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 Summary 

 

Title: Iatrogenic premature ovarian insufficiency  

 

Author: Lucija Skalicki 

 

Premature ovarian insufficiency (POI) is defined as a transient or complete loss of ovarian 

function before the age of 40. It can occurs as a result of treatment of certain tumors. 

Premature ovarian insufficiency induced by a medical treatment is referred to as iatrogenic 

and its incidence is rising mostly due to successful cancer treatments. A chance of ovarian 

insufficiency depends on type of a drug, dose of a drug or irradiation as well as the patients’ 

age at the time of the treatment. Damage to the ovaries and POI as a result can be induced by 

many different mechanisms. Chemotherapy and radiotherapy can cause direct damage to the 

oocyte DNA or indirect damage via reactive oxygen species (ROS). Alkylating agents are the 

most harmful chemotherapeutic drugs and are associated with highest incidence of 

amenorrhea and infertility following chemotherapy. Radiotherapy with doses as low as 2 Gy 

have been reported to cause POI, therefore many preventive measured such as oophorexy and 

ovarian shielding have been implemented in younger cancer patients. Surgical procedures can 

also cause a direct damage of the ovarian tissue, or have an indirect effect through vasculature 

damage. Clinical effects of ovarian insufficiency are low estrogen levels with many short term 

and serious long term consequences. For this reason, early diagnosis and immediate 

management of POI is crucial. Short term effects of estrogen deficiency include vasomotor, 

urogenital and psychological symptoms. Serious long term consequences include 

osteoporosis, risk of cardiovascular diseases, neurodegenerative diseases and infertility. 

Majority of POI patients are advised to take hormone replacement therapy (HRT) to help with 

short term and long term effects of low estrogen levels. Along with HRT patients are advised 

to do regular weight bearing exercises and to take vitamin D and calcium supplements daily. 

Fertility preservation is one of the important issues that these patients have to be advised on.   
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 Sažetak 

 

Naslov: Jatrogena ovarijska insuficijencija 

 

Autor: Lucija Skalicki 

 

Prijevremena ovarijska insuficijencija (POI) definira se kao prijelazni ili potpuni gubitak 

funkcije jajnika prije dobi od 40 godina. Može se pojaviti spontano ili može biti izazvan 

različitim čimbenicima. Prijevremena ovarijska insuficijencija kao rezultat liječenja naziva se 

jaterogenom i njena učestalost raste uglavnom zbog uspješnog liječenja raka. Mogućnost 

insuficijencije jajnika ovisi o vrsti lijeka, dozi lijeka ili zračenja kao i dobi pacijentice u 

vrijeme liječenja. Oštećenja jajnika i POI mogu biti uzrokovana različitim mehanizmima. 

Kemoterapija i radioterapija mogu uzrokovati izravno oštećenje DNK oocita ili neizravno 

oštećenje putem slobodnih radikala. Alkilirajući citostatici su najštetniji kemoterapijski 

lijekovi i povezani su s najvećom učestalošću amenoreje i neplodnosti nakon kemoterapije. 

Zabilježeno je da radioterapija u dozi od 2 Gy uzrokuje POI, stoga su kod mnogih mlađih 

pacijentica s rakom provedene preventivne mjere poput kirurške transpozicije jajnika izvan 

polja zračenja i zaštite jajnika štitnikom. Kirurški zahvati također mogu uzrokovati izravno 

oštećenje tkiva jajnika ili imati neizravan učinak kroz oštećenje vaskulature. Klinički učinci 

insuficijencije jajnika su niska razina estrogena s mnogim kratkoročnim i ozbiljnim 

dugoročnim posljedicama. Iz tog razloga, rana dijagnoza i obrada POI pacijenata su od velike 

važnosti. Kratkoročni učinci nedostatka estrogena uključuju vazomotorne, urogenitalne te 

psihološke simptome. Ozbiljne dugoročne posljedice uključuju osteoporozu, rizik od 

kardiovaskularnih bolesti, neurodegenerativne bolesti i neplodnost. Većini bolesnica kojima je 

dijagnosticirani POI  preporučuje se hormonska nadomjesna terapija (HRT) kako bi se 

pomoglo u kratkoročnim i dugoročnim učincima niskih razina estrogena. Zajedno s HRT-om, 

pacijentima se preporučuje redovito vježbanje s utezima i svakodnevno uzimanje dodataka 

vitamina D i kalcija. Očuvanje plodnosti jedna je od važnih tema o kojoj je potrebno 

savjetovati ove pacijentice.  

 

Ključne riječi: jatrogeni, POI, nedostatak estrogena, neplodnost 
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1 Introduction 
 

Iatrogenic premature ovarian insufficiency (POI) is one of the possible negative 

consequences in young women undergoing cancer treatment or procedures effecting genital 

organs.  It is characterized by irregular or completely absent menstrual cycles before the age 

of 40 years and low estrogen levels that can lead to many long term consequences such as 

osteoporosis, infertility and increased risk of cardiovascular diseases (1). The incidence of 

POI in general is around 1 percent of women under the age of 40 years (2). The exact 

incidence of iatrogenic POI is not known; however it is surely increasing with better cancer 

treatment outcomes and higher survival rate. Considering the increasing incidence and serious 

consequences of iatrogenic POI that can be prevented, this topic should be discussed more 

frequently. Diagnosis of POI can have a significantly negative impact on psychological 

wellbeing and quality of life in young women. Majority of patients do not feel comfortable 

discussing this matter with their physician and are not aware that it can be managed with 

appropriate therapy. Women should be referred to their reproductive endocrinologist as soon 

as possible after the diagnosis has been established to start with the treatment plan. Before 

undergoing any type of cancer treatment, patients should be informed about POI and all of its 

possible consequences. Patients should especially be advised on risk factors that can easily be 

modified with simple lifestyle changes such as quitting smoking. Infertility is often the most 

devastating consequence for young women and having emotional support from the physician 

is of high importance. All patients should be presented with fertility preserving options prior 

to a required treatment if there is a reasonable risk of POI.  

