 servings/week vs. <1/month (reference)
Cantaloupe HR = 0.95; 95% CI = 0.86–1.04 ≥3 servings/week vs. <1/month (reference)
Apples, pears and bananas HR = 0.98; 95% CI = 0.89–1.08 ≥3 servings/week vs. <1/month (reference)
Orange and grapefruit juice HR = 1.02; 95% CI = 0.93–1.12 ≥1 serving/day vs. <1/month (reference)

Chiaffarino 1999 [3] Green vegetables OR = 0.5; 95% CI = 0.4–0.6 Third vs. first tertile (reference)
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association. The BWHS reported significantly higher risks of 
fibroids among women who were current drinkers and those who 
had consumed alcohol for a longer period of time. This associa-
tion was strongest for beer consumption [30]. Nagata et al. also 
observed an increased risk of fibroids with increasing alcohol 
consumption that was strongest among beer drinkers [7]. An 
Italian case-control study observed no association between alco-
hol intake and fibroids; however, wine was the alcohol consumed 
by 90% of women included in this study, with only a small pro-
portion consuming beer [3].

In summary, few studies have examined the associations 
between dietary factors and fibroid risk and the majority of these 
studies have been cross-sectional in design—severely reducing 
the ability to draw temporal cause and effect conclusions. To 
date, consistent associations between diet and fibroid risks are 
limited to two consistent discoveries: a reduced risk with higher 
fruit and vegetable intake (although the primary food contribu-
tors remain to be determined) and increased risk with lower vita-
min D levels (although the impact of sun versus food sources 
remains unclear). Much more research is needed to clarify the 
role of other dietary factors in relation to fibroid risk. Given the 
prevalence of fibroids and the effects on women’s lives, under-
standing the impact of this modifiable group of risk or preventive 
factors would have a large clinical and public health impact.
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4
Types of Fibroids

Christine C. Skiadas

Fibroids are the most common pelvic tumor found in women [1], 
and their existence has been recognized in some of the earli-
est anatomical descriptions of the uterus, from writings dating 
back to the first century [2]. The presence of fibroids detected 
in hysterectomy specimens indicate that there are many fibroids 
that go clinically unnoticed [3], and if ultrasound is employed 
for diagnosis, the cumulative incidence by age 50 can be greater 
than 80% [4].

For some women, fibroids have significant clinical implica-
tions. Symptomatic fibroids typically present with abnormal 
uterine bleeding, pelvic pressure or increasing abdominal girth. 
Fibroids can also be detected as part of an evaluation for infer-
tility or recurrent pregnancy loss; however, the extent to which 
fibroids are symptomatic varies widely among women [5,6].

The clinical impact of fibroids depends on a host of factors, 
including location, number, size and consistency; therefore, 
understanding these different elements is critical. In addition, 
histologic and pathologic features of fibroids, such as degener-
ation or calcification, may also cause significant variability in 
presentation. Furthermore, although the vast majority of uter-
ine smooth muscle tumors are benign, there are certain subsets 
that have developed genetic features or mutations ranging from 
uncertain malignant potential to leiomyosarcoma. This chapter 
seeks to address the main types of fibroids and to provide an 
overview of the variability of fibroids.

Anatomic Location

Although often diagnosed on physical exam and palpation of the 
uterus, improved imaging modalities, and minimally invasive 
diagnostic techniques (including transvaginal ultrasound, saline 
sonohysterography and office hysteroscopy) have allowed for 
noninvasive methods for diagnosis, as well as further character-
ization of fibroids prior to management decisions. Similarly, the 
diagnosis of fibroids must be excluded from other gynecologic 
conditions that may present with common symptoms [7]. One of 
the most important defining characteristics of a uterine fibroid is 
its anatomic location within the uterus.

Fibroids have traditionally been categorized anatomically 
in relationship to the endometrial cavity, largely owing to the 
fact that proximity to the endometrium is clinically significant 
in terms of the symptom of abnormal bleeding and also the 
strong clinical implications for future pregnancy outcomes as 
well as management options. The first numerical classification 
system was defined for submucosal fibroids and was based on 

the extension into the endometrial cavity. Wamsteker et  al. [8] 
attempted to identify the subset of fibroids that could be com-
pletely cured with hysteroscopic resection and devised a clas-
sification system based on hysteroscopic evaluation and the 
visualized angle of the fibroid’s attachment to the myometrial 
wall when directly observed hysteroscopically [8]. Intracavitary 
fibroids were classified as type 0, and submucosal fibroids with 
a myometrial component were defined as type 1 if >50% of the 
fibroid was within the endometrial cavity or type 2 if <50% of 
the fibroid was within the cavity.

An extension of this classification system was developed as 
part of a comprehensive evaluation of causes of abnormal uter-
ine bleeding by the Federation International de Gynecologie 
et d’Obstetrique (FIGO) and published in 2011 [9]. The main 
causes of abnormal uterine bleeding were identified to be either 
structural (polyp, adenomyosis, leiomyoma, malignancy and 
hyperplasia) or nonstructural (coagulopathy, ovulatory dys-
function, endometrial, iatrogenic and not yet classified), result-
ing in the development of the pneumonic PALM-COEIN [10]. 
One of the goals of developing this classification system was to 
allow for a clear diagnosis of the cause abnormal bleeding, but 
also to facilitate definitions for research and to tailor clinical 
management.

Although the broader category of presence of a leiomyoma 
alone may be useful for defining an etiology for abnormal 
bleeding, further subgroups were classified within the subcat-
egory of “leiomyoma.” The FIGO working group expanded 
upon the original hysteroscopic classification of submuco-
sal fibroids to a 0–8 numerical score defining the location of 
the fibroid,  ranging from type 0 (completely intracavitary) to 
type 8 (no anatomical connection to the uterus) (see Figures 
4.1–4.4, [11,12]). Intramural fibroids are described as type 3 
fibroids, which touch the endometrium, and type 4 fibroids, 
which are completely intramural without endometrial contact. 
Subserosal fibroids are classified as types 5–7, with fibroids 
<50% subserosal being a type 5, >50% subserosal type 6, and 
a type 7 fibroid, which is pedunculated on the external sur-
face of the uterus in a subserosal manner [9]. Furthermore, this 
system  allows for classification of transmural fibroids, those 
that extend from endometrium to the serosa as two numbers 
(i.e., 2–5), with the first number indicating the relationship to 
the endometrium and  the second number defining the serosal 
relationship. A final category of type 8 leiomyomata is reserved 
for fibroids that do not relate to the myometrium at all, includ-
ing cervical fibroids, broad ligament fibroids and other parasitic 
lesions [9].
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FIGURE 4.1  FIGO classification system for abnormal uterine bleeding with the leiomyoma subclassification system highlighted. Submucosal fibroids 
(type 0–2) range from those completely intracavitary (type 0) to those with >50% of the fibroid within the cavity (type 1) and <50% within the cavity (type 2). 
Intramural fibroids include type 3 lesions (those that abut the endometrium) and type 4 lesions (completely within the myometrium). Subserosal fibroids 
range from those fibroids where >50% is intramural, but extends to the serosa (type 5) to type 6 (<50% intramural) and type 7, which represents fibroids that 
are pedunculated and attached to the uterus via a stalk. Fibroids that are transmural (i.e., extending from endometrium to serosal surface are denoted with 
two numbers, with the endometrial relationship denoted first (i.e., 2–5). Type 8 fibroids are those with no direct myometrial attachment and include cervical 
fibroids, broad ligament fibroids, round ligament fibroids and parasitic fibroids. (Reproduced with permission from Munro MG, Critchley HO, Fraser IS, 
Group FMDW. Fertil Steril. 2011;95(7):2204–8, 8.e1–3.)
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FIGURE 4.2  Sagittal images of pelvic MRI demonstrating different fibroid 
types within a patient.
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Unusual Locations

Although the vast majority of fibroids occur within the corpus of 
the uterus, they can arise throughout the Mullerian tract, includ-
ing the Mullerian remnants [13] of a patient with Mullerian 
agenesis, the round ligament [14,15] and the Fallopian tube [16]. 
Leiomyoma can arise in the broad ligament and represents the 
most common type of broad ligament growth [17]. Submucosal 
fibroids can prolapse through the cervical os and present as a 
vaginal mass [18,19].

Fibroids can also develop as an extension of the cervical 
stroma, which can significantly distort normal pelvic anatomy, 
and occasionally can present with obstructive symptoms [20] 
and create further challenges in terms of surgical approach and 
management and have also been reported as growing in a cer-
vical stump remaining after supracervical hysterectomy [21]. 
Parasitic lesions typically refer to myomatous tissue that has 
become detached from the uterus and subsequently established a 
blood supply in a different location. Parasitic fibroids have been 
reported since the 1950s [22]. Recently, the introduction of mini-
mally invasive surgical techniques and morcellation devices for 
removal of fibroids has led to further recognition of this con-
dition; however, the incidence remains small, representing less 
than 1% of fibroids [23].

Number and Size of Fibroids 
and Diagnostic Imaging

Although some patients may present with a solitary fibroid, many 
patients have multiple fibroids of different types, with may act to 
compound symptoms [1]. Although bimanual exam or abdomi-
nal physical exam can be used to diagnose fibroids, there is poor 
correlation between bimanual exam and the extent of fibroids 
when evaluated by imaging [24].

Ultrasound was first developed for use in gynecology in the 
late 1950s [25] and, over the subsequent decades, has markedly 
evolved. Development of transvaginal ultrasound allowed for 
improved visualization of the endometrium and pelvic organs 

[26], as well as the ability to identify the size and location of 
individual fibroids, which has led to increased diagnosis of 
fibroids prior to development of symptoms. In a study by Donna 
Day Baird et al., where randomly selected members of an urban 
health plan were screened with ultrasound, the estimated cumu-
lative incidence of fibroid tumors by the age of 50 was more 
than 80% for black women and nearly 70% for white women [4]. 
Interestingly, 51% of the premenopausal women with no previ-
ous diagnosis of fibroids showed ultrasound evidence of fibroid 
tumors [4]. In another study of younger asymptomatic women 
(ages 18–30), fibroids were identified on ultrasound in 26% of 
black women and 7% of white women [27].

Number and size of fibroids tend to work synergistically to 
cause symptoms—with increasing clinical significance with 
larger and more numerous fibroids [5]. In the ultrasound study 
by Baird et al., ultrasound measurements of women with a previ-
ous diagnosis of fibroids tended to have larger fibroids than those 
with newly detected fibroids [4], and another study showed that 
at initial ultrasound diagnosis, more than 60% of women were 
found to have multiple fibroids [28]. The number of fibroids at 
time of diagnosis has also been linked with racial differences, 
with one study reporting black women to have a significantly 
higher risk of having multiple focal fibroids (73% versus 45%) in 
comparison to white women [4]. The reasons why some women 
develop multiple fibroids and some develop solitary fibroids are 
still being uncovered, but may relate to genetic differences as 
well as hormonal environment. For example, some studies have 
demonstrated differential expression of the receptors for estrogen 
[29] and progesterone [30] between women with solitary versus 
multiple fibroids.

Fibroid Growth

The growth of fibroids can be unpredictable and can also demon-
strate significant variability among individual patients, including 
noted growth differences between black and white women [31], 
as well as among individual fibroids [5,28]. Flake et al. has pro-
posed that growth may begin with a predominantly proliferative 
phase in the initial development of the fibroid, and later evolution 
may manifest in terms of collagen deposition [32]. These pro-
posed developmental phases are outlined in Table 4.1. Although 
the pathogenesis of initial fibroid growth remains unknown, 
there has been described a “2-hit” hypothesis whereby a myome-
trial cell undergoes a genetic mutation and then the surrounding 
hormonal environment and paracrine factors from the surround-
ing myometrial cells induce subsequent growth and development 
of the resulting fibroid [33].

Fibroid growth tends also to correlate with hormonal status, 
with essentially no reports of uterine fibroids prepubertally and 
increasing incidence over the reproductive lifespan. Although 
classic teaching was that fibroids tend to grow in pregnancy, 
ultrasound studies have demonstrated that although 22%–32% of 
fibroids grow in pregnancy [34,35], 78% showed no increase in 
size [34]. Postmenopause, there is relief of symptoms of bleed-
ing associated with fibroids with the cessation of menstruation, 
and most women experience some shrinkage of fibroids. Fibroid 
growth rate has been raised as a concern for the possible detec-
tion of leiomyosarcoma, although this has not been reported in 

FIGURE 4.4  Saline sonohysterogram of the same patient whose MRI is 
displayed in Figure 4.1 three months postoperative from robotic-assisted 
laparoscopic myomectomy.
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all studies. In one study in which patients were identified to have 
rapidly growing fibroids, the incidence of uterine sarcoma was 
no different when compared to patients not experiencing rapid 
growth [36].

Fibroids are hormonally responsive to estrogen and progester-
one, and estrogen and progesterone receptors have been shown 
to be expressed in both fibroid and normal myometrial tissue 
[37–39]; however, owing to the great variability in clinical pre-
sentation, the exact role in pathogenesis that is played by estrogen 
and progesterone is unclear. Therefore, counseling of patients in 
regard to the ability to predict future fibroid growth remains a 
clinical challenge and growth patterns will be further discussed 
in Chapter 6. The mainstay of medical treatment options for 
fibroids include manipulation of hormones in some way to either 
affect bleeding pattern or attempt to induce shrinkage of fibroids. 
A comprehensive discussion of the medical management of 
fibroids is undertaken in Chapters 10–14.

Degeneration and Histologic Features

Occasionally, fibroids can outgrow their blood supply, result-
ing in the general term “fibroid degeneration.” Fibroids without 
degeneration classically appear as firm, white, whorled, solid 
round lesions, whereas fibroids that have undergone degenera-
tion may have a cystic center, or a softening of the interior por-
tion of the fibroid. Degenerated fibroids can appear atypical on 
imaging studies or at the time of surgery, with central necrosis. 
Pathologically, degeneration can be classified as hyaline degen-
eration, the most common form, although other forms of degen-
eration include cystic, hydropic, myxomatous, fatty, red, necrotic 
and calcific [40]. Calcified fibroids are thought to represent a 
long-term consequence of fibroid degeneration and can either 
appear as a complete calcification within the myometrium or, 
more commonly, a calcified rim around the fibroid. Rarer types 
of leiomyomata include diffuse leiomyomatosis, which presents 
with innumerable nodules within the myometrium as well as dis-
secting leiomyomatosis, leiomyoma with vascular invasion and 
intravenous leiomyomatosis [40].

Even fibroids that appear grossly as “typical fibroids” can dem-
onstrate heterogeneity in terms of mitotic activity, collagenous 
component, cellularity and fibrotic stroma [32]. Pathologically, 
the mitotic count has also been implicated in identifying fibroids 
on the spectrum of completely benign tumors to those of uncertain 

malignant potential and frank sarcoma [32]. Mitotic activity 
(greater than 10 or more mitoses per 10 high-power fields) has 
been one of the hallmarks of the diagnosis of leiomyosarcoma. 
In addition, cytologic atypia and tumor cell necrosis also play 
a role in diagnostic evaluation [18], and a further discussion of 
sarcomas will occur in Chapter 23. Smooth muscle tumors that 
have some features that are concerning for malignancy, but did 
not meet all diagnostic criteria, fall into the category of smooth 
muscle tumors of uncertain malignant potential [41].

Conclusion

Fibroids are one of the most common benign gynecologic con-
ditions affecting women. Improved diagnostic techniques have 
led to a significant increase in early diagnosis and have allowed 
for further preoperative evaluation to classify and describe the 
types of fibroids within an individual patient, including number, 
size and anatomic location. Improved characterization has led to 
individual tailoring of treatment options based on symptomatic 
presentation, as well as desired fertility. Hopefully, with further 
improvements in identification of the different types of fibroids 
(perhaps on a molecular and genetic level), treatment options will 
continue to become less invasive and more targeted to specific 
patients.
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Clonality

Early isoenzymatic studies of G6PD (glucose-6-phosphate dehy-
drogenase) of UL in women heterozygous for A and B isotypes 
were fundamental in establishing the paradigm of monoclonality 
in neoplasms [1–3]. Subsequent molecular investigations employ-
ing methylation-sensitive restriction-enzyme assays in women 
with polymorphisms in the X-linked genes PGK (phosphoglyc-
erol kinase) and AR (androgen receptor) further substantiated the 
monoclonal origin of UL [2,4,5]. Identification of unique, tumor-
specific somatic point mutations in MED12 (mediator complex 
subunit 12) by whole-exome sequencing (WES) of individual 
neoplasms supported the theory of monoclonality [6].

Recently, however, whole-genome sequencing (WGS) of inde-
pendent tumor nodules obtained from the same uterus uncovered 
identical patterns of chromosomal rearrangements and copy-
number alterations that were complex in nature [7,8]. Review of 
clinical histories indicated only two of five patients with clonally 
related tumors had prior myomectomies, suggesting genetically 
identical UL might arise non-iatrogenically in a single uterus 
[7,8]. On the one hand, observations of spatially distinct tumors 
with overlapping complex genomic abnormalities challenge the 
historical perspective that all UL are monoclonal. Alternatively, 
in women who have not had surgical or morcellation-based inter-
ventions, multiple genetically identical neoplasms may instead 
reflect a naturally occurring, local dispersion of tumorlets.

Somatic and Germline Alterations

Somatic Chromosome Rearrangements

Karyotypic abnormalities are detected in ∼40% of UL and are 
predominantly simple in nature, affecting one to a few chromo-
somes [2,9–19]. Comparative expression analyses of UL with 
either t(12;14)(q14-q15;q23-q24) or various deletions of the long 
arm of chromosome 7 have revealed transcriptional signatures 
specific to each cytogenetic subgroup [20,21]. These diverse 
gene expression profiles provide evidence that underlying cellu-
lar pathologies of individual tumors may be driven by distinct 
biological mechanisms.

The t(12;14)(q14-q15;q23-q24) is observed in nearly 20% 
of all cytogenetically abnormal UL and is associated with 
larger-sized neoplasms than karyotypically normal tumors 
[2,14,18,19,22–30]. Breakpoints on chromosome 12 span a 

large genomic region 5′ and 3′ of HMGA2 (high mobility group 
AT-hook 2) [31,32], which encodes a DNA architectural factor 
that regulates transcription [33,34]. Generally, balanced trans-
locations result in dysregulated expression of the transcript (a 
gain or loss of function) or fusion genes (production of chi-
meric protein with novel function), as illustrated in Figure 5.1 
[35–37]. Expression of HMGA2 is elevated in UL with t(12;14) 
compared to karyotypically normal UL and myometrium, sug-
gesting the rearrangement has a gain-of-function effect on 
HMGA2 [38,39]. Truncation of HMGA2 with deletion of the 
3′-UTR removes a site of transcription inhibition mediated by 
the microRNA let-7 [40,41]. Overexpression in both cases sug-
gests HMGA2 harbors potential for dysregulated growth in UL, 
which is also supported by the observation of trisomy 12 in 
UL [9,13,18]. Interestingly, in a male with a pericentric inver-
sion of chromosome 12 that results in constitutional truncation 
of HMGA2, extreme somatic overgrowth and multiple lipo-
mas (another common mesenchymal tumor with documented 
frequent chromosomal rearrangements in HMGA2 [40,41]) 
were reported [31,42,43]. A number of additional “UL genes” 
have been implicated through chromosomal studies: HMGA1 
at 6p21.3 [2,13,18,26,44,45], CUX1 at 7q22.1 [7,46], KAT6B 
at 10q22 [47], RAD51L1 at 14q23-q24 [18,37,48] and both 
COL4A5 and COL4A6 at Xq22.3 [7].

Somatic Mutations

WES of 18 UL revealed somatic heterozygous mutations spe-
cific to exons 1 and 2 of MED12 (mediator complex subunit 12), 
as demonstrated in Figure 5.2a [6]. Follow-up targeted sequenc-
ing analyses in multiple populations have consistently reported 
between approximately 50% and 90% of UL to harbor MED12 
mutations specific to this highly conserved region [6,49–53]. 
While uterine-specific Med12 knockout in mice does not result 
in UL development, introduction of the most frequent Med12 
mutation (c.131G>A) into either the conditional Med12-knockout 
or wild-type background results in UL-like tumors [54]. WGS 
analysis in UL with MED12 mutations revealed widespread, 
complex chromosomal abnormalities, leading to the hypoth-
esis that MED12 mutations may result in genomic instability 
[7]. Examination of HMGA2 expression in leiomyomata with 
and without mutations in MED12 revealed overexpression of 
HMGA2 and MED12 mutations are mutually exclusive, suggest-
ing the two genes participate in different pathways in UL tumori-
genesis [6–8,55,56].
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(a)

(b)

(c)

(d)

FIGURE 5.1  Possible effects of chromosomal rearrangements on genes and their expression. (a) In wild-type cells, the chromosomes are structurally 
normal with an intact, normal gene structure, and gene expression is at normal levels. (b) Rearrangement displaces the 3′ region of Gene A, causing gene 
disruption and decreased overall expression. When the allelic copy of Gene A has an inactivating mutation, is imprinted or is located on the inactivated X 
chromosome, disruption may result in complete loss of Gene A expression. (c) Intragenic rearrangement may result in a fusion gene. The rectangle shaded 
with both patterns in the “Gene Expression” column indicates expression of the novel, fusion gene product. (d) Rearrangement upstream of the coding 
regions can introduce foreign cis-regulatory elements that enhance the basal level of Gene A transcription. Shaded rectangles correspond to the individual 
genes on the chromosomes and in the gene structure, while clear circles represent cis-regulatory elements, such as enhancers. Shaded rectangles in gene 
expression correspond to the level of expression of each gene.
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Genomic Instability

Genomic instability is a common observation in UL. Whether 
or not cytogenetic abnormalities direct tumor transformation 
remains unclear, especially as they have been considered sec-
ondary events from clonality studies [2]. Alternatively, UL may 
result from driver mutations that induce dysregulation of chro-
mosomal stability, as appears to be the case with MED12 muta-
tions in mice [54]. WGS analysis in UL has revealed widespread, 
complex chromosomal abnormalities that involve greater than 
three chromosomal abnormalities [7,57].

Chromosomal rearrangement is hypothesized to alter gene 
activity by recombining regions of the genome (Figure 5.1). 
Breakage and repair may be nonviable in many cases, but, at a 
low frequency, they can create gene fusions encoding novel chi-
meric proteins and dysregulate gene expression by introducing 
foreign regulatory elements or removing native ones. Resolution 
of chromosomal damage can generate cells with survival or 
growth advantages and result in benign transformation of a 

myometrial cell [7,57]. Alternatively, chromosomal instability 
may mostly be inert, with dysregulated growth resulting from 
primary mutations elsewhere in the genome [6].

Rare Familial Uterine Leiomyomata

Loss-of-function heterozygous mutations in FH (fumarate hydra-
tase) at 1q43 are etiologic in a rare autosomal dominant tumor 
predisposition syndrome known as hereditary leiomyomatosis 
and renal cell carcinoma (HLRCC) [58–62]. Individuals with 
FH mutations may develop cutaneous leiomyomas of the erec-
tor piliform muscles, earlier-onset UL, uterine leiomyosarcoma 
and renal cell carcinoma [58,60,63,64]. As shown in Figure 5.2b, 
somatic inactivation of the wild-type copy of FH either through 
loss of heterozygosity or mutation is frequently observed in 
HLRCC-associated neoplasms and is consistent with Knudson’s 
two-hit hypothesis, suggesting FH is a bona fide tumor suppres-
sor gene [59,65–67]. In cells deficient in FH, both fumarate and 
succinate accumulate and inhibit the hypoxia-inducible factor 

(a)

(b)

(c)

FIGURE 5.2  Genetic mechanisms of transformation of myometrium to benign uterine leiomyoma in familial and non-familial cases. (a) Both inherited 
copies of MED12 are wild type and encode functional protein. A single “hit” in one MED12 allele is observed in approximately 70% of karyotypically nor-
mal UL, resulting in dysregulation of the MED12 protein. (b and c) In HLRCC, individuals inherit an inactivated copy of the tumor suppressor FH, which is 
insufficient for development of UL. In accordance with Knudson’s two-hit hypothesis for cancer, transformation of myometrial tissue into UL is consistent 
with acquiring somatic inactivation of the functional wild-type copy through mutation (b) or loss of heterozygosity (c).
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prolyl hydroxylase, which in turn results in overexpression of the 
transcription factor HIF-1α (hypoxia-inducible factor 1α) and a 
“pseudo-hypoxic” state [68–71]. Of note, a single functional copy 
of FH is sufficient for maintaining normal metabolic activity [72]. 
In HLRCC, patients heterozygous for a missense or nonsense FH 
mutation, MED12 mutations and somatic biallelic inactivation of 
FH appear to be mutually exclusive, suggesting a distinct molec-
ular mechanism involving oxidative phosphorylation through 
mitochondrial complex 2, leading to UL in HLRCC [52,61,66–
68,72,73]. Albeit an infrequent event, biallelic inactivation of FH 
has also been reported in sporadic cases of UL [74–76].

Alport syndrome with diffuse leiomyomatosis (AS-DL) is 
an X-linked-dominant, hereditary nephropathy associated with 
development of leiomyomata in the esophagus, tracheobronchial 
tree and genital tract [77–79]. Disease phenotypes observed 
in both AS and AS-DL are a consequence of abnormal base-
ment membranes resulting from improper assembly of collagen 
IV protomers [80,81]. COL4A5 (collagen type IV alpha 5) and 
COL4A6 (collagen type IV alpha 6) reside in a head-to-head ori-
entation on the X chromosome, and AS-DL is associated specifi-
cally with deletions spanning from the 5′ region of COL4A5 into 
the 5′ region of COL4A6 [78,79,82–84]. Of note, null mutations 
in the 5′ end of COL4A5 that do not extend into COL4A6 are suf-
ficient to cause AS but insufficient to cause AS-DL [78,85]. WGS 
of isolated cases of UL without AS-DL have detected somatic 
deletions and rearrangements in the COL4A5-COL4A6 locus, 
further supporting a role for the two collagen type IV alpha 
chains in development and growth of UL [7,53].

Common Constitutional Variants

Various observations indicate a genetic basis for UL liability. 
Women with first-degree affected relatives are at greater risk 
for developing UL than women with no immediate family his-
tory, suggesting common heritable factors influence burden for 
developing UL [86–91]. Concordance rates of hospitalization for 
UL are significantly greater in monozygotic twins compared to 
dizygotic twins at rates consistent with their degree of genetic 
relationship [92,93]. Lastly, black women have a comparatively 
higher prevalence and greater disease morbidity than age-
matched white women [94,95]. Significant racial differences in 
disease rates persist after adjustment for confounding variables, 
suggesting population-specific, common genetic variants influ-
ence susceptibility to UL, as illustrated in Figure 5.3 [94–100].

Admixture-based analysis of the ancestral genetic content 
of 2453 cases and 2102 controls of African American women 
revealed a significant decrease in the mean percentage of 
European ancestry in cases versus controls (20.00% versus 
21.63%; p  < 0.0001). The association of ancestral genomic con-
tent and case-control status in African American women fur-
ther suggests germline factors influence racial discrepancies in 
prevalence and symptomatology. Interestingly, an age-adjusted, 
admixture-based analysis in the same cohort revealed an even 
greater difference in the mean percentage of European ancestry 
in women who were diagnosed at an age younger than 35 years: 
18.40% in cases versus 21.63% in controls (p  < 0.00001 [101]). 
Observation of an even more pronounced association in younger 
cases is consistent with genetic factors influencing greater UL 
morbidity in black women [91,94–101].

High frequency in the general population and phenotypic het-
erogeneity of UL support a polygenic model [91]. Genome-wide 
association studies (GWASs) apply case-control methods to iden-
tify common genetic variants, or single nucleotide polymorphisms 
(SNPs), that are significantly associated with a specific disease or 
phenotype [102–104]. The initial UL GWAS was performed in 
a Japanese cohort of 5073 clinically diagnosed cases of UL and 
4673 controls with no history of the disease. Significant associa-
tions (p  < 5.00 × 10-8) were observed at SNPs located in three 
loci: 10q24.33 (p  = 8.65 × 10-14; odds ratio [OR] = 1.47, 95% 
confidence interval [CI] = 1.23–1.75), 11p15.1 (p  = 3.82 × 10-12; 
OR = 1.39; 95% CI = 1.17–1.64) and 22q13.1 (p =  2.79 × 10-12; 
OR = 1.23; 95% CI = 1.11–1.37) [105].

Genome-wide linkage analysis in 261 self-reported white UL 
sister-pair families identified seven linkage regions with an LOD 
(logarithm of the odds) score greater than 2.0 [106]. Significant 
linkage regions were observed in 10p11 (LOD = 4.15) and 3p21 

FIGURE 5.3  Schematic of genome-wide perspectives of additive effects of 
multiple single nucleotide polymorphisms (SNPs) on neoplasms. Genes that 
influence tumor phenotype are illustrated as dark bands across the chromo-
somes. Individual effects of each variant are summed to influence transforma-
tion of myometrial tissue to uterine leiomyomata, as well as possible subsequent 
rare transformation of leiomyoma to leiomyosarcoma. Effects of each variant 
are marked as either positively influencing tumorigenic transformation (+), 
inhibiting transformation (⎔), promoting malignant transformation (↑) or pro-
tecting against malignancy (↓). Though only one chromosome of each of the 
four representative pairs is shown, the cell is presumed to be diploid.
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(LOD = 3.73), and five additional linkage regions with LOD 
scores >2 were detected in 2q37, 5p13, 11p15, 12q14 and 17q25. 
Two of these linkage blocks, located in 11p15.5 and 12q14, have 
further genomic evidence to support their association with UL 
predisposition [106]: 11p15.5 was reported as one of the three 
significant loci in the Japanese cohort, and HMGA2 resides 
within the region of linkage at 12q14 [33,105,106].

Meta-analysis across two independent cohorts of white 
women, the Women’s Genome Health Study (WGHS; n = 746 
cases, 4487 controls) and the Queensland Institute of Medical 
Research (QIMR; n  =  484 cases, 610 controls), identified one 
SNP at 17q25.3 as having genome-wide significant association 
with UL (p =  3.05 × 10-8; OR = 1.30; 95% CI = 1.18–1.43). 
The candidate SNP resides under the previously mentioned link-
age peak on the long arm of chromosome 17 and in a block of 
linkage disequilibrium (LD) in 17q25.3, which contains FASN 
(fatty acid synthase). Tissue microarray immunohistochemistry 
analysis revealed a three-fold elevation in FAS protein levels in 
UL when compared to patient-matched myometrial tissue [106]. 
FASN transcript and protein levels have also been reported to be 
upregulated in many cancer types and are involved in promot-
ing tumor cell growth [107,108]. Aside from a small-scale study 
that replicated the association in 11p15.1 [109,110], results from 
the Japanese GWAS, the genome-wide linkage analysis, and the 
GWAS meta-analysis have yet to be reproduced rigorously, but 
such a study is now underway in the FibroGENE Consortium 
[111]. Replication of association is necessary to ensure that vari-
ants identified through GWAS are not erroneously detected 
owing to hidden substructure in the population—a phenomenon 
known as the “winner’s curse” [91,102,112].

Interactions between Germline 
and Somatic Mutations

Recently, genomic screening of pediatric cancer patients has 
uncovered an enrichment of mutations in cancer predisposition 
genes compared with individuals with no reported history of can-
cer. The early onset of pediatric cancer argues in favor of a model 
in which a patient’s risk may be predominantly genetic in nature, 
and such findings may inform our understanding of the heritabil-
ity and biology of UL. WES and WGS of 1120 cancer patients 
less than 20 years of age identified germline mutations associated 
with an increased risk of developing childhood cancer in 8.5% 
(n = 95), of whom only 40% (n = 23) had a family history of 
cancer. Four participants were mosaics for mutations in cancer-
predisposition genes, indicating that at least a subset of mutations 
occurs post-implantation [113]. Constitutional genetic mutations 
may therefore be important factors that predispose individuals 
to neoplasms at a frequency greater than previously recognized, 
including both those segregating in families and those arising 
de novo. In the latter cases, detection of constitutional genetic 
mutations may be of greater value than family medical history 
in evaluating a patient’s risk. For further thought, both forms of 
constitutional genetic mutations lend support to an argument for 
implementation of genomic sequencing in newborn screening to 
optimize health and management of disease [114–118].

As described herein, inherited genomic variants, as well as 
constitutional and acquired genetic mutations, are associated 
with the biology of UL. Exactly how they may interact with 
one another remains to be determined. Shown in Figure 5.4, 

FIGURE 5.4  Comparison of genetic models of benign transformation by loss-of-function mutations occurring in tumor suppressor genes. Knudson’s two-
hit hypothesis model is shown on the left and illustrates how two mutations are required to develop a tumor. On the right, the haploid insufficiency model 
demonstrates how a single loss-of-function mutation in certain tumor suppressor genes is sufficient to produce a tumor.
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Knudson’s classical two-hit hypothesis, in which an individual 
inherits a mutant allele and subsequently acquires a second muta-
tion, or “hit,” in the wild-type allele, may explain both the late 
onset of UL and its well-demonstrated association with exposure 
to steroid hormones at puberty. This model can be applied to the 
rare familial cases of HLRCC and AS-DL and mutations in FH 
and COL4A5-COL4A6, respectively [65]. Alternatively, synergis-
tic combinations of heterozygous loss-of-function mutations in 
tumor suppressor genes may be sufficient to drive tumorigenesis 
in the relevant biological context [119]. Under the former model, 
constitutional and acquired mutations act consecutively and 
additively in the pathobiology of UL. Under the latter, acquired 
point mutations and chromosomal abnormalities may be facili-
tators to advanced pathogenesis. In light of the exceptionally 
high frequency of UL and the comparatively very low frequency 
of uterine leiomyosarcoma, evaluating whether the observed 
somatic changes are harbingers of carcinogenesis or protection 
against malignant transformation will be valuable in gaining an 
understanding of the role of acquired genomic instability in UL 
[95,98,120].
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Growth Patterns and Endometrial Changes

Jovana Kaludjerovic

Introduction

Uterine fibroids (UFs), also known as uterine leiomyomas, are 
benign mesenchymal tumors that form in the myometrium 
of up to 80% of women by the age of 50 [1]. In a non-gravid 
uterus, fibroids can undergo both growth and regression [2], 
and can have a substantial impact on women’s quality of life. 
Many women with UF experience heavy menstrual bleeding, 
dysmenorrhea, pregnancy complications and infertility [3,4]. 
The symptom severity is often positively correlated with tumor 
size and location. So, it was traditionally believed that fibroids 
are inert masses [5]. However, advances in pathophysiology have 
highlighted that fibroids can influence endometrial function at a 
molecular level and that their effects can extend beyond the local 
endometrial environment [5,6]. This chapter provides a summary 
of UF growth patterns and endometrial changes.

There are three broad categories of fibroids: submucosal, sub-
serosal and intramural. Submucosal fibroids lie directly under the 
endometrium and can extend into the uterine cavity. Subserosal 
fibroids project to the outside of the uterus and intramural fibroids 
grow within the muscular uterine wall. Regardless of their size or 
location, fibroids are hormonally responsive tumors that can dis-
rupt normal uterine tissue by altering endometrial gene expres-
sion through paracrine interactions and, in turn, cause excessive 
uterine bleeding or defective implantation [7]. The submucosal 
fibroids are the most disruptive to endometrial integrity, implan-
tation and the capacity of the myometrium to contract and stop 
menstrual bleeding from the endometrial blood vessels. Thus, 
submucosal fibroids are most often associated with excessive or 
irregular bleeding, infertility and recurrent pregnancy loss.

Cellular Composition and 
Development of Uterine Fibroids

It is accepted that fibroids are monoclonal tumors that arise from a 
single myocyte, but the initiating event for the neoplastic transfor-
mation of a myocyte has not been elucidated [8,9]. There are three 
cell populations in UFs: fully differentiated smooth muscle cells, a 
population with intermediate characteristics and fibroid stem cells 
[5,10]. It is believed that a genetic hit to a myometrial stem cell—
such as trisomy of chromosome 12, deletion in 7q, point mutations 
in the mediator complex subunit 12 (MED12) or chromosomal 
rearrangement involving the high-mobility group AT-hook2 
(HMGA2)—gives rise to a fibroid stem cell [11–15]. The fibroid 

stem cell, like the myometrial stem cell, has minimal to no estro-
gen receptor (ER) and progesterone receptor (PR) expression [16], 
yet, it is critical for steroid-hormone-dependent fibroid growth 
and expansion. This was first demonstrated in a mouse xenograph 
model [7]. In this model, tumors composed of fibroid stem cells 
and myometrial cells grew into significantly larger tumors and had 
faster growth rates, under the influence of estrogen and progester-
one, than tumors composed of only differentiated fibroid and myo-
metrial cells. Most notably, fibroid stem cells could only induce 
tumor growth or proliferation in the presence of differentiated 
fibroid or myometrial cells. These findings highlighted that fibroid 
stem cells rely on paracrine signaling from surrounding mature 
fibroid and myometrial cells to facilitate estrogen and progesterone 
action. In addition, the growth of fibroid xenografts depended on 
the combination of estrogen and progesterone and could not be 
induced with either treatment alone.

Steroid-Induced Regulation of Uterine 
Fibroid Growth and Development

During a normal menstrual cycle, the ovary produces estrogen 
and progesterone under the influence of the hypothalamus as part 
of the hypothalamic-pituitary-ovarian axis. The cyclic rise in 
estrogen and progesterone play a critical role in UF growth and 
proliferation. The healthy myometrial tissue expresses ERs and 
PRs [17,18]. But mature fibroid cells overexpress ERs, PRs and 
the aromatase enzyme, which causes in situ synthesis of estrogen 
to increase and contribute to estrogen-induced signaling [18–20]. 
Once bound to its receptor, estrogen derived locally or centrally 
translocates to the nucleus, where it binds to an estrogen response 
element in the promoter region of the response genes. This trig-
gers the recruitment of co-regulatory proteins including chroma-
tin-remodeling complexes, co-activators and co-repressors, that 
upregulate signaling pathways and stimulate production of cyto-
kines resulting in fibroid growth.

There are two types of ERs: ERα and ERβ. UFs express both 
receptors, but the abundance of ERα relative to ERβ is significantly 
higher in UFs than the myometrium, allowing ERα in UFs to bind 
to the estrogen response element as a homodimer, as well as a het-
erodimer with ERβ [18]. Recent evidence suggests that a high ERα-
to-ERβ ratio rather than the level of ERα alone is what has a more 
profound effect on UF growth and proliferation. But, much remains 
unknown about the exact roles of these receptors in UFs.

Traditionally, estrogen was viewed as a primary mitogenic fac-
tor in the uterus. However, Ishikawa et al [7] showed that the 
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primary roles of estrogen and ERα in fibroid growth are per-
missive in that they enable tissue to respond to progesterone by 
inducing the expression of PRs, including PR-A and PR-B. In 
line with this, it has been observed that mitotic activity in UFs 
is the highest during the luteal/secretory phase of the menstrual 
cycle, when progesterone is dominant [21,22]. In postmenopausal 
women, fibroid proliferation is significantly higher with com-
bined estrogen and progestin therapy than estrogen alone [21]. In 
addition, estrogen and progesterone induce secretion of a growth 
permissive extracellular matrix (ECM) by stimulating produc-
tion of collagen, proteoglycans and fibronectin [23]. The ECM 
traps a number of growth factors, keeping them in close proxim-
ity to the fibroid, where they further stimulate cell proliferation 
and growth, leading to cellular hypertrophy [24–26]. So, tumor 
growth is often characterized by slow proliferation with concur-
rent deposition of abundant ECM, usually in a steroid-hormone-
dependent manner.

Wnt/β-Catenin Regulation of Uterine 
Fibroid Growth and Development

An important mechanism involved in UF growth is the Wnt/β-
catenin pathway [5,27]. In this pathway, secreted Wnt proteins 
bind to frizzled family cell surface receptors and cause activated 
β-catenin to translocate to the nucleus and induce expression 
of specific target genes, including cell proliferation genes like 
c-Myc, WISP1 and the cyclin D1 gene [28]. Interestingly, over-
expression of constitutively activated β-catenin in uterine mes-
enchyme during embryonic development and adulthood gave 
rise to UF-like tumors in mice with 100% penetrance [29]. The 
occurrence was more common in multiparous mice, suggesting 
that steroid hormones may interact with activated β-catenin to 
accelerate tumorigenesis. Moreover, activation of the Wnt/β-
catenin pathways led to increased levels of TGF-β, which has 
been shown to exert paracrine effects on endometrial stromal 
cells and epithelial cells [6,30], as well as regulate cell prolifera-
tion and deposition of ECM [29].

As previously noted, MED12 mutations in myometrial stem 
cells can give rise to fibroid stem cells [5,31]. Fibroids with 
MED12 mutations express significantly higher levels of Wnt4 
[32]. Since estrogen rapidly induces Wnt4 expression in an 
ER-dependent and -independent manner [32,33], it is thought that 
mutated MED12 and estrogen cooperate in activating transcrip-
tional targets of the Wnt pathway including β-catenin. MED12 
knockdown in human fibroid cells leads to decreased cell pro-
liferation via downregulation of the Wnt4/β-catenin signaling 
pathway [34]. In mice, deletion of β-catenin in uterine mesen-
chyme reduced uterine size and caused a cell fate change that 
replaces smooth muscle cells with adipocytes [16,35]. This sug-
gested that the Wnt/β-catenin pathway plays a key role in stem 
cell renewal and differentiation to the smooth muscle phenotype 
that is observed in UF [16].

Effects of Uterine Fibroids on the Endometrium

UFs can cause anatomical distortion and place tremendous 
stretch on the nearby myometrium and overlying endometrium 

[2]. This increase in uterine stretch can induce changes in gene 
expression that contribute to impaired uterine contractility 
[35,36]. Orisaka et  al. [37] showed that women with UF have 
abnormal uterine contractions and peristalsis during the mid-
luteal phase of the reproductive cycle, which in a follow-up study 
was linked to lower pregnancy rates [38].

Impaired reproduction has also been reported in women 
with small submucosal and intramural fibroids that do not alter 
or induce stretch on the endometrial cavity. So, it is likely that 
paracrine signaling from UF to the endometrium contributes 
to fibroid-related infertility. Growth factors, which are secreted 
by UF, are plausible mediators of endometrial effects. TGF-β3, 
which is produced by UF in far greater amounts than normal 
myometrium, has detrimental effects on signaling pathways 
necessary for endometrial receptivity [29,39,40]. Sinclair et al 
[30] showed that TGF-β3 decreases endometrial receptivity to 
BMP-2 by downregulating BMP receptor expression. BMP2 
mediates HOXA10 and LIF expression, which are key regula-
tors of implantation [30]. Accumulating evidence is showing that 
HOXA10 expression is decreased in the endometrium of women 
with submucosal and intramural fibroids with most prominent 
changes occurring in the endometrium overlying the fibroid 
[5,39,6]. Interestingly, the effects are observed in nearly 70% 
of women with UF and are reversed in patients with intramu-
ral fibroids following myomectomy [39]. So, TGF-β3 induced 
resistance to BMP2 likely hinders decidualization and embryo 
implantation. Taken together, these findings suggest that TGF-β 
is a paracrine mediator of UF-related infertility and pregnancy 
loss [40].

Heavy menstrual bleeding is one of the most common symp-
toms in women with UFs [3,4]. The quantity of menstrual 
bleeding depends on a complex interplay of vasoconstriction, 
angiogenesis and coagulation [5]. UF have increased production 
of prostaglandin F2α and alter the expression level of endothe-
lin-1 receptors in the myometrium, resulting in increased vaso-
constriction and menstrual blood loss [41,42]. Moreover, UF 
increase the production of angiogenic factors such as basic fibro-
blast growth factor [43] and reduce the production of coagulation 
and thrombosis factors (i.e. thrombomodulin, antithrombin III, 
and plasminogen activator inhibitor 1) resulting in heavy menses 
[5]. Understanding the crosstalk between fibroids and the endo-
metrium will provide key insights into implantation and men-
strual biology.

Although significant strides have been made in this field in 
recent years, further research is needed to fully understand the 
pathogenesis of these common and troublesome tumors, includ-
ing their growth patterns and endometrial changes. Such knowl-
edge is needed so that gynecological and obstetric treatments can 
be optimized for the management of symptomatic UFs.
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Causes of Bleeding

Ophelia Yin, Carter M. Owen, Kamaria Cayton, and James H. Segars

Introduction

Abnormal uterine bleeding (AUB) is one of the most common 
reasons patients present to the gynecologist [1]. Fibroids are a 
major cause of abnormal uterine bleeding within the PALM-
COEIN classification system, with “L” standing for leiomyoma 
[2]. Fibroids occur in multiple locations throughout the uterus 
(Figure 7.1), and heavy menstrual bleeding due to fibroids can 
result in severe anemia and decreased quality of life [3]. Despite 
a century of research on fibroids, there is no clear consensus 
on the mechanisms underlying uterine bleeding secondary to 
fibroids. This chapter will summarize the evolving hypotheses 
regarding the pathophysiology of fibroid-related bleeding.

Historical Perspectives: Structural Mechanisms

Historically, it was thought that fibroids exert mechanical forces 
on the uterus, causing bleeding via three main structural mecha-
nisms: endometrial thinning/hyperplasia, venule ectasia and 
contractile defects. First, as early as 1918, Lockyer recognized 
that “as the tumor increases in size, the mucous membrane [over-
lying the fibroid] becomes atrophic and thinned by stretching” 
while endometrium at the margins of the fibroid undergo hyper-
plasia [4]; it was conjectured that denuding and hyperplasia of 
the endometrium contribute to heavy bleeding. Second, light 
microscopy studies revealed ectasia, or dilation, of venules in the 
myometrium and endometrium of fibroid uteri [5]. It was pos-
tulated that fibroids compress nearby veins to prevent drainage 
and lead to venous dilation, which may interfere with proper clot 
formation and set up an environment for hemorrhage [6]. Third, 
fibroids were thought to interfere with normal contractile func-
tions involved in menstruation. Contractions in the nonpregnant 
uterus originate from an inner myometrium layer (junctional 
zone) that is adjacent to the endometrium [7]. A study using 
high-resolution 3 Tesla magnetic resonance imaging found that 
the presence and frequency of endometrial peristalsis was sig-
nificantly decreased in patients with symptomatic fibroids com-
pared to controls. Notably, the authors did not find an association 
between peristalsis and fibroid size [8].

