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Endometriosis-What Is It?
Endometriosis is a benign gynecological disease that globally 

affects an estimated 10-15% of reproductively aged women [1]. In 
women experiencing sub- or infertility, the prevalence of endometriosis 
increases to 50% [2]. Endometriosis is pathologically defined as the 
development of endometrial glands and stromal cells outside of the 
uterus, but this definition has broadened to include the development 
of any endometrial cell type (glands or stroma) outside of the uterus 
[3]. The development of endometriotic lesions induces a wide variety 
of symptoms with the most reported being that of chronic pelvic pain 
[4,5] and infertility [6]. Endometriotic lesions develop primarily in the 
pelvic region on the outer lining of abdominal organs, but have also 
been associated with pulmonary conditions [7]. 

Pathogenic origination of endometriosis has many different 
theories, including; coelomic metaplasia (metaplastic change in the 
coelomic epithelium covering peritoneum and reproductive organs) 
and Mullerian remnant abnormalities (aberrant differentiation and 
migration of Mullerian originated cells). The most widely accepted 
theory for pathogenic origination of endometriosis is that of retrograde 
menstruation (ejection of endometrial fragments from the Fallopian 
tubal openings during menstruation) followed by implantation of 
endometrial stem cell niches contained within the shed endometrial 
fragments (reviewed in [8,9]). However, retrograde menstruation 
occurs in nearly 70 percent of all reproductively active women and the 
prevalence of symptomatic endometriosis is only 10-15%. Therefore, 
pathogenesis of endometriosis must also involve hereditary genetic 
traits and/or also immune dysfunction leading to improper clearance 
of menstrual tissue within the abdominal cavity (reviewed in [8]). 
Identification of factors involved with the pathogenesis of endometriosis 
is currently the topic of several research investigations. Discovery of 
pathogenic factors could lead to the development of robust screening 
tools for diagnosis and novel therapeutic interventions for treatment 
of endometriosis.

Economic Impact
There is a huge impact of the diagnosis and treatment of 

endometriosis on the medical economy in both US and Canada and 
these rates continue to rise even though surgical technologies are 
improving. The average in-patient medical cost for laparoscopic 
intervention in 2004 was $3,721 vs $4,300 in 2007 [10,11]. This cost 
increased dramatically for patients whom had hysterectomies, which 

are performed on almost 20% of patients who have endometriosis, to 
$11,400 in 2007. The medical costs associated with pharmaceutical 
intervention of gonadotropin releasing hormone (GnRH) therapies are 
similar to costs associated with surgical intervention, approximately 
$4,400 for a 6-month course of GnRH treatment [12]. This study also 
reported that reoccurrence of disease was >50% in patients receiving 
GnRH therapy vs surgical intervention. There is a critical need to 
develop more effective diagnostic tests and treatment options for 
patients who have endometriosis to alleviate this financial burden on 
our medical economy. 

How to Diagnose?
Although there have been considerable advancements in imaging 

technology utilized in pathophysiology of several disease states, there is 
no current non-invasive imaging technology that can definitively detect 
the growth of endometriotic lesions. Rather imaging technology has 
been effective for providing aid in surgical visualization of suspected 
lesions and adhesions [13,14]. One reason for the insufficiency of 
imaging technology to detect endometriotic lesions is due to the ability 
of the lesions to activate wound-healing mechanisms immediately 
following the attachment of the endometrial tissue fragments to 
the peritoneal surface of abdominal organs [15,16]. This “cloaking” 
mechanism nearly renders it impossible for imaging technology to 
discern normal tissue or scar tissue from an endometriotic lesion. 
Therefore, laparoscopic evaluation and excision followed by histological 
confirmation is the gold standard for diagnosis of endometriosis. The 
accuracy of histological confirmation of the presence of endometriotic 
lesions is highly dependent upon surgical determination and excision 
of suspected endometriotic lesions and pathological expertise in 
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Abstract 
Endometriosis is a gynecological disease, which causes significant physiological pain but also psychological 