 

 2 Premature ovarian insufficiency  
 

2.1 Physiology of the ovary   
 

In early embryonic life, primordial germ cells start to divide and migrate from the yolk 

sac to the outer surface of the ovary. Once they reach germinal epithelium, they migrate to the 

ovarian cortex and become oogonia or primordial ova. Each oognoia surrounds itself with a 
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single layer of granulosa cells and becomes primary oocyte. The ovum surrounded by a single 

layer of granulosa cells is called primordial follicle. Primary oocyte begins the first meiotic 

division around fifth month of fetal life and stays in this stage of meiosis until puberty.  At 

birth, ovary contains around 1 to 2 million primary oocytes arrested in first meiotic division 

(3) (4). 

At the start of puberty, ovaries have only about 300,000 oocytes remaining to mature. 

Before the onset of puberty, hypothalamus starts to release GnRH and acts on the pituitary 

gland to start to release gonadotropins- luteinizing hormone (LH) and follicle-stimulating 

hormone (FSH). Gonadotropins stimulate production of estrogen and progesterone in the 

ovary. Negative and positive feedback mechanisms of these steroid hormones on the pituitary 

gland lead to oscillations of the hypothalamic-pituitary-ovarian system throughout the month 

and regulated female monthly sexual cycle. Every month, 6-12 primary follicles undergo 

accelerated growth under the influence of FSH. Only one follicle fully matures and continues 

to grow until ovulation, while the remaining follicles undergo atresia. During female 

reproductive life only 400 to 500 primordial follicles mature and undergo ovulation (4). 

Around the age of 40 to 50 years, only a few primordial follicles are left with ability to 

mature and ovulate. Menstrual cycles become irregular and finally cease completely after a 

few months to years leading to menopause. Menopause is defined as amenorrhea for more 

than 12 months (4). As the amount of primordial follicles decreases, so does the level of 

estrogen. This leads to the loss of negative feedback of estrogen on the pituitary resulting in 

high levels of FSH.  

 

2.2 Definition  
 

Primary ovarian insufficiency (POI) is defined as a continuous decline or loss of   

ovarian function before the age of 40 (5). Iatrogenic premature ovarian insufficiency refers to 

a POI induced by surgical, medicamental, or treatments with physical agents. It is 

characterized by oligomenorrhea or amenorrhea, decreased levels of steroid sex hormones and 

increased levels of gonadotropins. According to ESHRE guidelines, diagnosis of POI requires 

amenorrhea lasting for at least 4 months after a treatment and FSH levels > 25 IU/L on two 

occasions at least 4 weeks apart (6). Previously it was referred to as “premature ovarian 

failure” or “premature menopause” however these expressions were soon replaced with POI.  
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Many clinicians agreed that the term insufficiency is a more suitable description of this 

disorder since it includes continuation of events rather than a single event. The terms “failure” 

and “premature menopause” were also found to be more distressing for the patient (2). 

 

2.3 Incidence  
 

According to many sources, 1 percent of women will develop POI before the age of 

40. (5) (7) (8). The incidence in women aged 18-25 years is 1:10,000 and in women aged 25-

30 years is 1:1000 (8). The incidence of iatrogenic POI is not known, uncertain and it varies 

among different countries. New Zealand database from 2015 showed that 37 percent of 

women diagnosed with POI had iatrogenic etiology, 25 percent idiopathic, 19 percent 

autoimmune and 19 percent genetic etiology (2). A Swedish study showed that out of 1,9 

percent of women diagnosed with POI, 0,2 percent had iatrogenic etiology and 1,7 percent 

had spontaneous POI (9) (10). The incidence has has significantly increased over the years 

and is constantly growing, as more women are being treated for cancer with gonadotoxic 

agents with a higher survival rate (7). 

 

3 Etiology  
 

POI is a complex and poorly understood process with multiple etiologies. It can be 

either iatrogenic or can occur spontaneously. Etiology of spontaneous POI is idiopathic in 90 

percent. Other causes of spontaneous POI are genetic causes, autoimmune causes, metabolic 

and infections (8). The incidence of iatrogenic POI has increased with more successful cancer 

treatments as it can occur as a result of chemotherapy, radiotherapy, surgical procedures 

directly or inflammatory conditions after surgical procedures. According to Duru Shah et al. 

amenorrhea caused by chemotherapy or radiotherapy is reversible if only larger maturing 

follicles are destroyed and irreversible if primordial follicles are affected and destroyed in the 

process (11).  

POI can occur during, immediately after, or months to years following a cancer 

treatment. The American Society of Clinical Oncology (ASCO) guidelines have divided the 
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risk of premature amenorrhea in women treated with modern chemotherapy and radiotherapy 

into five categories:  

High risk group, where >80 percent of women develop premature amenorrhea after receiving 

the treatment.  

Intermediate risk, where 20 to 80 percent of women develop premature amenorrhea following 

the treatment. 

Low risk where < 20 percent develop premature amenorrhea.   

Very low risk with no effect on menstrual cycle.  

Unknown categories (12).  

 

3.1 Chemotherapy 
 

Chemotherapeutic drugs, along with radiotherapy, are the most common cause of 

toxin-induced premature ovarian failure. Although number one priority in cancer patients is 

undoubtedly to maximize the cure rate, medical professionals nowadays are giving a lot of 

attention to chemotherapy side effects and different ways to minimize them. This is especially 

applicable to younger patients where the goal is to preserve fertility while maximizing the 

probability of the cure. When talking about chemotherapy induced POI, one must remember 

that most treatment guidelines use multidrug approach, therefore it is more appropriate to talk 

about the consequences of drug regimens rather than a single drug (13). 