Current Hypotheses: Molecular Mechanisms

Contemporary data support that neither the size nor the loca-
tion of fibroids are consistently associated with symptoms of 

bleeding, which would be expected if mechanical forces exerted 
by fibroids were the entire explanation for pathogenesis of heavy 
menstrual bleeding [9–12]. Given this, the structural mecha-
nisms of endometrial thinning/hyperplasia, venule ectasia and 
contractile defects posited earlier may not be the only explana-
tion for causes of bleeding in the fibroid uterus. More recently, 
the emphasis on anatomic disturbances caused by fibroids has 
shifted to the study of molecular changes induced by fibroids. Of 
particular interest is the study of angiogenic factor dysregulation 
in fibroids and endometrial changes in the presence of fibroids. 
These molecular changes are implicated in fibroid-associated 
bleeding.

FIGURE 7.1  Illustration by Dr. Alicia Christy, a reproductive endocrinolo-
gist at the National Institutes of Health, depicting the locations that fibroids 
may reside in the uterus.
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Angiogenic Factor Dysregulation in Fibroids

Angiogenesis, the development of new blood vessels, is normally 
associated with wound healing and the malignant transforma-
tion of cancer. The uterus is unique as it undergoes a cyclical 
angiogenesis that is associated with menstruation [13]. The pri-
mary regulators of angiogenesis in the uterus are estrogen and 
progesterone. Previous studies demonstrated that estrogen treat-
ment results in upregulation of vascular endothelial growth fac-
tor (VEGF) and basic fibroblast growth factor (bFGF) mRNA 
and can cause doubling of microvascular density in the uterus 
(reviewed in [14]). Similarly, hormones that bind the progester-
one receptor can also promote endometrial angiogenesis [15]. 
Since fibroids are known to be hyperresponsive to estrogen 
and have increased numbers of both estrogen and progesterone 
receptors, activation of fibroid hormone receptors may be key to 
the dysregulation of angiogenesis that has been associated with 
abnormal uterine bleeding [16].

There is evidence that a number of angiogenic factors are dif-
ferentially expressed in fibroid tissue compared with normal 
myometrium, as reviewed by Tal and Segars [17]. Epidermal 
growth factor (EGF), EGF-receptor (EGF-R), platelet-derived 
growth factor (PDGF), VEGF, bFGF and finally andromedullin 
(ADM) were found to be more highly expressed in fibroid tissue 
compared with the myometrium [17]. The connection between 
fibroids and the majority of these angiogenic factors is likely 
mediated by hormones, as progesterone and estrogen are known 
to increase EGF, EGF-R [18], VEGF and bFGF expression [14]. 
Lastly, ADM expression was elevated in fibroids compared with 
myometrium [19], and progesterone plays a role in this process 
since treatment with progesterone receptor modulator ulipristal 
acetate (CDB-2914) decreased ADM and VEGF and their recep-
tors in human fibroid cells [20].

The most compelling evidence supporting that differences in 
angiogenic factors between fibroids and normal myometrium can 
translate to gross changes such as blood vessel formation comes 
from studies by Hague et  al. [19] and Di Lieto et  al. [21, 22]. 
Hague et al. [19] assessed 52 fibroid uteri and 39 control uteri and 
found that ADM and VEGF were upregulated in the myometrium 
and endometrium of fibroid uteri. Despite the expectation that all 
angiogenic factors would be associated with blood vessel forma-
tion, the investigators concluded that only ADM levels correlated 
with higher vascular density and endothelial cell proliferation in 
adjacent myometrium. Di Lieto et al. [21, 22] also discovered that 
treatment of fibroid uteri with a gonadotropin-releasing hormone 
analogue (GnRH-a), a treatment often used for AUB associated 
with fibroids, reduced protein expression of PDGF, bFGF and 
VEGF, as well as vascular density and angiogenesis, demonstrat-
ing that hormone action, angiogenic factors and gross vascular 
changes are all interconnected. Notably, plasma iron levels and 
hemoglobin values improved in patients treated with GnRH-a, 
supporting the idea that inhibition of vascular growth can result 
in clinical outcomes associated with decreased bleeding.

Complicating the connections among fibroids, vascular 
growth and AUB, many studies have concluded that the interior 
of fibroids have a low vascular density but the exterior of fibroids 
are surrounded by a dense vascular capsule with increased blood 
flow (reviewed in [17]). In addition, Wei et al. showed that the 
concentration of VEGF displays a gradient, with a minimum in 
the center of the fibroid and a maximum in the outer adjacent 

myometrium [23]. Therefore, blood loss related to fibroids may 
stem from alterations in uterine angiogenesis and perivascular 
capsule hemorrhage rather than bleeding within the fibroid itself.

In summary, dysregulation of angiogenesis related to fibroids 
has been associated with gross vascular changes and clinical 
measures of blood loss and may be crucial to the pathogenesis of 
fibroid-related AUB.

Endometrial Changes in the Presence of Fibroids

While most prior studies have focused on comparing fibroids to 
myometrium, there are new data on how fibroids may directly 
affect the endometrium. Rackow and Taylor [24] compared the 
homeobox A10 (HOXA10) gene and protein expression in endo-
metrial biopsies from 30 reproductive-age women with submu-
cosal, intramural or no uterine fibroids in the proliferative phase 
of their menstrual cycle. HOXA10 is a homeobox-containing 
transcription factor necessary for promoting stromal decidualiza-
tion and leukocyte infiltration during each menstrual cycle [25]. 
Endometrial samples from submucosal uteri had lower HOXA10 
expression compared with both endometrium from control 
patients and patients with intramural fibroids. Of utmost signifi-
cance, within the same uterus, there was no difference in HOXA10 
mRNA expression in endometrial biopsies taken directly over a 
submucosal myoma compared to endometrium remote from the 
fibroid. These findings support the principle that fibroids can have 
both a focal and a global effect on the endometrium.

Though HOXA10 is known to be associated with endometrial 
development, it is not directly associated with menstrual bleed-
ing. More recent studies have examined changes in endometrial 
molecular markers of fibroid uteri more specific to AUB. It has 
been previously shown that women with heavy uterine bleeding 
have higher levels of plasminogen activator (PA), a protease that 
lyses fibrin blood clots, in the menstrual phase and PA inhibitor-1 
(PAI-1) in the late secretory and menstrual phases. Altered tim-
ing in levels of PA and PAI-1 can tip the delicate thrombosis/anti-
coagulation balance of the endometrium [26]. Sinclair et al.’s [27] 
results corroborate that fibroids can influence levels of PAI-1 as 
well as two other factors essential for fibrinolysis, anti-thrombin 
III (ATIII) and thrombomodulin (TM). In their study, endome-
trial tissue was obtained from 12 patients with fibroids scheduled 
for hysterectomy or hysteroscopic myomectomy and 12 control 
patients. Protein expression of PAI-1 and TM was significantly 
reduced in fibroid endometrium. Furthermore, the treatment of 
cultured endometrial stroma cells with transforming growth fac-
tor- β3 (TGF-β3), a multifunctional cytokine secreted by fibroids 
that stimulates cell proliferation [28], drastically reduced PAI-1, 
ATIII and TM mRNA levels. Reduction in PAI-1 would lead to 
more thrombolysis and bleeding. Reduction in ATIII and TM, 
however, would allow for greater coagulation. It appears that 
fibroids, possibly through secretion of TGF-β3, may shift the 
balance of hemostatic factors found within the endometrium and 
thus contribute to AUB.

Conclusion

There is an urgent need for improved understanding of the causes 
of fibroid-associated uterine bleeding in order to accelerate the 
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discovery of effective, safe and long-lasting nonsurgical thera-
pies. There is a paucity of data connecting alterations associ-
ated with fibroids on a molecular level with clinical parameters 
of AUB. Interdisciplinary research spanning multiple scales 
of study will be critical for developing targeted treatments for 
fibroid-associated AUB and improving patient care.
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Ultrasound Modalities

The use of ultrasound in gynecology was first described in the 
1950s, at which time the technology was capable of outlin-
ing the borders of a fibroid and estimating its thickness [1]. 
Since then, numerous advances have made ultrasound the 
first-line method of evaluation for women with suspected 
fibroids. Compared to other imaging modalities, ultrasound is 
less expensive, readily available, allows real-time interaction 
between the patient and sonologist and does not expose the 
patient to radiation [2].

Transabdominal and transvaginal ultrasound are the most 
common modalities for the investigation of uterine fibroids. 
Initial evaluation with a transabdominal approach provides a 
global view of the pelvis with better tissue penetration and is 
compulsory for uteri that extend beyond the pelvis, especially 
when evaluating subserosal, pedunculated or parasitic fibroids 
[3]. Endocavitary imaging, usually performed transvaginally, 
provides enhanced resolution when compared with transabdomi-
nal imaging and is critical in evaluating uteri within the pelvis 
and mapping fibroid location with respect to the myometrium 
and endometrial cavity [2]. Real-time imaging should include a 
physical exam at the same time as the organs are being viewed 
in gray scale, which provides the sonologist the opportunity to 
examine the movement of lesions relative to adjacent organs and 
focus on areas of pain or tenderness. In a retrospective study by 
Hanafi et al., transvaginal ultrasound was found to have a posi-
tive predictive value of 99% and a sensitivity of 96% for leio-
myoma, based on correlation with pathology [4]. In cases where 
transvaginal ultrasound is not possible, the transrectal approach 
has been useful to visualize the uterus [5].

In addition to standard two-dimensional (2D) ultrasound, 
modern evaluation of fibroids includes three-dimensional (3D) 
ultrasound, sonohysterography and color or power Doppler. 
Three-dimensional ultrasound captures a volume of information 
in three orthogonal planes and can be manipulated to display 
images in any plane and in multiple formats. This type of imag-
ing is particularly useful in mapping intramural and submuco-
sal fibroids [6]. Three-dimensional imaging for fibroid location 
with respect to the endometrium is optimally performed in the 
later luteal phase when the endometrium provides a contrasting 
appearance to fibroids. An adjunctive technique to transvagi-
nal sonography for the assessment of the endometrial cavity is 
sonohysterography, which is performed early in the menstrual 

cycle. The endometrial cavity is distended with saline, offering 
a contrasting imaging parameter that optimizes characterization 
of fibroid location with respect to the endometrial cavity, as well 
as discrimination between other intracavitary lesions such as 
polyps [7].

Color or power Doppler allows for characterization of the vascu-
lar flow within a lesion using parameters of blood-flow impedance. 
In general, power Doppler is preferred as it optimally demonstrates 
small vessels with low blood flow velocities. Leiomyomas have 
been shown in several studies to have higher blood-flow veloc-
ity around the periphery than in the center, due to rich peripheral 
vascularization, which distinguishes them from other pathologies 
such as adenomyosis, which has diffusely distributed vasculature 
and low-velocity flow in the central part of the lesion [3,6].

Characteristics of Leiomyomas on Ultrasound

Uterine fibroids are composed of smooth muscle and fibrous 
stroma. Sonographically, they appear as rounded, well-circum-
scribed, solid masses within, or contiguous with, the myometrium 
that are hypoechoic, echogenic or heterogeneous in echotexture, 
depending on their cellular composition [8] (Figure 8.1). The 
variable penetration and transmission of ultrasound waves due to 
tissue characteristics result in radial shadowing in what has been 
coined a “venetian blind effect” (Figure 8.2). Fibroids may cause 
the outer contour of the uterus to be irregular and lobulated and 
obscure the inner endometrial shape (Figure 8.3). In addition, 
constriction of blood supply, as occurs with degeneration, can 
lead to cystic spaces within the fibroid [8] (Figure 8.4a, b and 
c). Finally, fatty infiltration and calcification of a fibroid, caused 
by deposition of calcium salts, which occurs more commonly in 
postmenopausal women, are characterized by hyperechoic com-
ponents [8] (Figure 8.5a, b and c).

Individual fibroids (typically up to three of the largest clini-
cally relevant fibroids) are described in terms of size by measur-
ing the fibroid diameter in three orthogonal planes [9] (Figure 
8.6). These are generally well-defined by a pseudocapsule that 
forms around the fibroid due to the compression of the surround-
ing myometrium [3,8]. The position of the fibroid(s) within the 
uterus (corpus, lower segment, cervix, anterior or posterior to 
the endometrial cavity), as well as the location with respect to 
the myometrium and endometrial cavity, can then be assessed. 
Fibroid location can be further described as intramural, submu-
cosal or subserosal, and may be pedunculated or parasitic. In 
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FIGURE 8.1  Transvaginal sagittal image of a uterus demonstrating a well-
circumscribed mass characteristic of a fibroid (arrow). The mass is in the 
anterior myometrium extending to the serosa. Note the uniform endome-
trium characteristic of the late luteal phase in the menstrual cycle.

FIGURE 8.2  Transvaginal scan demonstrating a heterogeneous fibroid 
with radial acoustic shadowing (venetian blind effect) due to variable acous-
tic properties associated with fibroid composition.

FIGURE 8.3  Transabdominal sagittal view of a retroverted uterus con-
taining multiple fibroids that distort the contour of the uterus.

(c)

(b)

(a)

FIGURE 8.4  (a) Transvaginal sagittal image of the uterus demonstrating a 
posterior intramural fibroid (arrows) that contains internal cystic spaces con-
sistent with degeneration. (b) Transabdominal scan showing a pedunculated 
fibroid with solid and cystic areas and no significant color flow, characteris-
tic of degeneration. A normal left ovary was documented (not shown), elimi-
nating the possibility of an ovarian mass. (c) Transabdominal scan showing 
mixed echogenicity in a degenerating fibroid.
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patients with numerous fibroids that distort the uterine architec-
ture, the overall size of the uterus and appearance of the myo-
metrium should be reported [9,10]. Of note, myometrial lesions 
that are asymmetric and diffuse with cysts or hyperechogenic 
islands are consistent with adenomyosis rather than fibroids [9]. 
A staging system has been developed for women with irregu-
lar bleeding by the International Federation of Gynecology and 
Obstetrics (FIGO), indicating the location of the fibroids relative 
to the serosal and mucosal surface [9,11]. Furthermore, a consen-
sus opinion on standard nomenclature for describing myometrial 
findings has been suggested and is relevant both for daily prac-
tice and research [9].

Submucosal fibroids are in close proximity to the endome-
trial cavity and protrude into the cavity to variable degrees [11]. 
Submucosal fibroids are a cause of abnormal uterine bleeding, 
and distortion of the endometrial cavity is associated with infer-
tility [3,8] (Figure 8.6, Figure 8.7a and b). Although transvaginal 
ultrasound is highly sensitive for submucosal fibroids, diagnos-
tic accuracy for intracavitary lesions is improved with the addi-
tion of sonohysterography, which allows enhanced visualization 
of fibroid location, base of attachment and degree of protrusion 
into the endometrial cavity [7,8] (Figure 8.8). The use of color or 
power Doppler is helpful in distinguishing a submucosal fibroid 
with peripheral flow from a polyp which may have a single feeder 
vessel (Figure 8.7a) [3]. On occasion, submucosal fibroids may 
prolapse through the cervix (Figure 8.9).

Subserosal fibroids are located between the serosa and the 
myometrium (Figure 8.10). Some subserosal fibroids become 
pedunculated, and the stalk attachment typically has a feeder 
vessel (Figure 8.11a and b). The stalk may not be visible with 
ultrasound if the pedicle is thin. Broad ligament fibroids may 
extend from the uterus into the peritoneum and can be confused 
with adnexal masses. In these cases, the identification of the nor-
mal ovary separate from the mass is critical. Additionally, ultra-
sound can potentially delineate lesion attachment to the uterus 
(or ovary) using gentle prodding with the probe as an exten-
sion of a bimanual exam to evaluate whether or not the lesion 
moves independently from the uterus or ovary [2]. If delineation 

(c)

(b)

(a)

FIGURE 8.5  (a) Transabdominal scan in a pregnant patient showing a 
fibroid with a calcified rim. (b) Transvaginal image of the uterus showing a 
fibroid (calipers) with punctate calcifications. (c) Transvaginal scan demon-
strating a sagittal view of the uterus and an echogenic fibroid (calipers) in 
the anterior myometrium.

FIGURE 8.6  Transvaginal transverse view of the uterus demonstrating the 
measurements of a submucosal fibroid in two of the three orthogonal planes. 
Note the echogenic endometrium draped around the fibroid.
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between a solid ovarian mass and a pedunculated or parasitic 
fibroid remains uncertain, MRI may potentially be helpful [3] 
(see Chapter 29).

Retrospective case series have examined whether or not 
ultrasound parameters such as size, heterogeneity and vascu-
larization can be used to differentiate benign leiomyomas from 
malignant tumors such as leiomyosarcomas and carcinosarco-
mas. Some data suggest that larger lesions with increased het-
erogeneity and irregular centralized vascularization are more 
concerning for malignancy [3,12]. However, there are currently 
no definitive guidelines, and more studies are needed to bet-
ter differentiate these lesions preoperatively, especially when 
considering morcellation procedures [13] (Figure 8.12a and b). 
Ultrasound features of unusual types of leiomyoma, such as 
intravascular leiomyomatosis and disseminated peritoneal leio-
myomatosis, are similar to those of benign fibroids [9] (Figure 
8.13a and b).

(b)

(a)

FIGURE 8.7  (a) Transvaginal sagittal view of an anteverted uterus con-
taining a submucosal fibroid (arrows). Note the splaying of the echogenic 
endometrial echo around the hypoechoic solid fibroid. Vascular flow is 
shown by Doppler. (b) 3D rendering of the endometrial cavity showing the 
fibroid protrudes into the cavity and is attached by a stalk (arrows).

FIGURE 8.8  3D coronal image of the endometrial cavity obtained with 
adjunctive sonohysterography demonstrating the position and location of a 
submucosal fibroid (arrow).

FIGURE 8.9  Transvaginal sagittal view of the uterus demonstrating a 
fibroid (arrow) prolapsing through the endocervix into the vagina. Note the 
vascular stalk.

FIGURE 8.10  Transvaginal image of an anteverted uterus demonstrating a 
subserosal fibroid in the posterior wall (arrows) distorting the outer contour 
of the uterus.



47Ultrasound

Sonography of Leiomyoma in the Gravid Uterus

Fibroids are diagnosed by ultrasound in pregnancy in up to 4% of 
patients, a significantly lower fraction than in nongravid patients, 
potentially due to the effects of increased uterine size and myo-
metrial changes during pregnancy [14]. Braxton-Hicks contrac-
tions may have a similar appearance to fibroids on ultrasound, 
but several features can tell them apart: fibroids possess a pseu-
docapsule and may distort the uterus itself, while contractions 
move unidirectionally and typically resolve over a short period of 
time; contractions do not create the shadowing effect that fibroids 
do; and fibroids possess peripheral blood flow while contractions 
have flow throughout on color Doppler [14]. Given the potential 
effects of fibroids on pregnancy outcome depending on location, 
an attempt should be made to characterize uterine fibroids on 
routine prenatal ultrasound to inform patient counseling (see 
Chapter 9).

Operative Planning

Ultrasound is the first step in operative planning for women with 
symptomatic fibroids. A prospective study by Baird et al. dem-
onstrated that randomly selected premenopausal women with 
fibroids identified on a screening ultrasound were at increased 
risk of requiring a surgical procedure within the following 8 
years, and this risk increased with fibroid size [15]. The number, 

size and location of leiomyomas are all important characteristics 
to know prior to surgery in order to plan the safest approach for 
excision. In patients with infertility, the identification of fibroids 
on ultrasound and mapping their position relative to the endome-
trial cavity by 3D imaging is imperative as distortion of the endo-
metrial cavity or alteration of the intracavity milieu may impact 
fertility. Additionally, 3D imaging is reliable in depicting the 
shape of the endometrial cavity, which may be relevant to infer-
tility evaluation (Figure 8.14). In some patients with numerous 
fibroids, there may be no normal-appearing myometrium, and 
this should be communicated, as surgery may not be an appropri-
ate choice.

(b)

(a)

FIGURE 8.11  (a) Transvaginal scan demonstrating a pedunculated fibroid 
attached to the uterus with a stalk (arrows). (b) Corresponding image dem-
onstrating color flow to the fibroid.

(b)

(a)

FIGURE 8.12  (a) Transvaginal image demonstrating a solid mass in the 
uterus characteristic of a fibroid (arrows). Calipers demonstrate the distance 
between the mass and the serosa. (b) Doppler revealed extensive vascularity. 
Pathology confirmed leiomyosarcoma in this patient.
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Limitations

Despite its relatively easy accessibility and low cost, a limitation 
of ultrasound in the diagnosis and characterization of fibroids is 
operator experience. Individuals performing ultrasounds must take 
advantage of educational and practical advances in 2D and 3D 
sonographic imaging techniques. Importantly, 3D volume imaging 
allows review off-line with the opportunity for specialized consul-
tation. Finally, while transvaginal ultrasound is as sensitive as MRI 
in diagnosing the presence of uterine fibroids, its ability to fully 
characterize fibroids decreases when the uterus is extremely large, 
when there are numerous fibroids or when fibroids are smaller in 
size [16]. In these cases, MRI may help to map the fibroids.

Conclusions

Transabdominal and transvaginal ultrasound are the first steps in 
the initial imaging evaluation of a patient with gynecologic com-
plaints [2]. The majority of fibroids have a characteristic appearance 
on ultrasound, and their position and location can be elucidated 
with real-time 2D imaging. The addition of 3D imaging and power 
Doppler improves visualization of fibroid location relative to the 
uterine tissues and endometrial cavity and is part of the modern 
sonographic armamentarium to evaluate fibroids. Enhanced visu-
alization using adjunctive sonohysterography can improve diagnos-
tic performance for preoperative planning. Standard nomenclature 
should be used to communicate the sonographic findings [9]. 
Ultrasound is the primary and often only imaging modality neces-
sary for most gynecologic patients, playing a critical role in fibroid 
mapping for both medical and surgical therapies.
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Prevalence

Fibroids (leiomyomata) are the most common gynecologic tumor, 
with a prevalence of 20%–80% in reproductive-aged women and 
5%–10% in women with infertility [1]. Although 26%–30% of 
patients are asymptomatic [2,3], it has been estimated that in 
approximately 1%–2.4% of women, fibroids are the primary 
infertility diagnosis (uterine factor infertility) [4,5].

Physiology

Despite the significant prevalence of leiomyomata, the association 
of this reproductive disorder and infertility has been incompletely 
studied. There has been significant controversy regarding the 
impact of uterine myomas on fertility and pregnancy outcomes. 
Several putative mechanisms for their possible negative impact 
on fertility have been proposed. However, mechanism-based 
causative relationships between fibroids and infertility and preg-
nancy loss, respectively, have not been established. Table 9.1 lists 
the proposed mechanisms for fibroid-related infertility. Fibroids 
cause distortion of uterine anatomy and alter the uterine environ-
ment and implantation potential of the endometrium. Cervical 
fibroids can cause obstruction or displacement of the cervix. 
Similarly, submucosal and intramural leiomyomata may cause 
cavity deformity that can potentially hinder sperm and embryo 
transport and fallopian tube function. Magnetic resonance imag-
ing (MRI) studies suggest that intramural leiomyomata alter uter-
ine peristalsis in the midluteal phase when embryos transport and 
implant [6]. Fibroids located near the uterine cornua can obstruct 
fallopian tube transport and oocyte capture. Submucosal fibroids 
may distort the endometrium, impair endometrial blood flow 
and potentially reduce implantation [7]. Pathologic specimens of 
endometrium overlying submucosal fibroids demonstrate abnor-
mal pathological changes including atrophy and endometritis [8]. 
Notably, Horcajadas et  al. found that the implantation window 
was delayed by 1.8 days on endometrial biopsy in those with large 
intramural fibroids (≥5 cm) [9].

Leiomyomata are responsive to sex steroids and secrete and 
respond to inflammatory and vasoactive factors. Aberrant exces-
sive production of transforming growth factor-beta (TGF-β), a mul-
tifunctional cytokine, from fibroids has been reported by several 
investigators [10,11] and has been implicated in altered implan-
tation of the embryo [12]. Homeobox A10 (HOXA-10) is one of 
the most recognized gene sequences in mammalian implantation. 

Lower levels of expression have been identified in endometrial 
specimens in patients with fibroids [13,14]. Altered growth-factor 
secretion may lead to abnormal vasculature, characterized by 
dilated venous plexuses and disordered angiogenesis [15,16].

Evaluation

Assessment for the presence of uterine fibroids or an enlarged 
uterus due to fibroids should be performed during routine physi-
cal examination and bimanual examination during the initial 
fertility consultation [17]. Diagnosis is confirmed by transvagi-
nal ultrasonography. Fibroids traditionally appear as hypoechoic, 
well-circumscribed spheres on transvaginal ultrasound. The loca-
tion and degree of endometrial involvement may be determined 
by hysterosalpingogram, saline-infusion sonogram, hysteroscopy 
and/or MRI, respectively. Hysteroscopy is the gold standard for 
direct assessment of the endometrial cavity. This procedure can 
be performed both in office and the operating room and uses an 
endoscope with a camera that instills saline or gas in the uterus 
as a distending medium. Direct visualization facilitates diagnosis 
and may guide treatment of FIGO type 0 (pedunculated intracavi-
tary) and 1 (>50% intracavitary) submucosal fibroids.

Hysterosalpingogram (HSG) is a common screening test for 
uterine cavity and tubal abnormalities. During this procedure, 

TABLE 9.1

Proposed Mechanisms of the Impacts of Fibroids on Infertility

Pathophysiology of Fibroids & Infertility:

Anatomic:
•	 Displaced cervix (reduced sperm exposure)
•	 Cavity deformity/enlargement
•	 Tubal obstruction
•	 Compression/distortion of endometrium

Impede migration:
•	 Dysfunctional uterine peristalsis/contractility
•	 Interference with sperm migration
•	 Disturbance of junctional myometrial zone

Secretory factors:
•	 Abnormal vascularity/Impaired blood flow/disruption of angiogenesis
•	 Inflammation

•	 TGF-B
•	 HOXA-10
•	 IL-10
•	 EGF

•	 Impaired endometrial receptivity
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radiopaque contrast is injected into the uterus, and the cavity and 
fallopian tubes are evaluated by X-ray. However, its relatively low 
sensitivity (50%) to differentiate different uterine-cavity lesions 
limits its function as the sole screening test for those at risk for 
fibroids [17]. Saline-infusion sonohysterogram (SIS) is an ultra-
sound performed after the instillation of saline in the uterus. The 
positive predictive value for SIS in diagnosing uterine abnormali-
ties is 100%, with reportedly 77% sensitivity [18]. Advances in 
technology allowing for three-dimensional renderings of the 
uterus done during SIS have improved diagnosis of submucosal 
fibroids, allowing for better characterization than by traditional 
two-dimensional SIS [19]. The hystero-contrast sonography 
(HyCoSy), which utilizes contrast medium or agitated saline has 
enhanced the positive and negative predictive values of fallopian 
tube evaluation [20], making the HyCoSy a promising “single 
comprehensive” screening tool for both uterine and tubal factor 
infertility[21]. Leiomyomata have a low-intensity signal compared 
with surrounding myometrium on both T1- and T2-weighted MRI 
images. Although MRIs are more sensitive than sonograms for 
diagnosis of fibroids, they are significantly more costly than the 
other modalities. MRI imaging can be useful in describing the 
size and location of fibroids and may be best utilized for preopera-
tive planning and to determine the best surgical approach for the 
surgical removal (myomectomy) of fibroids [22].

Treatment Indications

The classic indication for myomectomy includes symptom-
atic women who experience heavy menstrual bleeding or bulk 
symptoms. Patients with leiomyomata that are rapidly growing 
may benefit from further evaluation and treatment to exclude an 
occult malignancy such as leiomyosarcoma [7]. There has been 
significant controversy regarding the impact of uterine myomas 
on fertility and pregnancy outcome. As a result, the benefit (like-
lihood of conception, pregnancy loss, live birth and obstetrical 
complications) of myomectomy in women with asymptomatic 
myomas has also been uncertain. Data regarding the association 
of fecundity and fibroid size, location and conception (spontane-
ous vs. undergo ART—assisted reproductive technology) after 
myomectomy are inconsistent. In addition, most individual 
studies were retrospective or insufficiently powered, and meta-
analyses evaluate very heterogeneous studies. As a result, the 
interpretation of conflicting results has been challenging.

Fibroid Characteristics

A 2009 meta-analysis of 18 studies demonstrated that patients 
with fibroids had a decreased clinical pregnancy rate (CPR) and 
ongoing pregnancy/live birth rate (LBR). However, most authors 
had not included size or location of fibroids [23]. Stratified by loca-
tion, a comprehensive meta-analysis reported that the presence of 
submucosal fibroids are associated with a reduced likelihood of 
CPR (RR = 0.36, CI: 0.18–0.73, p = 0.005) and ongoing preg-
nancy/LBR (RR = 0.32, CI: 0.12–0.85, p < 0.001), respectively. In 
a comparison of 249 patients with intramural (without endometrial 
cavity distortion) or subserosal fibroids, there was no difference 
in CPR for LBR compared to controls [24]. A recent secondary 

analysis of a prospective randomized trial of 900 women undergo-
ing ovarian stimulation with intrauterine insemination for unex-
plained infertility showed no difference in conception or live birth 
rates in women with fibroids that did not distort the cavity [25].

Myomectomy and Spontaneous Conception

The effect of myomectomy on patients with infertility who are not 
planning on undergoing ART is uncertain. Removal of submuco-
sal fibroids has been shown to improve pregnancy rates [26]. In 
1999, Bulletti et al. demonstrated that laparoscopic myomectomy 
resulted in an almost fourfold higher delivery rate than those who 
underwent expectant management (p <0.001). However, this study 
included fibroids of varying sizes and locations. In a random-
ized controlled trial, Casini et  al. randomized 181 patients with 
1 year of infertility with a solitary fibroid <4 cm to surgical ver-
sus expectant management. Higher clinical pregnancy rates in the 
year following the randomization were appreciated in those who 
underwent surgical intervention for submucosal (43.3% vs. 27.2%, 
p <0.05) and submucosal-intramural (36.4% vs. 15%, p <0.05) 
fibroids. Although pregnancy rates were also higher in those with 
intramural-subserosal (35.3% vs. 21.4%, NS) and intramural alone 
(56.6 vs 40.9, NS) fibroids, they did not reach statistical signifi-
cance [27]. A retrospective cohort study suggests a potential ben-
efit of myomectomies in younger white women with larger fibroids 
(<7CM) suggesting a role for individualized medicine [28]. 

Myomectomy and Assisted 
Reproductive Technologies

Much of the early data that evaluated the role of fibroids prior to 
ART included small studies with significant heterogeneity with 
respect to patient demographics, size and location of fibroids and 
observational duration. In 1995, the first retrospective analysis of 
46 women who underwent in-vitro fertilization (IVF) found that 
there were decreased implantation rates in those with hystero-
scopic evidence of fibroids distorting uterine cavities [29]. Since 
that time, there have been many conflicting studies with regard 
to infertility and ART [30].

Several studies suggests that submucosal fibroids negatively 
impact fertility and report a benefit for the removal of submu-
cosal fibroids prior to IVF [23,31]. Submucosal fibroids are pri-
marily resected by minimally invasive hysteroscopic resection of 
fibroids (see Chapter 20).

In contrast, there are conflicting data for pregnancy outcomes 
in women with intramural fibroids with normal cavities (no 
cavity distortion) prior to IVF. Specifically, some studies show 
reduced pregnancy success, while other studies do not demon-
strate a difference in conception or live birth rates in those with 
fibroids that do not encroach on the cavity [32–34]. Pooled data 
from 19 studies show a reduction in CPR and LBR of 15% and 
21%, respectfully (p = 0.002) [35]. Recent case-cohort and ret-
rospective cohort studies showed decreased live birth rates after 
IVF in patients with FIGO Class 3 fibroids [36,37]. However, 
there are little data evaluating whether or not myomectomy 
improves their outcomes. Procedures for intramural or subsero-
sal fibroids are more invasive than the hysteroscopic approaches 
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used for subserosal fibroids (see Chapter 20). A recent Cochrane 
review concluded that there was no benefit of myomectomy on 
pregnancy rates irrespective of type of fibroid [38].

Nonsurgical Intervention

Surgery has long been the mainstay treatment of uterine fibroids 
in those desiring pregnancy. Recently, less-invasive procedures 
have been introduced. Uterine artery ablation (UAE) utilizes 
fluoroscopy to place embolic particles in the uterine vascula-
ture, occluding blood flow to fibroids. UAE has been shown to 
reduce heavy uterine bleeding and dysmenorrhea, especially 
in multiple-fibroid uteri [39,40]. Although pregnancy has been 
reported after UAE, complications such as malplacentation, fetal 
growth restriction and diminished ovarian blood flow have been 
reported [41]. Ultrasound-guided radiofrequency ablation (RFA) 
employs laparoscopic or transcervical placement of radiofre-
quency electrodes that destroy the fibroid. Few pregnancies have 
been reported after this procedure [42].

Ulipristal acetate (UPA) is an oral selective progesterone 
receptor modulator that been successful in treating heavy bleed-
ing and bulk symptoms due to fibroids in phase 3 trials [43,44]. 
In the first review of 21 women attempting pregnancy, stopping 
UPA treatment resulted in high pregnancy and live birth rates 
[45]. Based on available data, there are insufficient data to access 
conception rates and pregnancy safety after UAE, RFA or UPA.

Miscarriage

The association between fibroids and miscarriage is also con-
troversial. Retrospective studies, including Buttram and Reiter, 
described an increased prevalence of spontaneous abortions 
in those with fibroids [5]. However, a large epidemiologic study 
showed no increased risk of pregnancy loss with one or more 
fibroids [46]. Bulletti et al. showed that patients who underwent a 
laparoscopic myomectomy had a lower rate of miscarriage com-
pared with those who had expectant management [47]. No defini-
tive data exist to demonstrate that a preemptive myomectomy 
reduces the risk of primary miscarriage. However, in patients with 
recurrent miscarriage, one study showed resection of fibroids that 
invade the cavity may increase the likelihood of live birth [48]. In 
a randomized controlled trial that investigated the role of surgical 
intervention on removal of a solitary <4cm fibroid versus expect-
ant management demonstrated a reduced rate in miscarriages in 
those with myomectomies of submucosal fibroids (38% vs. 50%, 
p <0.05). They did not find any significant differences in those with 
myomectomies after intramural or subserosal myomectomies [27]. 
However, owing to a lack of high-quality studies, it is unknown if 
hysteroscopic myomectomy reduces the rate of early pregnancy 
loss or increases the rate of live birth pregnancy in women with 
infertility.

Conclusion

The management of asymptomatic patients with uterine leiomy-
omata is complex. The mechanisms by which fibroids may con-
tribute to infertility have not been completely elicited. Although 

patients with cavity-altering submucosal or intramural fibroids 
would likely benefit from intervention, the impact of other fibroids 
on fertility or miscarriages is unclear. These findings lead to the 
guidelines from the American Society of Reproductive Medicine 
published in 2017 recommending against routine myomectomy for 
asymptomatic women with non-cavity deforming myomas [49]. 
Studies investigating myomectomy outcomes are heterogeneous, 
making them difficult to interpret. There is no evidence that subse-
rosal fibroids impact fertility outcomes. Prospective studies should 
be designed to address the surgical and nonsurgical interventions 
in women with reproductive desires.
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Hormonal Regulation in the Treatment of Fibroids

Victoria Fitz and Steven L. Young

Introduction

Leiomyomata (fibroids) are common, monoclonal, prolifera-
tive and fibrotic lesions of the uterine smooth muscle. Although 
fibroid pathogenesis remains unclear, genetics and micronutri-
ents appear to play a role. Additionally, fibroids are highly depen-
dent on sex steroids for growth and maintenance. The aim of this 
chapter is to review current knowledge regarding the pathophysi-
ological mechanisms of sex steroid action and the current and 
future role of sex steroid-receptor modulating agents (SSMAs) 
for therapeutic benefit.

Hormone Dependence of Fibroids

Uterine fibroids grow after puberty and regress with menopause 
and earlier menarche is a further risk factor for fibroid devel-
opment, strongly implicating sex steroids in their growth [1]. 
Fibroids often regress postpartum, a period of uterine remodel-
ing and a time when sex-steroid levels fall to postmenopausal 
levels. Interestingly, during pregnancy, a state of elevated sex-
steroid levels, only about one-third of fibroids increase in size 
after the first trimester [2].

Estrogens signal primarily through two specific nuclear recep-
tors, ER-alpha and ER-beta, though additional membrane-bound 
ER-alpha and the G-protein-coupled estrogen receptor (GPER) 
on the cell surface can also mediate estrogen responses. Estrogen 
is able to induce human fibroid cell proliferation in vitro [3] as 
well as fibroid growth in a rat model in vivo and in rat leiomyoma 
cells in vitro [4,5]. The production of estradiol by some leiomyo-
mas [6] also suggests autocrine or intracrine pathways for estro-
gen to promote growth. Estrogen receptors alpha and beta are 
found in higher concentration in leiomyoma cells compared with 
surrounding normal myometrium. Estrogen activates fibroblasts 
within leiomyomas leading to proliferation and ECM deposition 
[7]. These and many other studies strongly implicate a role for 
estradiol in leiomyoma growth.

Additionally, progesterone appears to be of at least equal 
importance to estradiol in leimyoma pathophysiology as sup-
ported by clinical and laboratory observations. Human mitotic 
activity in fibroids is maximal during the secretory phase of 
the menstrual cycle, when serum progesterone is highest [8]. 
Progesterone receptor expression is increased in leiomyomas, 
likely because of estrogen action, and progesterone receptor ago-
nists can increase leiomyoma cell proliferation in vitro [9].

Human leiomyoma tissue xenograft studies further support 
the role of progesterone. When immunodeficient mice are xeno-
grafted with human leiomyoma tissue and treated with estradiol, 
leiomyoma ER-alpha and PR expression is increased, but growth 
is not stimulated. Similarly, progesterone treatment, alone, does 
not result in growth. However, treatment with both progesterone 
and estrogen results in both cellular proliferation and leiomyoma 
volume growth [11].

Virtually all physiological and pathophysiological effects of 
progesterone are exerted through two nuclear receptors, proges-
terone receptor alpha (PR-A) and beta (PR-B). The two proteins 
are transcribed from the same gene and are identical, except 
PR-B has an extra 165 N-terminal amino acids, significantly 
complicating separate analysis in human tissues. Thus, most of 
the published information in leiomyomata includes undifferenti-
ated analysis of PR, without regard to subtype, though both sub-
types appear to be upregulated in leiomyomata [10].

Leiomyoma growth and pathophysiological impact is deter-
mined not only by cellular proliferation, but also by extensive 
fibrosis [12]. The fibrotic component is due to extensive produc-
tion of extracellular matrix (ECM) proteins, such as collagens, 
fibronectin, laminins and proteoglycans. The biology of ECM is 
complex and beyond the scope of this chapter, but it is clear that 
ECM can act as a reservoir of specific growth factors as well as 
alter cellular signaling directly through mechano-transduction 
receptors, such as integrins, to promote proliferation and further 
ECM changes. Estrogen may play an important role in leiomy-
oma fibrosis, by stimulating ECM biosynthesis as well as altering 
growth factors, such as platelet-derived growth factor (PDGF), 
that modulate ECM. Progesterone again contributes, altering 
ECM and stimulating expression of TGF-beta, a potent pro-
fibrotic factor that has a near-ubiquitous role in fibrotic disease, 
and inducing microRNA species that may drive further fibro-
sis. Taken together, in vivo, ex vivo, in vitro and xenograft data 
demonstrate that estrogens and progesterone work in concert to 
stimulate leiomyoma cell proliferation and alter production of 
ECM to support leiomyoma growth.

Hormonal Management of Fibroids

As summarized earlier, sex steroids play a necessary and criti-
cal role in fibroid biology, which allows an opportunity to clini-
cally target sex steroids and their receptors to provide a medical 
alternative to surgical therapy for fibroids. However, currently 
available medical therapies have limited effectiveness and/or 
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significant adverse effects, leaving surgical therapy as the most 
definitive and effective option for many patients. The relative 
balance between medical and surgical therapies may change 
with the advent of newer SSMAs under development, which may 
provide similar or improved benefit over conservative surgical 
therapy, but with greatly reduced complications. This section 
will review currently available and potential future medications 
that act via modulation of sex-steroid signaling pathways (see 
Table 10.1).

Progesterone Receptor and 
Estrogen Receptor Agonists

An important consideration when approaching the treatment 
of fibroids is whether the treatment is addressing the fibroids 
directly by reducing their size or volume, or if the treatment 
is addressing the symptoms that result from fibroids such as 
heavy menstrual bleeding or bulk symptoms. Estrogen and pro-
gesterone agonist therapy fall into the category of symptomatic 
treatment. A well-established practice is the use of high-dose 
estrogen, such as intravenous conjugated equine estrogens or 
various protocols using multiple doses of combined oral con-
traceptives to temporize acute uterine hemorrhage caused by 
a submucous myoma [50]. These treatments carry significant 
risk of thrombosis and are only used as temporizing mea-
sures to stabilize bleeding. Combined oral contraceptive pills 
(COCs), containing highly potent estrogen and progesterone 
receptor agonists at standard doses, are commonly used to 
treat the symptoms of leiomyoma-associated abnormal uter-
ine bleeding (AUB-L). COCs achieve this goal by suppress-
ing pituitary gonadotropins and providing high-dose estrogens 
and progestins to achieve a stable, compact endometrium, 
which is less likely to shed. AUB-L can often be controlled 
using COCs, but these medications do not lead to a decrease 
in the size of uterine fibroids. Despite COC treatment, abnor-
mal uterine bleeding often returns over time and fibroids may 
continue to grow, resulting in increased bleeding despite COC 
treatment. Counterintuitively, fibroid growth is not consistently 
demonstrated in clinical studies of COC use, and in fact, some 
observational studies suggest that COC use may be protective 
against development of uterine fibroids, while others have dem-
onstrated increased risk for development of fibroids with COC 
use in early adolescence [13,14,51].

Treatment with progestins, such as norethindrone, levonorg-
estrel and medroxyprogesterone, alone is another method used 
to control abnormal uterine bleeding that results from fibroids. 
Oral progestins or those delivered via intrauterine device 
(IUD) can reduce bleeding associated with uterine fibroids by 
inducing decidualization of the endometrium [52]. Oral pro-
gestins have not been observed to decrease the size of leio-
myoma or alleviate symptoms, while the levonorgestrel IUD 
was shown to significantly reduce menstrual blood loss asso-
ciated with uterine fibroids. There have been varying reports 
of the impact of the levonorgestrel IUD on leiomyoma size. 
Kriplani et al. found that levonorgestrel IUD use has different 
effects on normal myometrium and leiomyoma tissue, reduc-
ing uterine volume, but not leiomyoma volume [15], while 
Maruo et  al. reported that some myomas increased in size 
after levonorgestrel IUD placement though menorrhagia was 

controlled [16]. Depot medroxyprogesterone acetate (DMPA) 
has long been used as a therapy for heavy menstrual bleed-
ing. Interestingly, epidemiologic studies have found that use of 
DMPA is inversely associated with the development of symp-
tomatic fibroids [17,18].

A 2013 Cochrane review of oral and IUD delivery of proges-
tins concluded that there is insufficient evidence to support the 
use of either for the treatment of uterine fibroids [19]; however, 
our clinical experience suggests that the use of progestins either 
alone or in combination with an estrogen is warranted for tem-
porizing bleeding prior to surgical management. In general, we 
do not favor long-acting progestin therapy (e.g., DMPA) for this 
purpose, because progestins can sometimes worsen bleeding. 
Given that the progestin effects of DMPA cannot be practically 
reversed and the lowered response of progestin-treated endome-
trium to estrogen action, further medical therapy is unlikely to 
be successful in patients with increased bleeding after DMPA. 
Thus, we favor use of COCs, oral progestins or an easily remov-
able IUD, if progestin agonists are used.

Estrogen Reduction

Given the previously described role of estrogen in promoting 
leiomyoma growth, investigators have targeted suppression of 
the hypothalamic-pituitary-ovarian axis as a potential therapy to 
reduce leiomyoma size and associated bulk symptoms as well as 
AUB-L. The first agents used to reduce estrogen production were 
gonadotropin releasing hormone agonists (GnRHa). These agents 
induce a hypoestrogenic state by downregulating GnRH receptor 
function in pituitary gonadotroph cells, resulting in little to no 
FSH stimulation of ovarian estrogen production. GnRHa treat-
ment is effective: Leuprolide acetate treatment for 3–6 months 
has been found to stop AUB-L in up to 80% of women and reduce 
both uterine and fibroid volume by about 36%–50% compared 
with placebo [20,21]. Side effects of therapy with GnRHa include 
hot flushes and other menopausal symptoms and are observed in 
60%–95% of patients treated with this medication. Long-term 
side effects include a marked reduction in bone density. Thus, 
therapy with GnRHa is primarily a short-term bridge to surgi-
cal management or menopause. It is also important to note that 
GnRHa can lead to fibroid degeneration, and subsequent acute 
hemorrhage, though incidence is likely low.

There have been investigations of long-term GnRH treatment 
with low-dose add-back of estrogen and/or progesterone in an 
effort to mitigate the menopausal symptoms and bone loss. The 
goal of such a regimen is long-term use with fewer side effects 
while still decreasing vaginal bleeding and leiomyoma size. A 
2015 Cochrane review of 12 small studies included treatment 
with leuprolide acetate and add-back with medroxyprogester-
one, raloxifene, tibolone or conjugated estrogens. Loss of bone 
mass was reduced and vasomotor symptoms were improved with 
add-back, but uterine size was not reduced to the same extent 
as with GnRHa alone, suggesting an overlap between estrogen 
levels therapeutic for leiomyomata and those needed to alleviate 
symptoms [22].

Recently, elagolix, an orally administered GnRH antago-
nist currently in development, was found to be safe and effec-
tive at reducing circulating estrogen levels [23]. Given its oral 
administration, incomplete antagonism and ability to titrate 
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hypoestrogenism somewhat by dose, elagolix may allow refine-
ment of GnRHa therapy, but only a phase 2 trial for fibroids 
has been reported [24]. Other orally active GnRH antagonists, 
including relugolix, OBE2109 and ASP-1707 are also being 
actively developed, suggesting that a number of related medica-
tions in this class will be available in the near future.

Investigators have also attempted to target estrogen action 
using an aromatase inhibitor (letrozole) to partially block estro-
gen synthesis. Since fibroids may, themselves, produce estrogen 
via aromatase expression [25], such an approach could reduce 
autocrine/intracrine estrogen action as well as the endocrine 
action of ovarian estrogens inhibited by GnRHa medications. 
Furthermore, these agents may be helpful for treating postmeno-
pausal fibroids that may be maintained mainly by endogenous 
estrogen production. Encouragingly, small trials have suggested 
a similar effect of aromatase inhibitors to that of a GnRHa, trip-
torelin, but with a greatly reduced incidence of vasomotor symp-
toms [26].