distress leading to decreased quality of life for those afflicted with the disease. Though researchers have investigated 
this disease for over 90 years, there is still much information unknown about its pathophysiology, hence impeding 
the development of effective treatment options. In addition, the difficulty to diagnose the disease using non-invasive 
measures increases the prevalence of this disease among reproductive aged women. This review discusses the 
challenges that the scientific and medical communities endure combating endometriosis along with the social and 
financial burdens of patients whom suffer from endometriosis. Finally this review highlights the positive and negative 
side effects of current treatment options, discusses some alternative treatment and new potential treatment options 
that have shown variable success in reducing the symptoms associated with endometriosis.
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confirmation of the diagnosis [3]. At the time of laparoscopic evaluation 
the surgeon is able to categorize the patient’s severity of disease into 
one of four different stages (rASRM guidelines) [17]. Briefly, Stage 1 
(minimal) classification entails superficial peritoneal and ovarian 
lesions with minor peritoneal adhesions, Stage 2 (mild): deep 
peritoneal lesions and superficial ovarian lesions on both ovaries, Stage 
3 (Moderate): deep peritoneal and ovarian lesions with lesions found in 
the culdesac region or involvement of the fallopian tubes, and Stage 4 
(Severe): dense adhesions involving fallopian tubes, deep peritoneal and 
ovarian lesions with adhesions and involvement of adhesions/lesions in 
the culdesac. Factors that influence disease staging are lesion location, 
number and depth of invasion. Other factors that influence staging 
assignment are the amount of scar tissue and/or adhesions that have 
formed in the pelvic cavity and if the patient has ovarian endometriosis, 
or endometriomas. Because the rASRM guidelines do not distinguish 
different types of disease pathologies (i.e., Deeply infiltrating 
endometriosis or retroperitoneal endometriosis) another classification 
system ENZIAN has been developed to be used in conjunction with 
the rASRM guidelines for proper classification of disease [18]. This 
revised system classifies lesion size and presence in 3 different regions 
(rectovaginal space/vagina), (sacrouterine/cardinal ligaments, pelvic 
sidewall and external ureter compression) and (lower bowel, rectum/
sigmoid). But the ENZIAN classification does not consider ovarian 
disease. While the utilization of these two classification guidelines help 
differentiate surgical intervention strategies utilized for treatment of 
endometriosis, these guidelines do not help with understanding the 
chronic pelvic pain and subfertility induced by presence of minimal 
and moderate (Stage 2 and 3, respectively) endometriotic lesions [19]. 
Therefore recently another classification system called EFI, which builds 
open the rASRM guidelines but takes into account fertility success, has 
been utilized to guide clinical treatment for patients suffering from 
endometriosis associated infertility [20]. The most important factor for 
treatment success is overcoming the delay from origination of disease 
to diagnosis.

Delay to Diagnosis
The responsibility of the delay in proper diagnosis of endometriosis 

can be shared between both the patient and the clinician. Most women 
will wait an average of 2.1 years before seeking medical attention for 
endometriosis [21]. On the other hand clinicians will contribute to 
this delay period by almost 3.4 years before a conclusive diagnosis of 
endometriosis is made [21]. What is the reason behind this prolonged 
delay in diagnosis? One reason is that the development of endometriotic 
lesions impacts a multitude of physiological systems (gastrointestinal, 
urology, neuronal, and pulmonary), and making an accurate and early 
diagnosis of endometriosis is unlikely with typical clinical workups. 
There is no biomarker, routine blood test, genetic test or imaging 
technology that can diagnose endometriosis. The second problem is 
getting patients who have endometriosis treated by the “appropriate” 
clinician. Finding the appropriate physician is difficult because of the 
clinical presentation of disease symptoms. Clinical presentations of 
patients who have endometriosis typically are complaints of chronic 
pelvic pain, painful urination, pain during menstruation, painful bowel 
movements and pain during sexual intercourse. In routine medical 
care, patients usually would present these symptoms to a family or 
general medicine practitioner instead of a gynecologist. A general 
medicine practitioner’s differential work up would include: possible 
gastrointestinal disorder, possible urinary tract infection and possible 
psychological disorder (i.e., depression). Upon further evaluation and 
results from imaging or laboratory tests, the patient may be referred to 
a gynecologist or may simply be advised to begin non-steroidal anti-

inflammatory drugs (NSAIDS) or oral contraception pills (OCPs). The 
diagnostic work up and decision of treatment options differs depending 
if a patient who has endometriosis is under the medical care of a general 
practitioner or a gynecologist [11]. Patients under the medical care of 
a gynecologist are more likely to undergo exploratory laparoscopic 
surgery and excisional removal of lesions followed by endocrine 
disruptors such as GnRH antagonists than those patients seen by a 
general practitioner. The decision of medical care is therefore critical to 
early diagnosis and treatment of disease and shortening the time from 
onset to acute symptoms associated with endometriosis.