 

3.1.1 Mechanism of action 

 

Chemotherapeutic agents act on different cell types within the ovary. Some drugs act 

directly on the oocyte and cause damage to its DNA, while others act on stromal cells. Both 

cell types are sensitive, and can be damaged by chemotherapy, but majority of anticancer 

drugs act on dividing cells and effect follicular development more than oocyte itself. This is 

supported by the fact that many women develop amenorrhea during the treatment, with 

menstrual cycle and fertility returning months to years after chemotherapy (13).  Dividing 
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cells are sensitive and can be altered even with chemotherapeutic agents which are thought to 

have low toxicity on primordial follicles.  

The main mechanism of chemotherapy-induced loss of primordial follicles is through 

apoptotic death (14). Chemotherapy drugs can cause various types of DNA damage within the 

oocyte, with double-stranded DNA breaks being the most damaging one. The damage 

activates the ataxia-telangiectasia mutated (ATM)-mediated DNA repair pathway to try to 

repair the breakage. Cells with sufficient DNA repair ability can survive, while other ones are 

lost by apoptotic death pathway. This results in a reduced ovarian reserve.  Damage to stromal 

cells of the ovary is mostly through vascular effects and focal fibrosis of the ovarian cortex 

(14). Studies have shown that some chemotherapeutic agents such as doxorubicin can cause 

spasm of the ovarian blood vessels and as a result, reduction in the ovarian blood flow (14) 

(15). Vascular injury was previously thought to act primarily on growing follicles which 

require sufficient blood flow, but newer studies have concluded that primordial follicles 

depend on adequate vascularization as well; therefore showing that chemotherapy can 

indirectly reduce ovarian reserve through this process. Chemotherapy also influences ovarian 

endocrine function and leads to impaired steroidogenesis (14).  

 

3.1.2 Individual chemotherapeutic agents 
 

The effect of drugs and the degree of ovarian failure depends on patients age when 

receiving the treatment, dose and type of the drug (13). Some chemotherapeutic agents cause 

temporary amenorrhea, with return of the menstrual cycle months to years after the treatment, 

while other agents can cause permanent ovarian failure.  

Alkylating agents, such as cyclophosphamide, are the most harmful group of 

chemotherapeutic drugs and have the most potent gonadotoxic effect (13). Cyclophosphamide 

is the first known chemotherapeutic drug to cause amenorrhea in humans (16). It is used in 

many cancer treatment regimens, particularly in childhood malignancies. Only limited 

numbers of studies have been done on humans to test the exact effect of cyclophosphamide; 

however animal studies showed direct damage to primordial follicles in mouse and in growing 

human follicles studied in vitro after administration of this drug (15). It acts on both resting 

and dividing cells. Active metabolite of cyclophosphamide causes cross-links with DNA and 

thereby inhibits DNA synthesis and function, affecting dividing cells. Double stranded DNA 
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breaks cause death of the oocyte by apoptosis (14). As a result, regiments containing 

cyclophosphamide have the highest incidence of prolonged amenorrhea (>6 months) and 

highest risk for infertility.  In general, younger women are less affected, probably due to the 

fact that they have more remaining primordial follicles compared to older women. There is no 

certain threshold for the safe dose of these agents, however study done on breast cancer 

patients showed that in women over the age of 40 years, amenorrhea occurred after 5,2g of 

cyclophosphamide, and in younger women after 9,5g (17).  

Another group of drugs which is associated with intermediate risk for infertility and 

are in general thought to be damaging to the ovaries are platinum-based compounds. Cisplatin 

is usually received as part of the multidrug regimen, so it is difficult to determine how toxic it 

actually is to the ovary (15). Its mechanism of injury is similar to alkylating agents, by 

forming DNA cross-links that lead to DNA breakage during replication (14). Exposure to 

cisplatin also causes decrease in antioxidant enzyme activity and increase in ROS (15). 

Cisplatin is always included in the treatment protocol for ovarian and cervical cancers, which 

are one of the most common malignancies in women of reproductive age. They are known to 

be effective and superior to other treatment regimens in aggressive ovarian cancers; 

explaining their wide usage despite toxic effects. Most women who receive three to four doses 

of platinum based agents recover their normal ovarian function over a period of time, even 

though they are rated as gonadotoxic (18).  

Doxorubicin, an anthracycline antibiotic has been studied in the past few years as it is 

known to cause damage to the ovary, even though is it currently considered as an agent with 

low risk of POI (19). It is widely used in many cancer treatments including breast, lung and 

gastric cancer (16). Other than the fact that it causes apoptotic cell death in primordial 

follicles, it also induces chromosomal fragmentation, and fragmentation of the cytoplasm into 

apoptotic bodies (19). Doxorubicin acts by inhibiting nuclear enzyme topoisomerase II which 

prevents twisting of the DNA during replication, resulting in accumulation of DNA fragments 

and cell death (16). Study done with human ovarian tissue cultured with doxorubicin have 

shown that doxorubicin can cause reduced vascular density, compared to controls cultured 

with normal saline (14). 

 

3.1.3 Chemotherapeutic regimens 
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Breast cancer is one of the most common malignancies in reproductive age group. 

There are a few chemotherapeutic regimens to treat early-stage breast cancer; doxorubicin 

plus cyclophosphamide regimen is considered less gonado-toxic than cyclophosphamide, 

methotrexate and 5-fluorouracil (13). Preferred treatment for Hodgkin lymphoma in younger 

women is a combination of doxorubicin, bleomycin, vinblastine and dacarbazine (ABVD) 

because it has a lower incidence of POI than BEACOPP regimen that includes bleomycin, 

etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine and prednisone (13).  

 

 

3.2 Radiotherapy 
 

Radiotherapy is an important component in management of many malignancies. 

Today it is used in almost every patient with gynaecological malignancies, breast cancer and 

Hodgkin lymphoma. The goal of radiation is to target cancer cells; however damage to the 

normal tissue within the radiation field is almost inevitable. Ovaries are very sensitive to 

irradiation and both oocyte and stroma can be damaged in the process (13). Doses as low as 2 

Gy have been reported to cause damage to the oocyte and result in POI (20). For the adequate 

treatment of majority of malignancies, higher doses of irradiation are needed to achieve the 

treatment goal. Premature ovarian insufficiency, subfertility and fertility often follow the 

treatment (21). It is thought to be more toxic than chemotherapy due to the fact that it is more 

damaging to the oocyte in comparison to chemotherapy, where majority of agents affect 

growing follicles rather than oocyte itself (21).  