Though effective at decreasing uterine and leiomyoma volume 
and reducing vaginal bleeding, GnRH agonists have had signifi-
cant adverse effects that limit their long-term use as therapy of 
uterine fibroids. Early results of aromatase inhibitors and the 
partial inhibition of the oral GnRH antagonists are encouraging, 
but long-term and larger studies will be needed to better evaluate 
efficacy and limitations of these approaches.

Selective Progesterone Receptor Modulators (SPRMs)

Given the limitations (vide supra) of progestin receptor agonists 
and GnRH agonists, investigators have recently turned their 
attention to selective progesterone receptor modulators (SPRMs), 
including ligands such as mifepristone, ulipristal and asoprisnil, 
which have agonist, antagonist or mixed effects on progesterone 
receptors, depending on the target tissue and its physiological 
state. The SPRM ligand binds to PR-A or PR-B (both found in 
higher concentrations in leiomyoma tissue compared with sur-
rounding myometrium), and initiates interactions with co-repres-
sors or co-activators that dictate whether the SPRM is an agonist 
or antagonist in that cellular environment.

Several different SPRMs have been clinically investigated for 
efficacy in fibroid treatment: mifepristone and ulipristal, strong 
PR antagonists with very little or no agonist activity; asopris-
nil and telapristone, more complex, tissue-specific antagonist/
agonists. Each acts at the level of the fibroid, the endometrium 
and the pituitary to influence fibroid symptomatology [27]. At 
the level of the fibroid, they decrease size through induction of 
apoptosis and inhibition of cellular proliferation. Action on the 
endometrium reduces bleeding and results in cellular changes 
discussed later. These agents also act to suppress pituitary 
gonadotropin production, but not nearly to the level seen with 
GnRHa, keeping serum estradiol concentrations at a mid-follicu-
lar level [28] and inducing anovulation in up to 80% of patients at 
therapeutic doses for fibroid management [29]. Currently, none of 
these SPRMs are FDA approved for use in the US for the purpose 
of uterine fibroid treatment.

Mifepristone was originally developed as an abortifacient, but 
has recently been investigated as a possible treatment for uter-
ine fibroids. When administered orally at doses ranging from 2.5 

to 25 mg daily for 3–6 months, it reduces menstrual blood loss, 
pelvic pain, pressure and dysmenorrhea. Individual studies also 
report reduction of uterine and leiomyoma volume when com-
pared with placebo [30,31]; however, this was not supported by a 
2012 Cochrane Review [32]. Vaginal administration of mifepris-
tone also resulted in decreased leiomyoma volume of approxi-
mately 20% over 2–3 months, and 44% of patients achieved 
amenorrhea [33].

At least three factors limit mifepristone’s appeal for long-
term treatment of fibroids. First, endometrial hyperplasia has 
been reported with mifepristone use, though the incidence var-
ies widely by study. Additionally, much of the reported “hyper-
plasia” was actually an unusual endometrial morphology (also 
seen with ulipristal and asoprisnil) that mimics hyperplasia on 
ultrasound, but is associated with very low mitotic activity [34]. 
Another concern with mifepristone is its anti-glucocorticoid 
effect that could potentially lead to clinically significant adrenal 
insufficiency [35]. In the United States, mifepristone’s abortifa-
cient effects are another potential barrier to wide introduction for 
fibroid therapy.

Ulipristal is a SPRM that is currently approved for use in 
the United States as an emergency contraceptive but not yet 
for fibroid treatment. It has been studied as a therapy for uter-
ine fibroids in a series of large clinical trials [36]. When taken 
daily for 3 months at 5 or 10 mg doses, ulipristal treatment 
led to amenorrhea in 70%–80% of patients and 30%–42% 
decrease in fibroid volume. Ulipristal was non-inferior to leu-
prolide acetate in reducing bleeding associated with fibroids 
prior to surgery. Patients taking ulipristal maintained normal 
serum estradiol levels in the midfollicular phase range and did 
not experience hot flashes with the same frequency as patients 
treated with GnRH agonist (11% of ulipristal group com-
pared with 40% of patients treated with leuprolide). Notably, 
the reduction of leiomyoma volume after taking ulipristal was 
sustained for 6 months post-treatment compared to 1 month in 
patients treated with leuprolide acetate. Although not approved 
for treatment of fibroids in the United States, approval for 
short-term use for this purpose has been given in Canada and 
Europe. Furthermore, longer-term intermittent therapy seems 
to increase efficacy and maintain safety with the longest study 
including eight 3-month-long courses, with each course sepa-
rated by one menses [37].

Asoprisnil was found to have similar effects [38]. There was 
a dose-dependent decrease in uterine bleeding with suppression 
of bleeding in 85% of participants for the duration of treatment 
at the highest dose of 25 mg daily and a 17% reduction in uter-
ine volume [39]. Since asoprisnil has no significant abortifacient 
properties, it has potential to be a more widely accepted therapy 
in the United States, but lower efficacy at currently tested routes 
and doses remains a concern and its clinical development was 
discontinued in 2009 [37].

Telapristone was shown in in vitro studies to induce apop-
tosis and inhibit proliferation in uterine leiomyoma cells [40]. 
Clinical trials in women with fibroids were initiated but discon-
tinued owing to concerns for liver toxicity in 2009. Development 
has since restarted with lower doses of the medication [37]. 
Vilaprisan is another SPRM which is currently being investi-
gated with Phase III trials.
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Mechanism of Action

The mechanisms of SPRM therapeutic properties are a topic 
of ongoing investigation [41]. Multiple growth factors have 
been identified as possible targets of SPRM activity, including 
EGF, IGF-I, TGF-beta-3. Expression of these growth factors 
was downregulated in leiomyoma cells treated with asoprisnil, 
but not in cells from the surrounding normal myometrium [42]. 
Bcl-2, an anti-apoptotic protein, is expressed at much higher lev-
els in uterine leiomyoma compared with normal myometrium 
and is upregulated by progesterone [43]. Both mifepristone and 
asoprisnil suppress Bcl-2, suggesting apoptosis as another pos-
sible mechanism for SPRM reduction of leiomyoma size [44,45]; 
however, doubts regarding the relevance of this mechanism in 
vivo have been raised [46].

Endometrial Changes with SPRMs

One of the main concerns with SPRMs is that anti-progestin 
activity at the level of the endometrium will lead to hyperpla-
sia, atypia and other sequela of unopposed estrogen stimulation. 
The endometrial changes associated with SPRM therapy have 
been termed PRM-associated endometrial changes (PAEC) 
[47]. These changes include cystic glandular dilation, asym-
metry of stromal and epithelial growth, with admixed estrogen 
(mitotic) and progestin (secretory) epithelial effects. There was 
low mitotic activity and <1% incidence of hyperplasia [48]. 
Reassuringly, most studies of mifepristone, ulipristal and aso-
prisnil treatment of women have involved post-treatment fol-
low-up with endometrial biopsy and have found that the PAEC 
regress and normal endometrium is found within 6 months of 
discontinuing treatment [36].

Clinical Use of SPRMs

While there is mounting evidence in support SPRMs for the 
treatment of uterine fibroids, in the United States, SPRMs have 
not yet become a widely used therapy. The initial clinical tri-
als with ulipristal established the use of SPRMs as an effective 
option for short-term therapy prior to definitive surgery. In this 
role, it can serve to improve anemia, improve bleeding profile 
and decrease uterine size while awaiting definitive therapy and 
possibly allowing for a minimally invasive approach to surgery.

The follow-up long-term trials of ulipristal have demon-
strated efficacy of repeating 3-month courses for up to 1 year. 
This resulted in sustained amenorrhea in >70% of patients, with 
decreased uterine size, while maintaining safety. These findings 
have led to expansion of ulipristal use to include management of 
fibroids regardless of plan for surgery. Several algorithms have 
been proposed incorporating ulipristal into management options, 
with varied endpoints including preoperative management, as a 
substitution for surgery, to decrease fibroid size prior to concep-
tion, or as a bridge to menopause for different patients [40,27].

ACOG has not yet weighed in on the role of SPRMs in medical 
management of uterine fibroids. The last practice bulletin from 
2008 advises consideration of mifepristone for short-term pre-
operative management but calls for additional research and does 
not mention other SPRMs [49]. It will be interesting to see the 
application of SPRM therapy to fibroid management evolve over 

the coming years as additional research is performed and novel 
medications continue to be developed.

Summary and Conclusions

Sex-steroid action is a critical determinant of leiomyoma cell 
survival, proliferation and ECM production. Modulation of sex-
steroid production and action can significantly reduce leiomyoma 
size. Currently used SSMAs all have significant limitations for 
long-term use, but emerging agents such as the aromatase inhibi-
tors, oral GnRH antagonists and SPRMs show significant poten-
tial for controlling leiomyoma symptoms on a long-term basis 
and thus reducing the number of needed surgeries.
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Introduction

Mechanism of Action of GnRH-Agonist Medications

Gonadotropin-releasing hormone (GnRH) is the primary hor-
monal stimulus of the hypothalamic-pituitary-gonadal axis. 
GnRH is produced in the arcuate nucleus of the hypothalamus 
and released to the hypophysial portal system, which connects 
the hypothalamus to the pituitary. GnRH then binds to the GnRH 
receptor on gonadotrophs in the anterior pituitary, stimulating 
the release of luteinizing hormone (LH), as well as follicle stimu-
lating hormone (FSH), from the pituitary. These hormones then 
act on the ovaries to help control the menstrual cycle. Hormonal 
control of the reproductive organs has been utilized by the medi-
cal field to treat human disease and dysregulation of endocrine 
functions [1].

Landmark experiments from the last century have helped to 
understand the physiology of the hypothalamic–pituitary–ovarian 
(HPO) axis [2]. In 1969, Ernst Knobil’s laboratory studied ovari-
ectomized rhesus monkeys and discovered that LH was secreted 
in a pulsatile manner and proposed that there was a releasing 
factor from the brain that stimulated the pituitary to release LH 
[3]. Andrew Schally and Roger Guillemin, who shared the 1977 
Nobel Prize, actually independently discovered the decapeptide 
structure and described the chemical makeup of GnRH after 
Knobil’s groundwork [4,5].

Figures 11.1 and 11.2 demonstrate and compare the amino acid 
sequence and structure of gonadotropin-releasing hormones [6,7].

GnRH is relatively dormant during childhood and attains its 
normal pulsatile nature in puberty. This pulsatile release contin-
ues throughout the reproductive years and menopause. Its short 
duration of action and pulsatile release allows continuous GnRH-
agonist therapy to desensitize pituitary receptors and downreg-
ulate the HPO axis. Amino acid substitution at position six of 
the decapeptide has allowed for biologically active analogues 
of GnRH [1,8]. Further substitutions and additions have led to 
the creation of over 2000 GnRH analogues since its isolation in 
1971. New research has revealed that kisspeptin, a polypeptide 
that binds to a G-protein-coupled receptor in the hypothala-
mus, plays a central role in the control of GnRH secretion [9]. 
Mutations in kisspeptin may be involved in the pathogenesis of 
disease, and research is ongoing to understand the kisspeptin–
GnRH relationship and its impact on human endocrinology and 
disease [10].

Pharmacology of GnRH Agonists

Major types of GnRH analogues include those with substitu-
tions at the sixth amino acid position. More commonly utilized 
agonists include leuprolide acetate (Lupron, Abbvie), nafare-
lin acetate (Synarel, Pfizer); and goserelin acetate (Zoladex, 
AstraZeneca). Leuprolide acetate was first approved in the 
United States in 1985 for the treatment of prostate cancer, using 
the same principle of downregulation of gonadal hormones used 
for treatment of fibroids [11].

GnRH agonists induce a pseudomenopausal state with contin-
ued usage. Hot flashes are a common complaint from patients and 
concerns of bone demineralization are warranted with long-term 
use. Because of these adverse effects, many providers prescribe 
“add-back” therapy with hormonal medications to prevent these 
outcomes. Currently, consensus does suggest prescribing some sort 
of add-back therapy when treating patients for long durations, that 
is, greater than 6 months. A recent Cochrane review on the vari-
ous types of add-back therapies (raloxifene, medroxyprogesterate 
acetate, tibolone, estriol, ipriflavone and conjugated estrogen) was 
limited by low-quality evidence but did suggest that use of tibolone 
with leuprolide resulted in higher quality-of-life scores [12].

GnRH-Agonist Treatment of 
Leiomyomas as Primary Therapy

Leiomyomata form during the reproductive years, due to the 
presence of higher levels of estrogen and progesterone compared 
with prepubescent and menopausal years. These benign tumors 
are highly dependent on estrogen and progesterone; thus, their 
growth is correlated with the reproductive years only [13,14]. 
While there are many medical treatment options for symptom-
atic leiomyomas causing abnormal uterine bleeding, anemia, 
pelvic pain and infertility, GnRH agonists are likely the most-
effective nonsurgical treatment available to clinicians. Within 
the first month of use, hemoglobin and hematocrit levels rise and 
bleeding decreases. Patients report better quality-of-life scores 
due to decreased uterine bleeding [15].

GnRH-Agonist Treatment of Leiomyomas 
as Adjunct Therapy Prior to Surgery

The rationale behind GnRH-agonist use prior to surgery is to 
downregulate the hypothalamic–pituitary–gonadal axis by 
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non-pulsatile release of GnRH and binding to the pituitary 
receptors. Use of these for 2–3 months before leiomyomectomy 
decreases estrogen and progesterone levels, causing decreased 
size of the benign fibroid growths. This leads to decreased opera-
tive risk and morbidity associated with the procedure. One recent 
Cochrane systematic review states there is no definitive recom-
mendation for using “add-back therapy” along with GnRH ago-
nists in this setting [12].

The mechanism of size reduction is postulated to be from isch-
emic necrosis due to the hypoestrogenic state induced by GnRH 

agonists. The decreased estrogen levels cause decreased blood flow 
and decreased abnormal uterine bleeding prior to surgery [16].

Studies have demonstrated a 35%–65% reduction in leiomyoma 
size after 3 months of GnRH-agonist therapy [9]. Leiomyoma 
location plays an important role in the resulting symptoms and 
determines the treatment approach. Increased fibroid protrusion 
into the uterine cavity results in increased blood loss [15]. The 
resulting anemia can be more quickly reversed with GnRH-
agonist therapy followed by an interval myomectomy after a state 
of amenorrhea is induced and fibroid size is reduced [17].
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However, there is some evidence to suggest an increased 
recurrence of fibroids after myomectomy when patients are pre-
treated with GnRH agonists. In one clinical trial, 17 patients 
(14.4%) had symptomatic recurrence as early as 5 months to as 
late as 30 months postoperatively [18]. The symptomatic recur-
rence group had significantly higher preoperative GnRH use 
(35% vs. 9% nonrecurrence; p  = 0.009). A total of 7.6% of all 
patients underwent reoperation. GnRH-agonist use was signifi-
cantly higher in the reoperation group (56% vs. 9% no reopera-
tion; p = 0.002).

In a prospective randomized multicenter clinical study, GnRH 
treatment before hysteroscopic resection of fibroids resulted in 
decreased operative time and reduction in absorbed fluid com-
pared with no preoperative medical treatment in hysteroscopic 
resection [19]. Pretreatment also resulted in decreased difficulty 
of the procedure from the surgeon’s perspective.

A systematic review and meta-analysis of pretreatment with 
GnRH agonists prior to laparoscopic myomectomy showed sta-
tistically significant decreases in intraoperative blood loss and 
postoperative hemoglobin drop, but no significant difference in 
operative time in those pretreated with GnRH agonists [20].

In another meta-analysis, GnRH-agonist pretreatment was 
shown to reduce preoperative pelvic symptoms and the need for 
a vertical skin incision [21]. Patients were also more likely to 
receive a vaginal procedure, without significant difference in 
postoperative complications when comparing with other preop-
erative treatments [21].
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Introduction

Fibroids are the most common solid tumor of the female geni-
tal tract, occurring in up to 70% of reproductive-age women 
[1]. These benign monoclonal tumors are composed of smooth 
muscle and large amounts of extracellular matrix, arising via 
chromosomal abnormalities in a single smooth muscle cell fol-
lowed by clonal expansion. Sex steroids and receptor expression 
likely play a significant role [2], as fibroids appear to respond to 
hormonal changes [3]. Common genetic disruptions in fibroids 
and the resulting changes in the uterine microenvironment are 
summarized in Figure 12.1.

Clinically significant fibroid disease occurs in up to 35% of 
Caucasian and 50% of African American women [11] and is the 
leading indication for hysterectomy. Gonadotropin-releasing 
hormone (GnRH) antagonists are currently under investigation 
as a nonsurgical option for the treatment of uterine fibroids, but 
have not become part of common practice.

Mechanism of Action

GnRH antagonists primarily function by competitive blockade, 
reversibly binding to GnRH receptors in the pituitary gland and 
causing an immediate (within 4–24 hours), dose-dependent, and 
rapidly reversible (24–72 hours) decrease in serum gonadotropins, 
with a greater suppression of luteinizing hormone (LH) compared 
with follicle stimulating hormone (FSH) [12–19]. The effects of 
GnRH antagonists on fibroids are illustrated in Figure 12.2.

Pharmacodynamics and Pharmacokinetics

GnRH antagonists have linear pharmacokinetics: their serum 
concentration increases proportionally with dose rate. Clearance 
is via hepatic metabolism; and excretion occurs through feces or 
urine. The plasma half-life of non-depot formulations ranges from 
5 to 30 hours after administration of a single dose [14–16,24–26]. 
Table 12.1 depicts the structures of various GnRH antagonists.

Adverse Reactions and Contraindications

Adverse reactions to newer GnRH antagonists are rare and 
mild. They include injection site reactions (bruising, erythema, 

pruritus and swelling), nausea, headache, ovarian hyperstimula-
tion syndrome, mood changes and decreased libido. Ganirelix 
(Antagon, Organon International) is associated with pelvic pain 
and vaginal bleeding [27]. Elevations of hepatobiliary enzymes 
were observed with use of cetrorelix acetate (Cetrotide; Serono) 
[28]. Use is contraindicated in anyone with known hypersensitiv-
ity to GnRH or GnRH analogues.

Pregnancy and Lactation

No effect on embryonic development has been detected in ani-
mal models, but use should be avoided in pregnant and breast-
feeding women [29,30].

Literature Review

A literature search was performed of the PubMed, MedLine 
and Cochrane databases for English language articles related 
to fibroids and GnRH antagonists. Search terms used included 
“GnRH antagonist,” “fibroid” and “leiomyoma.” Studies included 
in this review are summarized in Table 12.2.

Prospective Cohort Studies

In the first study of its kind, Kettel et al. [31] administered daily 
subcutaneous Nal-Glu (50 µg/kg) to seven women with symp-
tomatic fibroids for 3 months. Monthly ultrasound detected a 
52.8% mean decrease in leiomyoma size that mostly occurred 
within the first month of therapy. The authors also noted rapid 
and persistent decreases in serum estradiol (E2), estrone and 
progesterone. Conversely, serum levels of FSH, LH, andro-
stenedione, testosterone and dehydroepiandrosterone (DHEA) 
remained stable. Five patients subsequently underwent surgical 
removal of their fibroids. In the remaining two patients, leiomyo-
mata returned to their original size within 1 month.

In 1997, Gonzalez-Barcena et  al. [32] treated 18 premeno-
pausal candidates for hysterectomy with cetrorelix for 3–10 
months. Patients received 5 mg of subcutaneous cetrorelix twice 
daily for 2 days, followed by 0.8 mg twice daily. Serum LH, FSH 
and E2 were assessed on days 1, 3 and 5 of treatment and then 
monthly. Ultrasound examination illustrated a 39% reduction in 
mean uterine volume (p  < 0.001) after 3 months of therapy and 
a 44% reduction (p  <  0.001) by the end of the study. Thirteen 
women exhibited a clear decrease in uterine volume after just 
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1 month of treatment. One patient did not show any response to 
treatment for the first 3 months but achieved a 24% decrease in 
uterine volume after 8 months of continuous therapy. Another 
patient did not respond even after 10 months of treatment.

Timing of the initial cetrorelix dose (follicular phase vs. luteal 
phase) did not appear to affect the degree of uterine shrinkage. 
Most patients showed a progressive decrease in serum gonadotro-
pins and estradiol to subnormal levels after the first dose of cetro-
relix. However, four patients experienced decreases in uterine 
volume (mean 225 mL) after 3–4.5 months of treatment despite 
little or no depression in gonadotropin or estradiol levels. Twelve 
of fourteen patients who were anemic at the start of the study 
were observed to have normal hemoglobin levels after 3 months 
of treatment. Fifteen patients became amenorrheic. Among 
women who did not undergo hysterectomy, menstrual function 
returned 1 month after completion of treatment. Reported side 
effects included hot flashes, increased appetite and decreased 
libido. These resolved within 2 weeks of discontinuing therapy. 
Following treatment, three women underwent hysterectomy and 
12 were treated with myomectomy. Repeat ultrasound illustrated 
a recurrence in one myomectomy patient and an increase in uter-
ine volume (77 mL) in one patient who was expectantly managed.

Felberbaum et al. [33] used cetrorelix as an intermediate depot 
preparation prior to myomectomy. Ten premenopausal women 
received 3 mg of subcutaneous cetrorelix at 4-day intervals (days 
1, 5, 9 and 13). Magnetic resonance imaging (MRI) was used 
to monitor fibroid size. Six patients had observable decreases in 
fibroid size, with a mean reduction of 31%, while three patients 

did not respond to treatment. Fibroid size could not be effectively 
assessed in one subject. All patients demonstrated sufficient pitu-
itary downregulation. Myomectomy was performed after final 
MRI for all participants.

Flierman et  al. [34] observed similar results with the use of 
ganirelix. Nineteen premenopausal women were treated using 
2 mg daily, subcutaneous injections for a maximum of 12 weeks 
(median 19 days). Leiomyoma size and uterine volume were mon-
itored using weekly ultrasound and pre- and post-treatment MRI. 
Serum LH, FSH, E2 and progesterone were assessed weekly. 
Treatment was discontinued when a 10% decrease in fibroid or 
uterine size was detected over four consecutive ultrasound mea-
surements. For 11 subjects over 6 weeks, ultrasound revealed a 
median 42.7% (14%–77%) decrease in leiomyoma volume and a 
46.6% (6.1%–78.6%) decrease in uterine volume. MRI revealed 
a median 29.2% (35.6%–62.2%) decrease in leiomyoma volume 
and a 25.2% (28.9%–63.6%) decrease in uterine volume. Six of 
these subjects noted a reduction in fibroid volume by one-third 
within 16 days of treatment. Serum LH and E2 levels dropped 
below limits of detection within 1 week in nearly all subjects. 
FSH and progesterone levels also remained low throughout treat-
ment. Furthermore, the authors noted that tumor echogenicity 
changed with treatment. Of note, one patient had an increase in 
leiomyoma and uterine volume, in spite of decreasing estrogen 
levels. The most common reported side effects were hot flashes 
(75%) and headache (45%), though none were reported prior to 
week 3 of treatment. All participants underwent surgery within 
2 weeks of their final dose of ganirelix.

Increased expression of progesterone 
(11q22) and estrogen receptors  (6q25.1, 

14q) relative to normal myometrium
Dysregulation of let-7 microRNA → 

Overexpression of HMGA2 → increased 
tumor size

Overexpression of HMGA2 transcription 
factor → dysregulation of various genes
RAD51l1 (14q23-24) → phosphorylates 
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FIGURE 12.1  Top left: Normal uterus. Bottom left: Fibroid uterus. Myometrial cells contain binding sites for gonadotropin-releasing hormone [4]; and 
estrogen and progesterone receptors are expressed at higher levels in fibroids compared to normal myometrial tissue [5,6]. Elevated aromatase cytochrome 
p450 levels [7,8] and endometrial glandular hyperplasia in tissue adjacent to fibroids also suggest a surrounding hyperestrogenic environment [9]. Right: 
Uterine fibroid depicting expression of GnRH receptors, increased expression of estrogen and progesterone receptors and common genetic abnormalities 
associated with various fibroid characteristics [10].
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Randomized Clinical Trials

Felberbaum et al. [12] performed a prospective randomized phase 
II trial of cetrorelix for preoperative treatment in twenty premeno-
pausal patients. Each subject received 60 mg of intramuscular 
cetrorelix pamoate salt on day 2 of their menstrual cycle. Patients 
were then randomized to a second dose of either 30 or 60 mg of 
cetrorelix administered on day 21 in subjects with day 21 estradiol 
>50 pg/mL (n = 4), or on day 28. Outcome measures included 
weekly serum levels of gonadotropins, estradiol, progesterone, 
and cetrorelix. The authors also assessed volume of the 4 larg-
est fibroids and the uterus using weekly transvaginal ultrasound 
and pre- and post-treatment MRI. Sixteen patients completed the 
study.

By the end of treatment, MRI fibroid volume decreased by an 
average of 25% and ultrasound volume decreased by 33.46%. 
Of note, by 2 weeks on treatment, the mean shrinkage was 
31.3% by transvaginal ultrasound (TVUS). Mean reduction 
in fibroid size correlated positively with total cetrorelix dose: 
20.5%  ±  20% in subjects who received 90 mg versus 30.4%  
±  15.2% in subjects given 120 mg. All 16 patients exhibited 
maximum LH suppression to <2 mIU/mL and estradiol sup-
pression on day 7. Serum cetrorelix fell below levels required 
for pituitary suppression within 1 week of administration. 
There were no differences in uterine artery Doppler studies or 
leiomyoma estrogen-receptor expression between patients who 

demonstrated <20% decrease in fibroid or uterine volume com-
pared with patients with a more dramatic response. Eight sub-
jects reported hot flashes within the first 4 weeks. All subjects 
underwent surgical removal of their fibroids within 3 weeks of 
their final MRI.

In a double-blind randomized trial, Engel et al. [35] compared 
reduction in fibroid size in 109 premenopausal women treated with 
placebo (group 1), four weekly doses of 5 mg (group 2) or 10 mg of 
cetrorelix (group 3) and two doses of 10 mg every 14 days (group 
4). MRI was performed at the beginning of the study and on day 
29 of the treatment cycle. Pre- and post-treatment hemoglobin and 
hematocrit levels were also obtained. Among 107 patients who 
completed the study, the authors observed a mean decrease in 
uterine volume of 5.1% ± 32.1% in group 1, 15.6% ± 20.2% in 
group 2, 15.4% ± 34.6% in group 3 and 0.6% ± 30.6% in group 
4. Fibroid volume decreased by 2%, 9.2%, 14.3% and 21.9%, 
respectively. “Significant response,” defined as a decrease in 
uterine volume of at least 30%, occurred more often in group 4 
compared with group 1 (42.3% vs. 11.1%, p  < 0.05). Side effects 
included injection site reaction (two cases in treatment groups, one 
in the placebo group), hot flashes (two cases) and a single case of 
sleep disturbance. Hemoglobin levels did not significantly differ 
by treatment group, but showed a more favorable trend and were 
lower at the end of the study in group 4 compared with groups 2 
and 3. The treatment groups also reported greater improvements 

Hypothalamus

Pituitary

Ovary

Uterus/Fibroids

GnRH

LH
FSH

E2 P2

++ pro-apoptitic
factors

ECM components

GnRH receptors

GnRH receptor

FSH receptor

LH receptor

E2 receptor

P2 receptor

GNRH antagonist

LH
FSH

LH

FSH

FIGURE 12.2  Gonadotropins secretion in the anterior pituitary is stimulated by GnRH. Gonadotropins LH (luteinizing hormone) and FSH (follicle-
stimulating hormone) in turn stimulate production of estrogen and progesterone. GnRH antagonists reversibly bind to GnRH receptors and cause an 
immediate-dose-dependent decreases in LH and FSH, as well as a decrease in GnRH receptor expression. There is a resulting decrease in circulating 
estrogen and progesterone. They may also decrease the concentration of pituitary GnRH receptors [20]. In vitro studies suggest that GnRH antagonists also 
increase expression of pro-apoptotic factors in leiomyoma cells [21,22]; and downregulate gene expression of extracellular matrix components that modulate 
cell proliferation and leiomyoma bulk such as fibronectin and vesicant [23]. - - - - - Dashed lines signify receptor and hormone downregulation in the pres-
ence of GnRH antagonists. (red) indicates receptors with decreased activity following binding of GnRH antagonist.
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in symptoms of menorrhagia, dysmenorrhea, uterine pressure or 
pain and spotting compared with the placebo group.

Comparison to GnRH Agonists

GnRH agonists, such as leuprolide acetate (Lupron), activate 
the pituitary gland before they cause pituitary desensitization, 
leading to a gradual decline in estrogen levels after an initial 
stimulatory phase in which gonadotropin levels become supra-
physiologic [36]. As a result, it may take 4–8 weeks to achieve 
the desired suppression with GnRH agonists [37]. Furthermore, 
fibroids tend to grow back to their original size within 3–6 
months of discontinuing treatment.

Conversely, the literature indicates that GnRH antagonists 
induce near-immediate pituitary inhibition without initial stim-
ulation. They thus avoid the associated vasomotor symptoms 
and exacerbation of hormone-sensitive disease. Furthermore, it 
appears that fibroid shrinkage can occur in the absence of gonad-
otropin suppression, suggesting that GnRH antagonists function 
through alternative mechanisms. The change in fibroid echo-
genicity observed by Flierman et al. [34] implies that these agents 
affect fibroid tissue composition as well as size. Their dose-depen-
dent effect can be exploited to obtain the desired degree of sup-
pression while avoiding the adverse effects of hypoestrogenism 
[34]. Lastly, significant decrease in uterine and fibroid size can be 

achieved with short courses of treatment and may be a superior 
alternative for short-term preoperative fibroid suppression.

Directions for Future Research

Fibroid and hormonal response to GnRH antagonists can vary 
widely between individual women [31]. It also appears that 
fibroid size may diminish in the absence of pituitary suppression, 
or continue to grow in a hypoestrogenic environment [32,34]. 
Further study may elucidate what factors, if any, predict treat-
ment response. Additional investigation is needed to understand 
alterative pathways through which these agents affect fibroid size 
and/or tissue composition.

Currently available formulations of GnRH antagonists are 
injectable. Two orally administered GnRH antagonists, elagolix 
sodium (elagolix) and TAK-385 (Relugolix) have not yet been 
tested for treatment of fibroids but seem well-tolerated for other 
conditions [38,39]. Innovations in GnRH antagonists include tri-
als of oral nonpeptide formulations.

Lastly, fibroids create significant surgical burden, with over 
200,000 hysterectomies performed for this indication in 2010 
[40]. The results of at least one study [32] suggest that treatment 
with GnRH antagonists may eliminate or delay the need for sur-
gery. Further research is required to determine the duration and 
frequency of long-term suppressive effects and the side effects of 

TABLE 12.1

Amino Acid Sequences of GnRH Antagonists

Name Amino Acid Sequence

GnRH pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2

First Generation
Substitution of His at position 2 and Trp at position 3 of the GnRH protein sequence.
Hydrophilic, low potency, anaphylaxis

4F Ant NAc⊗1, 1Pro-D4FPhe-DTrp-Ser-Tyr-DTrp-Leu-Arg-Pro-GlyNH2

Second Generation
Substitution of D-arginine or other basic proteins at position 6.
Higher potency, anaphylaxis

Detirelix NACD2Nal-D4ClPhe-pTrp-Ser-Tyr-DHarg(Et2)-Leu-Arg-Pro-DAlaNH2

NalArg NACD2Nal-D4|FPhe-pTrp-Ser-Tyr-DArg-Leu-Arg-Pro-GlyNH2

Third Generation
Substitution of neutral D-ureidoalkyl amino acids for D-Arg at position 6.
Decreased allergenic effect

Abarelix NACD2Ala-D4ClPhe-DAla-Ser-Tyr-DAsp-Leu-Lys(iPr)-Pro-DAlaNH2

Antarelix NACD2Nal-D4ClPhe-D3Pal-Ser-Tyr-DHcit-Leu-Lys(Isp)-Pro-DAlaNH2

Antide (Iturelix) NACD2Nal-D4ClPhe-D3Pal-Ser-Lys(Nic)-DDLys(Nic)-Leu-Lys(Isp) Pro-DAlaNH2

Azaline B NACD2Nal-D4ClPhe-D3Pal-Ser-Aph(atz)-DAph(atz)-Leu-Lys(Isp)-Pro-DAlaNH2

Cetrorelix NACD2Nal-D4ClPhe-D3Pal-Ser-Tyr-DCit-Leu-Arg-Pro-DAlaNH2

Ganirelix NACD2Nal-D4ClPhe-D3Pal-Ser-Tyr-DHarg(Et2)-Leu-Hart(Et2)-Pro-DAlaNH2

Org30850 NACD4ClPhe-D4ClPhe-DBal-Ser-Tyr-DLys-Leu-Arg-Pro-DAlaNH2

Ramorelix NACD2Nal-D4ClPhe-DTrp-Ser-Tyr-DSet(Rha)-Leu-Arg-Pro-AzaglyNH2

NalGlu NACD2Nal-D4C7Phe-D3Pal-Ser-Arg-DGlut(AA)-Leu-Arg-Pro-DAlaNH2

Fourth Generation
A-75998 NACD2-Nal-D4ClPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Isp)-Pro- DAlaNH2

Ozarelix AcD2Nal-D4Cpa-D3Pal-Ser-NMe-Tyr-DHciNleArg-Pro-DAlaNH2
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long-term use. More randomized and sufficiently powered stud-
ies comparing different antagonists and dosing regimens, with 
representation from multiple ethnicities, are needed to ascertain 
the most effective treatment protocols.
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Role of Aromatase Inhibitors (AIs) and Selective Estrogen Receptor 
Modulators (SERMs) in the Treatment of Uterine Leiomyoma

Luis S. Noble and Diego Ramirez

Aromatase Inhibitors (AIs)

Background

Estrogen dependence is unquestionably the common denomina-
tor among uterine leiomyoma, endometriosis, adenomyosis and 
endometrial polyps. 17-β estradiol (E2) stimulates the growth 
and maintenance of these uterine and endometrial disorders. 
Uterine leiomyoma’s estrogen dependence is well understood; 
however, the intricate molecular mechanisms involving cell 
division under estrogen representation is complicated, to say 
the least. Decreased apoptosis and increased rate of mitosis-
stimulated cell division have been documented under estrogen 
influence; moreover, progesterone’s stimulation of the Kruppel-
like transcription factor 11 (KLF11) has been implicated as 
another of the molecular-mediated effects of E2 as well as pro-
gesterone [1–3].

E2 is primarily supplemented to uterine leiomyoma from the 
circulation of ovarian origin, stimulating the growth and simul-
taneously increasing the secretion of vascular endothelial growth 
factor (VEGF) by the myoma cells, which in turn enhances the 
delivery of estrogen in a refined synchronized fashion, promot-
ing leiomyoma growth and maintenance.

Bulun and Word et  al. in 1994 described the expression of 
the CYP19 gene and its product aromatase cytochrome P450 
(P450arom) in uterine leiomyoma. The presence of P450arom 
transcripts were also identified in myometria adjacent to the 
leiomyoma, whereas the expression of P450arom was absent in 
disease-free myometrium, describing for the first time the inher-
ent ability of uterine leiomyoma to locally synthesize estrone 
(E1) from circulating androstenedione. P450arom catalyzes 
the conversion of circulating C19 steroids to estrogens and is 
expressed physiologically in many human cells such as ovarian 
granulosa cells, syncytiothrophoblast of the placenta, testicular 
Leydig cells and adipose tissue [4]. The aberrant expression of 
aromatase in uterine leiomyoma and adjacent myometrium, as 
well as endometriosis and endometrial cancer, is stimulated by 
cAMP-dependent signaling pathway using primarily promoter II 
of the CYP19 gene, which is exactly the same ovarian promoter 
for P450arom expression [4–7].

The role of in situ E1 and possibly E2 production could pro-
mote tumor growth in a paracrine, autocrine or potentially 
intracrine fashion. In addition, E2 representation via increased 

estrogen and progesterone receptors has been well documented 
in uterine leiomyoma [8–10]. In simplistic terms, these neo-
plasms have immense resources to sustain accelerated growth 
under E2 influence.

Aromatase Inhibitor (AI) Types and Generation

There are only a few medical treatments for uterine leiomyoma 
that are proved to be effective. The data supporting the use of 
aromatase inhibitors (AIs) are scant; however, some of the results 
are promising. Aromatase inhibition can be accomplished by 
two subclasses of compounds: the ones that form an irrevers-
ible bound to aromatase (exemestane) and the ones that have 
reversible competition such as letrozole and anastrazole [11]. 
There are three generations of aromatase inhibitors (Table 13.1). 
Anastrazole and letrozole are the most commonly used in clini-
cal practice, resulting in 98%–99% suppression of aromatase 
activity [11].

Clinical Evidence of the use of AIs in Uterine Fibroids

Hilário et al. treated 20 premenopausal patients using anastra-
zole 1 mg/day for 12 weeks, resulting in a decrease of 9.2% 
of uterine volume and 32% reduction in symptoms (menstrual 
duration and dysmenorrhea). They also reported no altera-
tions in gonadotropin measurements, and group concluded that 
the use of anastrazole was effective; however, it was inferior 
to GnRH analogues [12]. In another study, Parsanezhad et al. 
randomized 70 premenopausal women who had a single fibroid 
5 cm or greater to treatment with either letrozole 2.5 mg a day 
or the gonadotropin release-hormone analogue (GnRHa) trip-
torelin (3.75 mg/month) for 12 weeks. They observed a statisti-
cally significant reduction in leiomyoma size in the letrozole 
group compared with the triptorelin (46% vs. 33%). In addition, 
serum E2 levels were significantly reduced in the triptorelin 
arm compared with letrozole; they concluded that there was 
rapid onset of action of the aromatase inhibitor with the avoid-
ance of the initial flare associated with GnRH analogues [13]. In 
another study, Gurates et al. treated 16 premenopausal women 
with uterine leiomyoma measuring 2 cm or greater using a 
higher dose of letrozole (5 mg daily) for 3 months, resulting 
in a 47% reduction in uterine leiomyoma size compared with 
baseline and a mean volume reduction of uterine size of 22% 
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[14]. In this particular study, the mean FSH and LH levels were 
noted to be statistically higher as the treatment advanced with 
a significant decrease in serum E2 levels [14]. In addition, there 
was a significant reduction in blood loss after 3 months of treat-
ment, with no apparent effect on lumbar bone density measure-
ments compared to baseline [14]. Shozu et al. presented a case 
report in a perimenopausal woman with large uterine fibroids 
and urinary retention where they used fadrozole 2 mg daily for 
8 weeks followed by 1 mg for 4 weeks, resulting in a significant 
improvement of symptoms and a volume reduction of 71% at 
12 weeks [15].

GnRHa use has been the gold standard in treating uterine 
leiomyoma; these agents have been shown to provide a sig-
nificant reduction in uterine size of 35%–65% [16]. GnRHa 
use has significant side effects derived from hypoestrogenism, 
including hot flashes, amenorrhea and significant bone loss with 
prolonged use. In contrast, based on the previously presented 
evidence, AIs have been shown to have a similar reduction in 
uterine volumes and leiomyoma size compared with GnRHa 
without the initial flare associated with GnRHa and secondary 
bone loss. The rapid onset of action (decreased E2 levels) of AIs 
may be advantageous over GnRHa. There are many questions 
that remain to be answered by further studies using AIs in the 
arena of pre-surgical treatment or as adjuvants to GnRHa; for 
example, using AIs for the first 4 weeks in order to minimize the 
flare of GnRHa, continuation of AIs to shorten the treatment of 

GnRHa or combining AIs with progestational agents for long-
term use.

In conclusion, the results of the studies using AIs appear to 
be promising; however, further randomized studies are nec-
essary to establish its indications in the treatment of uterine 
leiomyoma.

Selective Estrogen Receptor Modulators (SERMs)

Currently selective estrogen receptor modulators (SERMs) are 
more frequently used for the treatment of osteoporosis and breast 
cancer, with documented proven benefits [17]. Early generation 
SERMs such as clomiphene citrate have been used for ovulation 
induction in polycystic ovarian syndrome (PCOS) related infer-
tility. Newer SERM therapies have been developed for the treat-
ment of postmenopausal vasomotor symptoms in patients with 
an intact uterus and are also indicated in the treatment of vaginal 
atrophy and dyspareunia associated with hypoestrogenism. Most 
of the estrogen representation is mediated by either estrogen 
receptor (ER)-α or ERβ receptors [17–19]. SERMs are chemi-
cally diverse nonsteroidal compounds that belong to one of two 
different chemical families: the triphenylethylenes and the ben-
zothiophenes, with the exception of fulvestran (downregulator) 
that acts on the ligand binding domain (LBD) located in the ER 
carboxyl-terminal site, causing conformational changes which 
facilitate interactions as a co-activator or co-repressor proteins, 
and subsequently initiate or suppress the transcription of target 
genes [17–19]. Different types of SERMs can have both agonist 
and antagonist action in different target tissues; for example, 
tamoxifen has agonist action on bone and is an antagonist on the 
breast ERs and, in addition, it can also have an agonist effect on 
endometrial tissue.

The available components of SERMs being used today are 
summarized in Table 13.2.

TABLE 13.1  Aromatase Inhibitors Type

Type 1: Irreversible 
bound (steroidal)

Type 2: Competitive inhibition 
(nonsteroidal)

Generation:

1st Aminoglutethemide

2nd Fadrazole, Formestane

3rd Exemestane Anastrazole, Letrozole, Vorozole

TABLE 13.2  Summay of Available Components of SERMs Being Used Today

SERM Clinical Data Bone Breast Endometrium

Tamoxifen Invasive breast cancer risk reduction 49% vs. placebo. Endometrial CA 
risk vs. placebo (RR 2.53 95% CI 1.35–4.97) [20]

Agonist +antagonist Agonist

Clomiphene Antiestrogenic effect mostly in the hypothalamus, clinical indication is 
infertility [19].

Agonist N/A +antagonist

Raloxifene Increases bone density, lowers LDL, no significant effect on the 
endometrium vs. controls [21], no increased risks of endometrial CA (RR 
0.8 95% CI 0.2–2.7), reduced invasive breast cancer risk (RR 0.35 95% 
CI 0.21–0.58 vs. placebo) [20].

Agonist ++antagonist +antagonist

Basedoxifene No increase in endometrial thickness or endometrial CA risk. Blocked 
stimulatory effects of estradiol or conjugated estrogen (CE) in MCF7 
cells [20].

Agonist +++antagonist ++antagonist

Ospemifene Increased uterine weight in rats, despite in vitro antagonist effects in the 
endometrium [20]. Agonist effect in vaginal epithelium [20,22]

Agonist ++antagonist + antagonist

Arzoxifene Only in breast, no advantage over tamoxifen. Preclinical data showing 
atrophy in rat’s endometrium [20].

Agonist +antagonist +antagonist

Fulvestran Steroidal 
antiestrogen

Use in tamoxifen-resistant breast cancer [18,20]. A powerful antiestrogen, 
binding with high affinity to the ER, without agonist effect [18].

N/A ++++antagonist +++antagonist



73Role of Aromatase Inhibitors (AIs)

Clinical Evidence of the Use of SERMs in 
Uterine Leiomyoma

There is very limited experience in the use of SERMs as a treat-
ment for uterine leiomyoma, with a few trials showing modest 
benefits and others not showing any additional advantages, either 
as a single agent or add-back therapy to a GnRH agonist.

Clomiphene citrate has not been fully studied for the treatment 
of uterine leiomyoma; in one case report, a significant growth 
of a single leiomyoma was observed during treatment with this 
particular SERM [23]. Tamoxifen has also been largely avoided 
owing to its known agonist effect on the uterus/leiomyomas. On 
the other hand, because of its biological effects and pharmaco-
logic characteristics (please refer to Table 13.2), raloxifene has 
been the preferred choice among SERMs for the medical treat-
ment of uterine leiomyoma.

In postmenopausal women, Palomba et al. conducted a pilot 
study in 2002 that included 90 asymptomatic postmenopausal 
patients with uterine leiomyoma and divided them into three 
different arms: one group was treated with 60 mg of raloxifene 
daily, a second group used 180 mg daily and the third groups 
was a placebo group. They were treated for a total of six 28-day 
cycles, without any significant statistical difference in leio-
myoma size among the three groups [24]. In 2005, this same 
group conducted a prospective, randomized, double-blinded, 
placebo-controlled study that included 40 postmenopausal 
women selected for hysterectomy. They were randomized into 
two groups: one treated with raloxifene for a total of three cycles 
of 28 days each using a dose of 180 mg/day versus a placebo 
group. They concluded that after treatment, there was a statisti-
cally significant decrease in both uterine volume and leiomyoma 
size in the raloxifene group compared with baseline and placebo 
groups. After treatment, decrease in uterine and leiomyoma vol-
umes were −11.8 ± 6.3 cm3 and −17.4 ± 6.1 cm3, respectively, 

in the raloxifene group, and 1.6 ± 0.9 cm3 and 1.9 ± 1.1 cm3, 
respectively, in the placebo group. In addition, after hysterec-
tomy, they studied the proliferation and apoptotic indexes for 
the raloxifene and placebo groups. Leiomyoma cells and adja-
cent myometrial cells revealed evidence of antiproliferative and 
apoptotic effects in the raloxifene-treated group [22]. These 
studies summarize the limited experience in treating postmeno-
pausal women with SERMs.

In premenopausal women, Jirecek et al., in 2004, performed 
a prospective, randomized, open, controlled trial with 25 pre-
menopausal women with uterine leiomyomas, 13 of them treated 
with 180 mg of raloxifene a day for a total of 3 months versus a 
control group of 12 women with similar clinical characteristics 
without any medical intervention. They measured the volume 
of leiomyomas at 1 and 3 months via ultrasonography. In the 
raloxifene group, there was a statistically significant decrease 
in volume of 22.2% at the 3-month interval versus no signifi-
cant changes in the control group [25]. In addition, Palomba 
et al., in 2002, performed a prospective, single-blind, random-
ized, placebo-controlled trial evaluating the role of raloxifene 
in combination with a GnRH analogue in 100 premenopausal 
women, utilizing leuprolide acetate in combination with 60 mg 
of raloxifene and a control group using only leuprolide acetate 
with a placebo tablet. After six 28-day cycles, a statistically sig-
nificant difference in leiomyoma volume and size between the 
groups was observed compared with baseline; however, there 
was not any significant difference in GnRH vasomotor-related 
symptoms [26].

