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OZET

Endometriozisli Infertil Hastalarda ve Aciklanamayan Infertilitesi Olan Hastalarda
Serum Néotrofil Jelatinaz Iliskili Lipokalin (NGAL) Miktarimin Karsilastirilmasi

Bu ¢alismada inflamatuar markerlardan olan ve bazi hastaliklarin tani ve takibinde kullanilan NGAL,
MMP-9 ve MMP-9/NGAL oraninin endometriomasi olan infertil hastalarin tan1 ve takibinde
kullanilip kullanilamayacagi arastirilmistir.

45 acgiklanamayan infertilite ve 45 endometriomasi olan infertil hasta calismaya dahil edilmistir.
Caligsmaya dahil edilen endometriomali hastalar en az 3 cm boyutunda endometriomasi olan hastalar
icinden secilmis ve bu hastalara daha sonrasinda laparoskopik olarak da tani konulmustur. Bu
hastalardan venoz kan 6rnegi alinmis, santrifiij edilmis ve -80°C de saklanmustir. Ameliyattan ii¢ ay
sonra bu hastalardan yeniden vendz kan almmistir. Kan orneklerinde NGAL, MMP-9 ve MMP-
9/NGAL oranlarina bakilmistir. Bu sonuglar agiklanamayan infertilite grubu ve endometrioma grubu
arasinda; endometrioma grubunun kendi igerisinde preoperatif ve postoperatif sonuglari agisindan
karsilagtirtlmigtir.

Endometrioma ve agiklanamayan infertilite grubu arasinda ortalama yas (32,5+3,4 ve 31,7+4,9)
acisindan fark bulunmamistir, ancak AMH degerleri (1,8+0,6 ve 3,3+2,3 ng/ml) agisindan iki grup
arasinda fark vardir (swrasiyla p=0,79; p=0,04). Endometrioma ve agiklanamayan infertilite
gruplarinda ortalama NGAL ve MMP-9 kan diizeyleri sirasiyla 22,0+4,0 ng/ml ve 25,4+4,9 ng/ml;
43,7+8,0 ng/ml ve 39,3+10,7 ng/ml olarak bulunmus ve tiim sonuglar istatistiksel olarak anlamli
cikmistir (p=0,001; p=0,012). Dort hasta takip icin gelmedigi i¢in, bu hastalarin sonuglar1 postoperatif
sonuglar degerlendirilirken analize dahil edilmemigtir. Endometrioma grubundaki hastalarin ameliyat
sonrasi ligiincli ayda ortalama NGAL ve MMP-9 kan diizeyleri sirasiyla 24,9449 ng/ml ve 27,0+4,9
ng/ml; 43,947,3 ng/ml ve 36,7+£8,7 ng/ml olarak bulunmustur (p=0,179; p=0,006). Endometrioma,
aciklanamayan infertilite grubu ve postoperatif endometrioma hastalarinin ortalama MMP-9/NGAL
oranima bakildiginda 2,0+0,2, 1,5+0,2 ve 1,44+0,2 sonuglar1 bulundu. Endometrioma-agiklanamayan
infertilite grubu arasind ve endometrioma hastalarinin preoperatif-postoperatif sonuglari arasinda
anlaml bir fark bulundu (p=0,001;p=0,001). Endometrioma varliginda MMP-9/NGAL oran iliskisi
ile ilgili ROC egrisi analizi yapildiginda, bu degerin 1,75 iizerinde olmasinin %86,1 sensivite ve %84
spesifite ile endometrioma varligin1 gosterdigi tespit edildi (AUC=0,898).

Sonug olarak, NGAL kan diizeyinin endometrioma grubunda anlamli olarak daha diisiikk ¢ikmasi

stirpriz bir sonug olarak nitelendirilebilir. Bununla beraber MMP-9/NGAL orani endometrioma tanisi
konulmasinda kullanilabilir.

Anahtar Sozciikler: Ag¢iklanamayan infertilite, Endometrioma, MMP-9, NGAL



SUMMARY

Comparison of Serum Neutrophil Gelatinase-Associated Lipocalin (NGAL) Amount In
Infertile Women With Endometrioma and In Unexplained Infertile Women

In this study, we aimed to investigate whether serum NGAL, MMP-9 and MMP-9/NGAL ratio that
are inflammatory markers and used for diagnosis and follow-up in some diseases can be used as a
diagnostic and follow-up marker in the diagnosis of endometrioma in infertile patients.

45 unexplained infertility patients and 45 infertile patients with endometrioma were included in the
study. Patients with endometriomas of at least 3 cm in size were included in the study and all patients
were also diagnosed with endometrioma laparoscopically. A venous blood sample were taken from the
patients, centrifuged and stored at -80 degrees. 3 months after the surgery, venous blood sample were
taken again. NGAL and MMP-9 levels from the venous blood sample and MMP-9/NGAL ratio of the
unexplained infertility and endometrioma group and the preoperative and postoperative results of the
endometrioma group were compared.

The mean age (32.5+3.4 vs 31.7+4.9) were not different but AMH values (1.840.6 vs 3.3+2.3 ng/ml)
were different between endometrioma and unexplained infertility group, respectively (p=0.79;p=0.04).
The mean blood level of NGAL and MMP-9 in endometrioma and unexplained group were 22.0+4.0
ng/ml and 25.4+4.9 ng/ml; 43.7£8.0 ng/ml and 39.3+10.7 ng/ml respectively and all results were
statistically significant ( p=0.001;p=0.012). 4 patients did not come for follow-up, so their results were
not included in the analysis when evaluating the postoperative outcomes. The mean blood level of
NGAL and MMP-9 in endometrioma and same patients on postoperative third months were 24.9+4.9
ng/ml and 27.0+4.9 ng/ml; 43.9+7.3 ng/ml and 36.7+8.7 ng/ml, respectively (p=0.179;p=0.006). The
mean ratio of MMP-9/NGAL in endometrioma, unexplained group and postoperative patients were
2.0+0.2, 1.5+0.2 and 1.4+0.2. All these results between endometrioma-unexplained group and
endometrioma-postoperative patients were statistically significant (p=0.001;p=0.001). When we made
a ROC curve analysis for the presence of endometrioma, it was observed that the MMP-9/NGAL ratio
value greater than 1.75 had 86.1% sensitivity and 84% specificity in indicating the presence of
endometrioma (AUC=0.898).

Suprisingly, NGAL blood level was lesser in the endometrioma group. MMP-9/NGAL ratio can be
useful in the diagnosis of endometrioma.