 

3.2.1 Mechanism of injury 

 

Irradiation primarily causes injury to the oocyte, through direct and indirect damage to 

the DNA. Although little information is known about the effects of radiotherapy on stroma of 

the ovary, it is thought to cause damage to the vasculature, resulting in atrophy and fibrosis 

(20). Indirect DNA damage is caused when ionizing radiation enters the body and interacts 

with water molecules, splits them and releases reactive oxygen species (ROS). Reactive 

oxygen species react with DNA and interfere with thymine nucleic acid, creating mutations. 
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The cell cannot continue cell division or transcription until mutation is repaired. Ionizing 

radiation also induces direct damage to the DNA by causing single and double stranded DNA 

breaks. DNA repair mechanisms are initiated and work well until damage is accumulated, 

overcomes the repair mechanisms, and apoptosis of the cell occurs (22) (23). 

3.2.2 Types of irradiation and doses 

 

Ovaries are exposed to gonadotoxic effects of irradiation when treating pelvic or 

abdominal malignancies in majority of cases. Craniospinal irradiation for CNS malignancies 

or total body irradiation (TBI) is also associated with ovarian failure depending on the dose 

and radiation fields (24). Ovarian failure has been reported in 97 percent of patients receiving 

abdominal radiation and 90 percent of patients receiving TBI (25).  The extent of ovarian 

injury produced by ionizing radiation depends on patients age, treatment dose and radiation 

field (25). 2 Gy represents the dose at which half of the oocytes in humans (LD50) are lost 

(25). According to Wallace et.al., permanent ovarian failure with radiotherapy is estimated 

with 18.4 Gy at the age of 10 years, 16.5 Gy at the age of 20 years and 14.3 Gy at the age of 

30 years in 97.5 percent of women (13). 

3.2.3 Preventive measures before radiotherapy 

 

Protecting the ovaries from harmful effects of irradiation is especially important in 

infants, children and young adults. Every treatment should include a detailed plan to ensure 

minimal surrounding tissue damage. Ovarian protection can be accomplished with 

pharmacological or non-pharmacological intervention. Non-pharmacological protection 

includes either a lead shield that is placed precisely or oophoropexy (20) (25). Oophoropexy 

is a laparoscopic transpositioning of ovaries out of the radiation field. Before considering this 

technique, it is important to exclude the possible ovarian metastases, especially in 

gynaecological malignancies. Patients should be aware of the fact that oophorexy is not 

always successful in protecting the ovaries due to radiation scatter and efficacy of this 

procedure is controversial (12). This procedure does not protect the ovaries from gonadotoxic 

effects of chemotherapy and it should be avoided if the patient has to undergo both 

chemotherapy and radiotherapy. Women are often unable to conceive naturally after 

oophoropexy and require assisted reproductive technology (20). Pharmacological protection 

can be prophylactic, used before the damage to the tissue occurred, or treatment that acts on 
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radiation-induced fibrosis. Prophylactic therapy can be used before the start of radiotherapy or 

shortly after the beginning of the treatment. These drugs were tested on animal models, which 

showed that sphingosine-1-phosphate (S1P), tamoxifen and growth hormone can have 

protective properties on ovarian reserve by inhibiting apoptosis. Amifostine, in its active 

form, causes scavenge of free radicals and in that way protects DNA from radiation damage 

(20) (22).  Copper superoxide dismutase and manganese superoxide dismutase are thought to 

have anti fibrotic properties and are used after the treatment to reduce fibroses of the ovarian 

stroma (20).  

 

 

3.3 Surgical procedures  

 

Surgical procedures can result in the development of POI, either directly with removal 

of both ovaries or during other procedures done in pelvis that may damage the ovarian blood 

supply (9). There is a risk for developing POI after surgery for both benign conditions and 

cancer of the female reproductive system.  

 

3.3.1 Oophorectomy 
 

Bilateral oophorectomy is a surgical removal of both ovaries.  Most common 

indications for this procedure are bilateral abscess, ovarian cancer, endometrial cancer, 

fallopian tube cancer or in most cases, as a prophylaxis for ovarian cancer in those with 

BRCA1 and BRCA2 genes. Surgically induced menopause causes abrupt decrease in 

endogenous sex steroids and sudden onset of severe menopausal symptoms that require 

exogenous steroids for symptom relief (26). In contrary, naturally occurring menopause or 

spontaneous POI have gradual onset of symptoms since ovaries continue to produce some 

amount of testosterone which is converted to estrogen in the periphery (26).   In addition to 

menopause and sexual dysfunction, studies have linked prophylactic oophorectomy with 

numerous health problems including cardiovascular diseases and premature death.  

Unilateral oophorectomy is usually indicated when treating ovarian torsion, tumors, 

rupture or endometriomas. Studies have shown that the mean age of menopause in 
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premenopausal women who underwent unilateral oophorectomy was 49.5 years, which is 1.8 

years earlier than naturally occurring menopause at 51.3 years (27). Younger age at unilateral 

oophorectomy resulted in younger age of menopause. By removing one of the ovaries, one 

would expect a 50 percent decrease in ovarian reserve and earlier menopause. However, the 

moderate decrease in age of menopause by 1.8 is not well understood. It is thought to occur 

due to compensatory increase in follicular recruitment leading to earlier exhaustion of ovarian 

reserve and therefore earlier menopause. Two other studies done on more than 23 000 women 

in Japan and Norway also concluded earlier age of menopause in women after unilateral 

oophorectomy compared to women with both ovaries. (28) (29).    