In conclusion, the data on the use of SERMs in both premeno-
pausal and postmenopausal women with uterine leiomyoma are 
scant, and more studies are needed to establish a clear role of 
these agents in the medical management of uterine leiomyomas, 
perhaps utilizing the new-generation SERMs. It appears that 
there may be a significant improvement in leiomyoma size with 
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the use of raloxifene; however, the evidence suggests the use of 
higher doses (180 mg/day) in order to be effective. Although sig-
nificant adverse reactions were not reported in any of these stud-
ies, it is important to be aware of the potential serious side effects 
of this medication at this dosage, such as thromboembolic phe-
nomena specifically in postmenopausal patients. Furthermore, 
the use of raloxifene in combination with a GnRH analogue 
did not reveal improvement in symptomatology associated with 
hypoestrogenism during treatment.
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Tranexamic Acid (TA)

John Storment and Camille Storment

Introduction

There are several options for the treatment of fibroids, including 
surgery (hysterectomy or myomectomy) and medical manage-
ment. Medical management includes hormonal therapies such 
as gonadotropin-releasing hormone (GnRH) agonists, and non-
hormonal therapies (nonsteroidal anti-inflammatory drugs and 
tranexamic acid) [1].

Choosing the best option of medical management should be 
based on the patient’s medical history, symptoms and reproductive 
plans. The goals of treatment include symptom relief, reduction 
of fibroid size and the improvement or maintenance of fertility. 
Because fibroids are most often benign, the most conservative 
treatment approach should be considered. Treatment should be 
used to maximize symptom relief with the fewest side effects.

Medical management may be used in women wishing to 
preserve their fertility or for women approaching menopause 
who wish to avoid surgical intervention. For women requiring 
surgery, medical therapy may still be recommended preopera-
tively to minimize blood loss. In general, medical management 
can be classified into hormonal and nonhormonal treatment. 
Hormonal therapies reduce fibroid growth and symptoms by 
blocking the hormonal receptors in fibroid cells and reducing the 
levels of estrogen and progesterone circulating throughout the 
fibroid tissue [1]. Nonhormonal therapies, such as nonsteroidal 
anti-inflammatory drugs and tranexamic acid, have also demon-
strated effectiveness in decreasing menstrual blood loss (MBL).

Data show the presence of extensive fibrinolysis in the men-
strual blood of women with heavy menstrual bleeding [3]. 
This has prompted investigation into the use of antifibrinolytic 
agents to decrease menorrhagia by increasing clot formation 
[4,5]. Activation of the clotting cascade occurs at the site of tis-
sue injury. It involves the formation of thrombin, which cleaves 
fibrinogen to fibrin and produces hemostasis. Dissolution of this 
clot is then activated by fibrin in an effort to keep the vessel 
open. Fibrinolysis occurs when plasminogen (trapped within the 
clot) binds to lysine, resulting in a degradation of the fibrin clot. 
Excessive fibrinolysis can be prevented by tranexamic acid (TA) 
keeping the clot more stable [6]. TA, a synthetic derivative of the 
amino acid lysine, binds to plasminogen and blocks the interac-
tion of plasmin with fibrin, thereby preventing clot dissolution 
[6]. Although its mechanism of action raises concern about an 
increased risk of thrombosis, this association has not been seen 
in clinical trials [7].

Management of Heavy Menstrual Bleeding

TA is available in the United States in oral or injectable form. The 
modified release oral form (Lysteda, Ferring Pharmaceuticals 
Inc., NJ), is approved by the US FDA for the treatment of cyclic 
heavy menstrual bleeding [8]. The injectable form, Cyklokapron, 
is indicated in patients with hemophilia for short-term use (2–8 
days) to reduce or prevent hemorrhage and reduce the need for 
replacement therapy during and following tooth extraction [9]. 
Outside of the US, TA has been used to decrease bleeding in 
other surgical specialties. This chapter will focus primarily on 
the use of oral TA for heavy menstrual bleeding (HMB) due to 
fibroids.

The primary cause of HMB in patients with fibroids is a 
change in the venous structure of the myometrium and endome-
trium, whereby the fibroids cause venule dilation [10]. This leads 
to venous compression and local release of vasoactive growth 
factors, which contribute to increased vascularity of the leiomy-
omatous uterus. As vessel caliber increases, the normal hemo-
static actions of platelets and the fibrin plug decreases [11].

TA has been shown to decrease mean menstrual blood loss 
(MBL) in women with and without uterine fibroids, in theory due 
to its impact on the coagulation cascade as a competitive plas-
min inhibitor [5]. Eder et al. evaluated 371 women with HMB 
(including 147 with fibroids) over 3 months. They demonstrated 
a significant reduction in MBL compared with placebo, with the 
greatest reduction in MBL among women with fibroids. TA was 
well tolerated with minimal side effects.

It is unclear whether TA also decreases menorrhagia in 
patients with fibroids by other mechanisms. Lakhani et  al. 
evaluated the effect of TA on vascular resistance in women 
with fibroids. The control group (women with DUB but without 
fibroids) demonstrated reduced impedance (measured via resis-
tance index and pulsatility index with ultrasound) with TA, but 
the women with fibroids showed no drop in impedance. This 
may indicate that TA does not directly affect uterine vascular 
resistance but, rather, impacts the fibroid by its antifibrinolytic 
activity [7]. Further, myomas in women treated with TA dem-
onstrate increased necrosis. Ip et al. [18] assessed the histologic 
features of fibroids in women receiving TA. They concluded that 
TA induced necrosis of fibroids, with larger fibroids being more 
prone to necrosis. This may contribute to an increase in post-
treatment pain or low-grade fever, but this has not been consis-
tently seen in clinical trials.
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Perioperative Management

TA has also been evaluated as a means to decrease periopera-
tive blood loss in different types of surgery. Reduction in blood 
loss has been demonstrated in cardiac surgery, liver transplant 
surgery and oral surgery, as well as some gynecologic surgeries 
(such as cold knife conization) [19]. However, for women under-
going abdominal myomectomies, the benefit of preoperative 
TA has not been as evident [20]. In a prospective, randomized, 
double-blind, placebo-controlled trial, Caglar et al demon-
strated no reduction in perioperative blood loss or hemoglobin 
levels. In a subgroup analysis of these data, they showed that 
TA may decrease blood loss in women with fibroids >6 cm, 
but this warrants further study. A more recent study evalu-
ated intravenous TA as an adjunct to vasopressin in a random-
ized, double-blind, placebo-controlled trial and confirmed that 
although a decrease in blood loss was seen, it was not statisti-
cally significant [21].

In women with symptomatic fibroids who are attempting 
pregnancy, it is often recommended to proceed with surgical 
intervention because of the impact the fibroid may have on 
the pregnancy itself. For those patients with small fibroids or 
in patients where surgery is contraindicated, it is reasonable to 
recommend TA to help control their symptoms of menorrhagia 
while still attempting conception. Although it has not been stud-
ied, oral TA should be safe to take even for patients undergoing 
fertility treatments given its short half-life and mechanism of 
action. Regardless of the exact mechanism, it is clear that TA 
decreases the hyperfibrinolysis seen in women with HMB [22]. 
This results in a more stable and prolonged fibrin-based clot, 
thereby decreasing menstrual volume. It offers a safe, well-tol-
erated, nonhormonal option to decrease MBL for patients with 
or without fibroids.

Pharmacology

The most commonly prescribed and studied regimen for oral 
TA (in women with normal renal function) is two 650 mg tab-
lets taken three times daily (3900 mg/day) for a maximum of 5 
days during monthly menstruation [8]. TA may be administered 
without regard to meals. In women with impaired renal function, 
dosing adjustments should be made [16]. TA is contraindicated 
in women with active thrombosis or a history of thrombosis. 
Concomitant use with oral contraceptives should be avoided 
[14,17]. Most studies on the effect of TA on reducing menstrual 
blood loss have led to good results in patients with and with-
out leiomyomas [1]. Compared with placebo, TA has much bet-
ter success in reducing menstrual blood loss with minimal side 
effects, such as headaches, allergies and discomfort, in only a 
small percentage of patients [2].

The innovative, modified-release TA formulation results in 
controlled dissolution of the drug, which reduces the gastrointes-
tinal side effects. Phase I studies show both formulations (imme-
diate release and modified release) to be bioequivalent [12]. It is 
available as a 650 mg oral tablet. Two studies have demonstrated 
TA to be an effective nonhormonal treatment for HMB [7,13], 
and long-term data have demonstrated the tolerability of TA, 

with the most frequent side effects being headache, nasal and 
sinus symptoms and back pain [15].

Summary

Tranexamic acid is a safe treatment for heavy menstrual bleed-
ing in patients with uterine fibroids. It is a reasonable option for 
patients planning hysterectomy or myomectomy to allow time to 
improve preoperative anemia. Tranexamic acid may prevent the 
need for surgical removal of leiomyomas by controlling heavy 
menstrual bleeding associated with fibroids without negatively 
affecting fertility.
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15
Alternative Therapies in the Treatment of Uterine Leiomyoma

Anatte E. Karmon

Despite the high prevalence of uterine fibroids in reproductive-
age women, surgery remains the mainstay of treatment while 
medical and alternative therapies are less well described in the 
literature [1,2]. Although hysterectomy and myomectomy are 
common and highly effective treatments for fibroid disease, both 
can be morbid procedures and, in the case of hysterectomy, pre-
clude future childbearing.

Data on the use of “complementary,” “alternative” or “holis-
tic” treatments for fibroid disease are extremely scant. However, it 
behooves all clinicians caring for women with fibroids to familiar-
ize themselves with such therapies and their possible mechanisms of 
action, as their use is not uncommon. Among a cohort of 933 women 
with symptomatic uterine fibroids, 34% of women reported using 
diet as a treatment, 37% reported using herbs and 16% reported using 
acupuncture [1]. A summary of alternative treatments is provided in 
Table 15.1. The purpose of this chapter is to familiarize the reader 
with the availability of alternative therapies and limited data support-
ing the use of alternative therapies for the treatment of fibroid disease.

Vitamin D and Fibroid Disease

The biologically active form of vitamin D (1α,25-
dihydroxyvitamin D) is a lipid-soluble hormone with both 
genomic and nongenomic effects [3]. Its steroid-like activity reg-
ulates the expression of a variety of genes, including some that 
are classically involved with malignant transformation. By inhib-
iting cellular proliferation, differentiation and growth, vitamin D 
may reduce cancer risk [3–5]. Numerous studies have suggested 
that vitamin D deficiency is a risk factor for fibroids [6–8], and 
it is hypothesized that higher prevalence of vitamin D deficiency 
in African Americans may be part of the reason as to why these 
women are two to three times more likely to have fibroids as 
compared with Caucasian women [9]. Several polymorphisms 
associated with vitamin D levels on genome-wide association 
studies (GWASs) have been identified, and a recent study related 
the presence of such polymorphisms to risk of uterine leiomyoma 
among women who self-identify as black [9].

Given that vitamin D is most likely involved in fibroid patho-
genesis, it follows that supplementation with vitamin D or its ana-
logues may be a promising treatment for fibroid disease. Vitamin D 
has been shown to inhibit cell proliferation in an in vitro leio-
myoma cell line [10] and has also been demonstrated to reduce 
fibroid size in the Eker rat model [11]. Maintenance treatment of 
vitamin D deficiency with 1500–2000 IU of vitamin D daily is 
low cost and carries little risk of toxicity [12,13]. Randomized 
controlled trials investigating the efficacy of vitamin D therapy 

for human uterine leiomyoma are needed before any clinical rec-
ommendations can be made.

Dietary Exposures in Fibroid Pathobiology and 
Treatment

Although little is known about the impact of diet on uterine leio-
myoma, the use of supplements and dietary modifications to 
treat fibroids and their symptoms is not uncommon [1]. Dietary 
fat is positively correlated with plasma estrone [14], and studies 
investigating the role of dietary fat in hormone-sensitive condi-
tions (i.e., endometriosis and endometrial cancer) have generally 
shown a positive association between high dietary fat and disease 
risk [15,16]. However, few studies have investigated the relation-
ship between uterine leiomyomas, which are hormone-sensitive 
tumors, and dietary fat [17–19]. A prospective study on fat intake 
and risk of fibroids demonstrated an increased incidence of uterine 
fibroids among women with higher intakes of long-chain omega-3 
fatty acids, although no association with total fat intake was seen 
[19]. The authors suggested that the relationship between omega-3 
fatty acids and fibroids might be explained by chance, omega-3 
fatty acids in general or the endocrine-disrupting chemicals found 
in some fish [19]. Other studies have not demonstrated a consis-
tent association between fat and uterine leiomyoma [17,18].

On the other hand, low dairy intake may be associated with 
increased risk for uterine leiomyoma [20,21]. The physiologic 
mechanism behind this relationship is unknown but could be 
related to the high levels of vitamin D and calcium in dairy 
products, both of which reduce cellular proliferation [3,20,22]. 
Although black women are more likely to report lactose intoler-
ance, avoid dairy products and suffer from fibroids compared with 
women with European ancestry [23,24], controlling for ancestry 
does not appreciably change the relationship between dairy intake 
and uterine leiomyoma. Moreover, a dose–response relationship 
between dairy intake and leiomyoma risk has been described [20].
Caffeine and alcohol have been shown to affect hormone pro-
files and reproductive outcomes in both men and women [25–28], 
although data regarding their impact on fibroids are limited. In 
terms of alcohol consumption, both positive [29,30] and null 
associations [17] with uterine leiomyoma have been reported in 
the literature. The mechanism for a positive association could 
involve alcohol’s relation with higher levels of estrogen [27], a 
hormone known to promote fibroid growth. Interestingly, beer 
was shown to have a stronger association with leiomyoma risk 
compared with wine or liquor [30]. The authors hypothesized that 
this could be related to the presence of a phytoestrogen in beer, 
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8-prenylnarigenin, which has been demonstrated to stimulate the 
growth of in vitro breast cancer cell lines [30,31]. Although few 
studies have been conducted on the topic, overall caffeine con-
sumption does not appear to be related to fibroid risk [17,30]. 
One study reported a positive association between leiomyoma 
risk and caffeine intake ≥500mg/day among women <35 years 
old, although overall association with caffeine was null [30].

Supplements and Treatment of Fibroid Disease

The use of supplements for the treatment of uterine leiomyoma 
or its symptoms is not uncommon in North America. In a recent 
study conducted in the San Francisco Bay area, 37% of partici-
pants with symptomatic uterine fibroids reported using herbs to 
treat their symptoms, and of these women, 38% reported feeling 
“a lot better” after their use and <5% reported bothersome side 
effects [1]. In other parts of the world, traditional medicines are 
often used alone or in conjunction with Western medicines to treat 
symptomatic uterine fibroids. Numerous such alternative treat-
ments have been described in the literature, ranging from various 
herbal mixtures used in Chinese medicine [32,33] to the utilization 
of pangolin carcasses in traditional Yorubic medicine [34].

Curcumin, a food additive that has been used as a spice and 
a medicine, may hold antiproliferative properties, making it 
potentially useful as a treatment for fibroid disease. Through its 
impact on a number of molecular signaling pathways, curcumin 
has been shown to induce apoptosis, promote wound healing and 
regulate cellular growth [35–37]. The prevalence of its use and 
the in vivo effectiveness of curcumin in treating uterine leiomy-
oma are not known, although in vitro studies suggest it could be 
a promising therapy. In their study utilizing human fibroid cell 
lines, Malik et al. demonstrated that curcumin exposure inhib-
ited cellular proliferation and also upregulated total caspase 
activity, enzymes that are key players in apoptosis initiation [38]. 
The expression of fibronectin, an extracellular matrix protein 
upregulated in fibroid tissue compared to myometrium [39], was 
decreased among fibroid cells exposed to curcumin [38].

Lycopene, a carotene found in certain red fruits and vegetables 
including tomatoes, is an antioxidant with antineoplastic proper-
ties [40]. Higher intake of tomato products is negatively associ-
ated with certain cancers, including those of the prostate, cervix 
and ovary [41]. The tumor-suppressive mechanisms of action for 

lycopene and tomato products are unclear but may involve an 
impact on cell cycle regulatory proteins and/or modulation of 
oxidative DNA damage [40]. Studies done in the Japanese quail, 
an animal model for uterine fibroids, demonstrate decreased 
incidence of leiomyoma among quails supplemented with lyco-
pene [42] and tomato powder [40]. Whether lycopene or tomato 
powder supplementation will prove an effective treatment for 
fibroids in humans has yet to be elucidated.

Aromatase inhibitors, such as letrozole and anastrozole, are 
currently used as adjunctive treatments for estrogen-sensitive con-
ditions such as breast cancer, endometriosis and uterine fibroids. 
As potent inhibitors of estrogen in a variety of tissues, aromatase 
inhibitors are excellent medical therapies for those patients in 
whom gonadotropin-inhibiting agents are less than ideal, such as 
postmenopausal patients with minimal ovarian estrogen produc-
tion. They can also be used in combination with gonadotropin-
inhibiting agents to magnify their estrogen-suppressing effects or 
eliminate the estrogen “flare” accompanying gonadotropin-releas-
ing hormone agonists at initiation of treatment [43]. Owing to their 
undeniable success at inducing a hypoestrogenic state, aromatase 
inhibitors often elicit bothersome, as well as serious, side effects 
such as bone loss and hot flashes [44,45]. Natural compounds with 
aromatase inhibition activity offer the possibility of suppressing 
estrogen with fewer side effects [46], although data on their clini-
cal use are limited. One such compound reported in the literature 
is grape seed extract. Through the inhibition of aromatase activ-
ity and expression, grape seed extract has been shown to reduce 
tumor growth in a breast cancer xenograft model [47]. However, a 
study evaluating the impact of freeze-dried grape powder supple-
mentation on the hormone levels of 18 postmenopausal women did 
not demonstrate a significant difference in levels pre- and post-
treatment [48]. As with other supplements of interest, clinical tri-
als are needed to determine the utility of grape seed extract as a 
treatment specifically for uterine leiomyoma.

Treatment of Fibroid Disease and Symptoms with 
Acupuncture and Traditional Chinese Medicine

Traditional Chinese medicine (TCM) therapies and acupuncture 
are reportedly commonly used as treatments for symptomatic 
uterine fibroids, although the exact prevalence in the Western 
world is unknown [49]. In Taiwan, a study of 35,786 women with 

TABLE 15.1

Select Alternative Therapies in the Treatment of Fibroid Disease

Therapy or Intervention Possible Mechanism of Action References

Vitamin D Inhibition of cellular proliferation, differentiation and 
growth

Baird et al. [6], Paffoni et al. [7], Sabry et al. [8], Wise et al. 
[9], Blauer et al. [10], Halder et al. [11]

Decreased fat intake Decreased estrone level Chiaffarino et al. [17], Nagata et al. [18], Wise et al. [19]
Increased dairy intake Increased vitamin D and calcium intakes Wise et al. 2010 [21], Wise et al. 2013 [20]
Decreased alcohol intake Decreased estradiol levels, decreased 8-prenylnarigenin 

(a phytoestrogen)
Wise et al. [30], Marshall et al. [29], Chiaffarino et al. [17]

Curcumin Induction of apoptosis, promotion of wound healing, 
regulation of cellular growth

Malik et al. [38]

Lycopene Regulation of the cell cycle, modulation of oxidative 
DNA damage

Sahin et al. 2007 [40], Sahin et al. 2004 [42]

Chinese herbs—Guizhi Fuling formula Unknown Liu et al. [51], Chen et al. [32]
Acupuncture Immune system and neurohormone modulation Zhang et al. [54], Cakmak et al. [56], Habek et al. [55]
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newly diagnosed fibroids reported that the majority of their sub-
jects (87.1%) had visited TCM clinics. Among those who utilized 
TCM, 61.8% used herbal remedies [50].

Descriptions on the usage and effectiveness of TCM on fibroid 
disease are present mainly in Chinese literature. However, quality 
clinical trials are few in number. In addition, because TCM tailors 
herb combinations to the symptoms of a specific individual [49], 
designing randomized controlled trials true to TCM principles can 
be challenging. Nonetheless, practitioners should be aware of the 
more common TCM therapies and the data supporting their use.

A Cochrane review published in 2013 evaluated 21 random-
ized trials investigating Chinese herbal preparations for the 
treatment of uterine fibroids [51]. Because of the limited data and 
high possibility of bias in most of the included trials, there is 
not enough evidence to draw any firm conclusions on the safety 
and efficacy of treatment. Of note, compared to mifepristone 
treatment, Tripterygium wilfordii extract supplementation was 
associated with a greater reduction in fibroid volume and uterine 
size, and the Guizhi Fuling herbal formula plus mifepristone was 
associated with a greater reduction in fibroid volume compared 
with mifepristone alone [51].

The Guizhi Fuling herbal formula is one of the most com-
mon TCM treatments for uterine fibroids [32,50] and consists of 
Ramulus Cinnamomi, Poria, Semen Persicae, Radix Paeoniae 
Rubra or Radix Paeoniae Alba and Cortex Moutan [32]. A system-
atic review of randomized clinical trials (all conducted in China 
and published in Chinese) suggested that the Guizhi Fuling for-
mula may be of benefit in reducing fibroid volume and treating dys-
menorrhea, although, again, the included trials are of poor quality. 
No trial reported serious adverse events [32]. The TCM-described 
mechanisms of action of the Guizhi Fuling formula include blood 
invigoration, stasis dissolution and resolution of masses [32]. The 
potential molecular mechanisms of action are unknown.

Acupuncture, having been practiced in Asia for more than 
4000 years, is primarily a TCM treatment, involving needling 
particular points of the body. Variations of this practice have 
arisen and include acupressure (applying pressure on acupuncture 
points with fingers or devices) and electroacupuncture (utilizing 
electrical current to enhance the effects of traditional acupunc-
ture) [52]. In TCM terms, acupuncture works by normalizing 
energy flow through the body’s meridians. According to this 
theory, symptoms arise from obstruction of these energy path-
ways [53]. In terms of Western science-based mechanisms, it has 
been proposed that acupuncture may modulate immune system 
activity through an impact on cytokines. In addition, acupuncture 
may affect the release of neurohormones such as endorphins [52]. 
Although the use of acupuncture to treat fibroid disease may not 
be uncommon (16% of surveyed subjects in one study [1]), very 
limited data exist on its effectiveness. A Cochrane review pub-
lished in 2010 sought to include all randomized controlled trials 
on the topic. After reviewing available literature, no trials met the 
inclusion criteria [54]. A few case reports have demonstrated ben-
eficial results of acupuncture on fibroid size and bleeding [55,56]; 
however, clinical trials are needed to confirm these findings.

Despite the lack of quality data regarding the utilization of alter-
native therapies to treat fibroid disease, their use is common in North 
America and abroad [1,49,50]. Although numerous proven therapies 
for uterine leiomyoma exist, there is clearly a place for these less-
well-studied alternative treatments. Future investigations should 
focus on elucidating the efficacy and safety of these therapies.
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Just three decades ago, the therapeutic options available to women 
with symptomatic uterine fibroids were limited to hysterectomy 
and abdominal myomectomy (performed via laparotomy; also 
referred to as open myomectomy). Currently, there are several 
uterine-sparing treatment modalities available, including medi-
cal treatments for uterine fibroids, conventional and robot-assisted 
laparoscopic myomectomies [1,2], vaginal and hysteroscopic myo-
mectomies [3], uterine artery embolization (UAE) [4] and mag-
netic resonance-guided focused ultrasound surgery (MRgFUS) 
[5]. However, each of these treatment options have limitations pre-
cluding universal application in all patients with myomas. The size 
and number of fibroids dictate the surgical approach to myomec-
tomies in most cases. Additionally, skilled surgeons are required 
for most laparoscopic and vaginal myomectomies. Likewise, even 
though UAE is widely used in the US and Western Europe, it is 
associated with a range of complications, including abnormal 
placentation in subsequent pregnancies. Since data regarding fer-
tility outcomes after the procedure are still limited, UAE is not 
currently recommended for women who may desire to conceive 
[6]. Similarly, even though MRgFUS is noninvasive, it requires 
sophisticated technology that is provided in few medical centers 
and outcome data, including pregnancy, are lacking.

Hence, with all its perceived potential drawbacks that include 
surgical invasiveness, excessive perioperative blood loss, risk of 
infection and adhesion formation, conventional abdominal myo-
mectomy still remains the primary method for conservative treat-
ment for symptomatic uterine fibroids. Moreover, because of the 
recent safety concerns regarding the use of laparoscopic power 
morcellation [7], larger abdominal wall incisions are required for 
the delivery of intact myomas, making conventional abdominal 
myomectomy relevant again.

Preoperative Assessment

Abdominal myomectomy is typically performed in women with 
intramural or subserosal fibroids. Intracavitary fibroids may also 
be removed during abdominal myomectomy. However, a hystero-
scopic approach is the procedure of choice for such lesions, given 
that it is a very minimally invasive procedure with a faster recovery 
and less perioperative morbidity, as well as no compromise of myo-
metrial integrity which could potentially increase the risk of uterine 
rupture during pregnancy. Appropriate candidates for abdominal 
myomectomy are women with the following characteristics:

	 1.	 Very large symptomatic fibroid(s) where conventional or 
robot-assisted laparoscopic myomectomy is not feasible.

	 2.	 Submucosal fibroids where the majority of the fibroid is 
intramural and not amenable to hysteroscopic resection.

	 3.	 Where a laparotomy is required to treat other intra-
abdominal pathology other than the fibroid.

In cases where an abdominal myomectomy has been deemed the 
best option, it is important that the woman is counseled appro-
priately and the reason for choosing a non-minimally invasive 
procedure is explained.

Imaging

Aside from a thorough history and physical examination, women 
who are planning to undergo myomectomy should undergo imag-
ing to help determine the best surgical approach, including ruling 
out other incidental findings that may impact surgical planning. 
Imaging with pelvic ultrasonography is typically sufficient for 
women undergoing abdominal myomectomy [8]. Magnetic reso-
nance imaging (MRI), however, is considered the best modality 
for visualizing the number, size and location of all fibroids when 
a minimally invasive procedure is planned as it may be difficult or 
impossible to locate the presence of small and/or deep myomas by 
palpation. Furthermore, MRI may help distinguish myomas from 
uterine sarcomas and adenomyomas [9].

Laboratory Evaluation

Since myomectomy carries a risk for significant blood loss, a base-
line complete blood count is suggested for all patients. Given that 
abnormal uterine bleeding is one of the most common symptoms 
of uterine cancer, as well as benign myomas, endometrial sampling 
should be considered, especially in women >35 years or those who 
have risk factors for uterine cancer. Serum lactate dehydrogenase 
(LDH) levels and its isoenzymes may also aid in the diagnosis of 
leiomyosarcoma when a high suspicion exists [10].

Prophylactic Antibiotics

Abdominal myomectomy is considered a clean procedure since 
it does not involve a vaginal or intestinal incision. The American 
College of Obstetricians and Gynecologists (ACOG) has advised 
that prophylactic antibiotics not be used for such procedures [11]. 
Others, including the authors, disagree based on the rationale 
that the surgical-site infection risk is similar to hysterectomy, 
for which antibiotics are universally recommended [12,13]. Also, 
the blood-filled myometrial dead spaces following excision of 



83Laparotomy for Surgical Treatment of Uterine Fibroids

myomas provide an excellent environment for bacterial growth. 
Finally, it may reduce the urge to consider antibiotic treat-
ment for the self-limited postoperative fever so common after 
myomectomy.

Preoperative Anemia

Women with symptomatic fibroids often have heavy menstrual 
bleeding leading to chronic blood loss anemia. Any preexist-
ing anemia should be corrected prior to surgery by iron therapy. 
Amenorrhea may also be induced with leuprolide acetate or contin-
uous oral contraceptives to facilitate correction of anemia. Women 
at high risk should have their blood cross-matched for the procedure.

Surgical Measures and Techniques

Abdominal myomectomies are typically performed under gen-
eral anesthesia, though some may be performed under regional 
anesthesia. The basic principles involved in the procedure are:

	 1.	 Decision of appropriate skin and fascia incision for 
adequate exposure

	 2.	 Application of measures to reduce blood loss (discussed 
in Chapter 24)

	 3.	 Appropriate uterine incision(s)

	 4.	 Removal of the fibroid

	 5.	 Closure of defect

	 6.	 Application of measures to reduce postoperative adhe-
sions (discussed in Chapter 25)

The patient is placed in the dorsal lithotomy position with no 
hip flexion. This allows access to the uterine manipulator, which 
is inserted in order to manipulate the uterus, perform transcervical 
chromotubation for documentation of tubal patency and to help 
delineate the endometrial cavity for preventing inadvertent entry.

Decision of Appropriate Skin and Fascia 
Incision for Adequate Exposure

The type and size of the skin incision is paramount for opti-
mizing surgical exposure during an abdominal myomectomy. 
Traditionally, transverse suprapubic skin incisions are made for 
smaller uteri while vertical midline incisions (infraumbilical or 
those extending more cephalad to the umbilicus) are reserved for 
larger uteri. The fascial incision is equally important. The fascia 
is always incised vertically with vertical midline skin incisions 
to provide maximum exposure (Figure 16.1). There are, however, 
several options for incising the fascia in cases where a transverse 
suprapubic skin incision is made.

The most common incision is the classic Pfannenstiel incision 
(Figure 16.2). A transverse skin incision 2–5 cm above the pubic 
symphysis, usually around 8–15 cm in length, is made. After the 
skin is entered, the incision is carried through the subcutaneous 
tissue to the anterior rectus sheath, which is incised transversely. 
The upper and lower fascial edges are grasped with a clamp, 
elevated and dissected bluntly and sharply off of the underlying 
rectus muscles. The rectus muscles are separated along the mid-
line raphe. The peritoneum is next incised vertically.

A Maylard incision (also known as the Mackenrodt incision) 
is also a transverse incision through the skin and fascia but the 
fascia is NOT separated from the rectus muscles (Figures 16.3 
and 16.4). The deep inferior epigastric vessels are identified at 
the lateral undersurface of the muscles, clamped, transected and 
suture ligated. The rectus muscles are then incised transversely 

FIGURE 16.1  A midline incision with vertical skin and fascial incision. 
This type of incision is usually reserved for extremely large fibroids and 
women with a prior midline incision.

FIGURE 16.2  Pfannenstiel incision is the most commonly used incision 
for pelvic surgery. The skin and fascia are incised transversely. The fascia 
is dissected off of the rectus muscles and the muscle bellies are separated in 
the midline. The peritoneum is incised vertically.
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with electrocautery. The peritoneum is also incised transversely. 
The skin, fascia and peritoneum can all be extended from one 
anterior iliac spine to the other, affording outstanding exposure 
enabling even the largest myomas to be removed without having 
to resort to a vertical incision.

A Küstner incision also begins with a transverse suprapubic 
skin incision. Subcutaneous tissue is separated from the rectus 
sheath in a vertical plane to reveal the linea alba (Figure 16.5). 
The fascia and peritoneum are both incised vertically in the mid-
line. The authors prefer to use this incision for minilaparotomy 
(∼4–6 cm) as it provides optimal exposure with the disposable 
round self-retaining wound retractors; Mobius (CooperSurgical, 
Inc, Trumbull, CT) and Alexis (Applied Medical, Rancho Santa 
Margarita, CA).(Figure 16.6). Like the Maylard incision, it is a 
good choice in patients with a prior Pfannenstiel incision since 
it avoids the difficulty that is often encountered when trying to 
dissect the adhesions between the rectus fascia and muscles. 

Despite the small incision, large myomas can be removed 
(Figure 16.7).

In order to reduce the risk of organ injury with peritoneal entry, 
a 5 mm laparoscope may be inserted in the right upper quadrant 
(Palmer’s point) in cases in which significant pelvic adhesions 
are anticipated. Additionally, laparoscopic lysis of adhesions is 
often easier, especially with a minilaparotomy incision.

Applications of Measures to Reduce Blood Loss

Various modalities can be used to decrease blood loss at the time 
of myomectomy. These are discussed in detailed Chapter 24.

FIGURES 16.3  Maylard incision gives more exposure than a Pfannenstiel 
incision. The skin and fascia are incised transversely. The epigastric vessels 
are identified, clamped, cut and ligated. The rectus muscles are cut trans-
versely and the peritoneum is also incised transversely.

FIGURE 16.5  The Küstner incision utilizes a transverse skin incision but 
the fascia and peritoneum are incised vertically. The authors use this inci-
sion for minilaparotomies.

FIGURE 16.6  The round self-retaining wound retractor provides good 
exposure with the Kustner incision.

FIGURES 16.4  The peritoneum is also incised transversely. The incision 
may be extended laterally to the iliac spines to provide excellent access for 
large uteri through a low transverse incision.
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Appropriate Uterine Incision(s)

The uterine incisions are dependent on the number, location and 
size of the fibroids and their proximity to the fallopian tube and 
the uterine vasculature. The incision should be placed to enable 
the removal of as many myomas as possible without causing 
excessive myometrial damage. The authors prefer transverse inci-
sions which run parallel to the myometrial vasculature to dimin-
ish bleeding. Vertical uterine incisions may be selected in cases 
where lateral extention may damage the fallopian tubes or uter-
ine vessels. Multiple incisions are sometimes needed but should 
be kept to a minimum. Anterior incisions are generally preferred 
to posterior ones based on limited evidence that they may reduce 
postoperative adhesion [14]. The incision is carried through the 
myoma capsule and into the myoma itself (Figure 16.8).

Removal of Fibroid

The fibroid is gently elevated with a single tooth tenaculum, 
myoma screw or perforating towel clamps while pushing the 

myoma capsule down off of the lesion. A scalpel or unipolar 
electrode may also be used to divide adherent capsule fibers to 
help enucleate the myoma (Figure 16.9). As more of the myoma 
is exposed, the clamps are advanced toward the myoma base and 
the dissection continues until the specimen is completely excised. 
Depending on the size of the myoma, it can either be removed 
from the pelvis intact or morcellated above the skin incision if 
too large to be delivered through the minilaparotomy. Very large 
fibroids may be morcellated in situ within the myometrium using 
a scalpel to facilitate complete removal (Figure 16.10).

Closure of the Defect

Following the removal of the myomas, the myometrial defects are 
closed in layers with 1 or 0 delayed absorbable suture. The goals 
are to prevent an inherent weakness of the uterine wall, as well as 
to eliminate any dead spaces that may lead to hematomas. Deep 
myometrial defects are closed with interrupted figure of eight 
sutures, then imbricated with layers of running sutures (Figures 
16.11 and 16.12). The serosa is then approximated using a run-
ning 3–0 delayed absorbable suture, locking only for hemostasis 

FIGURE 16.7  Large myomas can be removed though a minilaparotomy 
incision. The patient had a 20-week-gestational-size uterus with multiple 
fibroids. A 5 cm suprapubic transverse skin incision can be noted here. Note 
the large volume of morcellated myomas removed through this small incision.

FIGURE 16.8  A transverse uterine incision is made through the serosa, 
myometrium and myoma capsule and into the myoma itself.

FIGURES 16.9  A single tooth tenaculum or perforating towel clamp is 
used to elevate the myoma as the plane between the myoma and its capsule 
is established. The myoma is progressively enucleated.

FIGURES 16.10  Large myomas may be morcellated in-situ with a scalpel 
to facilitate completion of the excision.
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(Figure 16.13). There is no evidence that a baseball stitch reduces 
adhesion formation. In cases where the endometrial cavity is 
breached, the endometrium is repaired as a separate layer using 
an interrupted or running 4–0 delayed absorbable suture.

Applications of Measures to Reduce 
Postoperative Adhesions

There are several different techniques that can be used to reduce 
the risk of postoperative adhesions. These are discussed in detail 
in Chapter 25.

Common Complications

Hemorrhage and Conversion to Hysterectomy

Bleeding is common during myomectomies, with average blood 
loss of around 200–800 mL [15–17]. The risk of a blood trans-
fusion after myomectomy can vary from 2%–28% [15,16,18]. 
Larger size and higher number of fibroids, as well as endome-
trial cavity entry are associated with greater blood loss [19]. 
Approximately 1%–4% of all abdominal myomectomies are 
converted to hysterectomy, primarily owing to uncontrolled 
bleeding [20].

Postoperative Fevers

Fever occurs within 48 hours after surgery in approximately 
12%–67% of women following myomectomy [18,20,21]. 
Proposed mechanisms for unexplained postmyomectomy fever 
include hematomas or inflammatory mediators at the myomec-
tomy sites. The use of prophylactic antibiotics and meticulous 
hemostasis help to minimize postoperative fevers [13].

Postoperative Adhesions as a Long-
Term Complication

Postoperative adhesions can be seen after abdominal myomecto-
mies. See Chapter 25 for more details.

Outcomes after Abdominal Myomectomy

Improvement of Quality of Life and Symptoms

Even though abdominal myomectomy has been performed for 
over a century, outcome data are very limited. Older reports have 
shown improvement of symptoms in up to 80% of patients [22]; 
unfortunately, the large series of abdominal myomectomies do 
not comment on relief of symptoms, patient satisfaction or qual-
ity of life following surgery [18,23–25].

Persistence or Recurrence of Fibroids

A substantially large number of women after abdominal myomec-
tomy will have fibroids on subsequent evaluation; however, most 
will not require any additional treatment for fibroid-related symp-
toms. Approximately 27%–62% of women will have evidence of 
fibroids 5–10 years after myomectomy [26–28]. Younger women, 
those with multiple fibroids at time of myomectomy [29] and 
those who did not conceive after surgery [27] are more likely to 
have new or persistent lesions. Additionally, women who received 
preoperative gonadotropin-releasing hormone analogues (GnRH 

FIGURE 16.13  The uterine serosa is approximated using running 3–0 
delayed absorbable suture.

FIGURES 16.11  The myometrial defect is approximated using layers of 
0-delayed absorbable suture to eliminate the dead space and reinforce the 
uterine wall.

FIGURES 16.12  The superficial myometrial layers are repaired by imbri-
cation over the deeper layers.
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analogs) are more likely to have persistent fibroids after surgery. 
Risk factors for women requiring subsequent surgery for fibroid-
related symptoms are not well studied. In one report, 34% of 
women needed a second surgery within 7 years of follow-up [30].

Conclusion

Even with the advent of newer treatment modalities, abdominal 
myomectomy remains an important treatment for uterine myo-
mas in women desiring future fertility, or those who just wish to 
avoid a hysterectomy. It does not have the limitations of size and 
number of myomas, which is an issue with the newer therapeu-
tic options. It is making a resurgence now that power morcella-
tors have been removed from many operating rooms, requiring a 
laparotomy incision to remove the myomas after laparoscopic or 
robotic myomectomy.

REFERENCES
	 1.	 Tinelli A, Hurst BS, Hudelist G et  al. Laparoscopic myo-

mectomy focusing on the myoma pseudocapsule: Technical 
and outcome reports. Hum Reprod (Oxford, England). 
2012;27(2):427–35.

	 2.	 Moawad GN, Samuel D, Abi Khalil ED. Tips and Tricks: 
Single-Site Robotic-Assisted Myomectomy. J Minim Invasive 
Gynecol. 2016;23(6):861.

	 3.	 Plotti G, Plotti F, Di Giovanni A, Battaglia F, and Nagar G. 
Feasibility and safety of vaginal myomectomy: A prospective 
pilot study. J Minim Invasive Gynecol. 2008;15(2):166–71.

	 4.	 Marshburn PB, Matthews ML, and Hurst BS. Uterine artery 
embolization as a treatment option for uterine myomas. Obstet 
Gynecol Clin North Am. 2006;33(1):125–44.

	 5.	 Zupi E, Centini G, Sabbioni L, Lazzeri L, Argay IM, and 
Petraglia F. Nonsurgical alternatives for uterine fibroids. Best 
Pract Res Clin Obstet Gynaecol. 2015;34:122–31.

	 6.	 Kaump GR and Spies JB. The impact of uterine artery 
embolization on ovarian function. Journal of Vascular and 
Interventional Radiology : JVIR. 2013;24(4):459–67.

	 7.	 Rosenbaum L. N-of-1 Policymaking--Tragedy, trade-offs, and 
the demise of morcellation. N Engl J Med. 2016;​374(10):986–90.

	 8.	 Dueholm M, Lundorf E, Hansen ES, Ledertoug S, and Olesen 
F. Accuracy of magnetic resonance imaging and transvaginal 
ultrasonography in the diagnosis, mapping, and measurement 
of uterine myomas. Am J Obstet Gynecol. 2002;​186(3):409–15.

	 9.	 Testa DA, Di Legge A, Bonatti M, Manfredi DR, and Scambia 
DG. Imaging techniques for evaluation of uterine myomas. 
Best Pract Res Clin Obstet Gynaecol. 2015;34:37–53.

	 10.	 Goto A, Takeuchi S, Sugimura K, and Maruo T. Usefulness of 
Gd-DTPA contrast-enhanced dynamic MRI and serum deter-
mination of LDH and its isozymes in the differential diag-
nosis of leiomyosarcoma from degenerated leiomyoma of the 
uterus. Int J Gynecol Cancer. 2002;12(4):354–61.

	 11.	 ACOG practice bulletin No. 104: Antibiotic prophylaxis for 
gynecologic procedures. Obstet Gynecol. 2009;113(5):1180–9.

	 12.	 Rodriguez JF, Trobo AR, Garcia MV et al. The effect of per-
formance feedback on wound infection rate in abdominal hys-
terectomy. Am J Infect Control. 2006;34(4):182–7.

	 13.	 Mukhopadhaya N, De Silva C, and Manyonda IT. Conventional 
myomectomy. Best Pract Res Clin Obstet Gynaecol. 
2008;22(4):677–705.

	 14.	 Tulandi T, Murray C, and Guralnick M. Adhesion formation 
and reproductive outcome after myomectomy and second-
look laparoscopy. Obstet Gynecol. 1993;82(2):213–5.

	 15.	 Sawin SW, Pilevsky ND, Berlin JA, and Barnhart KT. 
Comparability of perioperative morbidity between abdominal 
myomectomy and hysterectomy for women with uterine leio-
myomas. Am J Obstet Gynecol. 2000;183(6):1448–55.

	 16.	 Iverson RE, Jr., Chelmow D, Strohbehn K, Waldman L, and 
Evantash EG. Relative morbidity of abdominal hysterectomy 
and myomectomy for management of uterine leiomyomas. 
Obstet Gynecol. 1996;88(3):415–9.

	 17.	 West S, Ruiz R, and Parker WH. Abdominal myomectomy in 
women with very large uterine size. Fertil Steril. 2006;85(1):36–9.

	 18.	 LaMorte AI, Lalwani S, and Diamond MP. Morbidity asso-
ciated with abdominal myomectomy. Obstet Gynecol. 
1993;82(6):897–900.

	 19.	 Schuring AN, Garcia-Rocha GJ, Schlosser HW, Greb RR, 
Kiesel L, and Schippert C. Perioperative complications in 
conventional and microsurgical abdominal myomectomy. 
Arch Gynecol Obstet. 2011;284(1):137–44.

	 20.	 Olufowobi O, Sharif K, Papaionnou S, Neelakantan D, 
Mohammed H, and Afnan M. Are the anticipated benefits of 
myomectomy achieved in women of reproductive age? A 5–
year review of the results at a UK tertiary hospital. J Obstet 
Gynaecol. 2004;24(4):434–40.

	 21.	 Rybak EA, Polotsky AJ, Woreta T, Hailpern SM, and Bristow 
RE. Explained compared with unexplained fever in postopera-
tive myomectomy and hysterectomy patients. Obstet Gynecol. 
2008;111(5):1137–42.

	 22.	 Buttram VC, Jr. and Reiter RC. Uterine leiomyomata: 
Etiology, symptomatology, and management. Fertil Steril. 
1981;36(4):433–45.

	 23.	 Ikpeze OC and Nwosu OB. Features of uterine fibroids treated 
by abdominal myomectomy at Nnewi, Nigeria. J Obstet 
Gynaecol. 1998;18(6):569–71.

	 24.	 Sirjusingh A, Bassaw B, and Roopnarinesingh S. The results 
of abdominal myomectomy. West Indian Med J. 1994;43(4):​
138–9.

	 25.	 Vercellini P, Maddalena S, De Giorgi O, Pesole A, Ferrari L, 
and Crosignani PG. Determinants of reproductive outcome 
after abdominal myomectomy for infertility. Fertil Steril. 
1999;72(1):109–14.

	 26.	 Acien P and Quereda F. Abdominal myomectomy: Results of 
a simple operative technique. Fertil Steril. 1996;65(1):41–51.

	 27.	 Candiani GB, Fedele L, Parazzini F, and Villa L. Risk 
of recurrence after myomectomy. Br J Obstet Gynaecol. 
1991;98(4):385–9.

	 28.	 Fedele L, Parazzini F, Luchini L, Mezzopane R, Tozzi L, 
and Villa L. Recurrence of fibroids after myomectomy: A 
transvaginal ultrasonographic study. Hum Reprod (Oxford, 
England). 1995;10(7):1795–6.

	 29.	 Hanafi M. Predictors of leiomyoma recurrence after myomec-
tomy. Obstet Gynecol. 2005;105(4):877–81.

	 30.	 Stewart EA, Faur AV, Wise LA, Reilly RJ, and Harlow BL. 
Predictors of subsequent surgery for uterine leiomyomata after 
abdominal myomectomy. Obstet Gynecol.2002;99(3):426–32.



88

17
Laparoscopic Myomectomy

Anthony N. Imudia and Erika Parker New

Introduction

When fibroids (leiomyomas or myomas) cause intolerable symp-
toms such as heavy uterine bleeding, pelvic pressure with uri-
nary tract dysfunction or infertility, surgical management may be 
performed with myomectomy or hysterectomy. For those women 
who desire future fertility, myomectomy is an excellent manage-
ment option. Fibroids may impact fertility by distorting the uter-
ine cavity or even by obstructing the fallopian tubes.

As compared to open myomectomy via laparotomy, laparo-
scopic myomectomy is associated with less postoperative pain 
and a shorter hospital stay [1]. Other benefits include a greater 
number of patients that fully recover 2 weeks following surgery, 
less drop in patient hemoglobin and fewer overall complica-
tions. While laparoscopic myomectomy often results in longer 
operating times due to the complexity of the procedure and skill 
involved, surgeon experience and advances in surgical tools may 
save time in the operating room [2]. When comparing future out-
comes after laparoscopic versus open myomectomy, there is no 
difference in recurrence of fibroids, return for repeat myomec-
tomy or in hysterectomy at a later date [1].

Comparative studies of robot-assisted laparoscopic myomec-
tomy with standard laparoscopic myomectomy show that robot-
assisted cases involve even longer operative times, with one 
study showing an adjusted mean increase of 76 minutes. While 
robotic cases were also associated with a greater estimated blood 
loss, postoperative complications were not significantly different 
between the two [3]. For more information on robotic-assisted 
myomectomy, please refer to Chapter 18.