Keywords: Endometrioma, MMP-9, NGAL, Unexplained infertility
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1. INTRODUCTION

Infertility is typically described as a couple's inability to conceive after one year
unprotected sexual intercourse (Dyer et al., 2016). Infertility is a multifaceted disorder that
significantly impacts individuals' psychological, social, and economic circumstances (“WHO
Fact Sheet on Infertility,” 2021). The World Health Organization (WHO) estimates that
roughly 10-15% of couples globally experience infertility concerns. Endometriosis
profoundly affects women's reproductive health and is intricately linked to infertility.
Research indicates that the existence of endometriomas substantially impacts women's
reproductive rates. Endometriosis may result in ovulatory dysfunction, diminished ovarian
reserve, and fallopian tube obstructions (Nisenblat, Prentice et al., 2016). These diseases may
diminish the likelihood of conception and contribute to infertility.

The implantation and proliferation of endometrial tissue beyond the uterine cavity
are hallmarks of endometriosis, an hormone-dependent pelvic inflammatory disease (Hickey
et al., 2014). Ten to fifteen percent of women who are of reproductive age are affected.
Infertility and pelvic discomfort are the disease's most prevalent symptoms. In actuality,
between 30 and 45 percent of infertile patients with pelvic discomfort have endometriosis
(Burney & Giudice, 2012). Endometriosis can present with symptoms as dyspareunia and
dysmenorrhea or be asymptomatic. Although endometriosis is a frequent and benign
condition, dysmenorrhea, dyspareunia, chronic pain and also infertility can be related with

the endometriosis and the inflammation that results from it (Vercellini et al., 2014).

1.1. Pathophysiology of Endometriosis

The pathophysiology of endometriosis is multifactorial and involves several

interconnected theories:

The Retrograde Menstruation Theory: Introduced by Sampson in 1927, posits that
menstrual flow is not exclusively expelled from the uterus but also reverses into the pelvic
cavity, facilitating the implantation and proliferation of endometrial cells in ectopic sites
(Montgomery & Giudice, 2017). Although retrograde menstruation is prevalent, affecting

76-90% of women, it does not explain all instances of endometriosis (Vercellini et al., 2024).



Stem Cell Theory: This theory posits that endometrial-like cells may arise from
multipotent stem cells located in the bone marrow or the peritoneum, which can differentiate
into ectopic endometrial tissue (Forte et al., 2014). This theory explains cases of
endometriosis in individuals without a history of menstruation, such as premenarchal
girls(Arosh et al., 2022).

Coelomic Metaplasia Theory: According to this theory, peritoneal cells undergo
metaplasia, transforming into endometrial-like cells under hormonal and inflammatory
stimuli(Agarwal et al., 2005). This theory is particularly relevant in explaining the

development of endometriosis in areas not directly related to the reproductive system.

Miillerianosis Theory: This theory suggests that remnants of the Miillerian duct,
which develops into female reproductive structures, can give rise to endometriotic tissue. It

provides insight into congenital cases of endometriosis (Broi et al., 2019).

Inflammatory Mechanisms: Chronic inflammation is a keystone of endometriosis,
characterized by the infiltration of immune cells which promote an inflammatory
microenvironment (Parasar et al., 2017). Elevated levels of cytokines have been identified in

the peritoneal fluid of affected women (Izumi et al., 2018).

1.2. Clinical Presentation

Endometriosis presents with a variety of findings that can profoundly affect a

woman's life. The predominant symptoms encompass:

Chronic Pelvic Pain: This is the primary symptom of endometriosis, frequently
aggravated during menstruation (dysmenorrhea)(Bulletti et al.,, 2010). Pain may also

manifest during intercourse (dyspareunia) or during bowel motions and urine.

Infertility: An estimated 30-50% of women with endometriosis encounter infertility,

rendering it a considerable issue for those desiring to conceive.

Menstrual Irregularities: Numerous women experience excessive or irregular

menstrual flow (Dunselman et al., 2014).



Asymptomatic Cases: Certain individuals may possess endometriosis without
exhibiting visible symptoms, underscoring the condition's variety (Moradi et al., 2014).

1.3. Diagnostic Methods

Laparoscopy is the definitive method for diagnosing endometriosis. This minimally
invasive surgical technique enables direct observation of endometrial lesions and may
involve biopsy for histological verification. It is especially effective for detecting deep

infiltrating endometriosis and endometriomas (Bafort et al., 2020).

Imaging Modalities: Transvaginal Ultrasound (TVUS) is frequently employed to
detect ovarian endometriomas and evaluate pelvic anatomy. Although transvaginal
ultrasound (TVUS) is proficient at identifying bigger cysts, it may fail to detect smaller or

superficial lesions (Vercellini et al., 2014).

Magnetic Resonance Imaging (MRI) offers comprehensive visualization of pelvic
anatomy and is useful in detecting deep infiltrating endometriosis (Alonzo et al., 2024). It

can clarify the scope of the disease and assist with surgical preparation.

Biomarker Evaluation: Investigations are under underway to discover non-invasive
biomarkers for endometriosis. Increased concentrations of particular biomarkers, including
CA-125 and some cytokines (e.g., IL-6, TNF-a), have been correlated with endometriosis;
nevertheless, they are not yet dependable for regular diagnostic application (Nisenblat et al.,
2016).

Histological Examination: The histological study of biopsied tissue is essential for
the confirmation of endometriosis. The existence of endometrial glands and stroma beyond
the uterus is diagnostic (Duleba, 1997).

1.4. Nature of Inflammation in Endometriosis
Inflammation is crucial in the pathophysiology of endometriosis, affecting the local

microenvironment of lesions and systemic immune responses. Endometriosis is often

characterized by a chronic inflammatory state. The presence of ectopic endometrial tissue



triggers an immune response that is typically abnormal and dysregulated. In contrast to the

expected protective immune response, individuals with endometriosis frequently exhibit:

Altered Cytokine Profiles: Pro-inflammatory cytokines in the peritoneal fluid and the
serum is increased in the patients with endometriosis (Bedaiwy et al., 2005). These cytokines
contribute to the inflammatory milieu, promote angiogenesis, and stimulate the proliferation
of endometrial cells.

Immune Cell Infiltration: Endometriotic lesions show an increased infiltration of
immune cells, particularly macrophages, which are activated and exhibit an inflammatory
phenotype. These macrophages produce additional cytokines and growth factors that support

the survival and growth of ectopic endometrial tissue (Bacci et al., 2009).