 

3.3.2 Hysterectomy 

 

Association between surgical removal of the uterus and premature menopause has 

been studied for years, yet this question still remains unanswered due to many limitations in 

the available studies. Some have shown that hysterectomy without oophorectomy does not 

influence the age of menopause, while others concluded the opposite (30) (31).  A cohort 

study by Farquhar et al. concluded that hysterectomy is associated with premature menopause 

and women who underwent hysterectomy reached menopause 3.7 years earlier than the 

control group (32). The exact mechanism of how hysterectomy can cause POI is not known 

however several hypotheses exist. The main mechanism that is thought to be responsible for 

premature menopause is the damage to the ovarian blood supply during surgery. This is 

supported by several studies that show decreased ovarian blood flow after hysterectomy. 

Another possible explanation is that the underlying condition that is an indication for 

hysterectomy is responsible for premature menopause and not the surgery itself. This is 

supported by the fact that the most common indications for hysterectomy are conditions that 

are associated with increased risk for POI (33). Hysterectomy in combination with unilateral 

oophorectomy is thought to cause even earlier onset of menopause than isolated hysterectomy 

(32).  

 

3.3.3 Cystectomy  
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Ovarian cysts are fluid containing sacs that develop on the ovaries. They are common 

and are usually benign in nature. Cystectomy, usually done laparoscopically, is indicated if 

there is a chance of malignancy or if the cyst is causing symptoms. Endometriomas and 

dermoid cysts are the ones that most commonly require surgical intervention. The risk of POI 

is thought to be dependent on the size of the cyst, nature of the cyst and number of cysts 

present (34). Surgical technique is important when considering the risk of POI in these 

patients. There are many studies reviewing different approaches and the degree of ovarian 

injury after the procedure. Laparoscopic cystectomy is the gold standard procedure and is 

thought to be better than cyst ablation or drainage. Studies have also showed that laparoscopic 

electrocoagulation for hemostasis after cystectomy is more destructive to the ovarian tissue 

compared to suturing (35). Latest research from 2018 suggests stripping technique and 

ablation as first line treatment for fertility preservation in these patients, while other studies 

have demonstrated stripping to be associated with higher risk of POI (36). Ovarian 

endometriomas often require removal which can affect considerably the ovarian reserve. 

Women suffering from ovarian endometriosis in general have a lower mean age of 

menopause, however, recent studies support the fact that surgery for this condition lowers the 

mean age even more, and carries a high risk for POI. This is especially the case in bilateral 

endometriomas where mean age of menopause is around 42 years (35). Studies have found 

non-endometriotic cysts to be easier to remove with a minimal loss of the ovarian reserve, 

compared to endometriomas. Lower AMH levels were reported following surgeries for 

endometriomas compared to other cysts. Long-term follow up is especially important in these 

patients since the onset of POI can be 6 to 10 years after cystectomy (37). 

 

3.3.4 Salpingectomy 

 

Salpingectomy is a surgical excision of one or both fallopian tubes. Unilateral or 

bilateral salpingectomy, without oophorectomy, is a procedure done usually in case of ectopic 

pregnancy, hydrosalpynx or pyosalpinx (38). Salpingectomy is also indicated in some ovarian 

cancers, especially epithelial ovarian cancers which are thought to arise from fallopian tube 

tissue. Bilateral salpingectomy is often proposed as a preventive measure for ovarian cancer 

in women undergoing hysterectomy for benign conditions. This type of surgery could 

potentially cause damage to the ovarian vasculature and cause POI since ovarian and tubal 

arterial anastomosis in mesosalpinx lie in close proximity (39). Whether salpingectomy 
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affects ovarian reserve is very controversial. Recent cohort study done in 2018 reported an 

increased risk of menopausal symptoms one year after hysterectomy with bilateral 

salpingectomy compared to isolated hysterectomy. (40) The accuracy of this data is arguable 

as evaluation of menopausal symptoms alone does not provide strong evidence. One further 

point is that a benign hysterectomy is usually done in perimeopausal women that might 

experience naturally occurring menopause shortly after the procedure (41). A study done by 

Chan et al. compared the function of both ovaries after unilateral salpingectomy. Women 

were evaluated after either laparoscopy or laparotomy by evaluating ovarian stroma blood 

flow with 3D Doppler ultrasonography, AFC and ovarian volume. Results showed impaired 

ovarian function on the operated side after laparoscopic unilateral salpingectomy compared to 

non-operated sides. (42). Recent studies done in 2017 and 2019 suggest that laparoscopic 

salpingectomy does not have any short term effect on AMH and ovarian reserve; however to 

determine long term effects, further investigations are needed (38) (39).  

 

3.4 Other causes 
 

Many bacterial and viral pathogens have been suggested as a potential cause of 

oophoritis and POI in women. Some of the pathogens include mumps, varicella, malaria and 

cytomegalovirus (8). This etiology should be considered if patient’s history suggests any risk 

factors and if other, more common causes, have been excluded. 

Environmental toxins are a serious concern for humans nowadays. They can influence 

female reproductive system via three different mechanisms. They can act as endocrine 

disruptors, induce oxidative stress or cause epigenetic modifications (43).  

Phthalates are compounds used in plastics manufacture and are potent endocrine 

disruptors. They are stable compounds and stay in the environment for several years in house 

dust, food or water (44). These compounds find their way into our body through inhalation, 

ingestion or through the skin. Studies have associated phthalates with increased incidence of 

POI and infertility by disruption of folliculogenesis and steroidogenesis (43).  

Bisphenol A (BPA) is a compound found in plastic food packaging. It is also an 

endocrine disruptor and it acts by mimicking estrogen and binding to estrogen receptors. It is 
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found in 90 percent of urine samples and high urine BPA has been associated with decreased 

AFC and ovarian reserve (43).  

 Pesticides are substances used in agriculture to control pests. They remain in 

environment for several years and can be found in food and water. They act as endocrine 

disruptors altering ovarian function. Study done on 219 women found association between 

earlier onset of menopause and increased levels of organochlorines in blood (43).   