Patient Selection and Preoperative Planning

The ideal candidate for laparoscopic myomectomy is a woman 
who is symptomatic from her fibroids and desires future fertil-
ity. When considering surgical approach, both the location and 
size of the fibroids are critical factors to consider. Both intra-
mural and subserosal fibroids can be removed by laparoscopic 
myomectomy; however, submucosal myomas are better served 
through hysteroscopic resection. Performing a hysteroscopy 
prior to laparoscopic myomectomy will assist in establishing the 
optimal approach and identifying submucosal myomas [4].

There is no maximum limit for how many or how large fibroids 
must be for safe removal by laparoscopic myomectomy. A meta-
analysis showed anywhere from one to seven fibroids may be 

amenable to laparoscopic removal, even those as large as 10 cm in 
diameter [2]. Each surgeon must consider his or her own skill and 
experience to create individualized criteria for patient selection [5].

Certain preoperative conditions are helpful to consider in 
selecting candidates for laparoscopic myomectomy. Dubuisson 
et al. examined factors that were associated with conversion to 
an open procedure during laparoscopic myomectomy. Those fac-
tors associated with conversion were an estimated myoma size 
≥5 cm by ultrasound, intramural type, anterior location and pre-
operative GnRH use [6]. Use of GnRH agonists prior to surgery 
is controversial. In theory, shrinking the size of myomas would 
make for an easier surgery; however, experience shows a higher 
risk of myoma recurrence, as well as greater difficulty in enucle-
ating the softer tissue [7].

Appropriate preoperative preparation can assist in proper patient 
selection. In addition to a bimanual pelvic exam and imaging with 
transvaginal ultrasound (TVUS), magnetic resonance imaging 
(MRI) should be performed to map the number, location and depth 
of extension of myomas. Although both imaging modalities accu-
rately detect the presence of fibroids, MRI is superior for determin-
ing the position and depth of extension into the uterine wall [8].

Surgical Procedure

Owing to the risk of entering the uterine cavity, as well as the 
use of chromopertubation, the patient should be given preop-
erative antibiotics, first-line being cefazolin [9]. After induction 
of general anesthesia, the patient should be positioned on the 
operating room table in the dorsal lithotomy position with her 
feet in stirrups and with Trendelenburg tilt as needed. Uterine 
manipulation is essential for adequate visualization of myomas, 
and a Pelosi Uterine Manipulator (Apple Medical Corporation, 
Marlborough, MA), for example, allows for uterine anteversion. 
In addition, this device allows for injection of methylene blue 
or indigo Carmine to perform chromopertubation during sur-
gery, to determine whether or not the endometrium has been 
compromised.

Port placement consists of a 5–12 mm umbilical port primarily 
for the camera as well as three accessory ports forming an arc on 
the superior aspect of the abdomen (Figure 17.1). Occasionally, 
the camera port is placed few centimeters above the umbilicus 
(supra-umbilical) to ensure adequate distance between the fun-
dus of the uterus or myoma and the camera (Figure 17.2). It is 
important to have the ports placed sufficiently high to ergonomi-
cally access the myomas. For example, the further the fibroid 
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uterus rises above the pelvic brim, the higher the ports must be 
placed [7]. In order to reduce blood loss, vasopressin may be 
injected into the plane between the myometrium and the myo-
ma’s capsule (Video 17.1), resulting in a characteristic blanching 
effect (Figure 17.3) [7]. Vasopressin can be administered concen-
trated (20 units in 60 mL of normal saline) or diluted (20 units 
in 400 mL of normal saline) without reported differences in esti-
mated blood loss during surgery [10].

Surgical Technique

It is recommended that the initial uterine incision is made 
transverse or horizontally directly over the site of the myoma 
(Figure 17.4). This horizontal incision allows for easier laparo-
scopic suturing than a vertical incision [11]. For this incision, the 
Sonicision cordless ultrasonic device (Coviden) is the instrument 
of choice at our institution; however, another capable device is 
the Harmonic Scalpel (Ethicon) [11], monopolar scissors or laser. 
Enucleation of the fibroid is achieved by grasping the fibroid with 
a single-toothed tenaculum and providing counter-traction while 
using both blunt and sharp dissection to develop the plane around 
the capsule, allowing for extraction of the fibroid (Video 17.2) [5].

Once the myoma has been removed, the resulting hysterotomy 
requires double-layer closure of the myometrium and serosal 
closure with or without the baseball-stitch technique. There are 
two methods of suturing that allow adequate closure of the uter-
ine incision after myomectomy. The traditional method is to use 
interrupted sutures. A newer technique involves use of a con-
tinuous barbed suture, namely the V-Loc (Covidien). A loop on 

FIGURE 17.1  Laparoscopic port configuration for uterus with small myo-
mas (<16 weeks gestation size).

FIGURE 17.2  Laparoscopic port configuration for uterus with large myo-
mas (usually >16 weeks gestation size).

FIGURE 17.3  Injection of diluted vasopressin between the myoma and 
subserosal layer of the uterus to decrease blood loss.

VIDEO 17.1  https://youtu.be/x4H3xIhaxDg
Injection of vasopressin prior to initial uterine incision.

VIDEO 17.2  https://youtu.be/0yhfMZo4YtQ
Enucleation of uterine fibroid laparoscopically.

FIGURE 17.4  Initial horizontal or transverse uterine incision directly on 
top of the myoma.

https://youtu.be/0yhfMZo4YtQ
https://youtu.be/x4H3xIhaxDg
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the end of the suture allows for the needle to be thread through, 
with no knots required (Videos 17.3 and 17.4). A single-site study 
showed that using an absorbable barbed suture not only saved 
time in the operating room, but resulted in less blood loss [12]. 
A multicenter retrospective study that compared postoperative 
healing after traditional interrupted sutures versus continuous 
barbed suture found no significant difference in healing, compli-
cations, hematoma formation or reduction in scar on ultrasound 
during the 6 months after surgery. With the positive intraopera-
tive benefits of shorter operative time and less blood loss, barbed 
suture appears to be the preferable method for closing the uterus 
(Figure 17.5) [13].

Interceed (Ethicon) may be placed over the hysterotomy site to 
help prevent adhesion formation. A Cochrane review on the use 
of barrier agents to prevent formation of adhesions gives low-
level evidence to support the effectiveness in decreasing adhe-
sions after a “second look” laparoscopy [14]. Overall however, 
adhesions after laparoscopic myomectomy are significantly less 
than in abdominal myomectomy based on a study that performed 
postoperative diagnostic laparoscopy to evaluate for adhesion 
formation [15] (see Video 17.5).

Performing minimally invasive surgery such as laparoscopic 
myomectomy leaves the question of how to remove the enucleated 
fibroid tissue. Power morcellation, which uses a rotating knife to 

slice the tissue into small pieces that could be removed without 
making a larger incision, was the gold standard until 2014 before 
the FDA recommended against this practice. Different methods 
for specimen retrieval are now being utilized following mini-
mally invasive myomectomy. All these are discussed in detail 
in Chapter 22.

Complications

When counseling and obtaining informed consent prior to surgery, 
it is critical to address potential complications. Major complica-
tions include blood loss requiring transfusion; hematoma forma-
tion; return to the operating room for unplanned surgery; urinary, 
bladder or bowel injury and conversion to laparotomy. Minor com-
plications include postoperative fever, wound infection and cysti-
tis. A large multicenter study of over 2000 patients, as well as one 
surgeon’s case study of over 1000 patients, showed a 7.1%–11.1% 
risk of any complication during laparoscopic myomectomy, with 
the majority of complications being minor [4]. The most common 
reason for converting to a laparotomy is in cases of heavy blood 
loss with need to obtain swift hemostasis [2]. This often occurs 
while closing the hysterotomy, and faster closure helps to reduce 
blood loss and potentially decrease conversion rate [4].

Postoperative Management

One benefit of this minimally invasive surgical technique 
is that patients may be discharged home the same day, and 
a majority of patients will return to normal daily activities 
within 2 weeks after surgery [11]. Patients should be counseled 
on how long to wait before conceiving and implications on 
future method of delivery.

Conclusion

Laparoscopic myomectomy has many benefits over open myo-
mectomy, most notably shorter hospital stay and fewer overall 
complications. While this procedure requires a longer operating 
time, this may be decreased with increasing surgeon experience. 
Success lies in proper patient selection and thorough preopera-
tive evaluation and planning.
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Computer-Assisted Laparoscopic Myomectomy

Randi H. Goldman and Antonio R. Gargiulo

The approval by the European Commission (CE) and the United 
States Food and Drug Administration (FDA) of the Intuitive 
Surgical da Vinci(R) surgical system for gynecologic surgery in 
1999 and 2005 has provided a complementary technique to tra-
ditional laparoscopic surgery [1,2]. To date, at more than 20 
years from its formal introduction, the da Vinci(R) surgical sys-
tem remains the only commercially available platform for com-
puter-assisted gynecologic surgery (another FDA-approved 
robotic surgical platform, the Senhance by Transenterix, has 
been FDA approved for over two years but has not been able to 
sell units and is practically a nonentity in the current clinical 
scenario). For the purpose of this chapter, we will use the terms 
“computer-assisted surgery” and “robotic surgery” interchange-
ably, with the understanding that the former is scientifically cor-
rect, and the latter has become the one of common use. Indeed, 
while the da Vinci(R) surgical system is not a robot but rather a 
computer-assisted teleoperator, there is little doubt that the field 
of computer-assisted surgery will evolve into that of bona fide 
robotics in the near future. Computer-assisted surgery is now a 
well-established, next-generation laparoscopic technique that 
has enhanced the types of minimally invasive approaches we 
can offer, while broadening the patient base for which mini-
mally invasive surgery is an option. The technical advantages of 
robotic surgery are vast and include, perhaps most importantly, 
superior instrumentation. Surgeons using the da Vinci system 
enjoy seven degrees of freedom per instrument arm: four from 
the wristed instruments (pitch, yaw, roll and grip) and another 
three from the robotic arm itself (insertion, pitch and yaw) [3]. 
Furthermore, the robotic system has the advantages of filtering 
natural tremor; providing a magnified, high-definition, three-
dimensional image and improving surgeon comfort. These tech-
nological advantages translate in actual operative advantages, 
including a faster learning curve and virtual ambidexterity 
[4,5,6]. The dexterity enjoyed with robotic surgery remains 
unmatched and allows for improved precision in the operating 
room. Last, but most definitely not least, the entire technical 
skill set for safe advanced robotic surgery can be acquired on 
dedicated virtual simulators, avoiding the unnecessary exposure 
of patients to the early phase of the surgeons’ learning curve 
[7,8]. Such de-coupling of technical proficiency from direct on-
patient learning is one of the hidden gems of computer-assisted 
surgery, that is destined to become more and more relevant as 
patient-centered medicine grows as an important new concept. 

A recommended list of instruments to use during a robotic myo-
mectomy can be found in Table 18.1 [9].

It has been well established that in every surgical field, lapa-
roscopic surgeries are superior to open (laparotomy) procedures 
[10–17]. Multiple randomized controlled trials have demon-
strated that minimally invasive laparoscopic myomectomy can 
be offered as a same-day procedure and, compared to open myo-
mectomy, is typically associated with less blood loss and postop-
erative pain, a faster return to activity, smaller scars and fewer 
overall complications [17,18].

Many patients who choose to undergo myomectomy do so in 
consideration of future reproductive goals. For these patients, lapa-
roscopic approaches have yielded equivalent or better cumulative 
pregnancy and live birth rates in multiple clinical trials [13–15]. 
Regarding obstetric risk, however, pregnancies following lapa-
roscopic myomectomy are less likely to result in uterine rupture 
(0%–1.1%) [15,19–21] compared with an open approach (0%–4%) 
[22,23]. In fact, the uterine rupture rate following laparoscopic 
myomectomy approximates the risk to a subsequent pregnancy 
following a prior low transverse cesarean section (0.32%) [23]. 
Furthermore, adhesion formation is significantly lower following a 
laparoscopic myomectomy (29%–35%) than an open myomectomy 
(55%–94%), as seen during second-look laparoscopy [24,25]. This 
is of prime importance for reproductive-aged women, as adhesions 
make future abdominal procedures, including cesarean sections, 
more difficult. Adhesions may also cause chronic pain and infer-
tility [26–28]. As a result of the aforementioned considerations, 
the American Society of Reproductive Medicine (ASRM) recom-
mends a minimally invasive approach to myomectomy for appro-
priate patients, with the use of adhesion barriers to minimize the 
likelihood of adhesion formation [29]. Sadly, this is one of the least 
observed ASRM recommendations, as it remains accepted practice 
for gynecologic surgeons worldwide to perform abdominal myo-
mectomies in women for whom the minimally invasive route would 
most definitely be considered “appropriate” by better-trained and/
or better-equipped surgical teams. In the age of patient-centered 
medicine and computer-assisted surgery, such a surgeon-centered 
approach to care (i.e., defining the appropriateness for minimally 
invasive surgery based on a surgeon’s manual skills rather than 
the type of pathology) should no longer be tolerated. The fact that 
this surgeon-centered approach is accepted in women’s health but 
not in men’s health adds insult to injury. To be specific, when it 
became clear that laparoscopic prostatectomy provided significant 
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advantages over open prostatectomy, but that only a handful of 
surgeons could perform them, the entire field of urology embraced 
robotic prostatectomy, reducing open prostatectomy in developed 
countries to a niche surgery for nostalgic surgeons (and poorly 
informed patients). Not so for gynecologic procedures, where a 
veritable ideological war based on the false pretense of cost con-
tainment has been waged against robotic surgery in spite of the 
evidence pointing to an unjustifiably low adoption of minimally 
invasive myomectomy and other advanced gynecologic surgeries 
[30–32].

The main merit of robot-assisted laparoscopic myomectomy 
is that it allows women to undergo a minimally invasive surgical 
approach in the setting of large or deeply seated myomas that 
would otherwise be removed routinely via laparotomy. A recent 
study by Barakat et al. found that even in the setting of a larger 
fibroid burden in a robot-assisted myomectomy group (compared 
with a traditional laparoscopic myomectomy group), there were 
no differences in blood loss, operative time or hospital stay [33]. 
In this same study, patients who underwent a robot-assisted pro-
cedure had the same tumor load removed as those patients who 
underwent a laparotomy. The superior instrumentation provided 
by the robotic system allows large fibroids to be enucleated in 
a controlled, precise fashion and the myoma bed to be sutured 
layer by layer, ensuring a proper closure.

Laparoscopic myomectomy is a “suture-heavy” procedure, and 
computer-assisted surgery enables laparoscopic suturing (argu-
ably the most time-consuming, challenging, yet vital part of the 
procedure) to be completed in a facile and controlled fashion. 
Importantly, the faster a wound is closed, the less blood loss a 
patient suffers. However, an effective myomectomy technique is 

not defined by how fast one sutures, but rather by how fast one 
sutures well. A recent study has evaluated the importance of 
proper wound closure with respect to adhesion formation using a 
second-look laparoscopy performed 6 months after laparoscopic 
myomectomy, finding that the presence of postsurgical adhesions 
was associated with the quality of myoma bed closure; if a protrud-
ing wound was detected, the patient was 2.5 times more likely to 
have concurrent adhesive disease [34]. This is more likely to occur 
following a single-layer closure, that is the closure most often per-
formed in traditional laparoscopic myomectomy [35]. Instead, 
with robot-assisted myoma bed closure, protruding wounds can be 
eliminated with a multilayer closure technique [36,37].

There have been concerns regarding the longer operative 
time in some studies for robot-assisted laparoscopic myomec-
tomy. In a study by Gargiulo et al. that compared operative time 
between robotic myomectomy and laparoscopic myomectomy, it 
was found that robotic procedures took, on average, 76 minutes 
longer [38]. However, the vast majority of wound approxima-
tions were being executed with conventional suture (requiring 
extensive knot tying) in the robotic group and with barbed suture 
(requiring no knot tying) in the laparoscopic group. In retro-
spect, we now know that barbed suture shortens operative time 
and decreases blood loss and should be the gold standard for use 
in any minimally invasive myomectomy [38,39]. It is very likely 
that the lack of barbed suture in the robotic group contributed to 
the longer operative time observed in this study.

As with any surgery, careful patient selection is the key to 
success and to avoiding unanticipated conversion to laparotomy. 
Each surgeon has his or her own comfort level regarding which 
patients are appropriate candidates for computer-assisted surgery 
based on the anticipated difficulty of the procedure. To improve 
patient selection, we strongly recommend preoperative imaging 
with magnetic resonance imaging (MRI) [9]. MRI is essential 
in helping surgeons plan out a procedure by detailing the size 
and location of each myoma. Furthermore, the images can be 
displayed throughout the procedure and used intraoperatively as 
a guide. As a general rule, based on the first 750 such operations 
performed by our team (with a 0.1% reported conversion to open 
surgery), patients with fewer than 15 total myomas, with a lead-
ing myoma of less than 15 cm in size, are appropriate candidates 
for robotic myomectomy [3].

Proper port placement at the time of a robotic myomectomy is 
essential to the success and ease of the procedure (Figure 18.1) 
[40]. The central camera port must be a sufficient distance away 
from the working area to allow for optimal visualization and 
operating space. For a majority of cases, the camera port is placed 
intra-umbilically; however, for patients with large myomas or 
short torsos, the camera port can be placed in a midline supra-
umbilical location. Recent evidence shows that a high placement 
of the primary port has no chance of injuring the falciform liga-
ment of the liver (even in the smallest patients) if it falls within 
the first 6.5 cm cephalad to the umbilicus [41]. Each additional 
port should be at least 8 cm away from the other ports so that the 
robotic arms can enjoy full mobility with a minimum of external 
collisions of the robotic arms. Depending on the anticipated dif-
ficulty of the case, the size and location of the myomas and the 
patient’s preferred cosmetic results, we use a total of three or 
four robotic ports (including the camera arm port) in addition to 
an assistant port [9]. More recently, following the FDA advisory 

TABLE 18.1

Surgical Steps and Recommended Instruments for Computer-
Assisted Laparoscopic Myomectomy

Surgical Steps
Recommended 

Instruments
Additional EndoWrist 
Instrument Options

Hysterotomy
Fibroid enucleation 
and management

Monopolar: Hot Shears 
(Monopolar curved 
scissors)

Bipolar: PK Dissecting 
Forceps

3rd instrument arm:
Tenaculum forceps

Monopolar:
•	 Permanent cautery hook
•	 Permanent cautery 

spatula
Bipolar:

•	 Maryland bipolar 
forceps

3rd instrument arm:
•	 ProGrasp forceps
•	 Cobra grasper or 

Cadiere forceps

Suction & irrigation:
•	 EndoWrist One suction/

irrigator

Multilayer suture 
closure of defect 
(deep layers)

Multilayer suture 
closure of defect 
(serosal layer)

Suturing:
Mega SutureCut
Needle driver
Long-tip forceps

Suturing:
•	 Mega needle driver
•	 Large needle driver
•	 Mega SutureCut needle 

driver

Source:	 Adapted from Gargiulo AR, and Nezhat C. Robot-Assisted 
Myomectomy: Broadening the Laparoscopist’s Armamentarium. In: 
Uterine Myoma, Myomectomy and Minimally Invasive Treatments 
Cham: Springer International Publishing; 2015, pp. 193–202.
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on uterine tissue morcellation and the consequent removal of 
laparoscopic morcellators from the operating rooms of many 
hospitals, we have had to adopt a contained myoma extraction 
through a modified open laparoscopy incision in order to keep 
offering minimally invasive myomectomy (Figure 18.2). As a 
natural evolution of this requirement, we have developed and 
published a novel single-site robotic technique that allows us to 
perform the entire minimally invasive myomectomy through the 
same incision that we use to extract the specimen (Figure 18.3). 
Single-site robotic myomectomy is currently routinely offered to 
our patients with fibroids under 6 cm [42–44].

Effective enucleation of a fibroid is the fundamental step of 
any myomectomy. Myomectomy is rigorously intracapsular, 
and preservation of the neurovascular bundle is thought to be 
essential for adequate functional repair of the myometrium 
(Figure 18.4) [45–47]. The hysterotomy must be large enough to 
allow delivery of the myoma: a hysterotomy that is too large will 
generally bleed more during enucleation and will require more 
suturing to repair. Robotic myomectomy is a delicate affair: the 
tenaculum stabilizes the tumor, the uterine manipulator stabi-
lizes the uterus and the operator second (or second and third) 
instrument will push away the surrounding myometrium (in the 
form of the myoma pseudocapsule) until the tumor is delivered. 
Steady, three-dimensional, magnified visualization assists with 
careful dissection in the appropriate tissue planes [9,48]. Ideally, 
a surgeon should attempt to enucleate all fibroids safely through 
the smallest number of hysterotomies needed and should avoid 

FIGURE 18.1  Robotic port placement. Our robotic port placement for myo-
mectomy is depicted in this figure. The red circle represents the location of the 
camera port, which must be a sufficient distance away from the working area to 
allow for optimal visualization and operating space (due to the hourglass effect of 
the myoma over the uterine corpus which occurs during enucleation). Typically, 
the camera port is placed intra-umbilically. For patients with large myomas (or 
short torsos), the camera port can be placed in a midline supra-umbilical location 
up to 6.5 cm cephalad to the umbilicus without risking injury to the falciform 
ligament. The robotic operative ports are denoted by orange circles and should 
be at least 8 cm away from all other ports to maximize mobility and to minimize 
external collisions of the robotic arms. The assistant port is represented by the 
blue circle, which we typically place in the right lower quadrant.

(a)

(c) (d)

(b)

FIGURE 18.2  Contained myoma extraction. Following the 2014 FDA advisory on uterine tissue morcellation, we have adopted a contained myoma extrac-
tion technique. (a) Following fibroid enucleation, the umbilical incision is extended to approximately 2–2.5 cm (i.e., to a classic open laparoscopy sagittal 
incision), and a bag is placed intraabdominally. (b) The surgical specimen is laparoscopically placed inside the bag. (c) The edge of the bag is exteriorized 
through the umbilical incision and the specimen contained in the bag is pulled in direct contact with the modified open laparoscopic umbilical site, under-
mined with a surgical knife and extracted by hand. (d) At the completion of morcellation, the bag is removed through the umbilical incision and checked for 
damage or evidence of spill.
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injuring the endometrial cavity and the fallopian tubes. While 
the hysterotomy is best made with an instrument connected to 
an energy source, in order to limit blood loss and keep a clear 
operative field, the remainder of the enucleation is mostly 
achieved through blunt dissection and traction-countertraction. 
Chromopertubation can be performed during myomectomy in 
select cases, to assess for entrance into the endometrial cavity. 

Because the enucleation and the repair portions of the procedure 
may be time-consuming, they are often responsible for a major-
ity of the blood loss. To reduce intraoperative blood loss (and 
the associated need for transfusion), we recommend several tech-
niques [9]. Gonadotropin-releasing hormone (GnRH) agonists 
have routinely been used to reduce the size of large myomas prior 
to surgery and may be used for a few months prior to a planned 
procedure. However, their use has the potential to distort tissue 
planes and could make enucleation more difficult [48,49]. It is our 
standard to use both intraoperative rectal misoprostol (400 mcg) 
as well as diluted vasopressin injected into the myometrium to 
reduce the amount of intraoperative blood loss. Vasopressin must 
be used cautiously, as it can cause severe cardiac disturbances. 
However, one must remember that adverse outcomes with vaso-
pressin are very rare. Vasopressin has a plasma half-life of about 
10–20 minutes and cardiac events (including cardiovascular 
arrest) have not been reported with doses smaller than 10 units. 
Because of this, we use repeated doses of 5 units of vasopres-
sin at 60–120 minute intervals during our procedure. Because 
vasopressin affects diuresis and can affect blood pressure, com-
munication with the anesthesiologist is critical at this point in 
the procedure [50–52]. Tranexamic acid has recently entered 
the armamentarium of the gynecologic surgeon for this type of 
operation [53]. We employ this antifibrinolytic agent liberally in 
our practice, for patients in which the blood loss is expected to be 
substantial, or the starting hematocrit is less than ideal.

As mentioned bove, of the greatest benefits that robot-assisted 
myomectomy provides is the quality of the hysterotomy closure. The 

(a) (b)

(c) (d)

FIGURE 18.3  Single-site robotic myomectomy. (a) With our novel single-site robotic technique, an entire myomectomy can be performed through the 
same 2.5 cm umbilical incision needed for tissue extraction. (b) Special curved instruments are placed through a dedicated single-site port. (c) Robotic 
suturing with wristed instruments through the single-site port allows for accurate layer-by-layer closure of the myoma bed. (d) This ultra-minimally invasive 
single surgical site allows for minimal to no visible scarring and, in the context of a procedure that currently requires a 2.5 cm incision for contained tissue 
extraction, it saves the patient three additional entry wounds.

FIGURE 18.4  Intracapsular fibroid enucleation. The fundamental step of 
any myomectomy is the enucleation of the fibroid(s), which should occur 
exclusively at the level of the pseudocapsule (red dotted line). Intracapsular 
enucleation allows for preservation of the neurovascular bundle surrounding 
the tumor, which is thought to be essential for adequate functional repair of 
the myometrium. Once a hysterotomy is made and the tumor is stabilized, 
the surrounding myometrium (including the myoma pseudocapsule) is pur-
posefully pushed aside and the tumor delivered.
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gold standard for hysterotomy repair is a multilayer closure with no 
exposed suture; this microsurgical standard applies to all myomec-
tomies, independently of whether they are performed through an 
invasive or with a minimally invasive approach. Single-layer clo-
sures cause hematoma formation and healing by second intention, 
while exposed sutures cause pelvic adhesions: both of these have no 
place in modern reproductive surgery. A proper wound approxima-
tion will decrease blood loss, the chances of adhesion formation 
and the risk of future uterine rupture [9,34,36,37]. It is important to 
make an open statement of what represents adequate microsurgical 
technique for the myomectomy operation, because it is a sad real-
ity that minimally invasive myomectomy has become synonymous 
with “simplified” techniques in many cases. This is not an ethically 
acceptable logical step, because patients are completely unaware of 
such “shortcuts”, and therefore cannot make an informed decision 
regarding which surgical team to trust. The rule is simple, the basic 
tenets of myomectomy are constant and independent of technique 
used: (1) intracapsular myomectomy, (2) closure in layers, (3) no 
exposed sutures. These can be achieved via laparotomy or laparos-
copy, but the operation does not change based on the access modal-
ity. When the rules of engagement are clear, the role of the robot 
in making the laparoscopic transition possible for many surgeons 
becomes much more clear.

Barbed suture is now routinely used to close the deep myome-
trial and even the serosal layers. Barbed suture provides appro-
priate tissue tension and re-approximation of surgical planes and 
allows for a faster closure (and less blood loss) [38,39,54,55]. 
Once hemostasis is confirmed, we routinely apply an adhesion 
barrier such as Interceed to hysterotomy sites, to further reduce 
the risk of postoperative adhesion formation [56].

Concerns regarding unintended laparoscopic morcellation 
of malignant uterine tumors have been prevalent in the medi-
cal community and in the media. As a result, tissue extraction 
following minimally invasive procedures has become signifi-
cantly more challenging for gynecologists [57–60]. Following 
recent FDA recommendations against electromechanical mor-
cellation of uterine tissue, many more patients and physicians 
have opted to undergo laparotomy as opposed to a minimally 
invasive approach, in an attempt to mitigate a potential upstag-
ing of cancer not detected during a preoperative work-up. In 
theory, this would decrease mortality associated with hysterec-
tomy or myomectomy. In contrast to this presumption, however, 
a recent decision analysis using 100,000 hypothetical premeno-
pausal women predicted that more deaths would actually result 
from the increased adoption of open hysterectomies than from 
the spread of a malignant leiomyosarcoma via laparoscopy with 
morcellation in the rare patients affected [61]. The projected 
increase in number of deaths following an open procedure is 
explained by the higher chance of postoperative complications 
such as blood clots. Nevertheless, because leiomyosarcomas are 
not often diagnosed until surgical pathology returns, concerns 
about disseminating a potential cancer intraoperatively must be 
taken seriously. Techniques have been proposed wherein a speci-
men such as a myoma or uterus is placed in a bag laparoscopi-
cally following enucleation [62]. The bag is then brought up to 
the patient’s skin through one of the port sites, which has been 
enlarged to approximately 25 mm. The specimen can then be 
carefully hand-morcellated and removed from the patient’s body 
without dissemination of myoma fragments. This technique has 

allowed all of our patients who make the standard inclusion cri-
teria for a robot-assisted laparoscopic approach to continue to 
receive minimally invasive surgery despite restrictions on mor-
cellation [63]. However, in the spirit of providing a chapter that is 
both practical and scientifically honest, we should recognize that 
our current efforts to limit the potential spread of malignant cells 
in the setting of minimally invasive myomectomy has no ratio-
nale whatsoever, because the uterine serosa has already been 
breached, and uterine tumors have already had a chance to shed 
thousands of cells around the abdomen before being contained.

Learning surgical techniques, such as robot-assisted myomec-
tomy, can be challenging. In medicine, we have traditionally used 
the “see one, do one, teach one” mantra. This has been a “neces-
sary evil” of surgery in the twentieth century and the only way to 
perpetuate surgical knowledge for future generations. Because of 
this, this philosophy of surgical teaching is still widely accepted, 
in spite of all evidence pointing to a higher chance of complica-
tions during the surgeon’s learning curve. Ultimately, patents are 
expected to relinquish a small part of their safety during surgery, 
a sort of token to pay to assure that future generations of patients 
will still have access to well-trained surgeons. This is a true ethi-
cal conundrum, which is evolving as new technology becomes 
available.

Robotic training consoles have enabled the teaching and learn-
ing of robotic surgical techniques to be simulated and thus have 
largely separated technical training from direct patient care. 
Instead of learning on an actual patient during a live procedure, 
physicians and trainees can spend time perfecting robotic simu-
lations, from basic suturing to performing hysterectomies, on a 
training console well before they attempt to replicate that sur-
gery on a live patient. This is beneficial for all involved. The 
operator learning curve with the robotic system is relatively fast 
and can be enhanced with the use of training consoles [7,64,65]. 
Virtual simulation training has allowed many providers to learn 
computer-assisted surgery techniques efficiently, allowing for a 
switch from laparotomy to a minimally invasive approach.

Robot-assisted myomectomy has expanded the patient base for 
whom laparoscopic surgery is possible. Patients who previously 
only had the option of an open myomectomy can now enjoy the 
benefits of a minimally invasive approach via computer-assisted 
surgery. The visualization and precision afforded by robot-
assisted surgery remains unmatched and is particularly useful in 
myomectomy. While perfecting robotic techniques demands time 
and practice, learning the requisite skills to perform robotic sur-
gery can be decoupled from direct patient care by use of virtual 
reality simulators, with potentially dramatic impact on overall 
quality of surgical care in a teaching hospital setting.

Disclaimer

Dr. Gargiulo reports being a consultant to Medicaroid, Inc., and 
Lumenis, Inc.
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Hysteroscopic Vaporization of Uterine Myoma

Annie Leung and Togas Tulandi

Introduction

Hysteroscopic approach has changed the management of intra-
uterine pathologies, including submucous myoma. The standard 
treatment of submucous myoma is by using a resectoscopic 
loop-electrode under direct hysteroscopic vision [1,2]. However, 
myoma resection is associated with accumulation of tissue 
fragments obscuring the visualization. Also, it might require 
repeated withdrawal of the resectoscope to remove those frag-
ments, resulting in prolongation of the procedure and increased 
risk of infection. Bleeding during the procedure could obscure 
the operator’s view, requiring increased pressure of the disten-
sion medium to clear the operative field, thus increasing the risks 
of fluid overload.

In order to overcome those technical difficulties, a vaporiza-
tion technique was developed in urology [3]. In a meta-analysis, 
transurethral electrovaporization was associated with a signifi-
cant reduction in bleeding, duration of surgery and morbidity, 
as well as short hospital stay and recovery [4]. The efficacy was 
similar to that of conventional transurethral prostatectomy, 
with a lower cost. Vaporization has since been adapted in gyne-
cology [5]. In this chapter, we review the physical properties 
of electrovaporization, operative technique, its application in 
gynecology and general recommendations in clinical use (see 
also Table 19.1).

Electrovaporization Electrode: 
Physical Properties

One commercially available vaporizing electrode is the 
VaporTrode (Circon ACMI, Stamford, CT). It produces syn-
chronous vaporization and coagulation of tissue using a high-
frequency cutting current. The configuration of thin ridges and 
large contact areas between the grooves that separate the ridges 
utilizes the edge density property of electricity. Edge density is 
the concentration of electrons producing an area of high current 
density at the point of contact and a consequent thermal reaction, 
which causes the tissue temperature to rise rapidly until vapor-
ization (100°C) [6].

The instrument is powered by an electrosurgical genera-
tor with radiofrequencies between 400,000 and 1,000,000 Hz. 
Depending on the settings, various actions could be achieved, 
including cutting, fulguration, dissection, or vaporization. In 
electrosurgical cutting, continuous radiofrequency sine waves 

alternating frequency from positive to negative at the operating 
frequency of the electrical current generator results in high heat 
for cutting action. In electrosurgical fulguration, the coagula-
tion waveform is composed of short bursts of radiofrequency 
sine waves with a pause between each burst. Although the wave-
forms may have the same peak voltage, the average power deliv-
ered per unit time is less in the coagulation mode because the 
current in the coagulation mode is in the pause mode most of 
the time.

In electrosurgical desiccation, current is passed through the 
electrical resistance of the tissue, and heat is generated in the 
tissue. As the tissue gets hot, water is slowly driven out of the tis-
sue, and this tissue becomes desiccated. Visually, the color of the 
tissue turns into a light brown color, which steams and bubbles 
as the water is driven out.

In electrovaporization, the current utilized in the electrode 
is set at a higher power than that utilized in standard cutting. 
Therefore, as the electrode contacts fresh tissue cells, it provides 
a high enough current density to vaporize the contacted tissue 
cells. However, if the contact on the same spot is maintained, 
the underlying tissue cells start to desiccate instead of vaporiz-
ing because of the increasing resistance generated by the dried-
out tissue. The degree of desiccation is governed by the quality 
of the contact to the tissue and the time spent on that spot by 
the electrode. The longer the contact, the deeper the desicca-
tion effect. Since the procedure is performed using glycine as 
a distending medium, the desiccated tissue is constantly rehy-
drated, making it available for vaporization on a subsequent 
pass. In short, electrovaporization vaporizes the unwanted tis-
sue, provides hemostasis and prevents water reabsorption by the 
development of a zone of desiccation below the vaporized tissue. 
The heat that is generated produces a zone of coagulation in the 
adjoining layer of tissue, and the depth of vaporization depends 
on duration of contact, resistance (debris on the electrode) and 
wattage of the generator.

Operative Technique

Operative Setup

Preoperative preparation may include insertion of laminaria 
stents the night before surgery [6]. Operators should be famil-
iar with the capabilities of the generator and adjust the current 
according to the observed tissue effect. Power curves of the gen-
erator can be chosen to maintain power output over the widest 
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range of impedance: 160–300 W of pure cut current to vapor-
ize and 60–70 W to fulgurate bleeding points. Glasser et  al. 
described the use of a 27F continuous-flow resectoscope with a 
12° lens (Olympus, Lake Success, NY) [6]. The cervix is dilated 
to 10 mm or 11 mm, and the uterus is distended with 1.5% gly-
cine or 3% sorbitol solution. Guidelines regarding the use of 
hysteroscopic distension media should be followed with close 
monitoring of fluid balance [7].

Risk of Malignancy

It is important to obtain tissue from the myoma prior to vapor-
ization for pathologic analysis using a wire loop. In a series of 
92 patients, two leiomyosarcomas were found, underscoring the 
value of tissue sampling [8].

Approaches to Various Myoma Configurations

A variety of surgical approaches to remove a submucous myoma 
has been advocated. Type 0 submucous myoma can be resected 
using a wire loop using pure cutting current, and the myoma 
fragments are then removed from the uterine cavity. Compared 
to resection, electrovaporization leads to tissue desiccation and 
is associated with minimal fluid absorption and blood loss. It is 
a preferable technique for a large submucous myoma. A large 
myoma can be first bivalved to the level of the endomyometrial 
junction, followed by vaporization from the periphery to the cen-
ter [6]. Pieces of tissue can be extracted with a forceps or mor-
cellated. With the use of both techniques, the wattage should be 
decreased to 110 W pure cutting current for the wire loop. Once 
a specimen is severed from its uterine attachment, the energy 
pathway to the return electrode or “ground plate” is lost. Further 

electrical morcellation or vaporization of the detached tissue 
becomes almost impossible.

Depth of Tissue Vaporization and 
Coagulation and Electrodesiccation

Immediate contact vaporization is governed by the initial contact 
current density delivered to the myoma surface. The device gen-
erally vaporizes tissue to a depth of 3–4 mm, with an additional 
coagulation zone of 1–3 mm. If the electrode becomes coated 
with char or tissue debris, it can be cleaned by switching to 70 W 
coagulation current and rapidly rolling it over the surface of the 
cavity that was previously vaporized.

Leaving the electrode stationary could lead to diminished 
vaporization secondary to the phenomenon of “electrodesicca-
tion.” Electrodesiccation occurs when the electrode is held sta-
tionary and the surface tissue dries out and resistance increases 
in tissue. As resistance increases, the heat created will desiccate 
the adjacent tissue (i.e., drying out rather than vaporizing the tis-
sue). The depth of desiccation depends on the amount of time 
spent on that area and the power of the current delivered to over-
come electrical tissue resistance. Accordingly, it is important 
to avoid coagulating intact tissue before vaporization since the 
devitalized surface tissue will create high resistance, preventing 
deep vaporization.

Risk of Perforation

The electrode should be moved slowly across tissue, applying 
current only when moving in the direction toward the opera-
tor. Prolonged pressure in one spot could result in uterine per-
foration. In order to avoid perforation at thin areas, such as the 

TABLE 19.1

Summary of Hysteroscopic Vaporization Studies

System Procedure
Preoperative 
Preparation

Median 
Operative Time 

(minutes)
Median Fluid 
Deficit (mL) Complications

Glasser [6] AccuBar 44 (29 EA+MYO, 
6 MYO, 9 EA)

Laminaria
GnRH agonist

NR 163 (0–62)

Vercellini [13] VaporTrode 40 (26 EA+MYO, 
14 EA)

GnRH agonist 10 (7–12) 90 (0–200)

Vercellini [14] VaporTrode 47 EA None 8 (7–11) 70 (0–175)

Vilos [16] VersaPoint 9 cases (3 uterine 
septums, 1 
synechiae, 2 
polyps, 3 myoma)

None NR NR

Kung [17] VersaPoint 10 cases (7 
polyps, 6 MYO, 
3 uterine 
septums, 1 
synechiae)

None 41 (6–115) 0–900

Garry [22] Laser 600 EA Danazol or GnRH 
agonist

25 (5–105) 603 (0–6700) 2 postoperative 
endometritis

Philips [23] Laser 58 EA±MYO Danazol, 
medroxyprogesterone 
acetate or GnRH 
agonist

36 872 1 fluid overload
1 uterine 
perforation

Abbreviations:  EA, endometrial ablation; MYO, myomectomy; NR, not reported.
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cornua, the power should be reduced to 80 W or 90 W so that the 
surface is desiccated only.

Dispersive Electrode Injury

Dispersive electrode is usually applied to the buttock or strapped 
around the leg. If the power setting is too high, it increases the 
current delivered through the electrodes, including the disper-
sive electrode, increasing the risk of dispersive pad skin burns 
[9]. This risk can be reduced with generators that measure tissue 
impedance, and the vaporization technique should be used with 
the lowest power setting necessary (below 200 W) [10].

Electrovaporization Versus Other 
Electrosurgical Techniques

Initial reports comparing myoma vaporization and conven-
tional techniques showed that vaporization was associated with 
decreased operative time, minimal myoma chips and reduced 
intraoperative bleeding and intravasation of distending fluid [11].

Intravascular Fluid Absorption

In vivo studies showed that the vaporizing electrode produces 
furrows of similar depth to those of a standard cutting loop, but 
the depth of coagulation beneath the ablated area by the elec-
trode is significantly greater compared with the loop [12]. The 
median amount of fluid deficit in a clinical pilot study on endo-
metrial vaporization with a normal uterine cavity was 50 mL. 
This is due to the greater coaptation of myometrial vessels by 
thermal effect reducing fluid intravasation [13].

In a randomized study comparing vaporizing electrode and 
cutting loop for endometrial ablation [14], the authors reported 
that the mean fluid deficit was 70% less in women who had endo-
metrial vaporization than in those with endometrial resection 
(difference of about 258 mL). Only one woman absorbed more 
than 500 mL in the endometrial vaporization group compared 
with 14 others in the resection group. No subjects developed 
signs or symptoms of fluid overload. The decreased systemic 
absorption of distension medium [14] was attributed to the 
greater degree of adjacent thermal injury [12]. There has been 
a suggestion that this advantage is also found in hysteroscopic 
myomectomy as well [15].

Operative Time

Vercellini et al. reported that endometrial vaporization was one 
and a half minutes faster than endometrial resection [14].

VersaPoint System

One of the electrosurgical vaporization systems is the co-axial 
bipolar electrode VersaPoint (Gynecare Inc., Somerville, NJ). It 
is designed to cut, desiccate and vaporize [16–19]. The 1.6-mm-
diameter (5F), 36-cm-long, flexible bipolar electrode can be used 
through any operating hysteroscope. There are three electrode 

tips available: a spring to vaporize, a “twizzle” to cut and a ball 
to coagulate tissue. Since it is a bipolar electrode, it can be used 
with normal saline as a distending medium. In the vaporizing 
mode, the generator controls the creation of a vapor pocket or 
steam bubble, which upon contact with tissue, causes instanta-
neous vaporization of cellular water content. The energy follows 
the path of least resistance through the saline distention medium 
and returns to the generator through a parallel electrode, thus 
eliminating the need for a dispersive return pad electrode. The 
vaporizing electrode is 4 mm wide and 4 mm in diameter, while 
the corresponding cutting loop electrode has a diameter of 
2.5 mm.

Laser Vaporization

The first report of laser vaporization of the prostate appeared 
in the urologic literature in 1992 [20]. The reported advantages 
include less blood loss compared with conventional resection 
techniques, particularly for patients on anticoagulants, but it may 
have higher re-retreatment rates [21]. Another technique is endo-
metrial ablation using the neodymium:yttrium-aluminum-garnet 
laser (Nd:YAG). The reported success rate is over 90% [22]. Yet, 
a retrospective study comparing laser vaporization and the use of 
rollerball or wire loop electrodes showed comparable long-term 
outcomes at 4-year follow-up [23]. One significant disadvantage 
of the use of laser was the cost of the machine and fibers. Today, 
this technology is rarely used.

Plasma Energy

One of the novel emerging energy sources is plasma energy. The 
PlasmaJet system (Plasma Surgical Limited, Berkshire, UK) 
generates an electrically neutral stream of ionized argon gas by 
concentrating a low flow of inert argon gas between bipolar elec-
trodes operating at a low voltage (30–60 V) [24]. The plasma jet 
possesses thermal, kinetic and light energies that penetrate tissue 
to a depth 0.5–2.0 mm, resulting in vaporization and coagula-
tion. While it has yet to be adopted in hysteroscopic procedures, 
its application in gynecological conditions such as endometriosis 
[24–26] and peritoneal carcinoma [27] is expanding.

Conclusion

Electrovaporization for the treatment of uterine myoma and for 
endometrial ablation is associated with reduced blood loss and 
fluid deficit. The absence of tissue chips allows hysteroscopic 
myomectomy to be performed quickly and with few complica-
tions. Because of the very high currents, operators should be 
familiar with the generator settings.
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Hysteroscopic Myomectomy

Karissa Hammer and John C. Petrozza

Leiomyomas, also referred to as fibroids or myomas, are a 
common pathology encountered in gynecology. Patients with 
fibroid uteruses present with complaints such as heavy men-
strual bleeding, cramping or pregnancy complications. There are 
medical and surgical options for treatment of these benign soft 
tissue tumors. A hysterectomy is the most definitive treatment 
for fibroids. However, many women have complaints related to 
fibroids during their reproductive years and desire future fertil-
ity. For fibroids located completely or partially within the uterine 
cavity, a hysteroscopic approach is the least invasive and most 
effective method that also maintains fertility.

This chapter will discuss the fibroid type best treated by the 
hysteroscopic approach, hysteroscopic myomectomy techniques, 
risks of the procedure, recovery and fertility impact of this 
surgery.

Fibroids Treated by Hysteroscopy

Fibroids can grow on any aspect of the uterus. The International 
Federation of Gynecology and Obstetrics (FIGO) classification 
system creates a standardized way of describing their location. 
The FIGO grades 0, 1 and 2 refer to submucosal fibroids that are 
those best suited for treatment with a hysteroscopic approach. 
FIGO grade 0 is a pedunculated myoma completely within the 
uterine cavity, grade 1 has less than half of the myoma within 
the myometrium and grade 2 has equal to or more than half of 
its volume within the myometrium and the remaining tissue 
within the uterine cavity. Each of these locations gives a sur-
geon access to the fibroid through the endometrial cavity, thus a 
hysteroscopic approach is the best surgical access for minimally 
invasive removal [1].

Preoperative Management

Prior to recommending a hysteroscopic myomectomy, a patient 
must have a thorough evaluation. A detailed history and physi-
cal is required, with specific concern for symptoms related to 
the fibroid such as excessive vaginal bleeding, anemia, pain, 
miscarriages or other fertility concerns. Understanding of the 
patient’s other comorbidities and surgical history is also perti-
nent to assess readiness to undergo surgery with either local or 
general anesthesia. Patients must be medically optimized prior 
to the procedure. Physical exam should include an assessment of 
the uterine position and size, as well as the size and location of 

fibroid(s), if palpable. A pelvic ultrasound, at minimum, should 
be obtained to capture the location of the fibroid(s) and assess 
accessibility from the intracavitary approach [2]. If this image 
modality is not successful in delineating myoma location, a 
saline sonography and/or MRI can be performed [3]. Figure 20.1 
illustrates a FIGO 0 fibroid and endometrial polyp within the 
uterine cavity by sonohysterogram.

In select cases, a provider may also consider laboratory assess-
ment of normal electrolytes, hematocrit and blood type prior to 
proceeding for evaluation of anemia and any underlying electro-
lyte disturbances.