Impact on Quality of Life
Symptoms associated with endometriosis negatively impact the 

patient’s quality of life both personally and professionally. As stated 
previously, reoccurrence of disease in patients receiving treatment for 
endometriosis can be as high as 50% in as little as one year after stopping 
treatment or surgical intervention [12]. The regrowth of endometriotic 
lesions is coupled with a resurgence of the chronic pelvic pain and 
multitude of other negative symptoms associated with disease and once 
again the patient is forced with the decision on what therapeutic option 
to endure. This “roller coaster” effect of treatment strategies and chronic 
pelvic pain, not to mention fertility complications, renders patients to 
increasing levels of anxiety, depression and exhaustion [4,22,23]. The 
hopelessness of an effective treatment and the ongoing duration of 
chronic pelvic pain impact not only the patient’s personal life and social 
relationships, but also frequently spill over into a patient’s professional 
life. Understanding endometriosis from the psychological aspect has 
intrigued both clinicians and researchers because of how we now know 
“stress” positively impacts the pathophysiology of endometriosis by 
decreasing a patient’s immune clearance of endometrial lesions [24]. 

The vicious circle between chronic pain and the development 
of psychological disorders in patients with endometriosis results in 
decreased quality of life self-assessments. Recently it was reported that 
almost 50% of women studied with endometriosis had decreased social 
relationships than women without endometriosis [21,25]. How does 
endometriosis have such a negative impact on a woman’s’ quality of life? 
Several factors contribute to decreased quality of life in women with 
endometriosis, making the impact of endometriosis multi-factorial. 

First, women with endometriosis can have severe chronic pelvic 
pain, which results in missed social interactions due to bed-rest and 
restricted mobility. Nnoaham et al. [4] reported in a multi-center study 
across ten countries, that women affected with endometriosis had 
reduced physical activity and limitation in both physical and mental 
health. This reduction of physical and mental health and reduced sexual 
satisfaction supports findings that 34% of women with endometriosis 
have impaired social and intimate relationships and 19% of these 
women attribute their disease with the reason for their marital divorce 
[4,21]. Although it has not been reported, it is logical to predict that 
women with endometriosis would also have impaired care-giving 
relationships (i.e., parenting or caring for an elderly relative) due to 
their own physical and emotional battle with depression and anxiety.

Second, women with endometriosis also have a significant decrease 
in work productivity due to both work absences and also reduced 
function in the workplace. Nearly one out of every two women with 
endometriosis has reported decreased work productivity because of 
the severity of symptoms from endometriosis [6]. Of these women 
whom have reduced work productivity, over one third of them attribute 
this reduction to loss in efficiency and impaired work activity [6]. 
This decreased work productivity results in a loss of approximately 
10.8 hours per week at a cost of $250 per week for the employer [4]. 
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Compounding this problem is that women with endometriosis also feel 
or perceive themselves as having a decreased sense of “worth” due to 
their decreased work productivity. They may feel guilty for missing work 
or not being able to fulfill career goals and they perceive themselves as 
a “weak” co-worker thus creating a negative impression on workplace 
relationships. These perceptions ultimately result in an overall increase 
in frustration and add to the already mounting anxiety in women with 
endometriosis. 