Several mechanisms underpin the chronic inflammation observed in endometriosis:

Dysregulated Immune Response: Women with endometriosis often display an
impaired immune response characterized by altered T-cell amount, decreased natural killer
(NK) cell activity and macrophage function (H. Zhang et al., 2023). This dysfunction allows
ectopic endometrial cells to evade immune detection and destruction, facilitating their

survival and proliferation.

Inflammatory Mediators: Key inflammatory mediators, including prostaglandins and
oxidative stress products, play a crucial role in promoting the inflammatory process.
Prostaglandin E2 (PGE2) is notably elevated in endometriosis and is associated with
increased pain perception and lesion viability (Lagana et al., 2019). Additionally, reactive
oxygen species generated during inflammation can damage surrounding tissues, perpetuating

the inflammatory cycle (Vitale et al., 2018).

Hormonal Influence: Estrogen has a well-established role in endometriosis
pathology, not only stimulating endometrial cell proliferation but also enhancing the
inflammatory response. Estrogen promotes the expression of inflammatory cytokines and
can upregulate aromatase, leading to increased local estrogen production within lesions
(Nothnick, 2011).



1.5. Matrix Metalloproteinase-9 and Neutrophil Gelatinase-Associated Lipocalin

Current studies have emphasized the significance of inflammation, oxidative stress,
and immunological dysfunction in the pathophysiology of endometriosis. Biomarkers such
NGAL and MMP-9 are frequently higher in individuals with endometriosis. NGAL is linked
to inflammation, whereas MMP-9 promotes the destruction of the extracellular matrix,
assisting in lesion invasion and adhesion (Macer & Taylor, 2012). Increased concentrations
of these biomarkers have been suggested as possible diagnostic instruments; however,

further study is required to confirm their effectiveness (Agarwal et al., 2012).

1.5.1. NGAL

NGAL is a secretory protein produced by active neutrophils, characterized by a
single polypeptide and has become a significant biomarker for the early signal of renal
injury. The principal function of NGAL is to regulate the biological activity of iron. The
iron-containing NGAL binds to cell surface receptors, is internalized, and subsequently
releases iron within the cell, resulting in increased cellular iron levels (Goetz et al., 2002).
NGAL, a member of the lipocalin family, is predominantly synthesized in granulocytes and
epithelial cells. It serves as a crucial biomarker in inflammatory responses, renal impairment,
and other illnesses. Recent research have progressively examined the role of NGAL in
numerous clinical situations, including renal illnesses, infections, malignancies, and
endometriosis. NGAL was first identified in 1993 and has since been found in various cells
and tissues, participating in numerous biological processes. NGAL plays a critical role,

especially in the kidneys, in infection responses, and in inflammation.

1.5.1.1. Biochemical Functions of NGAL

¢ Kidney Injury and Protection: NGAL is recognized as an early indicator of
kidney damage. Upon damage to renal cells, NGAL levels increase swiftly,
facilitating its application in the early identification of acute kidney injury (AKI).
The role of NGAL in the kidneys is associated with its anti-inflammatory and

anti-apoptotic properties (Clerico et al., 2012).

¢ Inflammatory Response: NGAL stands out as an important protein that modulates

the inflammatory response. During infection or inflammation, the production of



NGAL increases, supporting the immune response. NGAL is thought to play a
role in the immune response against pathogens (Wasung et al., 2015).

e Metabolism and Immune System: NGAL also plays a significant role in iron
metabolism. By preventing the release of iron, it has the ability to limit the
growth of microorganisms. This property demonstrates NGAL's effectiveness in
controlling pathogens during infections (Bojic et al., 2015).

e Tissue Repair: NGAL may function as a factor that aids in the repair of tissues
after kidney injury. By supporting cell proliferation following damage and
assisting in the elimination of apoptotic cells, NGAL contributes to the

regeneration of kidney tissue (Ferreira et al., 2024).

1.5.1.2. Clinical Significance of NGAL

The clinical relevance of NGAL is closely related to its role in kidney diseases,
infections, and inflammatory disorders. In recent years, studies have increasingly explored

the use of NGAL as a prognostic marker in various clinical conditions.

o Acute Kidney Injury (AKI): NGAL is regarded as a crucial biomarker for the
early detection of AKI. Numerous studies indicate that NGAL levels are
significant in the progression of AKI. NGAL is detectable at elevated levels in
blood and urine tests, correlating with disease severity (Marakala, 2022). The
elevation of NGAL in urine may be observable even during the initial phases of
renal impairment. Also, NGAL is correlated with the progression of chronic
kidney disease. Increased NGAL levels are associated with the decline of renal
function and serve as a prognostic indicator. Numerous studies indicate that
NGAL serves a predictive function in the progression of renal disease stages

(Schrezenmeier et al., 2017).

o Infections: NGAL levels also increase during bacterial infections. Particularly in
cases of sepsis and lower respiratory tract infections, NGAL levels may reflect
the severity of the patient’s condition. Research has highlighted the role of NGAL
in the diagnosis of sepsis, suggesting that NGAL levels may be useful in

determining the prognosis of patients with sepsis (Kounatidis et al., 2024).



e Cardiovascular Diseases: Recent research has demonstrated a correlation between
NGAL levels and cardiac disorders, including heart failure. Increased NGAL
levels may affect the prognosis of cardiovascular events. NGAL's participation in
these disorders highlights its importance as a determinant of renal function and

cardiovascular health (Bolignano et al., 2010).

e Cancer: Certain studies indicate that NGAL may function as a prognostic
biomarker in cancer patients. Elevated NGAL levels correlate with unfavorable
prognosis in some cancer types (Tsakogiannis et al., 2020). Nevertheless,
additional research is required to elucidate NGAL's function in cancer
progression.

Various laboratory tests and methods are used to determine NGAL levels. Common
methods include ELISA  (Enzyme-Linked Immunosorbent  Assay) and
immunohistochemistry. These methods provide reliable results for measuring and evaluating
NGAL levels. It is unclear whether serum NGAL levels change in the case of endometrioma,
and while one of the two studies in the literature found no difference, the other indicated that
the NGAL level was higher in the endometrioma group (Bostanci Durmus et al., 2019;
Guney et al., 2023).

1.5.2. MMP-9

MMP-9 is a crucial enzyme that facilitates the degradation of extracellular matrix
(ECM) constituents. It is crucial in various processes within the human body, including as
tissue remodeling, wound healing, and inflammation (Stetler-Stevenson, 2001). The
dysregulation of MMP-9 has been associated with various diseases, including cancer
development, cardiovascular issues, and autoimmune diseases. Recent studies have
emphasized its role in reproductive health, especially with diseases such as endometriosis
and infertility (Shah & Catt, 2004).