A few considerations prior to starting your hysteroscopic 
myomectomy include antibiotic prophylaxis, cervical dila-
tion or preparation, pretreatment of the myomas and timing of 
procedure. Antibiotic prophylaxis is not recommended by the 
American College of Obstetricians and Gynecologists (ACOG). 
Postoperative infections are extremely rare, and use of antibiotic 
prophylaxis has not been shown to decrease the risk [4]. Cervical 
prep with ripening agents the night prior to procedure is contro-
versial. Since a significant number of the complications associ-
ated with hysteroscopy occur during hysteroscope entry, some 
surgeons prefer prepping the cervix with misoprostol to soften 
the cervix and perhaps help with entry. However, there are mixed 
data with the success of this method and a best practice statement 
does not currently exist [2,3]. Intraoperative cervical preparation/
dilation can be achieved with dilators up to the number correlat-
ing with the size of the hysteroscope to be used or, if in office, 
can consider hydrodilation with vaginoscopy. Some studies have 
recommended pretreatment of myomas with either ulipristal ace-
tate or GnRH analogues to decrease the volume of the myoma 
prior to resection [5,6]. Pretreatment with these medications leads 
to a decrease in fibroid volume; however, the surgical planes are 
often compromised and become softer and more difficult to dis-
sect [7,8]. These medications can also thin the endometrial lining, 
theoretically further improving visualization by decreased bleed-
ing. Hysteroscopic myomectomy performed during the follicular 
phase is preferable for a thin endometrial lining (Table 20.1).

In cases in which the patient experiences excessive vaginal 
bleeding and does not desire fertility, a uterine artery embo-
lization can be considered prior to hysteroscopy to improve 
visualization and decrease intraoperative blood loss [10]. A 
meta-analysis of uterine artery embolization (UAE) on preg-
nancy reported a decreased pregnancy rate and increased mis-
carriage rate after UAE [11]. For this reason, we recommend 
uterine myomectomy over embolization if future pregnancy is 
desired (Table 20.2).
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Hysteroscopy Techniques

Since the first use of hysteroscopy, the technology has rapidly 
advanced to the point now where many of the procedures are 
done in the outpatient office setting. Techniques used for myo-
mectomy must be chosen on a case-by-case basis and by sur-
geon skill to create a safe procedure for the individual patient. 
The techniques described in this chapter include monopolar 
resectoscope, bipolar resectoscope, cold loop, mechanical mor-
cellation with tissue retrieval system and mass vaporization 
electrode.

The hysteroscope was adapted from the urologic resectoscope 
[2]. The resectoscope uses a handle with a spring technology to 
move a single looped wire within the uterine cavity. The wire 
loop can be considered “cold” without energy or energized with 
either monopolar or bipolar electric current [12]. The first energy 
devices were monopolar resectoscopes [13]. This improved 
coagulation and cutting intraoperatively; however, this energy 
type requires electrolyte-poor distending medium such as gly-
cine 1.5% or sorbitol 3%. This distention media has a number 
of flaws, including a viscous nature that sticks and erodes the 
scope over time and potential for electrolyte imbalances for the 
patient such as hyponatremia [3,14]. Bipolar technology was 
later applied to the resectoscope device, allowing use of isotonic 
distention medium such as normal saline. Although the use of 
normal saline is more physiologic, there is still potential for elec-
trolyte imbalances if the patient absorbs an excessive amount 
of the fluid intraoperatively. Regardless of the technology used, 
close monitoring of the fluid balances during this procedure is 
required [15] (Video 20.1).

FIGURE 20.1  Sonohysterogram showing FIGO 0 fibroid and endometrial 
polyp.

TABLE 20.1

Hysteroscopic Myomectomy: Pre-Medication Effect on Endometrial Thinning, Fluid Deficits and Fibroid Shrinkage

No Medication Triptorelin Letrozole Ulipristal P Value

N = 23 N = 20 N = 11 N = 7

Age (years) 35.0 +/− 4.7 36.3 +/− 5.4 36.8 +/− 5.1 38.4 +/− 4.3 0.419

Largest Myoma (cm) 2.7 +/− 0.5 2.8 +/− 0.4 3.0 +/− 0.4 2.9 +/− 0.3 0.254

Endometrium (mm) 3.9 +/− 1.0 2.3 +/− 0.6 4.1 +/− 1.0 6.9 +/− 3.3 <0.001

Fluid Deficit (mL) 457 +/− 139 340 +/− 112 366 +/− 111 371 +/− 103 0.003 (S vs. T)
0.048 (S vs. L)
0.110 (S vs. U)
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Source:	 Bizzarri N et al. Eur J Obstet Gynecol Reprod Biol. 2015;192:22–6, with permission.

TABLE 20.2

Impact of Uterine Fibroid Embolization (UFE) on Pregnancy

Pregnancy (%) Miscarriage (%)

RCTs 50 64

Cohort studies 69 56

Case series 29 25

Source:	 Karlsen K et  al. Arch Gynecol Obstet. 2018;297:13–25 with 
permission.
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The cold loop technique refers to use of a resectoscope with-
out energy. Often, energy is originally used to make a cut at the 
base of the fibroid followed by cold wire loop passes to bluntly 
remove the fibroid from its capsulation within the myometrium, 
also referred to as enucleation. This technique is similarly used 
in abdominal myomectomies once a plane is identified to dis-
sect the fibroid from normal myometrial tissue. This helps reduce 
cautery within the cavity [2,16,17].

A newer and very popular technology is a mechanical mor-
cellator with tissue retrieval system such as Myosure, Truclear 
and Symphion devices. These systems include a window at the 
tip of the instrument which, when activated simultaneously, 
creates suction and cuts the pathology with a rotatory or up/
down action. These devices are compatible with isotonic saline 
as a distention medium [3]. The suction created to remove 
pathology can also help clear blood-tinged fluid from the cav-
ity for clearer visualization. There is not electric current for 
cutting or coagulation in the Myosure or Truclear devices; 
however, Symphion does have energy capabilities. They are 
most commonly used for type 0–1 fibroids. They are reported 
to have shortened operative times and decreased learning 
curves for surgeons [2,5]. Anecdotally, the more dense, calci-
fied or larger the fibroid, the more difficult it is to remove with 
these devices (Video 20.2).

A less-common technology involves ablation of the uter-
ine fibroid via radiofrequency ablation or thermal techniques. 
In this technique, an electrode is placed within the fibroid and 
causes tissue to desiccate [18]. The tissue often does not require 
additional removal, but if not completely desiccated, then may 
require removal with a wire loop. The tissue cannot be evaluated 
by histopathology [8].

Selecting a technique depends on surgeon training, fibroid 
location and size and available technology at the surgeon’s facili-
ties (Table 20.3).

Postoperative Management

Depending on the location and depth of the removed fibroid, 
surgeons may choose to place a pediatric-sized Foley catheter 
within the uterine cavity. This practice is thought to decrease 
intrauterine adhesion formation. This practice is not associated 
with an increased infection risk, as demonstrated by Abuzeid 
et al. who evaluated over 1000 cases with postoperative uterine 
Foley placement and reported no infections [19]. Another com-
mon practice with little supportive research is the use of estro-
gen and progesterone supplementation postoperatively to support 
physiologic endometrial regeneration and possibly decrease risk 
of adhesion formation [20]. It may be beneficial to perform a 

diagnostic hysteroscopy 1–2 months after the procedure to ensure 
adequate healing and the absence of intrauterine adhesions.

Complications

Although hysteroscopic myomectomy is a relatively safe, mini-
mally invasive surgery, there are still risks to be cognizant of 
and to discuss with your patient. First, electrolyte imbalances are 
the most common complication from prolonged hysteroscopic 

VIDEO 20.2  https://youtu.be/5VMlvB-7R9I
Symphion morcellator.

TABLE 20.3

Pros and Cons of the Most Common Hysteroscopic Myomectomy 
Techniques

Technique Pros Cons

Monopolar 
resectoscope

•	 Energy coagulation 
and cutting 
capabilities

•	 Decreased bleeding
•	 Improved 

visualization

•	 Requires electrolyte-poor 
distention media

•	 Evacuation of pathology 
requires removal of 
hysteroscope

Bipolar 
resectoscope

•	 Energy coagulation 
and cutting 
capabilities

•	 Decreased bleeding
•	 Improved 

visualization
•	 Isotonic distention 

media

•	 Evacuation of pathology 
requires removal of 
hysteroscope

Cold wire loop •	 Any distention media
•	 No energy
•	 Clean margins for 

pathologic evaluation
•	 Can be used deep into 

the myometrium 
without fear of energy 
impacting tissue 
beyond the uterus

•	 No energy coagulation 
or cut capabilities

•	 Decreased visualization 
with bleeding

Morcellator 
system

•	 System cuts and 
removes pathology

•	 Can clear bleeding 
with vacuum suction 
on system

•	 Does not require 
removing the 
hysteroscope to 
remove pathology

•	 Shorter operative 
times

•	 Single entry into 
uterine cavity with 
device

•	 No energy coagulation 
or cut

•	 Decreased visualization 
with heavy bleeding

•	 Limited by size and 
location of myoma

Radio frequency 
ablation

•	 Volume reduction
•	 Preservation of 

surrounding 
myometrium

•	 Single entry into 
uterine cavity with 
device

•	 Desiccates tissue so no 
histopathology can be 
performed

•	 No energy coagulation 
or cut

•	 Still under investigation
•	 Reduces volume of 

myoma but not the entire 
fibroid

VIDEO 20.1  https://youtu.be/0ZA1fRheSLM
Cold loop myomectomy.

https://youtu.be/0ZA1fRheSLM
https://youtu.be/5VMlvB-7R9I
https://
https://
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surgeries. These can vary from slight derangements in sodium 
levels to life-threatening alterations leading to arrhythmias and 
intensive care unit admissions [15,21,22]. For this reason, it is 
imperative to closely monitor hysteroscopic fluid going into the 
uterus, fluid retrieved through the hysteroscopic system and IV 
fluid being given by anesthesia [8,14].

Uterine procedures requiring dilation and instruments intro-
duced into the uterus also have a risk of uterine perforation. This 
complication is reported at a rate of about 1% for operative hys-
teroscopy and less than 0.1% for diagnostic hysteroscopy [21,23]. 
Surgical planning includes a pelvic exam prior to instrumenta-
tion to gain an understanding of the position of the uterus and 
decrease this risk. If the cervical os is stenotic, an os finder can 
often be helpful to find a cervical pathway without creating a 
false passage or perforating.

Hemorrhage is a low risk with this procedure, but not zero. 
The bleeding from a myoma may obscure visualization and pro-
hibit completion of the procedure in a single surgery. This can 
often be predicted and a two-step procedure can be planned in 
advance and the patient counseled appropriately [2,8,24]. Direct 
injection of vasopressin either into the paracervical junction or 
directly into the fibroid has been described to improve hemo-
stasis and visualization during hysteroscopic myomectomy [25]. 
Patients must be counseled on postoperative warning signs of 
excessive blood loss and when to call their physician or come to 
the emergency room.

Adhesions from aggressive surgical technique or deep carv-
ing into the uterine myometrium below the endometrial lining 
can cause patients to return with abnormal uterine bleeding, 
infertility or pain [26]. Adhesive disease can be diagnosed with 
a diagnostic in-office hysteroscopy. If thin filmy adhesions are 
diagnosed, then these can be addressed with blunt dissection. 
When thick adhesions are encountered, more precise cutting 
with hysteroscopic scissors is required. Rates of reported adhe-
sion formation after operative hysteroscopy range from <1% to 
41% [26,27]. Anti-adhesion gels have not proved to prevent adhe-
sion formation [8].

An unfortunate reality of this procedure is that the pathol-
ogy may grow back over time, especially with those that have 
a large fibroid burden. If patients are near menopause, this risk 
decreases. For patients wishing to conceive, they should be 
encouraged to do so within a few years from this procedure to 
decrease the chances of regrowth and impact on the lining [8].

Rarely, a presumed uterine fibroid can be discovered to be a 
malignancy. If hysteroscopic surgery does identify a malignancy, 
the hysteroscopic fluid has a small risk of upstaging early endome-
trial cancers by disseminating cells within the peritoneal cavity, 
but this does not appear to influence disease prognosis [28]. This 
is a rare occurrence with an incidence reported as low as 0.86%, 
with increased risk over the age of 50 years old [29]. If found, 
prompt referral to a gynecologic oncologist is recommended.

Recovery

Hysteroscopic myomectomies are minimally invasive proce-
dures that can be performed as an outpatient day procedure or 
in-office procedure. Patients generally have light to moderate 
vaginal bleeding that improves each postoperative day, until it 

stops and normal menses returns. If a pediatric Foley catheter 
is placed, removal 7–14 days postoperative is recommended. 
Postoperative pain should be managed with non-narcotic medi-
cations as feasible; nonsteroidal anti-inflammatory medications 
such as ibuprofen are very effective. Patients should have a fol-
low-up with their surgeon within 2 weeks after the procedure 
to review the pathology report, assess recovery and discuss next 
steps in management.

Impact on Fertility

Fibroids that impact the endometrial lining, FIGO grades 0–2, 
may negatively impact embryo implantation and growth. Patients 
with fertility issues, prior poor obstetrical outcomes and symptoms 
related to fibroids should have their uterine cavity assessed and 
may be candidates for hysteroscopic myomectomy [30,31]. ASRM 
practice guidelines support hysteroscopic myomectomy for sub-
mucosal fibroids impacting the contour of the uterine cavity. The 
guidelines have the following conclusions: good evidence support-
ing improved pregnancy rates after hysteroscopic myomectomy 
(grade B), insufficient evidence to conclude that hysteroscopic 
myomectomy reduces likelihood of early pregnancy loss (grade 
C) and myomectomy is not recommended to improve fertility in 
asymptomatic women with non-cavity-distorting myomas [32].

Conclusion

Hysteroscopic myomectomy is a safe minimally invasive pro-
cedure that can effectively treat FIGO grade 0–2 fibroids. 
Preoperative management must be tailored to each patient and 
surgical technique picked based on surgeon’s skill and patient’s 
presentation. Postoperative recovery is quick and most patients 
successfully recover as outpatients. Fertility can be positively 
impacted by resection of submucosal fibroids impacting the 
endometrial lining.
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Fibroids: Location is (Almost) Everything

Emily A. Seidler and Louise P. King

Introduction

Uterine leiomyomas (fibroids or myomas) are the most common 
benign tumor in women. Fibroids are a leading cause of abnor-
mal uterine bleeding (AUB) and subsequent anemia, pelvic pain 
and infertility. Although fibroids are the most common single 
reason for hysterectomy, most fibroids are asymptomatic. The 
prevalence and epidemiology of fibroids, therefore, is not well 
characterized and likely is underestimated. More recently, with 
the increased use of molecular profiling, it has been suggested 
that fibroids are not a single disease entity, but rather a com-
mon phenotype of multiple disease pathologies [1]. With this in 
mind, one must carefully approach the management of uterine 
fibroids, letting patient-specific symptomatology and goals guide 
treatment.

When to Intervene

Generally, we advise intervention only if the patient is symp-
tomatic, whether secondary to pelvic pain or menorrhagia, for 
potential treatment of infertility or recurrent pregnancy loss or 
to potentially improve pregnancy outcomes. The evidence avail-
able to guide decision-making regarding fibroids in the setting 
of fertility and pregnancy is not robust. We will review here the 
evidence available.

Fertility

Fibroids likely decrease fertility and increase the risk of pregnancy 
loss, although definitive evidence of causation is not available.

The physical location of fibroids is key. Fibroids are typically 
characterized as serosal, intramural, submucosal, cervical or 
exophytic (see Figure 21.1). Fibroids in any location, with the 
possible exception of exophytic, may affect fertility. Intramural 
and submucosal fibroids may obstruct fallopian tubes/ostia/gam-
ete transportation (fertilization) and/or may affect implantation 
and early pregnancy maintenance.

Submucosal fibroids are classically thought to be the most 
deleterious in the setting of desired fertility [2–4]. There are 
typically multiple other factors related to the presence of 
fibroids that affect fertility. Other than physical location, pos-
sible mechanisms affecting fertility include impaired uterine 
peristalsis, vascular changes and disruption of the endometrial 
biochemical milieu.

Assisted reproductive technologies can circumvent issues 
related to gamete transportation and fertilization. Yet, issues 
with abnormal endometrial receptivity and decreased implan-
tation remain. This conclusion is supported by the finding that 
even non-cavity-distorting/intramural fibroids negatively affect 
IVF outcomes [5–10].

Obstetric Complications

Beyond the window of conception, leiomyoma—specifically 
intracavitary or submucosal myomata—can have significant 
obstetric implications. A recent series of meta-analyses by Jenabi 
et al. suggests that fibroids increase the risk of placenta previa 
[11], placental abruption [12] and fetal malpresentation and 
cesarean delivery at term [13], which are generally in line with 
common clinical belief. In contrast, another recent meta-analy-
sis discredited the classic dogma that submucosal leiomyomas 
independently increase the risk of early spontaneous abortion. 
Sundermann et al. analyzed more than 20,000 pregnant women 
and found that presence of leiomyoma was not associated with 
increased risk of spontaneous abortion [14]. They hypothesize 
that failure of prior studies to adjust for confounders may have 
led to the opposite finding.

Jenabi et al. showed a significant association between uterine 
leiomyoma and placenta previa based on adjusted odds ratio 
estimates from case-control and cohort studies (2.21; 95% 
CI: 1.48, 2.94). Similarly, they found that the risk of placental 
abruption is higher in pregnant patients with existing uterine 
leiomyoma (2.63; 95% CI: 1.38, 3.88). The pathophysiology 
of these associations is unclear, but the presence of fibroids 
seems to increase the risk of abnormal placentation. In addi-
tion to the endometrial effect, the anatomical disruption of 
fibroids can affect an ongoing pregnancy, potentially resulting 
in malpresentation (2.65; 95% CI: 1.60, 3.70) and increased risk 
of cesarean delivery (2.60; 95% CI: 2.02, 3.18) at term. Given 
the clinical significance of these associations, further study is 
clearly warranted.

Pelvic Pain/Bulk Symptoms

In contrast to issues with fertility, pelvic pain and bulk symptoms 
can be caused by large and/or subserosal fibroids exerting pres-
sure on surrounding pelvic structures. Such fibroids can cause 
bladder symptoms (frequency, incontinence, incomplete voiding) 
and bowel symptoms (rectal pressure).
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Treatment should always be offered if the patient reports 
symptoms, especially pain that is significant enough to disrupt 
her life choices. Such intervention should be fertility-sparing if 
the patient desires future fertility.

Bleeding

Fibroids in submucosal and intramural locations can cause heavy 
menstrual bleeding, which can be significant enough to lead to 
profound anemia. Treatment should be offered even if the patient 
reports bleeding that is merely bothersome to her despite no 
objective findings of anemia. As with pelvic pain and bulk symp-
toms, the type of treatment offered should be guided by fertility 
desires.

How to Intervene

Medical Options

Medical interventions include most hormonal methods such as 
progestins, most commonly Depo-Provera, long-acting intra-
uterine devices secreting progestins, and oral contraceptives. 
Nonhormonal alternatives include nonsteroidal anti-inflammato-
ries and tranexamic acid. All these options improve a patient’s 
bleeding profile, at least temporarily, but likely don’t affect 
fibroid volume.

By contrast, GnRH agonists (GnRHa) can result in a tempo-
rary decrease in fibroid volume and bleeding profile. Short-term 
use of GnRHa pre-myomectomy can be helpful to decrease 
fibroid volume, preoperative anemia and intraoperative blood 
loss, and may make surgery less technically difficult [15–17]. 
That said, GnRHa use for fibroids is controversial as some stud-
ies show no difference, and anecdotally, their use may make sur-
gical planes of dissection less distinct during myomectomy [18].

Surgical/Procedure-Based Options

Hysterectomy remains the definitive treatment option for fibroids.
Myomectomy, compared to hysterectomy, involves higher 

morbidity (increased blood loss, adhesion formation and 

postoperative complications) and is not a definitive solution. 
Consequently, myomectomy is reserved for patients with desired 
future fertility. In women who have completed childbearing or 
who do not desire fertility, surgeons should encourage hyster-
ectomy. If retention of the uterus is desired, surgeons should 
carefully explore with the patient what benefit she seeks from 
retention of her uterus, as there are significant misconceptions 
about risks and benefits of hysterectomy in the media and lay 
press. That said, ultimately, a well-informed and noncoerced 
patient can reasonably opt for a myomectomy even if fertility is 
not desired.

Importantly, there remains a possible risk of decreased fer-
tility following myomectomy. The risk of this increases with 
increasing age at the time of myomectomy and with increasing 
number and localization (depth) of leiomyomas (greater number 
and deeper fibroids are worse). If the surgery results in pelvic 
adhesions or infection, fertility also could decrease [19].

The surgeon and patient must also consider the risk of future 
uterine rupture in pregnancy following myomectomy. Risk fac-
tors for this include excessive use of energy during dissection, 
single- versus multiple-layer closure of defect (with multiple 
preferred but indicative of deeper dissection and more risk of 
rupture) and the potential inexperience of the surgeon [20]. The 
literature regarding the true rate of uterine rupture after myo-
mectomy is limited, and reliable assessment of risk ahead of 
surgery is near impossible. Obstetricians and laborists should be 
cautious following myomectomy and should assume the uterus 
would behave in the same way postmyomectomy as one with 
a prior classical cesarean section if direction from the surgeon 
or operative report is not available. Thus, the recommendation 
should be scheduled cesarean at 37–39 (37.0–38.6) weeks when 
pregnant after myomectomy, especially if full-thickness myome-
trial incision was made at the time of myomectomy [21].

Alternatives to surgical myomectomy exist but currently are 
not considered compatible with subsequent pregnancy. Uterine 
artery embolization (UAE) is an excellent alternative to hyster-
ectomy or myomectomy for select patients. Some evidence sug-
gests equivalent patient satisfaction to surgical excision in the 
short term. Longer term, patients experience a higher rate of 
complications (usually pain) and a relatively high likelihood of 
requiring future surgical excision [22, 23]. Pregnancy outcomes 
after UAE are not well characterized [24]. Some studies indicate 
possible increased spontaneous loss, as well as a risk of infertil-
ity, after UAE [25–28]. The hypothesis is that these outcomes 
result from decreased perfusion to the myometrium and possible 
ischemic damage. This, is turn, would imply poor blood supply 
to the endometrium (decreased fertility) and poor placentation 
(early loss). However, the true underlying pathophysiology of 
any decrease in fertility or poor obstetrical outcomes is not com-
pletely understood in this setting. Successful pregnancies post-
UAE have been reported.

Magnetic resonance-guided high-intensity focused ultrasound 
(MRgHIFU) was approved for the treatment of fibroids by the 
FDA in 2004 but is not in widespread use. Where available, this 
is a reasonable option for women who fail medical therapy and 
have desired future fertility, as it does not compromise blood sup-
ply. Yet, long-term outcome data are lacking [29]. Preliminary 
pregnancy data following MRgFUS are encouraging, with a high 
rate of delivered and ongoing pregnancies [30].

FIGURE 21.1  Locations of fibroids. (From https://www.health.harvard.
edu/womens-health/what_to_do_about_fibroids, with permission.)

https://www.health.harvard.edu/
https://www.health.harvard.edu/
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Fertility Preservation with Myomectomy

The literature is not clear regarding a particular size or number 
of fibroids that would definitively direct a recommendation of 
surgery. However, in a patient with no other obvious cause of 
infertility, myomectomy has been shown to improve pregnancy 
rates [31]. Strong evidence exists showing that when submuco-
sal fibroids are removed hysteroscopically, and only submucosal 
fibroids are present, pregnancy rates improve if no other cause of 
infertility is identified [32].

In the setting of multiple fibroids, determining how many 
fibroids to remove to enhance fertility is difficult and driven pri-
marily by experience and expertise. There are no specific studies 
that address this question. Expert opinion would counsel surgeons 
to remove all fibroids that are greater than 3–4 cm in largest 
diameter and are easily accessible through a minimal number of 
incisions. The goal is always to minimize damage to the myome-
trium. Typically, this would involve removing as many fibroids 
through as few incisions as possible. Every case is unique. MRI 
can be helpful in planning number and location of incisions but is 
an expensive modality and should be used sparingly.

Laparoscopy in general carries a number of benefits when com-
pared to open surgery; specifically, less blood loss, less adhesion 
formation, less infection, fewer thrombotic events and shorter 
recovery period with less postoperative pain [33]. Yet, a random-
ized controlled trial found no significant differences between 
laparoscopic and open myomectomy infertile patient groups in 
terms of pregnancy rate (55.9% after laparotomy, 53.6% after 
laparoscopy), abortion rate (12.1% versus 20%), preterm deliv-
ery (7.4% versus 5%) and rate of cesarean section (77.8% versus 
65%). There were no cases of uterine rupture in either group [34].

In experienced hands, using limited electrosurgical energy, 
laparoscopic myomectomy and open myomectomy have similar 
improved pregnancy rates and low uterine-rupture rates post-
myomectomy [35–38]. Thus, if technically feasible, laparoscopic 
myomectomy should be preferred given the benefits listed earlier.

The choice of approach will necessarily be based upon the 
experience of the surgeon and the patient’s preference as informed 
by adequate and accurate counseling, as well as the size, number 
and location of fibroid(s) of interest. Cervical fibroids, extremely 
large (i.e., >20 cm) fibroids and multiple (>5) fibroids located far 
from one another usually require open surgery. Under certain cir-
cumstances and with surgical expertise, a minilaparotomy may 
combine advantages of both open and laparoscopic approaches 
in the right case [39].

When proceeding laparoscopically with removal of a larger 
number of fibroids, it is essential to keep track of the number of 
fibroids with notations made by the circulator in writing. The 
fibroids can be placed on a suture and then secured to the upper 
abdomen in a string-of-pearls fashion. It is essential that all 
fibroids are removed from the abdomen so as to avoid necrosis 
and potential infection or seeding postoperatively.

When a combination of fibroids exists, one should target sub-
mucosal fibroids as the most likely to impact fertility. When 
planning surgery for submucosal fibroids, it is essential to take 
careful account of how much normal myometrium is available, 
as this may direct the mode of surgery. If very little myome-
trium (less than 5 mm, for example) stands between the edge of 
a submucosal fibroid and the serosa, that fibroid likely should 

be approached laparoscopically. A small case series found that 
laparoscopic myomectomy for intramural fibroids penetrating 
the uterine cavity (partially submucosal) is a potentially safe 
approach. Among 23 of the 32 patients attempting pregnancy 
during the follow-up period, 9 (39%) conceived within 1 year; 7 
pregnancies went to term without complications [34].

In a case with both submucosal and intramural fibroids requir-
ing resection, surgeons should proceed first with hysteroscopy. 
There are no studies that specifically address this. However, 
once the myometrium is breeched through an abdominal myo-
mectomy (whether laparoscopic or open), hysteroscopy becomes 
next to impossible.

Regardless of the number or location of incisions made, it is 
essential to close the defect in the myometrium completely. This 
typically will require a multiple-layer closure to prevent subse-
quent dehiscence. This is especially important in patients who 
seek subsequent pregnancy. A systematic review of laparoscopic 
myomectomy for symptomatic fibroids found that the risk of uter-
ine rupture is very low when the myometrium is repaired “appro-
priately” (i.e., multilayer myometrial repair by an experienced 
surgeon) [40]. Various studies support this conclusion. A report 
of seven uterine rupture cases after laparoscopic myomectomy 
found that a multilayer closure with suture of the myometrium 
was performed in just 14.3% of cases [20]. Another small case 
series found that laparoscopic suturing and repair of the myo-
metrium in three layers above the endometrium when entered 
at the time of myomectomy doesn’t prevent future pregnancies. 
The pregnancies in this case series, when desired, progressed to 
term [41]. Most experts would advise a purse-string stitch over 
the endometrial cavity defect with vicryl to preserve and protect 
the cavity and then layers of locking running stiches to follow 
with either vicryl or barbed suture.

Minimizing Blood Loss during Myomectomy

The most common method used to decrease blood loss at myo-
mectomy is intramyometrial injection of vasopressin. The solu-
tion is injected into the planned uterine incision site, and by 
constricting the smooth muscle in the walls of capillaries, small 
arterioles and venules, it reduces blood loss during the proce-
dure. Randomized trial data show that blood loss during myo-
mectomy with vasopressin is significantly less than with placebo 
or the use of a tourniquet [42].

There is minimal evidence to suggest that Cell Saver technol-
ogy is of benefit. However, it may be useful in select patients who 
refuse blood transfusions or in instances when excessive blood 
loss is anticipated. As described previously, GnRHa can also 
decrease blood loss.

Conclusion

Fibroids represent a difficult and fairly ubiquitous surgical problem 
for women and their physicians. Current research is not adequate to 
provide reliable guidance for surgeons and reproductive endocri-
nologists who seek to assist women in addressing infertility aris-
ing from fibroids, despite a fairly large library of published articles 
reviewed. Further study by randomized controlled trial as appropri-
ate would be exceedingly beneficial in advancing this area.
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Manual or Hand Morcellation in Minimally Invasive Surgery

Janelle K. Moulder, Tarek Toubia, and Michelle Louie

The benefits of minimally invasive surgery (MIS) have been 
widely documented in gynecology and include faster recovery, 
fewer complications, smaller scars [1–3] and reduced mortal-
ity [4] compared with laparotomy. Morcellation is required to 
remove large tissue specimens during MIS. In 1995, power or 
electromechanical morcellation was approved by the United 
States Food and Drug Administration (FDA), which increased 
the availability of MIS for women with large uteri [5]. In April 
and November 2014, the FDA issued safety communications 
regarding the potential dissemination of undiagnosed uterine 
sarcoma during power morcellation, which worsens patient long-
term survival [6]. Following the 2014 FDA safety communica-
tion, use of power morcellation by gynecologists has significantly 
decreased [7], and up to 84% of gynecologists have changed their 
surgical approaches for hysterectomies and myomectomies [8]. 
Furthermore, since 2014, the rate of laparotomy has increased in 
46% of cases [7], which has been associated with an increase in 
major surgical complications and rates of hospital readmission 
[9]. Almost half of the gynecologists in the United States have 
reported that their hospitals have banned power morcellation [7]. 
Gynecologists have since started to use alternative morcellation 
techniques such as manual or hand morcellation and in-bag or 
contained morcellation.

Tissue extraction by manual or hand morcellation is per-
formed by general surgery and urology in addition to gynecol-
ogy [10–14]. In gynecology, morcellation should be avoided in 
cases of known malignancy and in patients at high risk for uter-
ine sarcoma, such as those who are postmenopausal, have 5 or 
more years of tamoxifen exposure, a history of pelvic irradiation, 
hereditary leiomyomatosis and renal cell carcinoma syndrome or 
childhood retinoblastoma [5,15]. Additionally, patient counseling 
and appropriate preoperative evaluation, including endometrial 
sampling, should be performed prior to surgery in which morcel-
lation is anticipated.

Methods of Manual Morcellation

Manual or hand morcellation may be performed transvaginally 
through a colpotomy or culdotomy or transabdominally through 
a minilaparotomy. Route of morcellation is predominantly deter-
mined by surgeon experience. No significant differences exist 
between perioperative outcomes or operative times following 
transvaginal or transabdominal morcellation when comparing 
specimen weight, pathology, patient habitus and patient anatomy; 

complications are exceedingly rare with either approach [16,17]. 
When considering contained or in-bag morcellation, transab-
dominal morcellation has been associated with a significantly 
lower proportion of bag puncture or breach of bag integrity com-
pared with the transvaginal approach [17–20].

Transvaginal Morcellation

Uterine extraction by transvaginal morcellation has been per-
formed since the 1800s [21]. Contained or uncontained mor-
cellation may be performed transvaginally, either through the 
colpotomy following total hysterectomy or through a culdotomy 
following supracervical hysterectomy or myomectomy. The cre-
ation of a posterior culdotomy can be facilitated by using a col-
potomy cup or ring as a guide. Several techniques for uncontained 
vaginal morcellation have been previously described [16,22–24]. 
All techniques use self-retaining or assistant-held vaginal retrac-
tors to facilitate exposure, visualization and protection of the 
vaginal walls, urethra, bladder and rectum. Trendelenburg posi-
tion is decreased to 15°–30°. Following completion of the hyster-
ectomy, the cervix is grasped and brought down to the vaginal 
introitus. The uterine body is then debulked by wedge resection 
[21], coring or bivalving with a scalpel [24]. The “paper roll” 
technique has been used to morcellate uteri as large as 1690 g 
[22]. The “paper roll” technique is performed by starting the 
myometrial incision with a scalpel posteriorly and continuing 
circumferentially in a counterclockwise direction while simulta-
neously applying clockwise counter traction on the cervix with 
the nondominant hand [22]. The constant rotation of the speci-
men as it is being extracted allows the intra-abdominal portion 
of the uterus to roll, as if unwinding a roll of paper. The “helical 
incision” technique is a similar method of transvaginal morcel-
lation which has also been successful at removing large uteri up 
to 1350 g [23]. The cervix is pulled directly toward the surgeon 
and, using an 11 blade, an incision is made starting at ten o’clock, 
moving clockwise to six o’clock and carried down to half the 
thickness of the specimen. The uterus is then rotated clockwise 
until the uncut portion is positioned at ten o’clock and another 
clockwise incision is made. Rotation and incision are repeated 
until the specimen is completely extricated.

To perform vaginal morcellation in a contained fashion, 
following completion of the hysterectomy, the bag is inserted 
through the colpotomy with the opening oriented cephalad to 
facilitate laparoscopic placement of the specimen into the bag. 
Laparoscopically, the specimen is placed into the bag with the 
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uterine fundus at the bottom of the bag so that when the bag is 
brought through the vagina, the cervix is the presenting part of 
the specimen. Vaginal retractors are then placed between the 
specimen and the bag to protect the bag from puncture dur-
ing morcellation. The same morcellation techniques applied 
to uncontained vaginal morcellation can be implemented with 
contained or in-bag morcellation. Mean time for contained 
morcellation has been documented as 5 minutes (range 4–19 
minutes) in a study with an average uterine weight of 370 g 
(range 240–510 g) and no intraoperative or postoperative com-
plications [20].

Transabdominal Morcellation

Manual or hand morcellation may also be performed through a 
minilaparotomy of 2–4 cm following laparoscopic or robotic-
assisted supracervical hysterectomy, total hysterectomy or 
myomectomy [17,18,25–27]. To reduce postoperative pain and 
optimize incision appearance, the minilaparotomy is made in 
the umbilicus or 2 cm above the pubic symphysis, as opposed 
to laterally. To reduce the number of abdominal incisions, one 
of the existing port sites may be extended to form the minilapa-
rotomy. To safely perform manual morcellation, the specimen is 
brought up to the minilaparotomy with penetrating clamps so 
that the incisions into the specimen are made extraperitoneally at 
the surface of the abdominal wall. The scalpel blade is oriented 
45° to the abdominal wall, and the incision is made in the speci-
men starting at seven o’clock, moving clockwise, and ending at 
five o’clock. The specimen is then rotated counterclockwise to 
expose the uncut portion of the uterus and the next incision is 
made. Alternating clockwise incisions and counterclockwise 
rotation ideally results in a continuous spiral of tissue in a time-
efficient manner.

An alternative technique is to insert a laparoscopic knife or 
long-handle scalpel through a 1-cm suprapubic incision or trocar 
site [25]. Placing the knife through a lateral port site increases 
the risk for iliac vessel injury. The uterus is held anteriorly by 
both surgeons, and the knife is drawn through the longitudinal 
axis of the specimen, posteriorly to anteriorly and cranially to 
caudally.

Transabdominal manual morcellation may be performed in a 
specimen containment bag to minimize the risk of tissue dissem-
ination [28–30]. When performing contained morcellation, the 
specimen containment bag is passed into the peritoneal cavity 
through the colpotomy or through the minilaparotomy incision 
so that the specimen (i.e., uterus or myoma) may be placed into 
the bag under laparoscopic visualization. To maintain pneumo-
peritoneum during specimen containment, closure of the vaginal 
cuff, vaginal occlusion, penetrating towel clamps applied to the 
abdominal incision or an appropriately sized trocar may be used. 
Additionally, colpotomy closure prior to morcellation can reduce 
blood loss. The specimen containment bag is oriented parallel to 
the long axis of the body with the opening facing cephalad and 
the bottom directed caudally. To facilitate specimen placement 
in large bags, a sterile marking pen may be used to identify the 
inside of the bag and the direction of the opening. The bag is first 
oriented under laparoscopic guidance, and the specimen is then 
placed inside the bag with laparoscopic graspers. Trendelenburg 
position may be decreased to 30° to aid with specimen placement. 

With one surgeon holding the specimen against the bag opening, 
the other surgeon uses laparoscopic graspers to pull the edge of 
the bag anteriorly over the specimen. The opening of the bag is 
then pulled through the planned minilaparotomy site by either 
using the built-in tab or string or with the aid of the laparo-
scopic grasper. Once the opening of the bag is completely pulled 
through the incision, the trocar site is enlarged to the planned 
minilaparotomy length of 2–4 cm. Maintaining pneumoperito-
neum during manual morcellation helps to distance the scalpel 
blade from bowel and major vessels. A number of different speci-
men containment bags exist, each with their own advantages and 
disadvantages. Compared to other available materials, ripstop 
nylon bags are more durable; however, bag puncture is rare with 
transabdominal morcellation [17–19]. To increase visualization 
and exposure, and protect surrounding soft tissue during mor-
cellation, a self-retaining retractor is placed into the minilapa-
rotomy [19]. In cases of very large uterine size, preoperative 
administration of a gonadotropin-releasing hormone agonist at 
least 3 months prior to surgery can reduce specimen size to not 
only facilitate a minimally invasive approach, but also to allow 
placement of the specimen in a bag and reduce intraoperative 
blood loss.

Risks and Complications Related 
to Hand Morcellation

Specimen morcellation can create diagnostic challenges for 
pathologists. Identification of endometrial tissue among numer-
ous fragments of non-oriented tissue is difficult [31]. Even if the 
endometrium is identified, a malignancy could be missed and 
staging may be impossible [32]. Compared to electromechani-
cal morcellation, hand morcellation has the potential to maintain 
more normal uterine architecture to help attain a correct diagno-
sis [32]. Staining the endometrium with methylene blue dye [33] 
or trypan blue dye [31] also facilitates identification and orienta-
tion of the endometrium.

Overall, data are suggestive of worse prognosis, survival and 
recurrence rate with power morcellation compared with other 
methods of morcellation in the setting of uterine sarcoma. Both 
disease-free survival (DFS) and overall survival were signifi-
cantly worse in patients with sarcoma who had power, abdominal 
or vaginal morcellation [34]. DFS is differentially affected by 
type of morcellation: DFS was 6.3 months with power morcel-
lation, 11.9 months with vaginal morcellation and 149.9 months 
without any morcellation [28]. Morcellation is associated with 
more frequent sarcoma recurrences [28,34,35]. The risk of sar-
coma recurrence is higher with power morcellation compared 
with no morcellation; however, no difference in recurrence was 
found between nonpower morcellation and no morcellation [29]. 
Dissemination of benign tissue may cause peritoneal leiomyo-
matosis, parasitic myomas and retained cervical and endometrial 
tissue, which may only become evident remote from surgery [27].

Morcellation within a specimen-containment system 
(Figure 22.1) may reduce the risk of benign or malignant tissue dis-
semination. Contained morcellation may mediate recurrence rates 
in cases of occult malignancy: in two studies, there was no evidence 
of local recurrence after a median follow-up time of 18 months and 
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20 months [36,37] and overall survival was 100% at 12 months 
and 73% at 24 months [36]. Of note, uncontained transvaginal 
morcellation following hysterectomy has not been associated with 
sarcoma recurrence after a mean follow-up period of 25 months 
(range 16–36 months) [30]. More long-term data are needed to bet-
ter understand the effect of contained morcellation on prognosis.

During uncontained morcellation, tissue and fluid dissemina-
tion can be mitigated by decreasing the degree of Trendelenburg 
to limit migration of fragments to the upper abdomen, copious 
irrigation to wash small fragments into the cul-de-sac [38], and 
extraction of the specimen in one continuous piece. All morcel-
lated fragments should be retrieved by the surgeon if continuous 
extraction is not possible.

In addition to risks related to morcellation of occult malig-
nancy, inherent risks exist with both contained and uncontained 
hand morcellation. Both contained and uncontained morcella-
tion carry a risk of injury to surrounding structures. During 
vaginal morcellation, use of self-retaining or assistant-held 
vaginal retractors can minimize the risk of injury to the vagina, 
urethra and rectum. When considering options for vaginal 
morcellation, myometrial coring has higher rates of debulking 
failure and postoperative fever [24] compared with specimen 
bisection. Specific to contained vaginal morcellation, bag dis-
ruption may occur in up to one-third of cases [20]. During 
transabdominal hand morcellation, the viscera and major ves-
sels are at risk of injury if careful technique is not employed. 
In order to distance the scalpel blade from viscera and major 
structures, we advocate maintaining pneumoperitoneum dur-
ing manual morcellation.

Conclusion

Hand or manual morcellation extends the benefits of MIS to 
women with large uterine pathology and has been increasingly 
adopted for extraction of uterine leiomyoma. As with all surgical 
techniques, surgeon comfort and familiarity with the procedure 
will optimize patient outcome. Several techniques for manual 
morcellation exist for both vaginal and abdominal tissue extrac-
tion. Contained morcellation may minimize the risk of postop-
erative sequelae related to benign or malignant disease.
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Uterine Leiomyosarcoma

Roni Nitecki and J. Alejandro Rauh-Hain

Introduction

Mesenchymal tumors are comprised of uterine sarcomas (leio-
myosarcomas and endometrial stromal sarcoma) and mixed epi-
thelial/stromal tumors (carcinosarcomas and adenosarcomas) 
[1]. While rare, the rate of uterine sarcoma diagnosis appears 
to be increasing; from 1988 to 2001, their incidence rose from 
7.6% to 9.1% of all uterine cancers [2]. The most common type of 
uterine sarcoma is uterine leiomyosarcoma (ULMS). The annual 
incidence of ULMS is 0.64 per 100,000 women [3] and repre-
sents only 1%–2% of uterine malignancies [1]. The median age at 
diagnosis is 55 years old [2]. These tumors are large myometrial 
masses, which typically spread hematogenously. The diagnosis 
is challenging because patients present with vague symptoms 
similar to those of patients with uterine leiomyomas. ULMSs are 
notorious for their aggressive nature; several studies support sur-
vival rates near 50% for stage I–II disease and 0%–28% for stage 
III–IV disease [4–5]. Prior studies have identified prognostic fac-
tors at the time of primary diagnosis, such as stage and mitotic 
count. Other factors, such as age, tumor size and tumor grade, 
have all similarly been investigated, but there is no clear associa-
tion that has been replicable and statistically significant [2–6].

Risk Factors

Risk factors for ULMS have not been fully elucidated. A risk 
factor that is common to both leiomyomas and ULMS is African-
American race [7]. A retrospective cohort of 12,079 cases 
showed that while African-American women were less likely to 
have uterine cancer, they were at higher risk for having a sarcoma 
[8]. There are some factors that should make a clinician con-
sider ULMS when evaluating a uterine mass. Increasing age is 
a significant risk factor for ULMS, whereas benign leiomyomas 
develop primarily in the reproductive years. However, young age 
does not exclude the possibility of diagnosing a sarcoma, and a 
significant percentage of patients diagnosed with ULMS are in 
fact premenopausal. Moreover, tamoxifen use for over 5 years 
is also associated with increased risk of developing a uterine 
sarcoma [9]. Pelvic irradiation was previously noted to be a risk 
factor for developing a uterine sarcoma, but the association was 
most prevalent in carcinosarcomas, which are now classified as 
epithelial carcinomas. Furthermore, in a series of women with 
ULMS, only 0.5% of them had a previous history of pelvic irra-
diation [5]. Patients who have a history of a sarcoma at a different 

site (retinoblastoma, in particular) are at higher risk for develop-
ing a second sarcoma, including ULMS [10].

Increasing use of minimally invasive approaches for the man-
agement of leiomyomas may result in inadvertently morcellated 
ULMS, with resultant intraperitoneal dissemination of tumor. In 
a single-institution series of 58 patients with ULMS, including 
39 who underwent a total abdominal hysterectomy and 19 who 
underwent intraperitoneal morcellation, intraperitoneal morcella-
tion was associated with a significantly increased risk of abdomi-
nal/pelvic recurrences and with significantly shorter median 
recurrence-free survival (10.8 months vs. 39.6 months; P = 0.002). 
A multivariate adjusted model demonstrated a >3 times increased 
risk of recurrence associated with morcellation [11].

Pathology

Similar to sarcomas from other sites, on gross inspection, ULMS 
has a fleshy consistency. It is usually quite large with a median tumor 
diameter of 6 cm. The cut surface of the mass does not have the typi-
cal “whorled” appearance of a benign leiomyoma, but instead dis-
plays a mottled appearance with foci of hemorrhage and/or necrosis 
[12,13]. Most leiomyomas appear well delineated, and when they 
contain a combination of irregularity, hemorrhage and necrosis, a 
concern should be raised for ULMS [13].

As opposed to epithelial neoplasms, where invasion is synony-
mous with malignancy, it is more challenging to classify smooth 
muscle neoplasms as benign versus malignant [14]. In 1994, a 
group from Stanford coined the “Stanford criteria” for diagno-
sis of ULMS: prominent cellular atypia, abundant mitoses (>10 
per 10 high-power field [HPF]) and coagulative necrosis. In the 
report that described these criteria, the presence of two or more 
of these features was associated with a risk of metastatic spread 
of >10% [15]. In general, mitotic count helps differentiate benign 
etiologies with good prognosis (which may initially appear to be 
malignant) such as cellular leiomyoma and bizarre leiomyoma. 
These entities typically contain less than five mitoses per 10 
HPF. When smooth muscle tumors contain 5–9 mitoses per 10 
HPF, they are given the designation of STUMP (smooth muscle 
tumors of uncertain malignant potential) and can exhibit incon-
sistent behavior. These can be further categorized by their degree 
of cellular atypia [16]. There is, however, extensive discussion 
about the pathologic diagnosis of ULMS. Some experts contend 
that the number of mitoses is the most important feature [17], 
while others argue that coagulative necrosis in the presence of 
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significant atypia would classify the lesion as ULMS regardless 
of the mitotic count [18]. Infiltrative border and hypercellularity 
are additional features that may help determine the diagnosis. 
It is important to note that both leuprolide and uterine artery 
embolization can lead to the appearance of necrosis that may be 
similar to coagulative (tumor-related) necrosis and may make the 
diagnosis even more challenging [13].