Third, nearly 45% of women with endometriosis also suffer from 
sub-or infertility [2]. The direct cause for sub- or infertility in women 
with endometriosis is very complex. Women with endometriosis 
have disrupted folliculogenesis, decreased follicles and altered 
steroidogenesis (reviewed in [26,27]). Endometriosis that forms 
directly on the epithelial surface of the ovary (endometriomas) can 
also cause a reduction in oocyte quality, ovulation dysfunction and 
ultimately impact the ovarian oocyte reserve, thus limiting number 
of successful ovulations (reviewed in [28]). Adhesion formation in 
the pelvic cavity as a result of the growth of endometriotic lesions 
results in a physical distortion of the reproductive organs and oocyte 
pick-up and transfer from the ovary through the oviduct (fallopian 
tube) is compromised. Women with endometriosis also have impaired 
embryo development and improper endometrial receptivity, which 
result in lower implantation rates and higher early pregnancy loss [29]. 
Medical intervention strategies commonly utilized for the treatment 
of endometriosis-associated infertility is the surgical excision of 
endometriotic lesions. Surgical intervention has been shown to improve 
fecundity rates [30,31] and in-vitro fertilization (IVF) success rates [32]. 
Women who are not successful in conception or carrying a pregnancy 
to term after exhausting all treatment options have an enormous burden 
of personal and social pressure and many suffer from increased anxiety 
and other psychological disorders [33,34]. Internationally, women 
whom suffer from infertility have even greater social pressures and can 
be seen as an outcast or have less societal valued [35].

Finally, treatment options for endometriosis are stressful and cause 
very negative side effects. Women with endometriosis undergo more 
surgeries compared to women without endometriosis, approximately 
60% of all women with endometriosis will undergo laparoscopic 
surgery and 7% will undergo laparotomy [21]. Surgical intervention 
elevates patient stress levels because of risks associated with the surgical 
procedure, fear of anesthesia and anticipation of painful recoveries. 
However, quality of life scores are significantly higher for almost 5 years 
post-surgical intervention [36,37], indicating that although a patient’s 
need for repetitive surgical therapies has a negative impact, the relief 
from chronic pelvic pain that surgical excision of endometriotic lesions 
provides results in a positive prolonged impact. 

Coping with High Levels of Stress
What does it mean that women with endometriosis are living every 

day with such high levels of anxiety and perceived stress? Normally, 
the stress response (activation of the hypothalamus pituitary adrenal 
cortex, HPA) is to stimulate production of the adrenal hormone cortisol 
over short periods of time (hours or 1-2 days). Cortisol secretion then 
helps physiological functions, such as digestion, pulmonary, cardiac 
and skeletal muscle to function efficiently while a person is stressed 
(i.e., getting ready for a speech). Cortisol also has an important immune 
function in that, under normal secretory patterns, aids the immune 
system to fight off infection and allow for immune suppression. 
However, elevated levels of perceived stress do not always trigger an 
elevation in adrenal cortisol levels. In fact, several, medical conditions 
that are difficult to diagnose (chronic pelvic pain, fibromyalgia, lower 

back pain and chronic fatigue syndrome) have been associated with 
lower levels of cortisol [5,38-40]. Women with endometriosis whom 
experience chronic pelvic pain have overall decreased cortisol levels 
but also have a decreased cortisol morning spike, known as the cortisol 
awakening response [5]. Decreased adrenal cortisol production 
promotes inflammatory processes and triggers pain responses, which 
may contribute to the pathophysiology of the disease. Additionally, 
some common endocrine targets used to treat endometriosis may 
negatively affect cortisol levels, thus exacerbating the inflammatory 
condition [39]. 

Treatment Options
Even after decades of research and millions of dollars invested by 

pharmaceutical companies, there still is no cure for endometriosis. 
Patients with endometriosis face the continuing battle of which treatment 
options they want to pursue and many patients will endure a variety 
of treatment options and end up with the same result: reoccurrence of 
disease. An additional clinical complication is the fact that, while rare, 
endometriosis can reoccur even after ovarian senescence (menopause) 
[41-44] and treatment of endometriosis in post-menopausal women 
infers of risk of malignant transformation [44]. Therefore patients 
with endometriosis are faced with life long management of disease and 
need to be very critical in selecting their treatment plan. Treatment 
options should be chosen based on the severity and location of disease, 
patient symptoms and ultimate reproductive end goals (pregnancy 
or hysterectomy). Prior to a patient’s decision on treatment strategy, 
they need to have a very systematic discussion with their clinician, 
preferably a clinician that is trained in reproductive endocrinology. In 
this patient/clinician discussion, not only is there a critical need for the 
clinician to fully disclose the advantages or side effects of each treatment 
option but to also understand why the patient is seeking treatment, 1) 
to become pregnant, 2) to alleviate chronic pain or 3) both. It is also 
pertinent for successful treatment that patients empower themselves 
by increasing their understanding of the disease and emerging novel 
treatment options, which should be facilitated by their clinician. 
Currently, treatment strategies can be divided into conventional 
and complimentary alternative medicines. The overall goal for any 
treatment of endometriosis is to reduce symptoms, decrease presence 
of endometriotic lesions and improve fertility and quality of life.