MMP-9 has been thoroughly investigated in relation to numerous disorders,
especially cancer. Increased concentrations of MMP-9 are frequently correlated with
heightened tumor invasiveness and metastasis. It promotes tumor growth by destroying the

extracellular matrix, enhancing angiogenesis, and facilitating cancer cell movement. MMP-9



expression is frequently associated with unfavorable prognosis in various cancer types, such

as breast, lung, and colorectal malignancies (L. Zhang et al., 2021)

In cardiovascular diseases, MMP-9 is involved in pathologic processes. It

contributes to the remodeling of the extracellular matrix within blood vessels, influencing

plaque stability and vessel integrity (Wang & Khalil, 2018). MMP-9 is also implicated in

inflammatory diseases where its expression is upregulated in inflamed tissues, contributing

to tissue destruction and remodeling (Alamgeer et al., 2020).

1.5.2.1. Biochemical Functions of MMP-9

Extracellular Matrix (ECM) Degradation: MMP-9 is involved in the breakdown
of ECM components, particularly type IV and V collagens found in the basement
membrane. This function is essential for physiological tissue remodeling and
repair but also facilitates pathological processes like tumor invasion and
metastasis (Visse & Nagase, 2003).

Regulation of Cell Migration and Invasion: By degrading ECM proteins, MMP-9
creates a pathway for cell movement, essential in immune responses as
leukocytes migrate toward infection or injury sites. In cancer, MMP-9 expression
is upregulated, enhancing the invasive capabilities of tumor cells by breaking

down physical barriers within tissues (Deryugina & Quigley, 2006).

Angiogenesis and Vascular Remodeling: MMP-9 releases ECM-bound growth
factors which promote angiogenesis. In both physiological and pathological
states, angiogenesis is key for tissue growth and repair; however, in cancer, it
supports tumor growth and metastasis by increasing blood supply to cancer cells
(Bergers et al., 2000).

1.5.2.2. Clinical Implications of MMP-9

Cancer Diagnosis and Prognosis: MMP-9 is an extensively researched biomarker
in oncology, especially in breast, colon, and lung malignancies. MMP-9 has been
investigated as a diagnostic marker and a prospective therapeutic aim in oncology
(Chang & Werb, 2001).



e Cardiovascular Diseases: MMP-9 is associated with multiple cardiovascular
disorders, including as atherosclerosis, and myocardial infarction. It exacerbates
plaque instability by eroding the extracellular matrix in artery walls, resulting in
atherosclerosis and heightening the risk of rupture and myocardial infarction.
Increased MMP-9 levels are noted in individuals with heart failure, suggesting its
potential as a marker for disease severity and progression (Blankenberg et al.,
2003).

¢ Inflammatory Diseases and Autoimmune Conditions: MMP-9 exacerbates tissue
damage in situations like rheumatoid arthritis and inflammatory bowel disease by
degrading extracellular matrix components in inflamed regions. Elevated MMP-9
levels correlate with illness severity and progression, indicating its potential as an
inflammatory marker and therapeutic target (Vincenti & Brinckerhoff, 2002).

¢ Neurological Conditions: MMP-9 contributes to the pathophysiology of
neurological conditions such as multiple sclerosis and stroke. By degrading ECM
proteins around the BBB, MMP-9 increases its permeability, allowing
inflammatory cells and molecules to infiltrate the brain tissue and exacerbate

injury (Rosenberg, 2009).

e Endometriosis: Recent articles have increasingly focused on the role of MMP-9
in reproductive health, particularly in the context of endometriosis and infertility.
Endometriosis is associated with elevated levels of MMP-9 regardless of
biological compartment studied (Huang et al., 2024). This upregulation is thought
to facilitate the invasive characteristics of endometrial cells, contributing to the

pathology of endometriosis.

Immunohistochemistry and ELISA are used the determination of level of MMP-9.

This study aims to assess the efficacy of NGAL, MMP-9, and the MMP-9/NGAL
ratio in diagnosing endometrioma. The data derived from the concurrent application of
NGAL and MMP-9 may facilitate a novel method for diagnosing endometrioma and enhance
comprehension of the functions of these biomarkers in the disease mechanism. This work
seeks to enhance the existing literature by identifying novel biomarkers for the diagnosis of

endometrioma, a contributing factor to infertility.



2. MATERIALS AND METHODS

2.1. Study Design

This prospective, case-control study included 90 infertile women who were divided
into two groups: 45 women with a diagnosis of endometrioma (study group) and 45 women
with unexplained infertility (control group). The study was conducted at Ankara University
School of Medicine, Department of Obstetrics and Gynecology, Reproductive Endocrinology
Clinic and Ankara City Maternity Hospital and all participants provided written informed
consent before enrollment. Detailed infertility investigations were conducted on the patients.
Demographic features, hormone levels, ultrasound findings, and surgical reports of the
patients who underwent surgery, as well as the findings from their postoperative follow-ups,
were recorded. Ethical approval was taken from Ankara University School of Medicine
Ethical Board (Number:111-656-22 Date:08.12.2022). The research was financed by Ankara
University Scientific Research Projects (Number: TDK-2024-3596).

There is no any other article about this specific topic so the number of study
population is determined according to the most similar article (Bostanci Durmus et al.,
2019). There should be 35 patients in each group for a significant difference between the two
groups with a 5% margin of error and 80% power according to G-power calculation. 45
patients in each group will be included because of the possibility of the decrease in the

number of patients during follow up period.

Inclusion Criterias

e Age between 18-35 years.

e Diagnosis of infertility

e For the endometrioma group: presence of endometrioma confirmed by
ultrasonography, with a cyst diameter of at least 3 cm, and a definitive

laparoscopic confirmation.
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e For the unexplained infertility group: infertility without identifiable causes after a
full infertility examination, including tubal patency tests, ovulatory function

assessment, and partner’s semen analysis within normal limits.

Exclusion Criterias

e Having any cause of infertility.

e Presence of other pelvic inflammatory conditions, such as pelvic inflammatory

disease or other ovarian cysts.
e History of previous endometrioma surgery.
e Presence of systemic inflammatory conditions or autoimmune diseases.

e Use of hormonal medications or immunosuppressive agents within 3 months

prior to sample collection.

¢ Any contraindications to laparoscopic surgery (for the endometrioma group).

2.2. Sample Collection

Venous blood samples (5 mL) were collected from each participant in the early
follicular phase to reduce hormonal variability. For the endometrioma group, blood samples

were collected twice: once preoperatively and once three months postoperatively.