Pathogenesis

While uterine leiomyomas can often be found concurrently with 
a ULMS, it is extremely rare for ULMS to arise from a benign 
leiomyoma. There are data from MicroRNA expression profiles 
that uterine leiomyomas and ULMS are, in fact, separate entities, 
with uterine leiomyomas being closely related to smooth muscle 
cells and ULMS being more consistent with mesenchymal stem 
cells [19–20]. The molecular pathway that leads to development of 
ULMS has not been elucidated. However, some studies have iden-
tified factors that might be implicated in the pathogenesis of these 
tumors such as p16, p53 and a high proliferative index (ki-67) 
[1,21]. Importantly, the absence of staining for any one of these 
features does not exclude ULMS. The literature supports genetic 
instability as a key aspect of tumor formation given the frequent 
finding of complex chromosomal abnormalities [22]. A promising 
vein of research for further elucidation of ULMS pathogenesis 
involves epigenetic mechanism and MicroRNA expression [23].

Clinical Presentation and Diagnosis

ULMS usually presents with vaginal bleeding, an enlarged uterus, 
and symptoms of pelvic pressure, pelvic pain or abdominal dis-
tention. In a study of 208 women with ULMS treated in a single 
institution, 56% of the women presented with abnormal bleeding, 
followed by the presence of a pelvic mass in 54% patients, and 
pain was cited as a presenting symptom in 22% of the study popu-
lation [5]. Only 41% of these patients were postmenopausal. In a 
different study of 148 patients, premenopausal abnormal uterine 
bleeding was the most common presenting symptom (30.4%), fol-
lowed by postmenopausal bleeding (27.7%) and pelvic pressure or 
pain (17%) [24]. There have been descriptions of rare presenta-
tions in the literature, including hemoperitoneum in the case of a 
ruptured ULMS and various presentations of distant metastases. 
As ULMS disseminates both hematogenously and locally, these 
tumors may present with gastrointestinal, urinary or respiratory 
symptoms, but most commonly, the primary tumor itself leads to 
symptoms before metastases become symptomatic [25].

Rapid growth of a uterine mass was associated with ULMS 
in the past. However, recent data have challenged this belief. In 
a study of 1331 women, the incidence of ULMS in those with a 
rapidly enlarging uterus by clinical examination or ultrasound 
imaging was compared to patients that did not experience a 
rapid growth. Only one woman of the 371 patients with a rapidly 
enlarging uterus had a ULMS [26]. West et al. [27] studied 91 
women undergoing an abdominal myomectomy for uterine size 
equal or greater than 16 weeks, of which none were found to have 
a sarcoma despite extremely large-sized uteri in the study popu-
lation. Studies consistently show that increased age is associated 
with increased risk of finding an occult malignancy regardless of 

the rate of growth or the size of the mass [28]. Thus, clinicians 
should maintain suspicion for malignancy in postmenopausal 
woman with either a new uterine mass or one that is growing, 
regardless of the rate of growth.

Frequently, the diagnosis of ULMS is made by the pathologic 
examination of a gross specimen postoperatively. Endometrial 
sampling, which is used for preoperative diagnosis of endome-
trial carcinomas, has not been thoroughly studied in ULMS. 
Hinchcliff et  al. [25] examined 148 patients with ULMS, of 
which 45% underwent preoperative endometrial sampling. 
Among women who underwent sampling, 51% correctly reported 
either malignancy or suspicion for malignancy, and 35% accu-
rately detected ULMS. This study highlights the importance of 
endometrial sampling in women with abnormal premenopausal 
bleeding or any postmenopausal bleeding.

There is some discrepancy in the literature regarding the risk 
of finding a malignant sarcoma in a woman who is planning 
surgery for a presumed benign leiomyoma. The FDA’s literature 
review notes that the prevalence in this scenario is 1 in 352. For 
ULMS specifically, the estimated prevalence is 1 in 498 [29–30]. 
This statistic has been challenged as an overestimate due to the 
inclusion of mixed patient populations and heterogeneous stud-
ies. Another calculation presented at the FDA hearing reported 
an incidence of ULMS of 1 in 7450 [31]. Other studies have also 
reported a lower incidence. Bojar et al. [32] reported on 10,731 
women undergoing a supracervical hysterectomy and found a risk 
of uterine sarcoma of 1 in 5400. Although not all of their patients 
underwent surgery for a uterine mass, in 80% of the patients, the 
indication for surgery was in fact symptomatic leiomyoma, mak-
ing the data overall relevant. Finally, Pritts et al. [33] published 
a meta-analysis of prospective cohorts, retrospective cohorts and 
randomized trials of women undergoing surgery for a uterine 
mass encompassing 30,193 women. An occult ULMS rate of 1 
for every 2000 procedures was reported.

Imaging

The role of imaging in the diagnosis and management of ULMS 
continues to evolve. Almost all women undergoing surgery for 
a uterine mass will undergo preoperative imaging. However, 
there are no pathognomonic radiologic findings for ULMS. 
Pelvic ultrasound is the first-line imaging modality, and there 
are features that have been proposed as suggestive of ULMS, 
such as bizarre internal echo pattern, heterogeneous echotexture 
and irregular vessel distribution. Yet these features can also be 
found in leiomyomas and are thus not reliable for diagnosis [34]. 
Computed tomography (CT) has not been shown to be useful 
in the diagnosis of ULMS, but it does have a role in identify-
ing extrauterine disease. Magnetic resonance imaging (MRI), 
in comparison, has shown some promise. ULMSs manifest as 
large infiltrating heterogeneous myometrial masses that are 
hypointense on T1 and hyperintense on T2. They are also noted 
to have irregular margins [35]. A degenerating leiomyoma, how-
ever, is difficult to distinguish from ULMS as it may also have 
areas of hemorrhage and necrosis. A retrospective MRI study 
showed that the most sensitive and specific criteria for differen-
tiating atypical-appearing benign neoplasms from ULMS were 
“ill-defined margins” and “reader gestalt,” both with quite low 
sensitivities at 56% and 44%, respectively. Diffusion-weighted 
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imaging (DWI) may be better able to delineate malignancy given 
that ability to quantify the hyperintensity of the lesion [36], but 
this imaging modality has not been adequately studied yet. 
Despite these advances, ULMS is not a disease that is amenable 
to radiographic diagnosis at this point in time [37].

Treatment

Total hysterectomy (TH) and bilateral salpingo-oophorectomy 
(BSO) are recommended for patients with ULMS grossly con-
fined to the uterus [26]. The recommendation for BSO in pre-
menopausal women with ULMS should be individualized. In a 
case-control study of 25 women who underwent BSO and 25 who 
opted for ovarian preservation, both recurrence-free and disease-
free survival were comparable [5]. In the presence of metastatic 
disease, complete surgical cytoreduction should be attempted 
when feasible. Risk for nodal involvement without obvious extra-
uterine extension is low [26,38], and lymphadenectomy does not 
seem to alter survival for early-stage patients; therefore, lymph-
adenectomy should be performed only in patients with nodes 
suspected of harboring metastatic disease and as part of a cyto-
reductive effort [1,5,26].

There are conflicting data to support adjuvant chemotherapy or 
radiation therapy for early-stage disease. Early studies suggested no 
change in overall or progression-free survival with chemotherapy 
for this group of patients [26]. However, in a recent study, 25 patients 
with high-grade and completely resected ULMS were treated with 
gemcitabine plus docetaxel; 59% of the patients with stage I–II 
ULMS remained progression-free at 3 years [39]. However, this 
study is limited by small patient size and the lack of a control arm. 
The Gynecologic Oncology Group (GOG), in collaboration with 
Cancer Research UK and the European Organisation for Research 
and Treatment of Cancer, conducted a follow-up study comparing 
gemcitabine plus docetaxel followed by doxorubicin to observa-
tion only in patients with high-grade, completely resected, stage I 
ULMS [40]. This trial closed prematurely due to slow accrual. An 
analysis of the enrolled patients failed to show any benefit. At this 
point, there is no evidence to suggest a significant clinical benefit of 
adjuvant chemotherapy in early-stage disease.

Treatment of recurrent ULMS depends on surgical resectabil-
ity of the tumor. ULMS has a propensity to recur in the lungs, 
liver, abdomen, pelvis and pelvic/para-aortic lymph nodes [41]. 
Patients with disease recurrence amenable to surgical resection 
should be considered for secondary surgery. Data supporting this 
approach are limited to small studies [42]. In a study reporting on 
the role of lung resection among 31 patients with recurrent pul-
monary metastases, the procedure resulted in a 70-month overall 
survival (OS) [43]. In a study by Leitao et al. [44], 41 patients who 
underwent surgical resection for recurrent ULMS were identified. 
The disease-specific 2-year survival for all 41 patients was 71.2%.

Optimal treatment for patients with advanced-stage and recur-
rent disease generally involves systemic chemotherapy; however, 
there is limited prospective data regarding the most effective 
chemotherapy regimen. Initial studies showed that in metastatic 
and/or loco-regional advanced ULMS, the most active drugs are 
gemcitabine, docetaxel, doxorubicin, ifosfamide and dacarbazine, 
with response rates ranging from 17% to 42% [45–48]. Of these 
agents, the combination of gemcitabine and docetaxel is usually 
recommended based on its relatively high objective response rate 

and favorable toxicity profile. The efficacy of this regimen has 
been evaluated both in the first-line and in the second- or greater-
line setting in multiple phase II trials, with response rates ranging 
from 27% to 53% [49–52]. A GOG study reported that gemcitabine 
combined with docetaxel induced an objective response in 35.8% 
of metastatic chemo-naive ULMS patients; a lower response rate 
of 27% was observed when an identical regimen was used for 
recurrent disease [49,52]. Some studies have also demonstrated 
improved response rates in advanced or recurrent disease with 
a multi-agent chemotherapy with doxorubicin and ifosfamide. 
However, a phase III trial of the combination of doxorubicin and 
ifosfamide as first-line therapy for patients with advanced or met-
astatic soft tissue sarcoma (STS), including ULMS, failed to sig-
nificantly improve survival and was considerably more toxic than 
doxorubicin alone [53]. A phase III trial compared gemcitabine 
plus docetaxel versus doxorubicin as first-line treatment for STS, 
including 27% of patients with ULMS. The regimens were simi-
lar in terms of response rates and progression free survival  [54]. 
These studies suggest that either gemcitabine plus docetaxel or 
doxorubicin (with or without ifosfamide) are reasonable first-line 
options for unresectable disease and/or recurrent disease.
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Minimizing Blood Loss

Elise Bardawil and Jessica B. Spencer

Abdominal Myomectomy

The most common route of myomectomy for patients with a large 
tumor burden is an abdominal myomectomy. Many surgeons 
feel comfortable with this route as it allows for both adequate 
visualization and a tactile approach to removing the myomas. 
Unfortunately, this route of myoma removal is associated with 
the highest blood loss. This high blood loss can be managed both 
preoperatively and intraoperatively.

Preoperative Management

Preoperative considerations should focus on decreasing either the 
size of the myomas or disrupting their blood supply. GnRH ago-
nists can be used for 2–3 months preoperatively in order to shrink 
each individual fibroid, thus decreasing the overall size of the 
uterus. This pretreatment should be considered in patients where 
decreasing the preoperative size of the uterus will mean the differ-
ence between a midline vertical skin incision and a low transverse 
skin incision. The average decrease in fundal height accomplished 
by this pretreatment is 2 cm [1]. GnRH agonists have severe side 
effects mimicking the symptoms of menopause, so many patients 
cannot tolerate them. The evidence about whether GnRH agonists 
decrease intraoperative blood loss is mixed. Although the medi-
cation has been proven to decrease the size of the uterus, it also 
makes it harder to distinguish between the myoma capsule and the 
surrounding myometrium. In terms of blood loss, this loss of clear 
surgical planes may counteract the benefit granted by starting the 
surgery with smaller myomas. One large, randomized controlled 
trial of 100 patients comparing 8 weeks of pretreatment with a 
GnRH agonist versus immediate myomectomy did not show a sta-
tistically significant difference in intraoperative blood loss [2].

Uterine artery embolization (UAE) temporarily disrupts some 
of the blood flow to the uterus. This is accomplished by fluo-
roscopy-guided introduction of resorbable embolization mate-
rial into the uterine arteries and is typically completed by an 
interventional radiology team. This decreases blood flow to the 
uterus and thus to the fibroids as well. There have been several 
small retrospective studies investigating the utility of preopera-
tive UAE in decreasing intraoperative blood loss. All of these 
studies examined bilateral UAE completed on the day of, within 
48 hours, or 1 week prior to surgery. The average intraoperative 
blood loss associated with a preoperative UAE ranged from 56.5 
to 147 mL [3–5]. None of the patients in these studies required 
intraoperative blood transfusions.

There are several prostaglandin-derived medications that can 
minimize intraoperative blood loss. They act by causing vaso-
constriction of the uterine arteries. They also cause myometrial 
contraction, which in turn causes contraction of vascular struc-
tures in the uterus, thus decreasing blood flow to myomas [6]. 
These medications, like misoprostol and dinoprostone, are easy 
to administer and can be given on the day of surgery in the pre-
operative holding area. Misoprostol has been well studied due 
to its common use in obstetrics and is considered a safe medi-
cation with few side effects. Misoprostol can be administered 
orally, buccally, sublingual, rectally and vaginally. The mode of 
delivery with the quickest onset of action, less than 30 minutes, 
is oral and sublingual. Vaginal misoprostol has more bioavail-
ability at 6 hours than oral or sublingual. Rectal misoprostol 
has a longer half-life than oral [6]. A review article examining 
studies that compared misoprostol administration with placebo 
demonstrated a significant difference in blood loss, with a mean 
estimated blood loss (EBL) of 347.5 mL when using misoprostol 
versus 539.3 mL when using placebo [6]. A small randomized 
controlled trial illustrated similar results. Women who received 
400 mcg of misoprostol 1 hour before surgery had a mean EBL 
of 574 mL versus the placebo group’s 874 mL [7].

A final preoperative consideration is whether or not to use an 
autologous cell-salvage device. Cell-salvage devices collect the 
patient’s blood lost throughout the case in hopes of being able to 
provide reinfusion of this blood during or at the end of the case. 
The use of cell salvage is quite costly, so research has focused 
on how to identify patients preoperatively who will benefit the 
most from its use. Clearly, patients with the highest EBL would 
benefit the most from this type of device. These patients usually 
have a large uterus, multiple fibroids, a low starting hemoglo-
bin or decline allogenic transfusions. One article looking retro-
spectively at 607 abdominal myomectomy patients found that 
the use of cell salvage was only cost-effective 20% of the time. 
The authors were able to provide statistically significant charac-
teristics that patients shared that were most commonly associ-
ated with cell-salvage setup. These included vaginal bleeding as 
the indication for the myomectomy, low preoperative hematocrit, 
uterine size greater than 15 weeks, gestation on exam and more 
than 5 fibroids seen on preoperative imaging [8].

Intraoperative Management

The use of a pericervical tourniquet to compress the uterine 
arteries is a technique that has been successfully used since the 
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1950s to decrease intraoperative blood loss at the time of abdom-
inal myomectomy [9]. Many surgeons use a Foley catheter, mak-
ing small windows in the anterior and posterior aspects of the 
broad ligament at the level of the internal os in order to facilitate 
placement. The catheter is then clamped tightly in place and is 
removed at the end of the case. Newer research has examined the 
efficacy of triple tourniquets. Triple tourniquets further obstruct 
blood flow to the uterus by compressing the ovarian arteries along 
with the uterine arteries. A small, randomized controlled trial 
with 28 participants compared triple tourniquet use to patients 
without tourniquets. In this study, a number 1 polyglactin suture 
was threaded through the windows created in the broad ligament 
and a Roeder slip knot was tied. Then plastic tubing was placed 
around the infundibulopelvic ligament lateral to the fallopian 
tube and ovary. A Foley catheter was then threaded over the tub-
ing to provide cushioning. These tourniquets were clamped into 
place. The mean EBL in the control group without tourniquets 
was 1870 mL higher than the control group [10].

Vasopressin is frequently injected intraoperatively in order 
to cause vasoconstriction of vessels and myometrial contrac-
tion. A dilute formulation of 20 units of vasopressin diluted with 
30–100 mL of normal saline is injected just below the serosa 
along the plane of the planned uterine incision [11]. Studies 
from the 1990s compared serosal injection of vasopressin with 
placebo and proved that there was a decrease in intraoperative 
blood loss. More recent studies have looked at combining the use 
of perivascular vasopressin with other proven techniques to see 
if blood loss can be further reduced. One such study compared 
the use of perivascular vasopressin against the combination of a 
single dose of preoperative rectal misoprostol and intraoperative 
perivascular vasopressin. A statistically significant difference in 
intraoperative blood loss was found when the rectal misoprostol 
was used along with the vasopressin [12]. It follows that vaso-
pressin likely reduces intraoperative blood loss when paired with 
other previously discussed methods like tourniquet or uterine 
artery embolization.

Tranexamic acid has been studied as a means of decreasing 
blood loss through inhibition of fibrinolysis. One review con-
cluded that perioperative intravenous use of tranexamic acid did 
decrease intraoperative blood loss. Physicians may be wary of 
using this medication as it may increase the risk of embolism, 
owing to its anti-fibrinolytic properties. None of the participants 
in the reviewed studies, however, experienced these severe side 
effects [13].

FLOSEAL is a type of gelatin-thrombin matrix that promotes 
hemostasis by working synergistically to form a clot at the site 
where it is placed [14]. Although it has been available for use in 
gynecologic surgeries for years, there is only one prospective 
randomized trial investigating its utility in open myomecto-
mies. This single small trial enrolled 50 women. The surgeons 
in this trial used dilute vasopressin, proceeded with their myo-
mectomy and, before closing the defects in the myometrium, 
either placed FLOSEAL or a sodium chloride solution into 
the bleeding defect. The results of this study showed that the 
average intraoperative blood loss in the FLOSEAL group was 
85 mL versus 625 mL in the control group [15]. Further stud-
ies are needed to determine whether routine use of FLOSEAL 
is supported and whether it has effects on fertility or adhesion 
formation.

The location of a myoma plays a large role in intraoperative 
blood loss. Cervical and lower uterine segment fibroids are chal-
lenging to remove because of their location near the uterine 
arteries. The location of the fibroid can impact which tool the 
surgeon chooses to use to reduce blood loss. Frequently, cervical 
fibroids distort the normal anatomy, making a tourniquet difficult 
to place safely. In this case, preoperative medications in addition 
to vasopressin may be the wisest route to minimize blood loss.

There is little information about whether or not one inci-
sion versus several uterine incisions increases blood loss. In 
our institution, effort is made to use a single, well-placed inci-
sion in order to access fibroids instead of approaching myoma 
removal through multiple incisions. There is a similar lack of 
research about whether to close incisions as you make them or to 
remove all fibroids and then close en masse. This decision should 
be made on a case-by-case basis. If a certain incision is bleed-
ing profusely, it likely should be closed before all fibroids have 
been removed. Some surgeons find that packing areas of bleed-
ing myometrium with a laparotomy sponge can help to staunch 
heavy bleeding until the surgeon is ready to close their incisions.

Hysteroscopy

The total intraoperative blood loss from hysteroscopic myo-
mectomies is much less than that from abdominal myomecto-
mies. However, strategies for minimizing blood loss are critical 
because even a small intraoperative blood loss can completely 
obscure the surgeon’s field in hysteroscopy.

Preoperative Management

Pretreatment with GnRH agonists can be used for patients 
undergoing hysteroscopic myomectomy. Research about this 
topic focuses on ease of surgery, decreasing fluid deficits, and 
patient satisfaction. Few studies look at limiting blood loss, likely 
because blood loss is quite minimal in these cases. One random-
ized controlled trial compared the use of vaginal danazol 200 mg 
twice a day for 30 days preoperatively with intramuscular diphe-
reline given twice, 28 days apart. The outcomes were impressive, 
showing that 78.1% of the danazol group had no intraoperative 
bleeding versus 19.4% in the diphereline group. Unfortunately, 
this study did not have a control population [16]. A multicenter, 
prospective, randomized trial looked at immediate hysteroscopic 
myomectomy versus a 2-month trial of GnRH analogues preoper-
atively. Although this study did not examine intraoperative blood 
loss, the authors did report a shorter operative time with less dif-
ficulty of procedures in the pretreatment group [17]. One can 
extrapolate that the GnRH agonists influence the operative time 
by decreasing the starting size of the submucosal fibroids and by 
reducing their blood supply. Both of these factors likely decrease 
the intraoperative blood loss during these surgeries. As previously 
mentioned though, GnRH agonists are expensive and have several 
side effects, so they are not routinely used in our practice.

Intraoperative Management

Intracervical injections of dilute vasopressin have been proven 
to decrease blood loss during hysteroscopy [18]. The majority 
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of research into intracervical injection of vasopressin occurred 
in the 1990s. One such study examined whether or not adding 
intracervical vasopressin injections to patients already pretreated 
with depot leuprolide acetate would further decrease intraopera-
tive blood loss. The results of this small, randomized, double-
blinded study showed that the patients treated with intracervical 
vasopressin had a lower intraoperative blood loss of 20.3 mL 
versus the 33.4 mL experienced by the placebo group who did 
not receive vasopressin. Although this difference in blood loss 
is numerically small, it was statistically significant [19]. Newer 
research on vasopressin examines its use when injected directly 
into the submucosal fibroid. A small, prospective, randomized, 
double-blinded study used dilute vasopressin, which was injected 
into the myoma using a single-lumen ovum aspiration needle 
connected to a 10 mL syringe. The vasopressin was injected until 
blanching was observed or 10 mL of solution was used. For the 
control group, normal saline was injected. This study showed 
that the vasopressin group had a blood loss of 5 mL versus 20 mL 
in the control group [20]. The difference was significant and the 
authors noted improved visual clarity.

Laparoscopy and Robotic Surgery

Minimally invasive techniques like laparoscopy and robotic 
surgery often increase operative time but have the benefit of 
decreased intraoperative blood loss [21]. Many of the techniques 
to reduce blood loss during open and hysteroscopic myomecto-
mies can be used during laparoscopic and robotic surgery.

Preoperative Management

Uterine artery embolization was previously discussed in the 
Abdominal Myomectomy section. A small retrospective case-
control study compared same-day uterine artery embolization 
with subsequent laparoscopic myomectomy with laparoscopic 
myomectomy alone. A non-significant trend was seen in reduced 
intraoperative blood loss. There are two retrospective studies that 
show statistically significant decreases in intraoperative blood loss 
with uterine artery embolization, either the day of laparoscopic 
myomectomy or within 48 hours of surgery. The mean periopera-
tive blood loss reported in these studies was 90 mL and 147 mL, 
respectively [3,4]. However, the data for open and laparoscopic 
myomectomy were combined. Further study is needed to identify 
which patient population most benefits from UAE prior to laparo-
scopic or robotic-assisted surgery.

Preoperative use of misoprostol has been shown to decrease 
intra-abdominal blood loss during abdominal myomectomy. A 
meta-analysis of misoprostol use in myomectomies identified a 
single paper examining its use before laparoscopic myomectomy. 
This study compared 400 µg of vaginal misoprostol preopera-
tively versus placebo. The decrease in intraoperative blood loss 
in this single study was significant, 126 mL versus 217 mL in the 
control group [6].

Letrozole is an aromatase inhibitor that blocks estrogen syn-
thesis. It has been used to decrease the size of myomas, and thus 
potentially decrease intraoperative blood loss. One prospective, 
randomized study looking at laparoscopic myomectomy gave 
40 patients 3 months of daily oral letrozole and norethindrone 

acetate and compared outcomes with patients who were not pre-
treated. The authors found a significant decrease in intraopera-
tive blood loss in the pretreated arm, with a mean of 271 mL. 
However, they reported that the tissue plane between the myoma 
capsule and surrounding myometrium was better defined in the 
arm that was not pretreated [22]. In this, letrozole is similar to a 
GnRH agonist. This potential increased intraoperative difficulty 
must be weighed against the decreased intraoperative blood loss 
when considering this method of treatment.

Intraoperative Management

Intraoperative management for decreasing blood loss is similar 
for laparoscopic and open cases. To our knowledge, pericervi-
cal tourniquets during laparoscopic myomectomy have not been 
studied. There are two studies, however, that examined outcomes 
associated with occluding the uterine arteries. In one retrospec-
tive case-control study, a single surgeon placed endoscopic vas-
cular clips on the bilateral uterine arteries. This surgeon then 
completed the laparoscopic myomectomy and removed the clips. 
The intraoperative blood loss was 119 mL versus 203 mL in the 
control group, a significant difference [23]. An observational 
study examined whether laparoscopic uterine artery occlusion 
performed at the time of laparoscopic myomectomy or mini-
laparotomy was better. This study did not show a statistically 
significant difference in intraoperative blood loss for either 
technique. Yet, the average blood loss cited was 61.5 mL for the 
laparoscopic group and 47.6 mL for the minilaparotomy groups 
[24]. This article is mentioned as the low estimated blood losses 
further demonstrate the utility of this technique.

One of the most unique and challenging aspects of laparoscopic 
myomectomy is laparoscopic suturing. The advent of barbed suture 
that does not require intracorporeal knot tying has made laparo-
scopic suturing easier. Several studies have examined its utility and 
whether or not it can decrease intraoperative blood loss. One such 
study compared V-Loc, a barbed suture, with traditional suture and 
found that V-Loc was associated with less intraoperative blood loss. 
The V-Loc surgeries had an EBL of 113 mL versus 168 mL. The 
V-Loc was also associated with shorter mean operative time [25]. 
A second study examined barbed-suture use in single-site laparo-
scopic myomectomy. This study also found barbed sutures to be 
associated with less operative bleeding [26]. A meta-analysis also 
found a statistically significant decrease in intraoperative blood loss 
when barbed sutures were used to close the myometrium [27].

Vasopressin can be used in laparoscopic myomectomies in the 
same manner as in abdominal myomectomy. There are few studies 
examining whether or not this would lead to a clinically significant 
decrease in intraoperative blood loss. As the mechanism of action 
and even dose of the medication is the same as in an open myomec-
tomy, one may assume that vasopressin would work just as well to 
decrease blood loss laparoscopically as it does during an open case.
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Fibroid Adhesions
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Introduction

Intrauterine adhesions or synechiae may develop as a result 
of uterine surgery, and vary in severity from thin and filmy to 
innumerable dense bands obliterating the cavity. The extent 
of disease may manifest as a spectrum of symptoms. Many 
patients are asymptomatic. Others experience menstrual 
abnormalities, amenorrhea, dysmenorrhea, infertility or 
recurrent pregnancy loss.

The pathogenesis of infertility and abnormalities in uter-
ine bleeding are attributed in part to changes observed in 
the vasculature of the endometrium in adhesive disease [1]. 
Symptomatic uterine adhesions are termed Asherman’s syn-
drome [2–4].

There are several grading systems for severity of adhesive 
disease. In the United States, the most commonly used system 
is from the American Fertility Society (today, the American 
Society for Reproductive Medicine, ASRM) [5]. This classifica-
tion takes into account proportion of cavity involvement, adhe-
sion character and menstrual pattern (Table 25.1).

Awareness of the pathogenesis, prevention and management of 
adhesive disease is a crucial component of the surgical repertoire.

Prognostic Classification

Stage I (Mild): 1 to 4

Stage II (Moderate): 5 to 8

Stage III (Severe): 9 to 12

Epidemiology

The overall prevalence of intrauterine adhesions is unknown, as 
the condition is often asymptomatic. Adhesions are incidentally 
noted in about 1.5% of patients sent for hysterosalpingogram [4].

The prevalence of adhesions has been reported for vari-
ous clinical diagnoses: 6.9% of women with infertility [6] are 
estimated to have intrauterine adhesions. In women presenting 
with secondary amenorrhea, 1.7% have adhesive disease [7]. 
Incidence estimates following various puerperal procedures 
range from 2.8% following cesarean delivery to 40% following 
curettage for retained products of conception. Adhesions follow-
ing hysteroscopic myomectomy also range widely (Table 25.2).

TABLE 25.1

American Fertility Society Classification of Intrauterine Adhesions

Extent of cavity involved <1/3 1/3 to 2/3 >2/3

1 2 4

Type of adhesions Filmy Filmy and dense Dense

1 2 4

Menstrual pattern Normal Hypomenorrhea Amenorrhea

0 2 4

Source:	 The American Fertility Society classifications of adnexal adhe-
sions, distal tubal occlusion, tubal occlusion secondary to tubal 
ligation, tubal pregnancies, Müllerian anomalies and intrauterine 
adhesions. Fertil Steril. 1988;49(6):944–55.

TABLE 25.2

Incidence of Intrauterine Adhesions Following Various Procedures

Procedure % References

Gynecologic

Hysteroscopic myomectomy 40% Yang et al. [8]

7.5% Touboul et al. [9]

  Single myoma 31.3% Taskin et al. [10]

4.5% Mazzon et al. [11]

1.5% Yang et al. [12]

  Multiple myomas 45.5% Taskin et al. [10]

3.2% Mazzon et al. [11]

  Apposing submucous position 78% Yang et al. [12]

Hysteroscopic polypectomy 3.6% Taskin et al. [10]

0% Yang et al. [8]

Hysteroscopic septum resection 88% Yang et al. [8]

25% Guida et al. [13]

5.3% Tonguc et al. [14]

6.5% Roy et al. [15]

6.7% Taskin et al. [10]

Hysteroscopic adhesiolysis 76% Yang et al. [8]

Puerperal

Early SAB D&C 6.4% Adoni et al. [16]

Late SAB D&C 30.9% Adoni et al. [16]

Missed abortion 35% Schenker and Margalioth [17]

Postpartum D&C (any time) 3.7% Bergman [18]

Postpartum D&C (2nd to 4th 
week)

23.4% Eriksen and Kaestel [19]

Retained products of 
conception

40% Westendorp et al. [20]
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Risk Factors

Trauma to the regenerative basalis layer of the endometrium pre-
disposes the development of intrauterine adhesions. The gravid 
uterus is particularly vulnerable to such injury. Adhesions are 
most frequently associated with instrumentation for complica-
tions of pregnancy, including postpartum hemorrhage, spontane-
ous or missed abortion and retained products of conception [21]. 
In the puerperal setting, timing of instrumentation is a clear risk 
factor. Adhesions are more common following curettage for spon-
taneous abortion at later, compared with earlier, gestational ages 
[16] and delayed postpartum hemorrhage (2–4 weeks postpar-
tum) compared with earlier procedures [19]. Risk of adhesion for-
mation following uterine instrumentation increases with repeated 
procedures [22].

Surgery for gynecologic conditions unrelated to pregnancy 
may also be complicated by adhesions [10,23]. Rates of adhe-
sion formation following operative hysteroscopy vary by 
procedure and are overall lower following polypectomy and 
septoplasty versus myomectomy and adhesiolysis (Table 25.1). 
It is proposed that endometrial healing differs based on treated 
pathology [8].

A variety of risk factors predisposing to adhesions following 
hysteroscopic myomectomy have been cited. Apposing distribu-
tion of fibroids is one risk factor [12]. While size of myoma has not 
been demonstrated to directly affect risk of adhesions [11], diam-
eter >3.5 cm has been associated with reduced fertility rates [9]. 
Certain authors report increased risk for adhesions after removal 
of numerous fibroids compared with a solitary lesion [10,12], while 
others contest this observation [11]. Preoperative GnRH therapy 
and degree of intramural involvement have not been found as risk 
factors [11].

Endometrial injury may vary by operative technique and 
subsequently predispose to adhesion formation following myo-
mectomy. Monopolar electrocautery is likely more harmful than 
bipolar resection. Avoiding energy at the level of the myome-
trium altogether (i.e., cold loop technique) may further reduce 
risk [9,11,24].

Infection contributes risk in certain situations. The role of con-
current puerperal infection at time of instrumentation is contro-
versial, with no clear increase in risk for adhesions [25]. In the 
developing world, chronic endometritis due to tuberculosis infec-
tion is a cause of intrauterine adhesions [26].

It is not known why certain women develop intrauterine adhe-
sions after a given procedure while others do not. An individual 
constitutional factor has been postulated [23].

Prevention

Data establishing effective measures to prevent adhesions are 
limited. In the puerperal setting, avoidance of instrumentation 
in the management of spontaneous abortion is associated with 
lower risk [27]. In the gynecologic setting, several postopera-
tive measures, such as Foley catheters, estrogen or intrauterine 
devices, and barrier gels are commonly employed. However, effi-
cacy of these practices following hysteroscopic myomectomy is 
controversial [28].

Surgical Technique

A variety of surgical techniques for hysteroscopic myomectomy 
are practiced. Resectoscopic slicing is suggested as the gold stan-
dard for safe and effective removal of intracavitary (G0) fibroids; 
however, no single superior approach for fibroids with an intra-
mural component (G1, G2) has been established [24]. Bipolar 
electrocautery with the resectoscope is believed to reduce syn-
echiae formation compared with monopolar techniques, owing to 
reduced thermal spread [9]. The use of the “cold loop” technique, 
in which the intramural component is removed bluntly without 
energy, may further reduce the incidence of adhesions [11].

Newer techniques using morcellators such as the MyoSure 
device (Hologic, Marlborough, MA) are safe and effective [29]. 
No direct comparisons of risk for adhesions following resecto-
scopic versus morcellation techniques have been published.

There are very limited data regarding surgical approach when 
treating intramural myomas. In a nonrandomized interventional 
trial of laparotomy and laparoscopy, Asgari et  al. reported the 
same incidence of intrauterine adhesions 3 months following 
surgery in both groups (19% and 21%, respectively) [30]. In this 
trial, no difference in risk was noted based on type or location of 
fibroid; however, size and location of largest myoma were identi-
fied as risk factors, with the greatest occurrence of adhesions after 
removal of fibroids located on the lateral aspects of the uterus. 
While there was a higher incidence of adhesions when the cavity 
was entered, this was not significant [30]. A prospective observa-
tional study of open myomectomy reported a 50% incidence of 
intrauterine adhesions after surgery. Number of fibroids removed 
was a significant risk factor, but entry into the cavity was not 
[31]. Breach of the endometrial cavity was also not identified as 
a risk factor in a prospective study including laparoscopic myo-
mectomy; the incidence of adhesions in this experience was 22% 
[32]. While robotic-assisted laparoscopic myomectomy has been 
described as safe and effective [33], there are no data regarding 
occurrence of intrauterine adhesions following this approach. 
These reports are limited by small patient numbers and single 
center experience, limiting the ability to draw conclusive results.

Mechanical

Insertion of devices to mechanically stent the cavity following 
operative hysteroscopy are proposed to reduce adhesion forma-
tion. Data support use of a balloon (e.g., bladder catheter with a 
5 cc balloon or Malecot catheter) after hysteroscopic adhesioly-
sis. A retrospective cohort study of 107 women with Asherman’s 
syndrome demonstrated significant reduction in adhesive dis-
ease on second-look hysteroscopy using an intrauterine balloon 
compared with controls. The balloon was more effective than 
an intrauterine device (IUD) and gel [34]. Adjunctive use of a 
pediatric Foley catheter was similarly shown to be more effective 
than loop IUD in restoration of normal menses and subsequent 
conception [35]. Generally, a Foley catheter is left in for 7–10 
days following surgery with concurrent administration of pro-
phylactic antibiotics (100 mg doxycycline PO bid).

Data regarding utility of IUD insertion is conflicting. IUD 
effect may vary by type. The copper IUD is postulated to have 
a detrimental inflammatory effect. The T-shaped IUD may pro-
vide inadequate surface area as a physical barrier. The larger 
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loop IUD (e.g., the Lippes loop) is not available in all countries 
[36]. The Lippes loop [35] and cooper coil IUD [34] were inferior 
to the intrauterine balloon system in two observational studies. 
However, similar efficacy was demonstrated using heart-shaped 
balloon and IUDs for prevention of adhesion recurrence in a ran-
domized controlled trial of 201 women with Asherman’s syn-
drome in China [37]. IUDs are typically removed 3 months after 
insertion.

Hormonal

Postoperative estrogen or combined estrogen/progestin is thought 
to promote endometrial growth with repair of epithelialization, 
thus preventing postoperative adhesion formation. A review of 
Asherman cases showed an association of severity of disease 
with hypoestrogenic state at time of dilation and curettage [38]. 
Estrogen is commonly used following uterine instrumentation. 
However, no definitive evidence supports this practice.

Several investigators have examined the utility of estrogen 
following hysteroscopic metroplasty. A prospective study of 46 
patients receiving postoperative conjugated estrogen and proges-
terone found no benefit to hormonal treatment in restoring nor-
mal uterine contour following hysteroscopic septal incision [39]. 
In a 2009 trial, 100 women in Turkey were randomized to four 
groups following septal resection with the resectope: 1—estrogen 
+ progesterone (2 mg of estradiol valerate and 0.5 mg of norg-
estrel), 2—Copper IUD, 3—hormones + IUD, and 4—no treat-
ment (control). At the 2-month follow-up, adhesions developed in 
none of the estrogen + progesterone group, compared with 12% 
of the estrogen + IUD group, 10.5% of the IUD-only group and 
5.3% of control women. These differences were not significant 
[14]. A 2014 prospective trial of 90 women in India randomized 
to a 30-day course of daily estrogen (2 mg estradiol valerate PO) 
versus control (5 mg folate PO) after hysteroscopic septum resec-
tion revealed adhesion formation in 6.9% of patients in the con-
trol group versus none in the estrogen group at 2-month follow-up 
hysteroscopy, a difference which was also not significant [40].

No studies have compared dosage, administration or combina-
tion of hormones [4]. Pooled analyses report varying conclusions. 
A 2014 systematic review of 26 studies suggested postoperative 
estrogen combined with ancillary measures (e.g., Foley cath-
eter, IUD) was beneficial for menstrual and fertility outcomes; 
however, heterogeneity among studies precluded a meta-analysis 
[41]. On the other hand, both a 2015 Cochrane review [36] and a 
2016 NIH meta-analysis [42] found no evidence of reduction in 
adhesion formation with estrogen after operative hysteroscopy.

Barrier Gels

The use of biodegradable surgical gel barriers is an emerg-
ing strategy to prevent postoperative adhesions. Like balloons, 
barriers are based on the principle of mechanical separation 
of adjacent wound surfaces during healing [43]. Many gels are 
derivatives of hyaluronic acid, a water-soluble polysaccharide 
with viscoelastic properties.

One clinical controlled trial of 54 women in France did not 
find a difference in rates of adhesions following operative hys-
teroscopy with the use of auto-crosslinked polysaccharide (ACP) 
gel, a hyaluronic acid derivative [44].

Newer studies support the use of barrier gels. An Italian study 
of 143 patients randomized to ACP versus no gel following hys-
teroscopic myomectomy found a significant reduction in incidence 
(33.3% vs. 16%), as well as severity of adhesions [13]. Another 
investigation of 110 women undergoing operative hysteroscopy 
found a reduction in de novo adhesion formation (6% vs. 22%) 
with the use of a polyethylene oxide-sodium carboxymethylcellu-
lose gel (Intercoat) [45]. A 2014 systematic review and meta-anal-
ysis of five randomized trials including 372 women found reduced 
adhesions at second-look hysteroscopy at 1–3 months following 
operative hysteroscopy (RR 0.65%, 95% CI 0.45 to 0.93, P=0.02), 
with a number needed to treat to benefit of nine. When adhesions 
did occur, they were more likely to be mild. However, the level of 
evidence was deemed very low quality [46].

A 2016 meta-analysis demonstrated a significant reduction of 
intrauterine adhesion with both hyaluronic acid gel and polyeth-
ylene oxide-sodium carboxymethylcellulose gel, although notably 
all the positive data came from a single research group [42]. There 
are presently no data regarding pregnancy outcome after gels.

Management

There are no randomized trials addressing management of intra-
uterine adhesions. Treatment is based on small case series and 
expert opinion. Historically, dilation and curettage was imple-
mented, but this is no longer recommended. Current treatment 
strategies include hysteroscopic lysis of adhesions followed by 
mechanical (Foley balloon, IUD) and/or estrogen therapy to pre-
vent reformation of adhesions. Treatment is indicated only for 
symptomatic women or those desiring pregnancy [47].

The goal of hysteroscopic adhesiolysis is to restore normal 
cavity contour and endometrial function. Care must be taken 
to avoid creation of a false passage during cervical dilation in 
patients with severe disease. Strategies to minimize this risk 
include intraoperative ultrasound guidance and use of a small 
(3–7 mm) rigid hysteroscope to traverse the cervical canal under 
direct visualization. Maintenance of orientation during the pro-
cedure is important to avoid inadvertent damage to the myome-
trium. Techniques to achieve this include careful attention to 
maintaining the camera upright, identifying landmarks such as 
the tubal ostia and internal os, and the use of simultaneous ultra-
sonography or laparoscopy [48]. Fluoroscopic guidance has been 
employed in severe cases with success [49].

Most authors prefer sharp dissection with hysteroscopic scis-
sors. This avoids potential for thermal injury, which may be a risk 
factor for adhesion reformation [50]. Adhesive bands are clipped 
at their junction with the endometrium to excise the tissue. This 
is in contrast to the technique for septum resection, in which the 
band is incised at its center. Blunt dissection and electrosurgery 
with bipolar energy have also been described [51].

Various techniques are available for troubleshooting with severe 
disease in which the cavity is obliterated. Dissection starting cen-
trally and moving laterally under ultrasound or laparoscopic guid-
ance may enhance safety. In cases in which the cavity may not be 
entered hysteroscopically, hysterotomy via laparotomy or laparos-
copy may be performed, though it is uncommon today [47].

Overall recurrence is high, estimated between 33% and 66% 
[47]. Various methods have been employed to reduce this risk. 
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Expert opinion recommends postoperative placement of an 
intrauterine bladder catheter (e.g., Malecot catheter or pediatric 
size 8 Foley with 5 cc balloon) with estrogen therapy to provide 
mechanical stenting and stimulation of endometrial growth. The 
balloon is typically left in place for 7–10 days with concurrent 
administration of prophylactic antibiotics, such as doxycycline. 
Various hormonal regimens exist. Common courses include 
2.5 mg conjugated equine estrogen or 2 mg estradiol PO twice 
daily for 30 days, plus 10 mg of medroxyprogesterone acetate or 
2.5 mg of norethindrone acetate PO daily during the last 10 days 
to induce a withdrawal bleed.

Sequential hysteroscopies may have a role in prevention of 
adhesion reformation. Early intervention to remove filmy adhe-
sions bluntly has been reported with good success [52,53]. Shorter 
interval hysteroscopy (i.e., 1 week after initial sharp dissection) 
compared to traditional 2-month follow-up is suggested to have 
superior outcomes [52]. Similarly, following hysteroscopic resec-
tion of multiple apposing submucosal myomas, a reduction of 
adhesion formation from 78% to 0% after the addition of 1–2 
week follow-up hysteroscopy has been reported [12].
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How Long Does it Take Uterine Scar(s) to Heal?

Hope Y. Yu and Gary N. Frishman

Uterine Anatomy

The uterus is a fibromuscular hollow organ located between the 
bladder and rectum that consists of an inner layer of mucosa 
called the endometrium, a thick muscular wall known as the 
myometrium, and the peritoneal serosa that overlies the outer 
wall. The blood supply to the uterus arises from the ascend-
ing branch of the uterine artery and from the medial or uterine 
branch of the ovarian artery [1].

Biochemistry of Healing

The normal healing process can be divided into three phases. The 
first phase is the inflammatory phase that lasts up to 72 hours after 
the time of injury. In muscular injuries, peripheral muscle fiber 
contraction occurs within the first 2 hours of injury. Edema and 
anoxia result in cell damage and death within the first 24 hours. 
Phagocytosis then rids the area of cell debris and edema.

The second phase is known as the fibro-elastic or collagen-
forming phase and lasts between 48 hours to 6 weeks after injury. 
During this phase, muscular regeneration and repair occur. 
Fibroblast cells begin to produce type III collagen. Capillary bud-
ding facilitates nutrient delivery to the site of injury and collagen 
cross-linking begins. Toward the end of this phase, wound con-
tracture begins with shortening of the margins in the injured area.

The final phase of normal healing is known as the remodeling 
phase, which lasts between 3 weeks and 12 months after injury. 
During this period, final aggregation, cross-linking and shorten-
ing of the collagen fibers takes place to promote formation of a 
strong scar [2]. However, foreign bodies (such as suture, mesh 
material, etc.) and adequate blood supply (which may be dimin-
ished by suture or thermal injury from energy sources) may both 
impact healing.

Assessment of Uterine Healing

There are currently no standardized methods of assessing uterine 
healing. However, several methods, including ultrasound, Doppler 
studies and MRI, have been utilized in assessing healing and scar 
formation. Baranov et al. demonstrated that transvaginal ultra-
sound is a validated tool to evaluate uterine scars, specifically to 
quantify the severity of the uterine defect by comparing the myo-
metrium thickness at the incision with that of the surrounding 

tissue [3]. Observational studies employing Doppler to assess the 
change in resistance index with healing have reported confound-
ing findings. Chang et  al. showed a decrease in the resistance 
index in the uterine arteries up to 7 days after laparoscopic myo-
mectomy [4]. On the other hand, Tinelli et al. showed an increase 
in the resistance index until 7 days postoperatively, followed by 
a decrease also in women undergoing laparoscopic myomectomy 
[2]. MRI has been compared with transvaginal ultrasound as a 
modality for uterine scar assessment. Singh et al. used each of 
these two modalities to measure scar thickness on the day of a 
patient’s elective repeat cesarean section. They found that MRI 
is a costlier modality and that ultrasound has a better correlation 
coefficient with actual scar thickness as measured with calipers 
at the time of surgery [6].

Table 26.1 outlines the types of uterine surgery with associated 
healing times. 

Polypectomy

Polypectomy is a common surgery of the endometrium per-
formed for both infertility and abnormal uterine bleeding. A 
study by Yang et al. used serial hysteroscopy to assess the endo-
metrium for healing after polypectomy and found that 86% of 
patients had a fully healed endometrium 1 month after the pro-
cedure [7]. Consistent with this, Pereira et  al. reported that in 
women undergoing IVF after polypectomy, ovarian stimulation 
can be initiated after the next menses with comparable preg-
nancy rates compared with longer time periods [8].

Uterine Septoplasty

A uterine septum is the most common congenital uterine anom-
aly. The American Society for Reproductive Medicine (ASRM) 
uterine septum practice committee guidelines published grade C 
evidence that hysteroscopic septum incision is associated with a 
reduction in subsequent miscarriage rates and an improvement in 
live-birth rates in patients with a history of recurrent pregnancy 
loss. In terms of uterine healing, available evidence suggests that 
the uterine cavity is healed by 2 months postoperatively, although 
there is insufficient evidence to advocate a specific length of time 
before a woman should conceive [9,7,11,12].