Conventional treatment options for women suffering from 
endometriosis are grouped into two different categories pharmacological 
and surgical. Pharmacological treatment strategies are commonly the 
first line of treatment and are many times used in conjunction with 
surgical intervention. There are two primary targets for pharmaceutical 
intervention, blocking endometriotic lesion growth through altering 
endocrinology and/or decreasing the inflammatory environment 
created by the presence of lesions. 

Endometriotic lesion growth is dependent upon estrogen secretion. 
Common endocrine targets to reduce the estrogenic environment in 
patients with endometriosis are hypothalamic secretion of gonadotropin 
releasing hormone (which stimulates ovarian estrogen production via 
the hypothalamic pituitary gonadal axis) [45-51], aromatase inhibitors 
(block conversion of testosterone to biologically active estrogen) 
[52,53], danazol (testosterone derivative that suppresses estrogen 
secretion) [54] and progestins (negative feedback at the hypothalamic 
and pituitary level to suppress estrogen secretion) [45,55,56]. Each 
of these endocrine targets has been shown to be effective at reducing 
endometriotic lesion growth but each is associated with negative side 
effects and once treatment stops there is a reoccurrence of symptoms. 

Inadequate immune clearance of endometriotic lesions also 
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contributes to the establishment and pathological progression of 
endometriosis. Disruption of immune suppression and ineffective 
immune surveillance has been attributed to the pelvic inflammatory 
conditions that have been reported in women with endometriosis 
(reviewed in [57]). Elevated peritoneal fluid levels of TNF-alpha, 
impaired NK cell activity, increased secretion of inflammatory 
cytokines and chemokines [58] and a shift in regulatory T cell and 
Th17 inflammatory cell ratios have all been reported in women and 
animal models with endometriosis [59,60]. Immune targets have 
hence been identified as possible therapeutic treatment options for 
suppression of endometriosis associated inflammation. Anti-TNF-
alpha therapies have been developed and found to be ineffective at 
reduction of pain or improvement of conception rates in both women 
and animal models of endometriosis [61,62]. Statins are another class 
of compounds that have been used to target the immune disruption 
due to the presence of endometriosis. Recently it has been reported 
that simvastatin does reduce endometriotic lesion growth through up-
regulation of endometrial cell apoptosis and activation of retinoic acid 
[63,64], however these studies have only been performed in immune 
compromised mouse models and through in vitro studies on human 
endometrial cell lines, so should be taken with caution. To date, there is 
not a “good” immune based therapeutic approach to alleviate symptoms 
associated with endometriosis.

Surgical intervention performed by a highly skilled surgeon is 
the most effective interventional strategy for the temporary relief of 
symptoms associated with endometriosis. Laparoscopic evaluation 
of the peritoneal cavity can be used for initial diagnosis of disease, 
but then subsequently for treatment of disease through excisional or 
ablation removal of endometriotic lesions. Although surgical costs 
are higher than pharmacological treatment strategies, the utilization 
of more minimally invasive surgical technology has lowered surgical 
costs and improved post-surgical recovery times [65-67]. In addition, 
surgical intervention provides immediate improvements for fertility 
and successful achievement of spontaneous pregnancy within months 
of surgical intervention [68]. 