Blood samples were drawn into sterile vacutainer tubes without anticoagulants and
immediately transported to the laboratory. The samples were allowed to coagulate at ambient
temperature for 30 minutes, followed by centrifugation at 3000 rpm for 10 minutes to isolate
the serum. Serum was aliquoted into Eppendorf tubes and stored at -80°C until analysis to
preserve the stability of NGAL and MMP-9 levels.

2.3. Measurement of Biomarkers (NGAL and MMP-9)

Serum levels of NGAL and MMP-9 were assessed using enzyme-linked

immunosorbent assay (ELISA) kits tailored for each biomarker. All ELISA techniques were
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executed in accordance with the written protocol, and all assays were run in duplicate to
assure precision (Shanghai Coon Koon Biotech Co., Ltd., Shanghai, China). The intra-assay
and inter-assay coefficients for MMP-9 were less than 7% and less than 10%, respectively.
The MMP-9/NGAL ratio was determined by dividing the MMP-9 concentration by the
NGAL concentration for each sample, functioning as an auxiliary biomarker for comparative
analysis.

2.4. Statistical Analysis

Comparative statistical studies were performed to assess differences in NGAL and
MMP-9 levels, together with the MMP-9/NGAL ratio, between the unexplained infertility
and endometrioma cohorts. The preoperative and postoperative parameters for the
endometrioma group were evaluated to evaluate changes after surgical intervention. p<0.05
is accepted as statistical significant. A receiver operating characteristic (ROC) curve analysis
was conducted to evaluate the diagnostic efficacy of the MMP-9/NGAL ratio in
differentiating endometrioma. Sensitivity, specificity, and area under the curve (AUC) values
were examined to determine the optimal threshold for endometrioma detection.

12



3. RESULTS

3.1. Demographic Features

Table 3.1. Demographic features of patients

Endometrioma Unexplained p

(N:45) (N:45)
Age (years) (Mean+SD) 32.53+3.42 31.72+4.98 0.79
BMI (kg/m?) (Mean+SD) 24.72+1.79 23.82+1.54 0.32
Smoking(N) 3 2 0.43
Systemic disease(N) 5 6 0.72
Previous surgery(N) 10 8 0.65
Gravida (Mean+SD) 1.214+0.52 1.13+0.41 0.51
Parity(Mean+SD) 0.92+0.33 0.88+0.42 0.67
Abortus (Mean+SD) 0.22+0.21 0.45+0.32 0.55
Infertility duration (years) (Mean+SD) | 2.82+1.11 2.55+1.22 0.33
Primary infertility (N) 21 24 0.12

The average age in the endometrioma group is 31.53 (£3.42) years, while in the
unexplained infertility group, it is 30.28 (£2.98) years (p=0.79). The mean BMI is 24.72
(£1.79) for the endometrioma group and 23.82 (+1.54) for the unexplained group (p=0.32).
The endometrioma group has 5 individuals with systemic disease, compared to 6 in the
unexplained group (p=0.72). 3 patients had a hypothyroidism without antibodies, 1 patient
had a ashtma and 1 patient had a type 2 diabetes mellitus in the endometrioma group; 3
patients had a hypothyroidism without antibodies, 2 patients had a type 2 diabetes mellitus
and 1 patient had a epilepsy. The number of individuals with previous surgeries is 10 in the
endometrioma group and 8 in the unexplained group (p=0.65). In the endometrioma group,
eight patients had cesarean sections and two had appendectomies; in the unexplained group,
five patients had cesarean sections, two had appendectomies, and one had a cholecystectomy.
The average infertility duration is 2.82 (+1.11) years for the endometrioma group and 2.55
(£1.22) years for the unexplained group (p=0.33). Endometrioma group were underwent
surgery cause of pain (N:24), big adnexal mass (N:15) and difficulties on the oocyte pick-up
(N:6). Twelve patients with endometriomas and complaints of primary infertility underwent

embryo cryopreservation before the operation.
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Table 3.2. Hormonal and blood parameters of patients

Endometrioma Unexplained p

(N:45) (N:45)
AMH (ng/ml) 1.89+0.63 3.3242.31 0.04
FSH (1U/L) 7.67+2.21 6.93+2.12 0.56
LH (mIU/ml) 4.2142.32 5.01+2.89 0.41
E2 (pg/ml) 43.12+10,92 39.58+9.99 0.68
TSH (mU/ml) 2.98+1.21 3.12+1.05 0.77
Hemoglobin (g/dl) 11.94+1.39 12.88+1.32 0.91
White blood cell (mcL) 7.03+2.33 7.42+1.65 0.15
Neutrophil (mcL) 5.44+6.85 4.66+1.36 0.06
Lymphocyte (mcL) 2.02+0.70 2.08+0.56 0.25
CRP(mg/L) 4.02+0.52 3.5240.58 0.18
CA-125 (U/ml) 79.08+48.95 No data

(Mean+SD)

The mean AMH level are 1.89 (+0.63) and 3.32 (+2.31) in the endometrioma group

and in the unexplained infertility group, respectively (p=0.04), indicating a statistically

significant difference. The mean CA-125 level is 79.08 (+48.95) in the endometrioma group

(no data available for the unexplained group). There is no statistically significance in other

parameters between these groups.

Table 3.3. Ultrasonographic features of patients

Endometrioma Unexplained p
(N:45) (N:45)
Antral follicle count (Mean+SD) 10.52+2.32 13.33+2.11 0.04
Bilateral endometrioma (N) 6 No
Endometrioma size (cm) 5.9542.39 No

The mean antral follicle count is 10.52 (+2.32) in the endometrioma group and 13.33

(£2.11) in the unexplained infertility group (p=0.04), indicating a statistically significant

difference. There are 6 cases of bilateral endometrioma in the endometrioma group, while no

cases are reported in the unexplained infertility group.
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3.2. NGAL and MMP-9 Levels of Patients

Table 3.4. Biomarker levels of endometrioma and unexplained group

Endometrioma Unexplained p
NGAL(ng/ml) 22.01+4.04 25.46+4.91 0.001
MMP-9 (ng/ml) 43.74+8.00 39.38+10.75 0.012
MMP-9/NGAL 2.01+0.24 1.51+0.28 0.001

(Mean+SD)

The mean NGAL level is 22.01 (#4.04) ng/ml in the endometrioma group and 25.46
(£4.91) ng/ml in the unexplained infertility group (p=0.001), indicating a statistically
significant difference. The mean MMP-9 level is 43.74 (£8.00) ng/ml in the endometrioma
group and 39.38 (+10.75) ng/ml in the unexplained infertility group (p=0.012). The mean
MMP-9/NGAL ratio is 2.01 (£0.24) in the endometrioma group and 1.51 (£0.28) in the
unexplained infertility group (p=0.001), showing statistical significance. All parameters are
significantly different between the two groups.