Adhesiolysis

Intrauterine adhesions (IUAs) remain a challenge in modern 
day gynecology. Yang et al. used office hysteroscopy to assess 
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healing after hysteroscopic adhesiolysis. This was performed 
10–14 days after the hysteroscopic procedure. They suggested 
that healing can take anywhere between 1 and 3 months [24].

Myomectomy

Myomectomy involves surgical removal of leiomyomas from 
their surrounding tissue. The depth of the uterine incision 
depends on the number, location and size of the leiomyomas 
and will invariably affect scar formation and healing. Tsuji et al. 
used MRI to evaluate uterine changes following abdominal 
myomectomy on women with a single intramural fibroid. They 
found that uterine volume and length were stabilized by 6 weeks 
postoperatively, as was the myometrium as assessed by analyz-
ing the junctional zone. Using hematoma or edema formation as 
an end point, endometrial healing was typically complete at 12 
weeks. However, 2 out of 14 cases (14.2%) had incomplete heal-
ing at that time, with these cases being resolved by 6 months 
[14]. Darwish et al. found similar results using monitoring with 
transvaginal ultrasound after abdominal myomectomy, report-
ing 7% of patients with hematomas at the myomectomy scar at 4 
weeks but that all 169 women scanned had complete resolution of 
any hematomas by 3 months postoperatively [15]. Therefore, it is 
reasonable to consider imaging such as ultrasound to assess the 
status of healing after 12 weeks. Alternatively, healing is very 
likely to be complete at 6 months.

Cesarean Section

Cesarean section incisions are an example of a full-thickness 
uterine wall incision. Multiple studies have been published to 
assess methods of uterine closure to minimize risk of uterine 
rupture with future pregnancies. There is currently no consensus 
on the method of uterine closure of a low transverse incision fol-
lowing cesarean delivery in terms of use of one or two layers, 
locking or not with the first layer and whether the decidua should 
be included or excluded [16,17,18].

In terms of healing time, a study performed by Dicle et al. used 
MRI to examine the healing period of cesarean section incisions. 

They found that there was complete involution and recovery of 
the zonal anatomy after 6 months [19]. Multiple studies have 
also evaluated the relationship of short interconceptual periods 
with risk of uterine rupture in trial of labor after cesarean sec-
tion (TOLAC), which can provide insight to the amount of time 
needed for cesarean section incision healing (see “Complications 
of Healing” section). This is independent of other maternal and 
fetal benefits of avoiding short interconception intervals.

Complications of Healing

Complications of healing that can occur following uterine sur-
gery include IUA, extrauterine (abdominal) adhesions, uterine 
rupture, fistula tracts and postmenstrual bleeding or discharge as 
a result of cesarean section defects.

Intrauterine adhesions, also known as Asherman’s syndrome, 
are defined as the presence of adhesions inside the uterine cav-
ity and/or endocervix. Clinical manifestations include amenor-
rhea, hypomenorrhea, recurrent pregnancy loss, infertility and 
abnormal placentation. Conforti et al. reviewed the risk factors 
associated with Asherman’s syndrome and identified curettage 
after miscarriage to have the highest incidence of Asherman’s 
syndrome [25]. Extrauterine adhesions following abdominal 
myomectomies may similarly cause problems with fertility as 
well as pain. There are many anti-adhesion adjuvants but there is 
no one accepted standard of care, and careful surgical technique 
is highly recommended.

Uterine rupture is a complication most commonly associated 
with cesarean section scars [20,21,22]. However, it can also fol-
low other surgeries such as myomectomy or metroplasty. Parker 
et al. analyzed 19 case reports of uterine rupture and found no 
commonality in surgical technique; however, the results of their 
analysis suggested avoiding electrosurgery and to close with 
multiple layers [23]. There have also been studies performed to 
assess the relationship between the interconceptual period and 
risk of uterine rupture. A retrospective study by Shipp et  al. 
showed that an interconceptual interval of less than 18 months 
was associated with an increased risk of symptomatic uterine 
rupture during TOLAC [10].

TABLE 26.1

Common Surgical Procedures with Associated Healing Times and Recommendations

Surgery Rates of Complete Healing Recommended Waiting Time for Fertility Treatment

Polypectomy 86% at 1 month
(Yang et al. 2013)

2 months
(Yang et al. 2013)

Uterine septoplasty 50% at 1 month
(Yang et al. 2013)

2 months
(Yang et al. 2013), however insufficient evidence to advocate 
a specific length of time (ASRM Practice Committee 
Guidelines)

Intrauterine adhesiolysis 67% at 1 month
(Yang et al. 2013)

3 months
(Yang et al. 2013)

Resectoscopic myomectomy 80% at 2 months
(Yang et al. 2008)

2 months
(Yang et al. 2013)

Abdominal myomectomy 86% at 3 months; 100% at 6 months (Tsuji et al. 2006)
93% at 1 month; 100% at 6 months (Darwish et al. 2005)

6 months
(Tsuji et al. 2006)

Cesarean section 3 months for scar maturation, 6 months for restoration of 
zonal anatomy (Dicle et al. 1997)

 18-month interconceptual period (Shipp et al. 2001)

Note:	 There are no long-term data or even pregnancy outcomes but rather the majority of studies use measurements and other sonographic features of the 
uterine scar or absence of intrauterine adhesions as their end point.
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Thermal injury or improper suturing may lead to a fistula for-
mation at the surgical site. Similar to the risk of uterine rupture 
noted previously, this adverse outcome can be minimized by 
judicious use of energy sources and proper surgical technique.

Cesarean scar defects (CSDs) following cesarean section inci-
sions have been associated with other major obstetrical compli-
cations such as ectopic scar pregnancies and placenta accreta, 
as well as numerous gynecological problems including postmen-
strual spotting, dysmenorrhea and pelvic pain [13]. There is cur-
rently no consensus as to how to make the diagnosis of CSD, 
with some suggested techniques utilizing transvaginal ultra-
sound, sonohysterogram and hysteroscopy (Figure 26.1). There 
have been multiple approaches documented to repair these CSDs 
including hysteroscopic, laparoscopic, transvaginal and robotic-
assisted laparoscopic. In a prospective study of 41 women with 
secondary infertility and postmenstrual bleeding, Gubbini et al. 
treated the CSD hysteroscopically. Although there was no control 
group, 100% of women had resolution of their irregular bleeding, 
and all became pregnant within 24 months after surgery [5].

Conclusions

Multiple factors impact uterine healing including type of energy 
source, volume of tissue treated, number of incisions or lesions 
treated, etc. Although not definitively studied, many surgeons 
advocate minimizing the use of electrosurgery and attention 
to careful surgical technique. No surgical adjuvants have been 
shown to improve uterine healing (as opposed to bleeding, adhe-
sion formation, etc.). It appears, and makes sense clinically, that 
hysteroscopic techniques lead to faster healing than an abdomi-
nal approach but there are no data comparing open and endo-
scopic abdominal routes. All myomectomy studies are limited 
by variations in technique, number of fibroids and location of 
fibroids and other variables limiting the ability to make compari-
sons and draw definitive conclusions.

Imaging studies of uterine scars are considered proxies for 
uterine healing and, even within this area of study, there are no 
standardized assessment scales or tools. Thickness of the scar 
can be used as a surrogate for strength but other factors likely 
play a role and the relationship of hematoma formation and 

resolution to strength is not clear. However, uterine healing by 
imaging is likely a reasonable lower limit with 1–2 months rec-
ommended prior to attempting pregnancy for most hysteroscopic 
procedures and 3–6 months for an abdominal myomectomy.
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27
When to Recommend a Cesarean Section

Matthew S. Smith and Joan M. Mastrobattista

Key Terms

Cesarean delivery: Birth of the fetus through an abdomi-
nal incision, excluding abdominal or ectopic pregnan-
cies [1]

VBAC (vaginal birth after cesarean delivery): Vaginal 
birth after 1 or more previous cesarean births [1]

TOLAC (trial of labor after previous cesarean delivery): 
Labor after 1 or more previous cesarean births [1]

Uterine dehiscence: Asymptomatic rupture of a uterine 
scar (scar separation with intact serosa) noted at repeat 
cesarean or scar separation noted after manual explora-
tion after vaginal delivery [2,3]

Uterine rupture: Symptomatic rupture of uterine scar with 
through-and-through disruption of uterine layers [2,3]

Noncesarean uterine surgery/surgical scar: Surgery/
injury and healing of the myometrium prior to birth 
other than cesarean birth [1]

The dramatic rise in the cesarean delivery (CD) rate in the 
United States from 5% in the early 1970s to present-day practice 
is concerning. This may be explained in part by the introduc-
tion of electronic fetal monitoring, decreasing practices of vagi-
nal breech and operative vaginal deliveries, and fewer women 
and providers opting to pursue a TOLAC. [4] The latest National 
Vital Statistics report published in 2015 describes a decline in 
the CD rate to 32.2% of the 3,988,076 registered births in the US 
[5]—but this represents almost 1 in 3 women.

Descriptions of CD dates back to 1790, when French obste-
trician Baudelocque defined the procedure as the “operation 
by which any way is opened for the child than that destined for 
by nature” [6]. A primary CD is classified as delivery of one or 
more fetuses through an abdominal incision in a woman without 
a prior CD—this definition does not apply to ectopic or abdomi-
nal pregnancies. [1] The decision to proceed with a primary CD 
is an important one as it has repercussions for the initial surgery 
including hemorrhage, infection, venous thromboembolism, 
mortality and repeat CDs; future pregnancies may be compli-
cated by placenta previa, scar ectopic and placenta accreta spec-
trum [7]. In this chapter, suggested maternal and fetal indications 
for CD will be reviewed with the understanding of individual 
practice styles and differing availability of resources in labor and 
delivery units.

Obstetric and Maternal Indications

Overlap exists between obstetric, maternal and fetal indica-
tions for CD [8]. Zhang and colleagues, for the Consortium on 
Safe Labor, collected labor and delivery data on 228,668 elec-
tronic medical records from 19 hospitals in the United States 
between 2002 and 2008 with the goal of describing contem-
porary CD practice [9]. The increased CD rate today in part 
reflects a decrease in TOLAC, an increase in cesarean by 
maternal request, reluctance of lesser-experienced physicians 
to perform operative vaginal deliveries and external cephalic 
versions and the current medico-legal climate. The consortium 
of centers lists a previous uterine scar (45.1%) as the most com-
mon indication for CD before labor, with the next most com-
mon (excluding elective) being fetal malpresentation (17.1%). 
The most frequently reported intrapartum indication was fail-
ure to progress/cephalopelvic disproportion (47.1%) followed 
by non-reassuring fetal testing/fetal distress (27.3%) [9]. The 
authors concluded that important strategies to decrease the 
CD rate in the United States include reducing primary CDs, 
increasing VBACs and avoiding CD for dystocia before active 
labor (cervix of 6 cm) especially in nulliparous women [9]. The 
continued increase in the CD rate in the United States (>1/3 
of pregnancies) compelled our societies (NICHD, ACOG, 
SMFM) to address the concept of preventing the first CD in a 
workshop convened in February 2012 [10]. Specific areas were 
identified to assist in reduction of the initial CD. Following this 
publication, an Obstetric Care Consensus Document developed 
jointly by the ACOG and SMFM in 2014 focused on the key 
points of the NICHD conference; the document lists suggested 
approaches for the safe prevention of the primary CD (Table 
27.1) [11].

Specific Maternal/Obstetric Indicators 
for Cesarean Delivery

Obstetric, maternal and fetal indications for CD are listed in 
Table 27.2. In women with worsening hypertensive disorders 
including severe preeclampsia or HELLP syndrome remote from 
delivery or at a gestational age <28 weeks, a CD may be indi-
cated [8]. Labor dystocia is a common indication for CD but is 
often a subjective diagnosis that may vary between providers [8]. 
Fetal malpresentation is another indication for primary CD. In 
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TABLE 27.1

Recommendations for the Safe Prevention of the Primary Cesarean Delivery

Recommendations Grade of Recommendations

First Stage of Labor

A prolonged latent phase (e.g., >20 h in nullipara & >14 h in multipara) should not be an indication 
for CD.

1B

Strong recommendation, moderate-quality evidence

Slow but progressive labor in the first stage of labor should not be an indication for CD. 1B

Strong recommendation, moderate-quality evidence

Cervical dilation of 6 cm should be considered the threshold for the active phase of most women in 
labor. Thus, before 6 cm of dilation is achieved, standards of active-phase progress should not be 
applied.

1B

Strong recommendation, moderate-quality evidence

CD for active-phase arrest in the first stage of labor should be reserved for women >6 cm of dilation 
with ruptured membranes who fail to progress despite 4 hours of adequate uterine activity or at least 
6 hours of oxytocin administration with inadequate uterine activity and no cervical change.

1B

Strong recommendation, moderate-quality evidence

Second Stage of Labor

A specific absolute maximum length of time spent in the second stage of labor beyond which all 
women should undergo operative delivery has not been identified.

1C

Strong recommendation, low-quality evidence

Before diagnosing arrest of labor in the second stage, if the maternal and fetal conditions permit, 
allow for the following:

•	 At least 2 h of pushing in multiparous women (1B)
•	 At least 3 h of pushing in nulliparous women (1B)

Longer durations may be appropriate on an individualized basis (e.g., with the use of epidural 
analgesia or with fetal malposition) as long as progress is being documented (1B).

1B

Strong recommendation, moderate-quality evidence

Operative vaginal delivery in the second stage of labor by experienced and well-trained physicians 
should be considered a safe, acceptable alternative to CD. Training in, and ongoing maintenance of, 
practical skills related to operative vaginal delivery should be encouraged.

1B

Strong recommendation, moderate-quality evidence

Manual rotation of the fetal occiput in the setting of fetal malposition in the second stage of labor is a 
reasonable intervention to consider before moving to operative vaginal delivery or CD. In order to 
safely prevent CDs in the setting of malposition, it is important to assess the fetal position in the 
second stage of labor, particularly in the setting of abnormal fetal descent.

1B

Strong recommendation, moderate-quality evidence

Fetal Heart Rate Monitoring

Amnioinfusion for repetitive variable fetal heart rate decelerations may safely reduce the rate of CD. 1A

Strong recommendation, high-quality evidence

Scalp stimulation can be used as a means of assessing fetal acid–base status when abnormal or 
indeterminate (formerly, non-reassuring) fetal heart patterns (e.g., minimal variability) are present 
and is a safe alternative to CD in this setting.

1C

Strong recommendation, low-quality evidence

Induction of Labor

Before 41 0/7 weeks of gestation, induction of labor generally should be performed based on maternal 
and fetal medical indications. Inductions at 41 0/7 weeks of gestation and beyond should be performed 
to reduce the risk of CD and the risk of perinatal morbidity and mortality.

1A

Strong recommendation, high-quality evidence

Cervical ripening methods should be used when labor is induced in women with an unfavorable 
cervix.

1B

Strong recommendation, moderate-quality evidence

If the maternal and fetal status allow, CDs for failed induction of labor in the latent phase can be 
avoided by allowing longer durations of the latent phase (up to 24 hours or longer) and requiring 
that oxytocin be administered for at least 12–18 hours after membrane rupture before deeming the 
induction a failure.

1B

Strong recommendation, moderate-quality evidence

Fetal Malpresentation

Fetal presentation should be assessed and documented beginning at 36 0/7 weeks of gestation to 
allow for external cephalic version to be offered.

1C

Strong recommendation, low-quality evidence

Suspected Fetal Macrosomia

CD to avoid potential birth trauma should be limited to estimated fetal weights of at least 5000 g in 
women without diabetes and at least 4500 g in women with diabetes. The prevalence of birth weight 
of 5000 g or more is rare, and patients should be counseled that estimates of fetal weight, 
particularly late in gestation, are imprecise.

2C

Weak recommendation, low-quality evidence

Excessive Maternal Weight Gain

Women should be counseled about the IOM maternal weight guidelines in an attempt to avoid 
excessive weight gain.

1B

Strong recommendation, moderate-quality evidence

(Continued)
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previous years, more providers offered vaginal breech delivery; 
however, this is much less frequent today. Multifetal gestations 
often undergo CD owing to a noncephalic-presenting twin, non-
cephalic second twin and high-order multiples. Monochorionic 
twins with twin transfusion or unequal placental sharing, mono-
amniotic twins and conjoined twins frequently undergo CD [12]. 
In some cases of fetal macrosomia, a CD may be warranted. For 
women at high risk for uterine rupture with labor, CD is rec-
ommended; these include: previous classical or T-incision, prior 
uterine rupture or extensive transfundal uterine surgery [4].

Additional obstetric or labor-related indicators for CD include 
placenta previa, placenta accreta spectrum, vasa previa and 
umbilical cord prolapse. CD is recommended in cases of sus-
pected placental abruption if evidence of life-threatening hemor-
rhage or non-reassuring fetal heart rate (Category III) tracing [8].
Certain maternal medical conditions related to pregnancy repre-
sent additional indicators for CD. For HIV-positive women with 
an unknown viral load or with viral loads >1000 copies/mL and 
women with active genital herpes or a herpes prodrome, CD is 

recommended [8]. Similarly, CD may be considered in women 
with repaired obstetric anal sphincter injuries (OASIS) that 
extend into or through the anal sphincter complex [13]. Women 
with invasive cervical cancer, large obstructing condyloma with 
risk of bleeding, large fibroids and displaced pelvic fractures may 
warrant CD [8]. CD is also considered in women with signifi-
cant cardiac disease, Marfan syndrome with aortic root dilation, 
inflammatory bowel disease with risk of fistula formation and 
those with an unrepaired cerebral aneurysm [3,8].

Uterine Rupture After Myomectomy

The risk for uterine rupture after a previous classical incision 
ranges from as high as 12% to as low as 1% for women under-
going a trial of labor [15–17]. A national survey in Japan over a 
5-year period identified 152 cases of uterine rupture for an overall 
incidence of 0.015%, with those related a myomectomy occurring 

TABLE 27.2

Obstetric, Maternal and Fetal Indications for Cesarean Delivery

Obstetric Indication Maternal Indication Fetal Indication

Dystocia (CPD/FTP), macrosomia Cardiac disease Open neural tube defect

Malpresentaion Marfan’s disease with aortic root dilation >4 cm Hydrocephalus or macrocephaly

Multiple gestation: twins or higher-order multiples Crohn’s/inflammatory bowel disease Sacrococcygeal teratoma

Non-reassuring fetal heart rate tracing Unrepaired cerebral aneurysm Anterior neck mass

Umbilical cord prolapse Active genital HSV Fetal cardiac dysrhythmias: congenital heart 
block, SVT

Vasa previa or funic presentation HIV with VL>1000 copies/mL or unknown VL

Placenta previa HPV with obstructing condyloma

Placenta accreta spectrum Invasive cervical cancer

Placental abruption with hemorrhage or non-
reassuring FHR tracing

Previous OASIS

Previous transmural myomectomy

Obstructing fibroids

Displaced pelvic fracture

Abdominal cerclage

CD upon maternal request

Sources:	� Adapted from Landon MB and Grobman WA. Cesarean delivery. In: Gabbe SG, Niebyl JR, Simpson JL et al. (eds). Obstetrics: Normal and Problem 
Pregnancies, 7th Ed. Philadelphia, PA: Elsevier, 2017; Tita ATN. Semin Perinatol. 2012;36:324–7; Simpson LL. Semin Perinatol. 2012;36:328–35; 
Waldman R. Obstet Gynecol. 2019; Anteby EY and Yagel S. Eur J Obstet Gynecol Reprod Biol. 2003;106(1):5–9.

Abbreviations: � CD, cesarean delivery; CPD, cephalopelvic disproportion; FHR, fetal heart rate; FTP, failure to progress; HIV, human immunodeficiency virus; 
HPV, human papillomavirus; HSV, herpes simplex virus; OASIS, obstetric anal sphincter injuries; SVT, supraventricular tachycardia; VL, viral load.

TABLE 27.1 (Continued)

Recommendations for the Safe Prevention of the Primary Cesarean Delivery

Recommendations Grade of Recommendations

Twin Gestations

Perinatal outcomes for twin gestations in which the first twin is in cephalic presentation are not 
improved by CD. Thus, women with either cephalic/cephalic-presenting twins or cephalic/
noncephalic-presenting twins should be counseled to attempt vaginal delivery.

1B

Strong recommendation, moderate-quality evidence

Other

Individuals, organizations and governing bodies should work to ensure that research is conducted to 
provide a better knowledge base to guide decisions regarding CD and to encourage policy changes 
that safely lower the rate of primary CD.

1C

Strong recommendation, low-quality evidence

Source:	 Adapted from Caughey AB et al.  ACOG/SMFM. Am J Obstet Gynecol. 2014;210:179–93.
Abbreviations:  CD, cesarean delivery; IOM, Institute of Medicine.
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at approximately 32 weeks vs 37 weeks for prior cesarean sec-
tions [18].

Cases of uterine rupture after a classical cesarean section, 
unlike low transverse cesareans, tend to rupture prior to labor 
without any warning signs, which has led to the practice of 
scheduled repeat cesarean sections at 36-37 weeks, despite a 
paucity of data [19]. 

A history of a prior myomectomy is not uncommon and of 
24,739 primary cesarean sections performed during a 2-year 
period in the MFMU Cesarean Registry, 222 (0.9%) had previ-
ous myomectomy with a mean gestational age at delivery of 37.1 
weeks [19].

The overall uterine rupture rate after an open myomectomy is 
approximately 1.7% compared with 0.49% for the laparoscopic 
approach [20]. This is comparable to the reported risk of rupture 
in women with a prior low transverse cesarean undergoing a trial 
of labor. In contrast, Kelly and colleagues conducted a retrospec-
tive review of the literature and noted that women with a prior 
abdominal myomectomy, who were allowed to labor and achieved 
vaginal delivery, had no uterine rupture [21]. Several case series 
after laparoscopic myomectomy report no uterine rupture before 
labor; however, a prior review reports on 19 cases with most uter-
ine ruptures occurring prior to labor and 15 prior to 36 weeks [22].

A Canadian study surveyed 49 practicing obstetricians from 
2012 to 2013. If an abdominal myomectomy was performed, 27% 
of obstetricians would allow vaginal delivery versus 76% if a 
laparoscopic myomectomy was performed. If the uterine cavity 
was entered, the percent dropped to 14% and 71%, respectively, 
despite no evidence to suggest that cavity entry is associated with 
an increased risk for uterine rupture [23]. A recent systematic 
review of the literature identified 23 studies with at least five cases 
reporting pregnancy outcomes after a prior myomectomy. The 
overall incidence of uterine rupture was 0.6% (11/1825). Eleven 
of the 23 studies reported outcomes on trial of labor, with 0.47% 
(2/426) women having uterine rupture during labor and 1.52% 
(5/330) prior to labor. Of these 7 ruptures, 5 of them occurred 
prior to 36 weeks [24].

A more recent retrospective cohort study evaluated all women 
who had either a laparoscopic or abdominal myomectomy over 
a 12-year period in 3 university hospitals in Italy. Overall, 469 
women were identified of which 110 pregnancies were achieved 
that ended in deliveries after 24 weeks gestation. Over 90% of 
the women, who underwent a trial of labor, successfully delivered 
vaginally and no uterine ruptures were reported [25].

Almost all studies looking at uterine rupture after myomecto-
mies do not account for number of fibroids, type of fibroids, depth 
of dissection, entry into cavity, type of dissection (cautery vs no 
cautery), single-layer vs multi-layer closure, post-op evaluation of 
healing (hematoma vs no hematoma), and number of prior myo-
mectomies or other uterine surgeries. These factors are all critical 
in designing studies that can adequately address the question of 
when and if a cesarean section should be done after a myomec-
tomy. Until then, here are our recommendations:

	 1.	 Every surgeon who performs a myomectomy should 
document, based on the amount of myometrial dissec-
tion, whether a cesarean section is indicated, to help 
guide their obstetrical colleagues.

 	 2.	 Entry into the uterine cavity is not a validated indica-
tion for cesarean section, but rather it seems reason-
able that the amount of myometrial dissection is a more 
important consideration. 

	 3.	 Abdominal myomectomies are often performed, versus 
laparoscopic myomectomies, for more extensive fibroid 
burden, and thus it seems reasonable that these cases are 
higher risk for subsequent cesarean section.

	 4.	 The risk for uterine rupture after hysteroscopic myo-
mectomy is unknown, but usually involves less myome-
trial dissection.

	 5.	 The risk for uterine rupture after myomectomy, regard-
less of the approach, is quite low and on par with 
what is seen with prior cesarean sections. Thus, some 
patients can be considered for trial of labor after exten-
sive counseling.

 	 6.	 Many uterine ruptures appear to occur prior to 36 
weeks, thus requiring careful observation and diligence 
when managing these pregnant patients, even when a 
cesarean section is planned after 36 weeks gestation.
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Uterine Artery Embolization
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What is Uterine Artery Embolization?

Uterine artery embolization (UAE) is a transcatheter tech-
nique for management of uterine fibroids that represents an 
alternative to myomectomy or hysterectomy for select patients. 
Broadly, using fluoroscopy, the interventional radiologist 
selects the patient’s bilateral uterine arteries with a catheter 
and injects embolic beads into the distal uterine arteries, caus-
ing the fibroid to become ischemic, leading to a gradual reduc-
tion in size and symptomatology. Patients typically have to be 
managed for pain control. UAE results in similar improvement 
in quality of life and is associated with significantly reduced 
recovery time and fewer complications in comparison with 
surgical interventions, although with a higher need for reinter-
vention to achieve symptom resolution. For patients that desire 
to maintain fertility, UAE is not well studied and thus not the 
preferred therapy.

Which Patients Should Receive 
Uterine Artery Embolization?

UAE is a good alternative to surgery for patients not desiring fer-
tility and with a wide-range of fibroid-induced symptomatology. 
UAE is best studied in the context of dysmenorrhea secondary 
to fibroids, where it is has been demonstrated in a randomized 
controlled trial to show similar improvement in quality of life 
outcomes to hysterectomy on 2-year follow-up [1]. Ten-year 
follow-up of this study population showed two-thirds of UAE-
treated patients had avoided hysterectomy and equivalent qual-
ity-of-life scores in both UAE and hysterectomy patients [2]. An 
additional randomized controlled trial comparing UAE to sur-
gery (both hysterectomy and myomectomy) with a patient popu-
lation mostly comprised of people whose primary complaint was 
dysmenorrhea showed no difference in symptom scores between 
groups at 1 year. UAE was associated with a shorter hospitaliza-
tion (median 1 day versus 5 days), quicker recovery and fewer 
complications, but a higher rate of reintervention (20%) neces-
sary for symptom control [3]. In single-arm, nonrandomized 
studies and registries, the results for UAE are far better, with a 
secondary hysterectomy rate of less than 10% [4].

The benefit of UAE for control of bulk symptoms and pain is 
less well-studied. Randomized controlled trials were not pow-
ered to adequately compare UAE with surgery for their abil-
ity to improve these symptoms. However, a retrospective study 

including large numbers of women with bulk symptoms shows 
significant improvement in quality of life [5].

Traditionally, use of UAE has been limited to fibroids with 
relatively small diameters, owing to reports of limited results and 
increased complications in larger (>8 cm) fibroids. However, two 
recent studies showed no different clinical results or complica-
tion rates after UAE of large (>10 cm) fibroids in a total of 100 
patients [6,7].

UAE also is an alternative to hysterectomy for the manage-
ment of adenomyosis. Necrosis is achieved in 40%–82.5% of 
patients depending on the trial [8–10]. A retrospective analysis 
showed that 24% of patients with adenomyosis treated with UAE 
had recurrence of symptoms within 4 years, and that necrosis 
<34% on follow-up imaging was predictive of recurrence [11].

Which Patients Should Not Receive 
Uterine Artery Embolization?

Generally, UAE is not recommended for patients desiring fertil-
ity, and the overall fertility rate may be decreased relative to myo-
mectomy [12], although uncomplicated pregnancies and normal 
deliveries have been reported after UAE [13]. Thus, if a patient 
desiring fertility is not a candidate for myomectomy, UAE may 
represent a reasonable treatment option; however, the possible 
impact on fertility must be discussed with the patient.

UAE is contraindicated in patients with a viable pregnancy or 
active infection of the uterus. UAE also is relatively contraindi-
cated for patients with pedunculated subserosal fibroids (fibroid 
tumor with a stalk diameter at least 50% narrower than the diam-
eter of the tumor) due to risk of fibroid separation from the uterus 
[14]. For similar reasons, submucosal fibroids with an intracavi-
tary component with high endometrial interface to tumor diam-
eter ratio are at increased risk of complications, including fibroid 
exclusion, and this risk should be discussed with the patient [15].

UAE should not be performed for primary treatment of malig-
nancy of the uterus or ovaries, but can be an adjunct procedure to 
reduce operative bleeding risk or as a palliative procedure.

Patient Work-up Prior to Uterine 
Artery Embolization

In a patient being considered for UAE, it is critical to confirm 
the diagnosis of uterine leiomyomata. This is best achieved with 
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a contrast-enhanced pelvic MRI [16], which is superior to ultra-
sound in the evaluation of fibroid location and characteristics, 
uterine blood supply, presence or absence of adenomyosis, and 
any incidental pathology. Administration of gadolinium con-
trast allows for assessment of fibroid viability, which is criti-
cal in planning treatment, as a nonviable fibroid is unlikely to 
respond to UAE (Figure 28.1). The inclusion of a 3D-MRA (MR 
angiogram) sequence in a contrast-enhanced MRI also allows for 
assessment of vascular supply to the uterus and ovaries, which 
can help with procedural planning.

A contrast-enhanced MRI is also valuable for identification 
and differentiation of uterine leiomyosarcoma from degenerating 
benign leiomyomata. Recent retrospective studies cite accuracy 
up to 88% in differentiating the two entities when a combination 
of contrast-enhanced sequences and diffusion-weighted imaging 
(DWI) is used [17]; however, this degree of accuracy is unlikely 
to be achieved in the community, as until recently authors have 
suggested that differentiating between the two entities can be 
quite challenging [18]. In a patient in whom the possibility of a 
uterine leiomyosarcoma is raised on imaging, we could recom-
mend biopsy as a first diagnostic step. There is no evidence that 
UAE spreads uterine leiomyosarcoma, but pursuing UAE rather 
than surgical options in this scenario would delay the diagnosis.

Other aspects of the patient work-up prior to UAE include rou-
tine laboratory assessment, with assessment of renal function, 
as well as a recent complete blood count. In patients with 
dysmenorrhea, also consider evaluation of an underlying bleed-
ing disorder with activated PTT, PT and INR. Patients with an 
IUD ideally should have it removed prior to the procedure to 
avoid infection [19], but in a small study, there was no significant 
risk of infection in patients with IUD undergoing UAE [20].

Prepping for the Procedure

Some institutions initiate patients on calcium channel blockers 
such as nifedipine to reduce the risk of uterine artery vasospasm 

secondary to catheter manipulation during the procedure. On the 
day of the procedure, after routine periprocedural evaluation, 
the patient may receive a diclofenac suppository to assist with 
pain control, with use varying across institutions. Antibiotic pro-
phylaxis use across institutions also varies. Placement of a Foley 
catheter is standard, as the patient may have to lie flat for several 
hours after the procedure, depending on the arteriotomy site and 
whether or not a closure device is used.

Procedure in Brief

The patient is brought to the fluoroscopy suite, and the procedure 
performed under moderate sedation. Arterial access is usually 
obtained through the common femoral artery, although recent 
studies have shown the feasibility of using a left radial artery 
approach [21], which holds potential for an improved patient 
experience without the necessity to lie flat after the procedure. 
Access may be obtained bilaterally, or unilaterally, depending on 
operator preference and fibroid volume (Figure 28.2). The uter-
ine artery is selected typically as the second branch of the ante-
rior division of the internal iliac artery and catheterized with a 
4 Fr or 5 Fr catheter. Once the uterine artery is selected, a micro-
catheter is advanced past the cervical branches to avoid vaginal 
necrosis, typically recognized as the horizontal portion of the 
uterine artery (Figure 28.3). Once appropriate catheter position 
has been achieved, embolic beads mixed with iodinated contrast 
are injected. Injection proceeds under continuous fluoroscopic 
guidance to ensure that embolic material does not reflux into cer-
vical branches. The bilateral uterine arteries are embolized to 
stasis, with exact visual marker of adequate fibroid embolization 
depending on the embolic material chosen (Figure 28.4).

In 5%–10% of patients, there is collateral flow from the ovar-
ian arteries to the fibroid. Preprocedural MRI can be helpful in 
identifying this supply prior to arteriography. After emboliza-
tion of the bilateral uterine arteries, a contrast aortogram can be 

(a) (b)

FIGURE 28.1  Evaluation of viable fibroids with MRI. (a) Preprocedure 
sagittal images demonstrate intramural large fibroid with avid enhancement 
with gadolinium. (b) Post-UAE follow-up MRI sagittal images demonstrate 
tissue necrosis with no residual enhancement of the fibroids consistent with 
good technical success.

FIGURE 28.2  Aortogram demonstrating bilateral uterine artery supply of 
the fibroids.
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performed to identify ovarian collaterals, which tend to increase 
in size once fibroid ischemia is induced. Depending on the exact 
anatomy of the ovarian artery and ovarian-fibroid collateral sup-
ply, embolization can be considered; however, the patient needs 
to be informed prior to the procedure of the risk of embolization-
induced menopause. A review of the FIBROID registry found that 
the overall risk of amenorrhea after UAE was 7%, with almost all 
affected patients >45 years of age [22,23] (Figure 28.5).

After embolization, catheters are removed and hemostasis of 
the arteriotomy site achieved with either manual compression or 
a closure device.

Postprocedure

Patients do not experience significant discomfort during the 
procedure itself, but cramping starts shortly after bilateral 

embolization of uterine arteries is completed and will be at 
its most intense for approximately 24 hours. Postprocedural 
pain is characterized by cramping, which is usually relieved 
with NSAIDs and narcotics. Our pain management protocol is 
a combination of intravenous ketorolac and patient-controlled 
analgesia pump with hydromorphone for the first 12 hours after 
UAE.

Tissue necrosis after embolization of the perifibroid vascular 
plexus leads to postembolization syndrome (PES) that affects up 
to 90% of patients in the first 48–72 hours [24]. Patients may 
experience PES for approximately a week after the procedure. 
These symptoms include low-grade fever, fatigue, nausea, vomit-
ing and pain commonly described as analogous to the flu. We 
suggest management with oral NSAIDs such as ibuprofen for the 
week following the procedure.

Technical Failure

Technical failure is defined as the inability to embolize both uter-
ine arteries to stasis. The most common cause of this is uterine 
artery vasospasm caused by catheter manipulation. Other causes 
of technical failure include atypical vascular anatomy preventing 
adequate embolization or ovarian artery anastomoses. The rate 
of technical failure is described as high as 25% in randomized 
studies and 10% in noncontrolled studies [25].

Complications

The overall complication rate following UAE in the REST trial 
was 36% [3]. By far the most common complaint was PES, 
which, as described earlier, includes pelvic pain, low-grade fever, 
nausea, vomiting, loss of appetite and fatigue in the first few days 
after UAE. Treatment with oral NSAIDs can be helpful for ame-
lioration of many of these symptoms.

FIGURE 28.3  Transcatheter angiography demonstrating a 3 Fr microcath-
eter positioned at the horizontal portion of the UA (arrow) and perifibroid 
arterial plexus prior to embolization.

(a) (b)

FIGURE 28.4  UAE procedure and endpoint. (a) Perifibroid vascularity pre-embolization. (b) Postembolization angiographic images demonstrating 
technically successful procedure and devascularized fibroid.
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The other most common adverse events include:

•	 Endometritis, presenting as pelvic pain with watery 
vaginal discharge, fever and/or leukocytosis that occur 
from days to weeks after the procedure and may be due 
to infectious or noninfectious causes.

•	 Fibroid infection from bacterial colonization of emboli-
zed fibroid tissue either through blood or vaginal ascent 
of pathogens. Symptoms and signs include abdominal 
or pelvic pain, fever and/or leukocytosis.

•	 Uterine infection, possibly as a result of necrosis of 
all or part of the uterus, again manifest with abdomi-
nal or pelvic pain, vaginal discharge, fever and/or 
leukocytosis.

•	 Fibroid expulsion, with detachment of a devascularized 
fibroid from the uterine wall and subsequent transvagi-
nal passage. This is most common among submucosal 
fibroids with a narrow attachment. Fibroid expulsion 
is associated with uterine contractions, abdominal 
pain, fever, nausea, vomiting and vaginal bleeding or 
discharge.

These adverse events are most likely to occur within the first 
month following embolization.

Follow-up

As UAE does not remove but rather devascularizes the fibroid, 
shrinkage in size and reduction in symptoms is a gradual pro-
cess. Patients may not notice any change in symptoms in the 
month or so after the procedure and should anticipate maximum 
reduction in fibroid volume and symptom resolution at approxi-
mately 6 months [1]. Routine practice is to obtain a repeat MRI at 
1 month, along with a follow-up clinic visit. At this visit, overall 

symptomatology may not have significantly changed; however, 
the visit is valuable to assess for possible complications. The 
1-month MRI assesses residual fibroid enhancement, as percent-
age devascularization is predictive of treatment success [26]. 
Furthermore, the 1-month MRI assesses for the rare case of a 
missed diagnosis of uterine sarcoma.

We schedule an additional visit and MRI at 6 months post-
UAE. At this point, maximal symptomatic benefit from the 
embolization should have been achieved. In a successful embo-
lization, MRI will demonstrate maximal anticipated decrease in 
fibroid volume at this time. Additionally, this MRI may dem-
onstrate areas of enhancement that were not demonstrated on 
the 1-month MRI owing to collateral vessel recruitment and/or 
hypertrophy [27]. In this event, repeat embolization to remove 
the collateral vessels can be pursued.
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Magnetic Resonance-Guided Focused Ultrasound (MRgFUS)
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What is MRgFUS?

MRgFUS is a technique of thermal ablation that uses intra-pro-
cedurally acquired MR imaging to guide ablation of a fibroid(s) 
using focused energy from an array of ultrasound probes and was 
approved in 2004. In the procedure, preliminary imaging defines 
the fibroid(s) to be ablated. After a procedure planning period, 
the fibroid is systemically ablated using an array of ultrasound 
probes overlying the patient’s abdomen. Repeat sonications bring 
the treatment zone to 65°C–85°C, inducing coagulative necrosis 
within the treated volume. During the procedure, there is peri-
odic assessment of the adequacy of ablation using a technique 
called magnetic resonance thermometry, whereby the fibroid tis-
sue temperature is assessed noninvasively. This technique has 
also been approved for ablation of bone metastases, along with 
ablation of benign essential tremor. Other applications remain 
under investigation.

How is the Procedure Performed?

There is one FDA-approved MRgFUS company, INSIGHTEC  
(Haifa, Israel), with two MRgFUS systems on the market 
(Exablate 2000, Exablate 2100). These systems work in conjunc-
tion with both 1.5-tesla and 3-tesla MR systems, but are currently 
only compatible with General Electric MRIs (General Electric 
HealthCare, Milwaukee, WI). The procedure is performed as an 
outpatient procedure without the need for a postprocedure hos-
pital stay. Antibiotics are not routinely administered pre-proce-
dure. For treatment, the patient will lie on the MRI gantry as 
they would during a diagnostic MRI. A multiple phased-array 
transducer interfaces with the MRI and overlies the patient’s 
abdomen. This transducer delivers ultrasound energy in a focal 
zone of targeted tissue described as the size of a jelly bean. The 
goal temperature in the targeted area is 65°C–85°C. It takes 
approximately 20 seconds to ablate a focal zone. After ablating 
a given focal zone, the array is refocused on an adjacent area 
until the entire fibroid is treated. The total procedure time varies 
significantly based on the volume of fibroid(s) to be treated. In 
one study, mean procedure duration was 03:59 hours, with proce-
dure times varying between 01:39 and 06:36 hours [1]. Procedure 
times have been shown to decrease significantly with increased 
procedural experience. If bowel loops are in the path of the ultra-
sound beams, mitigation strategies such as bladder filling can 
be employed to generate a suitable window for sonication. Many 

operators will divide treatment of fibroids into two sessions and/
or repeat treatment of fibroids.

Which Fibroids are Suitable for 
MRgFUS Treatment?

Prior to consideration of MRgFUS, a contrast-enhanced MRI 
should be obtained to document size and location of fibroids. 
There are several unique anatomic considerations that must be 
considered prior to proceeding with MRgFUS, owing to the use 
of ultrasound energy during ablation; appropriate patient selection 
is an important factor affecting procedure outcomes [2,3]. Due to 
the rapid decrease in ultrasound energy as it passes through tissue, 
fibroid depth from the skin surface is an important consideration 
impacting ablation outcome. This cannot be greater than 12 cm 
[1,4]. Mindjuk et al. evaluated factors associated with clinical suc-
cess in a single-center experience with 252 women [1], finding that 
a more complete ablation could be achieved in fibroids with low-
enhancement pre-procedure, as well as fibroids distant from the 
spine (>3 cm). Less complete ablation was seen in fibroids with a 
subserosal component and those further away from the skin (skin-
distant fibroids) (p < 0.001), with the postprocedure nonperfused 
fraction of the fibroid decreasing by 1.5% per centimeter of dis-
tance. A single-center evaluation of the anatomic appropriateness 
of MRgFUS for all fibroid patients presenting for care found that 
only 80 of 169 (47%) patients were eligible for treatment with this 
technique [5], with the main reasons being obesity and inacces-
sibility of fibroids. Other considerations include overlying bowel 
loops, as ultrasound energy cannot travel through air, as well as 
location of fibroids close to the spine, which limit the ability to 
sonicate owing to risk of injury to the sacral nerve [1].

Assessing Response

The technical success of MRgFUS ablation is assessed at the 
end of the procedure by performing a T1-weighted gadolinium-
enhanced imaging sequence. This imaging sequence is used to 
assess the ratio of non-enhancing myomata volume to total myo-
mata volume, called the nonperfused volume (NPV). A higher 
NPV ratio corresponds with a lower need for retreatment and 
improved quality of life post-treatment [6]. LeBlang et al. found 
a mean NPV ratio of 55% immediately after treatment, which 
corresponded to an average volume reduction of 31%; this was 
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associated with a wide range of outcomes [7]. At 24 months of 
follow-up of all patients enrolled in registration trials, Stewart 
et al. showed that achieving an NPV of >20% resulted in a signif-
icantly greater reduction in the symptom severity score (SSS) in 
comparison with fibroids in which an NPV <20% was achieved 
[8]. NPVs can be influenced by the technique used; a wide range 
have been reported, with higher NPV ratios achieved with the 
less restrictive protocol now approved by the FDA [6,7,9,10].

How Effective is MRgFUS?

No randomized clinical trial has compared MRgFUS for uterine 
fibroids to alternative treatment options; however, single-arm pro-
spective and retrospective studies have been conducted. Of note, 
the early studies were conducted under an FDA protocol requir-
ing a 1.5-cm margin from the treatment zone to the serosal and 
mucosal uterine borders, as well as limiting treatment volume of 
any single fibroid to 100 cm3 and total volume of 150 cm3 [11]. 
These restrictions resulted in, on average, only 10% of myoma 
volume being ablated in the approval study, which correlated 
with an SSS reduction of at least 10 points in 71% and 51% of 
women at 6 and 12 months, respectively. There was mean reduc-
tion in SSS of 39% and 36% at 6 and 12 months, respectively 
[11]. With relaxation of ablation criteria by the FDA, reduction 
in SSS has improved in more recent studies. For example, in a 
retrospective review of 60 patients, MRgFUS demonstrated an 
improvement in SSS from 50 +/− 22 to 19 +/− 12 (P < 0.001) at 
12 months post-treatment [12]. With further refinements in the 
technology used for MRgFUS, much higher ablation volumes 
have been reported. A retrospective study using the newer ver-
sion of the MRgFUS device in which 72 patients voluntarily 
returned SSS questionnaires showed a reduction in the mean SSS 
from 62.5 to 37.5 (P < 0.001) at an average of 6.5 months [13]. 
Another recent retrospective study in 40 patients demonstrated 
a reduction in the mean SSS from 62.2 (±16.4) to 35.0 (±9.5) at 
6 months [14].

Adverse Events

All studies have reported a low rate of adverse events. In the 
registration trial, skin burns were seen in 5% of the women, 
there was a single overnight admission for nausea and there was 
a single event of a sciatic nerve palsy secondary to sonication of 
posterior fibroids [11]. In a cohort study of 280 patients, the rate 
of minor complications was 3.9%, with 1.1% rate of major com-
plication, which included one skin burn, a fibroid expulsion and 
one case of persistent neuropathy [15].

Reintervention Rate

A retrospective study found that in a group of 138 women who 
had undergone MRgFUS, the reintervention rate was 19% at 36 
months and 23% at 48 months [16]. This study stands in contrast 
to a previous retrospective study from the same institution with a 
smaller sample size and shorter length of follow-up, which found 
a reintervention rate of 44.7% [17]. In a separate retrospective 

study examining 5-year outcomes of 162 women, an overall rein-
tervention rate of 58.6% was seen, decreasing to 50% in patients 
in whom an NPV of >50% was achieved [15].

Impact on Fertility

MRgFUS does not have an indication for treatment of fibroids 
in women desiring fertility, and its impact on post-treatment fer-
tility has not been compared with alternative treatment options. 
However, in a study of all patients enrolled in clinical trials 
of MRgFUS, Rabinovici et  al. reported 54 pregnancies in 51 
women following MRgFUS treatment [18]. Live births occurred 
in 41% of these pregnancies. Spontaneous abortion was seen in 
28% and elective pregnancy termination in 11%. Eleven (20%) 
patients had ongoing pregnancies beyond 20 gestational weeks.

MRgFUS in Clinical Practice

MRgFUS has several appealing aspects, including an entirely non-
invasive approach, an outpatient procedure and minimal adverse 
events reported in the literature. However, the technique has not 
been compared with other treatment options for fibroids, is associ-
ated with a high reintervention rate in most studies and remains 
available at only a few centers in the United States. Adoption of 
the technique has likely been significantly limited by the lack of 
insurance coverage as the procedure has not received favorable 
reimbursement decisions by the large majority of payors, and thus, 
patients must largely pay out of pocket. Diminished prospects 
for reimbursement have in turn limited adoption by radiologists, 
whose departments must first acquire the device, which, at time 
of writing, costs in the range of a new diagnostic MRI scanner. 
Significant changes in the reimbursement environment, possibly 
spurred by new compelling clinical data comparing MRgFUS in 
a randomized clinical trial with alternative treatments options, are 
required to drive further implementation of the procedure.
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