Cigarette smoking has also been linked to POI, earlier age of menopause and 

infertility. Many studies concluded that mean age of menopause in smokers is earlier than in 

non-smokers. Risk of POI depends on period and quantity of smoking (45).  Polycyclic 

hydrocarbons are the most studied chemicals in cigarette smoke and are thought to be 

responsible for the toxic effect of cigarette smoke on the ovaries (11). They act on the ovary 

by binding receptors on granulosa cells and activating pro-apoptotic genes. In one study, 

smokers had decreased AFC and AMH levels and increased FSH levels. Results correlated 

with number of pack years. (46). 

 

4 Consequences of POI 
 

 

4.1 Short term consequences 
 

Short term consequences of POI are mostly due to the sudden drop in estrogen levels. 

They include vasomotor symptoms such as hot flushes or night sweats, palpitations, headache, 

urgent or stress incontinence and psychological problems including irritability, insomnia and 

difficulty concentrating (1). Hot flushes are common and majority of POI patients experience 

them. They are usually described as a sudden onset of heat sensation affecting the face, neck 

and chest. Genital pain due to vaginal dryness is another common symptom that can affect the 

quality of life (47)  
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4.2 Long term consequences 

 

4.2.1 Osteoporosis 

 

According to the World Health Organization (WHO), osteoporosis is defined as bone 

mineral density (BMD) less than 2.5 standard deviations or more below average value for 

young females (48). Peak bone mass is reached around the age of 30 years. Estrogen 

deficiency before this age leads to the decreased peak bone mass and estrogen deficiency after 

this age results in the accelerated bone loss. Both of these scenarios result in a higher risk of 

fractures (49). It is a well-known fact that low levels of estrogen can influence bone mass and 

cause osteoporosis. Bone mineral density was found to be decreased in both spinal skeleton 

and femoral neck in POI patients in several studies (1). Osteoporosis can occur in patients 

with both spontaneous and iatrogenic POI. A study done on 49 breast cancer patients found a 

decreased BMD by 7.7 percent in lumbar spine and 4.6 percent in the neck of the femur of 

premenopausal women who developed POI following chemotherapy (50). Osteoporosis can 

occur as a consequence of chemotherapy through several different mechanisms: with 

development of POI due to chemotherapy, by cancers direct effect on the bone, by the effect 

of chemotherapy itself on bone density or by low calcium and vitamin D intake throughout 

chemotherapy treatment (50). Decreased levels of estrogen due to POI can cause increased 

osteoclast activity and result in the increased bone reabsorption. Even though osteoblast 

activity also increases, bone reabsorption is greater than bone formation and the end result is 

bone loss (50). Several studies have shown that the risk of fracture in women with POI is 

significantly reduced by HRT (50). Hormone replacement therapy is effective for the 

prevention of fractures if introduced before the age of 60 years or within few years after the 

diagnosis of POI (51).  Early initiation of HRT after the diagnosis and long-term continuation 

showed a reduction in the risk of non-spine fractures. A study done in POI patients taking 

HRT for 3 years showed no difference in BMD of lumbar spine and femoral neck between 

those patients and control group of women who reached menopause naturally. Along with 

HRT, these patients should include weight-bearing exercises, 1,000 to 2,000 IU of vitamin D3 

and calcium into their daily routine to support bone health (49).  

 

4.2.2 Cardiovascular diseases  
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Cardiovascular disease (CVD) is the main reason for mortality in POI patients (1). 

Women who experience menopause before the age of 45 years are known to be at the higher 

risk for the ischemic heart disease, atherosclerosis and angina compared to premenopausal 

women and women who reach menopause after the age of 50 years (49). Estrogen is known to 

play an important role in protection from possible ischemic heart disease and stroke through 

many effects. It improves mitochondrial function and decreases oxidative stress in cells, 

causes vasodilatation, decreases fibrosis and stimulates angiogenesis (52). These patients have 

significantly lower circulating levels of estrogen and carry a risk of earlier onset of CVD. 

Risk increases with earlier onset of POI and additional risk factors such as abnormal lipid 

profile, metabolic syndrome or endothelial dysfunction. Women suffering from POI show 

significantly higher levels of triglycerides and low-density lipoprotein (LDL) cholesterol and 

lower high-density lipoprotein (HDL) cholesterol levels (53). Smoking was also found to be 

an important additional factor. Bilateral oophorectomy carries a high risk for CVD in young 

women and is in general associated with increased mortality rate. Women that enter 

menopause before the age of 40 are also at a two-fold increased risk for stroke.  

 

4.2.3 Infertility 
 

Infertility is one of the most prevalent long term consequences of iatrogenic POI and 

to many women it is the most devastating one. The course of POI in unpredictable and 

ovulation can reoccur at any moment after the cancer treatment, unless complete sterility has 

been reached during therapy (49). Chance for spontaneous conception in POI patients in 

general is known to be between 5 and 10 percent (1), depending on many factors. Amenorrhea 

presenting alone is inaccurate to assess ovarian function in these patients; women can have 

regular menstrual cycles but decreased ovarian reserve and therefore low chance of 

pregnancy. Most important biochemical markers used in clinical practice are anti-Mullerian 

hormone (AMH) serum levels and FSH serum levels (54). 

AMH is a glycoprotein produced by granulosa cells of preantral and early antral 

follicles. It regulates primordial follicle recruitment and its levels are an excellent 

representation of the size of the primordial follicle pool (55).  Low levels of this hormone 

indicate low ovarian reserve. AMH is a marker with good sensitivity and specificity and it is 

used for predicting the risk of amenorrhea after chemotherapy. It is a practical test for women 
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that are early diagnosed with cancer and require urgent treatment, since its values can be 

obtained at any day of the menstrual cycle (14). 

FSH serum levels, obtained in early follicular phase of the cycle are used in clinical 

practice as an ovarian reserve test, along with other markers.  Higher FSH levels indicate 

compromised ovarian reserve and accompanied with amenorrhea in younger women suggest 

POI. Isolated estradiol levels are of little value, but can help in the interpretation of FSH 

levels.  