Table 3.5. NGAL and MMP-9 levels of endometrioma group in preoperative and postoperative

Preoperative Postoperative p
NGAL(ng/ml) 24.94+4.9 27.0+4.98 0.179
MMP-9 (ng/ml) 43.9+7.3 36.7+8.7 0.006
MMP-9/NGAL 2.02+0.23 1.45+0.26 0.001
CA-125(U/ml) 77.06+46.35 68.89+49.27 0.146
AMH (ng/ml) 1.78+0.55 1.55+0.31 0.127

(Mean+SD)

4 patients did not come for follow-up, so their results were not included in the
analysis when evaluating the postoperative outcomes. The mean NGAL level is 24.9 (+4.9)
ng/ml preoperatively and 27.0 (+4.98) ng/ml postoperatively, with no statistically significant
difference (p=0.179). The mean MMP-9 level decreases from 43.9 (£7.3) ng/ml
preoperatively to 36.7 (£8.7) ng/ml postoperatively, a statistically significant change
(p=0.006). The MMP-9/NGAL ratio significantly decreases from 2.02 (+0.23) preoperatively
to 1.45 (£0.26) postoperatively (p=0.001).
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3.3. The Correlation of NGAL, MMP-9 and MMP-9/NGAL Levels
The relationship among NGAL, MMP-9, and the MMP-9/NGAL ratio is examined.
NGAL exhibits a positive connection with MMP-9 (R:0.304) and a negative correlation with

the MMP-9/NGAL ratio (R:-0.394) (p=0.01).

Table 3.6. The correlation between NGAL, MMP-9, and the MMP-9/NGAL ratio

NGAL MMP-9 MMP-9/NGAL
NGAL 1 0.304” -0.394"
MMP-9 0.304™ 1 0.285™
MMP-9/NGAL -0.394" 0.285" 1

“p:0.01

There is no correlation between the NGAL, MMP-9 and MMP-9/NGAL ratio and
the size, and unilaterality/bilaterality of endometrioma.

Table 3.7. The correlation between the presence of endometrioma and NGAL, MMP-9, the MMP-
9/NGAL ratio

NGAL MMP-9 MMP-9/NGAL

Presence of endometrioma -0.361" 0.228" 0.691™

“0:0.01 "p:0.05

The MMP-9/NGAL ratio had a stronger positive correlation with the presence of
endometrioma (R = 0.691, p:0.01)

3.4. The Predictive Value of NGAL, MMP-9 and MMP-9/NGAL Levels in The

Presence of Endometrioma

A regression analysis is being conducted to investigate whether the presence of
endometrioma is related to NGAL, MMP-9, and MMP-9/NGAL levels. The coefficient for
the MMP-9/NGAL ratio is 5.176, with a standard error of 1.322 and a high odds ratio of
176.93, which is statistically significant (p=0.001).In summary, the ratio shows a strong and
statistically significant association with the outcome, while NGAL and MMP-9 alone are not

statistically significant predictors in this model.
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Table 3.8. The regression analysis of the biomarker in the presence of endometrioma

B S.E. Exp(B) p
Constant -13.022 3.454 - 0.001
NGAL -0.153 0.078 0.858 0.065
MMP-9 0.053 0.036 1.054 0.145
MMP-9/NGAL 5.176 1.322 176.93 0.001

ROC analysis is conducted to determine the level of the MMP-9/NGAL ratio in
predicting the presence of endometrioma.
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Figure 3.1. ROC analysis of MMP-9/NGAL ratio in the presence of endometrioma

Table 3.9. The cut-off value of MMP-9/NGAL ratio for the presence of endometrioma

Cut-off AUC(95%) Sensitivity (%) Specificity(%) p Lower Upper
bound bound
1.75 0.898 86.1 84 0.001 0.837 0.960
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This table summarizes the diagnostic performance of a cut-off value of 1.75 for
MMP-9/NGAL ratio. The sensitivity of this cut-off values is 86.1% and the specificity is
84%.

The ROC analysis is conducted for NGAL and MMP-9 and the AUC is 0.267 and
0.678, respectively.

ROC Curve

Source of the
Curve

—ngal
—— mmp9
Reference Line

Sensitivity

"0,0 0,2 0,4 0,6 0,8 1,0
1 - Specificity

Diagonal segments are produced by ties.

Figure 3.2. ROC analysis of NGAL and MMP-9 level in the presence of endometrioma
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4. DISCUSSION

This study investigates the serum levels of NGAL and MMP-9 in women with
endometrioma and unexplained infertility, adding to the growing body of research
identifying these markers as key contributors in endometriosis. Our findings reveal
significantly elevated MMP-9 levels and reduced NGAL levels in patients with
endometrioma compared to those with unexplained infertility, reinforcing the hypothesis that
these biomarkers may play essential roles in the pathophysiology and potential diagnosis of
endometriosis. According to our initial hypothesis, we expected the MMP-9 level to be high
in the endometrioma group, and the results we obtained were consistent with this. However,
surprisingly, a decrease in NGAL levels was observed in the endometrioma group compared
to the unexplained infertility group. According to our initial hypothesis, this result was
different. However, it was determined that an MMP-9/NGAL ratio above 1.75 indicates the
presence of endometrioma with 86.1% sensitivity and 84% specificity.

NGAL is a lipocalin protein secreted by neutrophils in response to infection and
inflammation, and it is recognized to elevate in instances of tissue injury (Anastasiu et al.,
2020). NGAL levels have been demonstrated to be applicable for diagnosis and prognosis in
many disorders characterized by significant inflammation (Zappitelli et al., 2007). It is
important to highlight that NGAL levels were shown to be low in the endometrioma cohort
in our investigation. The literature indicates that NGAL levels are elevated in inflammatory
process like endometriosis; yet, its reduced levels in endometrioma imply that the
microenvironment of endometriotic tissue may possess distinct properties. This
microenvironment may possess a distinctive structure that inhibits NGAL production or
diminishes circulating NGAL levels. In a study conducted in Turkey in 2019 on this topic,
urinary NGAL results of 60 endometriosis patients and 30 control patients were examined,
and no difference was found between the groups. In the same study, when grouping
according to whether endometriosis was mild or severe, no significant difference was found
(Bostanci Durmus et al., 2019). In another study conducted in 2023, 36 patients with
endometriomas and 36 control patients were included, and it was reported that the amount of
NGAL was significantly higher in patients with endometriomas (Guney et al., 2023). To our
knowledge, there are no other studies in the literature regarding endometrioma and NGAL
levels, and in these three studies reported along with ours, it has been shown that NGAL

levels do not change, decrease, or increase with the presence of endometrioma. So it can not
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be exactly determined the relationship between NGAL level and the presence of

endometrioma.