Complementary and Alternative Therapeutic Strategies
For several decades women have sought for alternative treatment 

options, instead of surgery or pharmacological use, for relief from 
the pain and infertility that is a result of having endometriosis. Their 
decision on which complimentary and alternative medicines (CAM) 
to use comes primarily from the historic use of several decoctions or 
biophysical practices in Eastern countries for the treatment of numerous 
conditions [69,70]. Patients typically approach CAM strategies only 
after exhaustion of all conventional medical therapies and their 
frustration with their continuing “battle with endometriosis” is at its 
climax [71]. Alleviation of symptoms associated with endometriosis has 
been explored with CAM strategies such as: herbal decoctions, herbal 
extracts, herbal patents, acupuncture, aromatherapy, yoga and exercise. 
While clinical and research studies of effectiveness are significantly 
lacking in the United States, there has been a number of studies 
reported of CAM use in Asian countries for the treatment of pain and 
infertility in patients with endometriosis [71]. Although the specific 
herbal therapies are too plentiful to fully describe in this manuscript, 
it is important to mention that the majority of these herbal therapies 
help to reduce inflammation and angiogenesis, impairing development 
of endometriotic lesions. Utilization of yoga, acupuncture, massage and 
aromatherapy techniques are poorly correlated with a reduction in pain 
associated with endometriosis [72]. Interestingly, women who exercise 
daily have reduced pain scores than women who do not exercise and 
was weakly associated with higher quality of life scores [73]. This 

association may be due to the benefit of exercise on mental capacity 
and the positive reduction of stress levels and not directly through 
reduction of disease status. Overall, the employment of complimentary 
and alternative therapies should be encouraged for their positive effects 
but closely monitored by the patient’s clinician to ensure that they do 
not cause any potential negative associations.

Future Directions of Research in Endometriosis
The prevalence of endometriosis, its impact on the medical economy 

and more importantly, a patient’s quality of life, substantiates the need 
for continued research for an effective treatment and furthermore a 
thorough understanding of the etiology of the disease. Advancements 
in research related to endometriosis need to focus on three key areas: the 
immune system, therapeutic interventional strategies and biomarker 
development. Endometriosis is highly regarded as an inflammatory 
disease and therefore investigations that elucidate how the immune 
system is involved with the etiology of endometriosis or what impact the 
presence of endometriotic lesions has on immune function are greatly 
beneficial for both increasing our understanding of disease pathogenesis 
and for development of immune-based therapeutic targets. This leads 
in to the second area of focus for endometriosis research, therapeutic 
strategies. Improvement of the effectiveness of medical intervention for 
women with endometriosis begins with systematic clinical approaches, 
beginning with getting the patient with the appropriate clinical 
specialist to shorten the time from onset of disease symptoms with 
clinical diagnosis. There needs to be an overall awareness in the medical 
community that the symptoms associated with endometriosis should 
not be discounted and aggressive treatment options (other than NSAIDs 
and OCP’s) should be considered at the initial onset of symptoms. An 
accurate diagnosis and early interventional treatment would curtail 
disease progression and hopefully provide some relief to the chronic 
pain and infertility complications, which currently plague women 
with disease. Additionally, the presence of ovarian endometriomas 
is currently being investigated as a risk factor for the development of 
ovarian cancer [74,75]. The transformation of typical endometriomas 
to ovarian cancer involves the activation of oncogenic KRAS and PI3K 
pathways and inactivation of tumor suppressor pathways (PTEN and 
ARID1A) [76]. While there is no consensus on instituting risk reducing 
procedures for patients with endometriomas the association of ovarian 
endometriosis and ovarian cancer emphasizes the need for a prompt 
and accurate diagnosis of endometriosis for patients [77]. Concurrently 
there also needs to be exploration into novel molecular targets (in 
addition to endocrine) that can increase the quality of life scores and also 
improve fertility rates. For this to occur it is critical those patients with 
endometriosis are seen as individuals and individualized approaches 
to their medical care for treatment are explored. Aiding individualized 
health care would be the discovery of a reliable biomarker(s) that can 
profile a patient’s unique signature of disease. To date, the discovery of 
a reliable biomarker has been a frustration for the research community. 
Although many systems, (urine, blood, endometrial) and many 
candidates (CA-125, Il-6, CCR1/HPRT and nerve fiber) have been 
explored, none have been found to be accurate for the heterogeneity of 
this disease [78]. Currently, the only clinically useful marker is CA-125, 
which is the most marker for endometriosis, but with low specificity. 
Progression on all three of these fronts (immune, clinical intervention 
and biomarker discovery) is imperative for significant advancements in 
the medical care for patients with endometriosis.
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