Antral follicle count (AFC) is a number of antral follicles on both ovaries measured by 

a transvaginal ultrasound in the early follicular phase. It represents the number of remaining 

primordial follicles (56). Low AFC on days 2 to 3 of a menstrual cycle is highly specific in 

predicting a low ovarian reserve (13).  

4.2.4 Neurodegenerative diseases  

 

Women in menopause are more prone to cognitive disturbances and dementia in 

general. Patients experiencing menopause earlier than normal are especially prone due the fact 

that younger brain is thought to be more vulnerable to estrogen deficiency (1). POI patients 

have shown worse results in cognitive and verbal memory tests in various studies (1). Surgical 

procedures causing POI have especially been connected to neurological dysfunction due to 

the rapid decline of estrogen levels. Bilateral oophorectomy was found to be associated with 

higher incidence of Alzheimer’s disease, cognitive decline, anxiety, depression and 

Parkinson’s disease (49). Estrogen replacement therapy in post-menopausal women reduce 

the incidence of dementia, especially when started early in menopause (49) (57).  

 

4.2.5 Disrupted sexual function and psychological stress 

 

Many women experience unpleasant side effect after chemotherapy, radiotherapy or 

surgical procedures that result in sexual dysfunction, low estrogen levels due to ovarian 

insufficiency. Most common symptoms include loss of libido, vaginal dryness, anorgasmia 

and dyspareunia (50). Apart from physical disturbances, psychological well-being is also 

affected, especially in younger women. Anxiety, depression and low self-esteem are the most 

commonly reported mood disturbances in POI patients.  Majority of women do not feel 
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comfortable discussing this matter with their physician, however when asked, 90 percent will 

report at least one of these problems (58). Interestingly, one study reported a higher incidence 

of depression among POI patients than in Turner syndrome patients, suggesting that sudden 

diagnosis in adulthood is more devastating than diagnosis established in childhood (49). 

Chemotherapy and oophorectomy have been reported to cause sexual dysfunction more than 

other treatment types, due to the abrupt decrease in serum androgen levels after the treatment 

(58). Almost 60 percent of breast cancer patients treated with chemotherapy reported vaginal 

dryness, dyspareunia or difficulty reaching orgasm even years after the treatment (58). 

Hysterectomy with bilateral oophorectomy causes abrupt onset of symptoms and has a higher 

incidence of hypoactive sexual desire disorder. Vaginal lubricants are sometimes not 

adequate, and local therapy with vaginal estrogen is needed in these patients (59).  

 

5 Management of POI 
 

Currently there is no proven therapy to restore ovarian function after surgery, 

chemotherapy or radiotherapy. The management of POI consists of three different parts: 

fertility preservation, prevention of long term consequences caused by low estrogen levels and 

psychological and emotional support for the patient (11).  

 

5.1 Hormone replacement therapy  

 

 Properly selecting the therapy in women with POI is of great importance to improve 

overall life quality, reduce serious long-term consequences and minimize risk of mortality. 

The goal of HRT is to restore normal levels of estrogen according to age. Hormone 

replacement therapy (HRT) and combined oral contraceptive (COC) are two options for POI 

treatment. Either one of these options is recommended for all POI patients to use from the 

time of diagnosis until the normal age of menopause (59) (60). Oral or transdermal HRT is 

recommended as first-line treatment in POI. Therapy is initiated according to the age group 

and according to the fact is the patient has the uterus. If the patient has not reached puberty 

yet, puberty induction around the age of 12 to 13 years is needed. It is done with minimal 

doses of estrogen taken either orally or with a transdermal patch. Dose is increased every 6 to 
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12 months until the breakthrough bleeding occurs (49). In patients with intact uterus, 

progestin should be added to the therapy for endometrial protection. Transdermal route is 

preferred over oral route since it mimics the physiology of natural estrogen better and it 

avoids the first-pass effect of the liver. Along with transdermal patch, vaginal ring should also 

be implemented to act locally and reduce vaginal atrophy. Despite low chances of 

spontaneous pregnancy in POI patients, COC are recommended for patients that also require 

protection from unwanted pregnancy. Combined oral contraceptives have some unfavourable 

effects on coagulation factors, lipid profile and blood pressure. Therefore, HRT is considered 

a better choice of therapy compared to COC. (49).  

 

5.1.1 Hormone replacement therapy in hormone- sensitive cancers 

 

 In patients with a history of hormone-sensitive breast cancer HRT is considered 

unsafe (61). These patients are at risk for cancer recurrence or new cancer occurrence after the 

treatment with HRT. The effects and safety of other therapies such as selective serotonin 

reuptake inhibitors (SSRI), clonidine or gabapentin are uncertain and still under research (62). 

The key goal in this group of patients is to focus on prevention and treatment with local 

therapy. Vaginal moisturizers, weak vaginal estrogen creams or selective estrogen receptor 

modulators (SERMs) such as tamoxifen should be introduced to manage urogenital atrophy. 

Education regarding healthy lifestyle to reduce the risk for CVD should also be a part of 

prevention along with vitamin D and calcium supplements to minimize the risk of 

osteoporosis (49) (62). Recent studies suggest that HRT may be associated with development 

and prognosis of ovarian malignancies. Estrogen and progesterone receptor expression was 

examined in borderline ovarian tumors and ovarian carcinomas. No definitive assumption can 

be made by investigating receptor expression alone, however results showed no correlation 

between increased estorgen or progesterone receptor expression and overall survival in 

women with ovarian carcinoma. (63).  

 

5.2 Fertility preservation 
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Fertility preservation options for cancer patients depend on many factors- patients age, 

diagnosis, type of treatment, metastatic potential of cancer and if the patients has a partner at 

the time of diagnosis (12). There are two ways to approach family planning in cancer patients. 