MMP-9 is involved in the remodeling of the extracellular matrix through proteolytic
activity. It plays a key role in physiological and pathopysiological uterine processes (Liu et
al.,, 2016). Elevated MMP-9 levels in endometriotic lesions may facilitate ectopic
endometrial tissue growth, thereby promoting disease progression and symptom severity. In
our study, serum MMP-9 level is significantly higher in the endometrioma group compared
with the unexplained group. According to the review conducted in 2024, it is reported that
there are four candidate biomarkers should be considered in the presence of endometriosis.
These biomarkers are TNF-a, MMP-9, TIMP- 1 and miR451 that are supported by at least
two distinct research teams and are located in at least three or more biological compartments
(Brulport et al., 2024). This review indicates that MMP-9 levels were consistently elevated in
endometriosis across all investigations and irrespective of the biological compartment
examined. Another meta-analysis included 15 papers with 996 endometriosis and 582
without endometriosis patients reported that the concentration of MMP-9 in the patients with
endometriosis was markedly elevated in comparison to the control group (Huang et al.,
2024). In this review, they made also a subgroup analysis because articles included in this
meta-analysis had various studies’ populations for example uterine fibroids, uterine polyps
and other disesaes. Even if the patients had a another gynecological pathologies, MMP-9
levels were still higher in the endometriosis group compared to the control group. Also the

article reported that severity of the disease had a positive correlation with the MMP-9 levels.

A study excluded from the aforementioned meta-analysis demonstrated a significant
increase in blood MMP-9 levels in the endometriosis group (Bostanci Durmus et al., 2019).
The diagnostic efficacy of this biomarker seems appropriate, albeit it remains unverified. Our
findings regarding the elevated MMP-9 levels in endometrioma align with existing research
(Bostanci Durmus et al., 2019). Establishing a cut-off value for this issue is necessary;
however, the usage of various kits producing results in different units complicates the matter.
A 2013 study indicated that an increase in MMP-9 was related to inadequate oocyte and
embryo development in women with endometriosis undergoing IVF. The equilibrium of
MMP-9/TIMP-1 in these women was markedly disturbed, and the injection of progesterone
appeared to dramatically rectify this imbalance, hence enhancing the IVF success rate
indirectly (Singh et al., 2013).
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The primary finding of this investigation is the diagnostic efficacy of the MMP-
9/NGAL ratio, which demonstrated an AUC of 0.898, with sensitivity and specificity values
of 86.1% and 84%, respectively. The increased diagnostic accuracy suggests that it may
serve as a crucial non-invasive biomarker for endometrioma. To our knowledge, the
examination of the this ratio within the endometriosis cohort was performed in a singular
study. This study revealed a significant elevation in the MMP-9/NGAL ratio in the
endometriosis cohort compared to the control group, and also in the stage HI/IV
endometriosis group relative to the stage I/l group (Bostanci Durmus et al., 2019). Prior
research has shown that conventional markers such as CA-125 had limited effectiveness, as
they often lack the specificity necessary to differentiate endometriosis from other
gynecological conditions (Nisenblat et al., 2016). The results of the current study validate the
diagnostic significance of the MMP-9/NGAL ratio, suggesting that it may exceed CA-125
and other markers by offering a more direct evaluation of extracellular matrix remodeling

and inflammatory processes associated with endometriosis.

In line with recent reviews, biomarkers that directly reflect ECM degradation and
inflammation may provide better diagnostic insights compared to general inflammatory
markers alone. NGAL and MMP-9 are not only reflective of the inflammatory milieu in
endometriotic lesions but also relate to disease severity and invasiveness. Studies suggest
that in advanced stages of endometriosis, these biomarkers levels tend to increase in serum
and peritoneal fluid, correlating with the extent of endometrial invasion and inflammatory

activity.

The biomarkers used for the follow up in the chronic diseases are very important for
the clinical practice. CA-125 is used usually for the diagnosis and the follow-up period in the
endometriosis but Cochrane meta-analysis revealed that CA-125 and the other biomarkers
can not meet the criteria as a diagnostic tool (Nisenblat et al., 2016). Additionally, there is a
paper reported that especially VEGF is more sensitive follow-up biomarker than CA-125
(Mohamed et al., 2013). Our study shows that MMP-9 level and MMP-9/NGAL ratio
decreased significantly in the postoperative period but NGAL and CA-125 level were not
changed significantly. So MMP-9 and the ratio can be used for the follow up period of the

endometrioma especially if its level were checked preoperatively.

The study's strengths are its exclusive focus on patients with infertility issues and the

exclusion of those with other diseases that could cause inflammation. This study offers
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significant insights, however it has limits. The sample size, while adequate for statistical
analysis, constrains the generalizability of the results. Furthermore, our research
concentrated exclusively on women with endometrioma or unexplained infertility, omitting
other stages of endometriosis that can have unique biomarker profiles. Subsequent research
should focus on including bigger and more diverse patient cohorts to assess the MMP-
9/NGAL ratio throughout various phases of endometriosis. Additionally, further studies are
needed to evaluate the temporal variations of NGAL and MMP-9 levels in relation to
different therapeutic interventions, potentially enhancing their effectiveness in tracking

iliness development and recurrence.
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5. CONCLUSION

This work emphasizes the crucial involvement of NGAL and MMP-9 in the etiology
of endometriosis and underlines the potential of the MMP-9/NGAL ratio as a diagnostic
biomarker for endometrioma. Considering the constraints of existing diagnostic instruments,
it presents a viable non-invasive option that could enhance early diagnosis and patient
outcomes. Ongoing research is elucidating the molecular processes of NGAL and MMP-9
interactions in endometriosis, potentially facilitating their integration into individualized
treatment regimens and disease monitoring, thereby enhancing endometriosis management.
MMP-9 and especially MMP-9/NGAL ratio can be used as a diagnostic and follow up
biomarkers in the endometriosis. For the use of these markers in the diagnosis of
endometriosis, further studies are needed.
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BILGILENDIRILMiS GONULLU OLUR FORMU

Calisma adi: Endometriomasi olan infertil kadinlarda serum nétrofil jelatinaz iliskili

lipokalin (NGAL) miktariin agiklanamayan infertil hasta grubu ile karsilastirilmasi