Preventive measures can be done before the beginning of treatment with ovarian suppression, 

transpositioning of the ovaries outside of radiation field prior to radiotherapy, shielding of the 

ovaries and oocyte/embryo cryopreservation or ovarian tissue cryopreservation which is still 

under research (64). As mentioned earlier, 5 to 10 percent of POI patients manage to conceive 

naturally after the treatment (1). 

  

5.2.1 Ovarian suppression with GnRH agonists 
 

Ovarian suppression with GnRH agonist has been proven to reduce the risk of POI, 

however it is not established if it has any effect on fertility. Despite that, some studies claim to 

have higher pregnancy rate in those patients that received GnRH agonists prior to 

chemotherapy (65).  It is especially popular in developing countries since it is not as 

expensive as other fertility preserving procedures. GnRH agonists bind to receptors and 

initially cause an increased release of FSH and LH. After about one week, these receptors 

become downregulated and pituitary gland is releasing less gonadotropin (66). Although the 

exact mechanism of ovarian protection by GnRH agonists is still not fully understood, it is 

thought that toxicity from chemotherapy has a higher effect on the ovaries if they are in active 

state. Hypogonadotropic state is thought to causes less primordial follicles to enter 

differentiation stage where follicles are more vulnerable to chemotherapeutics (66). Although 

there are some medical benefits from GnRH agonists, American Society of Clinical Oncology 

(ASCO) guidelines suggest that there are no sufficient evidence on the effect of these agents 

on fertility preservation. They also emphasis the possible unwanted side effects and 

interactions on response to chemotherapy in estrogen-sensitive cancers (64). It should be 

considered only in cases when other fertility preserving options are not possible and in cases 

with hormone negative cancers.   

 

5.2.2 Oocyte or embryo cryopreservation  
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Controlled ovarian stimulation (COS) is the first step in oocyte and embryo 

cryopreservation. Ovarian stimulation includes stimulation of follicular development with 

exogenous gonadotropins, prevention of spontaneous ovulation with either GnRH agonists or 

antagonists and triggering of oocyte maturation prior to oocyte retrieval with human chorionic 

gonadotropin (hCG) (67) (68).  

Ovarian stimulation prior to oocyte or embryo cryopreservation can have a potential 

harmful effect in women with hormone sensitive cancer (69). There is still inadequate data on 

short-term and long-term effects of increase hormone levels on the cancer reoccurrence. 

Modified protocols with aromatase inhibitors (Letrozole) in breast cancer patients have shown 

successful reduction of estradiol levels during COS; however safety of these protocols is still 

not known. Short-term follow ups did not show compromised survival rates in those patients, 

but long term follow up is needed to assess the risk. (70) (71) (72). 

In patients who do have a partner, in-vitro fertilization is done with embryo 

cryopreservation. Pregnancy rate with this method depends on the number of embryos 

transferred and age of the female partner when embryos were created. According to Society 

for Reproductive Technology (SART) database, women under the age of 35 years have a 35.6 

percent chance of a live birth after embryo transfer while women over the age of 42 years 

have only 13.9 percent chance of a live birth (73). Oocyte cryopreservation includes 

harvesting and freezing unfertilized eggs with vitrification method after ovarian stimulation. 

Vitrification is a method of very fast freezing in less than one second that leaves embryo in 

vitrified state (74).  Oocyte cryopreservation is suitable for women without a partner or in 

those with ethical objections for embryo cryopreservation (12). Number of oocytes that are 

needed for a good chance of pregnancy depends primarily on women’s age at the time of 

oocyte cryopreservation. A study done in 2006 concluded that an average number of oocytes 

needed for clinical pregnancy in 32 year old patient is 22 (75). Recent studies from 2016 have 

shown that 10 oocytes are needed for a 69 percent chance for pregnancy in 35 year old 

women. This number decreases to only 50 percent chance of pregnancy in 37 year old women 

(76). 

 

5.2.3 Ovarian tissues cryopreservation 
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Freezing of the ovarian tissue and reimplantation after the cancer treatment is still 

under research. Ovarian tissue is laparoscopically removed, frozen and implanted back after 

cancer treatment is completed (12). Ovarian tissue autotransplantation can be done with 

orthotopic transplantation, where tissue is transplanted into its original anatomical location or 

with heterotopic transplantation where tissue can be transplanted into various sites in the 

body. In heterotopic transplantation, IVF is needed to conceive. (77) The benefit of this 

method is that it does not require ovarian stimulation compared to embryo or oocyte 

cryopreservation and therefore patients do not have to delay the start of the treatment (64). 

Potential restoring of endocrine function along with fertility preservation is another benefit 

(64). Studies have shown that about 25 percent of primordial follicles are initially lost during 

this process; therefore this method is thought to be useless in women over the age of 40 years, 

since they already have a reduced ovarian reserve (12).     

 

5.2.4 Oocyte donation 

 

Oocyte donation along with in-vitro fertilization (IVF) is proven to be the most 

successful technique with the highest pregnancy rate in POI patients. Pregnancy success is 

around 40 to 50 percent per cycle (11). The main reason for high pregnancy success is donor’s 

age. Highest live birth rates have been reported with younger donors aged between 30 and 34. 

(78)  The outcomes of this method depend on uterine and endometrial quality after the cancer 

treatment (11).   
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6 Conclusion 
 

As a result of a higher cancer cure rate, incidence of iatrogenic POI is increasing each 

year. Iatrogenic premature ovarian insufficiency affects young women and increases their risk 

for osteoporosis, cardiovascular diseases, infertility and other serious consequences. Once the 

diagnosis of POI has been made, proper therapy should be introduced by a reproductive 

endocrinology and infertility specialist. Fertility preservation issues should be discussed with 

patients before the beginning of treatment to ensure they understand all the fertility options as 

well as possible physical and psychological consequences of POI. Psychologic counseling 

should also be offered to all patients because emotional distress is common following the 

diagnosis of POI. Physicians should consider using less toxic chemotherapy if it does not 

interfere with treatment success and consider some of the protective measures before 

radiotherapy or surgery. Women suffering from iatrogenic POI should be evaluated at least 

annually. 
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