Calismanin kolay anlasilir adi (halk diliyle): Cikolata kisti olan kisir kadinlarda
serumdaki bir enfeksiyon belirtecinin (serum nétrofil jelatinaz iligkili lipokalin) miktarinin

herhangi bir kisirlik nedeni bulunamayan kadinlarla karsilagtirilmasi
Sorumlu hekim: Prof. Dr. Batuhan Ozmen
Tedavinin yiiriitillecegi yer:

Ankara Universitesi Ureme Sagligi Teshis Tedavi Egitim Arastirma ve Uygulama

Merkezi ve Ankara Universitesi T1p Fakiiltesi Kadin Hastaliklar1 ve Dogum Anabilim Dal
Saym goniilli,

Bu form sizin dahil olmaniz istenen calisma ilgili olarak sizi bilgilendirmek amaci
ile diizenlenmistir. ‘Endometriomas1 olan infertil kadinlarda serum nétrofil jelatinaz iligkili
lipokalin (NGAL) miktarinin agiklanamayan infertil hasta grubu ile karsilastiriimas: *
baslikli bu ¢calismaya, kisirlik tedavisi i¢in hastaneye basvuran ¢ikolata kisti olup bu nedenle
operasyon geciren ve kisirlik nedeni arastirmasinda herhangi bir bulgu bulunamayan hastalar
dahil edilecektir. 18-35 yas arasindaki 45 g¢ikolata kisti hastasi ve 45 kisirlik nedeni
bulunamayan hastanin dahil edilmesi planlanmaktadir ve ¢aligma Ocak 2023- Haziran 2023

tarihleri arasinda yapilacaktir.

Infertilite klinigine basvuran hastalar halihazirda rutin muayeneye tutulmaktadir ve
hastalarda kisirlik nedeni arastirilmaya g¢alisilmaktadir. Bu c¢alismaya bu rutin tarama
sonrasinda herhangi bir kisirlik nedeni bulunamayan ve kisirlik nedeni olarak sadece ¢ikolata
kisti tespit edilen ve bu nedenle ameliyat olan hastalar dahil edilecektir. Cikolata kisti kisirlik
nedenlerinden birisi olarak kabul edilmektedir ve kesin tanisi sadece ameliyatla 6rnek

almarak konulabilmektedir. Bunun diginda ultrasonografi gibi goriintiileme araglari ile bu
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hastalik varligindan siiphelenilebilir fakat kesin tan1 ve gerekirse tedavi i¢in ameliyat sarttir.
Ameliyatin ise kisirlik sikayeti olan hastalarda yumurtalik dokusuna zarar verilebilme
olasilig1 nedeniyle riskleri bulunmaktadir. Bu ¢alisma ile ameliyat gerekmeden kanda bakilan

bir madde ile bu hastaligin tanisinin konulabilmesi amaglanilmaktadir.

Bu calismaya katilmayi tercih etmeniz durumunda size planlanacak tedavilerde rutin
uygulamaya gore bir degisiklik olmayacaktir. Size halihazirda rutin kisirhk muayenesi
yapilmistir ve ¢ikolata kistiniz var ise size halihazirda ameliyat karar1 alinmigstir. Bu galigma
ile ilgili olarak yas, kilo, boy, kisirlik ile ilgili olan kan ve goriintiileme sonuclariniz kayit
altina alinacaktir ve sizden kisirlik arastirmasi i¢in alinan kan Orneklerinden arta kalan bir
tip kan alinip bir buzdolabi yardimiyla saklanacaktir. Ameliyat olan hastalar ameliyat
olduktan 2 ay sonra rutin kontrole geldiginde rutin alinan kanlardan arta kalan bir tiip yine
almip saklanacaktir. Takiben bu saklanan kanlar enfeksiyon belirtecleri olan serum nétrofil
jelatinaz iliskili lipokalin ve Matriks metallopeptidaz 9 miktarlarinin belirlenmesi amaciyla

labaratuarda bir kit yardimiyla calisilacaktir.

Bu tedavi ile ilgili Kisisel bilgileriniz arastirma sorumlusu ve arastirmacilar disinda
hi¢ kimse ile paylasilmayacaktir. Size ait laboratuvar sonuglar1 ve ultrasonografi bulgulari
hastane igerisinde bir aragtirmacinin kontroliinde olan sadece bir bilgisayarina kaydedilecek
ve ¢ogaltilmayacaktir. Bu bilgisayar kayitlarinda hi¢bir hastanin ismi yer almayacak olup her
hasta bir numara ile temsil edilecektir. Bu sekilde kisisel verilerinizin gizliliginin saglanmasi

planlanmaktadir. Calisilan kanlar ise ¢alisma sonrasi uygun bir sekilde imha edilecektir.

Bu ¢alismaya goniillii katilacaginizi belirtmektesiniz, calismaya katilmay1 reddetme
hakkina sahipsiniz ve ¢alismaya devam etmek istemediginiz herhangi bir zamanda mazeret
belirtmeksizin ¢alismadan ¢ikma hakkina sahipsiniz. Bu ¢aligmaya katilmamaniz durumunda
rutin takiplerinizde herhangi bir aksama yasamayacaksiniz. Tedavi ile ilgili bilgi alma

isteginiz oldugunda Prof. Dr. Batuhan Ozmen‘i cep te! ||| | | 2rayabilirsiniz.

32



ONAM FORMU

yukarida adi gecen ‘Endometriomast olan infertil kadinlarda serum nétrofil jelatinaz iligkili
lipokalin (NGAL) miktarinin agiklanamayan infertil hasta grubu ile karsilastirilmasi’ ile ilgili
bilgiler bana sozlii olarak da anlatildi. Sorularim aklimda siiphe birakilmadan tatmin edici bir
sekilde yanitlandi. Bu tedaviyi hasta olarak kendi arzum ve istegim dahilinde goniillii olarak

kabul ediyorum.

Hastanin Adi Soyadi Tarih Imza

Doktor Ad1 Soyadi Tarih Imza
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Patient Follow-up

Hasta Takip Formu

Ad soyad

Yas

Boy-kilo:

FSH

LH

E2

TSH

AMH

Infertilite siiresi
Ultrasonografi bulgulari
Antral folikiil
Hb

Beyaz kiire
Nétrofil
Lenfosit
Aciklanamayan infertilite Endometrioma
NGAL

MMP-9
MMP-9/NGAL
Postoperatif
NGAL

MMP-9

MMP-9/NGAL
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